The Science Society of Thailand
Under the Patronage of His Majesty the King
and Faculty of Science, Chiang Mai University

The 50* International Congress
on Science, Technology
and Technology-based Innovation

25t - 27t November 2024

The Empress Hotel, Chiang Mai, Thailand

A https://stt50.scisoc.or.th

Craftm

Proceeding book



TABLE OF CONTENTS

A-PHYSICS / APPLIED PHYSICS

INFLUENCE OF THE GENERATION PARAMETERS ON DBD PLASMA FOR PATHOGENIC
AND AIRBORNE DUST ELIMINATION

SIMPLE HYDROTHERMAL-MICROWAVE METHOD TO SYNTHESIZE MANGANESE
PYROPHOSPHATE AND ELECTROCHEMICAL PERFORMANCE

B-BIOLOGICAL SCIENCES

ALTERATION OF O-GLCNACYLATION AFFECTS CHEMOTHERAPY DRUG RESPONSES IN
COLORECTAL CANCER CELL LINES

AN IN VITRO CARDIOPROTECTIVE EFFECT OF SMALL THERAPEUTIC PEPTIDES
DERIVED FROM HUMAN SECRETORY LEUKOCYTE PROTEASE INHIBITOR (HSLPI)
AGAINST MYOCARDIAL HYPOXIA/REPERFUSION INJURY

APPLICATION OF DIELECTRIC BARRIER DISCHARGE PLASMA TECHNOLOGY ON
MICROBIAL INHIBITION

BIRD NEST SITE CHARACTERISTICS IN URBAN GREEN AREAS OF CHULALONGKORN
UNIVERSITY

COMPARATIVE ANALYSIS OF PROKARYOTIC AND EUKARYOTIC PRODUCTION SYSTEMS
FOR ANTI-GD2 TRI-SPECIFIC KILLER ENGAGER (TRIKE)

CYTOTOXIC AND ANTIPROLIFERATIVE EFFECTS OF ANNONA MURICATA L. EXTRACTS
ON HUMAN PROMYELOCYTIC LEUKEMIA (HL-60) AND HORMONE-DEPENDENT BREAST
CARCINOMA (MCF-7) CELLS

DETECTION OF BURKHOLDERIA PSEUDOMALLEI WITH CRISPR/CAS12A USING THE
SPECIFIC MARKER ORF2 OF THE FIRST TYPE III SECRETION SYSTEM (T3SS-1)

DIVERSITY OF CRUSTOSE LICHEN GENUS PYRENULA (PYRENULACEAE,
ASCOMYCETES) ON BOTH FROM DOI INTHANON NATIONAL PARK AND DOI SUTHEP-
PUI NATIONAL PARK IN CHAING MAI PROVINCEG MAI PROVINCE

EFFECT OF NITROGEN CONCENTRATION ON BIOMASS AND LUTEIN PRODUCTION IN
GREEN MICROALGA CHLOROCOCCUM HUMICOLA CULTURED IN PHOTOBIOREACTORS

EVALUATING CELL-FREE DNA IN SPENT CULTURE MEDIUM FOR ASSESSING
BLASTOCYST QUALITY AND CHROMOSOMAL ABNORMALITIES

EVALUATION OF RAMBUTAN PEEL, NONI LEAF, BETEL LEAF, AND MACAO TEA
EXTRACTS AS POTENTIAL ALZHEIMER'S DISEASE THERAPEUTICS: INHIBITORY
EFFECTS ON ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE ENZYMES

EXOGENOUS LOADING OF RECOMBINANT HUMAN SECRETORY LEUKOCYTES PROTEASE
INHIBITOR (RHSLPI) INTO EXOSOME

EXPLORING THE PHYTOCHEMICAL CONSTITUENTS AND BIOLOGICAL PROPERTIES OF
PIPER SARMENTOSUM LEAVES: INSIGHTS FROM CULINARY PREPARATION

GAMING AND SIMULATION FOR SHARE LEARNING ABOUT THE IMPORTANCE AND CO-
CONSTRUCTION OF URBAN GREEN SPACE

INHIBITION OF STAPHYLOCOCCUS AUREUS HEMOLYTIC ACTIVITY IN A DOSE-
DEPENDENT MANNER BY ENTEROCOCCUS FAECALIS R3

11

18

26

36

44

51

62

72

81

86

92

101

109

120

130

140



MODIFIED PACKAGING PLASMIDS FOR INTEGRASE-DEFICIENT LENTIVIRAL
TRANSFECTION

MOLECULAR RECOGNITION OF REGULATED INTRAMEMBRANE PROTEOLYSIS (RIP) IN
CELLULAR CHOLESTEROL SENSING PATHWAY

SPECIES DIVERSITY AND DISTRIBUTION OF THE LICHEN GENERA, HAEMATOMMA,
LECANORA AND MALMIDEA IN DOI SUTHEP-PUI NATIONAL PARK, CHIANG MAI
PROVINCE, THAILAND.

THE APPLICATION OF BARCODE DNA-HIGH RESOLUTION MELTING (BAR-HRM)
ANALYSIS FOR AUTHENTICATIONC OF CLINACANTHUS NUTANS

THE ASSOCIATION OF CIRCADIAN RHYTHM AND DRUG SENSITIVITY IN PANCREATIC
CANCER CELLS

THE COMBINATION TREATMENT OF ANTI-CD47 ANTIBODY AND BORTEZOMIB
ENHANCES MULTIPLE MYELOMA CELL DEATH

THE EFFECT OF AMT2 AND DUR3 GENES IN TRANSMIGRATION PROCESS OF
CRYPTOCOCCUS NEOFORMANS

THE EFFECT OF CORDYCEPS MILITARIS EXTRACT ON THE PROLIFERATION OF
HUMAN DERMAL FIBROBLAST CELLS IN VITRO STUDY

THE EFFECT OF HIGH TEMPERATURE STRESS TO PHOTOSYNTHETIC EFFICACY OF
LICHENS AT DOI SUTHEP-PUI NATIONAL PARK

THE STUDY OF FATTY ACID REDUCTASE REACTION

C-CHEMISTRY (ANALYTICAL CHEMISTRY)

ALTERNATIVE METHOD FOR SIMULTANIOUS DETECTION OF CURCUMIN AND ALPHA-
MANGOSTIN WITH VARIABLE WAVELENGTH DETECTOR

DETERMINATION OF GALLIC ACID AND RUTIN IN ZINGIBERACEAE USING HPLC
DEVELOPMENT OF A SAMPLE PREPARATION METHOD FOR ANALYZING BISPHENOL A
AND DERIVATIVES BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY WITH DIODE
ARRAY DETECTION

DEVELOPMENT OF ELECTROCHEMICAL SENSOR BASED ON MOLECULARLY IMPRINTED
POLYMER FOR DETERMINATION OF ROXARSONE

ELECTROMEMBRANE EXTRACTION WITH FLAT SHEET MEMBRANE FOR DETERMINATION
OF CHROMIUM(VI)

MAGNETIC LIQUID MARBLES FOR HYDROGEN SULFIDE GAS DETECTION

REMOVAL OF REACTIVE NAVY-BLUE DYE IN SYNTHETIC SAMPLE USING A SIMPLE
LABORATORY-SCALE ELECTROCOAGULATION SYSTEM

SIMPLE OXALATE-SELECTIVE NAKED-EYE AND SPECTROPHOTOMETRIC
DETERMINATION BASED-ON ALUMINIUM-INDICATOR COMPLEX

TRIPHENYL TETRAZOLIUM SALT-MEDIATED COLORIMETRIC DETECTION OF
TRIAMCINOLONE ACETONIDE AND BETAMETHASONE 17-VALERATE
C-CHEMISTRY (INORGANIC CHEMISTRY)

EFFECTS OF SULFUR SUBSTITUTION IN A NICKEL COMPLEX FEATURING A

N4-SCHIFF BASE MACROCYCLE ON THE ELECTROCATALYTIC ACTIVITY TOWARDS CO2
REDUCTION

146

154

161

167

175

183

192

198

204

209

217

226

231

239

249

255

263

270

277

283



HYDROGEN SULFIDE ADSORPTION IN BIOGAS BY WASTE FROM PALM OIL
PROCESSING

C-CHEMISTRY (ORGANIC & MEDICINAL CHEMISTRY)

ALKYLATED 4'-AMINOCHALCONE AS NEW A-GLUCOSIDASE INHIBITORS

ANTIOXIDANTS ACTIVITIES OF CHINESE HERBS: HUANG QIN, HUANG LIAN, AND
HUANG BAI

CHEMICAL MODIFICATION OF DIHYDROISOSTEVIOL

DETERMINATION OF ANTIOXIDANT ACTIVITY AND DEVELOPMENT OF FACIAL SERUM
FORMULA CONTAINING THE CHRYSANTHEMUM INDICUM L. AND CHRYSANTHEMUM
MORIFOLIUM RAMAT. LOWERS FROM THAILAND

DEVELOPMENT OF NOVEL FLUORESCENT CHEMOSENSORS BASED ON THIAZOLINYL
QUINOLINE DERIVATIVES FOR METAL ION DETECTION.

EXPLORING THE ALPHA-GLUCOSIDASE INHIBITORY ACTIVITY OF N-9 ALKYL
HARMINE DERIVATIVES

FACILE EXTRACTION AND ANTIBACTERIAL EVALUATION OF ALKALOIDS FROM THAI
RED VEIN KRATOM (MITRAGYNA SPECIOSA KORTH) FOR POTENTIAL COSMETIC AND
MEDICINAL APPLICATIONS

PHYTOCHEMICAL CONSTITUENTS FROM THE STEMS OF TILIACORA TRIANDRA
PREPARATION OF YELLOW LAKE FROM GARDENIA FRUIT EXTRACT.

SYNTHESIS AND BIOPHYSICAL PROPERTIES OF ZWITTERIONIC PYRROLIDINYL
PEPTIDE NUCLEIC ACID

SYNTHESIS AND CHARACTERIZATION OF GREEN TEA-BASED DARK-COLORED
MATERIALS

SYNTHESIS OF 2,3-DIOXOPYRROLIDINE DERIVATIVES AND EVALUATION OF THEIR
INHIBITORY ACTIVITY AGAINST NS5 METHYLTRANSFERASE OF DENGUE VIRUS

SYNTHESIS OF ALKYLATED 9-O-BERBERRUBINE DERIVATIVES AS YEAST
A-GLUCOSIDASE INHIBITORS

SYNTHESIS OF BENZO[A]PHENAZINE DERIVATIVES AND THEIR SENSOR
APPLICATIONS

SYNTHESIS OF MOINUPIRAVIR IMPRINTED POLYMER

THE EXTRACTION OF THE BUDS AND CORE OF HAUYMON PINEAPPLE AND
INCREASING THE STABILITY WITH ENCAPSULATION TECHNIQUE.
C-CHEMISTRY (PHYSICAL & THEORETICAL CHEMISTRY)

APPLICATION OF THE DESIGN THINKING PROCESS IN THE DEVELOPMENT OF

MAYONGCHID NAKHON NAYOK BOARD GAMES: A STUDY WITH 12TH-GRADE STUDENTS

DESIGNED A SERIES OF NEW COMPOUNDS OF ACETANILINDE DERIVATIVES WITH
INHIBITION OF TOPOISOMERASE I AND II OF BREAST CANCER CELL

DEVOLOPMENT OF NATURAL INDICATOR FILM BASED ON GELATIN INCORPORATED
WITH ORCHID EXTRACT

292

298

305

314

321

330

339

346

355

363

369

379

386

393

401

409

416

423

430

442



KINETICS AND ISOTHERM OF CRYSTAL VIOLET ADSORPTION USING ACTIVATED
CARBON FROM COFFEE GROUNDS

MOLECULAR DYNAMICS ANALYSIS OF CORE PROTEIN ALLOSTERIC MODULATORS:
INSIGHTS INTO HBCAG AND HBEAG INTERACTIONS FOR HEPATITIS B INHIBITION
D-MATHEMATICS / STATISTICS / COMPUTER SCIENCE / DATA SCIENCE / Al

A GENDER EQUALITY ANALYSIS OF THE PARIS 2024 OLYMPIC GAMES

ADAPTIVE KALMAN FILTER FOR IMPROVED LANE TRACKING

ANALYTICAL SOLUTIONS OF SOME CONFORMABLE FRACTIONAL DIFFERENTIAL
EQUATIONS

APPLICATION FOR PILL AND CAPSULE MEDICINE IDENTIFICATION BY PHYSICAL
IDENTITIES

APPLYING MACHINE LEARNING TECHNIQUES FOR SNAKE SPECIES IDENTIFICATION

CARIES DETECTION IN PRIMARY TEETH USING A DEEP LEARNING-BASED
CONVOLUTIONAL NEURAL NETWORK

NEW DELAY-DEPENDENT UNIFORM STABILITY ANALYSIS FOR THE CONFORMABLE
FRACTIONAL SYSTEM WITH DELAY AND NONLINEAR PERTURBATIONS

NUMERICAL SOLUTION OF THE ABSOLUTE VALUE EQUATIONS USING TWO STEP
ITERATIVE METHOD

ODD GRACEFUL LABELING OF VERTEX DUPLICATION IN PATH GRAPHS

OPTIMIZING THE PARAMETERS OF PROFIT-RELATIVE VIGOR INDEX STRATEGY FOR
INVESTMENT IN GOLD MARKET

PREDICTING CHRONIC INSOMNIA USING LSTM TECHNIQUE OF MACHINE LEARNING

PRICING OPTION ON COMMODITY UNDER SCHWARTZ MODEL BY USING FINITE
DIFFERENCE METHOD

QNN TRAINER : A TOOL TO SUPPORT QUANTUM NEURAL NETWORK TRAINING AND
MODEL DEVELOPMENT

SOLUTION SETS OF SOME TWO-TERM QUADRATIC EQUATIONS INVOLVING FLOOR
FUNCTIONS

THE CENTER COLORING OF CORONA PRODUCT OF CYCLES AND PATHS

E-ENERGY / ENVIRONMENTAL & EARTH SCIENCE / MATERIALS SCIENCE /
CHEMICAL TECHNOLOGY

ADSORPTION OF CHROMIUM BY ACID-MODIFIED DRAGON FRUIT PEEL
AMINE-SURFACE-MODIFIED MGO AS AN ADSORBENT FOR CO2 REMOVAL FROM BIOGAS

AN EARTHQUAKE PRECUSORY SIGN FROM GROUNDWATER LEVEL FLUCTUATION OF A
DISTRICT IN CHIANG MAI PROVINCE, THAILAND

AN EXPERIMENT ON THE MECHANICAL PROPERTIES OF THE CIRCULAR HOLE ROCK
UNDER ANISOTROPY CONDITIONS

447

454

463

475

476

488

496

505

513

518

526

532

546

554

574

582

594

603

615

623

630



EFFECT OF COBALT ADDITION ON MICROSTRUCTURE AND MECHANICAL PROPERTY OF 639
SINTERED MULTIPHASE STEELS

ELECTROSPUN CELLULOSE ACETATE FIBERS CONTAINING CHALCONE CRUDE EXTRACT 649
EXPERIMENTAL HEAT TREATING OF GREEN TO YELLOW APATITE FROM MADAGASCAR 655
GEOLOGICAL CHARACTERISTICS OF THE KAENG KHUT KHU RAPID AT CHIANG KHAN, 664

LOEI PROVINCE: GEOHERITAGE SIGNIFICANCE IN THE GREATER MEKONG RIVER
BASIN

GEOLOGICAL FEATURES INFLUENCING THE DISTRIBUTION OF METALLURGICAL 671
SLAGS IN BAN WANG HAT, SUKHOTHAI PROVINCE: IMPLICATIONS FOR A
SIGNIFICANT IRON ORE DEPOSIT

GREEN SYNTHESIS OF TITANIUM DIOXIDE USING BRASSICA OLERACEA LEAF 678
EXTRACT FOR PHOTOCATALYTIC DEGRADATION OF RHODAMINE B DYE

HYDROGEN PRODUCTION FROM CO2 GASIFICATION OF BIOCHAR USING CACO3 687
INCORPORATED WITH CATALYTIC WATER-GAS SHIFT REACTION

HYDROGEOCHEMICAL CHARACTERIZATION AND SALINITY PROCESSES IN 698
GROUNDWATER OF KHOK SI SUBDISTRICT, KHON KAEN PROVINCE, THAILAND

MODELS FOR ESTIMATING MONTHLY AVERAGE DAILY GLOBAL SOLAR RADIATION 707
FROM AIR TEMPERATURE: CASE STUDY SONGKHLA PROVINCE THAILAND

NEW DISCOVERY OF VERTEBRATE FOSSILS AT PHUWAT SITE, NONG BUA LAMPHU 716
PROVINCE, THAILAND

PHASE TRANSITION AND MECHANICAL PROPERTIES OF CALCINED FLUE GAS 728
DESULFURIZATION (FGD) WASTE AS A POTENTIAL SUBSTITUTE FOR NATURAL
CALCIUM SULFATE SUBHYDRATE

PHYSICAL AND CHEMICAL PROPERTIES OF POTASSIUM SOAP LUBRICANTS 735
SYNTHESIZED FROM VEGETABLE OILS OR OLEIC ACID FOR APPLICATION ON
CONVEYOR BELT SYSTEMS

PREPARATION OF PATTANI CLAY CERAMSITE CONTANING FLY ASH FROM BIOMASS 744
POWER PLANT AND PORE-FORMING REAGENTS

RECOVERY OF ALUMINIUM FROM LAMINATED PLASTIC USING SINGLE SCREW 753
PYROLYZER

SYNTHESIS OF MG-MODIFIED MESOPOROUS SILICA ADSORBENT VIA SOFT TEMPLATE 759

FOR SELECTIVE ADSORPTION OF CONGO RED DYE CONTAMINATED IN WASTEWATER

THE EVALUATING ECONOMIC, MEDICINAL, AND ENVIRONMENTAL BENEFITS OF 767
MALABAR SPINACH EXTRACTS

TOUGHNESS ENHANCEMENT OF POLYLACTIC ACID FILLED WITH ULTRAFINE FULLY 772
VULCANIZED NATURAL RUBBER POWDER GRAFTED WITH METHYL METHACRYLATE

MONOMER

F-FOOD SCIENCE AND TECHNOLOGY/AGRICULTURAL SCIENCE

2 IN 1 INNOVATIVE APPARATUS FOR CHEMICAL DETECTION IN AGRICULTURAL AND 781
ENVIRONMENTAL APPLICATIONS

EFFECT OF FERMENTED SOYBEAN POWDER ON METABOLIC CHANGES IN HIGH FAT 790
DIET-TREATED RATS



ENHANCEMENT OF HEALTH BENEFIT OF OKARA THROUGH MIX-CULTURE
FERMENTATIONS FOR DEVELOPMENT INTO FUNCTIONAL FOOD PRODUCT

ENHANCEMENT OF OCTENYL SUCCINYLATION OF CASSAVA STARCH VIA DRY HEATING
TREATMENT

IMPACT OF WATER AND GLUCOSE DURING STEAM-HEAT MOISTURE TREATMENT ON
PHYSICOCHEMICAL PROPERTIES OF CASSAVA FLOUR

SCREENING OF PROTEOMICS COMPARISION ON FLOWER HONEY PRODUCTS BY USING
SDS-PAGE ANALYSIS COMBINED WITH LC-MS

TEA PRODUCTION FROM YOUNG LEAF OF SAN PA TONG RICE VARIETY AND
EVALUATON OF THE PHYTOCHEMICAL CONSTITUENTS AND ANTIOXIDATION
ACTIVITIES

SP2-BIOMATERIALS AND MEDICAL DEVICES

A CYTOPROTECTIVE EFFECTS OF NANOPARTICLES DELIVERY OF RECOMBINANT
HUMAN SECRETORY LEUCOCYTE PROTEASE INHIBITORS ON BACTERIAL
LIPOPOLYSACCHARIDE INDUCE CELL INJURY

CARDIAC CELL MEMBRANE COATED MESOPOROUS SILICA NANOPARTICLES FOR
DELIVERY TO CARDIAC TARGETS

IMMOBILIZATION OF RECOMBINANT HUMAN SECRETORY LEUKOCYTE PROTEASE
INHIBITOR (RHSLPI), BY PLASMATIZATION ON TITANIUM SURFACE, ENHANCED
OSTEOBLAST CELL ADHESION

SP7-CEMENT AND CONCRETE: SCIENCE, TECHNOLOGY AND APPLICATIONS TOWARDS

GREEN AND SUSTAINABLE FUTURE

EFFECT OF PLASMA ACTIVATED WATER ON EARLY-AGE HYDRATION REACTION AND
STRENGTH ACTIVITY INDEX OF FLY-ASH CEMENT PASTE

SP9-GENERATIVE AI: AN EMERGING AI TECHNOLOGY

AUTOMATIC SEGMENTATION OF CARIES EXTENSIONS IN BITEWING RADIOGRAPHS
USING YOLOVS8 WITH DENTAL CROSS-SECTIONS AS GROUND TRUTH
SP13-HARNESSING DIGITAL SCIENCE AND ENGINEERING FOR ENVIRONMENTAL
SUSTAINABILITY

CARBON DIOXIDE EFFICIENCY ANALYSIS OF ADSORPTION AND DESORPTION USING
K2CO3/AL203 SORBENT UNDER VARIOUS OPERATING PARAMETERS WITH AVRAMI
KINETIC MODEL

CELLULAR AUTOMATA BASED MODEL TO PREDICT WILDFIRE SMOKE DISPERSION

DEVELOPMENT OF AMINE-MODIFIED NAY ZEOLITES FROM RICE HUSK WASTE FOR
EFFICIENT DIRECT AIR CO2 CAPTURE.

EXPLORING MICROWAVE-ASSISTED ZEOLITE 13X REGENERATION FOR EFFECTIVE
DIRECT AIR CO2 CAPTURE

796

805

813

822

829

835

843

850

859

867

876

888

896

905



A-PHYSICS / APPLIED PHYSICS



Influence of the generation parameters on DBD plasma for airborne pathogenic
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Abstract

The issue of PM 2.5 particulate matter pollution significantly impacts the quantity of
pathogenic microorganisms in the air, thereby affecting human health. Managing indoor air
quality to ensure safety has become crucial and necessitates technological advancements to
address this problem. Cold atmospheric pressure plasma has been considered due to its
capability to eliminate airborne pathogens. This study focuses on the application of dielectric
barrier discharge (DBD) module as a mean to generate plasma by applying a 10 kV at 15
kHz, resulting in an electron temperature of 1.52 + 0.051 eV and an electron density of 3.46 +
0.084 x 10 m. Subsequently, an array of these plasma modules was integrated into a
prototype air purifier equipped with a 400 — 800 CFM blower for circulating air within a 48
m? test room over an hour test duration and yielded more than 41% for mold and 99% for
antipathogenic effectiveness. The results indicate that DBD plasma effectively can reduce
airborne pathogens. The effectiveness on microorganism removal originated from the direct
and indirect inhibiting processes of the plasma and the appropriate airflow. This indicates that
DBD module has the potential for future air pollution management products.

Keywords: Dielectric Barrier Discharge, Cold Plasma, Pathogenic Elimination, Plasma
Parameter

1. Introduction

Air pollution is currently a serious problem that affects the livelihood of the
population, which tends to be even more dangerous from the increasing number of airborne
pathogens. With the spread of respiratory disease from these pathogens, the solution is
necessary. Currently, several technologies have been applied to solve this problem, such as
plasma ionizers. Within various types of plasma, dielectric barrier discharge (DBD) plasma is
one of the candidates for plasma ionizers which possesses several intriguing characteristics
such as the ability to generate plasma under atmospheric pressure without relying on a
vacuum system or air pump, generation of free radical that can disable pathogens’s growth,
uncomplication design, and low-cost manufacturing.

In our previous work, N. Nanna et. al. [1] designed a miniature DBD module with
20 x 25 x 1 mm?® dimension. The work confirmed that the plasma from DBD module
exhibited glowing discharge activity then the antimicrobial test on Escherichia Coli under
closed space proved that DBD plasma can prevent bacteria growth by 99%. However, the
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module needs improvement for commercial usage. In this work, our research group aimed to
employ the DBD module in the standard Thailand classroom with an area of 48 m?. Hence,
the module needs to be scaled up and the plasma parameters also need to be optimized to
achieve the most effective antipathogenic capability.

From the research of J. Zigon and co-workers [2], they studied the influence of
voltage on Optical Emission Spectroscopy (OES) by varying the voltage from 7 kV to 12 kV
and found that the plasma intensity value increased at the voltage range of the second positive
system of N2. They also reported that the amount of ozone increased when increasing the
voltage used for plasma generation. In addition, E. Timmermann and co-workers [3]
observed the effect of the varying voltage in range of 10 kV - 14 kV on bacteria elimination
and found that increment of the discharge voltage increased the rate of bacteria elimination
more than 70% - 90% due to the rising of plasma intensity and numbers of ions that were
produced from 2.5 x 10® cm™ to 4 x 10® cm™. The research of T. Y. Tang with research team
[4] and S. Protugal and co-researcher [5] studied the influence of the frequency on the
characteristics of OES spectra and found that the frequencies of 20, 40, 80 kHz resulted in
insignificantly increased in intensity for OES spectra while created more ozone which has a
significant role for bacteria elimination. According to the literature review, the optimization
of voltage and frequency used for plasma generation is crucial for improvement of DBD
module for antimicrobial application.

Therefore, this study aimed to improve the DBD module by optimizing the plasma
parameters of the up-scaled module and the airflow rate when utilizing the module in
conjunction with air purifier to achieve the highest efficiency in eliminating airborne
pathogens for the room size of 48 square meters. The voltage and frequency used in plasma
generation were altered to identify the most suitable parameters to improve the electron
temperature (Te) and electron density (ne) of the plasma generated from DBD module. Then,
the characteristics of the airflow trajectory and the airflow rate inside the chamber were
varied to analyze the different amounts of microorganisms within test environments after
being exposed to plasma generated from DBD module installed inside the chamber.

2. Methodology
2.1 Design of DBD Module

The design of DBD module is displayed in Figure 1. The DBD module was designed
to possess the dimensions of 170 x 100 x 2 mm?®. As seen in Figure 1, the copper electrode
used as the discharge area was shaped into serpentine pattern with 120 x 50 mm? area where
the line was 2 mm width with 2 mm gap from each other. The back electrode was a
rectangular copper electrode with a surface area of 140 x 70 mm?2. The DBD module was
placed away from each other by 20 mm while the patterned electrodes turned to the same
direction. The customized high-voltage DC source was connected to the electrode on each
side of the DBD module. To optimize the parameter of generated plasma, the DBD module
was applied with different voltages of 5 - 15 kV and frequencies of 15 - 35 kHz.
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Figure 1.
Schematic of DBD module used for this study.

2.2 Investigation on Plasma Parameters of DBD Plasma

An OES apparatus (Ocean Optic, model: HR4000) was used for spectrum acquisition
of glow discharge within the range of 200 - 1100 nm. Using the plot of the acquired OES
spectra versus wavelength, the atomic spectra of several gases could be identified. Then, the
Te values of the plasma generated from DBD module under all variations of voltage and
frequency were calculated using a two-emission line method based on Eq.(1) [6]

Ey—Eq

I1 914112
ln(—)—ln So sl
12 (ngzh)

kBTe = (1)

Where Kg is Boltzmann’s constant = 1.381 x 10722 J/K. 1 is wavelength of spectral emission
lines (nm). g is the statistical weight of spectral emission lines. A Is transition probability.
E is energy of spectral emission lines (cm™). I is intensity of spectral emission lines (arbitrary
unit).

The first and second highest spectral emission lines for the observed element were
picked to solve the equation. In this case, the oxygen lines were picked to observe the ionized
oxygen which is related to the free radical of ambient plasma. All parameters associated with
the oxygen line were cited from the NIST database.

The ne value can also be used to discern the relative trend of ionized oxygen density
which is related to the number of free radicals produced by DBD plasma. Based on Eq.(2),
the ne values were discerned using full width half maximum of the broadened peak of OES
Spectra [6].

Ay = Zw(lgﬁ) ()

Where A1 4, is full wave half maximum. w is electron impact width.
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2.3 Study of Airflow Trajectory and Effect of Airflow Rate

The diagram of the airflow inside the prototype air purifier equipped with DBD array,
comprising multiple DBD modules, designed for usage in a room with 120 m®in volume is
displayed in Figure 2. The flow trajectory was simulated in the form
3-dimensional model using Solid Edge software to analyze the airflow within the prototype.
Then, the built prototype was used for the study of the effect of airflow on the rate of
pathogenic elimination. The airflow rate was monitored through an anemometer (Fluke,
model: 925).

Testing room
S = = = = = =X
I I l Prototype Machine ] [ T
Polluted Plasma Fresh
Air Blower DED Air
1N 1]
S= = = = = 2 =
Figure 2.

Diagram of air purifier with DBD array installed.

2.4 Study on Antipathogenic Activity

Sampling of airborne pathogens was conducted through the usage of a standard
impactor (SKC, model: QuickTake 30 BioStage) before the experiment. The sampled air in
the testing room was fed into air purifier with DBD array inside to flow for an hour under
various flow rates. Afterward, the pathogenic samples were collected and put back into the
impactor after the experiment. The pathogen samples were cultured for a week on the plate to
compare the amounts of pathogens colonies that appear on the plate for untreated air and air
that was treated by DBD plasma under different airflow rates. In Figure 3 shows the criteria
of airborne pathogens counting on the collected samples for analyzing the effectiveness of
plasma using one-way ANOVA function of Minitab software with 95% confidence.

Figure 3.
Criteria of microorganisms for counting as 1 colone-forming unit (CFU).

3. Results and Discussion
3.1 Effect Frequency and Voltage on characteristic of Plasma

Plasma was generated by applying a voltage of 5 kV to 10 kV while maintaining a
frequency of 15 kHz. Figure 4 which portrays a plot of the intensity of OES spectra against
wavelength, reveals that DBD plasma generation primarily produces spectral lines of nitrogen
ions and oxygen ions. Nitrogen was detected at wavelengths of 334.28, 354.55, 401.97, and
421.74 nm [7]. Additionally, oxygen was found at wavelengths of 777.4 and 842.45 nm [8],
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along with hydroxyl (OH) at a wavelength of 314.14 nm. The OH and NO play a significant
role for the inactivation of the pathogenic process [9]. The results of the analysis for Te and ne
presented in Table 1 reveals typical value range for atmospheric DBD plasma’s discharge
[10-12]. The result indicates that the concentration varies with changes in voltage. This is
because of the electron acceleration under influence of electric field and the ion collision with
the atom of working gas and leads to generation of new free electron and positive ion
resulting in an increase in ne [13]. At fixed voltage of 10 kV while varying the frequency
from 15 kHz to 35 kHz, an increase in the frequency used to generate plasma did not lead to a
corresponding increase in intensity. In an inversion, frequecy can affect the stability of the
generated plasma, as electrons generated by the plasma bulk are trapped between two
different electrodes due to the rapidly oscillating electric field of the applied voltage. This
causes the accumulation of charge, which is subsequently released in the form of a spark.
[14] Hence, the plasma generated at 10 kV and 15 kHz is the optimum for plasma generation
of the current DBD module.
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Figure 4.
Plots of OES spectra in board wavelength comparing OES spectra of the DBD plasma at
(A) varying frequencies and (B) varying voltages.
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Table 1

The plasma parameter at varying voltages and frequencies.

Voltage Frequency Te Ne
(kV) (kHz2) (eV) (10%6 m-3)
5 35 1.48+0.054 1.97+0.074
7.5 35 1.514+0.035 2.45+0.054
10 35 1.54+0.047 3.76+£0.064
10 15 1.52+0.051 3.46+0.084
10 25 1.54+0.037 3.54+0.087

3.2 Design and Analyze of Airflow

The design of the prototype air purifier with DBD array is illustrated in Figure 5.
A pair of blowers with controllable speeds ranging from 0 - 1000 RPM was installed along
with 3 sets of DBD modules in front of each outlet channel. Each DBD module was vertically
stacked up on top of each other with a 20 mm gap along the outlet channel. The air purifier
was designed to operate with a blower to draw the air into the device and then passes through
the DBD array. According to the trajectory simulation result in Figure 6, the air drawn into
the device circulates due to the blower’s turbulence and then compresses within the unit,
resulting in the directed flow of air toward the outlet where DBD array was positioned. The
air was then expelled through an outlet. The test environments had a volume of 120 mé,
equivalent to 4237.76 ft3. To determine the optimal airflow velocity for full air circulation
throughout the room within 10 minutes, the simulation indicated that an airflow rate of

423.76 CFM was required.

Blower

Polluted _N
Air

(A)

B

Plasma
DBD

Figure 5.
The structure of the air purifier integrated with the DBD array on (A) side view

and (B) outlet in front panel of air purifier.

|
—
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Figure 6.
The airflow patterns obtained from the trajectory simulation results.

3.3 Effect of Airflow Rate on Plasma Parameter

The airflow rates of the air brought by the blower inside the air purifier were varied at
400, 600, and 800 CFM to observe the OES spectra of the DBD plasma generated during the
blower operation. In Figure 7, the result presents the spectral line of plasma which is used for
calculation of Te and ne. The results of the calculation shown in table 2 reveal that the
variations airflow rates do not affect the plasma parameters as the atmospheric plasma tends
to require a high-power source and strong gas flow relative to its aperture for the flow rate to
be taken into consideration like in the case of plasma jet [15]. Hence, the DBD plasma array
situated inside the large chamber with several outlets could not accumulate particles to take
advantage of airflow. However, the airflow rate can play a significant role in terms of air
circulation rate which affects the contact time of plasma’s product and pathogens.
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A comparative graph of the plasma spectral lines at different airflow rates.
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Table 2
The properties of plasma at different airflow rates.

CFM Te Ne
€V) (1016 m3)
400 1.46+0.031 3.47+0.051
600 1.51+0.035 3.41+0.072
800 1.54+0.024 3.35+0.043

3.4 Antibeterial Activity

An indoor room measuring up to 8 m x 6 m x 2.5 m was used as a test environment
for 1 hour during the activation of the air purifier equipped with a DBD array, operating at 10
kV, 15 kHz, and 480 W. The variations of the airflow rates of 400, 600, and 800 CFM were
used to assess the impact of the plasma generated by the up-scaled DBD module on the
elimination of airborne pathogens in 48 m? room. Results presented in Figure 8 show the
amount of mold and bacteria counted in CFU under different conditions. Without DBD
plasma treatment, the counts for mold were 30, 22, and 17 CFU, while bacterial counts were
14, 8, and 10 CFU. With DBD plasma treatment at 400 CFM, mold counts decreased to 8, 7,
and 7 CFU, while bacterial counts reduced to 0 CFU across all measurements. At 600 CFM,
counts of mold were recorded as 24, 2, and 13 CFU and bacterial counts remained at 0 CFU.
Under the 800 CFM airflow rate, mold counts were 9, 11, and 9 CFU, and bacterial counts
were 0, 1, and 1 CFU. These reduction is equated to 41% and 99% decrease in pathogenic
counts for mold and bacteria, respectively. The significance of the comparison between the
unsanitized and DBD plasma-sanitized airborne pathogenic samples can be summarized in
table 3. For the mold comparison, the reduction of mold is significant because the P-value of
each condition in comparison to untreated control samples are 0.012, 0.014, and 0.04 for
DBD treated samples under 400, 600, and 800 CFM flow rate in order, which lower than 0.05
with 95% confidence. In terms of Bacteria, it shows that the P-value of each pair of untreated
control samples against DBD treated samples under 400, 600, and 800 CFM flow rates are
0.00014, 0.00014 and 0.0023 in order, which are extremely significant difference. This
reduction is attributed to the products of DBD plasma like reactive oxygen species and
reactive nitrogen species, including ozone, hydroxyl radicals, hydrogen peroxide [17], as well
as UV emissions, which contribute to the pathogen inactivation through the extraction of
protein from pathogens cell membrane [17]. The higher antipathogenic effectiveness at a
lower airflow rate can be attributed to longer contact time between DBD plasma’s byproduct
and airborne pathogens, hence a higher chance for pathogens membrane and free radicals.
Meanwhile, the comparison between each airflow rate condition is not significantly different
from each other as represented by their P-values which are significantly higher than 0.05.

No DBD 400 CFM 600 CFM 800 CFM
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200
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060

(A)
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(A) Culture result of airborne pathogens along with (B) ANOVA plots for effect of DBD
plasma under various airflow rate on airborne pathogens.

Tukey Simultaneous Tests for D;;fa;tile?lgé of means of Mold and Bacteria.
Comparison P-value P-value
condition (Mold) (Bacteria)

400 CFM — No DBD 0.012 0.00014

600 CFM — No DBD 0.014 0.00014

800 CFM — No DBD 0.040 0.00023

600 CFM — 400 CFM 0.999 1

800 CFM — 400 CFM 0.798 0.95

800 CFM — 600 CFM 0.869 0.95

4. Conclusion

This research was a study about the optimization of DBD plasma’s parameters for
usage in the classroom through variations of voltage and frequency as well as the effect of
different airflow rates on the antimicrobial activity of DBD plasma. The DBD plasma module
was able to operate at atmospheric pressure and exhibited a glow discharge. Increment of the
voltage led to a rise in both Te and ne. When the input of 10 kV voltage and 15 kHz frequency
was applied, the Te was found to be 1.52 + 0.051 eV, and the ne was 3.46 + 0.084 x 10'® m,
In contrast, increasing the plasma frequency did not significantly affect T. and n.. However,
the increasing frequency could impact plasma stability by increasing the potential of sparking.
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Hence, the input of 10 kV voltage and 15 kHz frequency is the most suitable parameter.
Additionally, the DBD array was installed into a prototype air purifier and tested in 48 m?
room for it antipathogenic effectiveness. The controlled airborne pathogenic samples had
mold counts of 30, 22, and 17 CFU and bacterial counts of 14, 8, and 10 CFU. After plasma
treatment under conditions of 400 CFM flow rate, mold counts decreased to the least amount
of 8, 7, and 7 CFU while bacterial counts dropped to roughly 0 for all different airflow rate
cases, achieving a reduction of mold and bacteria by 41% and 99%, respectively. These
findings showed promising potential for air purification applications by effectively reducing
pathogenic microorganisms indicating the potential for the development of DBD modules
into industrial-scale production and household air purifiers in the future.
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SIMPLE HYDROTHERMAL-MICROWAVE METHOD TO SYNTHESIZE
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Abstract:

Manganese pyrophosphate as chemical formula Mn,P,O7, was synthesized by
hydrothermal-microwave method at 400, 600 and 800 watt for 5 and 10 min. The powders
were calcined at 500 °C for 5 hr. The starting materials were NaoHPO4 and MnSO4 with
deionized water as solvent and without any surfactant and without acid or base. The watt and
heating time affected the morphology and particle size. Fourier transform infrared
spectroscopy was analyzed the stretching vibration of P-O of (P,O7)*". The X-ray diffraction
was confirmed the phase of manganese pyrophosphate as monoclinic. The manganese
pyrophosphate with smallest particle and agglomerate show the highest electrochemical
properties with specific capacitance was 47 F.g™ 1.

Introduction:

The chemical formula of metal pyrophosphate is MoP,0O7 (where M = Mg, Ca, Mn, Co,
Ni, Zr). Normally, the oxidation state of the metal is +2. Metal pyrophosphates have great
advantages such as inexpensive and naturally abundant starting materials, easy synthesis,
extensive working potential, and abundant crystal chemistry!. The applications of
pyrophosphates include use as a catalyst, such as vanadyl pyrophosphate ((VO)2P207) 2, an
adsorbent like zirconyl pyrophosphate (ZrP,0O7), antiferromagnetic materials such as
Mn,P,07 3, and as anode material in lithium batteries, similar to MnP,O; with initial
reversible capacities of 440-330 mAh g=! 4. Metal pyrophosphates have been synthesized
using various methods and precursor compounds. Amorphous Ni,P>O7 microstructures were
synthesized by stirring nickel acetate and ammonium phosphate to obtain NH4Ni(PO)4-6H;O.
The NH4Ni(PO)s6H,O microstructure was then calcined at 700°C °. Porous NizP>Oy
nanowires were prepared by calcining precursors of NiNH4PO4H,O nanowires at 600 °C ©.

The method used to synthesize the particles was a parameter influencing the
morphology and particle size of the metal oxide. The morphology of the particles was a
parameter influencing the properties of manganese oxide, such as its electrochemical
properties as a lithium cathode battery and anode battery. Mn,P>,0O7-:2H>O was synthesized by
dissolving manganese chloride and sodium pyrophosphate in sulfur dioxide and bubbling
carbon dioxide through the solution. The microcrystals were under 2 um, and the prismatic
crystals were 0.1 mm in length’. Porous Mn;P,0O7 structure was prepared by thermal
treatment of MnPO4-H>O at 600 °C. The particles were agglomerated with small particles in
the range of 30-50 nm®. Mn,P,0; polyhedral was synthesized using manganese nitrate
hydrate and phosphoric acid in nitric acid, followed by calcination at 800 °C for 3 hours. The
small and large particles were in the range of 100-200 nm and > 200-500 nm, respectively®.
Porous Mn;P>07 nanoplate was obtained by calcining NH4sMn,PO4-H>O nanoplates at 500°C.
The crystal structure was cubic Mn,P>0O7 (JCSPDF card No: 29-0891)!°. In all reports, the
crystal structure of MnoP>O7 was observed to be monoclinic and cubic. It can be noticed that
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the particle size of MnyP>07 was in the nanometer range except using manganese chloride
and sodium pyrophosphate dissolved with sulfur dioxide, which provided particle sizes in the
micron range. The annealing MnH>PO4 at 700 °C for 2 hours in an argon-filled tube furnace
and transform into Mn,P>0O7 nanoparticle'!.

The findings of the simple method to synthesize manganese pyrophosphate were
studied. Additionally, the results could provide ideas to researchers for synthesizing
manganese pyrophosphate and their electrochemical performance. This research aimed to
synthesize manganese pyrophosphate using the hydrothermal-microwave method followed by
calcination without surfactant and without acid or base. The crystalline powder was identified
through Fourier transform infrared spectroscopy, which revealed its vibrational characteristic.
X-ray diffraction confirmed the phase of manganese pyrophosphate. The morphology of the
particles was analyzed using scanning electron microscopy combined with electron dispersive
spectroscopy. Also, the electrochemical performance was presented in term of specific
capacitance analyzed by cyclic voltammetry technique.

Methodology:

Manganese pyrophosphate, Mn;P>07;, was synthesized using the hydrothermal-
microwave method. The raw materials used were manganese sulfate monohydrate
(MnSO4-H>0, Ajax Finechem) and sodium hydrogen phosphate (Na;HPO4, RCI Labscan).
Firstly, 1.69 g of MnSO4-H>0O was dissolved in 10 mL of deionized water, and then 1.78 g of
Na,HPO4 was added to another 10 mL of deionized water. The two solutions were mixed and
transferred to a 100 mL Teflon tube, which was then sealed and placed in a microwave oven.
The heating power varied at 400, 600, and 800 watts for 5 and 10 minutes. The precipitate
obtained was filtered and washed with 10 mL of ethanol and 10 mL of deionized water,
followed by drying in air and subsequent calcination at 500 °C for 5 hours. The resulting pale
pink powder was analyzed for vibrational bonds using a Fourier transform infrared
spectrometer (Spectrum RXI, Perkin Elmer) with a KBr pellet, at a resolution of 4 cm™' and
32 scans. X-ray diffraction (D2 Phase, Bruker) confirmed the phase of manganese
pyrophosphate. The morphology of the particles was analyzed using a scanning electron
microscope/energy dispersive spectrometer (TESCAN Model VEGA 3, Czech Republic). The
reaction can be represented by the following equation (1):

2NasHPO4.2H20 + 2MnS0O4.H2O  —  MnoP20O7 + 2NaSO4 + 7H20 (1)

The electrochemical performance was evaluated utilizing cyclic voltammeter
(PGSTATI128N, USA). The working electrode was nickel foam substrate in size of 1X2 cm
and weighed. The 32 mg of active material (Mn2P207), 4 mg of carbon black and 4 mg of
polyvinylidene difluoride were mixed with 400 puL of N-methyl-2-pyrrolidone. After mixing,
70 uL of prepared solution was dropped onto the nickel foam and dried at 70 °C overnight.
The prepared electrode was pressed at 10 MPa and recorded the weight of working electrode.
The electrolyte solution was 1 M of potassium hydroxide (KOH, Ajax Finechem). The
specific capacitance can be calculated with equation (2) by Yan et.al'?.

[ 1av
C= (2)

vmV

Where C is the specific capacitance (F g!)
I is the response current density (A cm)
V' is the potential (V)
v is the potential scan rate (mV s!),
and m is the mass of the electroactive materials in the electrodes (g)
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Results and Discussion:

The starting materials were sodium hydrogen phosphate and manganese phosphate in a
mole ratio of 1:1, heated by microwave at 400, 600, and 800 watts for 5 and 10 minutes. The
pH of the mixed solutions before and after heating was 9. After calcination at 500°C for 5
hours, the resulting pale pink powder was analyzed for crystal structure using a powder X-ray
diffractometer. The XRD patterns of the synthetic powder at 400-800 watts for 5 and 10
minutes are shown in Figures 1 and 2, respectively. XRD results exhibited the products as
manganese pyrophosphate (Mn;P>0O7;, PDF#00-029-0891). The crystal structure is
monoclinic, with crystal parameters: a=6.6360 A, b=8.5840 A, c=4.5457 A, 0=90.0000°,
B=102.7800°, and y=90.0000°. Heating for 10 minutes provided sharper XRD peaks due to
increased crystallinity, and the presence of sodium sulfate (Na;SOs, PDF#01-075-0914) as a
byproduct was observed, as shown in reaction (1). Its presence was likely due to improper
washing.

A Mn,P,0,
Na,S0,

AL o A (a)

T T T T 1
10 20 30 40 50 60 70 80
20 (degree)

Figure 1. XRD of Mn2P>,07 heating for 5 min at (a) 400 (b) 600 (c) 800 watt
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Figure 2. XRD of Mn2P,07 heating for 10 min at (a) 400 (b) 600 (c) 800 watt

The FTIR results of the synthetic powder at 400-800 watts for 5 and 10 minutes are
shown in Figures 3 and 4, respectively. The broad vibrational band at 1,085-1,020 cm™! was
assigned to the stretching vibration of O—P—O of Mn;P,O7. The split peak in the region of
754-705 cm™! was assigned to the stretching vibration of the P—O—P bridge!'*!'4. The band in
the region of 745-702 cm™! represented the deformation vibrations of PoO74 13,
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Figure 3. FTIR spectra of Mn,P>O7 heating for 5 min at (a) 400 (b) 600 (c) 800 watt
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Figure 4. FTIR spectra of Mn,P>0O7 heating for 10 min at (a) 400 (b) 600 (c) 800 watt

SEM image of Mn;P>O; heated at 400-800 watts for 5 minutes in Figure 5. The
morphology of Mn,P,0O7 resembled hexagonal prisms with a length of 5 pm. The particle
grains were quite dispersed. In Figure 6(a), heating at 400 watts for 10 minutes resulted in
MnoP>07 with a morphology similar to hexagonal prisms, with a length of 4 um. However, in
Figure 6(b) and (c), heating at 600 and 800 watts for 10 minutes led to particle grain
accumulation, with a particle size of 2 um. As the heating time increased, the particle size
decreased due to increased microwave absorption!6. Under all conditions, MnoP,O7 was
synthesized by hydrothermal-microwave methods and calcined at 500°C, resulting in particle
sizes in the microstructure range. In contrast, previous research on Mn;P>0O7, synthesized
using Mn metal powder and P>Ss in ethylene glycol by solvothermal methods at 190-220 °C,
revealed nanostructured materials. The morphology of the products included flower-like
microspheres with diameters of about 2-5 um and aggregation of many nanoparticles with
thicknesses of 20-40 nm, exhibiting a monoclinic crystal structure*. This suggests that the
hydrothermal-microwave method without surfactant and alkali base affects the shape and size
of particles but does not affect the crystal structure.
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Figure 5. SEM of Mn,P,07 heating for 5 min at (a) 400 (b) 600 (c) 800 watt
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Figure 7. Cyclic voltammograms of Mn>P>0O7 heating for 10 min at (a) 400 (b) 600 (c) 800
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Figure 8 Scan rate of Mn2P,07 heating for 10 min at 400, 600 and 800 watts

Referring to XRD results and morphology of Mn2P>07, under heating for 10 minutes
could provide more purity and crystallinity of Mn,P>O7 including the smaller of particle size
the heating for 5 minutes. Those products heating for 10 minutes were selected to analyze the
electrochemical performance utilizing cyclic voltammetry shown in Figure 7. The scan rate
of CV curves was from 5 to 100 mV s7!. The scan rate of 5 mV s™! of each Mn,P,0O7 were the
highest specific capacitance shown in Figure 8. Except Mn,P>O7 heating for 400 watt, the
scan rate 5 and 10 are very closely specific capacitance. The specific capacitance of Mn,P>O
heating at 400, 600 and 800 watts were 28.52, 47.01 and 21.40 F g!, respectively. The
particle size of Mn,P>,07 at 600 watts show the smallest particle size. Also, it has more porous
which could effectively promote the transport of electrons and ions!”. It is reasonable that
MnoP>O7 heating at 600 watt for 10 minutes performs the highest specific capacitance.
Comparing the specific capacitance of Mn2P>O7 synthesized by hydrothermal process and
chemical polymerization was 64 F g~! 18, Although, the specific capacitance of Mn,P>0O7 of
this work is quite minimal value. The advanced point is the method to synthesize is simple,
environmental friendly and less consuming the precursors.

Conclusion:

Manganese pyrophosphate, MnoP>0O7, was successfully synthesized via simple method
namely the hydrothermal-microwave method without surfactant and alkali base and followed
by calcination at 500°C. The resulting pale pink MnoP,O7 was determined, through XRD
analysis, to possess a monoclinic crystal structure. Vibrational bands observed in FTIR
spectra confirmed the presence of P—O bonds characteristic of pyrophosphate. SEM analysis
revealed a hexagonal prismatic morphology with varying degrees of agglomeration
depending on the microwave synthesis wattage. Mn2P>O7 heating at 600 watt for 10 minutes
performs the highest the specific capacitance was 47.01 F g1
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Abstract:

Colorectal cancer (CRC) is a leading cause of cancer-related morbidity and mortality. O-
GIcNAcylation, a post-translational modification of N-acetylglucosamine (GIcNAc) at serine/
threonine residues of cytoplasmic and nuclear proteins, has been shown to be up-regulated
and associated with tumor progression in various cancers. However, the contribution of O-
GIcNAcylation related to chemotherapy drug responses in cancer especially in CRC is rarely
investigated. This study aimed to investigate the role of O-GIcNAcylation in modulating the
efficacy of oxaliplatin (OXA), a first-line chemotherapy drug for CRC using a SW620 cell
line as an in vitro model. SW620 cells were treated with various concentrations of OXA to
evaluate its impact on O-GIcNAcylation and cell viability. OXA led to a reduction of cell
viability with 1Cso of 10 uM. Interestingly, treatment of OXA resulted in an increase of O-
GlcNAcylation level up to 10 uM in a dose- and time-dependent manner. To reduce O-
GlcNAcylation level, RNA interference against O-GIcNAc transferase (OGT), the enzyme
responsible for O-GIcNAcylation, was introduced in SW620 cells. OGT Knockdown
sensitized SW620 cells to OXA treatment, enhancing cytotoxicity. Conversely, addition of
Thiamet-G (TMG), an inhibitor to block O-GIcNAcase (OGA) resulting in an increase of O-
GlcNAcylation level, reveled higher resistance of OXA treatment. These findings suggest
that the modulation of O-GIcNAcylation can influence CRC cellular responses to
chemotherapy, highlighting a potential strategy for improving treatment efficacy by targeting
the O-GIcNAcylation in combination of chemotherapy drugs.

Introduction:

Colorectal cancer (CRC) is the third rank of diagnosed cancers, following lung and
female breast cancer, and the second rank leading cause of cancer-related deaths, after lung
cancer (1). It primarily affects the elderly, with most cases occurring in people over 50 years
of age(2). CRC development takes over a decade and it is driven by the accumulation of
numerous mutations in cells within intestinal tissues, resulting in uncontrollable cell
expansion and transformation into malignant tumor. Once cancer cells are formed at the
primary site, they can invade to neighbor cells and metastasize to distant (secondary) sites
such as the liver, brain (3).

Changes in glucose metabolism in cancer affect several metabolic pathways,
including the hexosamine biosynthesis pathway (HBP) (4). The end product of HBP is N-
acetylglucosamine (GIcNAc) which is a substrate for both classical glycosylation and O-
GlcNAcylation. Unlike classical glycosylation, which occurs in endoplasmic reticulum and
Golgi apparatus, O-GIcNAcylation involves attachment of a single GIcCNAc to serine and
threonine residues of cytoplasmic and nuclear proteins (5). This modification is regulated by
two key enzymes; O-GIcNAc transferase (OGT) and O-GIcNAcase (OGA), which are
responsible for adding and removing sugar donors, respectively. Previously, our group and
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others showed that the levels of OGT and O-GIcNAcylation were increased in CRC tissues
compared to those of normal tissues (6, 7). In addition, our group also reported that O-
GIcNAcylation and OGT levels were elevated in two CRC cell lines, SW480 (non-metastatic
clone) and SW620 (metastatic clone) which are derived from the same patient, in comparison
to those of normal colon epithelial cells, CCD841 CoN (8). Moreover, OGT knockdown
reveled more dramatically reduce cancer colony formation of SW620 when compared to that
of SW480, indicating that O-GIcNAcylation and OGT may play important roles in cancer
progression, especially in the metastatic phenotype.

Several lines of evidence demonstrate that chemotherapy treatments enhanced the
global O-GIcNAcylation and this augmentation may associate with stress responses (9).
Therefore, the aim of this research is to test our hypothesis whether oxaliplatin, the first-line
chemotherapy drug used for CRC patients, can activate O-GIcNAylation. In addition, we ask
to determine whether altering O-GIcNAcylation level (both up and down) has any synergistic
effect when combined with OXA treatment using in SW620 as an in vitro model study.

Methodology:

Cell culture

SW620 cells were purchased from the American Type Culture Collection (ATCC, USA), and
cultured in completed RPMI 1640 (Thermo Fisher Scientific, USA), supplemented with 10%
Fetal bovine serum (HyClone, USA), and 1% Antibiotic-Antimycotic (Thermo Fisher
Scientific, USA). Cells were cultivated in 5% CO> at 37°C humidified incubator and sub-
cultured by trypsinization when reached 70-80% confluency.

Cell viability assay

Cell viability was assessed using the CellTiter 96® AQueous One Solution MTS assay [3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium],
purchased from Promega, USA. This assay is based on the reduction of the MTS tetrazolium
compound by metabolically active cells into a colored formazan product, which is soluble in
the culture medium. Briefly, SW620 cells (5,000 cells/well) were seeded in 96-well
microplates. After 24 h of culturing, cells were treated with oxaliplatin (OXA,
MedChemExpress, USA) at various concentrations (0.01, 0.1, 1, 10, and 100 uM) for 48 h.
For time-course studies, cells were treated with 10 uM OXA and harvested at 6, 12, 24, 48,
and 72 h. Following treatment, MTS reagent (20 pL) was added to each well and incubated
for 2 h at 37°C. Absorbance was measured at 490 and 650 nm using a microplate reader.
Absorbance values were normalized to those of untreated controls to determine relative cell
viability.

Evaluation of OGT and O-GIcNAcylation levels

The levels of OGT and O-GIcNAcylation were determined by immunoblotting as previously
described (8). Briefly, cells (300,000 cells/well) were cultured in 6-well cell culture plates. At
the end of treatments, cells were lysed using RIPA buffer containing 1% protease inhibitor
cocktail (Sigma-Aldrich, USA). Protein concentration was measured by Bradford assay (Bio-
Rad, USA). Protein samples (15-20 ug) were separated on 7.8% SDS-PAGE and transferred
to PVDF membranes (Millipore, USA). Membranes were then blocked with 1% casein
blocking buffer (Bio-Rad, USA). Primary antibodies; anti-O-linked N-Acetyl glucosamine
antibody (RL2; 1:1,000 Abcam, UK), anti-N-Acetylglucosamine transferase antibody (OGT;
1: 1,000, Abcam, UK) and anti-B-actin (1: 20,000, Cell Signaling Technology, USA) were
incubated overnight at 4°C. Immunoblots were developed with WesternBright ECL
(Advansta, USA). The signals were captured and measured by an image analysis program
ImageQuant LAS4000 (GE healthcare, USA). The level of O-GIcNAc modified proteins was
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detected from all O-GIcNAc bands appeared from the immunoblots as previously mentioned
(8). B-actin was used to compare protein loading of each sample.

Reduction of O-GIlcNAcylation and OGT levels and combination treatments

To investigate the effect of O-GIcNAcylation and OGT reduction, SW620 cells were
transfected with RNA interference against OGT gene as previously described (8). siOGT
oligonucleotide of OGT (sense, 5-UAAUCAUUUCAAUAACUGCUUCUGC-3' and
antisense, 5-GCAGAAGCAGUUAUUGAAAUGAUUA-3'. and scramble negative control
medium GC duplexes transfection were purchased from Invitrogen, USA. After one day of
culturing, siRNA was transfected into SW620 cells using Lipofectamine™ 3000 Transfection
Reagent (Invitrogen, USA) with manufacturer’s instructions (Invitrogen, USA). Then, cells
were incubated with the transfection mixtures and continually cultured for 48 h prior to treat
with or without OXA for additional 48 h. At the end of time treatment, cell cytotoxicity and
immunoblotting were examined as above mentioned.

Augmentation of O-GIlcNAcylation level and combination treatments

To increase O-GIcNAcylation level, thiamet-G (TMG; MedChemExpress, USA), a potent
inhibitor of OGA, was used. After one day of culturing, SW620 cells were pretreated with
TMG at 10 and 50 uM for 6 hours. Subsequently, cells were treated with or without OXA for
additional 48 h. At the end of time treatment, cell cytotoxicity and immunoblotting were
examined as above mentioned.

Statistical analysis
The statistical analysis was conducted using student t-test of Excel program. The statistical
significance was defined as P<0.05 and P<0.01.

Results and Discussion:

Treatment of OXA in SW620 cells

SW620 cells were treated with various concentrations of OXA (0.01, 0.1, 1, 10, and 100 uM)
for 48 hours. The MTS assay demonstrated a dose-dependent decrease of OXO in cell
viability, as shown in Figure 1A. This result indicates the cytotoxic nature of OXA, with
greater cell death observed at higher concentrations. The ICso value for OXA, which
represents the concentration required to reduce cell viability by 50%, was approximately 10
uM. To investigate the effects of OXA on O-GIcNAcylation level in SW620 cells,
immunoblotting of O-GIcNAc (RL2) was performed. The analysis revealed a relative dose-
dependent increase in O-GlcNAcylation level with OXA concentrations up to 10 uM as
shown in Figure 1B and 1C. This finding implies that OXA treatment induces an increase in
O-GlIcNAcylation, potentially as part of a cellular stress response. Previous studies have
reported increased O-GIcNAcylation in response to numerous stresses, including
chemotherapeutic drugs (10). In addition, a time-course study was conducted where SW620
cells were treated with 10 uM OXA and harvested at different time points (6, 12, 24, 48, and
72 hours). The results showed a progressive increase in O-GIcNAcylation level with
prolonged exposure to OXA as shown in Figure 1D and 1E. This indicates that continuous
OXA treatment leads to an accumulation of cellular stress as well as O-GIcNAcylation level.
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Figure 1: Cellular cytotoxicity and O-GIlcNAcylation level of SW620 cells treated with
OXA. (A) A graph demonstrated the cytotoxic effects of OXA in SW620 cells. Cells were
treated with OXA at concentrations of 0, 0.01, 0.1, 1, 10, and 100 uM for 48 h. Cell viability
was measured using the MTS assay, which assesses metabolic activity as an indicator of cell
viability. Representative immunoblots (IB) of O-GIcNAc modified proteins detected by RL2
antibody and B-actin of (B) cells were treated with OXA at concentrations of 0, 0.01, 0.1, 1,
10, and 100 uM for 48 h and (D) cells treated with 10 uM OXA for 6, 12, 24, 48 and 72 h.
Protein samples (20 pg) were separated by SDS-PAGE, transferred to a PVDF membrane,
and probed with antibodies specific for O-GlcNAc (RL2) and B-actin used as a loading
control. (C) and (E) Bar graphs represent the relative value of RL2 (%) of dose- and time-
dependent experiments, respectively. The relative level of O-GIcNAc modified proteins was
analyzed by normalization of the intensity of all O-GIcNAc bands divided by that of B-actin
in each lane.
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Reduced OGT expression using siOGT and OXA treatment in SW620 cells

To assess the effects of reduced O-GIcNAcylation level on cellular sensitivity to
chemotherapy, SW620 cells were transfected with siOGT to knockdown OGT expression.
Immunoblotting analysis confirmed a dramatic decrease in both OGT and O-GIcNAcylation
levels in siOGT-transfected cells compared to siSrcamble cells as shown in Figure 2A and
2B. Furthermore, treatment with siOGT alone significantly reduce cell viability compared to
that of the siScramble control group (P<0.001). Interestingly, combining treatment of siOGT
and 1 uM OXA treatment also significantly reduced cell viability compared to OXA
treatment alone (P<0.01) as shown in Figure 2C. These findings suggest that targeting O-
GIcNAcylation may enhance chemotherapy efficacy by decreasing cancer cell resistance to
chemotherapeutic agents, offering a potential strategy for improving treatment outcomes of
CRC. A previous report also showed that reducing O-GIcNAcylation level in breast cancer
led to inhibition of tumor growth both in vitro and in vivo (11). In addition, other research
groups reported that chemotherapy can sensitize cancer cells to O-GIcNAcylation targeting
through OGT inhibition or similar mechanisms. For instance, studies using RNA interference
against OGT or OGT inhibitors to decrease O-GIcNAcylation have demonstrated decreased
cell survival and enhanced therapeutic efficacy in response to various chemotherapeutic
drugs (10, 12).

Increased O-GlcNAcylation level by TMG and OXA treatment in SW620 cells

To investigate the impacts of increased O-GIcNAcylation level on cell viability and cellular
stress responses, SW620 cells were pretreated with 10 uM TMG for 6 h, followed by
treatment with OXA at 1 uM for an additional 48 h. Immunoblotting analysis showed that
TMG treatment increased O-GIcNAcylation levels as shown in Figure 3A and 3B, which may
be associated with the observed increase in cell viability. SW620 cells were then treated with
10 uM TMG, as well as the combination of TMG with OXA, resulting in a statistically
significant increase cell viability (P<0.01). Notice that 10 uM TMG alone had no effect on
cell viability when compared to the untreated control as shown in Figure 3C, indicating a
potential protective effect of increased O-GIcNAcylation. This protective effect is likely due
to the role of O-GIcNAcylation in enhancing cellular stress responses and promoting cell
survival under adverse conditions. Previous studies have shown that increased O-
GIcNAcylation enables cancer cells to better withstand oxidative stress and avoid apoptosis
(11, 13). Therefore, targeting the O-GIcNAcylation pathway could help reduce cancer cell
resistance to chemotherapy and improve treatment efficacy.
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Figure 2: Effects of siOGT on O-GIcNAcylation and chemotherapy sensitivity of SW620
cells. (A) Representative immunoblots (IB) of OGT, O-GIcNAc modified proteins (RL2), and
B-actin. (B) Bar graphs represent the relative value of OGT and RL2 (%) normalized to
siScramble control group, respectively. SW620 cells were transfected with siOGT or
siScramble (sc) with and without 1 uM OXA for 48 h. Protein samples (20 pg) were
separated by SDS-PAGE, transferred to a PVDF membrane, and probed with the indicated
antibodies. OGT and O-GIcNAcylation levels (relative values bar graph) were analyzed by
normalization of the band intensity of OGT and O-GIcNAc to that of B-actin in each lane. (C)
A bar graph demonstrated the cytotoxic effects of 1 uM OXA in SW620 cells transfected
with siOGT or siScramble. Cell viability was measured using MTS assay following the
indicated treatments. Data represents the mean + standard deviation (SD) from at least two
independent experiments. All data were performed at least two independent experiments. **,
*** represent statistically analysis of P<0.01 and P<0.001, respectively.
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Figure 3: Effects of TMG on O-GIcNAcylation and cell viability. (A) Representative
immunoblots (IB) of O-GIcNAc modified proteins (RL2), and B-actin. (B) A bar graph
represents the relative value of RL2 (%) normalized to untreated group. SW620 cells were
pretreated with 10 uM TMG for 6 h, followed by treatment with 1 uM OXA for an additional
48 h. Protein samples (20 pg) were separated by SDS-PAGE, transferred to a PVDF
membrane, and probed with antibodies specific for O-GlcNAc (RL2) and B-actin. (C) A bar
graph represents cell viability following TMG and OXA treatment assessed by MTS assay.
Cell viability, (%) was normalized to untreated group. Data represents the mean + standard
deviation (SD) from at least two independent experiments. Relative values bar graph was
analyzed by normalization of the intensity of all O-GIcNAc bands divided by that of B-actin
in each lane. ** represent of statistically analysis of P<0.01.

Conclusion:
In conclusion, our study highlights the significant role of O-GIcNAcylation in
modulating the response of SW620 cells to OXA. The observed increase in O-GIcNAcylation
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following OXA treatment suggests that this post-translational modification may act as a stress
response mechanism, potentially contributing to chemotherapy drug resistance. Interestingly,
reducing O-GIlcNAcylation by targeting OGT with siOGT enhanced the sensitivity of SW620
cells to OXA, supporting the hypothesis that lowering O-GIcNAcylation level can improve
chemotherapy efficacy. On the other hand, increasing O-GIcNAcylation with TMG was
associated with higher cell viability, which could be attributed to enhanced cellular stress
responses. These findings suggest that combining strategies to reduce O-GIcNAcylation with
chemotherapy could effectively inhibit CRC cells in vitro. To improve cancer chemotherapy
outcomes, future research is needed to focus on the precise mechanisms underlying these
stress responses and identifying O-GlcNAc-modified proteins that contribute to the malignant
development and progression of CRC.
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Abstract:

The ischemic heart disease (IHD) is the leading cause of global death. The only
effective treatment is 'reperfusion therapy’, which can also cause cellular injury. While over
80 therapeutic peptides have been identified, only a limited number have been investigated
for their potential use in IHD. A secretory leukocyte protease inhibitor (SLPI) has been
reported to provide cardioprotection against myocardial ischemia/reperfusion (I/R) injury.
Despite the proven cardioprotective properties of SLPI, its circulation life span is short. Low-
molecular-weight bioactive protein fragments are an intriguing class of medicinal
compounds, due to their efficiency, decreased renal clearance, great membrane permeability,
and target selectivity. Therefore, improving the stability and efficiency of SLPI by
alternatively using hSLPI-derived small peptides (SDSPs) could become a novel therapeutic
agent. This study investigated the cardioprotective effect of SDSPs in human ventricular
myocytes subjected to an in vitro hypoxia/reperfusion (H/R) injury. An in-silico peptide
digestion by pepsin was performed on full-length human SLPI peptide sequences and there
are 7 SDSPs fragment candidates (P1-7). Only 5 water-soluble SDSPs (P1, P2, P3, P5, and
P6) were used for assessing cardioprotection. Then, the SDSPs were synthesized and tested
for their cytotoxicity and evaluated for cardioprotective effect against the H/R injury.
Optimization of H/R injury showed that 6 hours of hypoxia followed by 6 hours of
reperfusion (H6R6) in serum-free medium (SFM) was the optimum condition to give 50% of
human cardiomyocytes death. The results showed that all 5 SDSPs fragments showed non-
cytotoxicity and enhanced cell viability. Treatment of P1, P3, P5, and P6 at the onset of
reperfusion could significantly reduce H/R-induced cardiac cell death. In conclusion, the
SDSPs showed cardioprotection against H/R injury and should be further investigated for
their potential to be a novel therapeutic agent for IHD.

Introduction:

In 2030, it is anticipated that ischemic heart disease (IHD) will be the leading cause of
mortality globally.! This tendency appears to occur not just in developed countries but all
around the world.? According to epidemiological data from Thailand, ischemic heart disease
is now one of the leading causes of death for Thai people.® Ischemic heart disease, also
known as coronary artery disease (CAD) or coronary heart disease, refers to heart disorders
induced by the death of heart muscle cells due to constricted coronary arteries.* The survivors
of myocardial infarction can subsequently suffer from heart failure.® lIschemia is the
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fundamental pathophysiology of IHD, and the only effective treatment is ‘reperfusion
therapy', which can also cause cellular injury.®

Therapeutic peptides are biological mediators that exhibit great therapeutic potency,
selectivity, and low toxicity.” 8 Moreover, small peptides have greater stability and cellular
membrane penetration than larger peptides.® Bioactive short peptides, or small peptides, are
low-molecular-weight protein fragments of 2-20 amino acid residues that are a potent
pharmaceutical drug of the future.’® While over 80 therapeutic peptides have been identified
to treat several kinds of diseases, only a limited number have been investigated for their
potential use in cardiovascular applications, predominantly in heart failure!!, with none
specifically researched for ischemic heart disease (IHD).

Secretory leukocyte protease inhibitor (SLPI) is a 14.326 kDa (132 amino acid)
cationic protein that is part of the serine protease inhibitor family.'?> Previous studies
demonstrated that giving human SLPI (hSLPI) provided cardioprotective effects against I/R
injury both in an in vitro™® 4 ex vivo!, and in vivo® study model. Moreover, the
cardioprotection of SLPI does not depend on its anti-protease activity, suggesting a direct
effect of the SLPI protein.’® " Even though the cardioprotective property of SLPI has been
proven, one of the clinical limitations associated with the use of recombinant human SLPI as
a therapeutic drug is its short half-life within the circulatory system.'®

Since SLPI showed potential cardioprotective effects against myocardial
ischemia/reperfusion (I/R) injury but had a short half-life. In addition, the small therapeutic
peptides that provide cardioprotection for myocardial I/R injury have not been intensively
investigated and have become one of the most challenging research questions. Therefore, this
study examined the potential cardioprotective effect of human secretory leukocyte protease
inhibitor (hSLPI)-derived small peptides (SDSPs) using a hypoxia/reperfusion (H/R) model.
In this study, a human secretory leukocyte protease inhibitor (hSLPI), which was cut by the
in silico porcine pepsin enzyme, was synthesized and used to determine the cytotoxicity and
cardioprotective effect (Figure 1).
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Figure 1. A schematic diagram of the study protocol.
(A) A schematic diagram of in-silico peptide digestion of human secretory leukocyte protease
inhibitor (hSLPI) to generate the SLPI derived small peptides (SDSPs), (B) the digestion
pattern of pepsin enzyme on hSLPI, and (C) A schematic diagram of study protocols to
elucidate the cardioprotective effect of SDPSs against an in vitro hypoxia/reperfusion (H/R)
injury in human cardiomyocyte (AC16) cells.

Methodology:
Chemical and reagents

Dulbecco’s modified Eagle’s medium (DMEM)), fetal bovine serum (FBS), penicillin,
streptomycin, trypsin-EDTA, and other chemicals were purchased from Gibco® (Gibco
BRL,; Life Technologies Inc. New York, USA).

Generation of small peptides derived from hSLPI

To hydrolyze human secretory leukocyte protease inhibitor (hSLPI) in silico using
porcine pepsin, the ExPASy-PeptideCutter tool (SIB Swiss Institute of Bioinformatics,
Lausanne, Switzerland) was used. The in-silico digestion obtained the human secretory
leukocyte protease inhibitor (hSLPI)-derived small peptides (SDSPs) for 19 pieces. In this
study, we selected the peptide fragments with 5 amino acids or longer peptides. So, there
were 7 SDSPs fragments were selected and synthesized, namely P1-P7. The Fmoc-solid
phase synthetic method (GL Biochem, Shanghai, People's Republic of China) was used to
synthesize SDSPs in preparation for additional in vitro testing. Subsequently, the
manufactured lyophilized SDSPs were dissolved in solvents, DMSO or water, and stored in a
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freezer at a concentration of 1 mg/mL at -80 °C. In this study, 5 SDSPs fragments that
dissolved in water were tested, including P1, P2, P3, P5, and P6.

Cell type and cell culture

The human cardiomyocyte cell line, AC16 cell line (ATCC®, CRL-3568™), was
purchased from American Type Cell Culture and maintained in DMEM supplemented with
10% heat-inactivated FBS, 100 units/mL of penicillin, and 100 pg/mL streptomycin. The

AC16 cells were maintained at 37 °C, 5% CO, + 95% O, until they reached 80%
confluence.'® The media was renewed every 2 to 3 days.

The culture media was aspirated from the cell culture flask, and the cells were washed
three times with 5 mL of pre-warmed phosphate-buffered saline (PBS). Next, 2 mL of pre-
warmed trypsin-EDTA (Gibco®) was added and incubated at 37 °C for approximately 2 min,
or until approximately 50% of the cells had detached from the flask surface as observed
under a microscope. The trypsin activity will then be terminated by adding 8 mL of
completed, pre-warmed DMEM. Transfer the cell suspension to a 15 mL sterile tube and
centrifuge at 125 x g for 5 min. The supernatant was discarded, and the cell particle was
resuspended in 1 mL of finished DMEM. The cells were transferred into a new cell culture
flask to which at least 8 mL of completed DMEM was added. After that, the cells were
incubated at 37 °C, 5% CO> + 95% O».

Optimization of an in vitro hypoxia/reperfusion (H/R)

H/R was optimized to identify the time point at which 50% of cells die relative to the
control. AC16 cells were seeded in 96-well plates at density 1 x 10* cells/well. For hypoxia,
the cells were induced by treatment with complete DMEM medium (CM), serum-free
DMEM medium (SFM), and serum-glucose-free DMEM medium (SGFM) at 200 pl/well in
the hypoxic chamber by adjusting the regulator valve control to a flow rate of 20 L/min,
which completely purges the chamber in 4 minutes.?’ The cells were incubated in the hypoxic
chamber at 37°C for 1, 2, 6, and 24 hours. For the control condition, CM was used and
incubated at 37°C, 5% CO.. After that, the media was discarded, and 200 pl/well of CM was
added for reperfusion for 6, and 24 hours at 37°C, 5% CO,. After that, the cell viability was
measured. Condition of H/R that provide 50% of cardiac cell death was used in following
experiments.

Determination for cardioprotective effect of SDSPs treatment against hypoxia/reperfusion
(H/R) injury

The AC16 cells were seeded in a 96-well plate at a density 1 x 10* cells/well. Stocked
SDSPs were thawed and diluted to 0.1, 1, and 10 pg/mL in prewarmed-DMEM. In the
hypoxia condition, the cells were induced by treatment with CM, SFM, and SGFM at 200
pl/well in the hypoxic chamber by adjusting the regulator valve control to a flow rate of 20
L/min, which completely purges the chamber in 4 minutes. The optimized time that makes
50% of cells die relative to the control was used. For the control condition, CM was used and
incubated at 37°C, 5% CO,. After that, the media was discarded and 200 pl/well of CM or
dilutions of SDSPs were added for reperfusion at 37°C, 5% CO; for the optimized
reperfusion time. After that, the cell viability was measured at the end.

Determination of cell viability by MTT viability assay

The MTT reagent, also known as 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide, was obtained from Ameresco (Solon, Ohio, USA). The MTT solution
was prepared at 0.5 mg/mL. The AC16 cells were treated with the MTT solution 100 pl/well
for 2 hours and incubated at 37°C, 5% CO: after the H/R protocol. Subsequently, after the
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MTT solution was removed, DMSO was added to each well and mixed to dissolve formazan
crystals. Then, the absorbance was measured at 570 nm to determine the cell viability.

Statistical Analysis

All experiments were performed in triplicate. Data was processed using GraphPad
Prism version 10.0 and reported as mean + standard error. The p value < 0.05 was considered
significant.

Results and Discussion:
Optimization of an in vitro hypoxia/reperfusion (H/R) injury

The hypoxia/reperfusion model was optimized by varying the hypoxia and the
reperfusion time with several types of culture media, such as complete DMEM medium
(CM), serum-free DMEM medium (SFM), and serum-glucose-free DMEM medium (SGFM).
The media types were considered in order to model the hypoxia reperfusion injury. In
hypoxic conditions, the CM provides a deficiency of oxygen but still contains nutrients. The
SFM induces cellular depletion of oxygen and essential proteins obtained from serum, while
the SGFM induces cells exhibiting low glucose levels, starved of serum and oxygen. The
percentage of relative cell viability with varied types of media at different time points of
AC16 in H/R injury is shown in Figure 2. The results showed that the percentage of relative
cell viability of hypoxia 1 hour with SFM (H-SFM), and SGFM (H-SGFM) was significantly
decreased when compared to that of the control group with CM (C-CM) (Figure 2A and 2E),
whereas the percentage of relative cell viability of hypoxia 2 and 6 hours with CM, SFM, and
SGFM was significantly decreased when compared to that of the control group (Figure 2B,
2C, 2F, and 2G), and the percentage of relative cell viability of hypoxia 24 hours with CM
was significantly decreased when compared to that of the control group (Figure 2D and 2F).

The cell viability of AC16 cells after hypoxia for 1 hour showed no difference in CM
(H-CM) but was significantly decreasing in both media (H-SFM and H-SGFM) for 6 (Figure
2A) and 24 hours of reperfusion (Figure 2E). The condition might not have enough time to
induce cell injury from hypoxia. For hypoxia 2 and 6 hours, the cell viability was
significantly decreased in every type of media and both reperfusion times, but not down to
50% cell viability compared to their control group, except in the H6R6 condition (Figure
2C). After exposure to 24 hours of hypoxia, the cell viability showed a contrast with hypoxia
for 1 hour. There were not significantly different with the control group when reperfused with
SFM and SGFM in both time points but showed cell viability near to 50% in H-CM.
Myocardial reperfusion followed by non-lethal hypoxia protected the cells from major
myocardial damage.?! Serum and serum-glucose starvation could accelerate the cell
metabolism, which made the cell survive after being exposed to hypoxia for 24 hours.?* % In
addition, the optimized time point that obtained around 50% of cell death relative to the
control was H6R6 with SFM (52.98 £ 4.132 %), H24R6 with CM (36.01 + 2.621 %), and
H24R24 with CM (46.32 + 15.70 %). Therefore, the H6R6 with SFM was considered as the
optimum condition and was used for determining the cardioprotective effect of SDSPs.
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Figure 2. Optimization of H/R injury depend on time point.
The human cardiomyocyte (AC16) was optimized for H/R injury in (A) H1R6, (B) H2R6,
(C) HER®G, (D) H24R6, (E) H1R24, (F) H2R24, (G) H6R24, and (H) H24R24 with varied
types of culture media during hypoxia. *p < 0.05 vs. control (ANOVA).

The influence of culture medium condition during hypoxia and reperfusion injury
model was also analyzed. The results showed that H/R injury using complete DMEM
medium (CM) gave a significant reduction in cell viability in H2R6, H24R6, and H24R24
condition. However, H24R6, and H24R24 showed cell viability approximately 50% (Figure
3A). The serum-free DMEM medium (SFM) showed a significant reduction in cell viability,
when exposed to H1R6, H1R24, H2R6, H6R6, and H6R24. Among these H/R condition,
H6R6 gave approximately 50% of cell viability (Figure 3B). The H/R with serum-glucose-
free DMEM medium (SGFM) conditions including H1R6, H1R24, H2R6, H2R24, H6R6,
and H6R24 also showed a significant reduction in cell viability. However, none of these
conditions gave a 50% cell death (Figure 3C).

The difference types of culture media did not provide the same pattern of cell injury
under hypoxia/reperfusion condition. Prolonged hypoxia resulted in reduced cell viability in
CM. Meanwhile, the H/R with SFM condition showed the lowest cell viability after hypoxia
for 6 hours, and increasing of cell viability was found after hypoxia for 24 hours. However,
using SGFM to model of H/R offered significantly decreased of cell viability with hypoxia
1,2, and 6 hours, but showed no different with the control after hypoxia 24 hours. In this
study, the optimum condition that used for investigation the cardioprotective effects of
SDSPs is the shortest H/R period that could provide 50% of cell death. Therefore, in this
study H6R6 in SFM was selected as the optimum H/R condition.
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Figure 3. Optimization of H/R injury depend on types of media.
The human cardiomyocyte (AC16) was optimized for H/R injury in (A) CM, (B) SFM, and
(C) SGFM with varied time point of hypoxia and reperfusion. *p < 0.05 vs. control
(ANOVA).

The cytotoxicity of SDSPs on human ventricular myocytes

The cytotoxicity of the hSLPI-derived small peptides (SDSPs) was performed by
incubating the SDSPs with AC16 cells for 24 hours, followed by evaluation of the cell
viability using the MTT viability assay. Various concentrations of SDSPs were prepared by a
10-fold dilution from 0 to 10 pg/mL and treated with the cells for 24 hours to determine
cytotoxicity. The results showed that there was a significant increase in cell viability when
cells were exposed to P1 (Figure 4A), P3 (Figure 4C), P5 (Figure 4D), and P6 (Figure 4E)
in comparison to those of the control group. However, the results showed no significant
difference in cell viability of cells treated with P2 (Figure 4B) in every concentration
compared to the control group.

Almost all of the SDSPs showed non-toxicity to the cells, such as P1, P2, P3, P5, and
P6. The SDSPs, including P1, P3, P5, and P6, could enhance cell proliferation. From the
previous study, full-length SLPI was able to upregulate the cyclin D1 signaling pathway,
resulting in stimulating cell proliferation.?* Thus, SDSPs might contain a cyclin D1 signaling
pathway.
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Figure 4. The cytotoxicity of SDSPs.
The varied concentrations of SDSPs such as (A) P1, (B) P2, (C) P3, (D) P5, and (E) P6 were
used to identify the cytotoxicity on the AC16 cells. *p < 0.05 vs. control 0 ug/mL (ANOVA).

The in vitro cardioprotective effect of SDSPs against H/R injury

An in vitro cardioprotective effect of SDSPs was performed against H/R injury. The
H6R6 with SFM condition was used to determine the cardioprotective effect of the SDSPs.
The results showed that the cell viability of AC16 cells was significantly reduced
approximately 50% in untreated cells with H/R when compared to those of the control group
(non-H/R) group (Figure 5A — 5D). Various concentrations of SDSPs, including 0.1, 1, and
10 pg/mL, were treated at reperfusion, and the results showed that cell viability was
significantly improved when treated SDSPs at concentrations of 0.1, 1, and 10 pg/mL of P1
(Figure 5A), P3 (Figure 5C), P5 (Figure 5D), and P6 (Figure 5E) when compared with the
non-treated group. The P1, P3, P5, and P6 SDSPs improved the cell viability from the mean
of each non-treated group for 34.79 - 81.15 %, 24.49 - 44.97 %, 32.1 - 51.05 %, and 40.29 -
42.09 %, respectively. The SDSPs that most promoted cell viability was P1 peptide at a
concentration of 1 pg/mL, resulting in a 135 % cell viability. However, the results showed no
significant difference in cell viability of cells treated with P2 (Figure 5B) in all
concentrations compared to the non-treated group.

Similar to the results of cytotoxicity, the cell viability of AC16 cells after being
treated with concentrations of SDSPs in the reperfusion process was significantly enhanced in
all concentrations compared to the non-treated group, which are P1, P3, P5, and P6. This
might be an effect of the small peptides that contain the essential region of the survival
signaling pathway, the PI3K (phosphoinositide 3 kinase) pathway, leading to increased
expression of Akt.?> However, the results showed no significant difference in cell viability
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between cells treated with P2. The small peptide might not contain any of the essential
regions of the survival signaling pathway.
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Figure 5. The cardioprotective effect of SDSPs for H/R injury.
The varied concentrations of SDSPs such as (A) P1, (B) P2, (C) P3, (D) P5, and (E) P6 were
used to identify the cardioprotective effect on the AC16 cells in H/R injury.
#p < 0.05 vs. control, and *p < 0.05 vs. H/R of SDSPs at 0 pug/mL (ANOVA).

There were some limitations in this current study. This study was only screening the
cardioprotective effect of SDSPs by using the MTT viability assay. The mechanisms of
SDSPs against cellular apoptosis, intracellular ROS production, MAPKSs phosphorylation,
and signaling proteins involved in apoptosis still need to be further investigated. Moreover,
an in vitro finding from this study might not provide sufficient information for further clinical
applications, determining the cardioprotection in tissue level, such as in an ex vivo heart
perfusion model of I/R injury or an in vivo model of left anterior descending (LAD) coronary
artery ligation, is required to provide both physiological and biochemical explanations of the
cardioprotective effects of SDSPs.

Conclusion:

In conclusion, hypoxia for 6 hours followed by reperfusion for 6 hours (H6R6) with
serum-free DMEM medium (SFM) was the best condition for the hypoxia/reperfusion (H/R)
model of this study. The cardioprotective effect was shown on P1, P3, P5, and P6. The cell
viability following H/R was most enhanced by P1 peptide at a concentration of 1 pg/mL.
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Accordingly, the SDSPs have a cardioprotective effect by reducing cardiac cell injury against
I/R injury.
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Abstract:

Dielectric barrier discharge (DBD) plasma is the electrical discharge that occurs
between two electrodes separated by an insulating barrier. Since DBD plasma commonly
produces a variety of reactive species, including reactive nitrogen species (RNS), reactive
oxygen species (ROS), it is utilized for microbial elimination to improve indoor air quality.
This study therefore aimed to test the efficacy of a DBD plasma generator that uses square
electrodes and flame retardant-4 dielectric materials in the elimination of potential indoor air
pathogens, including Pseudomonas aeruginosa, Staphylococcus aureus, Aspergillus niger,
and Enterovirus-71 (EV-71). Additionally, the effects of DBD plasma on human lung cells
and skin cells were evaluated. Results showed that the reduction rates of tested
microorganisms are dependent on microbial species and DBD exposure time. P.
aeruginosa and S. aureus exhibited elimination times of 5 minutes while A. niger requires 25
minutes. Significant viral reduction of EV-71 was observed at 10 minutes of DBD exposure
time. Human cell culture assay demonstrated that the survival rate of PSVK1 keratinocyte
and WI38 lung cells was less than 80% after 20 minutes of DBD plasma exposure. Results
from this study demonstrated that DBD plasma is effective for eliminating potential
pathogens, however the effective dose and exposure time should be compromised with
biosafety considerations for applications involving human activity.

Introduction:

Gas discharge plasmas, also known as low-temperature plasmas, have gained
significant interest in recent years due to their important role in various technological
developments!. Plasma methods are currently widely used in air cleaning systems and for the
sterilization of food containers, fruits, meat, vegetables, fabrics, and medical devices®.The
dielectric barrier discharge (DBD) is one of the most cost-effective nonthermal plasma
sources. This discharge has been shown to be effective in initiating chemical and physical
processes in gases®. The dielectric barrier discharge plasma generator applies the
accumulation-discharging principle to dielectric material with a high potential difference
alternating current at atmospheric pressure. Dielectric discharges are generated between two
electrodes, and to limit the discharge current, the device covers at least one of the electrodes
with dielectric material®. Discharge may be linear, glowing and is determined by a variety of
factors, including the electric potential difference, the type of dielectric plate, the distance
between parallel plates, the type of gas, and the pressure®.

The plasma contains many ions, electrons, radicals, UV photons, and chemicals.
These influential particles may rapidly destroy biological structures or macromolecules,
resulting in fast sterilization®. Consequently, plasma generators were previously applied for
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the elimination of microorganisms. These ions will react with air, which consists mainly of
nitrogen and oxygen gasses, which contributing to the generation of free radicals, including
reactive oxygen species (ROS) and reactive nitrogen species (RNS), such as hydroxyl ions
(OH") and hydrogen peroxide (H20:), ozone (O3), atomic oxygen (O), superoxide anions
(02), nitrogen gas (N»), nitric oxide (NO), and peroxynitrite anion (ONOO-)’. Previous
studies mostly elucidated the effects of plasmas on bacteria for preventing food and water
treatment®-!°, However, the microbial effects and biosafety of using DBD plasma for air
sterilization are very limited. The application of DBD plasma technology in air purifiers
necessitates microbial and biosafety assessments, particularly regarding human exposure.
Therefore, the purpose of this study was to evaluate the efficacy of the generated DBD
plasma ionizer in eliminating potential pathogens in indoor air, including Pseudomonas
aeruginosa, Staphylococcus aureus, Aspergillus niger, and the hand foot and mouth disease
causing virus Enterovirus (EV-71). In addition, biosafety assays of human cell lines involving
the direct contact and inhalation of DBD plasma (i.e. skin and lung cells) were evaluated to
consider in the application of DBD plasma in air purifier.

Methodology:
Equipment for DBD plasma generator

Install a DBD plasma generator, driven by a 120 Hz high-voltage power supply, with
an electrode size of 13 x 7 centimeters and dielectric material Fr-4, attached to an acrylic box

with dimensions of 30 x 40 x 15 centimeters, and a 12-centimeter gap between the electrode
and the Petri dish (Figure 1a and b).

Figure 1. Equipment for DBD plasma generator (a) DBD plate (b)

Effect of DBD plasma on bacterial inhibition

The Gram-negative bacterium P. aeruginosa ATCC9027 and Gram-positive
bacterium S. aureus ATCC6538 were grown in nutrient broth (NB) (Himedia, India) liquid
medium at 37°C and 200 rpm for 4 hours until the optical density at 600 nm (OD600) up to
0.90 - 1.00. A ten-folded dilution of bacterial culture was prepared in 0.85% sodium chloride
solution. Then, 100 microliters of the 10 dilution of bacterial culture were spread onto NA
plate and exposed to DBD plasma for 1, 5, 10, 15, 20, 25, and 30 minutes. The plates were
incubated at 37°C for 18 hours. The number of colonies (CFU/ml) on the plates after
incubation was compared with the control group without exposure to the DBD plasma.
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Effect of DBD plasma on fungal inhibition

A. niger ATCC10864 was cultivated on potato dextrose agar (PDA) (Himedia, India)
at 30°C for 5 days, and spores were collected in the mix of 0.85% sodium chloride solution
and Tween20. The fungal culture was ten-fold diluted in 0.85% sodium chloride solution.
Then, 100 microliters of the 10 dilution of fungal culture were spread onto PDA plates and
exposed to DBD plasma for 1, 5, 10, 15, 20, 25, and 30 minutes. The plates were incubated at
30°C for 3-5 days. The number of colonies (CFU/ml) on the plates after incubation was
compared with the control group without exposure to DBD plasma.

Effect of DBD plasma on viral inhibition

Vero cells (approximately 2 x 103 cells per well) were grown as a monolayer in a
standard 12-well plate, with 1 ml of growth medium (DMEM, 10% FBS) per well. After
forming the cell, the growth medium was carefully removed. The 250 ul of EV-71 strains,
namely BrCr, that had been exposed to DBD plasma for 1, 5, 10, 15, 20, 25, 30, 40, 50, and
60 minutes was added to the 12-well plates containing the cell lines and incubated at 37°C
with gentle shaking every 15 minutes for 1 hour. After that, the virus was discarded, and the
cells were rinsed with 1X phosphate buffered saline (PBS). The cells were then overlaid with
0.3% agarose in DMEM/2% FBS and incubated for 3 days at 37°C with 5% CO,. After 3
days, the plates were fixed with 10% formalin and stained with 1.25% crystal violet solution
to each well and the cell were left to stand for 15 minutes, followed by washing the well with
water and allowing the plates to dry at room temperature. The number of plaques was
counted in PFU/ml.

Effect of DBD plasma on human cell

PSVK1 Human keratinocyte cells (JCRB1093) and WI38 lung cells (ATCC CCL-75)
were grown in 100 pl keratinocyte media and 10% fetal bovine serum (FBS) Eagle's
minimum essential medium (EMEM), respectively, in 96-well plates. The plates were
incubated at 37°C with 5% CO; for 24 hours. The cells were formed a monolayer and
exposed to DBD plasma for 1, 5, 10, 15, 20, 25, 30, 40, 50, and 60 minutes. Subsequently, 10
ul MTT labeling reagent was added with the final concentration of 0.5 mg/ml to each well
and incubated at 37°C with 5% CO> for 4 hours. After that, 200 pl dimethyl sulfoxide
(DMSO) was added into each well and mixed. Cell viability was measured at a wavelength of
540 nm by spectrophotometer (Bio-rad Laboratories, USA).

Results and Discussion:

The number of P. aeruginosa colonies on the NA plates after being exposed to DBD
plasma was compared to those on the control group. It was found that no colonies grew on
the plates after 5 minutes of exposure (Figure 2). This indicated that DBD plasma can
eliminate more than 99.99% of P. aeruginosa within 5 minutes. For S. aureus, results showed
that no colonies were observed on the NA plate after 5 minutes of exposure, indicating that
DBD plasma effectively kills more than 99.99% of S. aureus within 5 minutes (Figure 3).
However, following one minute of exposure to DBD plasma, a comparison between P.
aeruginosa and S. aureus showed that S. aureus had more colonies on the Petri dishes than P.
aeruginosa (Table 1). This difference is because Gram-positive bacteria have a thicker cell
wall due to more stacked peptidoglycan layer than Gram-negative bacteria'l. The mechanism
for killing bacteria is due to DBD plasma causing reactive oxygen and nitrogen species
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(RONS), which damage cell walls and cell membranes, leading to cytoplasm leakage that
makes the bacteria unable to survive'?.

Control 1 min 10 min

25 min

Figure 2. Colonies of P. aeruginosa on the NA plate after exposure to DBD plasma for 1, 5,
10, 15, 20, 25, and 30 minutes.

Control

Figure 3. Colonies of S. aureus on the NA plate after exposure to DBD plasma for 1, 5, 10,
15, 20, 25, and 30 minutes.
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Exposure of 4. niger to DBD plasma showed that fungal colonies decreased as
exposure time increased, and there were no hyphae were observed after 25 minutes of
exposure (Figure 4). Since fungal spores have rodlets, which are structures that prevent water
loss, and the cell walls of the spore are thicker than vegetative cells!?, A. niger could tolerate
DBD plasma better than bacterial cells (Table 1).

Control 1 min 5 min 10 min

Figure 4. Colonies of A. niger on the NA plate after exposure to DBD plasma for 1, 5, 10,
15, 20, 25, and 30 minutes.

Table 1. Microbial colonies count (CFU/ml) after exposure to DBD plasma for 1, 5, 10, 15,
20, 25, 30, 40, 50, and 60 minutes.

Microorganis Exposure (min)

m 0 1 5 10 15 20 25 30
P. aeruginosa 194 x 101 2x 107 0 0 0 0 0 0
S. aureus 2.92x 10" 4x107 0 0 0 0 0 0
A. niger 72x10%  3.5x10% 3x10"7 2x107 1x107 1x10" O O

Exposure of DBD plasma to EV-7 1 showed that the viral plaques decrease when the
exposing time increases. Significant viral reductions were observed at 10 minutes, with
plaque counts reducing to 1 PFU/ml by 60 minutes compared to the control group (Figure 5).
DBD plasma could eliminate more than 99% of viruses at 40 minutes of exposure time. It is
feasible that when microorganisms are directly exposed to plasma, the sterilizing process
occurs through both chemical etching of the cells by RONS and physical damage to
membrane proteins and DNA produced by charged particles!.
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1 min 10 min 15 min
20 min 25 min 30 min 40 min 50 min 60 min

Figure 5. Plaques morphology of EV-71 after exposure to DBD plasma for 1, 5, 10, 15, 20,
25, 30, 40, 50, and 60 minutes.

The cell viabilities were measured by the absorbance values of each group. According
to ISO 10993-5, a percentage of cell viability above 80% is considered non-cytotoxicity; 80%
to 60% for weak cytotoxicity; 60% to 40% for moderate cytotoxicity; and less than 40%
indicates strong cytotoxicity!>. PSVK1 human keratinocyte cells and WI38 human lung cells
had a survival rate of less than 80% when exposed for longer than 20 minutes. (Figure 6a
and b). At 25 minutes of exposure time, the cell viability of PSVK1 and WI38 was observed
at 65.44% and 76.43.%, respectively (p < 0.0001), indicating weak cytotoxicity. Observations
at 60 minutes of exposure time showed that the cell viability of PSVKI1 and WI38 further
decreased to 49.31% and 50.22%, respectively, indicating moderate cytotoxicity. These
outcomes were possibly caused by the generation of RONS in the DBD plasma system,
which can induce cell apoptosis'®. However, cell viability may vary depending on the type of
cell. Previous studies examined the vitality of MRC5 and L132 lung cells, as well as H460
and HCC1588 lung cancer cells, after they were exposed to DBD plasma for 1 minute. The
findings revealed that lung cancer cells were dramatically reduced, but normal lung cells
were not!”. Our results demonstrated that the DBD plasma could eliminate potential
pathogens in indoor air, leading to air quality improvement. However, the application of
DBD plasma in air purifiers should be optimized with biosafety considerations for human
users.
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Figure 6. Cell viability of PSVKI (a) and WI38 (b), after exposure to DBD plasma for 1, 5,
10, 15, 20, 25, 30, 40, 50, and 60 minutes.

p <0.05 (a), p <0.01 (b), p < 0.001(c), p < 0.0001(d)
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Conclusion:

DBD plasma could eliminate more than 99.99% of P. aeruginosa and S. aureus
within 5 minutes, while it took 25 minutes to eliminate 4. niger. The virus EV-71 showed
significant reductions at 10 minutes of exposure and decreased to more than 99% from 40
minutes onwards. The cell viability of the PSVK1 and WI38 after 25 minutes of exposure
time was lower than 80%. The findings suggested that exposure of DBD plasma for 25
minutes can effectively inhibit the growth of potential pathogens, however it requires further
optimization to minimize cell stress.
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Abstract:

The decline of natural green spaces in urban areas negatively affect urban wildlife, especially
birds, that use green spaces for living and breeding. The presence of bird nests indicates the
capacity and capability of the urban green space for sustaining biodiversity. This study aims
to study ecological factors determining nest site selection by native birds in Chulalongkorn
University campus, one of urban green spaces in the Bangkok Metropolis. Bird nests were
surveyed, and ecological characteristics of the nests and trees were measured. The study
found that 160 trees of 16 species hosted 237 bird nests in the green areas of Chulalongkorn
University. Four nest types were observed: platform, cavity, globular and cavity adopter
nests. Platform nests were the most common nest type (52.3%). Rain trees Samanea saman
were the species supporting the highest proportion of nests. The knowledge gained will be
beneficial for appropriate conservation management of urban green spaces.

Introduction:

Loss of green spaces due to urbanization is a significant problem that impacts habitats and
nesting grounds for various species®?3, leading to biodiversity loss*. According to the Living
Planet Report 2022, global biodiversity has declined by as much as 69% from 1997 to 2020°.
This has prompted numerous countries to collaborate on addressing these issues, such as the
strategic Plan for Biodiversity (2011-2020) and the Aichi Biodiversity Targets®, aimed at
conserving and restoring biodiversity to ensure ecosystem services by 2050. Additionally,
policies promoting the expansion of green spaces to enhance biodiversity diversity include
Sustainable Development Goals (SDGSs).

Thailand and Bangkok have made efforts to conserve biodiversity and green spaces
by implementing various policies such as Master Plan for Integrated Biodiversity
Management B.E. 2558 — 2564 (2015-2021)% and ONEP Sustainable urban green space
management practices phase 2 (2023-2027)". Urban green spaces, defined as areas covered
with diverse vegetation®, are currently of great interest across multiple sectors because they
enhance biodiversity, provide human benefits as natural educational sites, recreational areas,
and reduce urban pollution. Urban green area also benefits wildlife by serving as habitats,
food sources and nesting sites®1%11:12

Similar to other wildlife, some birds can adapt to city conditions and utilize urban
green spaces for survival and reproduction. Bird nests are common sights in city
environment, showing evidence of successful adaptation by some birds to survive in urban
green areas. The diversity of bird species and the occurrence of bird nests can indicate the
environmental quality of habitat areas'®. Birds have important roles in ecosystems, including
pest control, seed dispersal, and providing cultural benefits to humans, such as recreation and
stress relief. However, urbanization and the management of green spaces in the city may
influence selection of nesting sites by urban birds.
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Nests are constructed and used by most birds for roosting, protecting eggs, and
hatchlings. Bird nests can be categorized into various types based on their shapes, including
platform nests, cup nests, cavity nests, cavity adopter nests, retort nests, domed nests, and
globular nests’*. Human impacts have caused birds to adapt their nesting behaviors. Some
bird species that have adapted to urban environments, such as Passer montanus, often choose
to build their nests on man-made structures'®. However, many bird species that have not
adapted to urban areas still rely on vegetation in urban green spaces for nesting. Birds that
build platform nests, such as Nycticorax nycticorax, need tall trees'®. Birds that construct cup
nests need trees with wide canopies. Species that create cavity nests, such as Psilopogon
haemacephalus, need tall trees with dead branches!’. Birds that are cavity adopters, such
Athene brama, depend on large natural tree cavities. Both retort and globular nests require tall
trees'®°, Therefore, scientific understanding on bird nesting site selection is necessary for the
effective management of urban green spaces to support bird conservation in urban
ecosystems.

However, studies on the impact of urbanization and green space management on bird
nesting are still inadequate in Thailand. This research aims to study the ecological factors
influencing birds nest site selection in urban green spaces, using Chulalongkorn University as
the study site. Specifically, this study investigates the characteristics of nest sites in green
spaces in Chulalongkorn University as well as the characteristics of the trees selected by birds
for nesting. As the university with policies supporting the expansion of green areas and
biodiversity conservation®, the knowledge regarding bird nesting would be beneficial for
landscape planning and management of green areas.

Methodology:

Study site

Chulalongkorn University is located in the center of Bangkok, with a campus area of 637 rai
or 0.97 km?, 33% of which is green areas consisting of perennial trees (approximately 4,500
trees?t), shrubs, lawns, green roofs, and water sources. While birds can be seen nesting on all
types of green areas, the current study focused mainly on bird nests on trees in the green areas
of the university. The survey of bird nests and trees was conducted between April to May
2024.

Bird nest and tree characteristics

Bird nests were searched, usually with binoculars, on trees in the green areas of
Chulalongkorn University. When a nest was found, it was classified into one of the following
nest types: platform nests, cup nests, cavity nests, cavity adopter nests, retort nests, domed
nests, and globular nests. Then nest height above the ground was measured using a NIKON
Forestry Pro laser rangefinder and recorded. Subsequently, the locations of trees hosting bird
nests were recorded with a Real-time Kinematics (RTK) GNSS receiver, Stonex s900a. Then
the trees were identified to species using the Plants in Chulalongkorn University guidebook??,
and measured for the following data: tree height, diameter at breast height (DBH), canopy
cover (length of the canopy projection on the ground).

Data analysis

Descriptive statistics was used to calculate the mean and standard deviation of bird nest and
tree data, including height of bird nests; height, DBH and canopy cover of trees with bird
nests. The analyses were performed from two perspectives, namely bird nests categorized by
nest types and trees with bird nests.
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Results and Discussion:

The study found a total of 237 bird nests on 160 trees of 16 species within Chulalongkorn
University’s green areas. On average, 1.5 nests per tree were found, with the range between 1
to 5 nests per tree. Four types of bird nests were found: platform nest, cavity nest, globular
nest, and cavity adopter nest (Figure 1).

The most common nest type was the platform nest, with 124 nests (52.3% of all
nests), followed by cavity nests, globular nests and cavity adopter nests (Table 1). Overall,
the platform nests were located at a higher height (15.1 + 2.5 m above the ground) than other
nest types (approximately 8-10 m above the ground). Accordingly, the trees that platform
nests were located on were taller and larger in DBH and canopy cover than the trees with
nests of the other types (Table 1).

Table 1.
Characteristics of bird nests and trees that the nests were found on in the green area of
Chulalongkorn University

Nest characteristics Trees with bird nests
Nest type Number Nest height Tree height Tree DBH Ccir\]/%r;y
of nests (m) (m) (cm) (m)
Platform nest 124 151+25 16420 93.3+£38.0 164+5.1
Cavity nest 68 9.6 £3.7 13.5+£29 66.3 £ 32.0 11.4£5.7
Globular nest 36 8.6 +3.0 109+28 40.3+17.3 8.7+26
Cavity adopter nest 9 9.0+34 140+24 68.5+26.1 111+31

Notes: values are reported as average * standard deviation

Figure 1.
Examples of bird nests found in the green areas of Chulalongkorn University; a. platform
nest; b. cavity nest; c. globular nest; and d. cavity adopter nest

More than half of the bird nests were observed on rain trees Samanea saman (132
nests; 55.7%), followed by Tabebuia rosea (24 nests) and Pterocarpus sp. (20 nests),
respectively. Even though found on 7 tree species, 84.7% of the platform nests were observed
on S. saman. Six tree species supported cavity nests, with more than a third of the nests on S.
saman. Globular nests were observed on 11 tree species, including Pterocarpus sp. Cavity
adopter nests were seen on only four tree species, with four nests on Peltophorum
pterocarpum (Table 3).

Of the total of 16 hosting tree species, 13 were identified to species, with three
unidentified taxa. The highest number of nests was found on S. saman (132 nests on 92 trees,
with an average of 1.4 nests per tree). P. pterocarpum, Pterocarpus sp., T. rosea, and
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Terminalia catappa also hosted bird nests, with more than one nest per each tree (Table 2).
These common trees hosting bird nests tend to be tall and trees, with height greater than 15 m
and DBH approaching 100 cm in some species. Smaller-sized trees such as Lagerstroemia
loudonii, Terminalia ivorensis, and Ficus sp. could also host bird nests in their canopy.

Table 2.
Tree species hosting bird nests in the green area of Chulalongkorn University and selected
ecological characteristics

. No. of  No. of No. of N.GSt Tree Tree DBH Tree
Tree species height height canopy
nests trees  nests/tree (cm)

(m) (m) cover (m)
Samanea saman 132 92 1.4 145+3.0 159+23 96.8+36.8 17.3+43
Peltophorum pterocarpum 18 12 1.5 11.2+43 145+27 763+13.7 9.2+21
Pterocarpus sp. 20 12 17 74+45 101+31 341+200 55%+39
Tabebuia rosea 24 12 2.0 10.1+2.0 146+18 458+120 75+15

Terminalia catappa 15 7 2.1 125+36 16.2+20 756%x75 145+1.2
Lagerstroemia loudonii 4 4 1.0 79+08 85+05 244+28 6.1+24
Terminalia ivorensis 4 4 1.0 11.4+11 126+08 545:151 12.6+28
Ficus sp. 3 3 1.0 72+20 80+28 425+258 9.0%0.0
Calophyllum inophyllum 5 2 25 52+04 92+00 39.7+0.0 13.0+0.0

Cassia fistula x Cassia 10 60+00 106+00 248+0.0 115+00
javanica

Mangifera indica
Millingtonia hortensis

Unidentified 1

2
2 1.0 9.0+£00 14.0%+4.2 52000 8.0x0.0
2 1.0 108+0.0 15.0+0.0 32.0+0.0 7.3x0.0
2 1.0 9.0+£00 10.0+0.0 25.0%x0.0 6.5%0.0
Unidentified 2 2 1.0 52+00 10.6%+0.0 423%x0.0 6.3x0.0
Tamarindus indica 1 1.0 8.0+00 150+£0.0 57.2+0.0 11.0+0.0
Unidentified 3 1 1 1.0 6.2+00 84+00 18.0+0.0 8.3%0.0

[l NS T \C R ST\ C R )

Notes: values are reported as average + standard deviation

The majority of the platform nests (79%) were found on S. saman while cavity nests
were distributed more evenly on S. saman, Pterocarpus sp., T. rosea and T. catappa (Table
3). About a quarter of the globular nests were found on Pterocarpus sp. and the rest were
distributed among the other 10 tree species. Almost half of the cavity adopter nests were
located on P. pterocarpum. Additionally, trees from a single species could host nests of more
than one type.
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Table 3.
Distribution of various bird nest types on hosting tree species in the green area of
Chulalongkorn University

Tree species Number of nests Platform nest Cavity nest Globular nest  Cavity adopter nest

Samanea saman R =20 1105 25 0 2
Tabebuia rosea B 24| 2 16| 4 2
Pterocarpus sp. E 20 0 12| 8 0
Peltophorum pterocarpum K 18] 10 ol 4 4
Terminalia catappa F 15| 2 12 0 1
Calophyllum inophyllum I 5 0 1l 4 0
Lagerstroemia loudonii I 4 0 Wl 4 0
Terminalia ivorensis I 4| 1 of 3 0
Ficus sp. | 3 0 ofl 3 0
Unidentified 1 | 2 0 ol 2 0
Unidentified 2 | 2 0 2 0 0
Millingtonia hortensis | 2 2 0 0 0
Mangifera indica | 2|l 2 0 0 0
Cassia fistula x Cassia javanica 2 0 of 2 0
Unidentified 3 | 1 0 0| 1 0
Tamarindus indica | 1 0 0| 1 0
All 237 124 68 36 9

Various tree species are planted and maintained within the green areas of
Chulalongkorn University, including S. saman, the iconic tree of the university, as well as P.
pterocarpum, T. rosea, and Pterocarpus sp.; all of which are trees with large trunk and
branches, and a broad canopy, making them some of the most preferred species by landscape
designers and managers®. These suitable attributes also allow medium to large birds, such as
Corvus macrorhynchos and Butorides striata, to nest and build platform nests on the tree
canopy, especially the open top canopy of S. saman. Conversely, globular nests are typically
constructed by smaller species, such as Gracupica floweri and G. nigricollis, which need
denser leafy surroundings to avoid predators?’. Cavity nests are prevalently associated with
the soft wood characteristic of some trees found on the campus, such as S. saman and T.
rosea. These trees with large trunks and branches are ideal for cavity-nesting species, which
prefer dead branches to construct the cavity!’.

The composition of tree species in urban green spaces generally differ from that of
natural forests because tree species were selected for purposes such as shading and aesthetics.
In addition, management and maintenance practices for specific shape and size of trees would
also influence tree community structures as well as physical environment. Even though the
pool of available trees might be limited in a city landscape, common bird species could adapt
and successfully nest in the urban environments, selecting sites that offer resources while
minimizing stresses such as high human density and pollution?®. Additionally, urbanization
might change the composition and abundance of predators, which may respond differently to
the vegetation characters around bird nests®*,

Even though this study only captured the two-month snapshot of bird nest distribution
on trees in the green areas of Chulalongkorn University, the results showed a potential of the
trees in an urban ecosystem to function as a breeding habitat for various birds that may have
adapted to the city conditions. The distribution and abundance of bird nests will definitely
vary across seasons due to their varying breeding periods and nest-building behaviors
throughout the year. For example, P. haemacephalus, one of common bird species in
Chulalongkorn University, which typically breeds from January to March?’, was seen in some
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of the cavity nests during this study. The number of nests in urban habitats can vary greatly
because of availability of suitable substrates for nest construction and environmental
stressors. Furthermore, the review of literature showed that the number of nests in urban
habitats could vary widely depending on the methodology and focal groups of birds or nest
types. For example, 340 nests built by 16 bird species were observed in 300-ha urban
landscape in China?®. In yet another case, approximately 16 cavity nests per 50 trees were
observed in cemeteries and parks in Chicago, USA®. Urban expansion may reduce predation
rates by urban predators, leading to increased opportunities for nest building of birds adapted
to city conditions?. Furthermore, some nests may last longer than the actual breeding period
of birds. For instance, platform nests, which consist of a complex arrangement of overlapping
twigs, are strong enough to support the weight and size of birds, allowing abandoned nests to
remain visible*.

Additionally, variation in resources may determine nest site selection, including floral
nectar and fruits provided by tree species in the urban landscape. The abundance of food
supports the nesting of some bird species that breed during the rainy season*. Other
ecological characteristics, such as quality of the trees, as well as disturbance from human
activities, may be determining factors for tree selection for nesting by birds in urban
environments?®. Obtaining information on habitat preferences for nest building can be useful
in management of urban green space for various purposes ranging from bird population
control to conservation of bird species. For example, planting less suitable trees and tree
pruning were suggested as strategies to manage the population size of birds such as House
crow Corvus splendus?®. Besides, certain habitats within the urban landscape can potentially
support bird nests and appropriate management is required so that sufficient nest sites to
conserve bird species. For instance, cemeteries and parks retain large trees with cavities that
support cavity-nesting birds, such as woodpeckers and owls®®. Therefore, further study is
recommended to obtain complete information regarding the birds and their preferences for
substrates suitable for nesting and living in urban ecosystems.

Conclusion:

The present study demonstrated that trees in urban green areas could support the nesting
behavior of birds and that certain tree characteristics could provide inputs into the
management of the urban ecosystems for the conservation of biodiversity and consequently
provision of ecosystem services. Rain trees S. saman was the most preferred tree species by
birds constructing nests, especially the platform nests. Other tree species could support cavity
nests and other types. The knowledge gained would help in planning landscape management
and biodiversity conservation in urban green spaces.
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Abstract:

Immunotherapy is an alternative cancer treatment that effectively enhances
cytotoxicity of immune cells and provides more safety profile against various cancers.
Natural killer (NK) cells, a critical component of the innate immune system, play a vital role
in targeting and eliminating abnormal and cancerous cells. However, reduced NK cell levels
in cancer patients are often associated with poor outcomes in cancer treatments. To address
this, a tri-specific killer engager (TriKE) has emerged as a promising strategy. TriKEs not
only enhance the killing activity of NK cells but also increase their numbers, potentially
leading to improved therapeutic outcomes. A TriKE molecule consists of three components: a
single-chain variable fragment (ScFv) that targets tumor-associated antigens on cancer cells,
human interleukin 15 to promote NK cell proliferation, and a single-domain antibody that
binds to CD16 on NK cells. These components are connected by a linker domain. Although
TriKEs have garnered significant attention for their potential in immunotherapy, large-scale
production remains a challenge. This study aims to compare two commonly used systems for
TriKE-based immunotherapy development: prokaryotic and eukaryotic expression systems.
We designed and constructed a TriKE targeting disialoganglioside GD2 expressed on cancer
cells. To produce this TriKE, we used E. coli strain BL21(DE3) with the pET-22b expression
vector for prokaryotic production and HEK293T cells for eukaryotic production following
lentiviral transduction and the establishment of stable cell lines. Our findings revealed that
the anti-GD2 TriKE produced in the prokaryotic system was not secreted into the culture
media, necessitating additional steps for isolation and recovery. In contrast, the eukaryotic
system allowed efficient secretion of the TriKE into the culture media. These results provide
valuable insights into production strategies for TriKEs, highlighting the advantages of
eukaryotic systems for scalable and effective immunotherapy development.

Introduction:

Immune surveillance comprises two parts : innate and adaptive immunity that are
working together to detect and eliminate cancer cell (Abbott and Ustoyev, 2019). The innate
immunity is a first-line detection and subsequently activates the adaptive immunity
(Olszanski, 2015). Natural killer (NK) cells are one of innate immunity which play a central
role on anti-cancer cells response without prior activation (Abbott and Ustoyev, 2019). The
cytotoxicity of NK cells mainly occurs via conjugation of CD16 and its ligand to mediate
antibody-dependent cellular cytotoxicity (ADCC), resulting in target cell death (Meazza et
al., 2011). However, cancer cells can adapt themselves to escape immune cells (Oiseth and
Aziz, 2017). For instance, the immune suppressive cytokine such as interleukin 10 (IL-10)
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and transforming growth factor-f (TGF-f) secretion leading to disrupt recognition and
activation of NK cells (Terrén et al., 2019). Moreover, chemotherapy can decrease number of
the NK cells (Braun and Harris, 1986). Thus, improving both of quality and quantity of the
NK cells is an important strategy to enhance survival rate of cancer patients.

Immunotherapy is an alternative cancer treatment that improves the specificity and killing
efficiency of immune cells against various cancers, including blood cancers such as
lymphoma (Shanbhag and Ambinder, 2018), leukemia (Huang et al., 2023) and solid tumors
such as non-small cell lung cancer (Alexander et al., 2020), neuroblastoma (Nguyen and
Thiele, 2021), and liver cancer (Donne and Lujambio, 2023) etc. A tri-specific killer engager
(TriKE)-based immunotherapy composing with three parts: a single-chain variable fragment
(ScFv) that targets tumor-associated antigens on cancer cells, human interleukin 15 to
promote NK cell proliferation, and a single-domain antibody that binds to CD16 on NK cells.
This molecule potentially bridges between the NK cells and cancer cells (Vallera et al.,
2016). Recent clinical applications of TriKEs have been reported for various cancers,
including leukemia (Schubert et al., 2011), lymphomas (Felices et al., 2019), breast cancer
(Xie et al., 2003), ovarian cancer (Vallera et al., 2021), and lung cancer (Kennedy et al.,
2023). These studies demonstrate that TriKEs can effectively promote NK cell proliferation
and enhance their cytotoxicity against cancer cells. Notably, the GTB-3550 TriKE has
recently been approved by the Food and Drug Administration (FDA) and is currently
undergoing Phase 1 clinical trials for the treatment of CD33-positive leukemia.

TriKEs are generally produced using two types of expression systems: prokaryotic and
eukaryotic. In prokaryotic systems, such as those utilizing Escherichia coli strain
BL21(DE3), TriKE production occurs through transcription and translation in the cytoplasm
(Bill and von der Haar, 2015). For example, the CD19-targeting 161519 TriKE was
successfully produced and isolated from E. coli BL21(DE3), demonstrating enhanced
specificity and improved Kkilling efficiency of NK cells against CD19-expressing Burkitt's
lymphoma cell lines (Felices et al., 2019). In contrast, eukaryotic systems, often using the
HEK293 cell line, offer post-translational modifications that are advantageous for the
functional activity of the TriKEs (Midgett and Madden, 2007). For instance, the anti-
CLEC12A TriKE, when transfected into HEK293 cells, was able to induce NK cell
proliferation and was specific to enhance NK cell activation against acute myeloid leukemia
(AML) cell lines (Arvindam et al., 2021). While there are notable differences between these
production systems, a detailed comparison of their respective advantages and disadvantages
is essential for guiding large-scale TriKE production.

This study aimed to compare prokaryotic and eukaryotic production systems for TriKEs.
We designed and constructed a TriKE targeting disialoganglioside GD2, a well-known tumor
antigen overexpressed in various solid cancers, including neuroblastoma (Mujoo et al., 1987),
lung cancer (Reppel et al., 2022), and melanoma (Cheresh and Klier, 1986). GD2 has been
reported to promote the proliferation and migration of cancer cells (Yoshida et al.,
2001).However, the monoclonal antibody targeting GD2, Dinutuximab, has shown limited
efficacy in solid tumors due to constraints imposed by the tumor microenvironment (Ahmed
and Cheung, 2014). Thus, GD2 remains a promising target for immunotherapy development
in solid cancers. In this study, we utilized E. coli strain BL21(DE3) with the pET-22b
expression vector for prokaryotic expression and HEK293T cells for eukaryotic expression
following lentiviral transduction and the establishment of stable cell lines. Recombinant anti-
GD2 TriKE was produced in both systems, and its expression was confirmed through SDS-
PAGE and Western blot analysis. We compared the pros and cons of each system, including
production steps, protein quality, and production costs, to provide valuable insights for large-
scale protein production in the future.
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Methodology:
Construction of anti-GD2 TriKE

The Anti-GD2 TriKE construct was designed and composed of a signal protein (SP),
an anti-CD16 single domain antibody, Interleukin-15 (IL-15), and a single chain variable
fragment (ScFv) from an approved human 3F8 anti-GD2 monoclonal antibody (Kushner et
al., 2018) (Figure 1A, 1B). Each domain was linked with a linker (L). Moreover, the
molecule of anti-GD2 TriKE was tagged with a 6X HIS tag for monitoring protein
expression.

Table 1. List of primers for positive clone selection

Primer name sequence
F-BamHI-antiGD2-TriKE (pET-22b) S'AAGGATCCGGAAGTTCAACTTGT3'
R-Notl-anti-GD2 TriKE (pET-22b) S'AAAGCGGCCGCTTTAATTTCCAG3’
Cloning-F (pCDH) S'GAATTCGGATCCATGGGATGGAGCTGTA3Z’
Cloning-R (pCDH) S'ATTTGCGGCCGCTCAGTGGTGATGGTGAZ'

Prokaryotic system

The anti-GD2 TriKE construct was cloned into pET-22b vector at specific restriction
sites, BamHI and Notl. After the anti-GD2 TriKE was inserted into pET-22b, the anti-GD2
TriKE in pET-22b was transformed into E. coli BL21(DE3), and positive clones were
screened by colony PCR with specific primers as indicated in Table 1 and their sequences
were analyzed.
Eukaryotic system

The anti-GD2 TriKE was inserted into the pCDH vector at the EcoRI and Nofl
restriction sites, which also has a red fluorescence protein (RFP) to visualize positive cells
(Figure 1D). After the cloning step, successfully ligated positive clones into the pCDH vector
were screened using specific primers as indicated in Table 1 and their sequences were
analyzed.
Generation of the stable cell secreting anti-GD2 TriKE
Prokaryote

After the positive clone selection, E. coli BL21(DE3) containing a recombinant
plasmid of anti-GD2 TriKE was inoculated into LB broth supplemented with 100 pg/ml of
ampicillin with continuous shaking at 250 rpm for 16-18 hours at 37°C. After that, E. coli
BL21(DE3) was subsequently inoculated into fresh LB broth supplemented with 100 pg/ml
of ampicillin and grown until log phase. To express anti-GD2 TriKE, the E. coli BL21(DE3)
was induced with 1 mM IPTG and incubated with shaking (250 rpm) at 37°C for 18-20 hours.
Finally, induced E. coli BL21(DE3) was determined expression of anti-GD2 TriKE with 6X
HIS tag via western blot analysis. In addition, the E. coli BL21(DE3) positively expressed
anti-GD2 TriKE was prepared as glycerol stock and stored at -80°C for further uses.
Eukaryote

To determine the expression of anti-GD2 TriKE in eukaryotic cells, the recombinant
plasmid was transfected into HEK293T cell lines with lipofectamine (Invitrogen, Life
Technologies, Carlsbad, CA, USA) and HEK293T cells that positively expressed anti-GD2
TriKE were first observed by visualization of a red fluorescence signal under an inverted
fluorescence microscope (Nikon Instrument, Inc., Melville, NY, USA). Moreover, western
blot analysis was performed to observe the expression of anti-GD2 TriKE via mouse anti-His
monoclonal antibody (Invitrogen, Life Technologies, Carlsbad, CA, USA).
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To generate HEK293T stable cells that permanently secrete anti-GD2 TriKE,
lentivirus containing anti-GD2 TriKE recombinant plasmid was generated and transduced
into HEK293T cells. After transduction step, positive cells expressing RFP were selected
with puromycin (1 pg/ml) until a homogenous RFP-positive population was observed. The
HEK293T stable cells were subsequently stored at -80°C in freezing media (fetal bovine
serum (FBS) supplemented with 10% DMSO) for further uses.

Production of anti-GD2 TriKE
Prokaryote

A positive clone of E. coli BL21 (DE3) containing anti-GD2 TriKE was incubated
into LB medium supplemented with 100 pg/ml ampicillin. For negative control, competent
cells of E. coli BL21 (DE3) were inoculated into plain LB medium (without ampicillin), and
then incubated overnight with constant shaking (250 rpm) at 37°C. After that, the bacterial
cultures were then inoculated into a fresh LB medium at a dilution of 1:100 and incubated at
37°C for 4 hours. Then the bacterial cells were collected by centrifugation at 16°C, 5,000 rpm
for 15 minutes, and fresh LB medium containing 1 mM IPTG, and 100 pg/ml ampicillin was
then replaced and incubated at 37°C, overnight. To collect E. coli BL21 (DE3) expressing
anti-GD2 TriKE, centrifugation at 8,000 rpm for 15 minutes, 4°C was performed. Then the
cell pellets were sonicated on ice using a sonication probe at 20% amplitude 15 sec on/ 15 sec
off for 10 minutes. After that, centrifugation at 14,000 x g for 10 minutes at 4°C was
subsequently demonstrated. Finally, the supernatant and pellet cell were collected to detect
expression of anti-GD2 TriKE by western blot analysis (Figure 3A).

Eukaryote

To produce anti-GD2 TriKE in HEK293T cells, the HEK293T stable cells secreting
anti-GD2 TriKE were cultured with DMEM medium (Gibco; Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with 10% FBS (Gibco; Thermo Fisher Scientific,
Waltham, MA, USA) in a T75 cell culture flask (Nest Biotechnology, China) and then
incubated at 37°C with 5% CO: for overnight. After that, the culture medium was replaced
with serum-free Optimem (Gibco; Thermo Fisher Scientific, Waltham, MA, USA) cell
culture medium, and the cells were continuously cultured for 72 hours. The secreted anti-
GD2 TriKE was collected from the culture medium and the expression of the anti-GD2
TriKE was observed by western blot analysis (Figure 3B).

Results and Discussion:
Construction and expression of anti-GD2 TriKE

The recombinant anti-GD2 TriKE was designed to induce the NK cell proliferation
and bridge the NK cells to cancer cells resulting in enhanced NK cell cytotoxicity (Figure 1A
and 1B). The construction of the anti-GD2 TriKE was performed using cloning techniques.
The anti-GD2 TriKE was successfully cloned into both the pET-22b (Figure 1C) and pCDH
(Figure 1D) vectors. In the prokaryotic system, only one colony of the positive clone was
able to grow on LB agar supplemented with 100 pg/ml of ampicillin. Positive clone
identification was performed by colony PCR, and a PCR product of the positive clone was
observed at 1,518 base pairs (bp) in size (Figure 2A). Additionally, the anti-GD2 TriKE was
successfully ligated into the pCDH vector, with 13 clones identified by 732 bp PCR products
(Figure 2B).

The positive clone of E. coli BL21(DE3) containing the anti-GD2 TriKE was cultured
and induced to express the anti-GD2 TriKE. The protein had an expected molecular weight of
59.15 kDa  (pI=5.71) according to the Expasy Server calculation
(https://web.expasy.org/compute_pi/). According to the results shown in Figure 2C, the anti-
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GD2 TriKE was predominantly expressed in E. coli BL21(DE3), as observed by Western blot
analysis with a size approximately of 63 kDa. In the eukaryotic system, the anti-GD2 TriKE
clone number 4 was highly expressed in HEK293T cells at the same size as in the prokaryotic
system (Figure 2D).
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Figure 1. Construct of anti-GD2 TriKE

(A)Anti-GD2 TriKE construct, 1,518 bp in size. (B) The mechanism of anti-GD2 TriKE:
Anti-CD16 recognizes the CD16 receptor on NK cells, Interleukin-15 (IL-15) promotes NK
cell proliferation, and Anti-GD2 scFv recognizes GD2 on cancer cells. (C) Anti-GD2 TriKE
in the pET-22b plasmid for the prokaryotic system. (D) Anti-GD2 TriKE in the pCDH
plasmid for the eukaryotic system.

According to the results, the production of TriKEs is commonly performed using both
prokaryotic (Serensen and Mortensen, 2005) and eukaryotic (Jager et al., 2013) systems. In
prokaryotic systems, the pET vector is frequently used for bacterial expression in E. coli
BL21(DE3) cells under the inducible lac promoter to enhance protein expression (Dilworth et
al., 2018). In this study, IPTG stimulation was used to induce protein expression. In contrast,
various vectors are commonly used in eukaryotic expression systems, including pTTS5,
pcDNA3, and pCDH vectors (Jager et al., 2013). Among these, the pCDH vector has proven
to be the most effective for TriKE production (Felices et al., 2016).
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Figure 2. Positive clones and expression of anti-GD2 TriKE

(A) A positive clone from the prokaryotic system. (B) Positive clones from the eukaryotic
system. (C) Expression of anti-GD2 TriKE in the prokaryotic system, Lane 1: Cell and
supernatant of E. coli strain BL21(DE3) containing anti-GD2 TriKE, Lane 2: Cell and
supernatant of negative control, Lane 3 : Cell of E. coli strain BL21(DE3) containing anti-
GD2 TriKE , Lane 4: Cell of negative control, Lane 5: Supernatant of E. coli strain
BL21(DE3) containing anti-GD2 TriKE and Lane 6 : Supernatant of negative control. (D)
Expression of anti-GD2 TriKE in the eukaryotic system, Lane 1: Untransfected cell (UTF),
Lane 2: mCherry, Lane 3: Positive clone number 1, Lane 4: Positive clone number 3, Lane 5:
Positive clone number 4, Lane 6: Positive clone number 6, Lane 7: Positive clone number 7
and Lane 8: Positive control.

Production of Anti-GD2 TriKE

In the prokaryotic system, the anti-GD2 TriKE was produced and obtained within 24
hours (Figure 3A), whereas secretion of the anti-GD2 TriKE in the eukaryotic system
required 4 days (Figure 3B). For prokaryotic production, isolation of the anti-GD2 TriKE
necessitated sonication, as previously mentioned. The optimal conditions for isolating the
anti-GD2 TriKE were determined to be 20% amplitude for 10 minutes (Figure 3C). Despite
this, anti-GD2 TriKE was predominantly found in inclusion bodies (Figure 3C). Longer
sonication times risked degrading the anti-GD2 TriKE due to heat, leading to lower protein
yields from degradation. In the eukaryotic system, a homogeneous population of HEK293T
stable cells secreting anti-GD2 TriKE was observed after puromycin selection (Figure 3D).
The anti-GD2 TriKE was successfully secreted into the culture medium, in contrast to normal
HEK293T cell lines (Figure 3E). Additionally, the secreted anti-GD2 TriKE was detected by
Western blot analysis (approximately 75 kDa) (Figure 3E).
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To summarize the comparison of prokaryotic and eukaryotic systems for TriKE
production, the relevant data from this study are compiled and presented in Table 2

(A) Production (Prokaryotic system) (B) Production (Eukaryotic system)
| | |
Day 0 Day 1 Day 2 Daly 0 Dly 1 Daly 2 Dly 3 Dly 4
Inoclulation Change Sonication Plate cells Change media Incubate Incubate Collect supernatant
media + to optimem +
+ Western blot Western blot
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Figure 3. Production of anti-GD2 TriKE

(A) Diagram of anti-GD2 TriKE production in the prokaryotic system. (B) Diagram of anti-
GD2 TriKE production in the eukaryotic system. (C) Optimization of sonication conditions
by varied times; 0, 10, 20 and 30 minutes compared at 20% amplitude. Lysate (L) and
Inclusion body (IB); Lane 1: lysate (no sonication), Lane 2 inclusion body (no sonication),
Lane 3: lysate (10-minute sonication), Lane 4: inclusion body (10-minute sonication), Lane 5:
lysate (20-minute sonication), Lane 6: inclusion body (20-minute sonication), Lane 7: lysate
(30-minute sonication) and Lane 8: inclusion body (30-minute sonication). (D) Anti-GD2
TriKE expression from transduction into HEK293T under inverted fluorescence microscope
compared with untransduced (negative control) and confirm expression level by Flow
cytometry. (E) Western blot analysis of anti-GD2 TriKE was secreted from HEK293T cell
lines into media compared with HEK293T negative.
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995

In our experiment, the anti-GD2 TriKE could not be secreted into the culture supernatant
(Figure 2C). This issue arises because the pET-22b vector contains a pelB signal sequence
that directs the protein to be secreted into the periplasm rather than the culture supernatant
(Low et al., 2013). Consequently, isolation of the TriKE from bacterial cells requires
additional procedures such as sonication, osmotic shock, detergent treatment, or high-
pressure homogenization (Jalalirad, 2013; Middelberg, 2008; Nossal and Heppel, 1966). The
sonication technique was used to isolate the anti-GD2 TriKE due to its rapid and simple
ability to disrupt membranes for recombinant protein extraction (Kim et al., 2011). Other
approaches were used to isolate the TriKE molecule from bacterial cells including a
homogenizer cell disruption technique (Schmohl et al., 2017) and a solution containing
Triton X-100 (Felices et al., 2019).

Our TriKE produced in the prokaryotic system was found to be in the form of non-
soluble inclusion bodies. Recombinant proteins expressed in prokaryotic systems often
aggregate into insoluble inclusion bodies and may be inactive (Rosano and Ceccarelli, 2014).
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Consequently, additional processing is required to recover the recombinant protein
(Yamaguchi and Miyazaki, 2014). Following recovery, a lower yield and reduced binding
activity of the recombinant protein have been reported (Clark, 2001). In contrast, TriKEs
produced in the eukaryotic system are directly secreted into the culture medium, eliminating
the need for refolding methods. However, a significant limitation of the eukaryotic system is
its higher production cost, with a notable increase in cost per liter of culture (Table 2). In
summary, while both prokaryotic and eukaryotic systems offer distinct advantages, the
optimal system depends on the specific requirements and considerations of the application,
particularly in the context of immunotherapy development.

Table 2. Comparison of prokaryotic and eukaryotic protein production systems

Properties Prokaryotic system Eukaryotic system
Vector pET-22b pCDH
Selection process do not require selection with puromycin

Inducer IPTG do not require
Production time 24 h" 72 h""

Protein isolation process sonication do not require
Protein formation insoluble soluble

Relative yield require refolding do not require refolding

process

Protein modifications

do not require

post-transcription and
post-translation

Cost productivity (cost / L)

Low medium cost
(112 Bath/L)

High medium cost
(2,465 Bath/L)

Large-scale production

easy to up scale

difficult to up scale

Note: * Indicates the time period from inoculation to expression, " Indicates the time period
from the change of culture media to the collection of supernatant.

Conclusion:

In this study, the production of anti-GD2 TriKE recombinant protein was successfully
developed using both prokaryotic and eukaryotic systems. While each production system has
its own advantages and disadvantages, the comparative analysis presented in this study
provides valuable insights. This information serves as a useful guide for TriKE development
and other immunotherapy platforms, particularly for large-scale or industrial production.
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Abstract:

The LCso values of Annona muricata L. extracts (20, 40, 60, 80, and 100 mg/mL),
determined from brine shrimp cytotoxicity tests and MTT assays on HL-60 and MCF-7 cells,
exhibited a significant correlation with the total phenolic and flavonoid content of the extracts
(p < 0.05). The cytotoxicity of the extracts increased in proportion to their phenolic and
flavonoid concentrations, indicating a dose-dependent response. Apoptosis was induced in a
concentration-dependent manner, with a marked increase in apoptotic cell populations
corresponding to higher extract doses. After 24 hours of treatment, the early apoptotic
cell percentage in HL-60 cells rose to 50.15 = 0.70% following exposure to the seed
extract (S/e), while in MCF-7 cells, early apoptosis reached 55.23 + 0.71% after treatment
with the methanolic seed extract (S/m). The highest early apoptotic rates were recorded
in HL-60 cells (63.13 + 0.64%) and MCF-7 cells (55.23 £ 0.71%) under S/m treatment,
while the late apoptotic stages were observed at 16.52 + 0.52% and 13.98 = 0.67%,
respectively. Additionally, all extracts induced a time-dependent increase in the protein
expression of apoptotic markers, including caspase-3, caspase-8, and p53, while significantly
downregulating Bcl-2 expression, highlighting the apoptotic pathway activation.

Introduction:

Plants have long been central to pharmacological research due to their rich diversity of
bioactive metabolites, which provide a wide spectrum of therapeutic properties. Between
1981 and 2012, natural products contributed to the development of nearly 60% of
all therapeutic agents, with the figure rising to approximately 75% for anticancer drugs.
Despite these advances, many plant species remain underexplored, requiring detailed
scientific investigations. Species with extensive traditional use are especially promising
for yielding new active compounds for treating various diseases, highlighting the need
to validate traditional applications and elucidate underlying mechanisms to develop new
pharmaceuticals'?2.

Annona muricata L., commonly known as soursop or graviola, is a tropical tree from
the Annonaceae family. It is widely recognized in ethnobotanical practices for treating
various ailments, including fever, pain, asthma, and skin conditions. Notably, A. muricata has
garnered attention for its potential anticancer properties, earning the title "cancer killer"**
due to its cytotoxicity against a wide range of cancer cell lines. Traditional uses of A.
muricata leaves and seeds in South America and Africa, particularly Nigeria, for cancer
treatment have spurred scientific interest in understanding its anticancer mechanisms®®.
However, the detailed effects of A. muricata extracts on specific cancer cell lines, such as
human promyelocytic leukemia (HL-60) and hormone-dependent breast carcinoma (MCF-7),
remain inadequately explored.

Extensive chemical investigations of A. muricata leaves and seeds have identified a
broad range of bioactive compounds, including acetogenins, alkaloids, and essential oils.
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Acetogenins, in particular, are notable for their potent antitumor, cytotoxic, and antiparasitic
activities. Over 50 mono-THF acetogenins have been isolated from A. muricata seeds and
leaves, with compounds such as epomuricenins-A and B, montecristin, and muridienins
showing potential as key intermediates in acetogenin biosynthesis. Recent studies have also
identified sabadelin, a novel compound that may serve as a precursor to other bioactive
acetogenins’®,

In addition to its anticancer properties, soursop is recognized for its complex aroma,
with over 114 volatile compounds, predominantly esters, contributing to its unique profile.
Comprehensive analyses using gas chromatography and mass spectrometry have identified
key volatile compounds, including esters, alcohols, terpenes, acids, and ketones, which play a
role in the fruit's sensory characteristics. Furthermore, soursop seed meal contains (S)-
oxynitrilase, an enzyme with promising biocatalytic properties!’18:19,

Given the promising preliminary findings on the bioactive compounds of A. muricata
and its traditional uses, this study aims to investigate the cytotoxic and antiproliferative
effects of A. muricata leaves and seed extracts on HL-60 and MCF-7 cancer cell lines.
Specifically, the research seeks to correlate the cytotoxic effects with the total phenolic and
flavonoid content of the extracts and explore the apoptotic pathways activated by these
compounds. By providing deeper insights into the mechanisms of action of A. muricata, this
study aims to contribute to the potential development of new anticancer therapies based on
natural products.

Methodology:

Plant Material

Fresh leaves and ripe fruit seeds of A. muricata L. (four years old) were collected in
November 2012 from the botanical garden at Thaksin University, Thailand. The plant
samples were identified, and voucher specimens were deposited in the herbarium of the
Department of Biology, Faculty of Science and Digital Innovation, TSU with the voucher
number TSU-260315.

Sample Preparation

The collected leaves and seeds of A. muricata L., each weighing 1 kg, were cleaned and air-
dried at room temperature. The dried plant parts were then ground into a fine powder. A total
of 200 g of the ground leaves and seeds were separately soaked and macerated in 500 ml of
70% ethanol and 100% methanol, each in triplicate, at room temperature for 24 hours. The
extracts were filtered using Whatman No. 1 filter paper (Whatman Inc., Hillsboro, OR, USA)
and concentrated under reduced pressure at 50°C using a rotary evaporator. The crude
extracts were freeze-dried and stored at -20°C. For experimentation, the dried extracts were
weighed and stored at 4°C without further purification.

Cytotoxicity Effect by Brine Shrimp Lethality Test (BSLT)

Dried brine shrimp (Artemia sp.) cysts were hatched in artificial seawater (3.8% NaCl, w/v)
at room temperature (25°C). To ensure that mortality observed during the bioassay was due
to bioactive compounds, the larvae were not fed. After hatching, the nauplii were transferred
to a 24-well plate for treatment. Ten nauplii in 200 pL of suspension were added to each well
containing 50 pL of ethanolic and methanolic extracts at various concentrations (20, 40, 60,
80, and 100 mg/mL). The plates were covered and incubated at room temperature for 24
hours. Dead (non-motile) and live brine shrimp were then counted®. Six replicates were
performed for each treatment, and the corrected mortality was calculated using Abbott’s
formula. Finney’s probit analysis was used to determine the lethal concentration to half of the
test organisms (LCso) and to obtain nonlinear regression data.
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Cell Culture

The human promyelocytic leukemia cell line (HL-60) was obtained from the European
Collection of Cell Cultures (ECCC, Sigma-Aldrich, India) and cultured in RPMI-1640
medium. The hormone-dependent human breast carcinoma cell line (MCF-7) was purchased
from the American Type Culture Collection (ATCC, Sigma-Aldrich, USA) and maintained in
DMEM medium. Both cell lines were supplemented with 10% fetal bovine serum (FBS) and
1% penicillin-streptomycin (10,000 U/mL penicillin G sodium and 104 pg/mL streptomycin
sulfate in 0.85% saline). Cells were seeded at a density of 5 x 10° cells/mL in 75 cm? cell
culture flasks (BD Falcon, BD Biosciences, San Jose, CA, USA) with 10 mL of fresh
medium and incubated in a 5% CO2 atmosphere at 37°C with 95% humidity. Cell viability
was monitored using trypan blue staining, and exponentially growing cells (1 x 10¢ cells/mL)
were harvested, counted, and used for further assays.

Antiproliferative Effects on Cultured Cell Lines by MTT Assay

The MTT assay is a colorimetric test based on the conversion of yellow tetrazolium bromide
(MTT) into purple formazan by mitochondrial succinate dehydrogenase in viable cells. HL-
60 and MCF-7 cells were seeded in 96-well plates (Nunc, Denmark) at a density of 1 x 107
cells/well in 100 pL of medium and incubated for 24 hours in a 5% CO2 atmosphere at 37°C.
Test extracts, diluted to final concentrations of 20, 40, 60, 80, and 100 mg/mL, were added
(100 pL/well), and the plates were incubated for another 24 hours at 37°C. Subsequently, 50
uL of MTT reagent (5 mg/mL in phosphate-buffered saline, pH 7.4) was added to each well
and incubated for an additional 4 hours. After removing the MTT, the cells were washed with
1x PBS, and 200 puL of DMSO was added to dissolve the formazan precipitate. The optical
density was measured using an ELISA reader (LX-800) at 540 nm, with DMSO serving as a
blank. The absorbance was plotted against sample concentrations to calculate the 1Csq (the
concentration required to reduce the absorbance of MTT by 50%) using nonlinear regression.

Observation of Apoptotic Cell Morphology

HL-60 and MCEF-7 cells in the log-phase of growth were transferred from 25 cm? cell culture
flasks to sterilized 24-well plates (1x10°¢ cells/2 mL/well) and cultured at 37°C under a
humidified atmosphere of 5% CO,. The cells were treated with extracts (100 pL) at
concentrations of 20, 40, 60, 80, and 100 mg/mL and incubated for 24 hours under the same
conditions. After incubation, the cells were harvested, washed twice with cold 1x PBS (pH
7.4), and fixed with 500 pL of 10% formaldehyde (v/v) for 5-10 minutes. The cells were then
washed with 1x PBS and stained with 0.2 pg/mL Hoechst 33342 in PBS for 15 minutes.
Morphological changes were observed and photographed using a digital microscope camera
(DP50 + View Finder Lite Programme, Olympus). LCso was calculated using nonlinear
regression.

DNA Fragmentation

HL-60 and MCF-7 cells were cultured, washed, and harvested before DNA extraction and
electrophoresis. Briefly, log-phase cells were transferred from 25 cm?2 cell culture flasks to
sterilized 24-well plates (1 x 10° cells/2 mL/well) and incubated at 37°C in a humidified
atmosphere of 5% CO2. Cells were treated with various concentrations of extracts (20, 40,
60, 80, and 100 mg/mL) and incubated for 24 hours. After treatment, the cells were
harvested, washed with cold PBS (pH 7.4), and lysed with lysis buffer (pH 7.5) containing
0.5% SDS, 25 mM Tris-HCI, 0.5% proteinase K, and 5 mM EDTA at 55°C for 1 hour.
Proteins were precipitated using phenol-chloroform-isoamyl acetate (25:24:1), and DNA was
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isolated with 3 M sodium acetate (pH 5.2) and absolute ethanol. The DNA was washed,
dried, and resuspended in Tris-EDTA (TE) buffer containing 100 pg/mL RNase A at 37°C
for 30 minutes. Approximately 15 pg of DNA was electrophoresed on a 1.5% agarose gel,
stained with ethidium bromide, and visualized under UV light to observe the DNA ladder.

Annexin V-FITC Assay

The early and late apoptosis of HL-60 and MCF-7 cells was assessed using the Annexin-V/PI
staining assay. Cells (1 x 10°) were plated in culture dishes and treated with sample extracts
(20 mg/mL) for 24 hours. After treatment, the cells were harvested, washed twice with 1x
PBS, and stained with Annexin-V/PI following the manufacturer’s protocol. Early and late
apoptosis of the HL-60 and MCF-7 cells was then analyzed by flow cytometry (BD
FACSCanto™ |I, San Jose, CA, USA). Pl was used to detect late apoptosis and necrosis,
while Annexin-V was used for early and late apoptosis. RNase A (10 mg/mL) was applied to
limit the ability of PI to bind exclusively to DNA molecules. The cells were then centrifuged
at 12,000 x g for 20 minutes. The resulting lysates were stored at -80°C for subsequent
analysis.

Preparation of Protein Lysate

During log-phase growth, sub-cultured cells (1 x 10° cells/2 mL/mL) were transferred from
25 cm? cell culture flasks to sterile 24-well plates and incubated at 37°C in a humidified
atmosphere of 5% CO2. The cells were treated with extracts (100 pL) at a concentration of
20 mg/mL for 3, 6, 9, 12, and 24 hours. After treatment, the cells were washed once in cold
1x PBS and suspended in 100 pL of lysis buffer containing 50 mM Tris-HCI (pH 7.4), 150
mM HCI, 1% NP-40, 0.5% DOC, 0.1% SDS, and 1 mM PMSF for 40 minutes.

Determination of Protein Concentration

Protein concentrations were measured in triplicate using the Bradford assay.®> A 10 pL aliquot
of the lysate was mixed with 100 pL of diluted dye reagent (1:5 dilution), and the reaction
mixture was incubated at 37°C for 30 minutes. Absorbance was measured at 595 nm, using
bovine serum albumin (BSA) as the standard protein.

SDS-PAGE Gel Electrophoresis and Western Blot

To evaluate the impact of the sample extracts on HL-60 and MCF-7 cell lines, Western
blot analysis was performed over a 24-hour period. Denaturing polyacrylamide gel
electrophoresis (SDS-PAGE) was conducted. Protein samples (100 pg) were mixed with
4 parts of 5x SDS-gel loading buffer, containing 2.5 M Tris-base, 10% SDS, 0.5%
bromophenol blue, 50% glycerol, and 20% mercaptoethanol, boiled for 5 minutes, and loaded
onto a 12% SDS polyacrylamide gel. The gel was electrophoresed at 100 V for 45 minutes,
and the separated proteins were electrotransferred onto Immobilon-P PVDF transfer
membranes at 70 V for 1.5 hours at 4°C. Amido Black staining was used to verify protein
transfer efficiency, and the gels were stained with Coomassie blue for confirmation.

The blotted membranes were blocked with 0.1% Tween-20 in Tris-buffered saline
(TBST) containing 5% nonfat dry milk for 20 minutes at room temperature. The blots were
then incubated with primary antibodies against caspase-3, caspase-8, p53, or Bcl-2 (diluted
1:1000) for 1 hour at room temperature, followed by washing in TBST (3 x 5 minutes). The
membranes were then incubated with horseradish peroxidase (HRP)-conjugated goat anti-
mouse secondary antibody (diluted 1:2000) for 1 hour and washed again in TBST (3 x 5
minutes). Tetramethylbenzidine (TMB) substrate was added in the dark to visualize the HRP-
substrate reaction, forming a blue precipitate at the sites of HRP activity. The developed
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bands were photographed, with actin used as a loading control and 0.1% fetal calf serum
(FCS) as a positive control in SDS-PAGE.

After the initial analysis, the blots were stripped using stripping buffer containing 0.2
M glycine (pH 2.2), 150 mM NacCl, and 0.1% Tween-20 for 30 minutes at 50°C. The
membranes were re-blocked with 0.1% Tween-20 in TBST containing 5% nonfat dry milk
for 20 minutes and washed with TBST (3 x 5 minutes). The blots were then re-probed with
antibodies against actin, followed by incubation with HRP and TMB solution as per the
above protocol. The final blots were photographed to confirm the presence of apoptotic
proteins.

Statistical Analyses

Statistical analysis was performed using Student’s t-test and one-way analysis of variance
(ANOVA). A p-value of less than 0.05 was considered statistically significant. Data were
presented as means + standard deviation (SD). The analyses were conducted using the SAS
Statistical Software Package (release 8.02; SAS Institute Inc., Cary, NC, USA).

Sample Preparation &

Cytotoxicity by Brine Shrimp Lethality Test (BSLT) DNA Fragmentation
Cell Culture ® Annexin V-FITC Assay
Antiproliferative Effects on Cell Lines by MTT Assay Protein Lysate & Protein Concentration
Observation of Apoptotic Cell Morphology SDS-PAGE Gel Electrophoresis
L

Western Blot @

Figure 1.

Methodology for cytotoxic and antiproliferative effects of Annona muricata L. extracts on HL-60

and MCF-7 Cells

Results and Discussion:

The brine shrimp lethality test (BSLT) is a commonly employed bioassay for detecting a
wide range of bioactivities in crude extracts. This method is cost-efficient, simple to learn,
and requires only a small amount of test material. Importantly, BSLT shows a strong
correlation with cytotoxic activity, making it a reliable predictor of plant toxicity. However,
unlike mammalian systems, brine shrimp lack the Cytochrome P-450 enzymes necessary for
metabolizing or detoxifying certain chemicals and exhibit different purine metabolism*21°,
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Despite these differences, brine shrimp bioassays have been successfully used to identify
biologically active compounds that inhibit protein synthesis in mammalian cells by affecting
RNA polymerase and ATPase systems. The mortality response of 24-hour-old brine shrimp
larvae exposed to five different concentrations (20-100 mg/mL) of A. muricata L. extracts
over 24 hours. Among the extracts, S/m was the most toxic, while L/e showed the highest
LC50. The LCsp values ranked the extracts as S/m > S/e > L/m > L/e, with values of 24.14 +
0.20, 38.75 £ 0.29, 67.27 £ 0.32, and 85.11 + 0.25 mg/mL, respectively. The cytotoxic effects
of these extracts were correlated with their total phenolic and flavonoid content. The BSLT
has been widely used as an initial screen for assessing the bioactivity of crude plant extracts.

In this study, A. muricata L. extracts showed a range of toxicities, with the methanolic
seed extract (S/m) being the most potent and the ethanolic leaf extract (L/e) displaying
the highest LCso value. This is consistent with studies that have demonstrated the strong
cytotoxic properties of acetogenins, particularly those found in A. muricata seeds.
Acetogenins, such as annonacin, inhibit mitochondrial complex I, leading to ATP depletion
and apoptosis, a mechanism supported by the high toxicity observed in seed extracts®81°,
The ranking of LCso values in this study (S/m > S/e > L/m > L/e) corresponds to the findings
of other studies that emphasize the higher potency of seed-based extracts.

The cytotoxic properties of A. muricata L. extracts were tested by assessing their
effects on the proliferation of the human promyelocytic leukemia cell line (HL-60) and the
hormone-dependent human breast carcinoma cell line (MCF-7) using the MTT assay. This
assay uses a yellow, water-soluble tetrazolium salt, which is converted by metabolically
active cells into a water-insoluble dark blue formazan through the reductive cleavage of the
tetrazolium ring (Hansen, Nielsen, and Berg, 1989). HL-60 and MCF-7 cells were treated
with varying concentrations of the extracts (20-100 mg/mL) for 24 hours at 37°C, after which
cell viability was determined. Interestingly, the methanolic seed extract showed significant
potency against both cell lines. The LCso values for HL-60 and MCF-7 cells treated with the
S/m extract were 25.04 £ 0.32 mg/mL and 38.22 + 0.21 mg/mL, respectively. These LCso
values were correlated with the total phenolic and flavonoid content of the A. muricata L.
extracts. When evaluating the cytotoxic effects on HL-60 and MCF-7 cancer cell lines, the
methanolic seed extract (S/m) was most effective, with LCso values of 25.04 mg/mL for HL-
60 cells and 38.22 mg/mL for MCF-7 cells. These results align with previous research that
highlights the anticancer potential of A. muricata due to its acetogenins and flavonoids,
where acetogenins from A. muricata disrupted mitochondrial functions in cancer cells,
leading to apoptosis?3. Moreover, the correlation between the cytotoxicity and the phenolic
and flavonoid content of the extracts further supports these compounds' roles in the
anticancer activity observed in various studies'®1"18,

Further investigation into the effects of A. muricata L. extracts on nuclear changes in
HL-60 and MCF-7 cell lines was conducted using the Hoechst 33258 staining test at
concentrations ranging from 20 to 100 mg/mL over 24 hours. Hoechst 33258 is a blue
fluorescent dye that stains cell nuclei and is membrane-permeable. After 3 hours of treatment,
significant nuclear morphological changes were observed. Treated cells showed fragmented
nuclei with a blebbing appearance, while untreated control cells displayed normal nuclear
morphology. These results suggest that the methanolic and ethanolic extracts from the leaves
and seeds of A. muricata L. induced apoptosis in a dose-dependent manner, with an increase
in the number of apoptotic cells correlating with the extract concentration.

As apoptosis progresses, characteristic changes in cellular and nuclear morphology
occur, including the fragmentation of chromosomal DNA into small pieces. These DNA
fragments are typically observed as a DNA ladder on a 1.5% agarose gel, reflecting DNA
fragmentation due to the activation of an endogenous endonuclease. After 24 hours, a dose-
dependent increase in the number of cancer cell nuclei with condensed and fragmented
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morphology was noted. Agarose-gel electrophoresis of DNA from treated cells revealed a
ladder-like pattern, which was dose-dependent when compared with the control. The nuclear
morphology changes characteristic of apoptosis were accompanied by a biochemical event:
the endonuclease-mediated cleavage of nuclear DNA, leading to the formation of dense,
crescent-shaped chromatin aggregates along the nuclear membrane®1°.
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Figure 2.

The apoptotic rate (%) of HL-60 (1A-1E) and MCF-7 (2A-2E) cells after 24 hours of
treatment with A. muricata L. extracts. 1A-2A: Untreated cells; 1B-2B: Cells treated with 100
mg/mL of methanolic seed extract (arrows indicate apoptotic fragmented cells, scale bar =
100 um); 1C-2C: DNA fragmentation in cells treated with 20-100 mg/mL of methanolic seed
extract (M = marker; C = untreated cells); 1D-2D-1E-2E: Detection of apoptosis in cells
using the Annexin V-FITC assay after incubation with 20 mg/mL of methanolic seed extract
(D = viable untreated cells; E = early and late apoptotic cells).

In this study, low molecular mass DNA fragments (<200 bp) were analyzed on a 1.5%
agarose gel and compared with a 1 Kb DNA standard marker. Hansen et al. (1989) noted that
the formation of DNA fragments of oligonucleosomal size (180-200 bp) is a hallmark of
apoptosis in many cell types.The characteristics of DNA cleavage, identifying three types that
differentiate apoptosis from necrosis: internucleosomal DNA cleavage (180-200 bp), large
DNA fragments (50-300 bp), and single-strand cleavage. During early apoptosis, pyknosis is
a key feature, followed by late apoptosis, characterized by cell membrane blebbing and the
formation of apoptotic bodies. The effects of A. muricata L. extracts (20 mg/mL) on early and
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late apoptosis in HL-60 and MCF-7 cells were observed using the Annexin-V/PI staining
assay via flow cytometry. Propidium iodide (PI) was used to detect late apoptosis and
necrosis, while Annexin-V was used to identify both early and late apoptosis. RNase A was
employed to restrict Pl binding to DNA molecules. After 24 hours of treatment, the
percentage of early apoptotic HL-60 cells increased to 50.15 + 0.70% with S/e extract
exposure, and to 55.23 + 0.71% in MCF-7 cells with S/m extract. The highest rates of early
apoptosis were observed with S/m treatment, reaching 63.13 + 0.64% in HL-60 cells and
55.23 + 0.71% in MCF-7 cells, while late apoptotic stages showed rates of 16.52 + 0.52%
and 13.98 £ 0.67%, respectively. Apoptosis is a tightly regulated process, resulting in distinct
cellular changes such as cell compaction, chromatin condensation, DNA degradation,
membrane blebbing, and the formation of apoptotic bodies. These morphological changes,

including chromatin condensation and nuclear shrinkage, can be observed under fluorescence
microscopy after staining with DNA-specific fluorochromes!?*3, Lower levels of apoptosis
may be due to defective apoptotic pathways in tumor cells, where overexpression of inhibitor
proteins suppresses apoptotic activators. HL-60 and MCF-7 cells were used to evaluate the
expression of key apoptotic proteins, including caspase-3, caspase-8, Bcl-2, and p53. The
cells were treated with 20 mg/mL extracts for 3, 6, 9, 12, and 24 hours. Western blot analysis
revealed that the expression of caspase-3 (17 kDa), caspase-8 (20 kDa), and p53 (53 kDa)
proteins increased significantly in a time-dependent manner, while Bcl-2 (26 kDa) expression
was significantly downregulated. The relative density of apoptotic protein expression over
time in HL-60 and MCF-7 cells. These findings suggest that methanolic and ethanolic
extracts from A. muricata L. leaves and seeds may disrupt apoptotic protein expression in the
tested cells (Figure 3).
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Figure 3.

Effect of methanolic seed extract of A. muricata L. on the expression of p53, Bcl-2, Caspase-
8, and Caspase-3 proteins in HL-60 (A) and MCF-7 (B) cells. Cells were treated with the
extract (20 mg/mL) for O to 24 hours. The blots were re-probed with an anti-a-actin antibody
to confirm equal protein loading, with 0.1% FCS serving as a positive control. Protein lysates
were separated on 12% SDS-PAGE, electrotransferred onto a PVDF membrane. The
membrane was blocked with 0.1% (v/v) Tween-20 in Tris-buffered saline (TBST) containing
5% (w/v) nonfat dry milk for 20 minutes, then subjected to immunoblotting with anti-
caspase-3, caspase-8, Bcl-2, and p53 antibodies, followed by incubation with goat anti-mouse
IgG-HRP and developed with Tetramethylbenzidine (TMB) substrate.

Apoptosis plays a crucial role in development, tissue homeostasis, and the elimination
of damaged cells in multicellular organisms. Dysregulation of apoptosis is observed in many
types of tumors'*1"18, The results of this study demonstrated that A. muricata L. extracts
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induced apoptosis in HL-60 and MCF-7 cells, as evidenced by loss of cell viability,
chromatin condensation, DNA fragmentation, and the detection of apoptotic proteins
(caspase-3, caspase-8, p53, and Bcl-2). The prevention of apoptosis is often associated with
the upregulation of Bcl-2 and downregulation of Bax. Mutations in the Bcl-2 gene contribute
to cancers by compromising normal cell death mechanisms, weakening the anti-apoptotic
influence of Bcl-2. This research showed that A. muricata L. extracts significantly
downregulated anti-apoptotic Bcl-2 protein in a time-dependent manner. It was confirmed
that Bcl-2 protein originates within the nucleus when DNA is damaged, potentially relating to
the upregulation of pro-apoptotic Bax protein, which forms pores in the outer mitochondrial
membrane to release cytochrome c. The apoptotic induction observed in both cell lines was
characterized by nuclear morphological changes, including chromatin condensation, DNA
fragmentation, and the formation of apoptotic bodies. These findings were confirmed by
Hoechst staining and DNA fragmentation assays, consistent with previous studies that
reported similar apoptotic mechanisms. A. muricata extracts trigger apoptosis through
caspase activation, with increased expression of p53 and downregulation of anti-apoptotic
proteins like Bcl-21>1718 which is in line with result observations of caspase-3 and caspase-8
activation and Bcl-2 downregulation.

Apoptosis, a crucial process in development and tissue homeostasis, involves changes
in the expression of specific genes and can be triggered by various internal and external
signals. Central to this process are the caspases, a family of 14 cysteine proteases that cleave
cellular proteins at aspartic acid residues. Caspases are synthesized as inactive zymogens and
are activated through a hierarchical pathway involving both intrinsic and extrinsic
mechanisms, converging at caspase-3. The activation of caspase-3 leads to the execution
phase of apoptosis, where “executioner” caspases are triggered. During apoptosis, cells
exhibit elevated levels of cytochrome c in the cytosol due to its release from mitochondria,
which activates caspase-3 by proteolytic cleavage, forming an active heterodimer. Active
caspase-3 degrades poly (ADP ribose) polymerase (PARP), thereby disabling DNA repair
and triggering further caspase activation.

Western blot analysis of treated HL-60 and MCF-7 cells reveals time-dependent
increases in p53 and caspase expression, indicating induced apoptosis, while Bcl-2
expression decreases, supporting the activation of apoptotic pathways. Apoptotic signals from
death receptors activate the Death Inducing Signaling Complex (DISC), which in turn
activates caspase-8, initiating a cascade that processes effector caspases leading to apoptosis.
Caspase-8 bridges both extrinsic and intrinsic apoptotic pathways. Intracellular apoptotic
signals often originate in the nucleus due to DNA damage, which activates p53, a tumor
suppressor that promotes pro-apoptotic Bcl-2 family members while suppressing anti-
apoptotic proteins like Bcl-2 and Bcl-XL>*8, Bcl-2, an anti-apoptotic protein, promotes cell
survival by stabilizing the mitochondrial membrane and preventing cytochrome c release. In
contrast, Bax, a pro-apoptotic protein and p53 target, promotes apoptosis by increasing
mitochondrial membrane permeability, leading to cytochrome c release and subsequent
caspase activation'®.

The DNA fragmentation and caspase activation results in study, as revealed by
agarose-gel electrophoresis and Western blot analysis, align with the apoptotic mechanisms
reported in other cancer studies involving A. muricata. Findings of time-dependent increases
in p53, caspase-3, and caspase-8, alongside the downregulation of Bcl-2, are consistent with
the literatures!”*®, where A. muricata extracts were shown to induce apoptosis via intrinsic
and extrinsic pathways. Overall, the findings from this study are strongly supported by
existing literature on the bioactivity of A. muricata L., reinforcing the potential of its extracts,
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particularly those from the seeds, as promising anticancer agents. The consistency results
with the cytotoxicity and apoptotic mechanisms identified strengthens the evidence for A.
muricata's therapeutic applications in cancer treatment.

Conclusion:

In conclusion, the LC50 values of A. muricata L. extracts, determined through brine shrimp
cytotoxicity tests and MTT assays on HL-60 and MCF-7 cells, revealed a strong correlation
with their total phenolic and flavonoid content. The extracts exhibited a dose-dependent
induction of apoptosis, with higher concentrations significantly increasing the number of
apoptotic cells. Early apoptotic responses were notably evident in both cell lines, especially
with the S/m extract. Furthermore, the extracts led to a time-dependent increase in the levels
of caspase-3, caspase-8, and p53 proteins, while reducing Bcl-2 expression, thereby
emphasizing the activation of apoptotic pathways. These findings underscore the potential of
A. muricata L. as a valuable source of anticancer compounds. However, the study's
limitations, such as the lack of in vivo testing and mechanistic studies, should be addressed in
future research to fully validate these promising results.
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Abstract:

In this study, we developed a method for detection of Burkholderia pseudomallei, the
etiologic pathogen of a severe infectious disease known as melioidosis, using
CRISPR/Casl12a. The detection depends on the nonspecific endonuclease activity of Casl2a
which is binding to a specific target DNA via programmable guide RNA (gRNA). The
specific marker, open reading frames: orf2, from T3SS-1 gene cluster of B. pseudomallei was
selected for gRNA design. The DNA of B. pseudomallei was extracted from the colony
suspension by boiling method. The results revealed that the digestion reaction involving the
gRNA specific for orf2 generated DNA fragments. This finding suggested that the newly
designed gRNA was specific to the target DNA sequence leading to the digestion activity by
Casl2a enzyme. Additionally, the target-activated CRISPR/Casl2a cleavage activity was
verified based on signal amplification of signal of single stranded DNA fluorophore-quencher
(ssDNA-FQ) reporter. The result revealed that an increased generation of fluorescence signal,
which was observed in the wild type B. pseudomallei strain K96243 and B. pseudomallei
isolated from clinical sample but not in B. thailandensis. This concludes that the newly
designed gRNA of orf2 could specifically detect B. pseudomallei, but not other pathogens
and can be used for the development of a rapid diagnostic tool for melioidosis, such as
recombinase polymerase amplification lateral flow dipstick.

Introduction:
Melioidosis is a serious infectious disease with a high mortality rate caused by

B. pseudomallei, an environmental aerobic Gram-negative bacillus. The disease in humans

ranges from asymptomatic to focal infections and can be life-threatening due to rapid fatal
septicemia.*® An early diagnosis of the disease could decrease the fatal rate of the patients.
Identification of B. pseudomallei from clinical specimens in a hospital laboratory is typically
done through laboratory tests followed by biochemical identification. Although this technique
is specific and relatively inexpensive, definitive identification of B. pseudomallei requires
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expertise and can be time-consuming (5 to 7 days). Conventional culture method is the
routine gold standard for diagnosis melioidosis. However, this method has a limited
diagnostic sensitivity, because of the low B. pseudomallei numbers in clinical samples or the
presence of unculturable forms of the organism that have been associated with previous
antibiotic treatment in some patients. Many cases have been underdiagnosed or
misdiagnosed as a Pseudomonas species because of similar colony morphology in blood
agar, Gram staining and biochemical tests such as positive oxidase test. The detection of
B. pseudomallei is difficult in routine culture media because it mimics contaminants, and the
overgrowth of normal flora is observed.’

Recently, nucleic acid detection technology based on clustered regularly interspaced
short  palindromic  repeats (CRISPR)/CRISPR-associated  proteinl2a  (Casl2a)
(CRISPR/Cas12a) has been developed and demonstrate high sensitivity, specificity and
reliability. The detection relies on the target-activated nonspecific endonuclease activity of
Casl2a after binding to a specific target DNA via programmable guide RNAs (gQRNA) By
combining the programmable specificity of Cas12a with a reporter molecule that is activated
upon target recognition, these enzymes result in specific and sensitive indications of the
presence or quantity of nucleic acid.®

Hence, the objective of this study was to develop a diagnostic tool based on a
molecular detection system for B. pseudomallei using CRISPR-CAS12a technology. In this
study, we selected open reading frames: orf2 from T3SS-1 gene clusters of T3SSs. The
T3SS-1 gene cluster is present only in B. pseudomallei and not in avirulent B. thailandensis.
Furthermore, orf2 was found to be present in B. pseudomallei and not in the related B. mallei
or B. thailandensis.®

Methodology:
Bacterial Strains and DNA extraction

The clinical isolates of B. pseudomallei were obtained from Chaophaya
Abhaibhubejhr Hospital. The wild-type B. pseudomallei strain K96243 and B. thailandensis
were obtained from the Faculty of Medicine, Khon Kean University. The isolates of
B. pseudomallei, B. pseudomallei strain K96243 and B. thailandensis were inoculated on
blood agar and incubated at 37 °C for 48 h. The bacterial colonies from the medium culture
were used for DNA extraction by modified boiling method.!

Selection of specific B. pseudomallei genes and gRNA design

The specific gene for B. pseudomallei was selected for a guided RNA design. The
open reading frames: orf2 from T3SS-1 was reported as specific markers for
B. pseudomallei that was used in this study.?®® The sequence of orf2 was obtained from the
completed B. pseudomallei K96243 genome sequence at the GenBank accession number
AF074878 deposited by Winstanley et al.}® Sequence specificity was checked by BLAST
searches for nearly exact matches via the site http://www.ncbi.nlm.nih.gov/BLAST/. Single
nucleotide gRNA for orf2 was designed to be complementary to the target site as well as a
5 TTTV protospacer adjacent motif (PAM) on the DNA strand opposite the target as shown
in Table 1.

Table 1 The sequence of specific gRNA of orf2 from T3SS-1 of B. pseudomallei.

Target site Sequence of gRNA Size of bp
orf2 GAUAUCCAUAGGAUCGUCGC 20
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Detection of orf 2 of B. pseudomallei by polymerase chain reaction (PCR) amplification

PCR reactions were performed to detect orf2 of B. pseudomallei situated within the
gene cluster encoding T3SS-1. The primers were designed from the published sequence
of strain K96243 at the GenBank accession number AF074878 by using The Primer-BLAST
software, NCBI. The primers used in this study are shown in Table 2. Briefly, in each PCR
reaction, the total volume of 50 pl contained 25 pl of GoTag® Hot Start Colorless Master
Mix (Promega, Madison, WI, USA), 2 ul of genomic DNA as template, and 10 uM of each
forward and reverse primer. The BIO-RAD T100 thermal Cycler obtained from ICON@IBP
Tower, Singapore is the instrument used to amplify DNA. Initially, the samples were
subjected to gradient PCR (55-65 °C) to optimize the annealing temperature for each primer.
The amplification steps were 1 cycle of initial denaturation at 95 °C for 2 min, 30
amplification cycles with denaturation at 95 °C for 30 s, annealing at 61.4 °C for 45 s and
elongation at 72 °C for 20 s, and the last step was followed by a final extension at 72 °C for 5
min. Nuclease-free water was used as a negative control for PCR. The PCR products were
electrophoresed through 2% agarose gel containing ViSafe Green Gel Stain (Vivantis,
Malaysia) using 1X TBE buffer at 100 Volt (V) for 45 min. Finally, the gel was visualized
and photographed under ultraviolet light by Gel Doc Vilber, France.

Table 2 Forward and reverse primers used for detection of orf2 gene of B. pseudomallei and
PCR product size

Target site Oligonucleotide sequence PCR product size (bp)
5" —>3)
orf2 Forward: CTCACTTCGAAGCCGAACC 250 bp

Reverse: AGTCCGAACATCTCGCTCTC

In vitro digestion activity of Lba Casl12a (Cpfl) on B. pseudomallei DNA target

For testing the specificity of the designed gRNA to B. pseudomallei DNA target, this
study used EnGen® Lba Casl12a (Cpfl) (New England BioLabs, USA) for digestion reaction.
All components were pre-incubated at room temperarture (RT) for 10 min prior to adding the
PCR product of orf2 at the concentration of 439 ng/ ul. Briefly, the digestion reaction was
performed in the total volume of 20 pl mixed with the following components: 439 ng/ul of
orf2 PCR product of B. pseudomallei containing the target sequence, 6 pl of 300 nM gRNA
containing the target sequence in the region of interest, 2 pl of 1 uM Casl2a, 2 pl of 10X
reaction buffer, and nuclease-free water. The two control samples consisted of all
components without DNA and another sample containing all components except gRNA.
After that, the mixture was incubated at 37 °C for 30 min and the digestion results were
electrophoresed through 2.5 % agarose gel containing ViSafe Green Gel Stain (Vivantis,
Malaysia) using 1X TBE buffer at 100 V for 45 min. Finally, the gel was visualized and
photographed under ultraviolet light by Gel Doc (Vilber, France).

Measurement the signal of single stranded DNA fluorophore-quencher (ssDNA-FQ reporter)
of FAM-BHQL1 in CRISPR/Casl12a system

The digestion reaction from CRISPR/Casl2a system at the DNA target of
B. pseudomallei was detected using sSDNA-FQ reporter molecules. The ssDNA-FQ reporter
was synthesized with a fluorescein reporter molecule attached at 5’ end and black hole
quencher 1 on the 3’ end as shown in Table 3. The following reaction of CRISPR/Casl2a
system with ssSDNA-FQ reporter was performed in the total volume of 80 pl containing 8,000
ng of DNA template from PCR product of orf2 containing the target sequence, 6 pul of gRNA
(300 nM), 1 pl of Casl2a (1 uM), 8 pl of 10X reaction buffer, 0.5 ul of sSDNA-FQ (10 uM)
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reporter and nuclease-free water. The control samples consisted of nuclease-free water
containing ssSDNA-FQ and another sample containing all components except DNA. The
FAM displays excitation and emission spectrum peak wavelengths of 495 nm and 520 nm,
respectively. The signals of fluorescence of cleavage products were measured every single
min until 2 h at RT by fluorescence plate reader (Thermo varioskan LUX) as well as the
control samples. The positive signal of fluorescence indicates that CRISPR/Casl2a
specifically reacted with B. pseudomallei DNA target as well as collateral cleavage nearby
SSDNA-FQ reporters.

Table 3 The sequence of ssSDNA-FQ reporter used in CRISPR/Cas12a system.

Reporter Sequence (5’ — 3')

SSDNA-FQ FAM-TTATTATT-BHQ1

Determination the specificity of selected target site orf2 of B. pseudomallei with another
Gram-negative bacilli (B. thailandensis)

Another closely related Gram-negative bacilli of B. pseudomallei, B. thailandensis
was used to determine the specificity of the test condition. The isolates of B. thailandensis
were obtained from the Faculty of Medicine, Khon Kean University, and kept in 40% sterile
glycerol at -80 °C before proceeding to determine the specificity of orf2. The bacterial stock
was cultured on blood agar or MacConkey agar, and incubated at 37 °C for 48 h.
Subsequently, the bacterial colonies were used for genomic DNA extraction by boiling
method as described previously and then the extracted DNA was used for detection of orf2 by
PCR technique. The PCR products were electrophoresed through 2.0% agarose gel
containing ViSafe Green Gel Stain (Vivantis, Malaysia) using 1X TBE buffer at 100 V for 45
min. Finally, the gel was visualized and photographed under ultraviolet light by Gel Doc
(Vilber, France). The specificity of the designed gRNA in CRISPR/Cas12a system as well as
the measurement signals of ssDNA-FQ reporter using FAM-BHQ1 were also investigated
following the PCR technique.

Results and Discussion:
Detection of orf2 of B. pseudomallei by polymerase chain reaction (PCR) amplification

In the present study, both the wild type B. pseudomallei strain K96243 and clinical
isolates of B. pseudomallei exhibited identical PCR products of orf2 which was detected at
250 bp as shown in the Figurel. The results suggest that the primers designed for orf2 in this
study could be useful for investigation B. pseudomallei strain found in clinical samples.

Furthermore, the results of this study demonstrated that DNA extracted by boiling
method without ethanol precipitation appeared as a clear single band in the agarose gel
similar to DNA extracted by boiling method with ethanol precipitation and DNA extracted by
boiling method with ethanol precipitation and incubated overnight at -20 °C, which indicates
that DNA was not degraded and provided the sufficient DNA vyield. Hence, the boiling
method offers a rapid, easy and cost-effective approach for high-yield DNA isolation from
gram-negative bacteria.

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

75



250 bp

Figure 1 The PCR products of orf2 from T3SS-1 of clinical isolate B. pseudomallei exhibited
250 bp using 2% agarose gel electrophoresis. Lane 1: DNA extracted by boiling method with
ethanol precipitation, Lane 2: DNA extracted by boiling method without ethanol
precipitation, Lane 3: DNA extracted by boiling method with ethanol precipitation and
incubated overnight at -20 °C, Lane 4: negative control Lane M: 25-bp DNA ladder.

In vitro digestion activity of Lba Cas12a (Cpfl) on B. pseudomallei DNA target

The specificity of the designed gRNA to B. pseudomallei DNA target was tested
using the PCR product of orf2 containing the target sequence. The designed gRNA of this
study binding to target sequences of orf2 was illustrated in Figure 2. According to previous
studies, Casl2a quickly recognized and cleaved the DNA target site under the guidance of its
specific gRNA.% In our study, the in vitro digestion activity of RNA-guided enzyme Cas12a
or CRISPR/Casl12a on target sites was investigated by 2.5% agarose gel electrophoresis. The
results showed that the DNA fragments of orf2 from both the wild type B. pseudomallei
strain K96243 and the clinical isolate B. pseudomallei exhibited a larger size (350 bp) than its
PCR product (250 bp) which were used as a control after adding gRNA and Cas12a into the
reaction. Additionally, a smaller fragment of more than 50 bp was also observed (Figure 3).
In theory, if the digestion occurs in the reaction involving the gRNA and Casl12a enzyme, it
should have generated small sizes of the DNA fragments. However, in our study the orf2
reaction showed 3 distinct bands, one of which showed a larger size of fragment band. This
could be explained by the presence of tightly bound proteins (endonuclease enzyme) and
nucleic acid (DNA) which form stable complexes during gel electrophoresis. However, the
PCR product of orf2 containing the target sequence was subsequently tested in
CRISPR/Cas12a system with sSDNA-FQ reporter to determine the specificity of the designed
gRNA used in this study.
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5"UAAUUUCUACUA

LA

3’AAG GGG UAU GGG CAA UAA GC UAGAUGUG

5’ACTCCGGAAT TTC CCC ATA CCC GTT ATT CG AAA CCGATCGGAG 3’
3" TGAGGCCTTA AAG GGG TAT GGG CAA TAA GC TTT GGCTAGCCTC 5’

Figure 2 The gRNA binding to target sequences of orf2 from T3SS-1 of B. pseudomallei

350 bp
300 bp
250 bp

50 bp

Figure 3 In vitro digestion activity of RNA-guided enzyme Casl2a or CRISPR/Casl2a on
target sites of orf2 PCR product using electrophoresis with 2.5% agarose gel. Lane 1 and
Lane 2: PCR product of orf2 exhibited different fragment sizes of 250, 350 and >50 bp, Lane
3: gRNA and Cas12a without PCR product, Lane 4: PCR product and Casl2a except gRNA,
Lane M: 50-bp DNA ladder.

Measurement the signal of single stranded DNA fluorophore-quencher (ssSDNA-FQ reporter)
of FAM-BHQL1 in CRISPR/Cas12a system

The output of fluorescence signal and its intensity are directly related to the presence
and concentration of the activated Casl2a in the reaction system. In our study, the target-
activated CRISPR/Casl12a cleavage activity was verified based on signal amplification of
ssSDNA-FQ reporter. The result revealed that an increase of collateral cleavage activity of the
FAM fluorophore from its quencher, leading to an increased generation of fluorescence
signal, which was observed in the wild type B. pseudomallei strain K96243 and B.
pseudomallei isolated from clinical sample but not in B. thailandensis and control samples
(Figure 4). Although, the finding of slightly intense orf2 fragment of B. thailandensis on the
agarose gel by PCR, further analysis using the CRISPR/Casl2a system with ssDNA-FQ
reporter demonstrated that the designed gRNA for orf2 from T3SS-1 of B. pseudomallei of
this study was specific for detecting B. pseudomallei.
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Figure 4 The signal of FAM fluorophore of cleavage products of orf2 from T3SS-1 of B.
pseudomallei comparing with the fluorescence signals of B. thailandensis and control groups.

Determination of the specificity of selected target site orf2 of B. pseudomallei with another
Gram-negative bacilli

The result revealed that a slightly intense DNA fragment of B. thailandensis was
observed on the agarose gel. However, it exhibited a different fragment length from that of B.
pseudomallei (250 bp), which was used as a positive control as shown in Figure 5. The
finding of orf2 fragment of B. thailandensis on the agarose gel should be improved by
sequencing. However, the primers designed of orf2 in this study was able to detected B.
pseudomallei at the DNA fragment length of 250 bp. Subsequently, the PCR product of orf2
from B. thailandensis was tested in CRISPR/Casl12a system to determine the specificity of
the designed gRNA used in this study. The further analysis using the CRISPR/Cas12a system
with ssDNA-FQ reporter revealed that no fluorescence signal of B. thailandensis was
observed (Figure 4). This indicated that the designed gRNA of this study was specific for
detecting B. pseudomallei.
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300 bp
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50 bp

Figure 5 The PCR result of amplifying orf2 from B. thailandensis using by 2% agarose gel
electrophoresis to determine the specificity of orf2 from T3SS-1 of B. pseudomallei. Lane 1
and Lane 2: DNA of B. thailandensis, Lane 3: DNA of B. pseudomallei as a positive control
(250 bp), Lane 4: negative control Lane M: 50-bp DNA ladder.

Conclusion:

In this study, we developed a new methodology for detection of B. pseudomallei
using CRISPR-Casl2a technology. The DNA of B. pseudomallei was extracted from the
colony suspension by the boiling method without DNA precipitation gave the quickest and
simplest methodology for DNA extraction. The newly designed gRNA was shown to be
specific for orf2 and generated digested DNA fragments with larger and smaller sizes. This
indicates that the newly designed gRNA was specific for this bacterial pathogen illustrating
the endonuclease activity. Furthermore, to visualize the digestion activity, a sSDNA-FQ
reporter was used for simple readouts of the target-activated CRISPR/Casl2a cleavage
activity. The output fluorescence signal and its intensity are directly related to the presence
and concentration of the activated Casl12a in the reaction system. In our study, we observed
an increase in collateral cleavage activity of the FAM fluorophore from its quencher,
according to an increased generation of fluorescence signal, in the wild-type B. pseudomallei
strain K96243 and B. pseudomallei isolated from clinical samples, but not in B. thailandensis
and control samples. Although, the finding of slightly intense orf2 fragment of B.
thailandensis on the agarose gel by PCR was observed. This indicated that gRNA of orf2
designed in this study could specifically detect B. pseudomallei, but not other pathogens. As
the results, the newly designed gRNA can be used for the development of a rapid diagnostic
tool for melioidosis. This could facilitate a clinical microbiological laboratory in small
community hospitals to detect and interpret the infection from B. pseudomallei more
efficiently. For the future direction, we will focus on validating this technology in clinical
samples and applying to practical applications, such as recombinase polymerase
amplification lateral flow dipstick.
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Abstract

The objective of this study is to investigate the diversity of lichens genus Pyrenula Ach.
(Pyrenulaceae) is a group of crustose lichens that typically grow on smooth, shaded bark and
produce sexual reproductive structures called perithecia (ascomata), which contain greyish
brown to brown ascospores. Lichen specimens were collected from Doi Suthep-Pui National
Park and the Inthanon Lady's Slipper Orchid Conservation Project in Doi Inthanon National
Park, Chiang Mai Province, from August 2023 to March 2024. A total of ninety specimens
were collected from across various forest types, including deciduous forest, dry dipterocarp
forest, and hill evergreen forest. Based on morphological characteristics and chemical traits,
the taxonomic identification of all samples revealed twelve species. The forest with the
highest lichen diversity was the Hill Evergreen Forest (HEF) in Doi Suthep-Pui National
Park, which harbored nine species. Additionally, Pyrenula immissa was commonly found in
all forest types. The most lichens were found Doi Suthep-Pui National Park. To provide a
more complete database and examination of lichen species in Thailand, this study expands on
the known diversity and distribution of Chiang Mai Province and provides information for
the conservation and sustainable utilization of biodiversity resources in Thailand.

Keyword Genus Pyrenula, Inthanon National Park, Doi Suthep-Pui National Park, Chaing
Mai Province.

Introduction

Chiang Mai is located on northern Thailand, known for its mountains, diverse forest types
and access to many natural areas. This includes the highest mountain in Thailand Doi
Inthanon, and Doi Suthep-Pui the mountain adjacent to Chiang Mai city. Both mountains are
National Parks and have provided many new botanical species and records and lichens
together with and Lichen has been studied very little in Chiang Mai, especially in the national
park. The first lichenological exploration of Doi Suthep dates to 1904 when Hosseus
conducted research (with species later reported by Vainio in 1921). More recently, Aptroot
and colleagues (2007) documented around 300 lichen species in the area. Notably, crustose
lichens, primarily from the genus Pyrenula, were found to comprise 16 taxa. However,
despite the rich biodiversity, lichenologists in Chiang Mai Province have relatively limited
records of tropical monsoon region lichens, especially corticolous crustose lichens like
Pyrenula. Pyrenula, a genus within the family Pyrenulaceae, thrives in tropical, subtropical,
and Neotropical regions. The collected lichens form produces a reproductive structure called
perithecium, a fruiting body which is rounded or flask-shaped, and which opens by a narrow
pore at the apex, and exhibit UV— or UV+ yellow thalli. Some may have pseudocyphellae,
while others contain lichexanthone or anthraquinones. Their perithecioid ascomata,
occasional inspersed hamathecia, unbranched filaments, and various types of ascospores
contribute to their diversity. Globally, there are 238 recognized Pyrenula species, with
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Thailand hosting ninety-nine of them (Buaruang et al., 2017; Phokaeo et al., 2019). In this
study, we focus on the biodiversity of the Pyrenula genus within the Inthanon Lady’s Slipper
Orchid Conservation Project, Doi Inthanon National Park, and Doi Suthep-Pui National
Park. Our research builds upon previous studies, and we anticipate uncovering even greater
lichen species diversity within this fascinating genus.

Methodology

Survey and collect lichen samples on plants from 3 types of forest comprised of deciduous
forest (DC), dry dipterocarp forest (DDF) and hill evergreen forest (HEF) on both Doi
Suthep-Pui National Park (Site A) and Inthanon Lady's Slipper Orchid Conservation Project,
Doi Inthanon National Park (Site B) in Chaing Mai province (Figure 1) during 2022-2024.
The lichen species were classified based on taxonomic principles, including the study of
morphology, anatomy, and basic chemical composition through spot tests and ultraviolet
(UV) light examination. Species identification followed the taxonomy proposed by Aptroot et
al. (2008), Aptroot (2012), and Awasthi (1991).

Figure 1 A: Map of Thailand (from “Thai Plants names” by Tem Smitinand, 2001, Bangkok:
Royal Forest Department), B: (DC) deciduous forest; C: (DDF) dry dipterocarp forest; D:
(HEF) hill evergreen forest in Doi Suthep-Pui National Park); E: (HEF) hill evergreen forest
in Inthanon Lady's Slipper Orchid Conservation Project, Doi Inthanon National Park).

Results and Discussion

From the survey and collection of lichen of the genus Pyrenula from Inthanon Lady's Slipper
Orchid Conservation Project, Doi Inthanon National Park and Doi Suthep-Pui National Park
in Chaing Mai province. All of 90 specimens in various three forest types including
deciduous forest (DC), dry dipterocarp forest (DDF), hill evergreen forest HEF (Figure 1).
Ninety collected samples were identified into 12 species (Figure 2) and the common lichens
found in all forest conditions is Pyrenula immissa (Table 1). These lichen as follow some
characteristics of species thallus UV-, with or without pseudocyphellae, ascomata single or
with stromata black, irregularly size 0.3-2 mm., immersed to emergent, hymenium colorless
with or without oil droplet, fusiform to ellipsoidal, grey brown to brown, transversely to (sub)
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muriform, with 8 ascospore per ascus, Terminal lumina cell separated or directly from the
exospore wall by endospore thickening (Kansri Boonpragob & Kawinnat Buaruang., 2007).
The common lichens found in all forest conditions is P. immissa. Since it was a study of two
areas, it was found that diversity of lichen in Doi Suthep-Pui National Park it has three
different types of forest. This results in a great diversity of plant species, the forest with the
greatest distribution of lichen is the hill evergreen forest at Doi Suthep, which has the most 9
species of lichen. Most of the plant species found have smooth shade bark, allowing the
lichen to adhere and grow well, while the hill evergreen forest at Doi Inthanon has only three
species. Since most of the plants are conifers, the bark is easily peeled off, lichen does not
adhere well, and the weather is cool all year round, with little sunlight, there is less lichen to
be found. Previous studies of this lichen genus in Chiang Mai Province, especially Doi
Suthep and Doi Inthanon found a total of eight species. This study found ten more species,
which had never been reported before after a study in 2007 (Aptroot et al.,2007; Buaruang et
al., 2017), However, Doi Suthep and Doi Inthanon were only studied in some areas of the
park, so the forest conditions were not very diverse, including the relatively humid climate.
This group of lichens is found in abundance in hot, humid areas where sunlight can reach
them.

Table 1. Number of lichen samples in genus Pyrenula and the species names collected from
three forest types on both from Doi Suthep-Pui National Park and Inthanon Lady's Slipper
Orchid Conservation Project, Doi Inthanon National Park in Chaing Mai province.

Site A | SiteB
Lichen species Forest type Total
DC DDF HEF HEF
1. Pyrenula anomala 9 5 2 16
2. Pyrenula aspistea 1 5 6
3. Pyrenula brunnea 1 1
4. Pyrenula cayennensis 1 5 6
5. Pyrenula fetivica 12 20 32
6. Pyrenula immissa 6 4 7 1 18
7. Pyrenula leucostoma 2 2
8. Pyrenula mamillana 1 1
9. Pyrenula massariospora 2 2
10. Pyrenula quassiicola 2 2
11. Pyrenula thailandica 2 2
12. Pyrenula thelomorpha 1 1
Number species 2 6 9 3
Total specimens 15 14 37 23 90

DC: Deciduous Forest; DDF: Dry Dipterocarp Forest; HEF: Hill Evergreen Forest
Site A: Doi Suthep-Pui National Park, Site B: Inthanon Lady's Slipper Orchid Conservation
Project
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Figure 2 Thallus of perithecia lichen genus Pyrenula species on both from Doi Suthep-Pui National
Park and Inthanon Lady's Slipper Orchid Conservation Project, Doi Inthanon National Park in Chaing
Mai province; A. P. anomala, B. P. aspistea, C. P. brunnea, D. P. cayennensis, E. P. fetivica, F. P.
immissa, G. P. leucostoma, H. P. mamillana, I. P. massariospora, J. P. quassiicola, K. P. thailandica
and L. P. thelomorpha (scale-1 cm).

Conclusion

Ninety crustose lichen specimens of the genus Pyrenula were collected from Deciduous
Forest (DC), Dry Dipterocarp Forest (DDF), and Hill Evergreen Forest (HEF) in both Doi
Suthep-Pui National Park and the Inthanon Lady’s Slipper Orchid Conservation Project
within Doi Inthanon National Park. Taxonomic identification revealed twelve distinct taxa,
with Pyrenula immissa being the common lichen found across all forest conditions. Notably,
the HEF at Doi Suthep-Pui National Park exhibited the highest lichen diversity, hosting a
total of nine species. Further studies may require more comprehensive sampling in other
forest types in Chiang Mai Province, which may reveal more lichen species and provide a
more complete database and investigation of lichen species in Thailand.
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Abstract:

This preliminary work reports the effect of nitrogen concentration on growth and lutein
production by green microalgal Chlorococcum humicola. Batch cultivation showed that
microalgae cultured with 50% NaNOs in BG-11 growth medium yielded the highest biomass
concentration of 630 = 131 mg/L. In contrast, the maximum lutein content, measured at 1.33
+ 0.63 mg/g, was obtained when NaNOs in BG-11 growth medium was reduced to 25% of
the original amount (25% NaNOs). Lutein production observed in this study seemed to
incline towards nitrogen limitation, which contrasted with the general trend that preferred
nitrogen sufficient environment. This evidence suggests that optimization of lutein depends
on microalgal species and requires further investigation.

Introduction:

Microalgae are unicellular organisms that are capable of photosynthesis. Microalgae are
natural sources of carotenoids, which are natural pigments employed in different applications
including supplementary diets, animal feed additives, cosmetics, and pharmaceuticals. One of
the most important carotenoids in microalgae is lutein. Lutein, yellow color carotenoid, plays
an important role in light-energy harvesting to increase the efficiency of photosynthesis and
protecting microalgae from photooxidation under high-light intensity conditions.! Lutein
production from microalgae possesses several advantages compared to conventional process
(i.e., extraction from marigold), namely, higher productivity due to higher microalgal growth
rate than terrestrial plants, ability to operate in photobioreactors where soil fertility is
irrelevant and environmental parameters can be effectively controlled, and ability to utilize
waste products such as carbon dioxide and wastewater containing nitrogen and phosphorus.?®
The previous study by Powtongsook and Nootong reported the accumulation of lutein in
green microalga Chlorococcum humicola from 25% to 40% of the total carotenoids in
biomass.* Other advantages of this particular strain include ability to grow in wide range of
temperature, pH and carbon dioxide concentration, and its tendency to form cell clusters that
allows algal biomass to be harvested by conventional methods such as filtration and
sedimentation.>® Adjusting nitrogen concentration has been reported as one of the strategies
to enhance growth and carotenoid accumulation in many microalgal species. Although
significant progress has been accomplished to the level of commercialization for carotenoids
such as astaxanthin and beta-carotene, limited progress is noted for lutein especially in C.
humicola. Therefore, this preliminary study aims to examine the effect of varying nitrogen
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concentration in the growth medium on biomass and lutein production in C. humicola
cultured in photobioreactors.

Methodology:

Chlorococcum humicola TISTR 8266 was used in this study. Inoculum of C. humicola (100
mL) was mixed with sterile BG-11 growth medium (900 mL) in stirred tank photobioreactor.
Liquid mixing in photobioreactor was achieved by using a magnetic stirrer at 900 rpm. The
composition of BG-11 growth medium is displayed in Table 1. The photobioreactor was
placed under room temperature (25 °C) and subject to continuous lighting at 134 pmol
photons/m?-s at the surface of photobioreactor. Aeration rate was maintained at 0.8 L/min for
the entire cultivation. In this study, nitrate concentration, as the nitrogen source in the growth
medium, was chosen as an experimental variable, adjusting to 0%, 25%, 50%, 100%, 125%,
and 150% of the amount in the BG-11 growth medium. The cultivation at each nitrogen
concentration was performed in triplicate (n = 3 photobioreactors). The cultivation proceeded
until the stationary phase was established. Culture liquid sample (30 mL) from
photobioreactors was obtained daily and analyzed for dry weight based on the method in
APHA (1998).” Chlorophyll concentration was analyzed according to Strickland and Parsons
(1972).8 Nitrate concentration in the culture medium was analyzed according to APHA
method 4500-NOs-B.” Lutein concentration was analyzed using high-performance liquid
chromatography with a photo diode array detector by injecting 20 uL of the extracted
carotenoid liquid sample into a C-18 column with the carrier phase being a mixture of
distilled water, methanol, acetonitrile, and dichloromethane in the ratio of 1:10:79:10,
respectively, at a flow rate of 1 mL/min, for a total analysis time of 30 min. Data from each
treatment were statistically compared by one-way ANOVA with Tukey HSD post hoc test
with the significance level of 0.05.°

Table 1.
Composition of BG-11 growth medium®
Component Concentration (g/L)
NaNO3 1.500
K2HPQO4-3H20 0.040
MgSO4-7H20 0.075
CaCl2-2H20 0.036
Na,COs 0.020
Citric acid 0.006
Ferric ammonium citrate 0.006
EDTA 0.001
Trace metal mix As 1mL
Table 2.
Composition of Trace metal mix As®
Component Concentration (g/L)
H3BOs 2.860
MnCl> 1.810
Na:Mo004-2H20 0.390
ZnS04-7H20 0.222
CuS04-5H0 0.079
Co(NOg3)2-6H20 0.050
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Results and Discussion:

Nitrogen is an essential macronutrient required for biosynthesis of protein, enzymes, nucleic
acids, and chlorophyll during cell growth.® Thus, availability of nitrogen in the growth
medium should be one of the key factors influencing the biomass production of C. humicola.
Biomass concentration, measured as dry weight, increased in all treatments except the
cultivation supplied with the growth medium without nitrogen source (NaNO3). At the end of
the experiment, the cultivation supplied with 50% NaNOs yielded the highest biomass
concentration at 630 + 131 mg/L, which corresponded to the biomass productivity of 73.1 +
16.35 mg/L-day. The maximum biomass concentration was insignificant difference (p > 0.05)
compared to the cultivation subject to 100% NaNOs, 125% NaNOs and 150% NaNOs, which
produced the final biomass concentration at 565 + 229, 545 + 201, and 555 + 100 mg/L,
respectively. Biomass production was less effective when nitrogen content in growth medium
was reduced to 25%, as indicated by significantly lower biomass concentration at 435 + 78
mg/L. The influence of nitrogen supply on biomass production was clearly related to the
results of nitrate measurement (Figure 2). With the remaining nitrogen in the growth medium
exceeding 150 mg N/L, it was apparent that nitrogen was not the limiting factor for cell
growth in the cultivation supplied with 50% NaNOs and higher. This is in contrast to the
cultivation supplied with 25% NaNO3 that observed the remaining nitrate concentration less
than 30 mg N/L (Figure 2). Chlorophyll is another parameter commonly used to track growth
in green microalgae. Results of chlorophyll analysis were consistent with biomass
production, with the highest chlorophyll concentration (50.6 + 22.42 mg/L) obtained from the
cultivation supplied with 50% NaNOg in the growth medium (Figure 1).

Previous studies have shown that nitrogen plays an important role in microalgal
biosynthesis of lutein.!! Unlike biomass production, the highest lutein content (1.33 + 0.63
mg/g) was associated with the cultivation supplied with 25% NaNOs3 in the growth medium
(Figure 3). The magnitude of lutein content in this study was significantly lower than the
previous works, which reported lutein content in range 5 to 15 mg/g.'° The likely explanation
could be related to the cultivation under sub-optimal conditions as compared to the previous
works. Important environmental inputs affecting growth and lutein production such as light
intensity, photoperiod, light wavelength, and types of photobioreactor were not optimized
during the experiment.’® The results obtained were also in line with past researches that
demonstrated nitrogen limitation can induce stress response in some microalgal species (e.g.,
Scenedesmus Obliquus, Muriellopsis sp.), leading to increased lutein accumulation as means
to protect photosynthesis apparatus from oxidation stress.>!3 Nonetheless, the general trend
of lutein biosynthesis in microalgae seems to incline toward nitrogen sufficient condition.®
Thus, the finding from this study is the clear evidence that optimization of lutein and other
biochemicals is species specific and requires further investigation. By adopting lutein
productivity as the main criteria, the suitable nitrogen concentration in growth medium was
25% NaNOs, leading to the highest lutein productivity of 0.07 mg/L-day (Table 3).
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Figure 1.
Dry weight (biomass) and chlorophyll concentration at the end of the cultivation (8" day) of
Chlorococcum humicola in BG-11 growth medium with different NaNOs concentration (0% -
150% of the amount in standard BG-11 growth medium i.e., 100% NaNO3).
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Figure 2.
Nitrate concentration at the start and the end (8" day) of the cultivation of Chlorococcum
humicola in BG-11 growth medium with different NaNO3 concentration (0% - 150% of the
amount in standard BG-11 growth medium i.e., 100% NaNO3).
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Figure 3.
Lutein content at the end of the cultivation (8" day) of Chlorococcum humicola in BG-11
growth medium with different NaNOgz concentration (0% - 150% of the amount in standard
BG-11 growth medium i.e., 100% NaNQO3).

Table 3.
Biomass and lutein production rate from cultivation of Chlorococcum humicola in BG-11
growth medium with different NaNOgz concentration (0% - 150% of the amount in standard
BG-11 growth medium i.e., 100% NaNQ3).

NaNOs concentration Biomass productivity Lutein productivity (mg/L-day)

(mg/L-day)

0% 17.29+1.44 ND
25% 39.17 +14.28 0.07 +£0.02
50% 73.13 +16.35 0.05+0.01
100% 55.79 + 29.05 0.05+0.03
125% 55.35 + 23.37 0.06 + 0.03
150% 56.25 + 10.44 0.04 +0.04

ND = Non-detectable

Conclusion:

This preliminary work focused on the effect of adjusting nitrogen concentration on biomass
and lutein production in C. humicola. Nitrogen availability clearly affected growth and lutein
production in C. humicola, with maximum biomass concentration and maximum lutein
content obtained when supplying 50% NaNOsz and 25% NaNOs in the growth medium,
respectively. Contrasting outcomes with the general trends suggested that lutein optimization
is species specific. Additionally, further optimization of culture condition and improving

photobioreactor design are essential for increasing lutein productivity.
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Abstract:

The study aimed to explore the relationship between cell-free DNA (cfDNA) quantity in
spent culture medium and the morphology and chromosomal abnormalities of human
embryos. 39 zygotes were cultured to the blastocyst stage, with morphological grading
conducted on Days 5-6. The embryos underwent biopsy for preimplantation genetic testing
for aneuploidy (PGT-A), and cfDNA was extracted and quantified from the spent medium.
The study compared cfDNA levels between blastocysts of good and poor morphology, as
well as between euploid and aneuploid blastocysts, using the Mann-Whitney statistical
analysis at a significance level of 0.05. The results showed no statistically significant
difference in cfDNA quantities between moderate and poor morphology embryos (p=0.274)
or between euploid and aneuploid groups (p=0.406). The study concludes that cfDNA levels
in spent culture medium are unsuitable for indicating blastocyst morphology or chromosomal
abnormalities.

Introduction:

Infertility refers to a condition in which married couples, despite living together and
having regular unprotected sex for one year, are unable to conceive!. One of the infertility
treatments is assisted reproductive technology (ART). Common ART methods include in
vitro fertilization and embryo transfer (IVF and ET), intracytoplasmic sperm injection (ICSI),
and frozen embryo transfer (FET). The choice of treatment depends on the underlying cause
of infertility. However, societal trends toward later marriages often delay the discovery and
initiation of infertility treatment. As a result, even with the use of ART, the likelihood of a
successful pregnancy decreases as the mother's age increases. This decline in success rates
may be due to a reduced number of oocytes or the presence of chromosomal abnormalities in
reproductive cells?.

To overcome this challenge, a critical step in ART involves selecting good-quality
embryos that have the highest chance of successful implantation. This selection can be guided
by evaluating the morphology of the embryo under a microscope and assessing criteria
related to pregnancy outcome. Additionally, preimplantation genetic testing for aneuploidy
(PGT-A) can be used to identify embryos with chromosomal abnormalities. Aneuploid
embryos are one of the causes of implantation failure, and if implantation does occur, they
can lead to congenital disorders. Therefore, PGT-A plays a crucial role in improving the
chances of a successful and healthy pregnancy®.
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The PGT-A is used to detect chromosomal abnormalities of the embryo by analyzing
the number of chromosomes using next-generation sequencing (NGS) techniques. The results
are presented as copy number variation (CNV), indicating whether any of the 23 pairs of
chromosomes exhibit an insertion or deletion in chromosome number. The embryonic sample
used for PGT-A testing consists of 3-5 trophectoderm cells, biopsied from the embryo.
However, this method is invasive and may pose a risk to the embryo. Additionally, biopsy
technique requires highly skilled embryologists. As a result, non-invasive techniques for
assessing embryo quality have been developed, which do not require direct intervention with
the embryo.

One of the interesting non-invasive methods involves using spent culture medium as a
specimen for analysis. The spent medium contains cell-free DNA (cfDNA), RNA, miRNA,
and various proteins, which can serve as indicators of embryo anomalies and quality. In this
study, we focus on cfDNA. cfDNA refers to genetic material that is freely floating in the
spent medium. The average quantity of this genetic material is approximately 3 ng, with a
size of around 400 base pairs®. The secretion of ¢fDNA into the embryonic solution is
thought to be linked to apoptosis, a form of programmed cell death. Apoptosis is a highly
regulated process in which cells undergo controlled death, leading to the fragmentation of
cellular components, including DNA. Several studies support this hypothesis. For instance,
Rule et al.® research found cfDNA in blastocoel fluid, which was associated with embryonic
morphology. Additionally, it has been shown that a portion of the cfDNA present originates
from the intracellular contents of embryonic cells undergoing apoptosis. Stigliani et al.” study
observed embryos with 5% fragmentation, which was associated with both apoptosis and
secondary necrosis. Singla et al.® research demonstrated that the apoptotic pathway is
involved in eliminating aneuploid cells in developing mosaic embryos in a mouse model.
This leads to the hypothesis that poor-grade blastocysts, which tend to exhibit higher rates of
apoptosis, will release a greater quantity of cfDNA into the medium. Therefore, the objective
of this research is to explore the relationship between cell-free DNA (cfDNA) quantity in
spent culture medium and the blastocyst grading and the results of chromosomal
abnormalities number of human embryos.

Methodology:
Ethical Approval

The protocol of the present study was ethically approved by the Institutional Review
Board of Srinakharinwirot University (IRB; SWUEC-M-079/2565E). The embryo culture
media was obtained after receiving informed consent from the patients.
Participant enrollment
Twelve couples undergoing infertility treatment using the ICSI technique at Paragon Fertility
Clinic, Thailand, aged between 25 and 45 years, who did not have chronic conditions such as
diabetes, endocrine disorders, blood disorders, or autoimmune diseases, and who provided
informed consent, participated in the research study.
Embryo culture and morphological evaluation

Following ICSI, 39 zygotes were cultured in 20 pL drops of continuous spent culture
medium (Life Global, Denmark) for 5-6 days until they reached the blastocyst stage.
Embryonic development was monitored using an Olympus [X73 inverted microscope.
Images were captured daily for 6 days, with the embryo maintained in an IVF working
chamber at 37°C, 5% CO-, and 5% O2 (Pulse Science, Denmark). On Days 5 and 6 post-ICSI,
embryo quality at the blastocyst stage was assessed based on the morphological
characteristics of the trophectoderm (TE) and Inner cell mass (ICM), using the Gardner
grading system’ as detailed in Table 1. Based on this evaluation, we categorized blastocyst
morphology into three groups: good morphology (AA, AB, or BA), moderate morphology

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

93



(BB), and poor morphology (AC, BC, CB, or CC). After 5-6 days of culture, embryos that
developed into the blastocyst stage underwent trophectoderm biopsy, where 3-5 cells were
excised for preimplantation genetic testing for aneuploidy (PGT-A) at a Next Generation
Genomic laboratory, Thailand. The biopsied embryos were then cryopreserved for future
transfer.

Table 1.
Gardner grading system for blastocyst-stage embryos
Grade ICM Description TE Description

A Large ICM, many compacted = Many cells forming a
cells, tightly packed cohesive epithelium

B Smaller size, fewer loosely Few cells forming a
adherent cells, less compacted  loose epithelium

C Very few cells visible, may be  very few large cells
loose, difficult to distinguish
from TE

Spent culture medium collection

Spent culture medium, each with a volume of 20 pl per embryo, were collected after
embryo freezing. These samples were stored in tubes specifically designed to maintain
DNAase- and RNAase-free conditions. The tubes were frozen at -20°C until the DNA
extraction process.
Total DNA extraction

Total DNA was extracted from the spent culture medium using the DNeasy Blood &
Tissue Kit (Qiagen, Germany), following the manufacturer's protocol. DNA quantity was
measured using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, United
States) and reported in ng/ul. Measurements were performed in triplicate, with the Elution
Buffer from the DNeasy Blood & Tissue Kit used as the blank control.
Statistical analysis

To investigate the association between cfDNA quantity and blastocyst grading and
PGT-A results from embryo biopsy, the Mann-Whitney U test was employed, at a confidence
level of 95%.

Results and Discussion:

In this experiment, cfDNA was extracted from spent medium samples of 34
blastocysts, 5 arrested embryo and 3 negative control samples (fresh culture medium). The
cfDNA concentrations were measured. The results of c¢fDNA concentrations were
summarized in Table 2.

Table 2.
cfDNA concentrations

Sample name | Concentration (ng/ul)
1 2.55
2 2.60
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3 2.60
4 2.70
5 2.70
6 2.70
7 2.70
8 2.70
9 2.80
10 2.80
11 2.90
12 3.00
13 3.00
14 3.00
15 3.10
16 3.20
17 3.30
18 3.40
19 3.40
20 3.45
21 3.50
22 3.70
23 3.80
24 3.80
25 3.90
26 4.30
27 4.40
28 4.50
29 4.90
30 4.90
31 5.00
32 5.70
33 5.90
34 5.90
Arrested1 2.70
Arrested2 3.20
Arrested3 3.40
Arrested4 3.20
Arrested5 2.80
Negativel 2.60
Negative 2 2.55
Negative 3 2.45

Morphology grading is a crucial factor in selecting high-quality embryos for transfer.
Blastocyst quality evaluation involves two key components: the ICM and TE. In this study,
no spent culture medium was obtained from blastocysts with TE or ICM graded as A;
therefore, these were excluded from the analysis. Consequently, statistical comparisons were
conducted only on embryos graded as B and C. An example of each blastocyst grade is
presented in Figure 1. To assess whether cfDNA secretion into the spent culture medium
varies with blastocyst grade and cell type, a comparative analysis of cfDNA levels across
different grades within each cell type was conducted. The analysis revealed that in ICM, the
median cfDNA concentration was 3.00 ng/ul for Grade B (n=19) and 3.45 ng/ul for Grade C
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(n=15). In TE cells, the median ¢cfDNA concentration was 3.15 ng/ul for Grade B (n=20) and
3.70 ng/ul for Grade C (n=13). Statistical analysis showed no significant difference in cfDNA
levels between Grades B and C within the same cell type (ICM; p=0.430, TE; p=0.494), as
shown in Figure 2a and Figure 2b. These results indicate that each cell type secretes similar
amounts of cfDNA. When evaluating cfDNA levels based on a group of blastocyst
morphology, the median value for moderate morphology was 3.00 ng/ul, whereas the median
for poor morphology was 3.48 ng/ul. Although the median cfDNA concentration was higher
in the poor morphology group, statistical analysis revealed no significant difference between
the two morphology groups (p=0.274), as shown in Figure 2¢. The analysis results indicate
that the quantity of cfDNA does not correlate with the blastocyst morphology. This finding
aligns with Kuznyetsov et al.!” research, which showed that the amount of cfDNA obtained
from blastocoel fluid, combined with ¢cfDNA from the embryo's spent medium, was not
related to blastocyst grading. The lack of correlation may be due to the mechanism of cfDNA
release into the embryonic medium, suggesting that apoptosis may not be the only
mechanism. Extracellular vesicles (EVs) may also contribute to the release of cfDNA into the
embryonic medium, as it has been discovered that embryos at both the cleavage and
blastocyst stages release EVs to communicate with maternal cells!!. Research supports this
concept by identifying EVs that carry detectable amounts of genomic DNA using array-based
comparative genomic hybridization (aCGH)!2.

(a) BB (b) BC
(c)cB (d) cc
Figure 1.

Blastocyst-stage embryos were graded by two embryologists using inverted
microscopy at 20x magnification, where the TE and ICM were identified. The TE is indicated
by the black arrow, while the ICM is indicated by the star (*). The grading categories are as
follows: (a) ICM: B TE: B, (b) ICM: B TE: C, (c) ICM: C TE: B, and (d) ICM: C TE: C.
Scale bar = 50 um
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Figure 2.

A bar graph comparing cfDNA quantity in spent culture medium with (a) the blastocyst ICM
grade, (b) the blastocyst TE grade (c) the blastocyst morphology employing the Man-
Whitney U test. The data are presented as median and IQR, with a significant level set at a p-
value of 0.05. The experiments were performed in triplicate.

Another critical factor in selecting high-quality embryos for transfer is the detection
of chromosomal abnormalities through PGT-A testing, as these abnormalities can
significantly impact embryo implantation. The mechanism by which an embryo eliminates
abnormal cells, typically through apoptosis, may contribute to the presence of cfDNA in the
culture medium!3. To explore the relationship between cfDNA levels in spent culture medium
and PGT-A results, this study categorized embryos into two groups based on PGT-A
outcomes: one with a normal chromosomal count (euploid) and another with chromosomal
abnormalities (aneuploid). The analysis revealed that the median cfDNA level was 2.95 ng/ul
in the euploid group (n=14) and 3.40 ng/ul in the aneuploid group (n=20). Although the
group with chromosomal abnormalities exhibited higher cfDNA levels, statistical analysis
found no significant difference (p = 0.406), as shown in Figure 3. This lack of significance
may be attributed to the small sample size, which could have limited the ability to detect
differences. Additionally, the release of cfDNA into the spent culture medium may not be
solely due to apoptosis, as discussed earlier. To investigate this hypothesis, we quantified the
amount of cfDNA in arrested embryos.
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Figure 3.

A bar graph comparing cfDNA quantity in spent culture medium and results of pre-
implantation genetic testing for aneuploidy is generated, utilizing the Mann-Whitney U test.
The data are presented as median and IQR, with a significant level set at a p-value of 0.05.
The experiments were performed in triplicate.

Embryo arrest refers to the cessation of embryonic development before reaching the
blastocyst stage, as shown in Figure 4. This can result from various factors, including
inadequate culture conditions, metabolic dysfunction, or DNA damage!*. However, when
comparing the cfDNA levels between arrested embryos and viable embryos, it was found that
arrested embryos had a median ¢fDNA value of 3.20 ng/ul, while viable embryos had a
median value of 3.35 ng/pl. This difference was not statistically significant (p=0.378) as
shown in Figure 5. These results align with findings by Handayani'’, who proposed an
alternative theory for the release of cfDNA into the embryonic culture medium. In addition to
apoptosis, cfDNA may be released through extracellular vesicles during embryonic
development.

Figure 4.

The images of embryos that arrested on Day 3 post-ICSI at various developmental
stages were captured using an inverted microscope at 20x magnification. (a) shows an
embryo that arrested at the 4-cell stage, (b) an embryo arrested at the 8-cell stage, (c) another
embryo arrested at the 8-cell stage, (d) an embryo arrested at the 3-cell stage, and (e) an
embryo arrested at the 6-cell stage. Scale bar = 50 um
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Figure 5.
A bar graph comparing cfDNA quantity in spent culture medium and embryo viability
employing the Man-Whitney U test. The data are presented as median and IQR, with a
significant level set at a p-value of 0.05. The experiments were performed in triplicate.

The amount of cfDNA detected in the spent culture medium ranges from 6 pg to 4
ng's, the use of a Nanodrop for measurement may lack the required sensitivity. Consequently,
future studies should consider employing more advanced techniques, such as digital PCR, to
accurately quantify cfDNA, particularly in samples with very low concentrations in the spent
culture medium.

A key finding from this study is the detection of cfDNA in the spent culture medium
not used for embryo culture. The negative control group exhibited a median cfDNA level of
2.5 ng/uL. However, when compared to the spent culture medium that had been incubated
with embryos, a statistically significant difference was observed (p=0.001), as shown in
Figure 6. This suggests that the source of cfDNA in the spent culture medium is not only
from the embryos but may also originate from the culture medium itself. This finding is
consistent with the results of Vera-Rodriguez et al.!> and Hammond, who also detected
cfDNA in their negative control groups. However, while Vera-Rodriquez et al.!® and
Hammond et al.!® detected cfDNA in the spent culture medium, it was present at much lower
levels (approximately 1.6 pg) and differed significantly from solutions that had been in
contact with embryos. The variation in cfDNA levels between studies is likely attributable to
differences in the brands of culture solutions used, which may affect the concentration of
protein supplements, such as human serum albumin, a component of the spent culture
medium!”.

Negative control

7.00 *
6.00
5.00
4.00

3.00

cfDNA quantity

2.00
1.00

0.00

Spent culture medium  Negative control

Figure 6.

A bar graph comparing cfDNA quantity in spent culture medium and negative control
is generated, utilizing the Mann-Whitney U test. The data are presented as median and IQR,
with a significant level set at a p-value of 0.05,* = p<0.001 The experiments were performed

in triplicate.
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Conclusion:

The study found that cfDNA quantities are not associated with blastocyst morphology or
chromosome abnormality results. Therefore, the study concludes that cfDNA levels in the
spent culture medium are not suitable for indicators of blastocyst grading or chromosomal
abnormalities.
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Abstract:

Alzheimer's disease (AD), a progressive neurodegenerative disorder, affects millions
worldwide. One potential treatment approach involves inhibiting acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE), which degrade acetylcholine, to alleviate
cognitive symptoms by increasing brain acetylcholine levels. Nephelium lappaceum Linn.
(rambutan peel), Morinda citrifolia Linn. (noni leaves), Piper betle Linn. (betel leaves), and
Scoparia dulcis Linn. (macao tea) possess various medicinal properties, including
antioxidant, anti-inflammatory, antibacterial, and wound-healing effects. However, their
potential to inhibit AChE and BChE enzymes in the cholinergic pathway remains unexplored.
This study utilized ultrasound-assisted ethanol extraction to obtain extracts from these four
plant species. After solvent evaporation using a rotary evaporator, viscous green crude
extracts were produced from noni leaves, betel leaves, and macao tea. In contrast, the
rambutan peel extract exhibited a brown color. Yield percentages ranged from 4.05-11.04%
(w/w). The AChE inhibitory activity of these extracts was investigated. The concentrations
required to inhibit 50% of AChE activity (ICso) for rambutan peel, noni leaves, betel leaves,
and macao tea were 238.25 + 12.74, 245.30 + 1.89, 203.21 + 8.52, and 218.67 + 13.83
pg/mL, respectively. Betel leaf extract demonstrated the highest AChE inhibition potential,
followed by macao tea, rambutan peel, and noni leaf extracts, with significant differences
observed among all extracts (p < 0.05). BChE inhibition was also examined, with ICso values
of 498.92 + 49.74, 472.08 + 15.21, 306.83 + 37.56, and 345.60 + 12.37 pg/mL for the
respective extracts. Betel leaf extract showed the highest BChE inhibition potential, followed
by macao tea, noni leaf, and rambutan peel extracts. In conclusion, betel leaf extract
demonstrates promising potential for AD treatment through its dual inhibition of AChE and
BChE enzymes, presenting a possible natural alternative to synthetic compounds.

Introduction:

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that significantly
impacts millions of lives worldwide. As the global population ages, the prevalence of AD is
expected to rise dramatically, creating an urgent need for effective therapeutic interventions.?
Current treatment strategies for AD are limited in their efficacy and often associated with
adverse side effects, highlighting the critical importance of exploring novel therapeutic
approaches. One promising avenue of research focuses on the inhibition of cholinesterase
enzymes, particularly acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). These
enzymes play a crucial role in the breakdown of acetylcholine, a neurotransmitter essential
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for cognitive function and memory. By inhibiting AChE and BChE, it may be possible to
increase acetylcholine levels in the brain, potentially alleviating some of the cognitive
symptoms associated with AD.?

In recent years, there has been growing interest in the potential of natural products as
sources of cholinesterase inhibitors. Plant-based compounds often offer the advantage of
lower toxicity and fewer side effects compared to synthetic drugs.® This study aims to
evaluate the cholinesterase inhibitory effects of extracts from four plant sources: rambutan
peel (Nephelium lappaceum Linn.), noni leaf (Morinda citrifolia Linn.), betel leaf (Piper
betle Linn.), and macao tea (Scoparia dulcis Linn.). These plants were selected based on their
traditional use in various -cultures for cognitive enhancement and their known
pharmacological properties. Rambutan peel has demonstrated antioxidant and anti-
inflammatory properties in previous studies.* Noni leaf has been used in traditional medicine
for its potential neuroprotective effects.” Betel leaf is known for its diverse bioactive
compounds and potential cognitive benefits.® Macao tea has shown promise in protecting
against oxidative stress, which is implicated in AD pathogenesis.’” This study seeks to identify
potential candidates for the development of novel AD therapeutics through AChE and BChE
inhibitory activities.

The findings of this study could contribute to the growing body of knowledge on
natural product-based AD treatments and potentially lead to the development of new
therapeutic strategies. Moreover, this research may provide valuable insights into the
traditional uses of these plants and offer scientific validation for their potential cognitive
benefits.

Methodology:

Materials

Rambutan peel (Nephelium lappaceum Linn.), noni leaf (Morinda citrifolia Linn.), betel leaf
(Piper betle Linn.), and macao tea (Scoparia dulcis Linn.) were collected from Songkhla
province, Thailand. The following chemicals were procured from Sigma—Aldrich (Sigma-
Aldrich™, Burlington, MA, USA): acetylcholinesterase (AChE) from Electrophorus
electricus, 5,5'-dithiobis (2-nitrobenzoic acid) (DTNB), butyrylcholinesterase (BChE),
butyrylthiocholine iodide (BTCI), and standards of galantamine. All chemicals were of
analytical reagent grade.

Extraction of plant samples

The plant extraction process began with thoroughly washing the samples and then drying
them at 50°C until completely dry. The dried samples were then finely ground and extracted
with 95% ethanol at a sample-to-solvent ratio of 1:10 (w/v). Ultrasound waves via a 200-watt
sonicator were applied for 1 hour at room temperature during the extraction. The resulting
mixture underwent filtration, and the solvent was evaporated using a rotary evaporator. The
extraction yield percentage was calculated using the following formula:

% Yield = (mass of the extract / mass of the dry plant sample) x 100 (1)

Finally, the extract should be stored at a temperature of 4 °C.

Acetylcholinesterase (AChE) activity assay

This study assessed the acetylcholinesterase (AChE) inhibition capabilities of four plant
extracts: rambutan peel, noni leaf, betel leaf, and macao tea. The investigation employed a
modified version of the colorimetric method developed by Balkrishna et al.® The assay is
based on the enzymatic hydrolysis of acetylthiocholine by AChE, resulting in the formation
of thiocholine. This product subsequently reacts with 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB), generating a yellow compound, 5-thio-2-nitrobenzoate, which can be quantified
spectrophotometrically at 412 nm. Fifty microliter of test compound (or control) with 25 pL
of AChE solution and incubate at 37°C for 15 minutes. Add 125 pL of a reaction mixture
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containing acetylthiocholine iodide and DTNB, then monitor absorbance at 412 nm. The
percentage inhibition of AChE activity was calculated using the following equation:
Inhibition (%) = [(Acontrol - Asample) / Acontrol] x 100 (2)
Where: Acontrol = Absorbance of the reaction mixture without extract
Asample = Absorbance of the reaction mixture with extract

The half-maximal inhibitory concentration (ICso) was determined by plotting a graph
of extract concentration (x-axis) versus percent inhibition (y-axis), and using linear regression
analysis to calculate the ICso value. The ICso represents the extract concentration required to
inhibit 50% of AChE activity. Galantamine was used as a positive control, while 10% ethanol
served as a negative control.
Butyrylcholinesterase (BChE) activity assay
The method utilizes butyrylthiocholine as a substrate, which BChE hydrolyzes to produce
thiocholine. The liberated thiocholine reacts with 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB), generating a yellow product detectable at 412 nm. In a 96-well microplate, combine
50 pL of test compound (or control) with 25 puLL of BChE solution and incubate at 37°C for
15 minutes. Add 125 pL of a reaction mixture containing butyrylthiocholine iodide and
DTNB, then monitor absorbance at 412 nm. Plot inhibition percentage against compound
concentration to calculate 1Cso values. Perform all assays in triplicate.
Statistical analysis
Data analysis was performed using SPSS Statistics version 17.0. The results were presented
as mean = standard deviation. One-way analysis of variance (ANOVA) followed by Tukey's
multiple-range test was conducted. Statistical significance was established at a p-value less
than 0.05.

Results and Discussion:

The study evaluated the acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) inhibitory activities of ultrasound-assisted ethanol extracts from four plant species:
rambutan peel, noni leaves, betel leaves, and macao tea.

Percentage yields of plant extraction

In this experiment, rambutan peel, noni leaf, betel leaf, and macao tea were extracted
using ethanol as the solvent via ultrasound-assisted extraction. Ethanol was selected due to its
ability to extract a wide range of compounds, safety profile, efficiency in penetrating plant
cells, preservative properties, ease of removal, and regulatory acceptance. Subsequently, the
solvent was evaporated using a rotary evaporator. The extraction process yielded viscous
green crude extracts for noni leaf, betel leaf, and macao tea, while rambutan peel produced a
brown-colored extract (Figure 1). Extraction yields ranged from 4.04% to 11.04% (w/w) as
presented in Table 1. Noni leaf (Morinda citrifolia Linn.) exhibited the highest extraction
yield at 11.04%, followed by rambutan peel (Nephelium lappaceum Linn.) at 6.86%, macao
tea (Scoparia dulcis Linn.) at 6.36%, and betel leaf (Piper betle Linn.) with the lowest yield
at 4.04%. The high yield of noni leaf extract suggests a greater presence of ethanol-soluble
compounds, potentially indicating a higher concentration of bioactive constituents.®
Rambutan peel and macao tea, with moderate yields, may have a balanced composition of
soluble and insoluble compounds. Betel leaf, with the lowest yield, could be due to fewer
ethanol-soluble constituents or structural characteristics limiting extraction efficiency.
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Inhibition of acetylcholinesterase

The acetylcholinesterase (AChE) inhibitory activity of extracts from rambutan peel,
noni leaf, betel leaf, and macao tea was evaluated at concentrations between 100-400 pg/mL
(Figure 2). The ICso values, representing the concentration required to inhibit 50% of AChE
activity, were determined for each extract.

Rambutan peel  Noni leaf Betel leaf Macao tea

Figure 1.
Physical characteristics of fresh plants and plant extracts.

Table 1. Percentage of yield and characteristics of the plant extracts.

Samples Yield (w/w, %) Physical
characteristics
Rambutan peel 6.86 brown coloration

(Nephelium lappaceum Linn.) ViSCous

Noni leaf 11.04 dark green viscous

(Morinda citrifolia Linn.)
Betel leaf 4.04 dark green viscous
(Piper betle Linn.)
Macao tea 6.36 dark green viscous

(Scoparia dulcis Linn.)

Betel leaf extract exhibited the strongest inhibition with an ICso of 203.21 + 8.52
pg/mL, followed by macao tea (218.67 + 13.83 pg/mL), rambutan peel (238.25 + 12.74
pHg/mL), and noni leaf (245.30 + 1.89 pg/mL). These results, detailed in Table 2, indicate that
betel leaf extract possesses the highest potential for AChE inhibition among the tested
samples. These findings suggest that betel leaf extract may be a promising candidate for
further investigation in the development of treatments for conditions associated with
cholinergic dysfunction in AD.

Inhibition of butyrylcholinesterase

The butyrylcholinesterase (BChE) inhibitory activity of the same crude extracts was
also evaluated at concentrations ranging from 100-400 pg/mL (Figure 3). The results,
expressed as 1Cso values, revealed varying degrees of inhibition among the extracts. Betel
leaf extract demonstrated the strongest BChE inhibition with an 1Cso of 306.83 + 37.56
pg/mL, followed closely by macao tea extract with an 1Cso of 345.60 + 12.37 pg/mL. Noni
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leaf extract showed moderate inhibition with an 1Csg of 472.08 £ 15.21 pg/mL, while
rambutan peel extract exhibited the least potent BChE inhibition with an ICso of 498.92 +
49.74 pug/mL. Based on these results, the order of BChE inhibitory potency for the extracts
can be summarized as: betel leaf > macao tea > noni leaf > rambutan peel.

(A) - AchE Rambutan peel (B) - AchE Noni lea
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Figure 2.
The effect of ethanolic plant extract concentration on AChE inhibition in the (A)
rambutan peel, (B) noni leaves, (C) betel leaves, (D) macao tea. Data are mean values of
three measurements with standard deviation.

The comparative inhibitory effects of these extracts on AChE and BChE are visually
represented in Table 2. Interestingly, betel leaf extract showed the strongest inhibitory
activity against both AChE and BChE, suggesting its potential as a dual cholinesterase
inhibitor. Macao tea extract consistently ranked second in inhibitory potency for both
enzymes, further highlighting its promise in cholinesterase inhibition. The dual inhibitory
action on both AChE and BChE could potentially provide a more comprehensive approach to
managing AD treatment. Dual inhibitory action could potentially lead to increased
acetylcholine levels in the brain, which may help alleviate cognitive symptoms associated
with AD. The varying inhibitory potencies observed among the extracts likely reflect
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differences in their phytochemical compositions. The active compounds responsible for the
observed effects warrant further investigation and isolation. It is worth noting that while these
extracts show promise, their 1Cso values are higher than those typically observed for synthetic
drugs galantamine (ICso: 12.63 pg/mL), indicating that further purification or concentration
might be necessary to achieve therapeutic efficacy.
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60

60

m [ e | iy

——
—

% Inhibition
=
—
p—
% Inhibition

0 T T T T T T T 0 T T T T T T T
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Concentration (ng/mL) Concentration (pg/mL)
© [_1BchE Betel leaf ) [ BchE Macao tea
80 80
60 1 60 [ I
[ [ :
g [l g j l
z I z
= 40 T [ 2 40 [ I
= [ |
X ES l I
T
(] e
290 204 L
0 T T T T T T T 0 T T T T T T T
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Concentration (pg/mL) Concentration (ug/mL)
Figure 3.

Concentration-dependent inhibition of butyrylcholinesterase (BChE) by ethanolic
extracts of (A) rambutan peel, (B) noni leaves, (C) betel leaves, and (D) macao tea. Data
points represent mean = SD (n=3).

Betel leaf (Piper betle Linn.) exhibit potent inhibitory effects on both AChE and
BChE through a complex interplay of phytochemical constituents and their interactions with
these enzymes. The betel leaf contains a rich array of bioactive compounds, including
phenols, terpenes, alkaloids, and flavonoids, with hydroxychavicol, eugenol, chavibetol, and
allylpyrocatechol being particularly noteworthy.*®!! The inhibition mechanism primarily
involves the interaction of phenolic compounds, especially hydroxychavicol, with the active
sites of AChE and BChE. These interactions include the formation of hydrogen bonds and
hydrophobic interactions with amino acid residues in the catalytic triads of enzyme, leading
to competitive inhibition for AChE and a mix of competitive and non-competitive inhibition
for BChE.}? Eugenol, another major component, has demonstrated significant
anticholinesterase  properties.  Additionally, flavonoids such as chavibetol and
allylpyrocatechol have shown potential for enzyme inhibition. Piperol B, a phenolic
compound, and beta-sitosterol, a phytosterol, have also been reported to possess mild AChE
inhibitory activities.®®> The diversity of phytochemicals in betel leaf contributes to a
synergistic effect, enhancing the overall inhibitory potency against both enzymes.* Beyond
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direct enzyme inhibition, the strong antioxidant properties of betel leaf compounds,
particularly flavonoids, play a supportive role by reducing oxidative stress-induced enzyme
activation.™® Additionally, some compounds in betel leaf demonstrates neuroprotective
effects, which may further contribute to their impact on cholinergic function.®

Macao tea (Scoparia dulcis Linn.) extract exhibits moderate AChE inhibitory activity,
attributed to its diverse phytochemicals including flavonoids, terpenoids, and phenolic
compounds. The inhibition likely involves multiple mechanisms such as competitive binding,
allosteric modulation, metal chelation, and antioxidant effects.” Key compounds, including
scoparic acids A and D, and scopadulcic acid B, may significantly contribute to this activity.
The complex phytochemical profiles of these plants not only provide effective cholinesterase
inhibition but also offer a broader spectrum of beneficial effects on neurological health.
Future studies should focus on isolating and characterizing the bioactive compounds,
elucidating their specific mechanisms of action, and exploring their potential for therapeutic
applications in cholinergic system modulation and neuroprotection.

Table 2. 1Cso values for AChE and BChE inhibition by plant extracts

Samples AChE BChE
ICs0 (ug/mL) ICs0 (Ug/mL)
Rambutan peel  238.25 + 12.74% 498.92 + 49.74°
Noni leaves ~ 245.30 + 12.74¢ 472.08 + 15.21°
Betel leaves 203.21 + 8.52° 306.83 + 37.56°
Macao tea 218.67 + 13.83" 345.60 + 12.37°2

Galantamine 12.63 + 0.072 -

ICso represents the concentration of samples required for 50% inhibition. Data are expressed
as mean = SD (n = 3). Identical letters indicate statistically insignificant differences (p >
0.05) within the same column.

Conclusion:

This study demonstrates the superior cholinesterase inhibitory properties of betel leaf
(Piper betle Linn.) extract among the investigated plant samples. Notably, betel leaf extract
consistently exhibited the most potent inhibitory effects against both acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE). This dual inhibitory capacity underscores its
potential significance in neurodegenerative disorder research, particularly in relation to AD
where cholinergic dysfunction is a key factor. The findings suggest promising applications in
developing new therapies, cognitive enhancement strategies, early screening tools, and
natural pesticides, as well as uses in agriculture and food preservation.
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Abstract:

Secretory leukocyte protease inhibitor (SLPI) is a serine protease inhibitor with
various therapeutic potential. Over the last decade, several studies have reported that SLPI
provides cardio-protective effects against myocardial ischemia/reperfusion (I/R) injury.
However, circulating enzymes may degrade SLPI, leading to a short circulation half-life and
limiting its clinical applications. To overcome the limitations of SLPI, researchers are
interested in the use of exosomes as carriers to deliver therapeutic substances, and exogenous
biomolecules from donor cells to target cells. Previous studies have demonstrated that
exosome treatment can protect the heart by reducing I/R-induced apoptosis through the
activation of survival signaling pathways. However, the exogenous loading of SLPI into
exosomes has never been reported. In this study, we performed the exogenous loading of
recombinant human SLPI (rhSLPI) into exosomes via electroporation. The morphology of
SLPI-loaded exosomes was verified by transmission electron microscopy (TEM). Both blank
and SLPI-loaded exosomes (SLPI-EXx) are spherical, with a cup-like shape and few clumps.
ImageJ and nanoparticle tracking analysis (NTA) were performed on the size of exosomes.
The results showed that the diameters of blank and SLPI-Ex ranged from 30 to 100 nm. After
loading the rhSLPI, the zeta potential was reduced. Moreover, SLPI-Ex exhibited an SLPI
encapsulation efficiency of 0.019%. The results demonstrated successful cellular uptake of
SLPI-Ex by the human cardiomyocyte cell line (AC16). In summary, this work is the first to
examine the introduction of rhSLPI into exosomes for targeted delivery to cardiac cells. This
finding has potential for future research in the context of an ischemia/reperfusion paradigm.

Keywords: Secretory leukocyte protease inhibitor (SLPI); Bioengineering; Extracellular
vesicle; Exosome; Exogenous loading; Electroporation

Introduction:

Secretory leukocyte protease inhibitor (SLPI)!, a member of the cationic-whey acidic
protein family, has been demonstrated to protect host cells against the detrimental effects of
proteolytic enzymes generated during inflammatory processes. SLPI selectively inhibits
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serine proteases, such as elastase and cathepsin G from neutrophils, chymotrypsin and trypsin
from pancreatic acinar cells, and mast cell chymase.? Our previous studies reported that SLPI
provided cardioprotection 3® and vasculoprotection - against I/R injury. Since the SLPI
protein is unstable and inefficient in entering target cells®>"8, using nanoparticles to deliver
recombinant human SLPI (rhSLPI) could enhance intracellular drug delivery efficiency.

In multicellular organisms, cells communicate through direct contact or by releasing
secreted molecules, which are taken up by other cells. The principal classes of cell-to-cell
communication are distinguished by the distance between the originating and recipient cells.
Autocrine signaling involves molecules acting on the same cell that produced them. while
paracrine signaling involves molecules affecting nearby cells. Endocrine signaling involves
molecules secreted into the bloodstream, and carried by the blood and tissue fluid to distant
target cells.’°Recent studies have demonstrated that cells communicate by releasing
extracellular vehicles (EVs), a heterogeneous group of membrane-bound vesicles originating
from nearly all cell types. These vesicles are released under normal physiological conditions
as well as in response to cellular activation, senescence, and apoptosis.

EVs is a generic term that refers to various secreted vesicle subtypes, including
exosomes, microvesicles, ectosomes, oncosomes, and apoptotic bodies.** EVs play a crucial
role as cargo carriers capable of exchanging intercellular messages composed of various
soluble and non-soluble cell-derived bioactive molecules such as proteins, mMRNAs,
microRNAs (miRNAs), lipids, and metabolites.*? When these bioactive component-rich EVs
are transferred to selectively responsive recipient cells to trigger cellular activation,
phenotypic changes, and reprogramming of gene expression and function.'** The
identification of EVs as carriers of biological signals facilitates functional communication
networks among cells highlighting the relevance of EVs in health and diseases.

Among the EV family, there is growing clinical interest in “exosomes”, Exosomes are
not only promising biomarkers with potential clinical value®®, but also as alternative
therapeutic agents, and drug delivery vehicles.'® Previous reports have indicated the role of
exosomes in the pathogenesis of several diseases and their therapeutic potential in
cardiovascular diseases.!” Several diseases are inadequately treated due to the challenges
associated with delivering medicinal compounds effectively to the target area. Nanoparticle
delivery methods are utilized as drug vehicles to provide regulated release, target specific
regions of the body, ensure biocompatible, biodegradable, and non-toxic*® , and provide
protection to overcome the limitations of rhSLPI.*® However, the of biological nanoparticles,
especially exosomes for delivering rhSLPI to target tissues has not been reported. In this
study, we are interested in using exosomes as a carrier for rhSLPI to treat cardiac cells
subjected to ischemia/reperfusion injury. One of the interesting technical issues is the
fabrication of an exosome carrying rhSLPI. Several methods of introducing biomolecules to
exosomes have been reported.’® However, there is no report on the exogenous loading of
rhSLPI into exosome (SLPI-EXx). Therefore, this study aims to fabricate SLPI-Ex using the
exogenous loading method (i.e., electroporation) of rhSLPI and investigate the characteristics
of the particles, and the internalization of the SLPI-Ex. The results of this study will provide
valuable insights for the further preparation of SLPI-Ex for use in the myocardial I/R model.
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Figure 1.
Preparation and analysis of SLPI-Ex

Methodology:
Chemical and Reagent

Recombinant human SLPI (rhSLPI) was purchased from Sino Biology Inc. (Beijing,
China), Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), trypsin-
EDTA, and penicillin/streptomycin were purchased from Gibco (Gibco BRL, Life
Technologies, Inc., NY, USA). Enzyme-linked immunosorbent assay (ELISA) was purchased
from Abcam (Cambridge, UK). Other chemicals were purchased from Sigma-Aldrich®
(Merck KGaA, Darmstadt, Germany).

Labelling recombinant human SLPI (rhSLPI)

The rhSLPI labelling was performed using the Alexa Fluor® 488 Protein Labelling
Kit (Thermo Fisher Scientific Inc., Waltham, MA, USA). 2 mg/mL of rhSLPI 500 pL was
mixed with 1 M sodium bicarbonate 50 pL and then dyed by transferring the mixture into a
reactive dye vial, followed by stirring the reaction mixture for 1 hour at room temperature,
protected from light. After that, purify the labelled protein by adding the rhSLPI labelling to
the column, and periodically rinse with ~100 pL of elution buffer. The rhSLPI labelling was
observed under UV light, divided into 2 bands: the first band is the rhSLPI labelling and the
second is a free dye. Collect the band into each collection tube and measure the absorbance at
1280 and 1494, followed by calculating the concentration of protein in the sample (1):
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(A280—(A494—0.11)) x dilution factor 1)
molar extinction coefficient

Protein concentration (M) =

SLPI-Ex loading

In this study, we received an isolated exosome from Naresuan University, which was
stem cells from human exfoliated teeth (SHED) (COE.No.MU-DT/PY -IRB 2022/0 13.2502).
To prepare SLPI-Ex loading, the 0.04 pg/pL of isolated exosome was mixed with 0.2 pg/uL
of dye-labeled rhSLPI protein to reach a mixture final volume of 400 uL by adjusting the
volume with PBS. The mixture was added into 0.2 cm-gap Gene Pulser/MicroPulser
Electroporation Cuvettes Invitrogen electroporation cuvettes (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) and electroporated in a Gene Pulser Xcell Electroporation System (Bio-
Rad Laboratories, Inc., Hercules, CA, USA) at 140 V and 25 pulses.?

After that, exosomes containing rhSLPI protein (SLPI-EV) were purified by adding
400 pL of Ni-NTA agarose resin (Qiagen)?, incubated with shaking at 4 °C for 24 h, and
then centrifuged at 14,000 x g for 30 s. The supernatant was collected (SLPI-EV) and the
precipitated Ni-NTA agarose was resuspended with PBS.?? Next, the load and non-loading
rhSLPI in exosomes were determined by flow cytometry (CytoFLEX S, Beckman Coulter,
United States).

Transmission Electron Microscopy (TEM)

The morphological characterization of an exosome was determined by transmission
electron microscopy (TEM, JEM-2100Plus, JEOL, Germany). The exosome was fixed by
2.5% glutaraldehyde at a ratio of 1:1 and then incubated at room temperature for 30 min.
Place one drop (approximately 10 uL) of fixative exosomes on a parafilm, invert a 400-mesh
copper grid (Ted Pella, Redding, CA, USA) onto the sample for one minute at room
temperature, and then blot the excess liquid with filter paper. After that the grid was washed
with 100 pL ultrapure water 2 times before staining the sample with 30 puL of 3%
phosphotungstic acid (PTA) for 15 s, kept in a desiccator for drying overnight, and observed
by TEM under an acceleration voltage of 100 kV. The sizes of nanoparticles (at least 100
particles) were measured manually and calculated using ImageJ software (National Institute
of Health).%

Nanoparticle Tracking Analysis (NTA)

Nanoparticle tracking analysis (NTA) measured the size and concentration of
exosomes with a NanoSight NS-1300 (Malvern Instruments, Ltd., UK). Every measurement
was conducted at a consistent temperature of 25 + 1 °C to maintain a uniform viscosity of the
fluid. The dilutions used in this experiment varied from 1:100 to 1:1000 and were prepared in
sterile filtered (0.22 um) phosphate-buffered saline.

Polydispersity index (PDI) and zeta potential

The zeta potential of exosomes and the polydispersity index (PDI) were measured by
using a Malvern Zetasizer (UK) at the Biomedical Engineering Institute, Chiang Mai
University. The polydispersity index (PDI) of the 1 mL of exosomes was determined using
the disposable plastic micro-cuvette (ZEN0040). The zeta potential of the 1 mL of exosomes
was determined using the foldable capillary cell (DTS1070).

Encapsulation efficiency
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To determine the encapsulated SLPI level, exosome needs to be ruptured. The
exosome sample was mixed with RIPA buffer at a ratio of 1:1, then sonicated for 5 min,
followed by vortex, and then repeated 3 times. Following that, a 1:10000 dilution of the
sample with PBS was used to find the concentration of rhSLPI using an enzyme-linked
immunosorbent assay (ELISA) and to figure out the percentage of encapsulation efficiency
(%EE) equation (2).’

The amount of thSLPI encapsulation (2)

%Encapsulation efficiency (%EE) = The total amount of thSLPI x 100

Cell and cell culture

The human cardiomyocyte cell line (AC16) (ATCC-CRL3568) was cultured in
Dulbecco’s modified eagle medium (DMEM) supplemented with 10 percent heat-inactivated
fetal bovine serum (FBS) (ATCC 30-2020) and 5000 units/mL of penicillin/streptomycin.
The cells were maintained at a temperature of 37 °C in a humidified atmosphere consisting of
95% air and 5% CO> until they reached a confluency of 70 to 80% before conducting any
experiments.

The internalization of SLPI-Ex

The human cardiomyocyte cell line (AC16) was cultured in an 8-chamber slide by
adding 200 pL of a cell solution containing 5 x 10° cells/mL and incubated for 24 hours until
the cells reached about 80% confluence. Next, cells were pre-treated with labelled-SLPI-
loaded exosomes at concentrations of 1 pg/mL and incubated for 24 hours at a temperature of
37 °C, with an atmosphere consisting of 95 percent air and 5 percent CO». The chamber slide
was washed twice with 200 puL of PBS. Then fixed cells with 4% paraformaldehyde for 20
minutes at room temperature and washed twice before staining with 200 pL of FITC-
phalloidin conjugate (Sigma-Aldrich; Merck KGaA) for 1 h at room temperature with
protective light followed by washing twice. Subsequently, nuclear staining with 200 uL of
DAPI (4',6-diamidino-2-phenylindole) (Sigma-Aldrich; Merck KGaA) for 20 min, washing
twice. Then 20 pL of 50% glycerol was added, sealed with a cover slide and nail polish, and
kept at 4 °C in the dark moist box until used. The internalization of SLPI-Ex was observed
under a confocal laser scanning microscope (Stellaris 5, Leica, Germany)

The AC16 was cultured in a 96-well plate by adding 200 pL of a cell solution
containing 1 x 10* cells/mL and incubated for 24 h until the cells reached about 80%
confluence. Then, treated cells with labeled SLPI-loaded exosomes at concentrations of
0.0005 pg/uL at a temperature of 37 °C in an atmosphere consisting of 95 percent air and 5
percent CO». After 2, 6, and 24 h, the wells were washed three times with 100 puL of PBS.
Then fixed cells with 4% paraformaldehyde for 20 min at room temperature and protected
from light. Subsequently, the fluorescence intensity was measured in a microplate reader
excitation/emission at 485/528 nm.%

Statistical analysis

The statistical analysis in this work was conducted using commercially accessible
software (GraphPad Prism version 10, San Diego, CA, USA). The data were presented as the
mean + standard deviation (SD). The significance of all comparisons was assessed using an
unpaired t-test or ANOVA, followed by the Tukey-Kramer test, when appropriate. A
significance level of 0.05 was employed to determine statistical significance
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Results and Discussion:
Characteristics of Exosomes

This study investigated the characteristics of exosomes using TEM, DLS, NTA, flow
cytometry, and ELISA. The transmission electron microscopy revealed all exosomes (blank
and SLPI-Ex) to be spherical, with a cup-shaped structure and slight clumping (Figure 2A
and 2B). Exosome size was measured by ImageJ and NTA. According to ImageJ, the
average diameters of blank and SLPI-Ex were 44.4 £ 5.5 nm and 41.4 + 9.6 nm, respectively,
based on a few randomly selected samples from TEM images (Figure 2E). In contrast, NTA
measurements showed the sizes of blank and SLPI-Ex to be 94.8 + 1.8 nm and 66 + 4.6 nm,
respectively (Figure 2C and 2D).

The results indicate that the exosome sizes measured by ImageJ (TEM) and NTA may
be attributed to differences in measurement techniques and sample preparation. For TEM
imaging, samples of fixation, dehydration, and staining processes, can lead to size alterations
due to shrinkage, potentially resulting in inaccurate measurements.?* The TEM may not
accurately represent the actual size of exosomes. Thus, NTA seemed to be more accurate in
sizing exosomes than ImageJ (TEM).2® Furthermore, the measurements of the blank (SHED-
Ex) from NTA match those from the previous study.?® NTA measures exosomes by tracking
their Brownian motion in a liquid suspension, which can better reflect the actual size of
exosomes.?’ Furthermore, the size of SLPI-Ex in NTA was lower than the blank, most of the
blanks in the graph have a size similar to SLPI-Ex, but some parts of them have larger sizes,
possibly due to exosomes clumping when compared with the TEM image, resulting in an
average size of the blank that is higher than SLPI-Ex. The concentration of exosomes before
and after loading rhSLPI was 5.43 x 10! + 4.88 x 10'%and 1.39 x 10! + 6.59 x 10° (mean
particles per mL + standard error), respectively (Figure 2C and 2D).

The polydispersity index (PDI) of exosomes was measured by Zetasizer, and the PDI
values for blank and SLPI-Ex were 0.592 + 0.07 and 0.583 + 0.1, respectively (Figure 2F).
The PDI is a measure of the uniformity of a nanoparticle distribution in the solution.?® The
PDI of the blank was similar to the SLPI-Ex. The PDI ranging from 0.05 to 0.7 is used for
determining the size distribution of particles.?®> A PDI value less than 0.05 indicates high
uniformity dispersity, whereas a PDI value greater than 0.7 indicates low uniformity
dispersity.?® As a result, the PDI of all subtypes of nanoparticles was close to 0.7, suggesting
that the nanoparticles exhibited low uniformity in dispersity. This could be attributed to the
aggregation of nanoparticles or the presence of a wide range of particle sizes within the
samples.

The zeta potential of blank and SLPI-Ex measured by DLS was -23.5 + 5.9 mV and -
13.1 + 0.6 mV, respectively (Figure 2H). The zeta potential of SLPI-Ex is significantly
greater than blank, possibly due to the positive charge of the rhSLPI protein? , which reduces
the overall negative charge of the exosome upon loading.>® These findings demonstrate that
exosomes can encapsulate rhSLPI.
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Figure 2.

The physical characteristics of exosomes using the transmission electron microscopy image
of (A) Blank and (B) SLPI-Ex; nanoparticle tracking analysis of (C) Blank and (D) SLPI-EX,
(E) size from ImageJ; (F) PDI; (H) zeta potential compared with blank **p < 0.001 (unpaired

t-test).

SLPI-Ex loading

The initial concentration of rhSLPI was 2 pg/pL, which was used for labeling with
the Alexa Fluor® 488 Protein Labelling Kit. After the labeling process, the concentration of
the labeled rhSLPI was 0.212 pg/uL. The experimental procedures resulted in a substantial
loss of rhSLPI protein, approximately tenfold, as the post-labeling concentration was lower
than the initial concentration, possibly due to purification steps to remove excess dye or the
excessive amount of rhSLPI protein compared with dye. Therefore, to minimize this loss, the
purification process should be optimized, and adjustment of the dye-to-protein ratio or the
incubation should be considered.

The encapsulation efficiency percentage (EE%) was calculated based on the actual
amounts of SLPI incorporated into SLPI-Ex. Starting with 0.212 pg/pL of labeled rhSLPI,
378 pL was used totaling 75.6 pg of initial SLPI. After fabricating SLPI-Ex, the
concentration of SLPI-Ex obtained was 316,444 pg/mL, when 50 pL of SLPI-Ex was added
to an ELISA containing with 0.015 pg of SLPI-Ex. The results showed that the rhSLPI
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loading efficiency of SLPI-Ex was 0.019%. The concentration of rhSLPI protein
encapsulated in exosomes was measured using the ELISA technique. The results
demonstrated that the concentration of rhSLPI protein in SLPI-Ex was significantly higher
than in blank (316,444 + 28,240 pg/mL compared to 0.00 + 0.00 pg/mL, ***p < 0.0001),
indicating that that exosome effectively encapsulated the rhSLPI protein (Figure 3A).

However, the encapsulation efficiency percentage of rhSLPI in SLPI-Ex was very low
compared to the initial value of rhSLPI. This might be due to the addition of an excessive
amount of rhSLPI protein, which results in the exosome being unable to encapsulate all the
rhSLPI protein, or the electrophoresis process may not be sufficiently effective in loading
rhSLPI into exosomes alone. To improve the encapsulation efficiency of rhSLPI in
exosomes, adjustments to the loading process could be considered, such as optimizing the
ratio of exosomes to rhSLPI, extending the incubation period, or incorporating additional
exogenous loading steps. These strategies could potentially enhance the encapsulation
efficiency of rhSLPI into exosomes. Even though our results showed a low percentage of
encapsulation efficiency (about 316,444 pg/mL), a previous study found that a concentration
of rhSLPI between 0.05 and 0.5 pg/mL is enough to treat ischemia/reperfusion (I/R).3! This
suggests that the rhSLPI concentration in our study is sufficient to exert therapeutic effects on
myocardial ischemia/reperfusion (I/R) injury or other vascular-related diseases. Nevertheless,
further optimization and adjustments to the concentration may be necessary to achieve a
higher encapsulation efficiency of SLPI-Ex in future studies.

To verify the success of exogenous loading of rhSLPI into exosomes, we analyzed the
population of loaded and unloaded rhSLPI into exosomes by flow cytometry. The rhSLPI
was labeled with a fluorescence dye Alexa flour 488 loaded into exosomes. Our results
revealed 2 populations: unloaded exosomes and rhSLPI-labeled exosomes, with 14.95% and
49.17% of the particles, respectively. Among the detectable events, the percentage of
fluorescence-positive particles was detected at approximately 56% compared with un-loaded
SLPI-labeled, confirming the existence of SLPI-labeled. These findings demonstrate that the
exogenous loading of rhSLPI into the exosome was successful (Figure 3B).
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Figure 3.
(A) The concentration of rhSLPI in SLPI-Ex compared with blank by ELISA ***p <0.0001
(unpaired t-test); (B) flow cytometry (left) the population of unloaded and loaded of SLPI-Ex
(right) the percentage of SLPI-labeled loaded exosomes

Internalization of SLPI-Ex
Confocal laser scanning microscopy revealed that SLPI-Ex accumulated in the
cytoplasm after 24 h (Figure 4A). The fluorescence intensity of SLPI-Ex was measured at 2,
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6, and 24 h with values of 97.7 + 1.53, 99.7 + 1.53, and 4.33 + 0.57, respectively (Figure
4B). As a result, the fluorescence intensity after 24 h was shown to the significantly lower
than the fluorescence intensity at 2 and 6 h, indicating that exosomes were capable of uptake
into the cells (AC16) after incubating for 24 h.

Future research needs to address several limitations of this study. Specifically, the
cytotoxicity effects, in vitro release profile, and stability of SLPI-Ex (Secretory Leukocyte
Protease Inhibitor-Exosome) must be thoroughly evaluated. Additionally, employing in vitro,
ex vivo, and in vivo models will be essential to validate the efficacy of SLPI-Ex and enhance
its clinical relevance. For successful clinical application, exosomes must be engineered to
effectively target specific cells or tissues of interest.
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Figure 4.
The internalization of SLPI-Ex (A) Confocal laser scanning images (B) The fluorescence
intensity at 2, 6, and 24 h ***p < 0.0001 versus each other group (unpaired t-test).

Conclusion:

Our study is the first to demonstrate that the recombinant human secretory leukocyte
protease inhibitor (rhSLPI) can be successfully loaded exogenously into exosomes and
effectively taken up by the human cardiomyocyte cell line (AC16). The results of this study
will provide valuable insights for the future development of SLPI-Ex for investigation in
myocardial I/R models.
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Abstract:

Piper sarmentosum Roxb., also known as "Cha-plu" in Thailand, is a traditional herb valued
for its phytochemical content. Its leaves are widely used in cooking, but their bioactive
potential after cooking has not been fully studied. This research examines the phytochemical
content, antioxidant activity, and mutagenicity of P. sarmentosum leaf extracts prepared using
traditional culinary methods to assess potential health benefits.

Fresh P. sarmentosum leaves were extracted using two methods that mimic cooking
practices. Boiling the leaves created a hot water extract (PHWE) similar to curry broth, while
ethanolic extraction of the boiled leaves (PREE) represented the leftover vegetable residue.
The chemical composition, antioxidant activity, and mutagenic potential of both extracts were
then evaluated. PHWE and PREE exhibited distinct chemical profiles. PREE, with higher
amounts of phenolics and flavonoids, had stronger antioxidant activity in both ABTS and
FRAP assays. PHWE, however, contained more condensed tannins, indicating better extraction
of water-soluble compounds. Neither extract showed mutagenic activity in the Sal/monella
assay, suggesting they are safe for therapeutic or dietary use.

These findings suggest that P. sarmentosum leaves maintain strong antioxidant
properties even after culinary preparation. This highlights their potential as a functional food
ingredient with promising health benefits. Further research is warranted to explore their broader
therapeutic potential, particularly in conditions where antioxidant properties are beneficial.

Introduction:

Piper sarmentosum Roxb. (Piperaceae), commonly known as "wild betel" or "Cha-plu" in Thai,
is a perennial creeping herb with white blooms, widely distributed across Southeast Asia. It is
not only an integral part of traditional medicine but also a popular culinary ingredient (1, 2),
particularly in Lanna and Thai cuisine. The leaves are consumed both raw, as in the wrap snack
Miang Kham, and cooked in curry like Kaeng Khua.

P. sarmentosum is a rich source of health-promoting phytochemicals, including
phenolic compounds, xanthophylls, tannins, and essential oils (3), which exhibit a broad
spectrum of biological activities such as antimicrobial, anti-inflammatory, antioxidant, and
anticancer effects (4-6). Among its various parts, the leaves are particularly abundant in natural
antioxidants, primarily due to their high content of flavonoids and other bioactive compounds
(7, 8). Notable flavonoids identified in P. sarmentosum leaves include quercetin, naringenin,
myricetin, and apigenin (9), all of which are known to exert anticancer effects through multiple
molecular pathways, including apoptotic, autophagy, NF-xB, JAK/STAT, and tumor
suppressor pathways (10).
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The potent bioactive compounds and antioxidant properties of P. sarmentosum leaves
contribute to a range of other therapeutic effects, including anti-inflammatory, antimicrobial,
and cardioprotective activities (5, 11-13). For instance, methanolic extracts of P. sarmentosum
leaves have been shown to prevent stress-induced gastric ulcers by modulating oxidative stress
and inflammation (14), while aqueous extracts have demonstrated in vivo anti-nociceptive and
anti-inflammatory activities (15), along with in vitro cytoprotective effects against oxidative
stress (16). Importantly, the aqueous extracts have also been reported to be non-mutagenic,
supporting the safety of using P. sarmentosum as a medication or dietary supplement (17).

Given the growing interest in natural antioxidants, P. sarmentosum leaves hold
significant promise as a resource for developing novel functional foods and therapeutic agents.
This plant is commonly consumed in Thailand, particularly in curries and soups, where the
leaves are typically boiled for 15-30 minutes. However, there remains limited understanding
of the phytochemical profile, content, and biological activities of P. sarmentosum leaves
following culinary preparation.

Polyphenols, key antioxidants in plants, are often considered heat-labile, with total
phenolic content typically highest at moderate extraction temperatures of 60-80°C.
Nonetheless, some studies report that water extraction at temperatures as high as 100°C or
above can yield substantial amounts of phenolic compounds and antioxidant activity (18).
Despite the general perception that high temperatures degrade bioactive compounds, P.
sarmentosum leaves are hypothesized to maintain considerable antioxidant activity even after
undergoing typical cooking processes.

To address this gap, we simulated the extraction of P. sarmentosum leaves using
methods that mimic traditional cooking practices, resulting in two extracts: PHWE (broth of
the curry) and PREE (residue of the vegetable in the curry). This study aims to explore the
phytochemical profile, content, antioxidant activity, and mutagenicity of these extracts, which
will provide valuable insights for the future standardization and consumption of P.
sarmentosum leaves as functional food ingredients.

Methodology:
Preparation of P. sarmentosum extracts

The fresh leaves of P. sarmentosum were obtained from Terdwalai farm, Chiang Mai province,
Thailand, and collected at the Faculty of Pharmacy, Chiang Mai University, with voucher
specimen No. 0023333. Briefly, fresh leaves were added to hot water (100°C) and boiled for
15 minutes to mimic culinary preparation, as in curries or soups where the vegetables are
typically boiled for 15-30 minutes. The extract was filtered using a filter cloth, then
centrifuged at 9,000 rpm at 4°C for 10 minutes. The supernatant was dried using a lyophilizer,
yielding the hot water extract of P. sarmentosum leaves (PHWE).

The residue from the hot water extract was dried in a hot air oven at 60°C for 24 hours,
as previous findings showed that drying P. sarmentosum leaves in a hot air oven at 40-60°C
did not significantly alter total tannin content or phytochemicals (19). The dried residue was
then ground into a powder and extracted twice with 70% ethanol, with a 2-day soaking period
and 4 hours of stirring each day. After this period, the extract was filtered using vacuum
pumps and the resulting ethanolic extract of residue was evaporated and dried with a
lyophilizer, yielding the residue ethanolic extract (PREE). The extracts of P. sarmentosum
leaves (PSLEs), comprising PHWE and PREE, were stored at -20 °C until analysis.

Determination of chemical constituents in PSLEs
Total phenolics determination
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The content of total phenolic compounds was measured using the Folin-Ciocalteu colorimetric
method with minor modifications (20). The PSLEs were mixed with Folin-Ciocalteu reagent
and incubated at 45 °C for 15 minutes. The absorbance was measured at 765 nm using a UV-
visible spectrophotometer. The total phenolic content was calculated with the calibration curve
of gallic acid and expressed as mg of gallic acid equivalent per g of the extract (mg GAE/g
extract).

Total flavonoids determination

The content of total flavonoid was measured using the aluminum chloride colorimetric method
with minor modifications (21). The PSLEs were mixed with NaNO> and AICI3*6H>0 and then
incubated at 45 °C for 20 minutes. After that, NaOH was added to the mixture. The absorbance
was measured at 520 nm. Catechin was used as a standard for the calibration curve and
expressed as mg catechin equivalents per g of the extract (mg CE/g extract).

Chlorophyll and carotenoid determination
The content of total chlorophyll and carotenoid were evaluated using spectrophotometry with
minor modifications (22). The PSLEs were homogenized with 80% acetone and incubated for
3 hours at 4 °C. The solution was centrifuged at 9,000 rpm for 5 minutes. The absorbance of
the solution was measured at 480, 510, 645, and 663 nm. The concentrations of total
chlorophyll and carotenoid were calculated using the following equations (23, 24), and then
express in mg per gram of extract (mg/g extract).

Total chlorophyll (mg/L) =20.2(Aes5) + 8.02(As63)

Total carotenoids (mg/L) = 7.6(A4s0) — 1.49(As10)

Tannin determination

The content of hydrolysable tannins was used to evaluate the gallotannin and ellagitannin
content with minor modifications (25). The PSLEs were mixed with H>SO4 and then incubated
at 85 °C for 20 hours. The solution was centrifuged at 3,000 xg, and the supernatant was
collected. After that, ethanolamine and ammonium acetate were added to the solution and,
adjusted the pH to 5.5. The mixture was incubated at 4 °C for 48 hours. Next, KIO; was added
to the solution to produce methyl gallate. The solution was measured at 525 nm. Methyl gallate
was used as a standard for the calibration curve, expressed as mg methyl gallate equivalents
per gram of extract (mg methyl gallate/g extract).

The content of condensed tannins was measured using the vanillin method with minor
modifications (26). The PSLEs were mixed with vanillin reagent, which contains concentrated
HCI and vanillin in methanol, and then incubated at 30°C for 20 minutes. The solution was
measured at 550 nm, and catechin was used as a standard for the calibration curve, expressed
as mg of catechin equivalents per gram of extract (mg CE/g extract).

HPLC analysis

The HPLC analysis was perfumed to observe the phenolic compounds and flavonoids
fingerprints using the system of Agilent Technologies (Santa Clara, CA, USA) with Zorbax
Eclipse XDB-C18 column and photodiode array detector (27). To observe the phenolic
compounds in the extracts, a gradient mobile phase consisted of 3% acetic acid in water and
methanol was used and UV-Visible spectra of the extracts were detected at 260, 280, 320 and
360 nm.

© The 50™ International Congress on Science, Technology and Technology-based Innovation (STT 50)

122



The flavonoids fingerprint of the extracts was observed by using a mobile phase system
consisting of acetonitrile and 0.2% formic acid in water under gradient conditions, followed by
conducted UV-Vis spectra at wavelengths of 270 and 340 nm.

Determination of antioxidant activity in PSLEs
ABTS assay

The ABTS assay was used to evaluate the relative ability of antioxidants to scavenge the
ABTS radical as described in previous study (28). The PSLEs were added to the working
ABTS radical solution and incubated for 6 minutes in the dark. The reaction mixture was
measured at wavelength 734 nm, and the antioxidant capacity was expressed as % ABTS
radical scavenging using Trolox as a positive control.

FRAP assay

The FRAP assay is the rapid reduction of ferric-tripyridyltriazine (Fe''-TPTZ) by antioxidants
present in the samples, resulting in ferrous-tripyridyltriazine (Fe-TPTZ), a blue-coloured
product (29). The FRAP reagent containing 2,4,6-tripyridyl-s-triazine (TPTZ) and 20 mM
ferric chloride (FeCls) in sodium acetate buffer (pH 3.6) was mixed with PSLEs and incubated
at 37°C for 4 minutes. The absorbance was estimated at 593 nm. Ferrous sulphate (FeSO4) was
used to create a standard curve, and the antioxidant activity of PSLEs was expressed as
milligram of ferrous sulphate per gram of extract (mg FeSO4/g).

Mutagenicity test using Salmonella mutation assay

The mutagenicity of PSLEs was tested using S. typhimurium strains TA98 and TA100 in the
presence and absence of metabolic activation. PSLEs were mixed with the S9 mixture (+S9),
the mixture of S9 fraction and cofactors, and a sodium phosphate buffer (-S9). After that, a
bacterial culture was added and incubated at 37 °C for 20 minutes in a water bath shaker. Then,
a top agar solution containing L-histidine and D-biotin was added, and the mixture was poured
on a minimal glucose agar plate. The plate was incubated at 37 °C for 48 hours. DMSO were
used as negative control for all mutagens and PREE, while DW were used as negative control
for PHWE. Positive control of TA98 and TA100 in the presence metabolic activation condition
(+S9) is 2-aminoanthracene (2-AA), and in the absence metabolic activation condition (-S9) is
2-(2-furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2). Mutagenicity was expressed as the
mutagenic index (MI). The MI is a value that indicates the mutagenic potential of the test
substance. When the MI is higher than two, indicating mutagenicity of the test substance (30).

Statistical Analysis

The data are reported as mean + SD (n=3), except for the results obtained from the Sa/monella
mutation assay, which was expressed as mean + SEM values and performed in two independent
experiments. The statistical significance of differences between groups was analyzed by one-
way analysis of variance (ANOVA) using GraphPad Prism software version 9.5.1 (GraphPad
Software, CA, USA), and p < 0.05 was considered significant.

Results and Discussion:

Physical appearance, extraction yield, and HPLC profile of PSLEs

The physical appearance and extraction yield of P. sarmentosum leaf extracts are summarized
in Table 1. The PHWE extract appeared as a black powder, while the PREE extract exhibited
a dark brown powder form. The extraction yields, calculated as the percentage of dry extract
per kilogram of fresh leaves, were different between the two methods. PHWE yielded 32.64%,
approximately double that of PREE, which yielded 18.07%. This notable difference suggests
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that hot water extraction (PHWE) is more efficient for extracting soluble components from P.
sarmentosum leaves compared to ethanol extraction (PREE).

The HPLC chromatograms of PHWE and PREE, shown in Figure 1, revealed key
differences in their chemical profiles. Both extracts exhibited prominent peaks at retention
times around 30.2, 44.4, 48.8, and 49.6 minutes. The similar peak absorptions at retention times
of 30.2 and 44.4 minutes suggest that both extracts contain comparable amounts of certain
hydrophilic analytes. However, at the retention times of 48.8 and 49.6 minutes, PREE showed
a higher absorption than PHWE, indicating a higher concentration of hydrophobic compounds
in the ethanol extract.

These findings are consistent with the solvent properties used in the extraction
processes. Water, being a polar solvent, predominantly extracts hydrophilic compounds,
whereas ethanol, with both polar and non-polar characteristics, can solubilize a broader range
of compounds, including more hydrophobic substances. Consequently, the higher retention
time and greater absorption observed in PREE reflect its enriched content of hydrophobic
compounds compared to PHWE.

Table 1. Physical appearances and percentage yield of PSLEs

Extracts Physical appearances %Yield/kg fresh weight of leaves
PHWE Powdered, back color 32.64+10.3
PREE Powdered, dark brown color 18.07+4.2

Values are expressed as mean + SD.
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Figure 1. HPLC chromatograms of PSLEs

Chemical constituents in PSLEs

The chemical composition of PSLEs is presented in Figure 2. The PREE extract contained higher
levels of most phytochemicals compared to PHWE, except for condensed tannins. Specifically,
the total phenolic content in PREE was 48.1+6.2 mg GAE/g extract, slightly higher than the
41.1£7.6 mg GAE/g extract found in PHWE. Moreover, the total flavonoid content in PREE
(12.3£2.1 mg CE/g extract) was approximately three times greater than that in PHWE (4.1+0.4
mg CE/g extract). Phenolics and flavonoids are well-known for their biological and antioxidant
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activities, primarily due to the presence of functional hydroxyl groups that enable them to
scavenge free radicals and chelate metal ions (31).

Previous reports have shown that P. sarmentosum leaves contain a variety of phenolics
and flavonoids. Purba ef al. demonstrated that P. sarmentosum leaves contain phenolic acids such
as caffeic acid, syringic acid, p-coumaric acid, and ferulic acid, while flavonoids such as catechin,
rutin, myricetin, quercetin, apigenin, and kaempferol are also present (19). The higher phenolic
and flavonoid content found in PREE suggests potentially greater biological activity compared
to PHWE.

In addition, PREE exhibited significantly higher levels of total chlorophyll (11.3+0.7
mg/g extract) compared to PHWE (0.3+0.0 mg/g extract). The carotenoid content followed a
similar trend, with PREE containing 3.6+0.3 mg/g extract, far exceeding the 0.24+0.0 mg/g extract
observed in PHWE. Chlorophylls and carotenoids are essential pigments in plants, playing
crucial roles in photosynthesis. Previous studies have highlighted the presence of antioxidants
such as vitamins C and E, carotenes, xanthophylls, tannins, and phenolic compounds in P.
sarmentosum leaf extracts (3). Among the carotenoids, xanthophylls are the most abundant (32),
particularly lutein, which contributes to light harvesting, photoprotection, and the assembly of
light-harvesting antenna complexes (33).

Regarding tannin content, both PHWE and PREE showed similarly low levels of total
hydrolysable tannins, with 0.22+0.3 and 1.33+0.6 mg methyl gallate/g extract, respectively.
However, PHWE contained a significantly higher concentration of total condensed tannins at
126.7+£12.6 mg CE/g extract, compared to 39.5+£3.7 mg CE/g extract in PREE. This difference is
likely due to the water-soluble nature of condensed tannins, which are more efficiently extracted
by the hot water method used for PHWE.
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Figure 2. The contents of TPC, TFC, chlorophylls, carotenoids, and tannins in PSLEs.
a indicate statistical differences from PHWE at p < 0.0001.
TPC: Total phenolic content; TFC: total flavonoid content.

Antioxidant activity in PSLEs

The antioxidant activity of PSLEs was evaluated using the ABTS radical cation scavenging
assay and the FRAP assay, with Trolox serving as the positive control at concentrations of 0.5
mg/ml for ABTS and 0.05 mg/ml for FRAP. As shown in Figure 3A, Trolox at 0.5 mg/ml
achieved a 72% ABTS radical scavenging activity. Both PHWE and PREE exhibited a dose-
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dependent inhibition of ABTS radicals across a concentration range of 5-50 mg/ml, with PREE
demonstrating a stronger scavenging effect than PHWE.

Similarly, the FRAP assay, which measures the ferric ion-reducing capacity, showed
that Trolox at 0.05 mg/ml reduced ferric ions, forming 0.14 mg FeSO+/ml, as presented in
Figure 3B. Both PHWE and PREE, within a concentration range of 1-5 mg/ml, exhibited
antioxidant activity by reducing ferric ions in a dose-dependent manner. Notably, PREE
consistently showed higher antioxidant activity than PHWE in both assays, which correlates
with its higher phenolic and flavonoid content.

These findings are consistent with previous research indicating that P.
sarmentosum possesses significant antioxidant properties, largely attributed to its rich content
of bioactive compounds such as polyphenols and flavonoids, which are known to contribute to
antioxidant activity (7).
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Figure 3. Antioxidant activity of PSLEs. (A) ABTS assay (B) FRAP assay.
a and b indicate statistical differences from Trolox at p < 0.0001 and p < 0.01, respectively.
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Mutagenicity of PSLEs in Salmonella Mutation Assay

The Salmonella mutation assay, a widely used method for assessing potential mutagenic
effects, was employed to evaluate the mutagenicity of PSLEs. The results, summarized in Table
2, indicate that all tested concentrations of PSLEs had no significant effect on the number of
revertant colonies in S. #yphimurium strains TA98 and TA100, both in the presence and
absence of metabolic activation, when compared to the vehicle control. Additionally, PSLEs
did not exhibit a mutagenic index greater than 2.0 in either strain, further supporting the
absence of mutagenic activity.

Previous research indicates that the water extract of P. sarmentosum has neither direct
nor indirect genotoxic effects and shows no significant mutagenic activity. This was
demonstrated by the lack of genotoxic effects, measured by micronucleus formation, both with
and without S9 metabolic activation (17). These findings are consistent with our results, further
suggesting that PSLEs are non-mutagenic and non-toxic under the conditions tested,
highlighting their potential safety for use in therapeutic and dietary applications.

However, the limitations of our study include the need for further investigation using
animal models and clinical trials to gather more comprehensive information on the potential
toxicity of P. sarmentosum.

Table 2. Mutagenicity of PSLEs in S. typhimurium strains TA98 and TA100 in the presence
and absence of metabolic activation

127

Number of His* revertant colonies (Mutagenic Index)

Extracts Concentration TA9S TA100
(per plate)
+S9 -S9 +S9 -S9
DW - 248+3.3(1.0) 28.2+4.2(1.0) 84.3+0.3(1.0) 85.0+4.7 (1.0)
DMSO - 23.5+£0.5(1.0) 20.0+1.0(1.0) 80.5+2.8(1.0) 88.5+6.5(1.0)
2AA 0.50 pg 1339.2 £391.0 (57.0) - 1157.8 £44.6 (14.4) -
AF-2 0.10 pg - 307.7+13.0 (15.4) - -
AF-2 0.01 pg - - - 1203.5£9.9 (13.6)
200 pg 33.8+7.8(1.4) 31.7+8.7(1.1) 77.8+7.9(0.9) 86.1+0.4 (1.0)
PHWE 1000 ng 31.8+2.8(1.3) 28.7+ 6.7 (1.0) 87.7+1.0(1.0) 79.5+7.9(0.9)
5000 pg 20.0£6.7 (0.8) 331+£76(1.2) 81.3+8.0(1.0) 84.2+4.2(1.0)
200 pg 28.5+1.8(1.2) 22.0+0.0(1.1) 94.0+4.0(1.2) 87.7+4.7(1.0)
PREE 1000 ng 271+44(1.2) 252+0.2(1.3) 88.0+4.0 (1.1) 86.7+ 5.0 (1.0)
5000 pg 345+£45(1.5) 30.8+£7.5(1.5) 84.3+6.0(1.1) 96.3+0.7 (1.1)

Values are expressed as mean £ SEM. 2AA: 2-Aminoanthracene; AF-2: 2-(2-furyl)-3-(5-nitro2-
furyl)-acrylamide; DMSO: dimethyl sulfoxide; DW: distilled water.

Conclusion:
This study provides a comprehensive evaluation of the chemical composition, antioxidant
activity, and mutagenicity of P. sarmentosum leaf extracts (PSLEs), specifically focusing on
the broth (PHWE) and residue (PREE) derived from culinary preparation methods that mimic
traditional Thai curry-making. Our findings indicate that both PHWE and PREE extracts
possess significant antioxidant properties, with PREE showing a higher concentration of
phenolic compounds, flavonoids, chlorophylls, and carotenoids compared to PHWE. This
suggests that the ethanolic extraction of the residue (PREE) after boiling the leaves yields a
more potent extract with enhanced bioactive properties, likely due to its higher content of
hydrophobic compounds.

The antioxidant assays (ABTS and FRAP) further corroborated the superior efficacy of
PREE in scavenging free radicals and reducing ferric ions, highlighting its potential as a robust
source of natural antioxidants. Additionally, the Sa/monella mutation assay demonstrated that
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both PHWE and PREE are non-mutagenic under the conditions tested, confirming their safety
for consumption and potential use in therapeutic applications.

These findings underscore the importance of understanding the effects of culinary
preparation on the phytochemical profile and biological activity of P. sarmentosum leaves. The
residue left after boiling retains significant bioactive compounds that could be utilized in the
development of functional foods or natural health products. Furthermore, the broth resulting
from the hot water extraction, although containing fewer bioactive compounds than the residue,
still offers substantial antioxidant benefits. This study highlights the potential of both
components, encouraging the full utilization of P. sarmentosum leaves in both culinary and
medicinal contexts.
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Abstract:

The loss of green space causes various impacts to wildlife and humans. In response,
governmental agencies have implemented policies aimed at expanding green spaces.
However, current initiatives predominantly emphasize quantitative targets and lack sufficient
public participation, resulting in a lack of sustainability. To foster participatory green space
expansion, it is necessary to promote stakeholders’ understanding, particularly among local
communities, regarding the typologies and co-benefits of green spaces. Moreover, facilitating
dialogue is important for them to exchange ideas on determining the benefits that the
community and government agencies will receive in order to create joint ownership and
sustainable green space management. To enhance such knowledge and understanding, this
research created a gaming and simulation tool in the form of a board game. The game
incorporates six green space types and illustrates the co-benefits for humans and other living
organisms. Additionally, it simulates various scenarios that may influence the establishment
and maintenance of green spaces. Preliminary testing results with 9 university students
indicated that the created game effectively fulfills its intended purpose. Subsequent research
will focus on refining the game to optimize its efficacy and implementing it in participatory
field workshops with representatives from local stakeholders in the Bang Kachao area and
Laem Chabang municipality. These workshops aim to facilitate knowledge exchange and
collectively identify feasible strategies for green space expansion.

Introduction:

Green space degradation and loss due to the expansion of agricultural and urban areas has
caused various problems for both living organisms and humans, such as loss of biodiversity?,
air pollution from particulate matter?, urban heat island®, and mental health of urban
inhabitants®. If the green space is insufficient for the population, it will affect human health,
well-being, and economics®. Due to the mentioned problems, numerous international
organizations and contries have implemented policies to increase green space and conserve
biodiversity, such as the FAO Green Cities Initiative, and the Aichi Biodiversity Targets®.
Thailand, in particular, has established a 20-year National Strategy, which has set a target to
increase green areas (both natural forests, economic forests, and green spaces in urban areas)
to 55% nationwide by 2036. Various policies have also been created and implemented, such
as the National Economic and Social Development Plan, the Integrated Biodiversity Master
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Plan, and the National Forestry Policy, and Guidelines for Promoting Sustainable Green
Space management®,

Unfortunately, it was found that most policies focus on increasing green space in
quantity rather than quality and pay little attention in public participation to sustain public
green space®’. They set numerical or percentage targets and encourage government agencies
to increase the green area to achieve the target, such as planting trees on various important
occasions. They also lack public participation, particularly co-design’, causing the newly
created green space to be damaged or neglected because it does not align with local needs and
lacks a sense of community ownership. For instance, trees planted in industrial zones may
obstruct transportation, leading to unauthorized removal.

To achieve sustainable green space expansion, it is necessary to foster a
comprehensive understanding of green space typologies and the benefits they offer to both
governmental and local stakeholders. Integrative and participatory approach must be
implemented, starting from selecting site for green space creation or improvement, co-
designing green space that considers the co-benefits of all stakeholders, as well as
collaborative planning and monitoring to ensure sustainable management of green space.

Addressing complex natural resource management issues requires tools that can
provide a common representation of current and future scenarios, illustrating both positive
and negative impacts of decisions at individual and community levels®. Such tools should
facilitate dialogue and support collective decision-making among diverse stakeholders.
Previous research has shown that gaming and simulation is an effective tool for knowledge
sharing in various natural resource management contexts, such as terrestrial and mangrove
forests®1%1112  However, their application to participatory green space expansion is still
limited, most of them were specific to green roof and urban park!*4!° This research
therefore aims to create gaming and simulation that can be used to facilitate shared learning
about green space typologies, co-benefits, and participatory green space creation. By
employing these innovative approaches, we can bridge the gap between policy objectives and
practical implementation, ensuring that green space initiatives are not only quantitatively
successful but also qualitatively meaningful and sustainable for local communities.

Methodology:
Gaming and simulation construction
The following steps were carried out to create a gaming and simulation:

1) Review the literature on green spaces: Related documents were reviewed, including
types of green spaces, appropriate management of green spaces, ecosystem services and co-
benefits provided by green spaces, etc.

2 ) Determine the objectives: The created game intended to be used as a learning
model about green space typologies, co-benefits obtained from green spaces, and
participatory design of green spaces. The game emphasized the concepts of visualization®®
adapting to various forms of green spaces, as well as interactions and cooperation between
players to achieve common goals in the game.

3) Create a conceptual model and collect relevant data: Unified Modeling Language
(UML) diagram was used to represent important components of green spaces and their
properties and interactions in the system, as well as define possible scenarios to be explored
to make users aware of the adaptive management of green space?’.

4) Construct gaming and simulation tool in the form of board game: The UML was
used as a guide to construct a game that will be used to create a shared and support decision
making among players. The game was set for approximately 8-10 players to use
simultaneously within 2 hours. Gameboard and artifacts were prepared, as well as excel
spread sheet to show the results during the gaming session.
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5) Create pre- and posttests: To assess participants’ learning, pretest and posttest were
created. The posttest also included the satisfaction assessment questionst®, The results and
suggestions will be useful for further improvement of the game.

6) Create detailed description of the created game: The instructions and description of
the game were prepared. It will be used in workshops and disseminated.

Gaming and simulation testing

A preliminary game testing session was carried out with 9 Chulalongkorn University students
from different backgrounds but related to the education and environment, such as education,
biology, and environmental sciences. After completing the testing, a brainstorming session
was conducted to share testers’ feelings, idea and suggestions to improve the game, both
feature and process. The suggestion will be used to improve the game before using it again
with representatives from local administration organizations and local communities at Kung
Bang Kachao, Phra Padaeng district and Laem Chabang Municipality under the enhancing
Thailand’s urban and suburban green space project carried out by the research team.

Results and Discussion:

Description of the “Coco green space: Co-design for co-benefits” game

Design Concept: This game integrated diverse ecological and socio-economic concepts,
including ecosystem services, co-benefits, biodiversity conservation, and system visualization
and scenario explorations. Companion Modeling approach®!, which focuses on the creation of
a shared representation of a system and support decision-making with stakeholders, was used
to design and create the game. Therefore, the game format is characterized by mutual
agreement to determine the co-benefits of green space to be constructed in the community. At
the same time, players must perform various activities to achieve personal goals. These
individual and collective goals will stimulate participants to learn about trade-off or win-win
situations on green space creation or improvement.

Obijective: This game is created to 1) facilitate shared learning among participants
about 6 types of green space based on their characteristics and uses (i.e. private green space,
institutional green space, public utility green space, striped green space along public utility
lines, community economic green space, natural green space, and unused or undeveloped
green space), 2) support learning about the co-benefits that will be gained from the green
spaces in community, and 3) support discussions among players leading to co-design and
planning to increase green space in reality.

Game components:

1) Game board: It consists of 200 squares (6 cm x 6 cm) for placing different types of
pictograms (Figure 1).

2) Player tokens: This game is designed for 9 players, each assuming a role numbered
from 1 to 9 as follows: Teacher, Student, Local Government Organization, Private Factory,
Sub-district Health Promotion Hospital, Farmer, Monk, Bird, and Environmentalist (symbols
representing each role are shown in Figure 1). The purpose of assigning these roles is to
foster learning about the importance of green spaces and how each role can participate in
planning and management.

3) Pictograms (6 cm x 6 cm): There are two main categories, green space and other
land-use/land-cover pictograms. The green space consists of 6 types as mentioned above. The

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

132



other pictograms represent man-made structures, including roads, schools, factories, local
administrative organizations, hospitals, houses, temples, offices, and bared land (Figure 2)

4) Data Recording Sheets: These allow players to track the goals of each role (the
Environmentalist will have an additional biodiversity recording sheet to document the living
organisms found in the constructed green spaces). There is also an order form to record
decisions made when purchasing pictograms.

5) Scenario cards: There are 5 scenarios developed from the possible situations found

in the study sites by research team:

e Normal condition: Uses in the first round for players to focus on learning about game
materials and steps.

e Tourist visiting for bird watching: Demonstrates the importance of green space for
biodiversity conservation (represented by birds) and the economic benefits from bird-
watching tourism.

e Global warming: Shows environmental and socio-economic impacts from recent
climate change problem, resulting in reduced community income.

e PM (particulate matter) 2.5: Highlights importance of green spaces on environmental
and socio-economic aspects, and showing how air pollution affects well-being,
leading to healthcare costs and necessitating training for adaptive management.

e Private sector funding: Demonstrates the green space development funding from
external sources.

6) Co-benefit cards: There are 16 types, including biodiversity, carbon storage, air
quality monitoring, temperature reduction, education, non-timber forest products, water
retention areas, exercise spaces, event organizing spaces, recreation activities, job creation,
and tourism activities (Figure 3). These are used for participants to select their common co-
benefits to be obtained from the green space.

7) Bird settlement condition card: This represents emerging property when green
space is large enough. One water bird needs 2 connected water spaces, and one non-water
bird requires 4 adjacent green spaces vertically, horizontally, or diagonally.

8) Excel File: It is used to record players' purchasing decisions, calculates income,
and displays decision outcomes. It is used for the debriefing session.

9) Other materials: They are activity cards, knowledge card (players read for
knowledge sharing), fish tokens, non-timber forest product tokens, bird tokens, orange beads
(represent carbon dioxide emitted from human activities), and 4 types of certificate (players
obtained after joining the activity; training on green space types and benefits, training on
health care under global warming, training on good conservation practices for fish release,
and participating on wetland field trip for water quality measurement) (Figure 1)

10) Assessment Forms: Pretest and posttest are prepared for knowledge assessment
and satisfaction survey (Figure 4).

Instructions to play a game
This game is designed for 5 rounds and can be played simultaneously by 2 groups to compare
decision-making results and to enhance the learning experience. Game playing steps are:

1. Prepare 2 sets of materials for 2 groups (2 game boards and a bank with materials)

2. Divide players into two groups of 9 each
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Figure 1.
Game board and supporting components

Figure 2.
Pictograms; a. green space pictograms; b. other land-use/land-cover pictograms
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Co-benefit cards for players to co-design before starting the game

X deo o o = .
mdSuRhAgReruInIRTaaywiat il

X e . g »

n. Sumsidncdoud

v. VWARRTBAASORKIT A B IRNA TR
2 4 v

LIS L P R

1. Liiluasogenmin

ra o P ¥ides
8, faladovstlenibudmmamuitasen

y N .
n. dhavulunmifens sty

4.4 o
v, Dunuiteienold wu noveshn
n. préuiemriusulaeanled

1. baolsmnisslmmif i

S Fare 3o a
maianTnuESsludiowmnt
poav e as 4
n. vgnsulimmivghsnnign
Cligeg. g 4
= vgniublasfensrnikmnsas
r 2 X - -
. ahangaumauinises

ook e o 42
3, lemndsoaduniaes

30X au g )
10. muRsauitate avadumhinedas
n. mhsrunnig v. srnfiliniesd

e s
NABMTURIRIUSIIY & neuRTIniy

1 $ ¢ & dea & o
11 Wampilvuvermmasy anasl

IS

. (Winzauuians) suRninindien iy

9
ntl

PSRN 2 PP
Usmnmesuszlovasmmdiso luseéd

/10 nuwy

uvunataupipitisna
ey e O ik meutigniios
1. dunnmaloneussasuning

waeBwaniey (o) Winrasnnove

“Muiden 155 0y

. Mudleraant vf.:i{ufﬁyn"a{n‘.‘\.ﬂm’. ™A

Silaslomdim
. futhapiadasdy
n futtsrmeiudondomsy
1. Aty

o

o dwunilemennduthizam

ns .6 ns 110

Wzwalwelfzemmal mintriesfunnme
mrivey (crbon neutratity) WTla
fn. Aa. 2080 w A 2050

A AR 2055 L An 2060

Vizmalreandnanside s domenull
1

dealililiien

ns w10 L L 13

AR e

nly v hile . Lads

Solaladev sz Teremo hufeten?
N T RERSRW 10

v ifnradufulude

n ehenoldina

2. sfunradeuludion

7. futideddgReqenmintonapdornila
ER BT f

n. huunws

. VasaTusAltALI AT RNAT

~ R aadiend

1 WifseRegurmin

Figure 4.
Assessment forms; left. pretest; right. posttest

B, along with writing boards and data recording sheets

piilameiug wa. 25,

Wy minoaoaBailiae

i ndwameifuiite?

B

hienTad ey

oA 1y weveuhn

¢ udelatiBuilzlonid b

unmaisieniin

. nmdanh

)

n. vgniu walvinntan
JgnfulimasRewssadlon zm
N oo

o 1eh At uitirees

b, Nt aabumitteedas

n Moo ndg . srvluiaeliy

A onenvuiicha v 1, LN TN

Mt i rnadennonsafunanmn

aviveuldasils

n aineliliiusduiedu
= dmeramanwa el ifia
~. ansuieniveuiseentediofiul itiull

1 s fupey

12. T lovima sttty

wate w0 —> Yen

[ T N ST I 7

e ieling

wrafun

enriunulasen

e wsand v el ivenniom

a1 3 lunsdsu il inekuriniesoans

iSRRI de s TR

T I IR

. K

PT
soninbhinedn

Suvns FeEe (0mnn - 5 pane -1

FroruSarmonsay

2 Tindins wonnzay

L T St R Lt ey

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

135



ok~

~

10.
11.
12.

13.
14.
15.

16.
17.

18.
19.

20.
21.

22.
23.

24,

Complete a 5-minute pretest, then distribute game material set to each player
The game leader explains materials, rules, individual and community goals, and game
steps. Allow time for questions

Players agree on three desired co-benefits from green spaces by selecting three co-

benefit cards

Begin Round 1 under normal scenario

Allow 3 minutes for players to plan green space purchases (fill out order forms) and
discuss collaborative development strategies

Player 1 (Teacher) submits the order form to the bank, purchases green space

pictograms, and places them on the game board. Players 2-7 follow in order

Player 8 (Bird) places bird tokens on green spaces according to birds’ condition card.

Player 9 (Environmentalist) records bird names and their benefits on the record sheet

Players consult to organize two activities. Participants pay a cost of 1,000 and place

their players’ tokens on the organizing area. Organizers read knowledge cards and
provide certificates to participants who attend the activities

Game leader takes photos of the board from different dimensions for further analysis.

Players return their representative tokens to their own areas

Players place carbon beads on green spaces to represent carbon absorption by green

space. Game leader takes photos again
The bank (a gaming assistant) distributes income to each player, ending Round 1

Start Round 2 by pouring carbon beads into a clear container to show carbon emission

and accumulation in the atmosphere. This will be used for debriefing again

Game leader announces second and third scenarios

Distribute new carbon beads to represent emissions and place non-timber forest

products in community forests

Repeat steps 6-14 to complete Round 2. Continue Round 3 with another 2 scenarios,

if time is available

Pour carbon beads into another clear container to show Round 2 emissions.

Players complete the posttest within 5 minutes

Game leader conducts a debriefing session to summarize learnings, including:

o Allowing players to observe the other group’s game board, highlighting
differences in green space construction and their decision-making strategies to
achieve the individual and collective goals

o Summarize carbon dioxide emission by displaying containers accumulated with
orange beads from different rounds. Show temperature change graphs from the
Excel file, reflecting the relationship between carbon emissions and the
community’s green space absorption capacity. Explain that effective green space
management helps reduce atmospheric carbon

o Summarize biodiversity outcomes, emphasizing that birds in this game serve as
indicators of green space health. Explain that degraded or insufficient green
spaces negatively impact bird habitats, leading to reduced biodiversity

Game leader conducts a group discussion and question/answer sessions to ensure the

achievement of gaming goals. Moreover, a brainstorming session will be conducted to
collectively determine the desired co-benefits from the greenspace to be established in
the community and to co-design a pilot site to support green space creation.

Preliminary testing results
The preliminary results revealed that after the game leader explained the objectives,
materials, and individual and collective goals, players understood various components,
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including green space representative pictograms, information sheets, pictogram ordering
form, and usage of data recording sheet. Players were able to play the game, but some
assistance between players was observed due to varying details between players, with some
grasping concepts slower than others. Nevertheless, players successfully collaborated to
create green spaces, achieving both community and personal goals. The atmosphere and
game results are shown in Figure 5. Many players interested to invest in “community
economic,” “striped”, and “public utility” green space types, respectively because of their

provided co-benefits can support the common goals.

1.

2.

The suggestion to improve had emerged from the group discussion session as follows:

The game board and green space image sizes were appropriate for 9-10 players. The
representative pictograms and text detailing green spaces were adequately sized.

The green space detail tables and order forms were suitably sized, but suggestions
were made to improve the method of inputting numbers and calculating total costs to
expedite player calculations.

The information sheets providing knowledge to players were too lengthy, potentially
distracting villagers, who are actual players, from reading. Therefore, content should

be reduced, and methods to stimulate interest among other players should be devised.

Computer-based income calculation was a time-consuming step, as data from all
players needed to be collected. For actual use, additional assistants should be
employed to share data entry tasks, and online forms should be created to distribute
data input.

Playing three rounds (3 scenarios: normal, tourist influx, and global warming) took
approximately 2 hours. For actual use, steps for explaining details may need to be
condensed if time is really limited.

The debriefing phase is crucial for gaming and simulation session®, as players may
not have time to digest all the information during gameplay. This game used various
Excel graphs for debriefing, which provided clear visuals but may lack the content
continuity as prepared slides. Therefore, a checklist of debriefing topics should be
created to ensure comprehensive coverage.
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Figure 5.
The atmosphere and examples of game results

Conclusion:

This research aims to create a gaming and simulation tool to facilitate shared learning among
players about green space types and co-benefits provided by green spaces, as well as to
support participatory design and planning to increase public green spaces. The “Coco green
space: Co-design for co-benefits” game was created with supporting materials. From the
testing session, it was found that the game can be used according to the intended objectives.
The next step of the research, the researcher will take into account the suggestion from
students to improve the “Coco green space: Co-design for co-benefits” game features, such as
improve record sheet details for easier cost calculation, reduce information in the knowledge
sheet, improve computer input steps, and prepare debriefing slides for time controlling. After
improving, the game will be used with representatives from Khung Bang Kachao community
(consisting of 6 sub-districts: Song Kanong, Bang Krasob, Bang Kobua, Bang Kachao, Bang
Nam Phueng, and Bang Yo, which are relatively high-quality green spaces), and the Laem
Chabang Municipality, which is an industrial area where it is difficult to increase green
spaces. The aims are to facilitate local participants to understand the co-benefits provided by
greenspaces and co-identify a pilot site to establish or improve a good quality and quantity
green space. If we can make government officials and community members understand the
importance of green spaces and agree upon the increasing of green spaces in the area, it will
create a learning tool about green spaces that can be applied in other areas and can be applied
in teaching and learning in related subjects.
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Abstract:

Various virulence factors that contribute to S. aureus infection and its virulence have
been a topic of increasing attention. This pathogen can cause cell lysis and tissue damage
through alpha-hemolysin (a-hemolysin). Targeting its virulence factors can be an effective
strategy to combat infections and provide novel alternatives to conventional antibiotics.
Our previous studies found that Enterococcus faecalis strain R3 exhibited a positive result in
the reverse-CAMP test, demonstrating attenuation of S. aureus hemolysis. The aim of this
study was to investigate the influence of the supernatant of E. faecalis strain R3 (EFR3) on
factors contributing to the pathogenicity of S. aureus, including hemolysis and cytotoxicity.
The co-culture method was used to confirm the activity of enterococcal effector molecules.
The results demonstrated that EFR3, in the presence of S. aureus supernatants at a
concentration of 1:10, most significantly reduced hemolytic activity, indicating that the
attenuation of S. aureus hemolysin occurs in a dose-dependent manner. Then, the effects of
S. aureus supernatant from S. aureus culture on OUMS-36 cell viability were investigated
after treatment with EFR3. The survival rate of fibroblast cells infected with S. aureus did not
significantly differ when EFR3 was added to the fibroblast cell cultures. Accordingly,
E. faecalis strain R3 will be further examined as a potential effective inhibitor of hemolysin.
Future investigations will assess whether the attenuation of S. aureus hemolytic activity by
enterococcal effector molecules correlates with a reduction in a-hemolysin gene (Hla)
expression. Our research aims to contribute to the development of antivirulence medications
for S. aureus infections.

Introduction:

Staphylococcus aureus (S. aureus), a Gram-positive coccus bacterium that forms
clusters, can exhibit both pathogenic and non-pathogenic behavior. It commonly inhabits the
skin and mucous membranes of humans and other mammals, facilitating its transmission and
contributing to a range of skin and soft tissue infections due to its widespread presence?.
Infections caused by pathogenic S. aureus often lead to the formation of abscesses, localized
pus-producing lesions, and the production of various toxins. These virulence factors enable
the development of a range of infections, from superficial skin conditions to severe, life-
threatening diseases?. The bacterial exoproducts released by S. aureus include several toxins
and enzymes, such as Toxic Shock Syndrome Toxin (TSST), which functions as a
superantigen to activate complex molecular pathways; enterotoxins, which are a major
concern for food-borne illnesses and hemolysins, which lyse red blood cells (RBCs) and
cause hemolysis®. Among these exotoxins, polypeptides that damage the host cell plasma
membrane, such as pore-forming toxins like a-hemolysin, are particularly significant. Alpha-
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hemolysin is a major cytotoxin of S. aureus, contributing to severe infections by destroying
host cells, including RBCs, and causing hemolysis. This toxin is crucial as it leads to
disturbances in hemostasis, thrombocytopenia, and pulmonary lesions. Non-pathogenic
strains of Enterococcus spp., which are Gram-positive cocci arranged in chains, have been
effectively utilized as probiotics to promote health in both humans and animals. These
bacteria are commonly found in various environments, including the human gastrointestinal
tract>. Enterococcus species produce and secrete compounds that facilitate cell
communication and inhibit competitive bacteria within ecological niches such as the gut and
oral cavity. One notable type of compound is bacteriocins, which are antimicrobial peptides
that help suppress the growth of other bacteria®.

Our previous research, using a reverse CAMP test, identified that E. faecalis strain R3
can inhibit the hemolytic activity of S. aureus. In this study, we aimed to further investigate
the efficacy of E. faecalis strain R3 in reducing hemolytic activity through co-culture
experiments with various concentrations of S. aureus supernatant. Additionally, we evaluated
the ability of EFR3 to mitigate the cytotoxic effects of S. aureus supernatants on normal cells
using cytotoxicity assays. The findings from our study validated the properties of the effector
molecules produced by E. faecalis strain R3. These molecules have the potential to be
developed into therapeutic agents for mitigating the severity of both systemic and localized
infections caused by S. aureus.

Methodology:
Bacterial strains and cell lines

The bacterial strains used in this study include S. aureus ATCC 25923, sourced from
the American Type Culture Collection (ATCC, USA), as well as E. faecium and E. faecalis
strain R3, which were obtained from our previous research. The bacterial isolates were
cultured in tryptic soy broth at 37°C for 18-24 hours before conducting all experiments.

In this experiment, we utilized the human fibroblast cell line OUMS-36, purchased
from the Japanese Collection of Research Bioresources (JCRB, Japan) provided by Assoc.
Prof. Dr. Pathanin Chantree (Thammasat University, Thailand). The cell lines were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) (Gibco, NY, USA) and 1% penicillin/streptomycin (Gibco, NY, USA).

Microorganism culture for bacterial supernatants

The bacterial strains (S. aureus ATCC 25923, E. faecium, and E. faecalis strain R3)
were initially cultured from -80°C glycerol stocks on tryptic soy agar (TSA). Fresh single
colonies were inoculated into tryptic soy broth (TSB) and cultured at 37°C with aeration,
achieved by incubating in tubes or flasks with a capacity at least four times the volume of the
medium, and vigorous shaking at 200 rpm on an orbital shaker. Overnight cultures were
diluted 1:100 in fresh TSB and incubated until reaching the post-exponential growth phase
(ODeoo of 2.5) for all experiments. After incubation, cells were harvested by centrifugation,
and the supernatants containing the effector molecules were isolated by filtration through a
0.2 pum filter (MilliporeSigma, Germany).

Screening of EFR3 for anti-hemolytic activity using the co-incubation method

The ability to inhibit hemolysis was assessed using a hemolysis assay. Supernatants
from E. faecium, E. faecalis strain R3, and S. aureus were prepared, as effector molecules
may be secreted into the culture media. After harvesting the bacterial cells by centrifugation
and filtering the supernatants, S. aureus supernatants were diluted 10-fold to achieve
concentrations of 1, 1:10, 1:100, and 1:1000. Subsequently, 500 uL of E. faecium
supernatants (EFC) and EFR3 were combined with 500 pL of each concentration of S. aureus
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supernatants. Red blood cells, prepared by centrifugation and washing three times in
phosphate-buffered saline (PBS), were mixed with 30 pL of the supernatant solutions and
incubated at 37°C for 1 hour. After incubation, the mixtures were centrifuged, and the
supernatants were collected for analysis of red blood cell lysis. Hemolysis was quantified by
measuring the ODs43 of the supernatants using a spectrophotometer and compared to the
positive control (S. aureus supernatants alone).

Cytotoxicity evaluation of EFR3 with OUMS-36 cells by S. aureus supernatant infection

The MTT assay was employed to evaluate the impact of EFR3 on the survival of
fibroblast cells exposed to S. aureus-induced injury. This assay relies on the activity of
NAD(P)H-dependent oxidoreductase enzymes in viable cells, which reduce the yellow
tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), to a
purple formazan product. Initially, S. aureus was cultured to the post-exponential growth
phase (ODesgo of 2.5) in TSB. Following centrifugation of the bacterial culture, the
supernatants were combined with EFR3 solutions to achieve final concentrations of 50%.
Fibroblast cells were cultured until they reached 80% confluence. The fibroblast cells were
washed three timeswith PBS and then seeded into 96-well plates, followed by incubation for
24 hours. The cell medium was subsequently replaced with DMEM containing either
S. aureus supernatants alone, a combination of S. aureus supernatants with previously
prepared EFR3, or medium without S. aureus supernatants, with TSB serving as a control.
Cell viability at 48 hours post-treatment was assessed using the MTT assay. MTT solution
(0.5 mg/mL) was added to each well and incubated for 3 hours. Following incubation, the
medium was removed, and formazan crystals were dissolved in dimethyl sulfoxide (DMSO).
Absorbance at 562 nm was measured using a microplate reader (Thermo Scientific, USA).
The percentage of cell viability was calculated by normalizing the absorbance data to that of
untreated control cells, which were considered to have 100% viability. Statistical significance
between groups was determined using a paired t-test.

Results and Discussion:

Staphylococcus aureus (S. aureus) is an opportunistic pathogen that primarily
colonizes the mucous membranes of the human nasopharynx and skin. It can either persist as
a part of the normal flora or exist transiently in these environments?. Infections usually spread
through direct contact with the skin and its surrounding structures. Skin infections caused by
S. aureus often start with the invasion of the hair follicle, epidermis, and dermis. If the
infection progresses and spreads to nearby areas, it can extend into deeper muscle tissues,
leading to pyomyositis. The virulence factors associated with S. aureus infection and its
overall virulence have been a major focus of research. This pathogen can cause cell lysis and
tissue damage, such as lysing red blood cells and inducing hemolysis, with a-hemolysin
directly disrupting the membranes of host cells.

Our previous study discovered that only the E. faecalis species isolated from human
feces demonstrated a species-specific ability to reduce the hemolysis caused by S. aureus, as
shown using the reverse CAMP test. In this study, we used a co-incubation method to further
investigate the effect of the E. faecalis strain R3 on blood hemolysis, focusing on its impact
on the hemolysins secreted by S. aureus. The S. aureus supernatants were co-cultured with
red blood cells in the presence of either E. faecalis strain R3 supernatants (EFR3) or
E. faecium supernatants (EFC) for 1 hour. The resulting blood hemolysis was then compared
to the hemolysis induced by each concentration of S. aureus supernatants alone. This is
illustrated in Figure 1, which shows that the supernatant from S. aureus induces a dose-
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dependent lysis of red blood cells, resulting in the release of hemoglobin, as evidenced by the
red color of the hemoglobin in the supernatant. S. aureus supernatants alone served as
positive controls to determine if the red blood cells were already affected. However, at a
concentration of 1:10, EFR3 was effective in interfering with the hemolysin secreted by
S. aureus (Figure 1D). The absorbance of hemoglobin released into the supernatant was
measured using a spectrophotometer. Quantitativeanalysis revealed that treatment with EFR3
in the presence of S. aureus supernatants at a concentration of 1:10 most significantly
reduced hemolytic activity, as shown in Figure 2. This resultis attributed to EFR3's ability to
reduce red blood cell lysis, as evidenced by the lower color intensity of hemoglobin when red
blood cells were incubated with S. aureus supernatant alone. This finding is consistent with
previous observations that E. faecalis MN1 supernatant can inhibit the superantigen toxic
shock syndrome toxin-1 produced by S. aureus’.

A : B - (68—

S. aureus S. aureus S. aureus S. aureus S. aureus S. aureus S. aureus S. aureus S. aureus
EFR3 EFC p supernatant+EFR3 supernatant+EFC supernatant +EFR3 EF

Figure 1 Treatment of red blood cells with EFR3 and various concentrations of S. aureus
supernatant resulted in a reduction of blood hemolysis at the following concentrations: 0 (A),
1:1000 (B), 1:100 (C), 1:10 (D), and 1 (E).

1.5

1.2

Absorbance
e e
(-2} -

0.3

S. aureus
0 1:1000 1:100 1:10 1 supernatant concentration

0.0

W S. aureus supernatant W S. aureus supernatant+EFR3 W S. aureus supernatant+EFC

Figure 2 The effect of EFR3 in reducing the hemolytic activity of S. aureus was evident, as
indicated by the attenuated release of hemoglobin in the supernatant, as measured by the
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spectrophotometer. The data are represented as mean + SD. *Statistically significant
differences between the two groups, p < 0.05, compared to the effect induced by each
concentration of S. aureus supernatant.

This suggests that E. faecalis secretes exoproduct molecules, specifically EFR3,
which have the capability to interfere with S. aureus infection. To examine EFR3's capability
to mitigate the effect of S. aureus supernatant on normal cells, a cytotoxicity test was
conducted. In our study, we used OUMS-36, a fibroblast cell line, as the normal cell control.
The effects of S. aureus supernatant from S. aureus culture on OUMS-36 cell viability were
investigated after treatment with EFR3 for 48 hours at 37°C. Cytotoxicity was analyzed by
measuring absorption at 562 nm in the MTT assay (Figure 3).

Cell viability was significantly reduced in OUMS-36 cells exposed to S. aureus
supernatant (p < 0.05), indicating that S. aureus supernatant inhibits cell viability. However,
there was no significant difference (p > 0.05) in cell viability between EFR3-treated and
untreated cells, suggesting that EFR3 did not alter the effect of S. aureus supernatant on cell
viability. The cell viability of OUMS-36 cells was 77.59 + 3.3% when exposed to S. aureus
supernatant and 81.27 = 2.2% when treated with EFR3 in the presence of S. aureus
supernatant. These results indicate that the reduction in hemolytic activity observed with
EFR3 was not attributable to damage to OUMS-36 cells, even at a 50% concentration of
EFR3.

Similar findings were reported by Zhu Cheng in 20138, which demonstrated that
experimental groups treated with higher concentrations of methicillin-resistant S. aureus
(MRSA) supernatant consistently had a lower number of cells compared to groups treated
with equivalent or lower concentrations. This observation was statistically significant,
demonstrating a dose-dependent effect of MRSA supernatant on cell numbers. It suggests
that lower concentrations of S. aureus supernatant may affect cell viability differently than
EFR3 supernatant. Additionally, a previous study by Brosnahan et al., (2013)’ reported that
E. faecalis MNL1 supernatant, concentrated 480-fold relative to the original culture, inhibits
interleukin-8 production induced by superantigen toxic shock syndrome toxin-1.
This indicates that higher concentrations of EFR3 might also influence cell viability in
comparison to S. aureus supernatant. Consequently, further research into varying
concentrations of EFR3 and S. aureus supernatant could shed light on their differential effects
on cell viability differential effects on the viability of OUMS-36 cells.

120
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Figure 3 The effect of EFR3 on enhancing the viability of OUMS-36 cells infected with
S. aureus supernatant is comparable to the effect observed with treatment using S. aureus
supernatant alone. Data are presented as means + SD, with "ns" indicating not significant
(p > 0.05), whereas an asterisk (*) indicates statistically significant differences compared to
the control (untreated cells) (p < 0.05).

Conclusion:

In this study, the cell-free supernatant produced by Enterococcus faecalis strain R3
(EFR3) demonstrated the capacity to inhibit S. aureus hemolysin. The results indicate that the
presence of S. aureus supernatant at a concentration of 1:10 significantly reduced hemolytic
activity. However, when evaluating the cytotoxic effects of S. aureus supernatant on OUMS-
36 cells after treatment with EFR3, no significant difference in cell damage was observed at a
50% concentration of EFR3. Further investigation should examine the role of EFR3 in the
expression of the virulence gene Hla, which encodes alpha-hemolysin.
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Abstract:
Genetic engineering techniques have been used as tools for studying various cellular

processes. Introducing foreign DNA into host cells using plasmids can be accomplished
through various methods, such as lipofection, electroporation, nucleofection, and viral
transduction. While transduction via viral particles can be more efficient than other physical
methods, there are significant concerns, particularly the risk of viral DNA integrating into the
host genome, which could lead to mutations and the development of diseases.

In this project, we aimed to develop a packaging plasmid with integrase defects for
viral transfection, including mutations in the Pol gene that result in the inability to integrate
viral DNA into the host genome. The psPAX2 plasmid was mutated at aspartic acid 116
(D116) in the integrase sequence to reduce the integration activity of the lentiviral system.
Interestingly, nine positive clones were successfully constructed, and sequencing results
showed that two clones contained only the D116N mutation site as designed, while the other
seven clones had D116N and additional missense mutations at various locations on the
integrase sequence. The recombinant plasmid constructed in this project will be further used
to evaluate integrase defects using various techniques. The non-integrating lentiviral system
may lead to promising methods for safer gene therapy, avoiding the risks of insertional
mutagenesis in the future.

Introduction:

Gene therapy involves the modification or correction of mutated genes to cure or
prevent diseases without relying on drugs or surgery. This approach shows promise for
treating various conditions caused by inherited genetic disorders, such as hemophilia,
muscular dystrophy, thalassemia, and sickle cell anemia, as well as acquired genetic diseases
such as cancer and certain viral infections [1, 2]. Gene delivery systems, which introduce
selected genes into target cells, are crucial for effective gene therapy, as a reliable gene
delivery system is essential for success [3]. The process of introducing foreign nucleic acids
into eukaryotic cells is called transfection. Transfection methods can generally be categorized
into viral-based and non-viral-based method. Ongoing efforts are focused on developing
more efficient and safer gene delivery systems for advanced gene therapy [4, 5].

Viral-based transfection uses viral vectors as vehicles to deliver genetic information
into the target cells. Research and development efforts have focused on creating vectors with
high efficiency, low genotoxicity, and minimal immunogenicity. Among these, adeno-
associated virus (AAV) and lentivirus-based vectors have gained significant attention due to
their promising clinical outcomes. AAV vectors offer strong potential for in vivo genetic
information delivery because they integrate into host genome at low-level. However, AAV
vectors have relatively low efficiency. Whereas lentiviral vectors are more efficiency, but
there are concerns about their ability to integrate into the host genome [6]. Lentiviral vectors
have been developed since 1980s [7]. Based on HIV-1, the most wildly used lentiviral vectors

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

146



have been developed for three generations. After years of development to improve safety, the
third-generation plasmid was created by removing Rev gene from the transfer plasmid and
replacing it on a fourth plasmid, as well as eliminating U3 on the 3’ LTR to create a self-
inactivating transfer vector [8, 9]. To produce a viral vector, three types of plasmids are
required: 1) a packaging plasmid that codes for all necessary viral proteins for viral particle
formation and delivery of the transgene into target cells, 2) an envelope plasmid that codes
for a glycoprotein, enabling target cells recognition, and 3) a transfer vector plasmid that
carries the transgene of interest. The packaging plasmid codes for all necessary viral proteins
for particle formation and transgene delivery, including the Gag polyprotein (a structural
protein) and Pol polyprotein (an enzymatic protein). Pol includes viral protease, which
cleaves polyproteins to allow viral particle maturation, and reverse transcriptase (RT), which
reverse transcribes the RNA genome into double-stranded DNA. This genetic material can
then be integrated into the target cell genome by the viral integrase protein [10].

Duo to the risk of insertional mutagenesis with viral vectors, efforts have been made to
mitigate this effect, leading to the development of integrase-defective lentiviral vector
through various methods [11]. Several approaches can impair the integration ability of
lentiviral vector, with one of the most effective being the generation of mutated virus strains,
such as replacing the standard Gag/Pol packaging plasmid with an integrase-mutant (IN-
mutant). There are many studies that have introduced specific mutations in the amino acids of
integrase to produce strains with integrase-defective capabilities. These mutants enhance
biosafety, allowing for advanced clinical applications, as they have very low genomic
integration frequencies and pose a much lower risk of insertional mutagenesis and
replication-competent retrovirus (RCR) generation than integrating lentivectors [12].
However, it is important to note that integration-deficient lentiviral vectors can still integrate
into the host genome, despite being at a very low frequency. Thus, further development of
integrase-defective lentiviral vectors that can further reduce or eliminate integration is
necessary.

The aim of this project is to create and construct a novel integrase-defective lentiviral
vector by developing psPAX2 (Addgene, No. 12260), the packaging plasmid for viral
transfection, by introducing mutation at different sites of the integrase protein on the Pol gene
that disables the insertion of viral DNA into the host genome [11]. The integrase-defective
lentiviral vector constructed from this project will be further used to for lentiviral-based gene
transfer, offering benefits for therapeutic use and expanding potential clinical applications.
This could potentially lead more efficient and safer gene therapy techniques in the future.

Methodology:
Designing of Modified psPAX2 Plasmid.

The plasmid modification design process was completed using Benchling [Biology
Software] (2022). Retrieved from https://benchling.com. The sequence of the psPAX2
plasmid was downloaded from addgene.com (N0.12260) and imported into Benchling. The
integrase gene in the HIV-1 pol sequence of the psPAX2 plasmid was targeted at aspartic acid
(D) at amino acid position 116. The target was designed to alter GAC (aspartic acid; D) to
AAC (asparagine; N) by ligating two modified integrase fragments. The first fragment was
amplified with a modified primer at the 3 end, and the second fragment was amplified with a
modified primer at the 5° end. These fragments were named PAX-F and PAX-L, respectively.
The final ligation product of the two amplified fragments contained the recognition sites for
the Swal and Aflll restriction enzymes, which flank the aspartic acid (D) at amino acid
position 116 of the Pol gene in the psPAX2 plasmid.

Plasmid extraction.
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The plasmid used for this study was extracted using GF-1 Plasmid DNA Extraction Kit
(Vivantis Technologies), following the manufacturer’s instructions. Bacteria containing
plasmids were cultured in 5 ml of LB medium with 100 pg/ml of ampicillin antibiotic and
incubated in shaking incubator at 37°C, 250 rpm for 16-18 hours. A 3 - 4.5 ml aliquot of the
culture was harvested in 1.5 ml centrifuge tube by centrifuging at 6,000 g for 2 minutes. The
pellet was resuspended by adding 250 ul of resuspend buffer containing RNase, and mixed
by vertexing. The resuspended pellet was lysed by adding 250 ul of lysis buffer, gently
mixed, and left to stand for 4 minutes at room temperature. The lysate was neutralized by
adding 400 pl of neutralization buffer, gently mixed, and centrifuged at 10,000 g for 10
minutes. After the precipitate was spun down, the supernatant was transferred to a column
and centrifuged at 10,000 g for 1 minute; the remaining buffer in the column was discarded.
The column was washed by adding 650 ul of wash buffer and centrifuged at 10,000 g for 1
minute; the remaining buffer was discarded. The column was centrifuged again at 10,000 g
for 1 minute to remove any remaining wash buffer. Then, the column was transferred to a
new 1.5 ml microcentrifuge tube, and 50-100 pl of the elution buffer was added. The column
was left to stand for 1 minute at room temperature. Finally, the column was centrifuged at
10,000 g for 1 minute then removed from 1.5 ml microcentrifuge tube. The eluded plasmids
were evaluated for quantity using spectrophotometers (Nanodrop™) and stored at 4°C.

Gene amplification using polymerase chain reaction (PCR).

After acquisition of primer from Benchling, each gene fragment was amplified using the
polymerase chain reaction (PCR) method. The amplicons are generated by mixing a master
mix containing 1 unit of DNA polymerase, up to 5 ng of template (purified plasmid
psPAX2), 0.5 uM of each primer, 5 mM of MgCl», 1X of the buffer (as per the polymerase
manufacturer’s instruction), 100 UM of dNTPs, and the addition of H.O until the final
volume are 50 pl. The reactions were carried out using a thermal cycler. The temperature and
elongation time for each primer pair were adjusted based on the size of the amplicon and the
melting temperature (Tm) of the primers. The size of each amplicon was verified by using gel
electroporation with 1-1.5 % agarose gel containing SYBR® Safe DNA Gel Stain and
observed the result on the chemical documentation imaging system.

Digestion and Purification of the amplicon and plasmid.

The amplicons containing modified overhangs were digested using Swal and Aflll
restriction enzymes. The amplicons and plasmids were digested by mixing a master mixes
contain 1 unit of digestive enzyme, up to 1000 ng of template, 1X of the buffer (according to
the digestive enzyme manufacturer’s instructions), and H2O to a final volume are 50 pl. The
reactions were performed using thermal cycler. The digested amplicons and plasmids were
purified using GF-1 Nucleic Acid Extraction Kits (Vivantis Technologies) following the
manufacturer’s instructions. The digested product was transferred to the column and
centrifuged at 10,000 g for 1 minute, and the remaining buffer was discarded. Each column
was washed by adding 650 pl of wash buffer and centrifuged at 10,000 g for 1 minute, the
remaining buffer was discarded. The column was centrifuged again at 10,000 g for 1 minute
to remove any residual wash buffer. Each column was then transferred to a new 1.5 mi
microcentrifuge tube, and 30-50 pl of the elution buffer was added. After allowed the column
to stand for 1 minute at room temperature, it was centrifuged at 10,000 g for 1 minute. The
purified product was then evaluated for quantity by using spectrophotometers (Nanodrop™)
and stored at 4°C.
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Ligation of the digested product and Transformation

The fragments for ligation were calculated, and the volume of each template and
insert fragment was adjusted according to the calculation. The ligation reaction was contained
100 ng of vector, insert in the appropriate proportion, 5% PEG4000, 1X of ligation buffer, 2.5
units of ligation enzyme, and H.O to a final volume of 50 pl. The reaction was incubated at
16°C for 16 hours. Chemically competent cells (E. coli strain Stbl3) stored at -80 °C were
thawed on ice for 30 minutes. After thawing, the ligation reaction was added to the competent
cells and incubated on ice for 30 minutes. Following this, the competent cells were subjected
to a heat shock at 42°C for 90 seconds, then incubated on ice for 5 minutes. LB medium was
added to the competent cells, and the mixture was incubated at 37°C for 1 hour in a shaking
incubator. After incubation, the transformed cells were spread onto LB agar plate contained
100 pg/ml of ampicillin, and the plates were incubated at 37 °C for 16-18 hours.

Verification of plasmids through colony PCR technique and sequencing

After incubation the transformed competent cells on LB agar plates containing
ampicillin, each colony was picked and propagated on the master plates. The master plates
were LB agar plates containing ampicillin, each labeled to correspond with a colony on a grid
drawn on the plate (approximately 5X5 squares). Each picked colony was cultured within it
assigned name and space on the master plates. Once all colonies were picked, the master
plates were incubated at 37 °C for 16-18 hours. Verification of each colony on the master
plate was performed using colony PCR technique. Firstly, each colony was picked and
transferred to a PCR tube containing 5 pl of H20. Then, each tube was vortexed for 2 minutes
in order to tear the cells wall and release the plasmid. The master mix for the PCR reaction
contained 0.5 uM of each primer, 1X polymerase master mix, and H2O to a final volume of
10 pl. The reactions were carried out using thermal cycler. The temperature and elongation
times for each primer pair were adjusted based on the size of amplicon and the T of the
primers. The size of each amplicon was verified using gel electroporation with 1-1.5% of
agarose gel containing the SYBR® Safe DNA Gel Stain, and the results were observed using
a gel documentation imaging system. The amplification results from the colony PCR were
confirmed by sequencing using Sanger method. The sequencing results were imported into
BioEdit software [13] for alignment and comparison with the expected sequence.

Results and Discussion:

The psPAX2 plasmid was mutated at aspartic acid 116 (D116) in the integrase
sequence to reduce the integration activity of the lentiviral system. Aspartic acid at position
116 is part of the catalytic triad of the integrase protein; thus, changing it from aspartic acid
to asparagine (D116N) results in integrase deficiency [14]. This mutation was introduced by
altering the bases at two sticky ends, which was achieved through amplification, ligation, and
reintroduction of the mutated fragment into the plasmid (Figure 1).

The integrase gene in the HIV-I pol sequence within the psPAX2 plasmid was targeted
at aspartic acid (D) at amino acid position 116. The target was designed to alter GAC
(aspartic acid; D) to AAC (asparagine; N) by ligating two modified integrase fragments. The
first fragment was amplified with a modified primer at the 3' end, and the second fragment
was amplified with a modified primer at the 5' end. These fragments were named PAX-F and
PAX-L, respectively. The psPAX2-Swal-F and D116N-R primer pair (Tm 55.8 and 51.5 °C,
respectively), and the D116N-F and psPAX2-AflII-R primer pair (Tm 52.4 and 55.7 °C,
respectively) were designed for the amplification of PAX-F and PAX-L, respectively (Table
1). The results from gel electrophoresis showed a major positive band in both PAX-F and
PAX-L amplifications, with approximate sizes of 900 bp and 200 bp, respectively (Figure
2A). The optimal conditions for PCR amplification of each primer pair were tested using the
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thermostable Tag DNA polymerase (HOTFIREPoI®) to generate the expected PCR product,
while pfu DNA polymerase was used for generated the fragment for the ligation reaction. The
pfu DNA polymerase possesses3' to 5 exonuclease proofreading activity, preventing
mutation in the nucleotide sequence of PCR product at locations other than the D116N site.
The PCR amplification successfully produced the target fragment as designed, allowing them
to be used in the next step of recombinant plasmid construction.

The transformation of the recombinant plasmid into Stbl3 competent cells was
performed using the heat shock method. Positive clones were selected using ampicillin
antibiotics plates, and each colony was propagated individually. Bacterial colony growing on
LB plate contained ampicillin antibiotic represent bacteria that successfully transformed the
psPAX2 plasmid. Colony PCR was conducted to confirm the insertion of each clone using
the psPAX2-Swal-F and psPAX2-AfllI-R primer pair (flanking the insert fragment). Gel
electrophoresis results from the colony PCR revealed that 9 clones—Al, A3, E1, E3, BA2,
BA3, EA2, EB2, and EC3—contained the integrase gene after ligation, producing a PCR
product of approximately 1,000 bp (Figure 2B).

Subsequently, recombinant plasmids were extracted from the 9 clones, and the success
of recombinant plasmid construction was confirmed by Swal and Aflll digestion. The results
showed that all 9 clones contained an insert fragment of approximately 1,000 bp (Figure 2C).
Sequencing analysis was performed on all 9 positive clones to check for the base substitution
at the D116N position in Pol gene. Sequencing alignment revealed that 2 of the 9 positive
clones (BA2 and EA2) had the expected change from aspartic acid to asparagine at position
116 (D116N), resulting in integrase deficiency as designed. In the remaining 7 positive
clones, several missense mutations were detected at various sites, including the D116N site
(Figure 3).

In this study we used pfu DNA polymerase to amplify the designed insert fragment due
to its 3' to 5' exonuclease proofreading activity, which reduces the mutation rate during PCR
amplification. Although Pfu DNA polymerase exhibits high PCR fidelity, previous studied
have shown that thermostable DNA polymerases still generate an average error rate of 1.3 x
107¢ mutation frequency/bp/duplication [15], which explains the mutations detedted in 7 of
the positive clones. However, we successfully constructed two recombinant plasmids in this
study, which will be further used to evaluate the effects of the D116N mutation and other
missense mutation sites on integrase activity, using assays such as the reverse transcriptase
assay, colorimetric assay, or HIV-1 p24 ELISA. This result may provide new information on
the level of integrase activity between the psPAX2 containing only the D116N mutation and
those containing the D116N mutation along with other mutations.

The recombinant plasmid constructed in this project will be further used as the packing
plasmid, combined with other plasmids required for viral vector production. This can be
applied in various viral-based gene transfer applications such as cell biological research, gene
editing technologies (e.g., CRISPR/Cas9) and gene therapy [16, 17].
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Figure 1.
Plasmid map of the integrase-defective packaging plasmid for the lentiviral vector.
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Figure 2.
Gel electrophoresis results from (A) PCR product of PAX-F and PAX-L, (B) colony PCR on
psPAX-D116N clone Al and A1, and (C) Swal and Aflll restriction enzyme cut check.
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Figure 3.

Protein alignment results from 9 positive clones of the psPAX2-D116N recombinant
plasmid. The red boxes highlight clones BA2 and EA2 which contain only the D116N
mutation site. The D116N mutation site is marked with a red asterisk.

Table 1.
Primers designed for this study.
. . Annealing

Primer Sequence (5' to 3) Product size temperature

name (bp) (°C)
psPAX2-
Swal-F GGGGAAAGACTCCTAAATTTAAATTACCC 893 55.88

ATCGACGTCTCCGTTTGTATGTACTGTTTTTAC

D116N-R TGG 515
D116N-F ATCGACGTCTCCAAACAATGGCAGCAATTTC 524
psPAX2- 192
AfllI-R GCTGTCTTAAGATGTTCAGCCTG 55.73
Conclusion:

In this project, we successfully constructed two psPAX2 plasmid with the D116N
mutation and seven psPAX2 plasmids containing the D116N mutation along with various
other mutation sites on the integrase sequence. These recombinant plasmids will be further
used to evaluate the impact of the D116N mutation and other missense mutations on integrase
deficiency within the lentiviral transfection system. The non-integrating lentiviral system will
offer advantages for widening clinical applications by reducing the risks of insertional
mutagenesis, potentially leading to promising methods for safer gene therapy in the future.
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Abstract:

The sterol regulatory-element (SRE) binding protein-2 (SREBP-2) is a key protein in
the SREBP pathway, containing the transcription factor of the cholesterol homeostasis operon
(SRE promoter). The transcription factor on SREBP-2 is cleaved by regulated intramembrane
proteolysis (RIP) of S1P and S2P in the Golgi apparatus membrane. Even though the nuclear
magnetic resonance (NMR) structure of SREBP-2 was studied, the structural mechanism
underlying the RIP process on the SREBP-2 remains unclear. Therefore, we conducted
atomistic (AT) molecular dynamics (MD) simulations to investigate the RIP process regarding
different lipid environments (DLPC, POPC, DPPC, and LMPG) on SREBP-2. Interestingly,
we found that the different lipid environments modulated the transmembrane (TM) and
luminal (LM) domains of SREBP-2. Moreover, we also found that the thicker lipid membrane
affected the SREBP-2 structure by stretching the NP motif at the N-terminus transmembrane
a-helix (ca. ~132° of the NP-angle in POPC system). Our studies highlight that the thicker
membrane environment plays a role in a stretch of NP motif leading to an initiation of RIP
process, correlating the translocation of SREBP-2 from the endoplasmic reticulum (ER) to the
Golgi apparatus membrane. Together, this study highlights unique insights into lipid
environmental factors' effect on SREBP-2 which possibly addresses the molecular mechanism
of the RIP process on SREBP-2 in cholesterol homeostasis. This will be beneficial in the
therapeutic development targeting the RIP process and NP motif movement for the diseases
that occur due to the malfunction of the cholesterol regulation.

Introduction:

Cholesterol is one of the essential lipids constituting approximately 30% of the overall
mammalian cell membrane!=3. It plays a significant role in regulating membrane permeability
and steroid biosynthesis, such as progesterone and estrogen*°. Notably, cellular cholesterol
level modulation is crucial as dysregulated cholesterol homeostasis as excessive and deficient
cholesterol levels can cause heart disease and mental disorders, respectively®®. One of the
cholesterol homeostasis mechanisms is the SREBP pathway on the endoplasmic reticulum
(ER) membrane, consisting of sterol regulatory-element binding protein (SREBP), SREBP
cleavage-activating protein (SCAP), and insulin-induced gene protein (INSIG)*. The SREBP
pathway is launched after the cholesterol level is dropped below 5 mol% of the total lipids in
the ER membrane, sensed by the sterol-sensing domain (SSD) of SCAP!. Then, SREBP is
translocated into the Golgi apparatus membrane and cleaved by the regulated intramembrane
proteolysis (RIP) process'®*2, The RIP process cleaves the basic helix-loop-helix leucine zipper
(hLHL-Zip) at the N-terminus of SREBP by site-1 protease (SP1) and site-2 protease (SP2),
on the luminal loop and the N-terminus transmembrane a-helix, respectively®®. After, the
bHLH-Zip activates the transcription of proteins underlying the sterol regulatory element
(SRE) promoter leading to an increase in cholesterol levels!*. Oppositely, INSIG will dimerize
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with SCAP when the cholesterol level rises above 5 mol% resulting in an absence of the SREBP
translocation and a decrease in cholesterol level®®.

According to a crucial of the bHLH-Zip in cholesterol homeostasis, the RIP process
was then studied to understand a key mechanism that occurs on SREBPs. Thus, the NMR
structure of SREBP-1, an isomer of the SREBPs family involved in lipid regulation, was solved
in an LMPG detergent micelle!®. The obtained structure was then studied using atomistic (AT)
molecular dynamic (MD) simulation by conducting in 2 different lipid environments, DLPC
and POPC, for 1 us. The study reveals the N-terminus transmembrane a-helix responded to the
change in membrane thickness, resulting in a wider angle on the asparagine-proline (NP) motif
(residue 501-502). Moreover, this wider confirmation on the NP motif of SREBP-1 allowed an
S2P docking at the scissile bond'®’. However, there is a lack of knowledge on the effect of
lipid environment in other compositions on the SREBP-2 which plays a role in cholesterol
homeostasis. Besides, the differences in lipid saturation influencing the RIP process on
SREBPs remain unclear, only 2 lipid species (DLPC and POPC) were studied. The
understanding of the insights of lipid environments including thickness and lipid saturation
potentially elucidates the lipid-driven molecular mechanisms of the RIP process.

Here, we aimed to study the effect of lipid environments on the SREBP-2, another
isomer of the SREBP family regulating cholesterol homeostasis, using AT-MD simulations.
Our work highlights different conformations and stabilities of the transmembrane domains of
SREBP-2 in saturated (DLPC and DPPC), unsaturated (POPC) and detergent (LMPG) lipid
environments. Besides, our work potentially describes the RIP process which relates with the
change of lipid thickness between organisms, ER and Golgi apparatus membranes, within the
SREBP pathway leading to benefit the future treatment of abnormal cholesterol homeostasis.

bHLH-Zip )

Selected 4
part

ol LMPG

Figure 1. Molecular modelling of SREBP-2 and the construction of simulation systems
(A) The SREBP-2 structure was obtained from the AlphaFold protein database. Only the
selected part (light blue) was used for the study. The cytosolic domains, bHLH-Zip, and

CTD, are shown in green and orange, respectively. The disordered part is shown in grey. (B)

The simulation boxes of PC lipids (top) and LMPG detergent (bottom) were constructed with
a size of 6x6x8 nm?®. The head groups of each lipid are shown in orange, while the tails are
shown in light orange. The light blue within each system represents a solvent (0.15M NaCl in
water). L, length; W, width; H, height.

Methodology:
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Molecular modeling of SREBP-2 structure

The structure of SREBP-2 was obtained from the AlphaFold protein database (UniProt
entry: Q12772). According to the previous NMR structure of SREBP-1, the obtained structure
was modified by removing the cytosolic domains, the bHLH-Zip, and the C-terminus
regulatory domain (CTD), using PyMOL software. The remaining transmembrane (TM)
domain with a luminal (LM) loop (residue 475-559) was then selected for the RIP process
study (Figure 1A).

Atomistic simulations of SREBP-2 in different lipid environments

The phosphatidylcholine (PC) lipid species were selected to study because of the major
lipid ratio in the ER and Golgi apparatus membrane!®. The DLPC and DPPC lipids were
selected to imitate a thin and thick saturated lipid environment, respectively. The thin lipid
environment was used to represent the ER membrane, while the thicker one represented the
Golgi apparatus membrane®. The POPC lipid was picked to imitate an unsaturated lipid
environment which has a similar thickness to DPPC. Lastly, the LMPG detergent was picked
to simulate the environment of SREBP-2 as in the micelle the previous NMR structure of
SREBP-1%%, The LMPG system was observed to explain the effect of detergent micelle
comparing with other lipid systems.

The systems of SREBP-2 in DLPC, POPC, DPPC, and LMPG membranes were
generated using CHARMM-GUI with CHARMM36m forcefield!®?°, Each simulation system
was constructed in 6x6x8 nm? size with TIP3P water and 0.15 M NaCl?! (Figure 1B). Then,
each system was independently energy minimized using the steepest-descent algorithm with
restrains on Cq atoms at 1000 kJ/mol/nm? with 2 fs timesteps for 5 ns. The DLPC, POPC, and
DPPC systems were equilibrated for 100 ns with a semi-isotropic Berendsen barostat for
equilibration. Otherwise, the LMPG system was equilibrated for 100 ns with isotropic
Berendsen barostat??. After, all systems were simulated for 250 ns (3 repeats independently in
each system) using a semi-isotropic Parrinello-Rahman barostat, while the LMPG system was
simulated with an isotropic Parrinello-Rahman barostat?>. All simulations, excluding the
energy minimization, were maintained temperature at 310 K with V-rescale temperature
coupling and 1 bar of pressure coupling, and were performed by using GROMACS version
2021.3%,

Analyses of the lipid environments affecting the structure of SREBP-2

Our analyses used 3 criteria; root means square fluctuation (RMSF), root means square
deviation (RMSD), and the angle on NP motif of SREBP-2 (residue 495-496). In the RMSD
analysis, all simulations were calculated an overall change in the SREBP-2 structure compared
with the first frame of each system. Next, the RMSF analysis, every Cq atom of SREBP-2 in
all systems were observed fluctuations in different lipid environments. Another, the angle
analysis, we defined 3 residues, S480, N495, and W503, as the NP-angle reference. All
analyses were performed by using GROMACS version 2021.3%,

Results and Discussion:
The fluctuation of the SREBP-2 structure in different lipid environments

After the simulations, all systems were analyzed for the fluctuation of the Ca of the
SREBP-2 structure. The results showed that the SREBP-2 structure, in terms of the TM
domain, has a slightly different corresponding to the length of each lipid type (Figure 2B). On
the TM1 of SREBP-2 structure, the LMPG micelle potentially influences the fluctuation of the
TM1 more than the others (RMSF=0.18-0.34 nm). The DLPC membrane effects slightly lower
than the LMPG (RMSF=1.2-2.2 A), but still more than the DPPC and POPC membrane at
residue 490-500 on the TM1 (RMSF=0.8-1.7 A). Interestingly, the higher fluctuations on TM1
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of LMPG and DLPC systems covered the area of NP motif which previously described as a
motile part of SREBPs (Figure 2A). However, an overall fluctuation on TM2 exists correlatedly
with the TM1 that the fluctuation occurred mostly in the LMPG system. Another, the LM loop
existed in the highest fluctuation on the DLPC (max RMSF=7.8 A), while the other systems
presented in non-significant differences (max RMSF=5.8 A).

Our results denote the effects of a lipid construction, and thickness according to the
length of PC lipids. In the case of the LMPG micelle, the detergent was constructed in a
spherical shape around the TM domains of SREBP-2, mimicking the protein isolation process
of NMR in the previous study®. This probably allows a movement of TM domains more than
the bilayers construction of DLPC, DPPC, and POPC, especially in the NP motif. Another, the
thickness of each system potentially plays a role in a partial change of the SREBP-2 structure.
Due to a DLPC lipid tail consisting of 12 carbon atoms that was the shortest among lipids in
the study, the covering area of DLPC therefore took a thinner thickness than the others. This
shorter covering area may allow the PC headgroup to interact with residues surrounding the
NP motif, resulting in a higher fluctuation index. Besides, according to the simulations, the
thinner membrane of the DLPC lipid increases distances between the LM loop and the PC head
groups on the membrane leading to the lower chance of interaction and a higher fluctuation
index. Surprisingly, the translocation of the SREBP-SCAP complex moves from the thinner to
a thicker membrane, from the ER to Golgi apparatus membrane'??, This suggests that the
thicker membrane may be involved in the RIP process in terms of the protein stabilization.
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Figure 2. An overall structure of SREBP-2 in each system and the RMSF analysis
(A) The details of the SREBP-2 structure within the covering area of PC lipids or LMPG
detergent. The transmembrane (TM) domain, luminal (LM) loop, and the NP motif are shown
within the figure with residues (res.). (B) The results of the RMSF analysis represent the
fluctuation of Ca atoms of SREBP-2 in each system, the labels are shown in the upper-right
box. The light blue areas represent the TM domain of SREBP-2.

The movement of SREBP-2 in the different lipid environments

From the RMSF analysis, the thicker membrane (DPPC and POPC) resulted in a better
stability of the SREBP-2 structure. We hypothesized that a fluctuation of the SREBP-2
structure should play a role in the activation of the RIP process on the Golgi apparatus
membrane. We then shed light on the conformational change in different lipid environments.
All systems were analyzed for the change in the overall SREBP-2 structure by calculating the
RMSD throughout each simulation. The results showed that all systems result in an average
range of ~2-6 A (Figure 3A). In detail, the LMPG system showed an unstable altering of the
SREBP-2 structure along the simulation (ca. 2-6 A). For the rest of the systems, the DLPC and
DPPC systems resulted in a non-significant difference (ca. 2-4 A), while one repeat of POPC
systems resulted in a high RMSD (ca. 2-6 A). This may be caused by a movement on the TM2
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that was bent transiently in the simulation (Figure 3B). An unsaturated oleoyl chain of the
POPC potentially influences SREBP-2 to be more flexible than the saturated chains in DPPC
and DLPC (Figure 3B). However, the change in a structure must be further analyzed for more
insights of the effects of lipid environments.

Therefore, we additionally study the movement of the TM domain of SREBP-2. The
angle analysis was used to observe the change in the referenced angle (NP-angle), consisting
of S480, N495, and W503, on the NP motif (Figure 3C). The results showed that the NP-angle
of the POPC system is the widest angle (average= ~132°). In the DPPC system, the NP-angle
is slightly lower than that in the POPC system (average= ~130°). The DLPC and LMPG
systems showed the lowest NP-angle (average= ~127° and ~119°, respectively) (Figure 3D).
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Figure 3. The movement of the SREBP-2 structure in different lipid environments
(A) The RMSD results of each system represent the change of overall SREBP-2 structure
throughout the 250 ns simulation (n=3 of each system). The flexible region (LM domain) was
excluded from the analysis due to the unstability. (B) The movement of the SREBP-2
structure within each system. The different colors of the SREBP-2 structure represent
different time frames: 0 ns (white), 125 ns (light blue), and 250 ns (purple blue). The dark
grey boxes (lipid head groups) and the light grey region (lipid tails) represent the covering
area of PC lipids and LMPG detergent. (C) The reference residues represent the NP-angle
(yellow) of the angle analysis. Each reference residue, with side chain, is shown in sphere,
with carbon atoms (cyan), positively charged atoms (blue), and negatively charged atoms
(red). (D) The distribution histograms of the angle analysis results of each system represent
the change in the NP-angle throughout the 250 ns simulation (n=3 of each system). The right
boxes represent angle distribution and averaged angle in each system.
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Even though the POPC and DPPC lipid environment are different from each other by the
saturated lipid tail, the NP-angle within each system showed a non-significant difference. This
may be caused by the thickness dependency of the SREBPs. However, the study of lipid
saturation environment is needed to explain some transient movement of TM2 within the POPC
system and the wider-angle distribution on the NP-angle (Figure 3A-B&D).

Our angle analysis highlights more essential information on the SREBP-2 structure in
the different lipid environments. The wider NP-angle represents the stretching conformation
around the NP motif, which was originally described as a crucial role in the S2P access'’?%.
Together with the stability study, the thicker membrane tends to affect the SREBP-2 structure
and benefits the RIP process of the SP2 in the Golgi apparatus membrane. In the LMPG system,
the system was constructed to mimic the NMR structure. The spherical construction of the
LMPG micelle acts as the DLPC system in the lifting of the NP motif. This bending hinge-like
NP motif potentially be an obstruction of the S2P binding® (Figure 4). Our finding also
proposes the potential role of the RIP process on the NP-motif of SREBPs which is important
for the regulation of genes under controlled the SRE promoter, the bHLH-zipper’s target. For
instance, a mutation on the NP motif causes a loss of S2P cleavage resulting in a cholesterol
deficient condition which leads to a mental disorder, such as depression®. However, the deeper
understanding of the lipid-driven molecular mechanism of the NP motif movement is needed.

-RIP + RIP
CTD=SCAP CTD=SCAP CTD=SCAP
}
LM loop
Detergent Thinner Thicker
micelle membrane membrane

Figure 4. The schematic diagram of the NP motif movement affecting the RIP process in
different lipid environments
The detergent micelle (LMPG) and thinner membrane (DLPC) environments represent a
similar configuration of SREBP-2, where the RIP process is blocked by the bending of NP
motif (red spot). The thicker membrane (POPC and DPPC) represents the potential
consequences of stretching/opening of the NP motif. Therefore, S2P probably accesses the
S2P cleavage site (purple spot) allowing the RIP process to take place.

Conclusion:

In conclusion, the different lipid environments influence the conformational change of
the SREBP-2 structure. The lipid construction and membrane thickness could alter the NP
motif on the TM1 of the SREBP-2. The movement of the NP motif essentially involves the
RIP process in terms of the S2P binding. In the POPC system, the TM1 was stretched leading
to the wider NP-angle, which serves as an accessible path to the cleavage site. Conversely, in
the LMPG system, the NP angle resulted in the sharpest angle leading to the bending of the NP
motif, which potentially avoids access to S2P. This also suggests that the translocation of the
SREBP-SCAP complex from ER to the Golgi apparatus membrane is reasonable to allow the
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RIP process. Besides, the lipid saturation may have a role in processes on SREBPs because of
the movement of TM2 within the POPC system, while no obvious signal in the DPPC system.
For further study, we suggest that the study of SREBPs in other lipid compositions is needed
for a better understanding of the RIP process, especially in the mocked-up Golgi apparatus
membrane using various types of lipids and cholesterol. This may elucidate more insight into
the shadowed lipid-driven molecular mechanisms between RIP process and SREBPs.
Moreover, this will benefit the drug design or therapeutic development to tackle diseases
caused by mutations in the RIP-related regions on SREBPs.
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Abstract:

A survey and collection of three lichen genera Haematomma, Lecanora, and Malmidea was
conducted in Doi Suthep-Pui National Park, Chiang Mai Province, Thailand, between February
2023 and March 2024. A total of 264 specimens were collected from 23 phorophytes across
two forest types and were taxonomically cataloged. The catalog includes six species from the
genus Haematomma, and nine species each from the genera Lecanora and Malmidea. The
highest species diversity was observed in the Lower Montane Forest (LMF) at 1,600 meters
above sea level (masl), while it was lower in the Dry Dipterocarp Forest (DDF) at 400 masl.
The common species found distributed across four elevations in two forest types include
Malmidea aurigera, Lecanora helva, Lecanora argentata, and Haematomma rufidulum. The
unknown tree species can be referred to as the favorite phorophyte of the most diverse lichens,
followed by Castanopsis sp. and Shorea obtusa, respectively. Our research has shown that at
higher altitudes, temperatures decrease, and humidity levels rise, leading to a significant
increase in the variety of lichen species. This study has improved our understanding of the
diversity and distribution patterns of these three lichen genera, providing valuable insights for
future conservation efforts.

Introduction:

Doi Suthep-Pui National Park is a mountainous area located in Chiang Mai Province, Thailand
(approx. latitude: 18° 48’ 34” N, longitude: 98° 54° 57" E). Elevations range from 330 to 1,685
meters above sea level. The park area is 261 square kilometers covering three districts consist
of Mueang Chiang Mai, Mae Rim, and Hang Dong.! The park experiences cool-dry season,
hot-dry season and rainy season.? Temperatures averaged from 2-23°C. The annual rainfall
ranges between 1,350 and 2,500 millimeters, and the relative humidity averages about 70-
80%.! The three lichen genera, Haematomma, Lecanora and Malmidea in this study are
referred to the crustose growth form with disc-like apothecia. The apothecial disc may be
exposed, flat, convex, or concave and normally upraised on the thallus. The two types of
apothecia were found, the lecanorine apothecia with the margin of an apothecia can be
concolorous. It is characterized by having photobiont cell (algae) incorporated with the exciple,
the lichen with these types of apothecia includes Haematomma and Lecanora. Another type of
apothecia is lecideine or biatorine apothecia, this apothecium lacks photobiont cells
incorporated within the margin. This type of apothecia is found in lichen Malmidea. All three
lichen genera produced colourless ascospores and contained within clavate asci. They exhibit
a variety of ascospore types including simple, trans-septate, sub-muriform, or muriform,
depending on the lichen genus.* The phorophyte, the plant on which the epiphyte grows,
provides an important growth host for lichens.®
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This study aims to assess the species diversity of three lichen genera: Haematomma, Lecanora,
and Malmidea, and their relationship to environmental factors.

Methodology:

Samples of three lichen genera, along with temperature and relative humidity data
(recorded using an Elitech, RC-51H datalogger, USA), were collected from Doi Suthep-Pui
National Park in Chiang Mai Province between February 2023 and March 2024. The study
covered four altitudes: 400, 800, 1,200, and 1,600 meters above sea level. The collection sites
included Huay Tung Tao checkpoint and Wat Padhammachart (400 masl), as well as Chaloem
Phrakiat pavilion viewpoint and Sirindhorn Observatory Chiang Mai (800 masl). These study
sites are located within Dry Dipterocarp Forest (DDF). At higher altitudes, between 1,200 and
1,600 meters above sea level, such as Bann Khun Chang Khian, Doi Suthep viewpoint, San Ku
(1,200 masl), Doi Hua Moo and Doi Pui peak (1,600 masl), the areas are covered by Lower
Montane Forest (LMF).

All lichen specimens were identified based on their thallus morphology and
anatomy.>®78% Lichen substances were clarified using spot test and Thin Layer
Chromatography (TLC) techniques.*®

Results and Discussion:

Two hundred and sixty-four specimens of three lichen genera which were found on
twenty-three phorophytes. The most diverse taxa were Lecanora and Malmidea (9 species
each), followed by Haematomma (6 species) respectively (see Table 1). It was shown that
lichen species in this area have high species diversity at higher elevations in Lower Montane
Forest at altitudes around 1,600 meters, but lower diversity in Dry Dipterocarp Forest (DDF)
at altitudes around 400 meters. The temperature and humidity are key environmental factors
that strongly influence lichen diversity and distribution. Lower temperatures and higher
humidity tend to create favorable conditions for a wider range of lichen species (see Table 1).
This may indicate that most lichen species of the three genera prefer high-altitude habitats. The
suitable habitats for these lichens are likely cool and humid forests. However, their colonization
is also influenced by vegetation and environmental factors such as air ventilation, light
direction, and the acidic, smooth bark of dominant phorophytes.!! In table 1., Malmidea
aurigera shows high frequency and adaptability across different forest types (see figure 1.D),
such as DDF and LMF, suggest that it is well-suited to varying environmental conditions in the
national park. Its ability to thrive in multiple habitats makes it a strong indicator species for the
resilience of lichen communities. The presence of other species like Haematomma rufudulum,
Lecanora argentata, and L. helva (see figure 1.) across all study sites also highlights their
ecological flexibility, but Malmidea aurigera abundance points to its particularly adaptive
nature in this environment.'? 13

The phorophyte, or host tree, is indeed a critical factor influencing lichen distribution.
In our study, the highest lichen species diversity was observed on an unknown tree with 21
species, followed by Castanopsis sp., which supports 11 species and is dominant in LMF, and
Shorea obtusa, which supports 9 species and is dominant in DDF (see Table 2). These three
phorophytes collectively support over half of the lichen species in the area, highlighting the
significant role of phorophyte specificity in shaping the diversity and distribution of tropical
lichen communities.
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Tablel.
Lichen species and distribution in altitude habitats (meters above sea level) at Doi Suthep-Pui
National Park, Chiang Mai Province.

163

Altitude/Forest types

Total no. of
Lichen taxa 400 800 1,200 1,600  specimens
(DDF) (DDF) (LMF) (LMF)
Haematomataceae  Haematomma collatum 1 4 4
H. parda 4 4
H. persoonii 13 6 19
H. puniceum 1 2 3
H. rufidulum 9 3 2 15
H. wattii 4 1 5
Lecanoraceae Lecanora achroa 2 3 5
L. allophana 4 4
L. argentata 3 14 1 3 21
L. arthothelinella 1 1
L. caesiorubella 4 4
L helva 3 8 10 3 24
L. kansriae 1 2 3
L. tropica 7 11 1 19
L. pseudagentata 16 16
Malmideaceae Malmidea aurigera 1 1 38 11 51
M. bakeri 1 1
M. ceylanica 6 1 7
M. chrysostigma 16 17
M. granifera 5
M. infrata 1
M. perplexa 1 1
M. piae 11 11
M. subaurigera 13 2 15
Total no. of specimens 57 59 103 45 264
Total no. of species 9 11 15 16 24
Average Temperature 24.9 31.1 20.4 18.4
Average Humidity 73.2 75.0 77.6 79.4

Note: Dry Dipterocarp Forest (DDF), Lower Montane Forest, (LMF).
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Table 2.
List of lichen-taxa on phorophytes at Doi Suthep-Pui National Park, Chiang Mai Province.

Lichen taxa Phorophyte number. Total no.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Of specimens

Haematomma collatum 5 1 1 2 9
H. parda 2 2 4
H. persoonii 4 4 3 1 2 2 1 2 19
H. puniceum 2 1 3
H. rufidulum 11 3 1 15
H. wattii 2 3 5
Lecanora achroa 3 1 1 5
L. allophana 2 1 1 4
L. argentata 8 2 2 1 2 1 1 2 1 1 21
L. arthothelinella 1 1
L. caesiorubella 2 1 1 4
L. helva 5 52 1212 2 3 1 24
L. kansriae 2 1 3
L. tropica 1 2 2 8 1 11 3 19
L. pseudagentata 11 3 1 1 16
Malmidea aurigera 27 9 4 1 1 7 2 51
M. bakeri 1 1
M. ceylanica 1 1 1 2 1 1 7
M. chrysostigma 9 8 17
M. granifera 5 1 6
M. infrata 2 2
M. perplexa 1 1 2
M. piae 3 3 2 1 1 1 11
M. subaurigera 7 7 1 15
Total no. of specimens 104 42 26 14 18 9 9 4 4 3 8 5 5 2 2 2 1 1 1 1 1 1 1 264
Total no. of species 211129 8 7 753332 222211111111

Note: 1= Unknown tree, 2= Castanopsis sp., 3= Shorea obtusa, 4= Vine, 5= Shorea siamensis,
6=Castanopsis diversifolia, 7= Castanopsis acuminatissima, 8= Gardenia sootepensis, 9=
Strychnos nux-vomica, 10= Dipterocarpus tuberculatus, 11= Schima wallichii, 12=
Buchanania lanzan, 13= Lannea coromandelica, 14= Gluta usitata, 15= Quercus kerrii, 16=
Xylia xylocarpa 17= Afgekia sericea, 18= Dipterocarpus intricatus, 19= Dipterocarpus
obtusifolius, 20= Engelhardia spicata, 21= Juniperus chinensis, 22= Phyllanthus emblica,
23= Rhododendron moulmeinense.
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Figure 1.
The common lichen observed from study sites. A) = Haematomma persoonii, B) = Leanora
argentata, C) = Lecanora helva and D) = Malmidea aurigera, Scale bar = 1 mm.

Conclusion:

The distribution of three lichen genera (Haematomma, Lecanora and Malmidea) was studied
across twenty-three phorophytes. The highest species diversity of lichen was found in the
Lower Montane Forest, indicating that most lichen taxa adapt well to cool and humid
conditions. The dominant species, such as Malmidea aurigera were found in all four forest
types. This lichen species may be considered widely distributed within the national park and
plays a crucial role in maintaining the important species composition of the lichen community.
Epiphytic lichens observed on the phorophytes indicated that suitable habitats include the
unknown tree and Castanopsis sp. Those trees are the most important phorophyte for lichen
diversity. Conservation efforts to maintain these tree species may help preserve a high diversity
of lichen composition in Doi Suthep-Pui National Park. Studying lichen communities and
individual species in relation to environmental factors would be an interesting approach to
further understanding the patterns of lichen diversity and distribution.

Acknowledgements:

We are grateful to the lichen team from the Biology Department, Faculty of Science,
Ramkhamhaeng University, and the officers of Doi Suthep-Pui National Park for their
assistance with fieldwork and specimen collection. This work was financially supported by the
National Research Council of Thailand (NRCT).

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

165



References:

1. Department of National Park, Wildlife and Plant Conservation (DNP), Thai. Accessed
July 29, 2024.
https://portal.dnp.go.th/Content/nationalpark?contentld=34707

2. ReddotExplorer. “Chiang Mai Weather Guide: Seasonal Insights for Your Perfect
Trip” Trip.com. Accessed December 7, 2023.
https://sg.trip.com/guide/info/chiang-mai-weather.html

3. Wikipedia, the free encyclopedia. Accessed July 29, 2024.
https://en.wikipedia.org/wiki/Phorophyte

4. Kalb, K., Rivas Plata, E., Lucking, R., Lumbsch, HT. Biblo. Lichen. 2011; 106: 13-

163.

5. Awasthi DD. Biblo. Lichen. 1991; 40: 66-75.

6. Brodo JM, Culberson WL, Culberson CF. Bryologist. 2008; 111 (3): 363-423.

7. Elix JA, Lichenologist. 2007; 38 (2): 135-141.

8. Lumbsch HT. Flora of Australia. 2004; 56A:11-62.

9. Rambold, G. Biblo. Lichen. 1989; 34: 10-69.

10. White et al, Anim. Feed Sci. Technol., 2002; 99 (1-4): 45-64.

11. Lugo AE, Snedarker SC. Annual Review of Ecology and Systematics. 1974; 5: 39-64.

12. Aptroot, A. Bibliotheca Lichenologica. 1997; 68: 203-213.

13. Boonpragob, K., and Polyiam, W. Biblo. Lichen. 2007; 96: 25-48.

14. Aptroot, A., Saipunkaew, W., Sipman, H. J. M., Sparrius, L. B., & Wolseley, P. A.
Fungal Diversity. 2007; 24: 75-134.

15. Kantvilas G, Papong K, Lumbsch HT. Lichenologist. 2010; 42 (5): 557-561.

16. Nash, T.H., Ryan, B.D., Gries, C., Bungartz, F., (eds.), Lichen Flora of the Greater
Sonoran Desert Region. 2004; 2.

17. Papong K, Lumbsch HT. Lichenologist. 2011; 43: 299-320.

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

166



THE APPLICATION OF BARCODE DNA-HIGH RESOLUTION MELTING (BAR-
HRM) ANALYSIS FOR AUTHENTICATIONC OF Clinacanthus nutans

Nattawat Angkuljarernpon,* Aussara Panya,? Pattarasuda Chayapakdee 2*

1 Master of Science Program in Biology, Faculty of Science, Chiang Mai University, Chiang
Mai 50200, Thailand

2 Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50200,
Thailand

*e-mail: pattarasuda.c@cmu.ac.th

Abstract:

Clinacanthus nutans, a medicinal plant from Acanthaceae family, is included in
Thailand's essential medicinal plant list for treating diabetes, skin rashes, insects and snake
bites, and inflammation from Herpes simplex virus infection. This plant has very similar
morphological features to another Acanthaceae species, namely Clinacanthus siamensis. Also,
they share local names across regions leading to confusion of plant identification. For effective
use of medicine derived from the plants, raw plant materials should be accurately authenticated.
However, the identification of these plants from dried leaves or herbal powder is challenging,
therefore, application of molecular biology technique is necessitated. This research aimed to
analyze potential genes to create molecular markers and develop Bar-HRM (Barcode DNA-
High Resolution Melting) system for discrimination of C. nutans from other closely related
plant species. Two highly conserved chloroplast genes, rbcL and trnH-psbA were selected for
Bar-HRM analysis. The results showed that the rbcL gene with 95.97 - 97.98% identity could
distinguish each species in this family but could not separate C. nutans from C. siamensis by
Bar-HRM analysis. While the trnH-psbA gene has higher variation with 56.06 — 80.45%
identity of DNA sequences could clearly separate the two plants. The Bar-HRM system from
this study will be useful for the plant authentication, purity verification of medicinal plants in
local markets, and can be used as a raw materials quality control in the plant-derived medicine
industry.

Introduction:

Clinacanthus nutans (Burm.f) Lindau, known in Thai as "Phaya Yo," is a prominent
medicinal plant in Thailand. It is used to treat skin rashes, insect and snake bites, inflammation
from Herpes virus infection, diabetes, and gout in Thailand, Malaysia, Indonesia, and China.
Chemical analyses have identified various bioactive compounds in C. nutans !, such as
flavonoids, glycosides, glycoglycerolipids, cerebroside, and monoacyl-monogalatosylglycerol,
which possess anti-inflammatory, antioxidant, and anti-diabetes properties.?3#°6 These plant
extracts are non-toxic ’, making them suitable for developing therapeutic treatments. However,
quality control of the raw materials is crucial to ensure the efficacy and safety of these herbal
medicines. In Thailand, more in-depth research is needed to harness the full potential of C.
nutans extracts and develop high-value products.

Due to similar morphological characteristics and varying local names within the
Acanthaceae family, confusion can arise. For example, "Male Sled Pang Pohn" refers to both
Clinacanthus siamensis and Barleria lupulina. C. siamensis closely resembles C. nutans, to
the extent that they were once classified as the same species.® Despite their similar appearance,
these plants have distinct pharmacological properties, indicating they are separate species.’
Therefore, accurately distinguishing C. nutans from other morphologically similar plants,
especially in dried powder form, is challenging. This necessitates the development of molecular
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biology techniques for precise plant identification and species discrimination more accurately
than morphological separation to ensure the authenticity of herbal raw materials and analyze
market products, including fresh, dried, and powdered samples.

Genetic variations can be used in plant species discrimination through gene sequencing
or DNA fingerprinting. However, these methods are often time-consuming, expensive, and
require expert analysis.’® To overcome these challenges, the Bar-HRM (Barcode DNA-High
Resolution Melting) technique has proven effective. The Bar-HRM uses real-time PCR
(Polymerase Chain Reaction) combind with DNA melting temperature curves to analyze
variations in the DNA sequence of a specific gene region and measures subtle differences in
the melting curve. If the target gene has sufficient sequence variations, this technique can
effectively differentiate closely related plant species, even in powdered form.!

Chloroplast genes are widely used to study plant diversity and DNA barcoding.!>*3 For
example, the rbcL gene was successfully used to separate three species within the Acanthaceae
family using the Bar-HRM technique.!* Meanwhile, the 1TS2 gene demonstrated the ability to
discriminate several Acanthaceae species but could not separate C. nutans from C. siamensis.'*
Additionally, the trnH-psbA gene can be used as a DNA marker to separate C. nutans and C.
siamensis from other species in the Acanthaceae family.%®

This study aims to analyze genes with potential to create molecular markers for
discrimination of medicinal plants in the Acanthaceae family and to develop a Bar-HRM
system for the identification and authentication of C. nutans and C. siamensis. This method is
intended to serve as a quality assurance tool for herbal raw materials in the development of
medicinal products from C. nutans. In addition, the system will be benefit for authentication of
other herbal products available in the market.

Methodology:
Plant materials and DNA isolation

Clinacanthus nutans (Phaya Yo) plant samples were collected from ten diverse
cultivation sources across Thailand along with three other plant species in the Acanthaceae
family with similar characteristics. These species included Andrographis paniculata (Fah Talai
Jone), Barleria lupulina (Male Sled Pang Pohn), and Clinacanthus siamensis (Phaya Plong
Thong). The plant sample locations were listed in Table 2. The Queen Sirikit Botanic Garden’s
(QSBG) taxonomist has verified the identification of the plant species.

DNA was isolated from both fresh and dried leaf samples using liquid nitrogen for
sample grinding, followed by a Genomic Plant DNA Purification Kit (PureLink™  USA).
DNA quality and quantity were evaluated using an agarose gel electrophoresis and a NanoDrop
microvolume spectrophotometer. The best extraction method yielding the highest quality DNA
was used for further analysis.

Data mining & Genes analysis

Plastid DNA regions suitable for DNA barcoding, such as trnH-psbA, rbcL, and matK
genes from selected medicinal plants in the Acanthaceae family were extracted from the
GenBank database (NCBI; National Center for Biotechnology Information). These sequences
were undergoing critical evaluation via multiple alignments using Bioedit software (version
7.2). Variable characters were calculated to design specific primer for high-resolution melting
(HRM) analysis. The suitable genes should contain conserved region within species collected
from diverse areas, while showing enough variation among different species.

Specific primers design
Primers specific to the target gene were designed considering gene positions, gene
length, GC base composition, and percentage of base sequence variations using Primer3Plus
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and MEGAL11. Two criteria were ensured successful HRM analysis: 1) primer pairs should
amplify a PCR product less than 300 bp, and 2) primers should cover enough variable sites to
distinguish among the tested species. ' Candidate primer pairs were tested by amplifying the
target gene using PCR and gel electrophoresis.

Optimization of real-time PCR condition

Real-time PCR was performed using HOT FIREPol® EvaGreen® HRM Mix (Solis
Biodyne, Tartu, Estonia) in CFX Opus 96 Real-Time PCR System (Bio-RAD, California,
USA) to increase DNA quantity. Primer concentrations and real-time PCR conditions were
optimized. The thermocycling reactions was conducted in a 96-well plate with an initial
denaturation step at 95 °C for 2 minutes, followed by 40 cycles of denaturation at 95°C for 10
seconds, annealing at 57°C for 30 seconds and extension at 72°C for 30 seconds. Fluorescent
data was acquired at the end of each extension step during the PCR. After that, products were
denatured at 95°C for 30 seconds, annealed at 60°C for 60 seconds to form heteroduplexes,
and then melted gradually from 60°C to 95°C. Fluorescence data were collected every 0.2°C
by Bio-Rad CFX Maestro programs. After that, Bio-Rad Precision Melt Analysis program was
used to generate normalized and differential melting curves for characterization of DNA
melting temperature (Tm) from each sample, and to distinguish different medicinal plants from
DNA melting curves. The Precision Melt Analysis was conducted on each species, including
DNA derived from fresh and dried samples to develop the Bar-HRM system.

Results and Discussion:

From previous research, Bar-HRM analysis has been used to authenticate some plant
species in Acanthaceae family. The rbcL gene has been successfully used for discrimination of
three Acanthaceae species: Rhinacanthus nasutus, Acanthus ebracteatus, and Andrographis
paniculata.’ While the ITS2 gene was used to distinguish several Acanthaceae species except
C. nutans and C. siamensis.* In addition, the trnH-psbA gene was reported to have more
variation among these two species.® Therefore, the rbcL and trnH-psbA genes were further
analyzed in this study.

Specific primer design

The sequences of two genes, rbcL and trnH-psbA, were extracted from the NCBI
GenBank database to design specific primers. However, the sequence for C. siamensis is not
available in the database. Therefore, sequences from other two close species, B. lupulina and
A. paniculata have been used together with C. nutans for primer design. The reference
accession number of these three species were NC_070082.1, NC_022451.2, and NC_042162.1,
respectively. The specific primers were designed based on the previous study > and sequence
alignment. The sequence of specific primers was shown in Table 1.

DNA isolation and primer evaluation

Total DNA extracted from leaves of 17 plant samples were subjected to evaluation of
quality and quantity (Table 2). Samples 1-11 were C. nutans collected from various planting
areas across Thailand, while samples 12-17 were closely related Acanthaceae species. The
extracted DNA samples had high quality and concentration ranged from 7.0 — 545.9 ng/uL
which is good enough to be used as DNA templates. All extracted DNA samples were subjected
to DNA amplification by PCR using the specific primers designed for this study.
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Table 1. Specific primer sequences designed for DNA amplification of the rbcL and trnH-
psbA gene and the PCR product sizes from each plant species

Primer

Sequence

PCR product (bp)

C.nutans B. lupulina A. paniculata
rbcL1_F  5-CACAAACAGAGACTAAAGCAAGTGTT-3' 247 247 247
rbcL1 R 5-GTAGCATCGCCCTTTGTAACG-3'
rbcL2_F  5-GCGTTGGAGAGATCGTTTCTTATT-3' 191 192 192
rbcL2_ R 5-GCAGTGAATCCTCCTGTTAAGTAG-3'
psbAl_F 5-GCCTTGATCCACTTGGCTACAT-3' 311 527 303
psbAl R 5-GRTCCAACAAATGGATAAGACTTG-3'
psbA2_F 5-CGCATGGTGGATTCACAATC-3' 392 608 384
psbA2 R 5-GAAGTTATGCATGAACGTAATGCTC-3'

The PCR products amplified by rbcL1 and rbcL2 primers were the same size among four

plant species, 247 bp and 192 bp, respectively (Figure 1A, 1B, Table 1). While the PCR
products amplified by trnH-psbA1 and trnH-psbA2 primers ranged from 303 — 527 bp and 384
— 608 bp, respectively (Figure 1C, 1D, Table 1). The results suggest that there are more genetic
variations in trnH-psbA gene than that of rbcL gene. Similar results were found in previous
study *°, indicating that trnH-psbA gene would be a better candidate for developing of genetic
markers.

Table 2. Locations of plant samples and concentrations of DNA extracted from leaf samples

. . DNA Conc.

No. Species Location Sample Code (ng/uL)
1  Clinacanthus nutans Bangkok C. nut BKK - Fresh 368.1
2  Clinacanthus nutans QSBG, Chiang Mai C. nut CML1 - Fresh 18.2
3 Clinacanthus nutans QSBG, Chiang Mai C. nut CML1 - Dried 128.7
4  Clinacanthus nutans Mueang, Chiang Mai C. nut CM2 - Fresh 336.5
5  Clinacanthus nutans San Pa Tong, Chiang Mai  C. nut CM3 - Fresh 545.9
6  Clinacanthus nutans Loei C. nut LEI - Fresh 93.7
7 Clinacanthus nutans Lampang C. nut LP - Fresh 128.6
8  Clinacanthus nutans Nonthaburi C. nut NB - Fresh 194.5
9  Clinacanthus nutans Nakhon Si Thammarat C. nut NST - Fresh 114.3
10 Clinacanthus nutans Samut Prakan C. nut SPK - Fresh 328.3
11  Clinacanthus nutans Ubon Ratchathani C. nut UBN - Fresh 358.0
12 Clinacanthus siamensis QSBG, Chiang Mai C. siam CM — Fresh 7.6
13  Clinacanthus siamensis QSBG, Chiang Mai C. siam CM — Dried 7.0
14 Barleria lupulina QSBG, Chiang Mai B. lupu CM — Fresh 87.1
15 Barleria lupulina QSBG, Chiang Mai B. lupu CM — Dried 46.0
16  Andrographis paniculata QSBG, Chiang Mai A. pani CM — Fresh 16.0
17 Andrographis paniculata QSBG, Chiang Mai A. pani CM — Dried 9.3
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Figure 1. The PCR products amplified by each primer pairs with DNA templates extracted
from four medicinal plants including fresh and dried leaf samples. A) rbcL1 primer B) rbcL2
primer C) trnH-psbA1 primer D) trnH-psbA2 primer.

HRM profile validation

To develop Bar-HRM system, the real-time PCR was performed, and DNA melting
curves were analyzed in four plant species using each specific primer pairs. The results
demonstrated same pattern of DNA melting curves of rbcL and trnH-psbA genes in the same
species collected from different region of Thailand. Additionally, the melt curves from DNA
extracted from both fresh and dried samples of the same species yielded consistent results
(Figure 2), indicating that these two genes were quite conserved and HRM analysis was very
accurate. The PCR products amplified by rbcL1 primers revealed three patterns of meting
curves from four species (Figure 2A, 2C), suggesting that this primer pair could distinguish
Clinacanthus genus from other genus. However, C. nutans (red lines) and C. siamensis (green
lines) could not be separated by this gene. We expected the same results for rbcL2 primers;
therefore, they were not further analyzed for HRM.

On the other hand, the PCR products from trnH-psbALl primers showed distinct four
patterns of melting curves from four different plant species (Figure 2B, 2D). This indicates that
the trnH-psbAL primer could effectively discriminate four species including C. nutans and C.
siamensis. The trnH-psbA2 primers showed potential for distinguishing the four plants (data
not show), however, the melting curves were quite fluctuated and not as distinct as those
obtained with trnH-psbALl primers. It probably because the size of PCR products amplified by
this primer pair were larger than 600 base pairs, which may reduce accuracy of the analysis.**
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Figure 2. The normalized curves of melting tempurature (Tm) of PCR products rerived from
A) rbcL1 primer, B) trnH-psbAl primer, and adjusted difference curves of C) rbcL1 primer,
D) trnH-psbAl primer using a reference species in HRM analysis. The DNA templates were
extracted from fresh and dried leaves of four medicinal plants. The real-time PCR reaction was
conducted twice for each samples.

The pairwise analysis revealed that PCR products from rbcL1 primer have % identity
range from 95.97% - 97.98% (Table 3A), suggesting that this gene is highly conserved among
different species. Hence, the inability to distinguish between C. nutans and C. siamensis may
cause by the sequences are very similar'*

. The DNA sequences from rbcL2 primers showed similar range of % identity, 95.83% -
96.88% (Table 3B), therefore HRM analysis of this primer was not continued. On the other
hand, the trnH-psbA1 primer could clearly separate all four species, probably because DNA
sequences from this primer have more diversity with % identity range from 56.06% - 80.45%
(Table 3C). To characterize sequence difference between C. nutans and C. siamensis, the gene
sequencing should be further examined.

Conclusion:

The Bar-HRM system developed with specific primers for rbcL gene can be used to
classify some plants in Acanthaceae family, but cannot distinguish C. nutans and C. siamensis,
while trnH-psbA gene is more effective for discrimination of these two species. This study
demonstrated the potential of Bar-HRM technique as an essential tool for medicinal plants
authentication and purity verification of raw herbal materials in plant-derived medicine
industry in the future.
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Table 3. Pairwise analysis showing percent identity (%) of the DNA sequences derived from
four primer pairs in three plant species. The numbers in brackets refer number of nucleotide

difference.
A) The rbcL1 primer

Species  C. nutans B. lupulina A. paniculata

C. nutans 100% (0) 97.18% (7) 95.97% (10)
B. lupulina 100% (0)  97.98% (5)
A. paniculata 100% (0)

C) The trnH-psbA1 primer

B) The rbcL2 primer

Species C. nutans B. lupulina A. paniculata

C. nutans 100% (0) 96.88% (6) 95.83% (8)
B. lupulina 100% (0) 95.83% (8)
A. paniculata 100% (0)

Species  C.nutans B.lupulina A. paniculata

C. nutans 100%( 0) 56.06%(>10) 80.45% (>10)
B. lupulina 100% (0) 57.96% (>10)
A. paniculata 100%(0)
References:

D) The trnH-psbA?2 primer

Species  C. nutans B. lupulina A. paniculata

C. nutans 100% (0) 56.13%(>10) 80.50% (>10)
B. lupulina 100% (0) 58.03% (>10)
A. paniculata 100% (0)
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Abstract:

The circadian clock is an internal timekeeper that regulates daily cellular,
physiological and behavioral functions including cell cycle, proliferation, and apoptosis. In
mammals, core clock proteins CLOCK:BMALL as activators and PER:CRY as repressors
drive rhythmic expression of PER, CRY, and many other clock-controlled genes via
transcription-translation feedback loops. Disruptions in the circadian rhythm of clock genes
are linked to various cancers, including pancreatic cancer, which is aggressive and
challenging to treat due to its rapid progression and resistance to chemotherapy. Many
chemotherapeutic drugs have targets that are rhythmic in cancer cells, suggesting that
treatment timing could affect drug efficacy. However, the circadian gene expression in cancer
cells varies by tissue type and individuals, which complicates treatment optimization. This
study explores whether pancreatic cancer cell lines, PANC-1 and MIA PaCa-2, exhibit
circadian rhythms that could inform more effective drug treatment timing. Representative
gene expression of core circadian clock components PER2 and BMAL1 was measured using
gRT-PCR. Cells were treated with chemotherapy at times of peak and trough expression of
these genes, and the cell viability was assessed by an MTT assay. Our findings indicate that
PANC-1 and MIA PaCa-2 cells do have circadian rhythms. Treatment with the
chemotherapeutic drug oxaliplatin at the peak of PER2 expression (28 hours post-
synchronization) showed an increased drug sensitivity compared to that of the trough of
PER2 (16 or 40 hours post-synchronization). Thus, timing of the chemotherapy treatment
with the cellular circadian rhythms could improve treatment outcomes for pancreatic cancer
leading to potential cancer chronotherapeutic practices for pancreatic cancer patients in
clinical settings.

Introduction:

The circadian clock is an endogenous oscillator that drives rhythmic physiological
and behavioral processes with a period of approximately 24 hours such as the sleep-wake
cycle, hormone secretion, metabolic processes, biochemical processes, and molecular
processes’. Circadian rhythms can be synchronized with external environmental factors that
change daily such as the light-dark cycle, temperature, and food intake!. In mammals,
circadian clocks are present in almost every tissue. They are essential for controlling almost
rhythmic pathways in humans, such as cell cycle, cell proliferation, apoptosis, and DNA
repair?. The mammalian circadian system is composed of a central clock, which resides in the
SCN of the hypothalamus. SCN neurons receive the timing light signals from the
retinohypothalamic tract®; and the peripheral clocks outside of the SCN such as liver, colon,
and pancreas that receive the timing signals from the SCN and other cues such as hormones
and nutrients. Both of these works together to maintain cyclical homeostasis in the body?. At
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the cellular level, the circadian clock is regulated by many genes and protein activities. The
eukaryotic circadian molecular mechanism works as transcription-translation negative
feedback loops. In the mammalian system, the core clock genes are CLOCK and BMAL1,
which encode transcriptional activators, and PERIOD (PER1, PER2, PER3) and
CRYPTOCHROME (CRY1 and CRY2) genes, which encode transcriptional repressors. After
translation, PER and CRY proteins repress the activity of CLOCK/BMAL1*. Many studies
have suggested that circadian disrupted lifestyles such as shift work increase risks of many
pathogenic diseases such as sleep disorders, obesity, diabetes, mental disorders, and cancer®.
Irregularity of the circadian clock can affect cellular processes, especially with the
development of cancer. Several circadian clock genes exert tight control of several hallmarks
of cancer including cell cycle, proliferation, immune response, and DNA damage response,
and directly control many cancer-related genes such as p53, Xpa, and c-Myc®. Many types of
human cancer show altered expression of clock genes including colorectal cancer, breast
cancer, and pancreatic cancer.

Pancreatic cancer is one of the most aggressive cancers with poor survival rates. The
initial symptoms are often not expressed. Early diagnosis is difficult, and the later stages are
often different and obscure. Treatments are also quite difficult due to the emergence of
resistance to conventional chemotherapy and radiotherapy’. One of the problems with cancer
chemotherapeutic drugs is poor targeting efficiency and severe side effects®. Interestingly,
some anticancer drugs have targets that vary at different cell cycle phases and those targets
also have rhythmic drug metabolism, which is under the circadian clock regulation®. In
addition, the healthy and malignant cells may have different expression patterns of circadian
rhythm that may affect the different efficiency of drug administration and toxicity of
anticancer agents®.

Chronotherapy or treatment that depends on circadian timing is a promising new
approach to cancer treatments. The optimal timing to treat anticancer drugs can help
maximize drug efficiency and minimize side effects®. Clinically, there are many
chronotherapy studies with cancer patients, for example, colorectal cancer shows a better
response in cancer patients and increase complete surgical when treated with the
chemotherapy depending on the time!®. However, these treatment approaches depend on the
time specific to individual patients and the phase of circadian rhythm, which is tissue-specific
and dependent on the stages of cancer. Therefore, this study aims to investigate the presence
of circadian clock in pancreatic cancer cells by measuring clock gene expression and the
differential responses and sensitivity of chemotherapeutic drug at different circadian times
based on the rhythmic patterns of clock gene expression.

Methodology:
Cell culture

PANC-1 and MIA PaCa-2 were used as representative pancreatic cancer cells. PANC-
1 was isolated from a pancreatic carcinoma of ductal cell origin. MIA PaCa-2 is an epithelial
cell line that is established from tumor tissue of the pancreas. They were obtained from the
American Type Culture Collection (ATCC, Manassas, VA, USA). These cells were
maintained in culture media, which consists of Dulbecco’s Modified Essential Medium
(DMEM) with high glucose supplemented with 1% Penicillin-Streptomycin (Gibco, USA)
and 10% fetal bovine serum, FBS (Cytiva, USA) at 37°C under 5% CO,. Medium was
replaced every 2 days while the cells were subcultured with 1:3 ratio.
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Cell synchronization and collection

PANC-1 and MIA PaCa-2 were seeded into 6-well plates at 6 x 10° cells/well in 1 ml
complete DMEM for 18 hours to allow cell attachment. Then, the culture media was replaced
with 1 mM dexamethasone (MedChemExpress, USA) to reset and synchronize the cells, in
complete DMEM media for 2 hours. Post dexamethasone treatment, the cells were
maintained in complete DMEM and harvested for RNA extraction every 4 hours for a total of
48 hours.

RNA extraction and cDNA synthesis

Cell pellets were processed to isolate the total RNA by using GENEzol™ Reagent
(Geneaid Biotech Ltd, Taiwan) and chloroform. RNA was then precipitated with isopropanol
and washed with cold 70% ethanol. RNase-free water was used to serve as the elution buffer.
RNA concentrations were determined using a nanodrop 2000 UV-Vis spectrophotometer at
OD 260 nm. Subsequently, RNA at a concentration of 1 pg/pL was converted to cDNA using
5x iScript™ Reverse Transcription Supermix (Bio-Rad, USA) according to the
manufacturer’s protocol. The cDNA from each cell line was stored at -80°C.

Quantitative Reverse Transcription Polymerase Chain Reaction (QRT-PCR) assay

Following RNA extraction and cDNA conversion, the relative gene expression of
BMAL1 and PER2 was assessed using qRT-PCR. The primers were employed for gRT-PCR
(Table 1), and each sample was conducted in triplicate. Each qRT-PCR reaction consisted of
Luna® Universal gPCR Master Mix (Biolabs), 10 pM of forward and reverse primers, and 1
pg of cDNA. In brief, the gPCR protocol included 40 cycles with initial denaturation at 95°C
for 15 seconds, followed by annealing at 60°C for 30 seconds and extension at 55°C. Relative
gene expression levels were determined using comparative quantification and normalized
against the housekeeping gene ACTB that codes for p-actin.

Table 1. The list of primer sequences for gRT-PCR

Gene Primer sequence

Housekeeping gene

ACTB-f 5’-CGAGGCCCAGAGCAAGAGAG-3’

ACTB -r 5’-CTCGTAGATGGGCACAGTGTG-3’

Circadian clock gene

PER2-f 5’-AGTTGGCCTGCAAGAACCAG-3’
PER2-r 5’-ACTCGCATTTCCTCTTCAGGG-3’
BMALL1-f 5’-GCCCATTGAACATCACGAGTAC-¥
BMAL1-r 5’-CCTGAGCCTGGCCTGATAGTAG-3’
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Rhythmicity analysis

The rhythmicity of PDAC cells was analyzed from the expression of PER2 and
BMALL. Cosinor Analysis (https://cosinor.online/app/cosinor.php) was used for non-linear
regression of the expression of PER2 and BMAL1.

Chemotherapeutic drug treatment and cell viability assay

After analysis of the gene expression, results showed patterns of rhythmicity, time
points that PER2 and BMALL genes expressed the highest and the lowest were chosen for
treatment with oxaliplatin, a chemotherapeutic drug for cancer treatment. The cells were
seeded in each 24-well plate at 1 x 10% cells/well in 500 pL culture DMEM at 37°C under 5%
CO. for 18 hours to allow cell attachment. Then, the cells were synchronized by using 1 mM
dexamethasone in 500 pL culture DMEM for 2 hours. After cell synchronization, the cells
were maintained with 500 pL culture DMEM until the chosen time points. The cells were
treated with oxaliplatin at 0, 1, 10, 100, 1000 uM for PANC-1 and 0, 0.1, 1, 10, 100 uM for
MIA PaCa-2 and incubated for 48 hours at 37°C under 5% CO: prior to the MTT assay. Cell
viability was determined by using the MTT assay with 0.5 mg/ml MTT solution. Fifty
microliters of 5 mg/mL of the MTT solution were added per well and then incubated for 3
hours. The resulting crystal formazan was later dissolved by DMSO, and the absorbance at
540 nm of the resulting solution was measured using a microplate reader. The half-maximal
inhibitory concentration (ICso) was calculated from the absorbance data of each time point.

Statistical analysis

The quantitative data were shown as the mean + standard deviation (SD). The
statistical significance was calculated using the student’s t-test or one-way analysis of
variance (ANOVA). The P-value that is less than 0.05 was determined as a statistically
significant difference.

Results and Discussion:
Pancreatic cancer cell lines exhibit circadian rhythms

To investigate the circadian rhythm in pancreatic cancer cell lines, PANC-1 and MIA
PaCa-2 were used as representatives for pancreatic cancer. After the cancer cell lines were
reset and synchronized by dexamethasone to initiate the same phase of the circadian rhythm,
a 48-hour time course cell collection and RT-gPCR measurement were performed (Figure 1).
The expression of PER2 and BMALL that represented core clock genes were observed.
According to our data and the Cosinor Analysis, PANC-1 and MIA PaCa-2 showed circadian
oscillation. In PANC-1, BMAL1 and PER2 are expressed with circadian rhythmic and anti-
phasic oscillation (PER2 has a P-value = 0.00732; BMAL1 has a P-value = 0.36536) (Figure
2A). Similarly, in MIA PaCa-2, BMALL and PER2 were expressed with circadian rhythms
and exhibited anti-phasic oscillation (PER2 has P-value = 0.10868, BMALL1 has P-value =
0.16951), but BMALL1 exhibited early phase approximately 4 hours compare with PER2 phase
(Figure 2B). Thus, PANC-1 and MIA PaCa-2 express the circadian rhythms. These suggest
that the circadian clock exist in the pancreatic cancer cells in vitro and may regulate many
intact cellular processes such as cell cycle events, cell proliferation, DNA repair, and
metabolism processes found in the pancreas'!.
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Figure 1. Diagram of experiment showing the protocol for preparing the sample to
investigate the circadian rhythm in PDAC cell lines. The cells were collected every 4 hours
until 48 hours after synchronization with 1 mM dexamethasone to analyse PER2 and BMAI1

expression by qRT-PCR.
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Figure 2. Expression of circadian clock genes in PANC-1 and MIA PaCa-2 from a 48-hour
time course RT-gPCR. (A) PER2 and BMAL1 gene expression of PANC-1 and (B) PER2 and
BMAL1 gene expression of MIA PaCa-2. The redrawn trace of PER2 and BMALL genes
expression is shown as red and blue lines, respectively. These non-linear regression graphs
were retrieved by Cosinor analysis.

Different timing of the drug treatment affects the drug sensitivity

According to the rhythmicity present in PANC-1 and MIA PaCa-2, the effects of
different timing to the chemotherapeutic drugs sensitivity of pancreatic cancer cells were
investigated. According to the data from Figure 2, the time points that expressed the highest
and lowest of PER2 expression were selected for the chemotherapeutic drug treatment.
PANC-1 and MIA PaCa-2 exhibited the circadian rhythm of which PER2 and BMAL1
expressed the rhythmicity that varies at different time. In both cell lines, PER2 has the
highest expression at 28 hours and the lowest expression at 16 hours and 40 hours post
synchronization, respectively. The cells at 16 hours, 28 hours, and 40 hours after
synchronization were then treated with oxaliplatin, and the cell viability was assessed by the
MTT assay (Figure 3). We found that the 1Csp at 28 hours was significantly decreased more
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than 5-fold compared with ICso at 16 hours in PANC-1 (Figure 4A). Similarly, in MIA PaCa-
2, the ICso at 28 hours was significantly decreased more than 2-fold compared with the ICso
at 16 hours (Figure 4B). The time point that coincides with the highest expression of PER2
exhibited more sensitivity of the drug than the time point with the lowest expression of PER2.
This finding indicates that different timing of drug treatment affects drug sensitivity.

A Replace
with DMEM
| 18 hr. | 2hr. | 16 hr. | 48 hr.
I I I | 1
Seed Treat with 0hr. Treat with MTT assay
PANC-1 and MIA PaCa-2 cells 1mM dexamethasone Oxaliplatin
in DMEM
Replace
B with DMEM
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Seed Treat with Oxaliplatin MTT assay
PANC-1 and MIA PaCa-2 cells 1mM dexamethasone
in DMEM
C Replace
with DMEM
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| | | | 1
Seed Treat with Treat with MTT assay
PANC-1 and MIA PaCa-2 cells 1mM dexamethasone Oxaliplatin
in DMEM

Figure 3. Diagram showing the experimental protocol for investigating the effect of different
time treatments on drug sensitivity. Following the expression of PER2 and BMAL1, the cells
were treated with oxaliplatin at 16 hours (A), 28 hours (B), and 40 hours (C) after
dexamethasone synchronization. The MTT assay was used for cell viability measurement.

B
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Figure 4. Different timing of drug treatment affects drug sensitivity. ICso values of
oxaliplatin between timepoint 16 hours (violet), 28 hours (red), and 40 hours (blue) after
dexamethasone synchronization in PANC-1 (A) and in MIA PaCa-2 (B). The statistical
analysis was tested by student’s t-test. The error bar represented the mean + standard
deviation (SD) of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, and
****pP < (0.0001 indicated statistically significant and ns indicated not significant.
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The sensitivity of the chemotherapy drug, oxaliplatin, to pancreatic cancer cell lines
increases at the phase with the highest expression of PER2 (and the lowest of BMAL1)
compared with the time point at the lowest expression of PER2 (and the highest of BMAL1).
Our work has suggested that anticancer drug sensitivity varies with the cellular circadian time
and the expression of clock genes that is in agreement with previous reports that many
pharmaceutical and anticancer drugs have cellular targets that are circadian-controlled*?*2,
When PER2 expression peaks, CRY protein is expressed at the lowest and may affect other
genes that involve cell survival, cell cycle, or cell proliferation in decreased efficiency,
resulting in more response to the drug treatment. A recent report has shown that
pharmacological inhibition of CRY can improve cellular responses in cisplatin-treated
osteosarcoma in vitro'4. On the other hand, there is a report in colorectal cancer cells that
BMALL overexpression can inhibit cell proliferation and increase the sensitivity of cancer
cells to oxaliplatin®. Taken together, several lines of evidence have shown that the response
of cancer cells to the chemotherapy drug is specific and dependent upon types of cancer and
the mechanisms of which chemotherapeutic drugs target. Therefore, thorough investigations
of timing of chemotherapy and pharmacological modulation of circadian clock targets may
provide optimal conditions that improve tissue tolerance and tumor toxicity for cancer
treatment.

Conclusion:

In this study, PANC-1 and MIA PaCa-2 exhibit circadian rhythmicity after
synchronization in vitro, which was observed by the rhythmic expression of clock genes
PER2 and BMALL. Expression of PER2 showed the highest expression at 28 hours and the
lowest expression at 16 hours and 40 hours post synchronization by dexamethasone
treatment. After the cells were treated with oxaliplatin and measured by the MTT assay, ICso
values of timepoint at 28 hours was statistically decreased when compared with those of 16
hours and 40 hours in both cell lines. Our results show that the cellular circadian rhythms
affect chemotherapeutic drug sensitivity suggesting that the anticancer drug sensitivity can be
timely modulated as a result of molecular processes of the circadian clock. Therefore,
modulation of circadian clock gene expression and protein activity may represent an
alternative approach to chronotherapy for treating pancreatic cancer.
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Abstract:

Multiple myeloma (MM) is a hematological malignancy that is characterized by uncontrolled
clonal proliferation, which can cause the failure of bone marrow, causing other relevant organ
dysfunctions. Bortezomib is the treatment for first-line therapy but nowadays some patients
are resistant to bortezomib leading to relapse and becoming refractory to the treatments. A
previous study showed that MM patients, who are resistant to bortezomib, have CD47
overexpression, resulting in inhibition and suppression of the anti-tumor activity of immune
responses. Hence, blocking the CD47 signaling pathway has been proposed for cancer
immunotherapy. Thus, this study aims to determine CD47 expression on MM.1S which is the
cell line in MM, and to investigate the effect of the combination treatment of anti-CD47
antibody (magrolimab) and bortezomib enhances its anti-cancer effect against MM cells.
Firstly, the CD47 expression of MM.1S is 97.4+1.87% when compared with the isotype
control. Thus, our result revealed that MM.1S has a high-level expression of CDA47.
Secondly, the cytotoxicity of bortezomib to MM.1S was investigated to obtain the
appropriate concentration. The CCso is equal to 7.426 and 3.714 nM for 24 and 48 hours after
the treatment. Furthermore, the effect of the combination treatment was determined. The
combination treatment of 34.25-uM magrolimab and 3.125-nM bortezomib dramatically
decreased MM.1S cell viability to 4.81+62.30% compared to the non-treatment control
(100%), bortezomib alone (89.47+3.49%), and magrolimab alone (94.45+8.27%).
Moreover, the combination treatments can enhance MM cell death by sensitizing MM.1S
cells to the effect of bortezomib, suggesting that magrolimab has a chemosensitization effect.
In conclusion, our findings supported that the combination treatment of anti-CD47 antibody
and bortezomib could be an effective alternative cancer treatment for MM patients.

Introduction:
Multiple myeloma (MM) is a hematological malignancy that is characterized by the
uncontrolled clonal proliferation of malignant plasma cells in the bone marrow. The
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malignant plasma cells secrete abnormal antibodies called monoclonal proteins (M-proteins)
which can be detected in the blood and urine of patients with multiple myeloma. In addition,
M-proteins can inhibit the production of normal blood cells and antibodies. Multiple
myeloma can cause bone marrow failure or osteolytic lesions leading to other organ
dysfunctions for instance hypercalcemia, renal failure, anemia, and immune paresis with
resulting infection. [1] However, the cause of multiple myeloma has not been clearly studied.
Many countries in Asia, particularly China, Japan, South Korea, Taiwan, and Thailand, have
higher incidences than other regions. [2] Especially, the incidence of MM in Thailand ranks
third among hematologic malignancies. [3] Currently, there are various therapeutics for
patients with multiple myeloma such as standard chemotherapy, proteasome inhibitors (PIs),
immunomodulatory drugs (IMiDs), and autologous transplantation, which aim to improve the
outcomes and expand overall survival [4]. Bortezomib is a member of proteasome inhibitors,
which is the first-line therapy that has been shown to improve the outcomes of the patients,
however the acquired resistant to bortezomib has been increasingly reported resulting in
relapse and becoming refractory to the standard treatments [5].

Interestingly, the previous report has shown that MM patients who are resistant to
bortezomib have Cluster of Differentiation 47 (CD47) overexpression on the cell surface of
cancer cells. [6] However, neither an underlying mechanism of CD47 overexpression in those
patients nor the direct effect of bortezomib on CD47 expression has been reported currently-
CD47, an integrin-associated protein (IAP), plays an important role in the immune escape
mechanism of cancer cells by binding to signal regulatory protein-a. (SIRPa) which is
expressed on macrophages resulting in the activation of the “don’t eat me” signal. The
binding causes the inhibition of cancer cell death and suppression of the phagocytosis activity
of macrophages leading to the inability to engulf and kill cancer cells. [7] Thus, blocking the
CDA47 signaling pathway has been proposed as the target for tumor immunotherapy to
enhance the anti-tumor activity.

Immunotherapy is an alternative treatment that can improve the efficacy and
specificity to extend the overall survival of patients. The monoclonal antibodies (mADbs) are
typically used in cancer patients. There are many mAbs for treatment with MM patients by
targeting the specific proteins on MM cells. HUSF9-G4 or Magrolimab, a humanized 1gG4
antibody targeting CD47 expression, was the first used in humans (Phase | clinical trial). In
preclinical in vivo models, magrolimab has shown potent antitumor activity in MM patients
and can inhibit tumor cell growth in human tumor xenograft models. [8] In this study, we
hypothesized that myeloma cells have high CD47 expression levels. So, the blockade of the
CDA47 signaling pathway by anti-CD47 antibody may enhance the anti-tumor activity against
myeloma cells when combined with bortezomib. The expression level of CD47 on MM.1S
cancer cell surface was investigated and tested whether the combination treatment of anti-
CD47 antibody (magrolimab) and bortezomib could provide the synergistic effects to
enhance MM cell death. Our findings support the combination treatment as a promising
therapeutic strategy for MM treatment.

Methodology:
Cell line and cell culture condition

MM.1S, a multiple myeloma cell line was used in this study which was kindly
acquired from Prof. Seiji Okada, Division of Hematopoiesis, Joint Research Center for
Human Retrovirus Infection, Kumamoto University. The cell was cultured in RPMI-1640
media supplemented with 10% fetal bovine serum (10% FBS) (Gibco, Thermo Fisher
Scientific, MA, USA), 2 nM of L-glutamine (Gibco, Thermo Fisher Scientific, MA, USA),
and penicillin-streptomycin (Gibco, Thermo Fisher Scientific, MA, USA). The cell was
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cultured at 37°C, 5% CO: incubator, and sub-cultures at every 3-day interval or when it
reached 80-90% confluence. The MM.1S characteristic is represented in Table 1.

Table 1. The characteristics of MM.1S.

Cell line Phenotypes

MM.1S B Iymphoblast cell that was isolated from
the peripheral blood of a Black, 42-year-old,
female patient with immunoglobulin A
lambda myeloma. (ATCC)

Determination of CD47 expression on MM.1S

Flow cytometry was performed to obtain CD47 expression on MM.1S. The cells were
harvested approximately 10° cells per reaction. CD47 protein expression was detected by
staining with anti-Human CD47 (eBioscience, California, USA) and 1gG: (ImmunoTools,
Friesoythe, Germany) as an isotype control at the dilution of 1:50 with 2% FBS in 1X of
phosphate-buffered saline (1X PBS) and incubated on ice for 30 minutes in the dark
environment. The stained cells were washed twice with 2%FBS in 1X PBS and subsequently
analyzed by CytoFLEX flow cytometry. (Beckman Coulter, CA, USA)

Determination of the cytotoxicity of bortezomib on MM.1S

To determine the cytotoxicity of Bortezomib (Selleckchem, Japan) to MM.1S. The
cells were seeded into 96-well plates (2x10* cells per well) with RPMI-1640 media
supplemented with 10% FBS, 2 nM of L-Glutamine, and penicillin streptomycin. Then,
bortezomib in different concentrations (1.56, 3.125, 6.25, 12.5, 25, and 50 nM) was added
and incubated for 24 and 48 hours, at 37°C, 5% CO; incubator. After the indicated times,
Prestoblue™ reagent 10 uL per well was added to strain viable cells. The changes of the
reagent color were measured at the absorbance of 570 and 595 nM by using a microplate
reader. The percentage of cell viability was calculated and compared with the untreated
control (set as 100%). Then, the half-maximal cytotoxicity concentration (CCsg) of each cell
was analyzed using linear regression.

% Cell viability = [(OD570-OD595)test - (OD570-0OD595)contro X 100

Investigation of the anti-tumor activity of the combination treatment of anti-CD47
antibody and bortezomib against MM cell line

MM.1S was plated into 96-well plates with approximately 2x10* cells per well with
complete-RPMI-1640 media. The conditions of treatment were added and incubated for 24
hours at 37°C, 5% COz incubator. After the indicated time, the percentage of cell viability
was analyzed by Prestoblue™ reagent as aforementioned. The treatment conditions consist of
two parts including a single treatment which is 34.25 uM of magrolimab (Selleckchem,
Japan) or 3.125 nM of bortezomib. The second treatment is a combination treatment which is
34.25 uM of magrolimab combined with 3.125 nM of bortezomib.

Statistical analysis

All statistical analyses were conducted using GraphPad Prism5 software (GraphPad
Software, Inc., San Diego, CA, USA) and Scikit (Python). Each experiment in this study was
conducted in three independent experiments (n=3) and the data were expressed as mean +
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standard error of the mean (SEM). The independent-sample t-test (performed in comparing
CD47 expression on MM.1S) and one-way ANOVA with post hoc Tukey-HSD test
(performed in comparing the %cell viability in the control and the combination treatment)
were used to analyze the statistical comparison of the data. All bar graphs show the error bars
of the standard error of the mean (SEM). A p-value less than 0.05 was considered statistically
significant.

Results and Discussion:
CD47 expression on MM.1S

To investigate CD47 expression on MM.1S. The cells were collected and stained with
the antibody as aforementioned in the material and method. Flow cytometry was performed
to determine the level expression of CD47 and the flow cytometry gating strategy shown in
Figure A. The results are represented in the histogram (Figure 1A) and the bar graph (Figure
1B) demonstrating 97.4+1.87% of MM.1S were CD47 positive cells. Thus, the results
indicated that MM.1S has a high-level expression of CD47 similar to the previous report that
showed the CD47 expression on MM.1S is higher than other cell lines such as H929 and
U266 [9]. Indeed, CD47 is a potential prognosis marker based on its correlation with the
disease progression and aggressiveness of MM which leads to unfavorable prognoses and
worse clinical outcomes. [10] The previous report represented that MM patients with high
CDA47 expression had shorter progression-free survival and overall survival than those with
low expression of CD47. [11] Hence, CD47 is an interesting target and the blockade of CD47
could be a potential therapeutic.
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Figure 1. MM.1S has a high level of CD47 expression was represented as %opositive cells
in the histogram (A) and the bar graph (B) by flow cytometry when compared with the
isotype control (IgG1). (*** indicates p<0.001 obtained from independent-sample-t-test)
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Bortezomib cytotoxicity to MM.1S

MM.1S cells were treated with various concentrations of bortezomib including 1.56,
3.125, 6.25, 12.5, 25, and 50 nM, and incubated for 24 and 48 hours. After the indicated
times, the cell viability was monitored and calculated to the percentage of cell viability
(%cell viability) relative to non-treatment control (cells treated with drug diluent, DMSO).
The results have demonstrated that the %cell viability of MM.1S decreased in a dose and
time-dependent manner. (Figure 2A) The half-maximal cytotoxic concentration (CCsp) was
analyzed by non-linear regression. The results revealed the CCso of bortezomib for 24 and 48
hours are 7.426 and 3.714 nM , respectively. Thus, our study demonstrated that bortezomib
can affect MM.1S cell death. Bortezomib is a proteasome inhibitor so it can cause cancer cell
death by its ability to bind at the proteasome subunit 5 (85) for inhibition of proteasome
activity leading to misfolded protein accumulated in the endoplasmic reticulum (ER) and then
ER stress [5]. Consequently, interrupting the cell cycle leads to the accumulation of
proapoptotic signals which triggers the apoptotic signaling pathway. In addition, it can also
inhibit transcription factor nuclear factor-xB (NF-kB) pathway activation. [12] The previous
studies reported that bortezomib resistance can develop in MM patients after receiving
bortezomib for a while, also known as acquired resistance, and frequently occurs in MM. It is
strongly associated with relapsed and refractory. [5]

3 24h
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Figure 2. The cytotoxicity of bortezomib on MM.1S is determined by Prestoblue™
reagent. The percentage of cell viability was calculated relative to the diluent control
(DMSO0), %cell viability was decreased in a dose and time-dependent manner. (Figure
2A) Moreover, the half-maximal cytotoxic concentration (CCso) values using non-linear
regression represented that CCso equals 7.426 and 3.714 nM for 24 and 48 hours,
respectively. (Figure 2B)

The combination treatment of anti-CD47 antibody and bortezomib to eliminate MM.1S

Due to CD47 overexpression is frequently found in MM patients who are resistant to
bortezomib. Therefore, we hypothesized that the combination treatment of bortezomib with
anti-CD47 antibody (magrolimab) would provide the synergistic effect. MM.1S cells were
treated with four conditions of treatment including the diluent alone (DMSO), single
treatment of 34.25 uM of magrolimab or 3.125 nM of bortezomib, and a combination
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treatment of 34.25 uM of magrolimab combined with 3.125 nM of bortezomib. The results
revealed that the combination treatment had the most potential effect to reduce the % cell
viability of MM.1S to 4.81+62.30% which is higher than that of the bortezomib alone
(89.47£3.49%) and magrolimab alone (94.45+8.27%) (Figure 3) Hence, our study
demonstrated the synergistic effect of the combination treatment of anti-CD47 antibody and
bortezomib to enhance MM.1S cell death.
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Figure 3. The combination of anti-CD47 antibody and bortezomib can enhance MM.1S cell
death by sensitizing MM.1S cells to the effect of bortezomib via CTSS/PAR2 signaling
pathway suggesting that magrolimab has a chemosensitization effect. (* and **** indicates
p<0.05 and p<0.0001, respectively obtained from one-way ANOVA with post hoc Tukey-
HSD test).

In accompanied with the previous report, the combination of anti-CD47 monoclonal
antibody (B6H12) at 10 pg/ml and the chemotherapeutic drugs doxorubicin or cisplatin
significantly improved the anti-tumor effect on inhibiting the growth of hepatocellular
carcinoma cells (HCC) [13]. Moreover, they found that this sensitization effect was
independent on the macrophage phagocytosis role in CD47 and suggested that it was
involved in the anti-CD47 antibody that inhibited the growth of HCC by chemosensitization
effect via blocking of CTSS/PAR?2 signaling pathway which is associated with the activation
of cancer cell death. [13] [14] CD47 role in promoting tumor growth has been reported via
two main mechanisms. Firstly, they activated the antiapoptotic activity of TNF-a-inducible
protein 8 (TNFAIP8) leading to inhibiting caspase-8 and of caspase-3 activation. [15]
Secondly, NF-«xB activation induces the cathepsin S (CTSS), a proteasome and a ligand for
protease-activated receptor 2 (PAR2), resulting in the activation of PAR2. Additionally,
PAR2 promotes tumor-initiating cells (TICs) which can be highly self-renewable and
chemoresistance resulting in high development of cancer cell growth via activation
PIBK/AKT. (Figure 4A) [16] [17] [18]. Hence, the blockade of CD47 activity by anti-CD47
antibody leads to the reduction of the NF-«xB and TNFAIP8 activations resulting in
enhancing the cancer cell apoptosis. Accordingly, the combination treatment of anti-CD47
antibody and bortezomib might improve the sensitivity of myeloma cells to bortezomib via
CDA47 blockade which disturbed the anti-apoptotic activity. This could enhance bortezomib
effect on promoting ER stress, suppressing NF-kB activity by stabilizing the inhibition 1B
[19] resulting in the suppression of cancer cell growth and proliferation. Therefore, the
combination treatment showed more anti-tumor effects than the single treatment which is
anti-CD47 alone or bortezomib alone. (Figure 4B)
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Figure 4. The schematic represents the mechanism of the combination treatment to enhance
myeloma cell death. Normally, cancer cells/drug-resistant cells have CD47 overexpression
leading to the activation of the NF-xB signaling pathway resulting in the induction of two
pathways which are CTSS/PAR2 and TNFAIP8 to increase the growth of the tumors and drug
resistance. So, bortezomib cannot affect the cancer cell death. (Figure 4A) In addition, the
combination treatment enhanced MM cell death by anti-CD47 antibody block CD47 signaling
pathway leading to reduce the NF-kB, CTSS/PAR2 and TNFAIP8 signaling pathway.
Consequently, MM cell death was increased by the effect of bortezomib via the inhibition of
the proteasome activity. (Figure 4B)
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Conclusion:

This study demonstrated that the potential of combination treatment of an anti-CD47
antibody (magrolimab) and bortezomib on enhancing myeloma cell death. Our findings
supported the use of the bortezomib-based combinational therapy with the anti-CD47
antibody which may be an alternative treatment for MM patients to improve the outcomes
and expand the survival rate of the patients.
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Abstract:

Cryptococcus neoformans (Cn) is an encapsulated yeast that causes serious central
nervous system infection in immunocompromised individuals, particularly cryptococcal
meningitis (CM). This condition suggests that the fungus is capable of crossing the blood-
brain barrier (BBB). Nitrogen sources are crucial for fungal pathogenicity, as they support
both survival under adverse conditions and the development of processes necessary for
disease, such as promoting transmigration. Our preliminary results indicated high expression
levels of ammonium and urea transporter genes during transmigration, prompting a focus on
these genes in this study which aimed to evaluate the BBB transmigration capability of Cn
strains deficient in the ammonium transporter gene (amt2A mutant) and the urea transporter
gene (dur3A mutant) using an in vitro model. Results showed that the absence of the Amt2
gene significantly decreased the transmigration ability, while the absence of the Dur3 gene
did not affect Cryptococcus neoformans's ability to cross the brain compared to the wild-type
strain (H99). In conclusion, the Amt2 gene likely plays a crucial role in the transmigration of
Cn across the BBB. This gene may be essential for obtaining the nutrients needed for the
fungus to survive and move through human brain endothelial cells. On the other hand, the
Dur3 gene does not appear to be directly involved in the transmigration process. Nonetheless,
both genes are important for the overall virulence and adaptability of Cn, affecting its ability
to cause infections in the central nervous system (CNS).

Introduction:

Opportunistic invasive fungal infections are becoming a problem of concern for the
national health systems worldwide, especially in the patients with HIVV/AIDS, cancer patients,
or organ transplant recipientst. Human fungal pathogens, including Candida, Aspergillus, and
Cryptococcus, can cause mortality rates up to 90% in immunocompromised patients?. In
2022, the World Health Organization (WHO) Fungal Priority Pathogens List (FPPL)
identified Cryptococcus neoformans as the top fungal pathogen in the critical priority group.
This pathogen is associated with a mortality rate ranging from 41% to 61% in cases of
cryptococcosis®. Globally approximately 1 million cases of cryptococcosis are reported each
year resulting in 625,000 deaths*. Cryptococcus spp. is commonly found in the environment
such as soil, pigeon dropping and, in the trunks of eucalyptus trees®. Cryptococcal infections
start with the inhalation of desiccated yeasts or basidiospores, which then enter the lungs and
cause pulmonary cryptococcosis. The infection can disseminate and invade the CNS, leading
to cryptococcal meningitis (CM)®. CM occurs when Cryptococcus neoformans (Cn) uses a
specific strategy to traverse host barrier or BBB which plays an important role to transport
nutrients and prevent the uptake of neurotoxins or pathogens into the brain’. There are three
mechanisms that Cn can transmigrate across the BBB including paracellular, transcellular and
Trojan horse mechanism?®. In 2010, Shi et al. reported that Cn can alter its morphology to an
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ovoid shape when it becomes trapped in the brain capillaries during a mouse brain infection®.
The morphological change of Cn is induced by nutrient sensing as nitrogen source which
plays an important role in regulating fungal dimorphism leading pseudohyphae®®.

Our preliminary RNA sequencing data of Cn during hCMEC/D3 infection showed
that the ammonium transporter gene and the urea transporter gene were upregulated by 1.98-
fold and 1.47-fold, respectively, during Cn transmigration. First, the ammonium transporter
gene is regulated by a family of proteins that includes Amt (ammonium permeases), Mep
(methyl-ammonium permeases), and Rh (human Rhesus proteins)!t. This protein family
regulates morphological changes and is primarily found in pathogenic fungi, including
Saccharomyces cerevisiae, Candida albicans, and Cn*2. The Mep2 protein in Saccharomyces
cerevisiae has been identified as a crucial sensor for the development of filamentous
structures®. Evidence shows that strains of Cn lacking Amt1 and Amt2 genes do not exhibit
invasive growth and fail to develop pseudohyphae!®. For the urea transporter, is a key protein
involved in the transport of urea with a dual transport mechanism including active and
passive transport'®. Urea induces the dimorphism of Candida albicans through Durl, Dur2,
and Dur3, which are crucial for resisting innate host immunity, although the exact
mechanism remains unclear.'® Moreover, several studies have shown that the Urel gene,
which encodes urease in Cn, facilitates trapping, transmigration, and replication within the
brain'"'8, However, these genes are crucial in determining the physiological and virulence
characteristics of Cn. Consequently, they influence its ability to transmigrate through the
brain and contribute to the development of cryptococcosis. Therefore, this study aimed to
investigate how the deletion of the Amt2 and Dur3 genes in Cn affects their transmigration in
an in vitro model.

Methodology:
Yeast strains and cell lines

The C. neoformans strains were used in this study including strains H99 (serotype A,
wild-type), dur3A mutant (07448; Urea transporter) and the amt2A mutant (04758;
Ammonium transporter). Cryptococcus strains have been constructed in the Hiten Madhani
lab (UCSF, USA). All strains were kept at -80°C, cultured on YPD (Yeast Extract-Peptone-
Dextrose) agar and incubated at 30°C for 72 h.

In the in vitro model of the BBB, the immobilized human cerebral microvascular
endothelial cell line (hCMEC/D3) line was used for BBB model. The cells were purchased
from the American Type Culture Collection (ATCC) and provided from Asst. Prof. Dr.
Oratai Weeranantanapan (Suranaree University of Technology, Thailand). The hCMEC/D3
cells were seeded on a collagen-coated culture flask until the cell were grown to confluence
in EBM-2 medium with growth factors and antibiotic (gentamicin and amphotericin B) at
37°C in an atmosphere of 5% CO..

Yeast culture media

Yeast Extract-Peptone-Dextrose broth (YEPD broth) medium and Potato Dextrose
agar (PDA) medium (Himedia, India) were sterilized using an autoclave, at 121°C for 15
minutes (at a pressure of 15 psi).

Cell culture media

Endothelial cell basal medium-2 (EBM-2) and growth factors were purchased from
Lonza (Walkersville, MD, USA). The complete growth medium was prepared by adding
growth factors (25 mL of Fetal bovine serum (FBS), 0.2 mL of hydrocortisone, 2 mL of
Human fibroblastic growth factor-basic (hFGF-B), 0.5 mL of vascular endothelial growth
factor (VEGF), 0.5 mL of Recombinant long R insulin-like growth factor-1 (R3IGF-1), 0.5
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mL of ascorbic acid, 0.5 mL of Human epidermal growth factor (hEGF), and 0.5 mL of
Gentamicin Sulfate-Amphotericin-B (GA-1,000)) into 500 mL of basal medium as 1X EBM-
2. The complete medium was stored at 4°C before being used in the experiments.

Transcytosis assay in the in vitro model of the BBB

The hCMEC/D3 was used for the transcytosis assay with the passage of less than 35.
The in vitro static monolayer model consisted of a transwell apparatus with the lower
chamber (abluminal side) and the upper chamber (luminal side) separated by a porous
membrane with a collagen-coated (8 um; Corning). 1 x 10* cells of hCMEC/D3 were added
on the upper chamber and were cultured for approximately 2 weeks at 37°C and 5% COa.
During the incubation, the medium was changed from 1 to 0.5 and 0.25 strength every 3-4
days before the assay. The lower-strength medium containing growth factors was reduced for
the cells to differentiate, and the tight junction proteins were completely formed. Before the
transcytosis assay, the integrity of the monolayer was measured as the trans-endothelial
electrical resistance measurement (TEER) value by an endothelial meter. The cryptococcal
cells (1 x 108 cells) were added to the upper chamber and incubated for 24 h before collecting
the migrated cryptococcal cells from the bottom chamber for CFU determination.

Results and Discussion:
Preliminary data from RNA sequence at the overall transcriptome of Cn

The overall transcriptome analysis of Cn during hCMEC/D3 infection revealed that
the expression of certain genes is upregulated. The differentially expressed protein include
SLC39; Solute Carrier Family39, NDC80; Kinetochore Protein NDC80, IDH2 ; L-iditol 2-
dehydrogenase, FRD; Fumarate reductase, TauD; Taurine catabolism dioxygenase TauD,
UraP; Uracil permease, ACOX; Acyl-CoA Oxidase, UreaT; Urea transporter, Pl; Plant-
inducible, TRPT; tRNA 2'-phosphotransferase, ICL; Isocitrate Lyase, NCS2; Nucleoside
Transporter Family Member2, CB5; Cytochrome b5, SLC25; Solute Carrier Family25, PTEF
or PTS; Phosphotransferase enzyme family, AMT; amt family ammonium transporter and
OxR; Oxidoreductase. The amt family ammonium transporter gene and the urea transporter
gene were emphasized in this study due to they are involved in the morphological changes of
Cn. The transcriptome analysis of these two genes revealed a 1.98-fold upregulation of the
ammonium transporter gene and a 1.47-fold upregulation of the urea transporter gene (Figure
1). The involvement of these genes in morphological changes may be linked to the
transmigration process, during which Cn undergoes morphological transformations to pass
through the endothelial cells and achieve the brain

The transmigration of C. neoformans across through the in vitro BBB model

The colony-forming units (CFUs) were counted to quantify and compare the ability of
Cn to cross the blood-brain barrier (BBB) model. In this study, the cryptococcal free cells of
the wild-type strain were measured at 8.36 x 10°+ 1.71 CFU/mL. In contrast, the amt2A and
dur3A mutant strains showed reduced transmigration through the brain side, with counts
decreasing to 2.26 x 10° + 0.94 CFU/mL and 5.1 x 10° + 1.2 CFU/mL, respectively (Figure
2). In addition, the amt2A mutant strain showed a significant reduction in its ability to pass
through the brain, while the dur3A mutant strain did not exhibit a significant decrease when
compared to the wild-type strain (H99), as determined by an unpaired t-test (Mean £ SEM, n
= 3, *p < 0.05) (GraphPad Prism). The disruption of Dur3 gene, however, decreased the
ability to transmigrate through the brain. This result revealed that Amt2 gene affects the
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transmigration process of Cn while Dur3 gene may not be directly responsible for
transmigration process.

Previous study reported that the Amt gene related with the ammonium signal that
regulates fungal morphology by downstream signal transduction pathway°. There are Amt/
and Amt2 gene that regulate the pseudohyphae generating but the amt2A mutant strains did
not form invasive growth under the low ammonium conditions!®. The Amtl and Amt2
transporters import the ammonia molecules into intracellular for growth and development.
This ammonia act as a signaling molecule in nitrogen metabolism and play a crucial role in
inducing capsule production of Cn?. While evidence linking specific nitrogen source to
enhance transmigration through the BBB is limited, it is known that nitrogen molecules can
influence the virulence factor of Cn, helping the fungus evade the host immune system and
facilitating its penetration of the CNS®. Furthermore, Shi et al reported that Cn enable change
morphological during direct transcytosis. Additionally, Dur3 is a urea transporter associated
with yeast dimorphism, although its exact mechanism remains unclear®®. Several studies have
directly deleted genes related to the urease system, such as Urel and its three accessory
proteins Ure4, Ure6, and Ure7. These deletions have been found to impact the efficiency of
brain invasion. Therefore, the Dur3 gene, which is a urea transporter, is directly involved in
the urea metabolism of yeast cells. For pathogenic microorganisms, urease hydrolyzes urea
into ammonia and carbon dioxide, a critical virulence factor that neutralizes the acidic
microenvironment. This process helps pathogens survive the harsh pH conditions within
phagolysosome??. It has been reported that urease produces ammonia, which is toxic to
mammalian cells and weakens the endothelial vessel walls. This weakening facilitates the
fungal traversal of epithelial barriers and enhances the fungus's ability to invade the CNS%-%4,
However, this does not result in trapping within capillaries or growth within the CNS.
Currently, the urease mechanism that introduce Cn to transmigrate into brain is still
unknown, but it could involve the ammonia production or other nitrogenous products present
in host plasma that increases the expression of adhesins on the endothelial cells and affect
astrocytes leading to opening the tight junctions and weakening the integrity of the BBB?.
These results suggest that the absence of the Amt2 gene affects the ammonium signaling that
directly influences the morphological changes of Cn. In addition, the deletion of Dur3 gene is
crucial for reducing the fungus’s ability to transmigrate, which may impact other virulence
mechanisms and consequently influence the transmigration process.
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The gene expression of Cn response to hCMEC/D3 cell
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Figure 1 The gene expression of Cn response to Human Brain Endothelial cells (D3).
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Figure 2 CFU counting of cryptococcal cells in the in vitro model.

Conclusion:

This study demonstrated that a deficiency in the Amt2 gene significantly reduces C.
neoformans’s ability to transmigrate through the brain, whereas a deficiency in the Dur3 gene
does not have a similar effect. Future research will investigate the mechanisms by which C.
neoformans traverses the brain and explore how the deletion of the Amt2 and Dur3 genes
may affect virulence factors in mutant strains.
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Abstract:

Human dermal fibroblasts (HDFs) are crucial cells located within the dermis layer of the
skin. They play essential roles in epidermal proliferation, differentiation, and the formation of
the cellular matrix by secreting various growth factors and cytokines, which are vital for
maintaining skin health and function. Cordyceps militaris mycelium extract (CME) is widely
used in both traditional and modern medicine due to its diverse therapeutic effects. However,
the specific impact of CME, which contains adenosine and cordycepin, on the proliferation of
human dermal fibroblast cells has not been fully clarified. In this study, we optimized the
concentrations of CME, commercial adenosine, commercial cordycepin, and a mixture of
adenosine and cordycepin (1:5 ratio) to proliferate HDFs cells without toxicity. We found
that CME concentrations of 0.156 and 0.313 pM significantly increased HDFs cell
proliferation by approximately 60% compared to untreated cells (p < 0.001). Our research
suggests that CME has potential as a therapeutic agent for wound healing and angiogenesis.
Its ability to enhance cell proliferation and promote vascular development makes it a
promising candidate for future medical applications.

Keywords: Cordyceps militaris, Adenosine, Cordycepin, Human dermal fibroblasts

Introduction:

According to the World Health Organization (WHO), approximately 75% of people
worldwide rely on herbs and various traditional medical practices for treating diseases and
maintaining health. The study of bioactive compounds in the past decades has enabled the
extraction of substances from medicinal fungi, which are used as medications or as building
blocks for several important pharmaceuticals still in use today*. Cordyceps militaris is one of
the medical fungi that contains bioactive compounds in both its mycelium and fruiting
bodies, including adenosine, cordycepin, and polysaccharides?. These compounds have
shown potential therapeutic applications in modern medicine, such as anticancer properties?,
immune system enhancement, aging delay, resistance to viral and bacterial infections,
energy-boosting, and wound healing properties*®. Cordycepin, primarily present in C.
militaris, has significant interest in recent years due to its exceptional health and therapeutic
properties, particularly in cancer treatment®, and a new class anti-inflammatory agents’.
Adenosine has been reported to enhance endothelial cell migration, tissue remodeling during
the healing process, and proliferation, which is essential in the process of creating new blood
vessels, also known as angiogenesis®. Furthermore, adenosine significantly aids in the
complex process of new blood vessel formation by interacting with critical growth factors
such as fibroblast growth factor-2 (FGF-2) and vascular endothelial growth factor-A (VEGF-
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A)°. In contrast to the pro-angiogenic effects of adenosine, numerous studies have
demonstrated the anti-angiogenic properties of cordycepin and the mechanisms behind these
effects!®. Nevertheless, the impact of crude extracts from C. militaris, which contain both
adenosine and cordycepin, on promoting or enhancing cell proliferation has not been
explored in normal cells, such as primary human dermal fibroblast cells (HDFs). Fibroblasts
are the most prevalent cell type in connective tissues throughout the body and are widely
used in studies related to wound healing, tissue engineering, and regeneration. They play
crucial roles in various biological processes, including acting as mediators during
inflammatory responses and angiogenesis®. Despite the potential of crude extracts from C.
militaris containing adenosine and high amounts of cordycepin to induce HDFs cell
proliferation, this effect remains unknown. Thus, this study aimed to investigate the effect of
crude extracts from C. militaris on enhancing human dermal fibroblast cell viability and
proliferation without toxicity.

Methodology:
Cordyceps militaris cultivation

Cordyceps militaris strain SHO1 which obtained from Shanghai, China were used in
the present experiments. The fungal mycelium was maintain in potato dextrose agar (PDA) at
20C for 21 days prior transferred into the culture medium which modified from Shih et al.,
(2007)*2. Five of active mycelia disc (5 mm. in diameter) were placed in 300 mL of seed
culture medium and incubated at 25T in darkness on a on a rotary shaker (at 110 rpm) for 7
days and kept in static condition until 14 days. The mycelium part was collected via filter
glass vacuum using nylon filter pore size 45 um and freeze-drying prior extraction to
determine adenosine and cordycepin content.

Extraction and chemical analysis of Cordyceps militaris mycelium

The dried mycelium was extracted with distilled water and quantified of adenosine
and cordycepin followed the protocol of ChokeUmnuay & Owatworakit., (2021)*2. In brief,
20 mL of deionized water was mixed with one gram of dried sample and incubated at 60 C
for 3 hrs., filtered through a nylon filter membrane (0.2 um pore size). The filtrate was
analyzed by using High-performance liquid chromatography (HPLC) was quantified by
creating a plot of peak area against concentration. The 1 pL of the crude extract was analyzed
using Waters HPLC system (Waters Corporation, Milford, USA) and separation was carried
out using Cig column, 4.6 x 250 mm, 5 um. The analysis was conducted at a flow rate of 0.2
mL/min and a temperature of 30°C. The chromatographic condition was isocratic, with a 95:5
ratio of 0.2% formic acid in deionized water (A) and methanol (B). Both adenosine and
cordycepin were monitored at a wavelength of 260 nm.

Human dermal fibroblast cells culture

Human dermal fibroblast cells (HDFs) were purchased from American Type Culture
Collection (ATCC, PCS-201-010™). HDFs were cultured in fibroblast basal medium
(ATCC, PCS-201-030™) supplemented with a fibroblast growth kit-low serum (ATCC,
PCS-201-041™) and 1% antibiotic-antimycotic (100X) solution containing 10,000 units/mL
of penicillin, 10,000 pg/mL of streptomycin, and 25 pg/mL of amphotericin (Gibco™, Cat.
No. 15240062). HDFs were maintained in a humidified atmosphere with 5% CO, at 37°C,
and the complete media was replaced every two days. The cultures were washed with
phosphate-buffered saline (PBS, pH 7.4, Gibco, Cat. No. 10010023) and passaged with
0.25% Trypsin-EDTA solution (Gibco, Cat. No. 25200072) when the cells reached
approximately 80% confluence. HDFs cells were passaged 2-5 times before being used in the
subsequent experiments.
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MTT assay

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) powder
was purchased from Sigma—Aldrich, USA. MTT is a colorimetric assay for assessing cellular
metabolic activity that was used to determine cell viability and proliferation.

Cell viability

HDFs cells (1x10* cell/well) were seeded in 96-well plates (Nunclon™) and
incubated at 37 °C with 5% CO: in a humidified atmosphere for 24 hrs. The samples used
included C. miliitaris mycelium extract (CME), adenosine standard (Sigma, USA),
cordycepin standard (Sigma, USA), and a mixture of adenosine and cordycepin standard in
the same ratio in CME. Each sample was initially prepared as stock solutions at a
concentration of 20 pM. These solutions were subsequently diluted to a range of
concentrations from 10 uM to 0.078 uM using a two-fold dilution method. A total of 100 pL
of each sample were added to the wells and incubated for 24 hours. After incubation, the
samples were removed, and 0.5 mg/mL of MTT solvent was added. The plate was then
incubated at 37°C with 5% CO- for 3 hours. The absorbance at 570 nm was recorded for each
well using a microplate reader (Envision, PerkinElmer, MA, USA). The results were
interpreted and compared with the control (untreated). The percentage of cell viability was
calculated using Equation 1 below, and the minimal non-toxic dose (MNTD) was evaluated
accordingly.

e Absorbance of sample
0, J t-y = X
%o Cells viabili Absorbance of control 100 Q

Cell proliferation

HDFs cells (1x10* cell/well) were placed in each well of 96-well plates before
incubated at 37 C with 5% CO> in a humidified atmosphere for 24 hours. The concentration
of each sample was followed MNTD value that shown the best potential for induced cell
proliferation without toxic including commercial adenosine (0.156 pM), commercial
cordycepin (0.625 pM), mixture of commercial adenosine and cordycepin (5 M) and CME
(0.156 and 0.313 puM). HDFs cells was pre-explosion with one hundred microliters of
samples by incubated at 37 C with 5% CO: in humidified atmosphere for 5, 15, 30, 60, 180
mins and 24 hours as a positive control. The solution was removed and added 0.5 mg/mL of
MTT and then incubated for 3 hrs. before measured the absorbance at 570 nm. using
microplate reader. The results were interpreted and compared with negative control
(untreated). The percentage of cell viability was calculated by following equation 1.

Statistical analysis

All data are presented as the mean * standard deviation and were performed using SPSS 20.0
software (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) followed
by post-hoc multiple comparison. Duncan test was carried out for determination the
significantly Differences with p < 0.05, and p < 0.001 were considered to indicate
significance differences.

Results and Discussion:
High-performance liquid chromatography (HPLC) determines the amount of adenosine and
cordycepin in C. militaris extract
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High-Performance Liquid Chromatography (HPLC) analysis revealed that the concentrations
of adenosine and cordycepin in CME were 1.382+0.161 mg/g and 6.544+1.109 mg/g
respectively. Interestingly, cordycepin was presented in the CME at 4.7 times higher than
adenosine. C. militaris is known to have a significantly higher cordycepin concentration
compared to other species especially under static culture conditions 2. After determining the
quantity of these in CME, we proceed to observe their efficacy in enhancing human skin cells
proliferation without serious effect.

Determination of the optimal concentration of CME on proliferation of human dermal
fibroblast cells (HDFs)

In this part of the study, we aimed to determine the optimal concentrations of CME that
would most effectively promote the proliferation of human dermal fibroblast cells (HDFs)
compared to pure standard adenosine, cordycepin, and a mixture of adenosine and cordycepin
(ratio 1:5). We examined various CME concentrations (0.078, 0.156, 0.313, 0.625, 1.250,
2.50, 5, and 10 pM, alongside controls including standard adenosine, standard cordycepin,
and a mixture of both in the same ratio as found in CME (1:5), over a period of 24 hours. Our
findings, illustrated in Figure 1, indicated a significant increase in HDFs cell viability by up
to 60% when treated with 0.313 and 0.156 pM of CME, compared to untreated cells.
Additional treatments involving adenosine (0.156 uM), cordycepin (0.625 puM), and a
standard mixture (1:5 ratio at 5 pM) yielded increases in HDFs viability by approximately
54%, 53%, and 56%, respectively, relative to untreated cells. According to the previous
research, C. militaris may promote cell proliferation and provide protection against oxidative
stress-induced premature aging’*. Based on these results, we established the minimal non-
toxic dose (MNTD) for each sample within the tested range, which proved to be conducive
for HDFs treatment, as they did not significantly reduce cell viability while demonstrating the
highest potential for cell proliferation.
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Figure 1. The percentage of HDFs cells viability after treatment 24 hrs. was determined
through MTT assay. The effects of various concentrations of adenosine standard (4.1A),
cordycepin standard (4.1B) and mixture of adenosine and cordycepin standard in ratio 1:5
(4.1C) and CME (4.1D), on HDFs cells viability were examined by compared with untreated.
Duncan’s multiple range tests, p < 0.001.
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HDFs cell proliferation after treated with CME

After identifying the Minimal Non-Toxic Dosage (MNTD), the MTT assay was established
to assess the proliferation potential of human dermal fibroblast cells (HDFs) post-treatment
with each sample’s MNTD compared to the untreated control group. Remarkably, within
fifteen minutes, all treatments facilitated more than 50% proliferation in HDFs cells relative
to the control. Notably, a CME concentration of 0.156 uM propelled HDFs cell proliferation
to 80%, outperforming both adenosine and cordycepin standards, as showed in Table 1.
Treatment with a mixture of adenosine and cordycepin (ratio 1:5) yielded a proliferative
effect almost as high as that of CME and commercial adenosine. Furthermore, HDFs cells
maintained their capacity for proliferation up to one-hour post-treatment. Within one-hour,
standard cordycepin alone significantly diminished the proliferation rate of HDFs cells. Our
findings corroborate the research by Radhi et al. (2021), which demonstrated that cordycepin
consistently inhibits cell proliferation, migration, and inflammation, particularly in cancerous
cells®™. Notably, a decline in cell proliferation across all treatments was observed at the three-
hour mark. This suggests that HDFs cells may undergo cell cycle arrest and prepare for the
transition to mitosis (G2/M phase) post-treatment. During the G2 phase, cells continue to
grow, synthesize proteins and organelles, and reorganize their contents in anticipation of
mitosis—a process lasting approximately 3-4 hours as described by Israels & Israels®®.

Table 1. The results of proliferation rate without toxicity in human dermal fibroblast cells
(HDFs) (n=3).

Pre-explosion time

Treatments 5 mins 15 mins 30 mins 60 mins 180 mins 24 hrs.

Adenosine  L//-/8% 24232+ 29330+  297.86% 22348+ 26068+
6.97¢ 10.92%¢ 8.912 8.462 5.76° 14.70°

Cordycepin 24985+ 27137+ 258.12+ 21127+ 183.79+  250.85 +
6.60% 13.252 11.192 16.19° 1.64° 11.90?

Mixture 1.5 208-12% 24852+ 29406+  299.95% 24249+  26521%
' 7.429 5.72¢ 10.49? 7.352 4.41° 7.13°

CME 221.00+ 26325+ 28697+ 28441+ 22100+ 27894+
(0.156pM)  5.68° 8.78° 6.622 1.082 8.07¢ 17.6%

CME 21547+ 25471+ 24915+ 28265+ 24581+  269.00 +
(0.313uM)  3.58° 6.97° 3.19¢ 2.442 4.61° 8.91°

Data represents the mean + standard deviation. The different superscript letters (a—c) indicate
not significant differences of each treatment in difference pre-explosion time (p > 0.05).

Conclusion:

In conclusion, our research successfully cultivated and extracted adenosine and cordycepin
from Cordyceps militaris (SHO1), demonstrating significant therapeutic potential in
modulating cell proliferation which is essential in tissue repair, and angiogenesis process. The
crude extract of C. militaris mycelium (CME) underwent the quantification of adenosine and
cordycepin content using HPLC analysis. Subsequent application of CME to Human Dermal
Fibroblast cells (HDFs) key mediators in tissue repair during wound healing process as well
as angiogenesis revealed its efficacy in comparison to standard adenosine, standard
cordycepin, and their mixture in a 1:5 ratio, as found in CME. Around 60% increased of
HDFs cells viability after treatment with CME was determined through MTT assay, which
also helped establish the minimal non-toxic dose (MNTD). Following the MNTD value,
CME was induced the increasing the proliferation rate of HDFs cells more than sixty percents
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during 30 mins to 1 hr. The study’s findings indicated that CME, with its high cordycepin
content, is not only non-toxic but also significantly enhances HDFs proliferation compared to
untreated cells. Collectively, these results position CME as a promising therapeutic agent,
offering substantial benefits for wound healing and angiogenesis, and highlighting its
potential for medical applications in enhancing cell proliferation and vascular development in
the future.
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Abstract:

Climate change induced high temperature stress is expected to significantly impact lichens
by damaging their photosynthetic activity. This study aims to investigate how different
temperatures affect the photosynthetic efficiency of the lichens Parmotrema tinctorum,
Usnea baileyi, and Ramalina calicaris. We observed heat stress and damage to the
photosynthetic apparatus of lichens after incubating them at temperatures of 25, 30, 35, 40,
45, and 50°C for one hour. The maximum quantum vyield (Fv/Fm value) and net
photosynthetic rate (Pn) of photosystem Il were measured to examine the effects on lichens.
According to our research, lichens exposed to temperatures between 30 and 35°C have a
considerable reduction in their capacity to undertake photosynthesis. Lichens decrease 60%
of their capacity of photosynthesis when stored in incubators exceeding 40°C. Based on our
studies, P. tinctorum has a temperature damage to photosynthetic efficacy (Tqp) of 25°C,
while U. baileyi and R. calicaris have a Tqp of around 30°C. This suggests that rising
temperatures may influence the physiology of lichens in their natural habitats, particularly
in the hot season as well as during periods of high humidity and precipitation. Lichens that
grow in humid environments are more susceptible to temperature increases in their
photosynthesis. They will therefore probably react significantly to any future climate
change.

Keywords: Climate change, Heat stress, Lichens, Photosynthesis, Photosystem II.

Introduction:

The impact of climate change is significant in altering species composition and
biological communities of both plants and animals. Lichens are poikilohydric organism,
able to conserve and obtain water from the environment. As a result, they can withstand
water loss without damage to physiological processes. Although lichens can tolerate high
temperatures and adapt to harsh environments, they can grow in dry conditions at
temperatures as high as 35-46°C. Some species can even survive and withstand
temperatures at up to 50-70°C.! Global warming affects lichens because they can only
tolerate temperatures of 35-46°C when wet, which can happen in direct sunlight.? This
thermal effect can damage the donor side of photosystem Il (PSII), reducing photosynthesis
and increasing respiration rates,® resulting in increased carbon loss in lichens and decreased
growth rate.* However, the heat stress impacts on lichens can be assessed by measuring
chlorophyll a fluorescence and CO> gas exchange. The maximum quantum yield of
photosystem 1l (Fv/Fm) is a commonly used measure that reflects the actual physiological
states of the organism during photosynthesis. After being incubated at high air temperatures
that cause heat stress, the decrease in Fv/Fm is related to a reduction in CO2 assimilation.®
Thus, this study aims to investigate how lichen photosynthesis responds to short-term
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temperatures ranging from 25°C to 50°C in wet conditions. Understanding this relationship
is important because it can reveal the effect of the growth rate of lichens within natural
habitat conditions.

Methodology:

Studies area and lichens: Thallus of lichens P. tinctorum, U. baileyi, and R. calicaris
(Figure 1a-c) were collected on September 28, 2023, from the lower montane forest of Doi
Suthep-Pui National Park in Chiang Mai, Thailand, at an altitude approximately 1,600
m.a.s.l. Before testing the lichens in a temperature-controlled chamber, all lichen thalli
were prepared by being cleaned, cut into small pieces (approximately 3-5 cm? in size), and
weighing the dry thallus before physiological change measurements.

Photosynthetic efficacy measurement: We measured the photosynthesis processes by
two techniques. (1) CO. gas exchange measuring, or net photosynthesis rate measurement
detected the decrease in carbon dioxide concentration as a function of time. (2) The
chlorophyll fluorescence technique using the Fv/Fm value indicates the donor side efficiency
in photosystem Il (PSIl). Thallus of all lichens were sprayed with distilled water and
incubated in dark conditions for 12 hours and 6 hours under light intensity (PAR) at 100
umol m2st, Then, the net photosynthetic rate (Pn) measured by the infra-red gas analyzer
(Li-Cor 6400 Portable Photosynthesis system, Li-Cor, Lincoln, Nebraska, USA)® with
closed system conditions, and the maximum quantum efficiency of PSII (Fv/Fm) measured
by a Chlorophyll Fluorescence model Mini-PAM; Photosynthesis Yield Analyzer (Heinz
Walz GmbH; Germany). Both measurements were made for all thallus before being
incubated at a specified temperature and then repeated the measurement afterward.

The incubation of lichens under various temperatures and measurement of the
photosynthesis: The lichens was sprayed with water and kept inside a clear plastic box to
maintain humidity of approximately 90-100%. Then, the lichens were incubated at different
temperatures (20, 25, 30, 35, 40, 45, and 50°C) for one hour at each temperature, under a
light intensity of 100 umol ms*. After incubation, those thalli were sprayed with distilled
water and measured to the net photosynthesis rate. Then, they were kept for 30 minutes in
the dark to detect the maximum quantum yield of PSII or Fv/Fm value and used to indicate
the maximum light efficiency of PSII of lichen.

Data analysis: The proportion of photosynthesis efficiency was calculated from the net
photosynthetic rate and Fv/Fm value and used to evaluate the response of lichens to
different temperature points. These results are presented as a graph and a nonlinear model
(Equation: Sigmoidal, Sigmoid 5 Parameters) for extrapolating the temperature damage to
photosynthetic efficacy (Tqp) made using Sigmaplot 14 software (Inpixon HQ; Palo Alto,
USA).

Figure 1.
The thallus of the lichens Parmotrema tinctorum (a), Usnea baileyi (b) and Ramalina
calicaris (c) were collected from Doi Suthep-Pui National Park, Chiang Mai province,
Thailand.
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Results and Discussion:

The photosynthesis efficiency of three lichens, P. tinctorum, U. baileyi and R.
calicaris are responded to a raising of the air temperature under an environmental control
chamber. Our results found that the photosynthesis efficiency of lichens P. tinctorum will
begin to decline at a temperature of 25.1°C (Figure 2a). While lichens U. baileyi and R.
calicaris showed that photosynthesis efficiency declined at higher temperature around 29.5
and 29.6 °C, respectively (Figure 2b-c).

Lichens that incubated at a temperature of 30°C showed different photosynthesis
efficiency, P. tinctorum was reduced by about -7%, while U. baileyi and R. calicaris were
unaffected by this temperature level. When incubated at 35°C, the photosynthetic efficiency
of P. tinctorum decreased to -30% while U. baileyi and R. calicaris decreased by more than -
44%. Lichens U. baileyi and R. calicaris have a fruticose growth form, characterized by a
coral or shrubby-like, which can respond to high temperatures faster than foliose growth form
of P. tinctorum. According to Table 1, the average net photosynthesis rate (Pn) of U. baileyi
and R. calicaris decreased by -59 and -65%, respectively, while Fv/Fm values decreased -28
and -25 % respectively, which both values decreased more than P. tinctorum. Our study
found that the Pn of lichens is more reduced at temperatures of 30-35°C, although this
temperature is at the optimal range for most algae of 25-35 °C. Lichens were incubated at
40°C, the lowest photosynthetic efficiency was found with P. tinctorum, which was reduced
to -71% (Figure 2a). However, our data in Table 1 shows the Pn and Fv/Fm values of P.
tinctorum the most reduced to -63 and -79%, respectively, and U. baileyi and R. calicaris
showed similar pattern of photosynthetic efficiency declining (Figure 2b-c). At 45-50°C after
incubation, the photosynthesis efficiency of lichens decreased almost 80-90 % in average for
all lichens, especially P. tinctorum and U. baileyi showed the lowest photosynthetic
efficiency about 90% at 45°C.
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Figure 2.

The percentage of photosynthetic efficiency exhibited by three lichens Parmotrema
tinctorum (a), Usnea baileyi (b) and Ramalina calicaris (c), when subjected to varying
temperatures of 25, 30, 35, 40, 45, and 50 °C. The control group (CW) was composed of

lichens stored at room temperature 25°C (n=3).
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Table 1.
The comparison of the photosynthesis rate and the maximum quantum efficiency of PSII
(Fv/Fm) before and after exposure to temperatures of 25, 30, 35, 40, 45, and 50°C (n=3) for 1

hour of 3 lichens, which collected from Doi Suthep-Pui National Park, Chiang Mai province,

Thailand.
Photosynthesis rate; Pn D
. Temp. Damage Fv/Fm amage
Lichens 1ot of PSII
treatments (umol CO2g*SY) of Pn (%) (%)
Before After Before After

Control ~ 35.8 (x14.1) 35.4 (+11.5) -1.0 0.691 (£0.028) 0.708 (+0.020) 2.4

25 27.7 (£3.1) 26.8 (+4.4) -3.2 0.685 (+0.016) 0.706 (+0.020) 3.1

Parmotrema 30 25.2 (£3.2) 21.8(*2.9) -13.5  0.699 (+0.000) 0.703 (+0.009) 0.5
tinctorum 35 33.0(x2.8) 17.9(+11.0) -457 0.685(%0.013) 0.563 (+0.060) -17.9
40 38.5(23.3) 14.3 (5.7) -63.0  0.689 (+0.006) 0.145(+0.019) -78.9

45 33.3(x45) 6.1(x0.2) -81.8  0.636 (+0.052) 0.005 (+0.002) -99.2

50 39.0 (£11.3) 14.9(#5.3) -62.0  0.699 (+0.018) 0.002 (+0.002) -99.8

Control 27.2 (x2.5) 25.4(+4.2) -6.5 0.666 (+0.013) 0.686 (+0.032) 3.1

25 20.6 (x4.4) 21.3(x4.2) 3.3 0.681 (+0.033) 0.678 (+0.038) -0.5

30 29.7 (£5.1) 28.9(x4.4) -2.5 0.646 (+0.027) 0.648 (+0.034) 0.3

Usnea baileyi 35 41.0 (£10.2) 16.7(x5.5) -59.2  0.665 (+0.033) 0.480 (+0.094) -27.9
40 28.1 (x0.7) 19.3(x4.6) -31.4  0.613(+£0.046) 0.082 (+0.020) -86.6

45 35.7 (£11.8) 6.2(%6.7) -82.6  0.632(+0.032) 0.003 (+0.003) -99.5

50 37.6 (x7.5) 18.2(¥8.4) -51.6  0.627 (£0.047) 0.003 (+0.004) -99.5

Control 27.4 (£6.1) 28.3 (+6.3) 3.3 0.583 (£0.072) 0.553 (+0.049) -5.1

25 27.5(x2.7) 25.0 (¥5.5) -9.2 0.582 (+0.148) 0.546 (+0.200) -6.3

Ramalina 30 23.5(x3.6) 19.5(x2.3) -17.0  0.521 (+0.025) 0.550 (+0.053) 5.6
calicaris 35 28.2 (£#5.8) 9.9 (%5.8) -64.8  0.617 (£0.016) 0.464 (x0.015) -24.7
40 26.9 (£2.9) 19.5(x4.0) -27.4  0.591 (+0.034) 0.187 (+0.004) -68.3

45 25.3(x6.0) 8.0(x3.2) -68.6  0.587 (£0.029) 0.048 (+0.051) -91.9

50 33.6 (+10.8) 15.8 (34.4)  -53.0  0.362(x0.079) 0.010 (+0.016) -97.1

To model for the temperature damage to photosynthetic efficacy (Tqp), the trend lines
of three lichens were assessed (red dotted line in Figure 2), which will begin to decrease in
the temperature range of 25-30°C. According to the optimal temperature range for most algae
is 25-35°C.” When air temperatures are higher than Tqp, it will cause lichens to become
stressed by those temperatures. Thus, lichens grow in natural habitats, where they are
exposed to higher temperatures than Tqp for a long time, which can cause the photosynthetic
process to decrease and the growth of lichens to slow.® Therefore, in natural habitats, it is
harmful to lichens that are exposed to high air temperatures during a wet state. This situation
could occur after rain, wherever there is high humidity and high intensity of sunlight, or in
some areas that have high temperatures (such as Dry Dipterocarp forests). If lichen is
exposed to a temperature of 35-40°C, its photosynthetic efficiency is reduced by more than
half. Especially, the photosystem Il is affected by more than 70%.* We know that temperature
increases will directly affect photosynthesis and respiration. In metabolically active wet
lichens, the lethal temperatures for photosynthesis in photobionts usually range between 30
and 44°C.* However, in dry states, lichens can be exposed to air temperatures up to 40°C,
which can resist a high temperature and have no effect on the photosynthetic process during
inactive periods.® In addition, this study can predict the impact of global warming that may
decrease photosynthesis efficiency of lichens. This may cause the disappearance of lichens
that inhabit an uncontrol habitat because of the raised temperature.
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Conclusion:

This study assessed the effect of temperature on lichen photosynthetic efficiency
under control conditions. We found that the Tqp of fruticose lichen was about 30°C, while
foliose lichen was found at 25°C. A temperature above this point causes heat stress in lichens,
resulting in injury on the donor side of photosystem II. These results lead to a reduction in
Fv/Fm and a decrease in photosynthesis rate. During incubation at 35-40°C, photosynthetic
efficiency decreases significantly. Temperatures exceeding 45-50 °C inhibited photosynthetic
efficiency by over 90%. This study revealed that tropical lichens are more sensitive to high
temperatures in wet conditions. That could predict the effect of current global warming.
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Abstract:

A significant number of syntheses in various industries, especially cosmatic and
phamacuetical, rely on the presence of a reactive aldehyde functional group, which is
obtained by reducing the carboxylic group. While there are several chemical techniques
available to create aldehydes, these procedures typically involve the use of hazardous and
costly chemicals and generally lack the ability to selectively target certain chemical groups.
Enzyme-based reduction provides a technique that is both environmentally safe and
chemospecific. Carboxylic acid reductase (CAR) and fatty acid reductase (i.e., LuxCE
multienzyme reductase) enzymes have the ability to facilitate the reduction of carboxylic
groups to form matching aldehydes. While the CAR reaction has been thoroughly researched,
the information on the LuxCE reaction and its use is still very limited. Hence, this work aims
to express and examine the biochemical properties and reactions of LuxCE reductase in
aldehydes production. The LuxC and LuxE overexpression conditions in Escherichia coli (E.
coli) BL21 (DE3) were optimized for each protein and the result showed that both LuxC and
LuxE could overexpress under the same conditions at 20 °C with 1 mM IPTG inducer in
Luria-Bertain (LB) media. However, the optimal LuxE soluble expression required the co-
transformation with pTF16 chaperone. The purified recombinant enzyme could yield 45.36
mg/L for LuxC (~55 kDa) and 3.85 mg/L for LUux (~43 kDa). The bioluminescence-based
assay was successfully established to detect aldehyde product from LuxCE reaction. With the
employed assay condition, light output was dependent on the LuxCE concentration from 4-8
MM, indicating that the coupling compositions was not the limiting factor. The increase in the
LuxE to LuxC ratio has the potential to enhance enzyme activity, indicating that in an Acyl-
AMP intermediate formation by LuxE reaction determines the aldehyde production.
Furthermore, investigations on substrate specificity have verified that the LuxCE reaction
was specific to aliphatic long chain acids, particularly myristic acid (C14), rather than
medium and aromatic acids. The findings of this work will provide valuable foundational
knowledge for the implementation of LUuxCE in biocatalysis, which will primarily impact the
use of aldehydes in the cosmetic and pharmaceutical industries via the sustainable method of
enzyme usage.

Introduction:

Aldehydes play a crucial role in a wide range of chemical syntheses and are also
important components in the creation of flavor and fragrance compounds®. They also act as
reactive moiety of important intermediates for the preparation of several high-value alcohol
and amine compounds. Carboxylic acids are highly desirable for the synthesis of aldehydes
because of their plentiful, naturally occurring nature and stability in laboratory conditions.
This makes them essential for reliable and efficient synthetic pathways!. Although there are
several chemical techniques available to create aldehydes from acid functional group. The
poor chemo-selectivity of chemical catalysts makes the process to be relatively difficult as
requiring appropriate protection/deprotection steps with hazardous reagents. Due to the
ability to selectively reduce carboxylic acids to aldehydes, biocatalyst offers a promising
alternative way to conventional chemical strategies® 2.
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Carboxylic acid reductase (CAR) refers to the enzymes that have ability to generate
aldehyde from carboxylic acid functional group. Typically, they catalyze the reduction of
carboxylic acid using ATP and NADPH. The CAR is a single protein with multidomain
enzymes (A, PCP and R domains), which utilizes a peptidyl carrier protein (PCP domain) to
bind to carboxylic acids. The first acyl-AMP intermediate is formed in A-domain, stimulating
the production of pyrophosphate as a byproduct. By transferring the acyl group to a
phosphopantetheine ‘arm’ that is attached to the PCP-domain, an enzyme-bound thioester is
formed. Following delivery to the R-domain, this thioester is reduced by NADPH to produce
the aldehyde product®. CAR is attractive to apply for aldehyde synthesis because it uses ATP
as an activating agent and NADPH as a reducing agent in water, both of which are
environmentally friendly!. Thus, there are extensive studies in catalytic mechanism,
engineering and application of CAR for aldehyde synthesis. However, aldehyde synthesis by
CAR is limited to aromatic and short-chain acid substrates due to active site architecture®.

Another enzyme capable to generate aldehyde from carboxylic acid is a multienzyme
fatty acid reductase or LuxCE. The LuxC an LuxE are encoded by separated luxC and IuxE
genes commonly found in lux operon of luminous bacteria® ®. To generate light, LuxCE
functions to generate fatty aldehyde that acts as a substrate for bioluminescence reaction
catalyze by LuxAB bacterial luciferase. The LUxCE enzyme facilitates the conversion of fatty
acids into fatty aldehydes by utilizing ATP and NADPH as CAR, but the reactions of AMP
acylation and reduction happen in different proteins* ’. The reaction mechanism is proposed
to start with free fatty acids interacting with LUxE synthetase. The LUxE uses ATP to activate
the fatty acid into acyl-AMP intermediate, which then forms a second step covalently
attached to Cys362. This intermediate is proposed to be delivered directly to the LuxC
reductase’s active site to form a thioester adduct with Cys286 of LuxC. This intermediate is
then reduced by NADPH, resulting in aldehyde formation®. Although the catalytic
mechanism of LuxCE resembles to the CAR reaction, its protein sequences and structure are
very diverse from CAR. Currently, there is a limited understanding of the LuxCE
multicomplex formation, enzyme reaction and substrate specificity to generate aldehydes.
Therefore, the goal of this work is to produce active recombinant LuxC and LuxE for
investigating the aldehyde production reaction and to establish bioluminescence-based assay
to detect aldehyde generation. Additionally, we studied the ratio of LuxC to LuxE to explore
the significance of each enzyme subunit in aldehyde generation to achieve optimal aldehyde
production. In the final part, various substrates were investigated to confirm inconclusive
information about substrate specificity. The knowledge obtained from this study will provide
an in-depth mechanism of LuxCE for aldehyde production and pave the way for further
application of LuxCE in the generation of aldehydes in various industries, especially
cosmetics and pharmaceuticals, which are growing trends globally with sustainable aldehyde
production via LuxCE multienzymes.

Methodology:

Construction — pET24b-luxE with C-terminus hexa-histidine tagged, IuxE gene was
subcloned into pET24b plasmid at Ndel and Xhol cut sites to create His-tagged IuxE. Primers
(Forward primer: CATTCATATGGACGTACTTTCAGCGGT and Reverse primer:
CCGCTCGAGTCAG TTGCCTCCTTCAT TCTTAGC) were used to amplify V. campbellii
luxE gene from pET17b-VcluxE. A 50 pL PCR reaction consisted of 0.5 uM primers, 200 uM
dNTPs, and 0.025 units of Pfu DNA polymerase. The PCR reaction began with 2 minutes of
heating at 95 °C, followed by 30 cycles of denaturing, annealing, and extension at 95, 70, and
72°C for 30 seconds, 30 seconds, and 2 minutes, respectively, and followed by a final
extension at 72 for 5 minutes. PCR product was evaluated by agarose gel electrophoresis (1%
w/v) and purified using FavorPrep Gel/PCR Purification Mini Kit (Favogen). Then cut
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pET24b plasmid and luxE gene were ligated at 25°C for overnight, before transformed into
competent E. coli XL1 blue using heat-shock method. The cells harboring plasmid were
selected by spreading on LB agar containing 34 pg/pl kanamycin. Recombinant plasmids
were screened by alkaline lysis then digested with Ndel restriction enzyme. Sanger
sequencing was used to verify the correctness of pET24b-luxE sequence. Clustal Omega
from EMBL-EBI evaluated nucleotide and amino acid sequences.

Expression of LUx and LuxC — The plasmids pTF16, which encoded a chaperone,
was co-transformed into the E. coli BL21 (DE3) strain with pET24b-luxE to enhance soluble
protein production. The cells were spread on LB agar containing 34 pg/ul of kanamycin and
34 ug/ul of chloramphenicol. A single colony was picked and inoculated into a 50 ml LB
medium containing the same antibiotics and cultivation was carried out at 37 °C, 220 rpm for
16 hours. Then 1% inoculation was proceeded in 4-L LB medium with 17 pg/ul of
kanamycin and 17 pg/pl of chloramphenicol. Once the ODeoo reached a range of 0.6 to 0.8, 1
mM IPTG was introduced to allow the protein expression at 20 °C for 16 hours. Cells were
harvested by centrifugation at 8,000 rpm at 4 °C for 10 minutes, prior to being stored cell
paste at a of -80 °C. pET17b-luxC was previously constructed by our colleague. The LuxC
from V. campbellii was expressed in E. coli BL21 (DE3) with 4-L of LB media using the
same methods of LuxE, but without the pTF16 plasmid. The expression was induced at an
ODsoo of 0.6-0.8 with 1 mM IPTG at 20 °C for a further 16 hours. The cells were harvested
by centrifugation at 8,000 rpm at 4 °C for 10 minutes. The cell pellet was collected and
weighed before being kept at -80 °C.

Purification of LUXE — A Ni-NTA affinity chromatography column was used for
purifying LuxE with an N-terminal hexa-histidine tag. Cell paste was lysed in 50 mM sodium
phosphate buffer at pH 7.0 containing 200 mM NaCl buffer using sonication before the crude
extract was obtained by centrifugation at 15,000 rpm at 4 °C for 1 hour. The column was pre-
equilibrated with 50 mM sodium phosphate, pH 7.0 containing 200 mM NaCl prior to
loading of crude extract. A 50 mM sodium phosphate buffer at pH 7.0 containing 200 mM
NaCl and 20 mM imidazole was a wash buffer. To elute the protein, a linear gradient of 20 to
200 mM imidazole in 50 mM sodium phosphate buffer pH 7.0 containing 200 mM NaCl was
used. The elution fractions were collected by employing a Biorad automated fraction
collector. Based on SDS-PAGE and 280 nm absorbance analysis, enzyme containing fractions
of LuxE (~43 kDa) were pooled before overnight dialysis against 50 mM sodium phosphate
pH 7.0 containing 1 mM DTT. An ultrafiltration membrane with a 10 kDa cutoff was used to
concentrate the enzyme. The extinction coefficient (e230) of 14,625 M*cm™ obtained from
ExPASy analysis was utilized for calculating the protein concentration. The enzyme was
stored in 50 mM sodium phosphate pH 7.0 with 1 mM DTT and 10% (v/v) glycerol at -80 °C.

Purification of LuxC - The LuxC purification procedure involved with the first
precipitating with 1 % (v/v) polyethyleneimine. The precipitated protein was then dialyzed
against the dialysis buffer (50 mM sodium phosphate buffer pH 7.0, containing 1 mM DTT)
at 4°C for 16 hours, before clarified and applied onto Diethylaminoethanol (DEAE)-
Sepharose column. The column was pre-equilibrated and washed with 50 mM sodium
phosphate buffer pH 7.0 containing 30 mM NaCl and 1 mM DTT. The protein was eluted
using linear gradient 30 to 300 mM NaCl in 50 mM sodium phosphate buffer pH 7.0
containing 1 mM DTT and the fractions were collected and evaluated using absorbance at
280 nm and SDS-PAGE. The fractions with the anticipated molecular weight of LuxC (~55
kDa) were combined and concentrated before going through gel filtration (G-25) column
chromatography to remove salt using 50 mM sodium phosphate buffer pH 7.0 with 1 mM
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DTT. The purified LuxC enzyme was concentrated and quantified using extinction coefficient
(e280) of 16,125 Mtcm™.

Activity assay — LUxCE activity was assessed using a bioluminescent coupling assay,
in which LuxCE catalyzed the reduction of long chain fatty acids to corresponding aldehydes
using ATP and NADPH as co-substrates. The aldehyde product was then employed as a
substrate by LuxAB luciferase to produce a light signal. Thus, the measured light signal
corresponded to the presence of fatty aldehyde and represented LuxCE activity (Figure 1).
The LuxCE in vitro reaction consisted of two mixtures: mixture A contained 20 mM Hepes
(pH 7.5), 150 mM NacCl, 5% Glycerol, 1 mM MgClz, 2 mM DTT, 20 uM FMN, 1 mM ATP,
10 uM LuxAB, and 2 pM C1, and mixture B contained 4 mM NADPH, 4 mM NADH, 8 uM
LuxC, 8 uM LuxE, and 20 puM myristic acid. The reaction was initiated by combining the
two-solution mixtures, and the bioluminescent signal was measured for 30 minutes using a
luminometer (ATTO-AB-2770 Octa) kinetics measurement mode, followed by the display of
the luminescence signal via integrated signal. The positive control reaction utilized decanal
aldehyde instead of myristic acid, whereas the negative control was the reaction without
LuxCE. The trace of light emission was recorded, and the light underneath the trace reflected
the overall light output. Subsequently, the effect of LuxCE concentration was investigated by
varying the concentration of LuxCE in the same mixtures. The effect of LuxC:LuxE ratio
was also examined by varying ratios to 1:1, 1:2, 2:1, 1:4, and 4:1. In addition, the specificity
of LuxCE was evaluated by varying the chain length of the fatty acid. Then, the result of the
integrated signal of luminescence was performed statistically with the one-way ANOVA
method.

LuxC LuxE
@ (Reductase)@ @ (Synthetase) @
LuxCE
“Fatty acid reductase”

LuxAB
“Luciferase”
02 + R-CHO + FMNH: » FMN+ R-COOH + H20 + Light
(Fatty aldehyde) (Fatty acid) (A~490 nm)

Figure 1. The reaction of LuxAB and LuxCE to generate the luminescence signal.

Results and Discussion:

Construction and expression — The expression plasmids of pET24b-LuxE was
successfully constructed to express LUxE with an N-terminus hexa-histidine tag. We could
success to express LuxC with reasonable amount in optimized expression condition in LB
medium with 1 mM IPTG at 20°C for 16 hours. However, most LUxE expressed as an
inclusion body. We then tried to improve LuxE folding using chaperones. Each of chaperone,
including pGro7, pKJE7 and pTF16 were co-transformed with pET24b-LuxE using IPTG and
L-arabinose, as LUxE and chaperone inducers, respectively. The SDS-PAGE results in Figure
2A showed a 43-kDa protein soluble band corresponding to LuxE protein in all
circumstances. Among tested chaperones, the co-transforming of pET24b-LuxE with pTF16
provided the highest improved amount of soluble LuxE. The improvement of LuxE folding
by pTF16 chaperone was confirmed as the results shown in Figure 2B. Therefore, the
condition of LB medium with 1 mM IPTG at 20°C and the pTF16 chaperone was used to
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produce LuxE protein. Approximately 20 g cell pastes/4-L culture were obtained for both
LuxC and LuxE expression.

Control pGro7 pKJE7 pTF16
kDa M S P S P S P S P kDa
e 175 |
79 F 79
69 W
> ’
47

-~ 4 <«— LuxE ~43 kDa

36 .. - 36
7. . v 27
24 ! . - 4
21 ~ - =

21

Figure 2. Improvement of LUXE expression by using chaperone proteins. (A) Each of
chaperone expression plasmid (pGro7, pKJE7, and pTF16) was co-transformed with pET24b-
LuxEin E. coli strain BL21 (DE3) in LB medium with 1 mM IPTG and 0.5 mg/ml L-
arabinose inducers at 20 °C. (B) Expression of LuxE with pTF16 chaperone and L-arabinose
was introduced during inoculation. A 20 pg of crude extract or pellet were examined using
15% SDS-PAGE. Lane M: protein markers; Lane P: pellet; Lane S: crude extract.

Purification — LuxC was purified through a two-step protocol that included PEI
precipitation and DEAE Sepharose chromatography (Figure 3A). The LuxC purification
yielded around 45.36 mg/L culture. Notably, during LuxC purification and storage, it is
important to keep all steps to be reducing condition by adding 1 mM DTT to preserve active
form of LuxC® This is due to the reductase activity of LuxC requires reactive cysteine
residue. The N-terminus hexahistidine tagged Luxg was purified using an imidazole gradient
elution on a Ni-NTA (nickel-nitrilotriacetic acid) affinity chromatography column. The SDS-
PAGE analysis (Figure 3B) showed that after pass through affinity column, we could obtain
purified Luxg and yielded of 3.85 mg/L culture. However, both purified enzymes still
appeared some impurity bonds remaining. Another column chromatography method, such as
ion-exchange and hydrophobic column, can further be implemented to enhance purity.
Nevertheless, the objective of this study is to examine the production of aldehyde using LuxC
and LuxE enzymes, the proteins with this purity are desired.
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Figure 3. Purification of LuxC and LuxE. SDS-PAGE analysis of purified LuxC (A) and
LuxE (B). A 20-ug protein was analyzed by 15% SDS-PAGE. Lane M; protein marker, Lane
P; pellet crude extract protein, Lane S; supernatant crude extract protein, Lane F; flow
through of protein after loading to Ni-NTA column, Lane W; wash step, Lane D; protein after
purified by DEAE, Lane N; protein after purified by Ni-NTA column.

Activity assay — The activity of LuxCE was investigated by detecting the
luminescence signal resulting from LuxAB reaction using luminometer (AB-2270
Luminescencer Octa, ATTO). In this experiment, we hypothesized that LuxCE has activity to
convert fatty acid (myristic acid) to fatty aldehyde. The aldehyde product will be further used
as a substrate for LuxAB to generate the luminescence signal. As we employed excess
amount of LuxAB in the system, the light signal detected by luminometer as a total
luminescence signal in RLU (Relative Light Units) can represent the LuxCE activity. The
investigation of the luminescence signal for the positive control using fatty aldehyde (C12
aldehyde) revealed the highest signal (Figure 4). While the reaction containing LuxCE
proteins provided the bioluminescence signal significantly higher than the negative control
reactions (p values <0.0001). This indicates that the LuxCE enzymes can actively convert
fatty acid to fatty aldehyde, subsequently utilized by LuxAB. Furthermore, LuxCE reactions
provide a significantly higher luminescence signal than only LuxC or LuxE (p values
<0.0001); this suggests that reaction to convert fatty acid to fatty aldehyde requires both
LuxC and LuxE.
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Figure 4. The luminescent signal produced by the LuxAB and LuxCE reactions. The LuxAB
coupling assay was employed to measure LuUxCE activity using myristic acid as a substrate.
The negative control is the reaction without LUxCE enzymes, while the positive control
utilized dodecanal as a substrate.

To investigate the effect of LuxCE concentration on light signal, the concentration of
LuxCE was varied and carried out using the same mixture condition. The results (Figure 5A)
indicated that detected light signal was dependent on LuxCE concentration and increase of
LuxCE from 4 uM to 8 uM could result the higher light signal. However, an increase in
concentration further from 8 puM to 12 uM, provided in a higher signal, but this difference
was not statistically significant according to one-way ANOVA (Figure 5B). These results
indicated that the increment amount of LuxCE in 4-8 pM range can generate more fatty
aldehyde available for LuxAB to generate light and at this condition LuxAB and other
components are not limitative agents. However, beyond this LuxCE concentration, light was
not significant increase, and this might be limited by LuxAB activity and other assay
components. Thus, with the employed condition, LuxCE concentration should not excess
than 8 uM. As LuxCE was previously proposed to function as heterooctameric composing
4LuxC:4LuxE ’, in this section, the effect of LuxC:LUXxE ratio was investigated by varying in
the following ratios: 1:1, 1:2, 2:1, 1:4, and 4:1. The results in Figure 5C indicate that an
increase in the ratio of LuxE led to an increase in the signal. This could be attributed by the
slow reaction of LuUxE enzyme, which function to activate fatty acid substrate by generating
acyl-AMP intermediates prior to transferring to the LuxC active site °. Higher amount of
LuxE in the system can lead to generate more acyl-AMP intermediates. On the other hand,
when the ratio of LuxC:LuxE increases to 2:1, the signal exhibits a similarity to the 1:1 ratio,
and exhibited negative effect when the ratio reached to 4:1. This may be caused an improper
oligomerization of LuxC and LuxE, resulting in a conformational change of the multienzyme
complex and a decrease in signal. Therefore, it is necessary to investigate and confirm the
presence of polymerized multicomplex enzymes.

In addition, the substrate specificity of LUuxCE to convert aldehydes was evaluated
(Figure 5D). The results indicated that myristic acid (C14) exhibited the highest light signal
among the fatty acid substrates, while luaric acid (C12) and palmitic acid (C16) did not
significantly differ in their signals. On the other hand, hexanoic acid (C8), decanoic acid
(C10) and aromatic substrate benzoic acid (C6) showed significantly decreasing signals when
compared with myristic acid. This suggests that myristic acid (a long-chain fatty acid) might
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best accommodate to LuxCE active site. While the LuxCE active site might not be suitable
for short-chain fatty acids and aromatic substrates. This is consistent to the previous study
indicating specificity to aliphatic long chain acids®.
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Figure 5. Bioluminescent based determination of LuxCE activity. (A) and (B) The

effect of LUxCE concentration. (C) The effect of LuxC:LuxE ratio and (D) The effect of acid

substrates on aldehyde generation by LuxCE. *aromatic fatty acid

Conclusion:

In summary, we succeeded to express and purify fatty acid reductase, LuxCE and

established the bioluminescence-based assay for LuxCE. The enzyme could actively function
to convert fatty acid to aldehydes and specific toward aliphatic and long-chain fatty acids.
The increase of LuxE ratio relative to LuxC resulted to enhance substrate conversion activity.
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ALTERNATIVE METHOD FOR SIMULTANIOUS DETECTION OF CURCUMIN
AND ALPHA-MANGOSTIN WITH VARIABLE WAVELENGTH DETECTOR
Songsuda Promthong, Watchara Kaewsuwan*

Office of Scientific Instrument and Testing, Prince of Songkla University, Hat Yai Campus,
Songkhla, 90110, Thailand

*e-mail: watchara.kae@psu.ac.th

Abstract:

The aim of this study was to develop the alternative method for simultaneous detection of
curcumin and alpha-mangostin in oil sample using HPLC-VWD. The chromatographic
system for the quantification of curcumin and alpha-mangostin was carried out using a
Hypersil ODS C18 column (4.0 x 250 mm, 5 um particle size) at 25°C with gradient elution
of a mobile phase consisting of methanol, 2% formic acid in water, and acetonitrile at a flow
rate of 1.0 mL/min. The absorption wavelengths for curcumin and alpha-mangostin were
monitored at 425 nm and 320 nm, respectively, (gradient wavelength). Under the optimal
HPLC-VWD conditions, linearity was achieved in the concentration range of 0.01-10 mg/g
for both analytes. The LODs of curcumin and alpha-mangostin were 0.0025 mg/g, and the
LOQs were 0.0050 mg/g, the accuracies of curcumin and alpha-mangostin were 92.93 +
0.79% and 95.37 + 0.99% recovery, respectively, and the repeatability precisions were 0.46%
and 0.94% RSD, respectively, with all values meeting the acceptable criteria according to
AOAC. The developed method not only simplicities of the extraction process, but also short
analysis time, good accuracy and repeatability precision. Moreover, the alternative method
for simultaneous detection of curcumin and alpha-mangostin with HPLC-VWD was
successfully and can be applied the queue in lab-booking to increase the hour of self-service
instrument at the Office of Scientific Instrument and Testing, Prince of Songkla University,
Songkhla, Thailand.

Introduction:

Curcumin (Figure 1.A) is a natural product isolated as a main active ingredient in turmeric
(Curcuma longa). It is native to Southeast Asia but is popular around the world. Claims about
the health benefits of curcumin abound. Traditionally, it has been used in Asian countries as a
medical herb due to its antioxidant, anti-inflammatory, antimutagenic, antimicrobial, and
anticancer properties.51% Alpha-mangostin (Figure 1.B) is the major component and bioactive
compound, and it has been widely used as a traditional medicine for treatment of abdominal
pain, diarrhea, dysentery, infected wound, suppuration, chronic ulcer,® anti-inflammatory,
antibacterial, and anticancer effects.®> So, the customer interested and required the quantitative
analysis of curcumin and alpha-mangostin using HPLC technique.

Consequently, from the customer data and literature reviews, curcumin®>® and alpha-
mangostin®>® can be detected by HPLC technique, but it has not yet been reported for
simultaneous detection. Moreover, the maximum absorption wavelength of each compound
was different. So, the suitable detectors of HPLC used for the detection are diode array
detector (DAD) and variable wavelength detector (VWD) to provide a high sensitivity, good
resolution and precision.”® In case of DAD, the scientist and customer a lot of booking the
HPLC-DAD queue, this causes customers to wait long times to test sample. Thus, the aim of
this study was to develop an analytical method and sample preparation technique for
simultaneous detection of curcumin and alpha-mangostin in oil sample.
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Figure 1. The molecular structure of curcumin (A) and alpha-mangostin (B).

In addition, a sample preparation technique was important and required prior to
instrumental analysis. In this work, to develop a sample preparation for the extraction process

of curcumin and alpha-mangostin in oil sample as shown in Figure 2.
P 4

Oil sample Weigh the oil sample Added 2.0 mL of MeOH Vortex ~15s Set aside to complete

separation ~ 20 min.
" @ v
4

Repeated twice extraction — el
o 4

' 4

> > >

-y

I D D =

The sample was filtered through 0.2 um
Collected the solution put in or 0.45 um of nylon membrane filter
a 10 mL of volumetric flask

Figure 2. The extraction process of curcumin and alpha-mangostin in oil sample.

Inject to HPLC-VWD

Methodology:

Chemical and standard: Curcumin (purity > 98%,) and Alpha-mangostin (purity > 98%)
were purchased from Axxo Chemicals and Services Co.,Ltd. Methanol and Acetonitrile
(HPLC grade, RCI Labscan Limited, Bangkok, Thailand) were purchased from High Science
Limited Partnership. Formic acid (98-100%, Merck, Darmstadt, Germany) was purchased
from A & A Reagent Limited Partnership. Water Purification System, Human Corporation,
Zeneer navi UP 900, Korea.

Instruments: High Performance Liquid Chromatograph-Variable Wavelength Detector
(HPLC-VWD), Agilent Technologies, 1100 series, Germany. High Performance Liquid
Chromatograph-Diode Array Detector (HPLC-DAD), Agilent Technologies, 1200 series,
Germany. Hypersil ODS C18 column (4.0 x 250 mm, 5 um particle size), Agilent
Technologies. Analytical balance 5 digits, Mettler Toledo XP205, Switzerland. Centrifuge,
Eppendorf, 5430 R, Germany. Ultrasonic Cleaners, EIma sonic e30H, United States. VVortex
Mixer Genie 2, Scientific Industries, G560E, United States.

Mobile phase preparations: Methanol (HPLC grade), 2% formic acid in water and
acetonitrile (HPLC grade) were filtered through 0.45 pum of nylon membrane filter and
degassed by ultrasonication before use. A 2% formic acid in water should be freshly
prepared.
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Preparation of stock standard and working standard: 10 mg of curcumin and alpha-
mangostin were dissolved with methanol in 10 mL of volumetric flask to obtain a stock
standard and kept in freeze (-20 °C). Diluted a stock standard with methanol to achieve the
working standard in the concentration range of 0.1-100 mg/L

Oil sample preparation: Weighed the oil sample 0.1 g approximately in bottle and protected
the light with aluminium foil, added 2.0 mL of methanol, vortex 15 seconds and set aside to
complete separation about 20 min., then collected the sample solution put in a 10 mL of
volumetric flask. The extraction process was repeated twice and adjusted final volume with
methanol. The extracted sample solution was filtered through 0.45 pum of nylon membrane
filter before injecting to HPLC-VWD or HPLC-DAD system.

Analytical performances: The analytical performances of the developed method were based
on AOAC method (AOAC, 2016)* including,

Linearity: The linearity of curcumin and alpha-mangostin were investigated, the calibration
curves were plotted between the peak area and the concentration of each standard to obtain
the linear range; it was determined by considering the correlation coefficient (r) greater than
0.995.

Limit of detection (LOD): The LOD is generally determined at the lowest concentration of the
standard that can be distinguished between signal response and baseline noise to establish the
minimum concentration that gave the signal to noise ratio greater than or equal to 3 (S/N > 3).
Limit of gquantitation (LOQ): The LOQ is generally performed by comparing the signal
response and baseline noise to establish the minimum concentration that gave the signal to
noise ratio greater than or equal to 10 (S/N > 10).

Accuracy: The accuracy of the developed method was investigated in terms of %recovery.
Oil sample extract was spiked with the curcumin and alpha-mangostin standard to obtain the
final concentration of 2.00 mg/g.

Repeatability precision: The precision of the developed method was also investigated by
considering the percent relative standard deviation (%RSD) within ten replicates (n=10).

Results and Discussion:

Preliminary test of HPLC-DAD

Generally, the HPLC-DAD, Agilent Technologies, 1200 series, was used to preliminary
studies can be set the different wavelength for each standard up to 8 wavelengths at the same
time. The preliminary experiment checks the chromatogram of the standard when using the
DAD as a detector. The result as shown in Figure 3., the chromatogram of each standard was
separated window channel according to the wavelength set (DAD channel A, 320 nm for
alpha-mangostin) and (DAD channel B, 425 nm for curcumin), this makes it difficult to
interpret the results. In addition, to increase the challenge of the work, develop an analytical
method for simultaneous detection of curcumin and alpha-mangostin under gradient
wavelength using HPLC-VWD instead.
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Figure 3. The HPLC-DAD chromatogram in the separate window channel of curcumin (A)

and alpha-mangostin (B) standard (25 mg/L).

Preliminary test of HPLC-VWD

To resolve the problem from HPLC-DAD, the HPLC-VWD, Agilent Technologies, 1100
series was also used to preliminary studies for the determination of curcumin and alpha-
mangostin under the gradient elution. However, it has set only a single wavelength for each
injection at 425 nm for curcumin and 320 nm for alpha-mangostin (Figure 4.), that causes

waste time for analysis.
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Figure 4. The HPLC-VWD chromatogram of curcumin and alpha-mangostin.
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Optimization of HPLC conditions under gradient elution and gradient wavelength
The optimal HPLC conditions for simultaneous detection of curcumin and alpha-mangostin
as shown in Table 1.

Table 1. The optimal HPLC-VWD conditions for the simultaneous detection of curcumin
and alpha-mangostin.

High Performance Liquid Chromatograph (HPLC-VWD conditions)

- Column: Hypersil ODS C18 column (4.0 x 250 mm, 5 pm particle size)
- Column temperature: | 25 °C
- Flow rate: 1.0 mL/min
Mobile phase compositions (Gradient elution program)
- Mobile phase: Time (min) | Methanol (%) 2(;/; xgg:c(;t:;d Acetonitrile (%)
80 20 0
80 20 0
20 80
15 0 10 90
20 80 20 0
- Detector- Variable wavelength detector (Gradient wavelength program)
Time (min) Wavelength (nm) Compound name
0-6 425 Curcumin
7-20 320 Alpha-mangostin

Under the optimal HPLC-VWD conditions, the chromatogram of curcumin and alpha-
mangostin exhibited sharp peak, good resolution, short analysis time and simultaneous
detection (Figure 5).

VWD1 A, Wavelength=425 nm, TT
mAU
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==-3.256 - Curcumin
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—-10.363 - Alpha-mangostin
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Figure 5. The HPLC-VWD chromatogram in the same window channel under gradient
wavelength of curcumin and alpha-mangostin standard (100 mg/L).
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Analytical performances

Linearity: The linear range of the developed method was obtained in the concentration range
of 0.01-10 mg/g with correlation coefficient (r) of 0.99988 and 0.99991 for curcumin and
alpha-mangostin, respectively.

Limit of detection (LOD): The LOD of the developed method based on S/N > 3 was obtained
at 0.0025 mg/g.

Limit of quantitation (LOQ): The LOQ of the developed method based on S/N > 10 was
obtained at 0.0050 mg/g.

Accuracy: The accuracy of the developed method was evaluated in terms of %recoveries
were shown in Table 2.** Satisfactory recoveries were achieved 92.93 + 0.79% and 95.37 +
0.99% for curcumin and alpha-mangostin, respectively, with final concentration 20 mg/L
(2.00 mg/g at sample weight 10 mg approximately) for both analytes, which acceptable
recovery criteria of AOAC, 2016.*

Repeatability precision: The repeatability precision of the developed method was considered
by the percent relative standard deviation (%RSD) in oil samples were shown in Table 2.*
The %RSD of the developed method were obtained 0.46% and 0.94% for curcumin and
alpha-mangostin, respectively, which acceptable repeatability precision criteria of AOAC,
2016.4

Table 2. The accuracy and repeatability precision of the developed method.

et Amount in oil sample (mg/g)* Accuracy (Yorecovery)**
Curcumin Alpha-mangostin Curcumin Alpha-mangostin

1 2.41 1.96 92.40 96.71

2 2.41 1.96 92.35 96.24

3 2.40 1.96 93.77 96.53

4 2.41 1.96 93.54 96.44

5 2.44 2.00 92.34 94.54

6 2.42 1.99 93.65 94.98

7 2.43 2.00 92.01 94.18

8 2.42 1.99 93.30 94.78

9 2.43 2.00 91.95 94.47

10 2.42 2.00 93.97 94.84
Mean** 2.42 1.98 92.93 95.37
SD 0.01 0.02 0.79 0.99
%RSD* 0.46 0.94 0.85 1.03

**The accuracy (%recovery) of the developed method in oil sample (n=10).
*The repeatability precision (%RSD) of the developed method in oil sample (n=10).
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Under the optimal HPLC-VWD conditions, the analytical performances of the
developed method are summarized in Table 3.

Table 3. Summary the analytical performances of the developed method.

Optimal conditions
Parameters X -
Curcumin Alpha-mangostin

- Regression equation y = 164.74932x + 48.36004 | y = 61.81520x + 18.20486
- Correlation coefficient (r) 0.99988 0.99991

- Linearity, mg/g 0.01-10 0.01-10

- Limit of detection (LOD), mg/g 0.0025 0.0025

- Limit of quantitation (LOQ), mg/g 0.0050 0.0050

- Accuracy (%recovery), (n=10) 92.93 95.37

- Repeatability precision (%RSD), (n=10) 0.46 0.94

Oil sample analysis: The developed a sample preparation technique for the extraction process
were successfully and could be applied for simultaneous detection of curcumin and alpha-
mangostin, the results are shown in Table 4. Recoveries of curcumin and alpha-mangostin in
oil samples were obtained in the range of 98.48-101.00% and 91.41-107.61%, respectively,
with acceptable criteria of AOAC.* Under the optimal conditions, the peak of curcumin and
alpha-mangostin in oil sample could be separated from the others matrix (Figure 6).
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Figure 6. The chromatogram of curcumin and alpha-mangostin in oil sample (A) and
standard spiked in oil sample extracted (B).
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Table 4. The %recoveries of curcumin and alpha-mangostin in oil sample.

Amount in oil sample Final content %Recovery
S + SD* (mg/g) Standard + SD* (mg/g)
aNop i Alpha spiked Alpha Alpha
' i . mg/ i ) i -
Curcumin Do (mg/g) | Curcumin ST Curcumin ST
146 + 1.08 = 345+ 3.06 £
No.1 0.02 0.01 2.00 0.01 0.003 99.50 99.00
173+ 1.10 3.75 ¢ 317+
No.2 0.13 0.09 2.00 0.005 0.002 101.00 103.50
2.24 1.77 = 418 £ 3.89+
No.3 0.01 0.01 1.97 0.01 0.01 98.48 107.61
1.02 + 092+ 297+ 299+
No.4 0.01 0.004 1.97 0.004 0.01 98.98 105.08
2.02 £ 1.32 = 3.97+ 313+
No.5 0.03 0.01 1.98 0.01 0.01 98.48 9141

*SD: The standard deviation (n=2)

Conclusion:

The developed alternative method and sample preparation were successfully established for
the simultaneous detection of curcumin and alpha-mangostin in oil sample. It has several
advantages including simplicity of extraction process, good accuracy and precision. The
linearity was obtained 0.01-10 mg/g, the LODs of curcumin and alpha-mangostin were
obtained 0.0025 mg/g, the LOQs of curcumin and alpha-mangostin were obtained 0.0050
mg/g, the accuracy was obtained 92.93 = 0.79% and 95.37 + 0.99% recovery for curcumin
and alpha-mangostin, respectively, and the repeatability precision was obtained 0.46% and
0.94% RSD for curcumin and alpha-mangostin, respectively, with the acceptable criteria
according to AOAC. Moreover, the developed method and sample extraction process were
applied to the new service at the Office of Scientific Instrument and Testing, Prince of
Songkla University (OSIT-PSU), Songkhla, Thailand.

Acknowledgements:

The authors would like to thank the Office of Scientific Instrument and Testing, Prince of
Songkla University (OSIT-PSU) for financial support. We also thank the Executive Board
and Kaizen Team of the Office of Scientific Instrument and Testing for a consultant and
supporting the personnel to develop the knowledge and idea from kaizen to research refer to
kaizen award code no. 52/63 (Gradient Wavelength) and code no. 66/64 (Timeline of
Curcumin and Alpha-mangostin) in kaizen program (https://192.168.53.5/new/kaizen/).

References:

1. Jayaprakasha G. K, Jagan Mohan Rao L, Sakariah K. K. J. Agric. Food Chem.
2002;50:3668-3672.

2. Muchtaridi M, Nadia A. P, Tiana M, Ida M. J. Appl. Pharm. Sci. 2017;7:125-130.

3. BrunoF. S, Maria P. D. G, Marlus C. Arab. J. Chem. 2017;10:1029-1037.

4. Guidelines for Standard Method Performance Requirements, AOAC Official Methods of

Analysis. 2016:1-18.

Sukit Y, Anusak S, Chatchai W. J. Chromatogr. Sci. 2009;47:185-189.

6. Dewi S, Yosua A. S, Yustina S. H, Yosi B. M, Wouter L.J. H, Christine P. Heliyon.
2021;7:1-8.

7. Rashmi P, Vandana J. J. Chromatogr. Sci. 2021;59:191-203.

o

© The 50th International Congress on Science, Technology and Technology-based Innovation (STT 50)

224



225

‘,lr
8. Mrinalini D, Namrata G. Int. j. pharm. res. scholars. 2016;5:47-53.
9. Werayut P, Wandee K. Thai J. Agric. Sci. 2009;42:7-12.
10. Elizabeth M. M, Paula N. B, Catherine A. R, Melissa M. P. J. AOAC Int. 2020;103:1625-
1632.

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)



DETERMINATION OF GALLIC ACID AND RUTIN IN ZINGIBERACEAE USING
HPLC
Sirirat Phaisansuthichol*, Nicharat Akephaisarnpong and Manoch Thanomwat

Department of Chemistry, Faculty of Science, Maejo University, Chiang Mai 50290, Thailand
*Corresponding author e-mail: phaisansuthichol@gmail.com

Abstract:

Zingiberaceae is another type of herbal plant commonly consumed. They have a
special characteristic: all parts of the plant emit the fragrance of essential oils, making them
useful as spices. Additionally, they possess antioxidant properties. Most of the antioxidant
compounds found in these herbs include polyphenolic compounds such as gallic acid and
flavonoids such as rutin. The objective of this research is to simultaneously analyze the
amount of gallic acid and rutin in methanol extracts from plants in the ginger family,
including ginger, turmeric, cardamom, and zedoary, using high-performance liquid
chromatography (HPLC). The optimal conditions for the analysis are as follows: use of a C18
column (4.0 mm x 250 mm), elution with acetonitrile and 0.10% formic acid (80:20 by
volume) in isocratic mode at a flow rate of 1.20 mL min, and detection with a photodiode
array at a wavelength of 268 nm. The results showed that zedoary contained the highest
amounts of gallic acid and rutin, measuring 416.56 + 0.04 and 58.42 + 0.25 mg kg™,
respectively, followed by cardamom, turmeric, and ginger. These results demonstrate that
HPLC is an effective technique for analyzing gallic acid and rutin in ginger family plant
samples.

Keywords: Zingiberaceae, HPLC, Gallic acid, Rutin

Introduction:

Consumers today are increasingly health-conscious, leading to the development of
various herbal products such as supplements, cosmetics, beverages, and health tonics. Among
these, plants from the Zingiberaceae are particularly popular. These plants are notable for
their aromatic essential oils present in all parts of the plant, making them a common choice
for spices. Extensive research has been conducted on the diversity of Zingiberaceae plants,
including studies on their antioxidant properties using DPPH? techniques and total phenolic
content?>. The ginger family plants studied in this research include ginger, turmeric,
cardamom, and zedoary. Most antioxidant substances found in herbs include polyphenolic
compounds, flavonoids, and various vitamins. Rutin3* is a type of phytochemical naturally
occurring as a flavonoid, classified within the bioflavonoid group. It possesses notable
antioxidant properties and is effective against inflammation, viruses, and microorganisms.
This compound has garnered significant interest from researchers worldwide, particularly
since the onset of the COVID-19 pandemic, for its potential in inhibiting the COVID-19
virus. The chemical structure is shown in Figure 1.

Gallic acid®, a compound classified under polyphenols, features hydroxyl groups in its
chemical structure, as shown in Figure 1. This structure allows it to donate electrons to other
molecules effectively, functioning as an antioxidant. It helps protect cells from oxidative
reactions and age-related stress, thereby reducing the risk of heart disease and cancer in the
elderly.
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Figure 1.

The structure formulas of rutin and gallic acid.

The aim of this study was to quantitatively analyze the rutin and gallic acid contents
in the Zingiberaceae samples using high performance liquid chromatography (HPLC)®®
technique.

2. Materials and Methods
2.1 Materials

The Zingiberaceae samples were collected from Maejo market, located in Chiang Mai,
Thailand. Rutin and gallic acid standards were purchased from Sigma-Aldrich ( Sigma-Aldrich

Company, St. Louis, MO, USA). Chemicals including methanol, acetonitrile, formic acid and
other solvents and reagents used in the HPLC analysis were purchased from Merck
( Darmstadt, Germany). All chemicals and reagents used in the study were of an analytical
grade. Ultrapure water was obtained by a Milli-Q purification system (Millipore, Billerica, MA,
USA).

2.2 Sample preparation

First, clean the herbal samples and cut them into small pieces. Next, dry the pieces at 60
degrees Celsius for 72 hours. After drying, grind the material into a fine powder using a
mortar and pestle. Measure 3.000 grams of each powdered herbal sample and transfer them
into a 25 mL Erlenmeyer flask. Immerse the samples in 10.00 mL of methanol solution, then
seal the flask with aluminum foil and fasten it securely with a rubber band. Place the flask in
a temperature-controlled shaker set at 25 degrees Celsius for 24 hours. After this period, filter
the mixture using No. 1 filter paper, then evaporate the solution at 60 degrees Celsius until it
is nearly dry. Allow the residue to cool. Dissolve the residue by adding a small amount of
methanol solution, then transfer it into a 25 mL volumetric flask. Adjust the volume to 10 mL
with methanol and filter the solution through a 0.22-micron filter. Analyze the prepared
solution using high-performance liquid chromatography (HPLC).

2.3 Validation and quantification

The method for rutin and gallic acid analyses were validated by HPLC! including
linearity, limit of detection (LOD), limit of quantification (LOQ), precision and accuracy.
LOD and LOQ were determined on signal-to-noise ratios by 3 and 10, respectively. The
accuracy was assessed by calculating recovery from samples spiked with mixed standards
and calculated. The precision was expressed as the RSD. The precision of analyses was
investigated by determining five times on the same day and five times on 3 different days.
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2.4 Determination of rutin and gallic acid

The HPLC (Hewlett Packard Series 1100, Waldbronn, Germany) system was equipped
with hypersil ODS Cis (250 x 4 mm I.D., 5 um particle). The isocratic mobile phase consists
of solvent A (acetonitrile) and solvent B (0.1% formic acid)® at ratio 80:20 (v/v) at flow rate
of 1.20 mL min®. The concentrations of rutin and gallic acid were calculated based on the

absorbance at 268 nm using photodiode array detector, which is like previous work by
Idaresit et al.’® The concentrations of rutin and gallic acid standards were in the range of 0.01-

10.00 mg L.

3. Results & Discussion

The retention times for gallic acid and rutin were 3.32 and 8.09 minutes, respectively.
Figure 2 shows the chromatograms for the rutin and gallic acid standards and samples. The
results indicated a linear calibration curve between peak areas and concentrations (mg L) of
gallic acid and rutin in the range of 0.10-10.00 and 0.50-10.00 mg L* with correlation
coefficients of 0.9979 and 0.9994, respectively. The limit of detection (LOD) and limit of
quantification (LOQ) for gallic acid were 0.020 mg Lt and 0.067 mg L%, respectively, while
for rutin they were 0.130 mg L and 0.434 mg L. The calibration curve presented in Figure
3. The recovery rates of rutin and gallic acid in spiked herbs at concentrations of 3 and 5 mg
L' ranged from 98% to 105%. The relative standard deviation was 1.36% for rutin and
0.99% for gallic acid (n=12). Results of the method validation are presented in Table 1.

Table 1.

Results of the method validation for the determination of gallic acid and rutin in Zingiberaceae
samples using HPLC.

Analytes  Linear range (mg L') Calibration curve R? LOD LOQ
(mgL?) (mgL™)

Gallic acid 0.10-10.00 Y=15.429x+9.269  0.9979 0.020 0.067

Rutin 0.50-10.00 Y=8.4057x+2.5571 0.9994 0.130 0.434
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The measured concentrations of rutin and gallic acid are shown in Table 2. The rutin
content in the four samples ranged from 4.40 + 0.10 to 58.42 + 0.25 mg kg, while the gallic
acid content ranged from 13.76 £0.04 t0 416.56 = 0.40 mg kg™. Zedoary had the highest
concentration of rutin among the samples, whereas ginger had the lowest. Similarly, zedoary
exhibited the highest concentration of gallic acid, and ginger had the lowest.

Table 2.
The concentration of rutin and gallic acid in the Zingiberaceae samples.

Concentration (mg kg?) + SD?

Sample S— _

Gallic acid %RSD Rutin %RSD
Ginger 13.76 + 0.04 0.29 4.40 +0.10 2.27
Turmeric 200.34 +0.08 0.04 5.40 £0.04 0.74
Cardamom 92.39 + 0.04 0.04 4.48 +0.04 0.89
Zedoary 416.56 + 0.40 0.10 58.42 £ 0.25 0.43

a Standard deviation from triplicate measurements

4. Conclusion

In this study, HPLC was utilized as a simple and rapid method for the simultaneous
determination of rutin and gallic acid in Zingiberaceae samples. The optimized HPLC
conditions ensured excellent selectivity and specificity in the separation of rutin and gallic
acid within these samples.
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Abstract:

Bisphenol A and its derivatives are commonly used as additives in plastics and epoxy
resin production. Exposure to these contaminants may cause toxicity to the endocrine and
genetic systems. A polypyrrole-coated luffa fibers sorbent was developed for the extraction
of bisphenol A and derivatives and analysis by high-performance liquid chromatography with
a diode array detector. Under the optimum conditions, good linearity in the range of 0.05 to
100 mg L for bisphenol A and derivatives was achieved. The limits of detection were 0.05,
0.05, and 0.50 mg L, and the limits of quantitation were 0.50, 0.50 and 0.50 mg L for
bisphenol A (2,3-dihydroxypropyl) ether (BADGE.2H,0), bisphenol A (BPA), and bisphenol
A (2,3-dihydroxypropyl) glycidyl ether (BADGE.H20), respectively. The developed sorbent
can extract the analytes within 15 minutes from the spiked solution at a concentration of 0.5
mg L. The method provided good extraction recovery of 40.11%, 57.85%, and 45.59% for
BADGE.2H->0, BPA and BADGE.H>0, respectively. The sorbent preparation and extraction
are simple, easy, and low-cost. Moreover, the developed sorbent has potential application for
extracting analytes from the real sample.

Introduction:

Bisphenol A (BPA) is a chemical widely used in certain industries, particularly in
synthetic polymers and thermal paper. It is commonly found in products such as plastic
containers, toys, tableware, medical devices, and polycarbonate bottles, among others, which
can release BPA at room temperature . BPA is an estrogenic substance that is toxic to living
organisms and can cause genetic and cellular toxicity, mutations, and carcinogenic effects.
BPA may cause various health issues in humans, such as obesity, diabetes, and heart disease
2, Humans are typically exposed to BPA through food, but it can also come from
contaminated water and air 3. The United States Environmental Protection Agency (US EPA,)

estimated a reference does of 50 pg kg™ bw day? for BPA *. For this reason, analytical
methods for the determination of trace bisphenol A and derivatives are necessary.

Based on the study of research analyzing bisphenol A, it was found that adsorbents
used include polypyrrole and nanosilica coated on steel wires °. Therefore, the researcher
became interested in and developed an adsorbent by coating polypyrrole onto natural fibers to
analyze bisphenol A and its derivatives. Analytical methods that have been developed to
determine bisphenol A and derivatives are generally based on chromatographic techniques
such as gas chromatography (GC) and liquid chromatography (LC). However, GC requires a
derivatization procedure to improve the limit of detection and LC provides low sensitivity as
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well as it need to couple with a sensitive detector ®. High-performance liquid chromatography
with diode array detection (HPLC-DAD) was used in this study as this technique provide
high sensitivity and high selectivity.

In this study, luffa (LF) fibers were coated with polypyrrole to enhance the adsorption
efficiency for bisphenol A and its derivatives. Among various alternative adsorbents, Luffa
cylindrica (LF) is a subtropical plant in the Cucurbitaceae family. Due to its environmentally
friendly properties, structure, and morphology (e.g., naturally occurring, biodegradable, non-
toxic, low cost, highly porous, tough, strong, lightweight, and rigid) 7, luffa fibers gained
attention for being used as an adsorbent. Luffa fibers consist of 60% cellulose, 30%
hemicellulose, and 10% lignin. This lignocellulosic material has a micro sponge structure
with 200-500 microcellular fibers, making it a promising adsorbent material 8. Polypyrrole
(PPy) is a conductive polymer characterized by properties such as high electrical
conductivity, good environmental and chemical stability, high porosity, ease of synthesis,
non-toxicity, and low cost °. This polymer is often used in adsorption studies because it can
reversibly switch between charged and neutral states, enabling it to adsorb various types of
contaminants °.

Prior to instrumental analysis, sample preparation is always required due to the
complexity of food and environmental samples. The conventional sample preparation
techniques are labor-intensive and require sequential steps to improve the accuracy of the
analysis. Thus, solid phase extraction ( SPE) is the most desire technique, which has the
ability to provide a high extraction efficiency for BPA ', However, there is still a
requirement to develop the technique to be simple to prepare, easy for extraction, and
environmentally friendly. Based on the properties of luffa fibers and mainly on the properties
of PPy, it is expected that PPy-coated luffa fibers may enhance its capacity to adsorb analyte
from real sample.

Therefore, this work focuses on developing PPy-coated luffa fibers sorbent for
determination bisphenol A and derivatives, and their using HPLC-DAD.

Materials and Methods:

(a) Materials

BPA (99 % purity) was purchased from Sigma-Aldrich Chemie (St. Louise, USA),
BADGE.2H20 (95%) and BADGE.H20 (97%) were purchased from Sigma-Aldrich Chemie
(St. Louise, Switzerland). Acetonitrile, ethanol, methanol, acetone and isopropyl alcohol were
purchased from RCI Labscan (Bangkok, Thailand). Ferric chloride anhydrous (FeCls) solid
(99%) was purchased from LOBA Chemie (Mumbai, India). Pyrrole (98%) was purchased
from Sigma-Aldrich Chemie (St. Louis, China).

(b) Instrument

The HPLC analysis was carried out using an Agilent HPLC 1200 system equipped
with diode array detector (DAD). A reversed-phase VertiSep™ UPS C18 column (4.6x150
mm, 5um, protected by VertiSep™ UPS C18 guard column (4.6x50 mm, 5um, Vertical
Chromatography, Thailand), was used for the separation. The mobile phase is composed of
43% acetonitrile and 57% water. The flow rate of the mobile phase was set at 0.80 mL min™.
The sample injection volume and the column temperature of the HPLC-DAD system were
fixed at 10 pL and 25 °C, respectively. The detection wavelength for bisphenol A and
derivatives analysis was set at 230 nm.

A magnetic stirrer ( IKA, U.P.V Service Co., LTD) and hot air oven ( Memmert,
Germany) were used for the sorbent cleaning and drying. A vortex mixer (Vortex G560E,
Scientific Industries, USA) and ultrasonic cleaner (ELMA Model S100H, Germany) were
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used in the extraction and desorption process. Rotary evaporator (Heidolph, Germany) was
applied to dry organic solvent.

(c) Optimization of HPLC-DAD

Various parameters of the HPLC-DAD, i.e., mobile phase composition, flow rate and
detection wavelength were optimized. The optimization was done with three replications of
the analysis of 0.5 mg L of bisphenol A and derivatives by varying one parameter, while
keeping other parameters constant. The optimum conditions were determined by considering
the good separation, the highest response and the shortest analysis time.

(d) Preparation of LF/Polypyrrole

The summary of the preparation of sorbent is shown in Figure 1. Firstly, a raw luffa
sponge was cut into small pieces and put it in the blender. After that, the luffa fibers were
thoroughly washed with an ethanol-water solution (70:30 v/v) three times, and oven-dried at
50 °C for 24 h. In the second step, the luffa fibers were coated with polypyrrole (PPy), Three
grams of clean luffa fiber were placed into a beaker; 300 mL of isopropyl alcohol and 50 mL
of 0.1 mol L FeCls solution were then added and kept under vigorous stirring for 30 min. A
pyrrole solution of 3 mL was gently added into the beaker and then was cooled down to 4 °C
using an ice bath. The mixture was kept stirring overnight to ensure an adequate
polymerization of polypyrrole on the luffa fibers. Finally, the excess solution was decanted,
and PPy-coated luffa fibers were washed with isopropyl alcohol and distilled water and oven-
dried at 50 °C for 24 h.

»  First step

HHTHIE =r
- Luffa fiber Washed with

Raw luffa sponge Blender Ethanol: Water solution ~ Dried at 50 °C,24 h

» Second step

o i P — B [T

‘Washed with
-3 g Clean luffa fiber Cooldovwn to 4°C added pyrrole 3 mL Stirred overnight  1pA and water Dried at 50 °C, 24 h
-300 ml of IPA

-50 ml of 0.1 mol/L FeCly

Figure 1. Schematic presentation of the preparation of LF/Polypyrrole

Stirred 30 min

(e) Extraction and desorption procedure

The extraction and desorption were performed by immersing 0.02g of polypyrrole-
coated luffa fibers sorbent in a glass vial containing 2.0 mL of spiked standard solution of
bisphenol A and derivatives (0.5 mg L. Then, the extraction was carried out by vortexing at
1400 rpm for 2.5 min. After extraction, the supernatant was decanted and 2.5 mL of
desorption solvent was added to a vial, and the analytes were desorbed by sonication for 15
min. The desorption solvent (to determine the desorbed amount) and water after extraction (to
determine the remaining analyte in water after adsorption) were evaporated to dryness before
re-dissolving with 1 mL of acetonitrile-water solution (43:57 v/v). The solution was filtered
into an autosampler vial with a syringe filter and was injected into the HPLC-DAD system
for analysis. The process was schematically described in Figure 2.

-

LF/PPy.

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

233



l—»;—» —»Q:

De;)t;:s]t]lton Analysis with
Desorption  gopicated 15 min HPLC-DAD

[ e
- Analysis with

Sample solution messsm HPLC-DAD
Vortex2.5min  Water after extraction

Figure 2. The extraction and desorption procedure of PPy-coated luffa fibers sorbent for
extraction of bisphenol A and derivatives

Results and Discussion:

(a) Optimization of the HPLC-DAD conditions

The optimum conditions of HPLC-DAD for the analysis of bisphenol and derivatives
are summarized in Table 1. The mobile phase composition was studied by varying the
volume of acetonitrile and ultrapure water. The ratio of 43% of acetonitrile and 57% of
ultrapure water provided a symmetric peak and can be separated all three analytes with the
shortest analysis time. Therefore, it was chosen as the optimum mobile phase composition.
The flow rate of the mobile phase was investigated from 0.4 to 1.0 mL min. Flow rate at 0.8
mL min*! was found to be good separation with a total analysis time of 15 min. Thus, the
maximum flow rate was fixed at 0.8 mL min™. Detection wavelength was the main factor
affecting the response ( peak area) of the analytes. It varied from 200 to 235 nm. The
maximum peak area was obtained at the detection wavelength of 230 nm, and therefore it was
the optimum detection wavelength. The chromatogram under optimum conditions is shown in
Figure 3.

The analytical performances of HPLC-DAD for the analysis of bisphenol A and
derivatives were summarized in Table 2. The linearity for BADGE.2H,O, BPA, and
BADGE.H,0O were obtained in the range of 0.05 to 100 mg L with a good coefficient of
determination, R? = 0.9995, 0.9999 and 0.9996, respectively as shown in Figure 4. The limit
of detection (LOD) and limit of quantitation (LOQ) were evaluated by the IUPAC guidelines.
The limit of detection (LOD) was calculated by a signal-to-noise ratio of 3:1 (S/N>3). The
limit of quantitation (LOQ) was determined by a signal-to-noise ratio of 10:1 (S/N>10). The
linearity, LOD and LOQ are shown in Table 2.

Table 1. Optimum conditions of HPLC-DAD

HPLC-DAD parameter Investigated conditions Optimum condition
Ratio of mobile phase (% ACN: 40:60, 43:57, 45:55 and 43:57
%H20) 50:50
Flow rate (mL min™?) 0.4,0.6,0.8and 1.0 0.8
Detection wavelength (nm) 220, 225, 230 and 230 230

Table 2. Analytical performance of HPLC-DAD for the analysis of bisphenol A and

derivatives

Analyte Linear range (mg L) LOD (mg LY LOQ (mg LY
BADGE.2H,0 0.05-100 0.05 0.10
BPA 0.05-100 0.10 0.50
BADGE.H>O 0.05-100 0.50 0.50
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Figure 4. Linearity of target analytes under optimum conditions, BADGE.2H,0 (a) BPA (b)
and BADGE.H20 (c)

(b) Optimization of desorption procedure

The type of desorption solvent plays a crucial role in the elution of analytes from the
sorbent. In the developed method, the desorption efficiency of target analyte varies depending
on the polarity of organic solvent used. In the desorption step, four organic solvents,
including methanol, acetone, ethanol and acetonitrile, were studied. The polarities of
methanol and acetone were 5.1, 5.2 for ethanol, and 5.8 for acetonitrile, respectively. The
results in ( Figure 5a) showed that acetonitrile provided good desorption recoveries of
40.11%, 57.85% and 45.59% for BADGE.2H.O, A BPA and BADGE.H:O, respectively.
This might be due to the highly polar nature of acetonitrile, can interact with target analytes
via hydrogen bonding, hydrophobic interaction, n-lone pair interaction and n-n interaction.
Thus, it can elute the analyte from the adsorbent more effectively than methanol, ethanol and
acetone. Acetonitrile, therefor, was selected as the suitable desorption solvent for subsequent
studies.

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)



7
100
=B2H20 ~ BPA mBH20O
30
N |
fo : I
E I
£ 40
) J i I I I
0
Methanol Acetone Ethanol Acetonitrile
Figure 5. Effect of desorption solvents on percent of adsorption
Conclusion:

The developed PPy-coated luffa fibers showed the possibility and capability of being
used as a sorbent in vortex-assisted solid-phase extraction of bisphenol A and derivatives.
Under the optimum conditions, good linearity in the range of 0.05 to 100 mg L™ for bisphenol
A and derivatives was achieved. The limits of detection were 0.05, 0.05, and 0.50 mg L%, and
the limits of quantitation were 0.50, 0.50 and 0.50 mg L for bisphenol A (2,3-
dihydroxypropyl) ether ( BADGE.2H20) , bisphenol A ( BPA), and bisphenol A (2,3-
dihydroxypropyl) glycidyl ether ( BADGE.H.0), respectively. The developed sorbent can
extract the analytes within 15 minutes from the spiked solution at a concentration of 0.5 mg
L. The method provided good extraction recovery of 40.11%, 57.85%, and 45.59% for
BADGE.2H>0, BPA and BADGE.H0, respectively. However, further adjustment for the
parameters that affect the extraction and desorption conditions will be needed to achieve
more accurate results.
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Abstract:

Roxarsone (ROX), a growth enhancer in poultry and swine, has the potential to
improve weight gain and prevent coccidiosis. Excessive use of ROX may lead to its
accumulation in animal tissues, potentially contaminating food products and posing health
risks to humans through consumption. This research aims to develop an electrochemical
sensor based on a magnetic screen-printed graphene electrode (mSPGE) modified with a
highly selective molecularly imprinted polymer (MIP) for the determination of ROX with
enhanced sensitivity and selectivity. Typically, an applied magnetic field at the mSPGE could
accelerate mass transport at the electrode surface through the magnetohydrodynamic (MHD)
effect, leading to improved electrochemical responses and consequently increased sensitivity
in the detection. The mSPGE was subsequently modified with MIP via electropolymerization
using cyclic voltammetry (CV), with o-phenylenediamine (0-PD) serving as the functional
monomer and ROX as the template. All experimental parameters related to the electrode
modification with MIP were thoroughly investigated to achieve optimal sensitivity and
selectivity for detection. The analytical performance of the resulting MIP/mSPGE sensor
towards ROX oxidation was then evaluated using differential pulse voltammetry (DPV).
Under optimal conditions, the sensor exhibited high sensitivity and good selectivity for the
determination of ROX with a linear range of 0.03 to 0.1 mM. Limits of detection (LOD) and
quantification (LOQ) were found to be 0.015 mM and 0.051 mM, respectively.

Introduction:

Roxarsone (ROX), also identified as 3-nitro-4-hydroxyphenylarsonic acid, depicted in
Figure 1, is an organoarsenic compound extensively used in the poultry and swine industries
to treat coccidiosis, a disease caused by enteric parasites (1). ROX has also been widely
employed as a growth promotor to stimulate weight gain in animals and birds (2). However,
more than 90% of ROX is not metabolized and is excreted unchanged in animal’s waste,
which may eventually be present in the environment in the form of water-soluble toxic
arsenicals. Literally, the permissible limit for total arsenic concentration in soil is 15 mg/kg
(3). Nevertheless, the biodegradation of ROX in the environment, leading to the formation of
toxic arsenic species, may result in a total arsenic concentration to reach 50 mg/kg,
significantly exceeding the established safety limit (3). This has raised concerns regarding its
environmental impact and potential human health risks (4). Consequently, ROX has been
banned in several countries, including Australia, Canada, China, the EU, Malaysia, and the
US (2). Additionally, the use of ROX has been associated with various health problems in
humans, including an increased risk of bladder, lung, and skin cancers, cardiovascular
diseases, diabetes, and cognitive deficits (3). Due to these risks, it is crucial to develop
sensitive and reliable analytical devices for the ongoing monitoring of ROX contamination in
the environment and animal products. As reported in the literature, ROX could be determined
by several methods, such as fluorescence spectroscopy (5), high-performance liquid
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chromatography (HPLC) (6), gas chromatography (GC) (7), and UV-Vis spectroscopy (8).
However, these methods have some limitations, including high equipment costs, large
instrumentation, extended detection times, and the requirement for trained personnel.

0
HO. Jl_OH

OH O

Figure 1.
Chemical structure of ROX (1).

Typically, ROX contains two functional groups that can undergo electrochemical
reactions. The presence of the nitro group (-NO2) and the hydroxyl group (-OH) can facilitate
electron transfer reactions, enabling the electrochemical detection of ROX. Basically, these
electrochemical techniques utilize changes in current or potential resulting from the oxidation
or reduction of functional groups in the target molecule, thereby providing a means of
detection and analysis (2). Moreover, electrochemical methods have garnered considerable
attention due to their low cost, simplicity, high sensitivity, rapid detection, potential for
miniaturization, and the capability to enhance detection sensitivity and selectivity through
modification of the electrode surface (9).

Currently, molecularly imprinted polymers (MIPs) have been extensively employed in
electrochemical sensors to enhance their selectivity. Typically, MIPs are synthetic polymers
that selectively recognize target molecules based on their shape, size, and functional groups
(10, 11). They consist of three components: template molecule, functional monomer, and
crosslinker (12). MIPs can be formed using the electrochemical polymerization technique,
offering control over the thickness of the polymeric film. Therefore, the resulting uniform
and stable film thickness makes MIPs widely employed in electrochemical sensors, thereby
enhancing selectivity in detection (13). o-Phenylenediamine (0-PD) is a type of monomer that
can easily undergo electropolymerization on various conductive materials. Importantly, o-PD
contains two amino groups (-NH) that can form hydrogen bonds with template molecules
during the electropolymerization process, leading to the formation of a highly stable MIP film
with excellent mechanical and chemical stability (14).

However, sensors developed with MIPs often exhibit low conductivity and poor
adsorption capacity, resulting in relatively low sensitivity in the electrochemical response.
Therefore, magnetoelectrochemistry has recently emerged as an attractive approach to
enhance overall electrocatalytic performance (15). When a magnetic field (B) is applied to an
electrochemical cell, it interacts with the charged species and the current density (j),
generating the Lorentz force (FL), as described by the equation:

FL=Bx]j
The magnitude of F. depends on the magnitudes of B and j, as well as the angle & between
them. When B and j are perpendicular to each other, the magnitude of F_ reaches its
maximum value. Under experimental conditions, B is typically perpendicular to the electrode
surface, which can result in a nonuniform current density, particularly at the edges of the
electrode. This nonuniformity can lead to rim flow caused by the Lorentz force. Additionally,
bulges and trapped bubbles may also contribute to rim flow. Both of these phenomena arise
from magnetohydrodynamic (MHD) effect (15, 16). This effect induces convection in the
electrolyte, leading to a reduction in the diffusion layer thickness and an increase in mass
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transport. As the current-limited diffusion-controlled system improves, the sensitivity of the
sensor also increases (15, 16).

This research aims to thoroughly investigate the electrochemical behavior of the
functional groups present in ROX to assess its electrochemical properties. Additionally, the
study seeks to develop an electrochemical sensor based on a magnetic screen-printed
graphene electrode (MSPGE) modified with a highly selective molecularly imprinted polymer
(MIP) for the determination of ROX with enhanced sensitivity and selectivity.

Methodology:
Apparatus and materials

All chemicals used were of analytical grade, and all solutions were prepared using
Milli-Q water. Graphene and silver/silver chloride conductive inks used for the fabrication of
the screen-printed graphene electrodes (SPGEs) were purchased from Sun Chemical (UK).
ROX, o-nitrophenol, nitrobenzene, and phenol were obtained from Sigma-Aldrich (USA). All
solvents, including acetone and ethanol, were bought from RCL Labscan group (Thailand)
and Merck (USA). The phosphate buffer solution (PBS) was prepared using sodium
phosphate monobasic and di-sodium hydrogen phosphate 7-hydrate, which were purchased
from CARLO ERBA (France) and Panreac AppliChem (Germany), respectively. The pH of
PBS was adjusted to the desired value using a pH meter at 25 °C.

All electrochemical measurements were implemented with PGSTAT302N (Autolab,
the Netherlands) with NOVA software. All electrochemical experiments were conducted at
room temperature using a three-electrode system based on the fabricated SPGEs.

Design and fabrication of the SPGEs for electrochemical analysis

The SPGEs are composed of three electrodes: a 3 mm diameter graphene working
electrode (WE), a graphene counter electrode (CE), and an Ag/AgCI reference electrode
(RE), all screen-printed onto a PVC substrate. The production of the SPGEs began with the
fabrication of RE by screen-printing Ag/AgCl ink onto a PVC sheet using a dedicated RE
block. Subsequently, the resulting PVC sheet was baked at 55°C for 30 min to remove
solvent. Following this, the same PVC sheet was employed to screen-print graphene ink
using another block, resulting in the fabrication of WE and CE segments. These electrodes
were then baked at 55°C for 1 h to remove solvent and were stored in a desiccator when not
in use.

Investigation of electrochemical behavior of ROX

The electrochemical behavior of ROX was thoroughly investigated using the SPGEs.
The results were then compared with those of molecules sharing similar functional groups,
specifically nitrobenzene, o-nitrophenol, and phenol. The oxidation reactions of the studied
substances were examined using cyclic voltammetry (CV) by first scanning the potential
towards more positive values, ranging from 0.0 V to +1.2 V (vs. Ag/AgCl).

Fabrication of the MIP-modified mSPGE

The bare SPGE was firmly attached to an external magnet with a diameter of 9 mm,
ensuring that the magnet is positioned underneath all three electrodes. This setup resulted in
the formation of the magnetic screen-printed graphene electrode (nSPGE). Next, the mSPGE
was modified with MIP by electropolymerization. This modification was initially performed
by drop-casting 100 pL of a solution containing 0.5 mM o0-PD monomer and 1.0 mM ROX
template in 0.1 M PBS (pH = 7.0) onto the surface of the mSPGE, covering all three
electrodes. Next, CV was carried out in a potential range of 0.0 V to +1.20 V (vs. Ag/AgCl)
at a scan rate of 50 mV/s for 5 cycles, resulting in the formation of MIP. Afterward, the
template was removed using an electrochemical method as follows: 100 pL of 0.1 M PBS
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(pH = 7.0) was drop-cast onto the surface of the modified mSPGE, covering all three
electrodes. Next, CV was scanned in a potential range of +0.70 to +1.50 V (vs. Ag/AgCl) at a
scan rate of 50 mV/s for 5 cycles. Over-oxidation during this process triggered the release of
the template during elution (17). After that, the PBS droplet was wiped off, and the modified
electrode was rinsed with Milli-Q water and dried at 55 °C for 2 min to obtain the
MIP/mSPGE sensor. A non-molecularly imprinted polymer (NIP) was also prepared in the
same manner, except that no ROX template was added.
Optimization for polymerization and template removal of MIP

The experimental parameters for MIP electropolymerization and template removal
were optimized by CV using the modified mSPGEs. Within similar optimization procedures,
both the MIP/mSPGE and the NIP/mSPGE obtained were characterized by detecting 1.0 mM
ROX via oxidation, and the resulting anodic peak currents were recorded. The difference in
anodic peak current (AI) between the MIP/mSPGE and the NIP/mSPGE was then measured.
This Al value was used to evaluate the binding capability of the MIP film prepared for the
detection of ROX. Typically, a larger Al indicates a higher binding capability of the MIP.
Study of analytical performance of the MIP/mSPGE sensor

The linear range and limit of detection (LOD) for the determination of ROX by the
developed MIP/mSPGE sensor were studied under optimal conditions using differential pulse
voltammetry (DPV). All DPV measurements were conducted within a potential window of
+0.5 V to +1.2 V (vs. Ag/AgCl), with a modulation amplitude of 0.2 V, a modulation time of
0.01 s, a step potential of 0.01 V, and an interval time of 0.5 s.
Study of the anti-interference ability of the MIP/mSPGE for ROX detection

A 0.1 mM ROX solution was mixed with various common interferents found in
animal waste and food products, including nitrobenzene, chloramphenicol (CAP), and uric
acid, each at a concentration of 0.1 mM in 0.1 PBS (pH = 7.0). Electrochemical responses
were recorded using DPV to assess the effects of these interfering substances on the detection
of ROX. The anodic peak currents of the mixed solutions were compared to the peak current
of ROX alone, which was set at 100%, to evaluate the degree of interference and the
selectivity of the MIP/mSPGE sensor.

Results and Discussion:
Electrochemical behavior of ROX at the SPGEs

The CV analysis of 0.5 mM ROX in 0.1 M PBS (pH = 7.0) was first conducted over a
potential range of +0.0 V to +1.2 V (vs. Ag/AgCl) at a scan rate of 50 mV/s, where the
oxidation of ROX occurred. An anodic peak corresponding to ROX oxidation could be
clearly observed at ca. +0.9 V (vs. Ag/AgCl), as shown in Figure 2(A). This voltammetric
response was potentially attributed to the oxidation of the hydroxyl group in ROX. Note that
no such voltammetric behavior was observed in a blank solution.

To verify whether the observed anodic peak of ROX was indeed associated with the
oxidation of the hydroxyl group in ROX, the electrochemical responses of molecules with
similar functional groups (hamely nitrobenzene, o-nitrophenol, and phenol) were thoroughly
investigated and compared. The measurements were conducted using CV within the same
scanning potential range, and the resulting voltammograms are presented in Figure 2(B). The
results showed that phenol and o-nitrophenol, both of which contain a hydroxyl group,
exhibited well-defined anodic peaks at ca. +0.53 V and +0.68 V (vs. Ag/AgCl), respectively.
These anodic peaks typically corresponded to the oxidation of the hydroxyl group to the
quinone group, consistent with reports in the literature (2). In contrast, no oxidative response
could be observed for nitrobenzene, which lacks a hydroxyl group. These findings confirm
that the observed electrochemical response of ROX in the oxidation region likely arises from
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the oxidation of the hydroxyl group within ROX. Consequently, ROX could be detected
electrochemically through this oxidation reaction.

A B

80 80

70 70
——Roxarsone

——Nitrobenzene

~——o-Nitrophenol

Blank ——Phenol

Blank

Current (pA)

0 / ~

0 02 04 0.6 08 1 12 14 4] 0.2 04 0.6 08
Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)

Figure 2.
CVs recorded at the SPGEs in 0.1 M PBS (pH = 7.0) containing (A) 0.5 mM ROX, and (B)
0.5 mM each of nitrobenzene (green), o-nitrophenol (orange), and phenol (blue). These
measurements were also compared with those from a blank solution ( ).

Oxidative electrochemical responses of ROX at the modified SPGEs

The electrochemical responses of ROX during oxidation were examined and
compared among the bare SPGE, the MIP/SPGE, and the MIP/mSPGE. The experiments
were performed using CV, with a potential range of +0.0 V to +1.2 V (vs. Ag/AgCl) at a scan
rate of 50 mV/s, in 0.1 M PBS (pH = 7.0) containing 1.0 mM ROX. The resulting
voltammograms and the plots of anodic peak currents are illustrated in Figure 3. As shown in
Figure 3(A), anodic peaks corresponding to the oxidation of ROX could be observed at ca.
+0.90 V (vs. Ag/AgCl) across all three types of electrodes. When the anodic peak currents
were measured and compared, as shown in Figure 3(B), the MIP/mSPGE exhibited the
highest voltammetric response relative to both the bare SPGE and the MIP/SPGE.
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Figure 3.
(A) CVsin 0.1 M PBS (pH = 7.0) containing 1.0 mM ROX, recorded using the SPGE
( ), the MIP/SPGE (blue), and the MIP/mSPGE (orange). (B) Plots of anodic peak
currents of ROX measured at the SPGE, the MIP/SPGE, and the MIP/mSPGE.
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This enhancement is attributed to the application of an external magnet to the SPGE,
resulting in the formation of the mSPGE. The magnet-induced magnetohydrodynamic
(MHD) effect generated convection in the electrolyte, reducing the diffusion layer thickness
and increasing mass transport. Consequently, this led to improved detection efficiency for
ROX with increased sensitivity at the modified mMSPGE. Note that, in the absence of the
MHD effect, the anodic peak current of ROX decreased after modifying the surface of the
SPGE with MIP, due to the formation of an insulating polymeric film that obstructed electron
transfer at the electrode surface (cf. the SPGE vs. the MIP/SPGE).

Comparative electrochemical responses of ROX at the MIP/mSPGE and the
NIP/mSPGE

The electrochemical responses of ROX at the MIP/mSPGE were examined and
compared with those obtained at the NIP/mSPGE. The studies were performed using CV in
0.1 M PBS (pH = 7.0) containing 1.0 mM ROX, both before and after template removal
during the MIP modification process. The results obtained from the MIP were subsequently
compared with those from the NIP synthesized under the same conditions, as presented in
Figure 4. As seen from the CVs, after the electropolymerization process and prior to the
template removal step, neither the MIP nor the NIP exhibited any oxidation behavior for
ROX. This is due to the absence of specific sites or cavities for recognizing target molecules
in the MIP, as well as the presence of a non-conductive polymeric film in the NIP, resulting
in the passivation of the electrode surface.

Following template removal via electrochemical elution using CV, the resulting MIP
displayed a distinct anodic response for ROX, confirming the successful imprinting of the
MIP with specific recognition sites for ROX. However, the NIP, after undergoing the same
electrochemical elution, also exhibited a voltammetric response for ROX, with a lower signal
compared to the MIP. This indicates that some polymeric regions of the NIP were also
leached out, leading to non-specific binding of ROX to the NIP electrode surface.
Consequently, further optimization of the electropolymerization and electrochemical elution
processes during the modification of the MIP onto the mSPGE is required to establish the
optimal conditions for effective ROX detection.
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Figure 4.

CVs of different modified electrodes in 1.0 mM ROX in 0.1 M PBS (pH = 7): the
MIP/mSPGE before template removal (blue), the NIP/mSPGE before template removal
(gray), the MIP/mSPGE after template removal ( ), the NIP/mSPGE after template

removal ( ), and the unmodified mSPGE (green).
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Optimization for polymerization and template removal of MIP

The experimental parameters related to the modification of MIP onto the mSPGE by
electropolymerization, as well as the subsequent template removal by electrochemical
elution, were thoroughly investigated and optimized. These parameters included the
concentration ratio of monomer to template, the potential range used for template removal,
and the number of scan cycles employed during the template removal process. The resulting
MIP/mSPGEs, optimized through these parameters, were characterized by the detection of
ROX. The results were then compared with those obtained from the NIP/mSPGEs fabricated
under the same experimental conditions. Typically, the electrochemical analysis was
conducted by CV in 0.1 M PBS (pH = 7.0) containing 1.0 mM ROX, and the anodic peak
current corresponding to the oxidation of ROX was measured. The difference in anodic peak
current (AI) between the MIP/mSPGE and the NIP/mSPGE, obtained under similar
experimental conditions, was subsequently calculated. These Al values reflected the binding
capability of the MIP film for ROX detection, with a larger Al indicating a higher binding
capability of the MIP.

Initially, the effect of the concentration ratios of monomer to template was examined
at ratios of 1:1, 1:2, and 1:4, with an optimal constant concentration of ROX template set at
1.0 mM. The results obtained from the MIP/mSPGE and the NIP/mSPGE are presented in
Figure 5(A), and the Al values were subsequently calculated and compared. As shown in the
plot, the 1:2 monomer-to-template ratio exhibited the highest Al, indicating that this ratio
produced the most optimal MIP with the best binding capability for the analyte. Deviations
from this ratio resulted in poorer voltammetric responses, as well as an increase in non-
specific binding of the sensor, as indicated by the smaller Al values, which was undesirable.
Therefore, the monomer-to-template ratio of 1:2 was selected as the optimal condition for use
in electropolymerization for electrode modification with MIP.

After the MIP is electropolymerized onto the mSPGE, the MIP/mSPGE would
undergo template removal by electrochemical elution. This was achieved by performing CV
at a higher oxidation potential than that used during polymerization, in a 0.1 M PBS (pH =
7.0) blank solution. The elution process electrochemically removed the template molecules,
creating specific recognition sites within the polymer matrix. This approach is known as a
non-chemical-based template removal strategy (17). Therefore, the effect of the potential
range used for template removal during the electrochemical elution process was
systematically optimized. Generally, the electrochemical elution for template removal was
conducted over two potential ranges: +0.7 V to +1.5 V and +0.8 V to +1.5 V (vs. Ag/AgCl)
for 10 cycles. The resulting oxidation peak currents of ROX obtained from the MIP/mSPGE
and the NIP/mSPGE are shown in Figure 5(B). The Al values were also calculated and
plotted for comparison. The results indicate that the potential range of +0.7 V to +1.5 V (vs.
Ag/AgCl) is the most suitable potential window for template removal, based on the highest
Al observed. It should be noted that using a wider potential window of +0.8 V to +1.5 V (vs.
Ag/AgCl) not only removed the template but also potentially leached out the polymeric film,
thereby reducing the efficiency of the MIP. Consequently, the potential region of +0.7 V to
+1.5 V (vs. Ag/AgCI) was selected as the optimal condition for the template removal
procedure.

Next, the effect of the number of scan cycles during template removal was
investigated using CV over the optimal potential window of +0.7 V to +1.5 V (vs. Ag/AgCl)
for 5, 10, and 15 cycles. The results are shown in Figure 5(C). It can be seen that as the
number of CV cycles was increased up to 10 scans, the Al values also increased, indicating
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successful template removal and effective formation of the MIP. However, the Al decreased
when the number of CV scans was extended to 15 cycles, possibly due to the leaching out of
the polymeric film, which resulted in a reduction in the efficiency of the synthesized MIP.

Therefore, 10 CV cycles were selected as the optimal condition for template removal by
electrochemical elution.
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Figure 5.

Effects of (A) concentration ratio of 0-PD monomer to ROX template, (B) potential range,
and (C) number of CV scan cycles for template removal by electrochemical elution. All
measurements were conducted using both the MIP/mSPGE and the NIP/mSPGE.

Analytical performance of the developed sensor

The MIP/mSPGE sensor was ultimately evaluated for its analytical performance in
the determination of ROX using DPV under optimal experimental parameters. The resulting
DPV voltammograms and the corresponding plot of anodic peak current vs. ROX
concentration are displayed in Figure 6(A) and 6(B), respectively. A calibration plot of
anodic peak current vs. ROX concentration, shown in Figure 6(B), demonstrates a good
linear response over the ROX concentration range of 0.03 to 0.1 mM with the regression
equation: lpa(LA) = 49.727C(mM) — 0.5806 and an R? value of 0.9824. The limits of

detection (LOD) and quantification (LOQ) were found to be 0.015 and 0.051 mM, calculated
based upon 3o and 100, respectively.
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Figure 6.

(A) DPV voltammograms (with baseline correction) of 0.1 M PBS (pH = 7.0) containing
varying ROX concentrations of 0.03 mM to 0.1 mM. (B) Calibration plot with ROX
concentrations ranging from 0.03 mM to 0.1 mM.
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Anti-interference ability of the MIP/mSPGE for ROX detection

The anti-interference capability of the proposed sensor was evaluated by examining
its response to various potential interferences, including nitrobenzene, chloramphenicol
(CAP), and uric acid, using DPV. Figure 7(A) presents the resulting DPV voltammograms of
0.1 mM ROX in the absence and presence of these three interferences, each at the same
concentration (0.1 mM). Figure 7(B) illustrates the corresponding plot showing the relative
current of ROX in the presence of the interferences, compared to the current of ROX alone,
which was set to 100%. The results clearly indicate that the presence of these interfering
compounds has little to no impact on the electrochemical response of ROX. This generally
demonstrates the exceptional anti-interference performance of the MIP/mSPGE sensor for
detecting ROX with high selectivity.
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Figure 7.
(A) DPV voltammograms of 0.1 mM ROX in the absence and presence of interferences, each
at a concentration of 0.1 mM. (B) The corresponding plot showing the relative current of
ROX in the absence and presence of interferences, each at a concentration of 0.1 mM.

Conclusion:

The MIP/mSPGE sensor was successfully developed for the determination of ROX
with enhanced sensitivity and selectivity. Initially, the electrochemical behavior of ROX was
investigated using CV and compared with molecules having similar functional groups,
confirming that ROX could be detected electrochemically through the oxidation of its
hydroxyl group. This oxidative response of ROX was significantly enhanced by the mSPGE
through the magnetohydrodynamic (MHD) effect of an applied external magnet, which
improved mass transport via convection and thereby increased sensor sensitivity. Moreover,
the MIP modified onto the mSPGE through electropolymerization demonstrated improved
selectivity for ROX detection. Under optimal conditions, the MIP/mSPGE sensor exhibited
high sensitivity, good selectivity, and excellent linearity, with detection and quantification
limits (LOD and LOQ) of 0.015 mM and 0.051 mM, respectively, effectively covering the
permissible limit for total arsenic concentration in the environment.
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Abstract:

An electromembrane extraction with a flat sheet membrane platform and colorimetric
detection of chromium (VI) was developed. This study designed an electromembrane
extraction device using a simple flat sheet membrane with an open area to reduce the effect of
gas generation from the electrolysis reaction of hollow fiber liquid phase microextraction,
(HF-LPME). In this system, a 1,5-Diphenylcarbazide (DPC) colorimetric reagent for Cr(VI)
was introduced into the acceptor phase. When a voltage was applied, the analytes were
extracted and transferred from the sample solution (donor phase) to the acceptor phase. The
analytes then simultaneously reacted with the colorimetric reagents inside the acceptor phase,
producing a pink-violet color Cr-DPC complex. This color was measured by using ImageJ
program to analyzing color intensity in green color mode. Parameters that affected extraction
efficiency were evaluated and optimized. A 1% (w/v) DPC in HCI (pH3) was used as the
acceptor phase. Cr(VI) was extracted at an applied voltage of 30 V and an extraction time of
10 min. Under the optimized conditions, the developed systems provided linear responses
within 10 min for Cr(VI) concentrations ranging from 50 to 800 pg L, with a detection limit
of 34 ug L and enrichment factor was 62. This system is simple, uses small amounts of
organic solvents, and does not require the synthesis of sorbents, complicated microfluidic
chips.

Introduction:

Nowadays, the miniaturization of analytical instrumentation, including sample
preparation, has seen significant development. Micropreparative techniques like hollow fiber
liquid phase extraction (HF-LPME), single drop microextraction (SDME), and solid phase
microextraction (SPME) have been developed to extract analytes from complex matrices.
These techniques offer better performance than traditional methods, such as liquid-liquid and
solid phase extraction, due to their compatibility with raw complex matrices, high extraction
efficiency, low solvent consumption, and instrumental simplicity. [1,2]. However, they have
drawbacks, such as expensive commercial microfibers in SPME, organic drop instability in
SDME, and long extraction times in HF-LPME. [3].

EME has gained great popularity in the last decade [4]. In 2006, Pedersen-Bjergaard
et al. developed the EME technique for extracting ions from the donor phase to the acceptor
phase through a supported liquid membrane (SLM) accelerated or driven by an electric field
[5]. EME offers high mass transfer efficiency and high concentration after extraction
(enrichment factor, EF) in a short time compared to conventional HF-LPME extraction. HF-
EME uses a hollow fiber membrane, containing a solvent impregnated in the porous wall of
the membrane as SLM and an acceptor phase inside the membrane lumen. Typically, the
donor and acceptor phases are aqueous solutions. When a high electric potential (>30 V) is
applied, water electrolysis can occur generating gas bubbles at both phases. The gas bubbles
could affect the acceptor phase more critically due to the small volume and small diameter of
the lumen. This could cause the loss of the acceptor phase leading to irreproducible results
and sometimes an uncollectible acceptor phase.
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In 2008, Li Xu developed EME using a flat sheet membrane to extract a nerve agent
[6]. The process involved sealing two polypropylene membranes together and closing them
by heating the membrane where the acceptor phase solution was contained. The extraction
time was 30 minutes, the volume was 20 pL, and the electric potential was 300 V. This
design reduced the loss of the acceptor due to gas generation during extraction, making it
more collectible.

Nickolaj Jacob Petersen et al. developed a flat sheet membrane EME for drug
extraction from human plasma and urine samples [7]. The donor phase is placed on an
aluminum plate with small holes, covered by a flat sheet of polymer membrane. The sample
solution is dropped into the aluminum channel, followed by the SLM section above the
sample drop. The acceptor phase is then dropped, and the platinum electrode is submerged in
the acceptor phase. The extraction recoveries were 33% and 47%, respectively, with an
electric potential of 15 V and a 5-min extraction time.

In 2020, Zarghampour et al. developed EME equipment using a polypropylene sheet
membrane combined with solid phase extraction for the determination of Cr (VI) [8]. Cr (VI)
was determined by colorimetric analysis based on the reaction between Cr (VI) and 1,5-
diphenylcarbazide, or DPC. In this work, the device design was called spiral style, a popular
style for sheet membranes, which provided a large contact surface area between DP and AP.
Extraction was performed using an electric potential of 30 V. The extraction time was 33
minutes, and the EF value was 19.

The majority of EME equipment is designed based on spiral or sandwich-shaped flow
cell types to maximize mass transfer due to the large contact surface area between DP and AP
resulting in a high enrichment factor. However, these specialized designs require advanced
instruments for fabrication. This research aims to develop a simple EME device using a flat
sheet membrane with an open area to reduce the effect of gas generation due to electrolysis
and apply it to the extraction of Cr(VI). The method compensates for the limited contact area
between DP and AP by using the reaction of Cr-DPC in the acceptor phase to improve the
mass transfer of Cr(\V1) and maintain a high enrichment factor.

Methodology:
Materials

All chemicals used in this study were of analytical reagent grade, and solutions were
prepared in Milli-Q water (Millipore, USA). Potassium dichromate, 1-Octanol, sodium
hydroxide (NaOH), and hydrochloric acid (HCI) were obtained from Merck (Germany). 1,5-
Diphenylcarbazide (DPC) was obtained from Himedia (India).

Apparatus and detection system

For the detection and extraction systems, GPR11H30D benchtop DC power supply
(Gwinstek, China) with adjustable voltage within the range of 0-110 V. A platinum wire
(0.02 mm diameter) was obtained from Sigma-Aldrich (St. Louis, MO, USA).

EME device with a flat sheet membrane and colorimetric detection of Cr(VI)

Scheme 1 represents the setup of an EME device with a flat sheet membrane. A bottle
cap with a 1.5 cm diameter hole is used as a flat sheet membrane supporter and a container
for the acceptor phase. The flat sheet membrane with the same diameter (ca. 1.5 cm) was
situated to cover the hole of the cap and sealed with the screwed-cut bottle mouth. A 20 mL
of sample or standard solution (10 pg Lt Cr(VI1)) was placed in the beaker. Then, the flat
sheet EME device was put facing the open hole down touching the surface of the sample. A
300 pL of the acceptor phase (optimized volume) was added to cover the other side of the
membrane. The cathode (-) and the anode (+) platinum electrodes connected to a DC power
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supply were placed in the donor phase and acceptor phase, respectively. The extraction was
carried out for 10 min. The pink-violet color of the Cr-DPC complex was observed. A 10 uL
of the colored acceptor phase was withdrawn and placed onto a piece of paper for taking a
picture in a light-controlled box. The color image was analyzed by the ImageJ software to
measure the color intensity. The calibration curve for Cr(VI) detection was subsequently
constructed using Microsoft Excel. Specifically, the color intensity in the green channel (Go —
G) was plotted against Cr(VI) concentration, where G and Go are color intensities in the green
channel in the presence and absence of Cr(VI), respectively. This difference was directly
correlated with the Cr(\VI1) concentrations. To obtain the best results, parameters that could
affect the extraction efficiency were examined, including the diameter of the membrane, the
pH of the acceptor and donor phases, applied voltage, extraction time, and acceptor phase
volume.
Plastic bottle

1-Octanol
—+ SLM

Acceptor phase

- Donor phase

Magnetic stirrer

Scheme 1 The schematic of EME device with a flat sheet membrane.

Results and Discussion:

According to the proposed method, the external electric potential causes Cr(VI) to
migrate from the sample solution/matrix toward the acceptor phase, then reacts with the DPC
reagents and produces pink-violet color of the Cr-DPC complex
Effect of the applied voltage

Cr(VI) was transferred across the membrane from the donor to the acceptor solutions,
mostly driven by electrical potential. Therefore, the extraction voltages ranging from 10 to 50
V were studied in order to identify the most effective voltage. The extraction increased
significantly when the applied voltage was increased from 10 to 30 V shown in figure 1. This
was caused by an improvement in the analyte flow and an increase in the driving force
between the electrodes. Based on these results, a voltage of 30 V was chosen to be set
between the acceptor and donor solutions.

- Figure 1. Applied voltage result: acceptor
phase : DPC 1% (w/v) 100 uL, donor phase

; I I : Cr,07%°10 ppb 20 mL
’ 10 20 30 40 50
Vi (V)

oltage

= [N} N
o

Enrichmentfactor

-
S
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Effect of extraction time

The sensitivity of the developed technique can be affected by extraction time, which
is an important parameter that establishes the total amount of analytes transported from the
donor phase to the acceptor phase. Various extraction times between 5 and 20 min were
studied shown in figure 2. The extraction efficiency increased as increased extraction time up
to 10 min and slightly decreased for longer extraction time because Cr-DPC has a positive
charge. As time increases, Cr-DPC moves to the cathode in the donor phase, resulting in a
decrease in extraction efficiency. Hence, the extraction time of 10 min was selected as the
optimum value.

70

60

30
20
10 I
0
5 10 15 20

Time (min)

Enrichment factor

Figure 2. Applied time result: acceptor phase : DPC 1% (w/v) 100 pL, donor phase : Cr.07%
10 ppb 20 mL, voltage 30 V

Effect of pH of donor phase and acceptor phase

In EME systems, analytes should be converted to their suitable ionic forms for
efficient extraction under the application of an external voltage. To obtain maximum
extraction for Cr(VI), in this experiment, the pH of the donor phase and acceptor phase
between 1.0 and 5.0 was investigated the result shown in figure 3. NaOH and HCI solutions
(0.1 M) were used for the pH adjustments of the donor and acceptor phases. In these
experiments, when the pH of the donor phase increased from pH 1.0 to 4.0, the extraction
efficiency increased. Therefore, the donor pH of 4.0 was used. When the pH of the acceptor
phase increased from pH 1.0 to 3.0, the extraction efficiency increased. Therefore, the
acceptor pH of 3.0 was used.
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20
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0 . 0
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Figure 3. Applied pH result, a) donor phase, b) acceptor phase: acceptor phase : DPC 1%
(w/v) 100 pL, donor phase : Cr,07% 10 ppb 20 mL, voltage 30, V 10 min
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Effect of the surface area of the membrane and the volume of the acceptor phase

After obtaining the appropriate conditions above, the surface area of the membrane
and the volume of the acceptor phase are studied shown in figure 4. A larger membrane
surface area provides more contact area, facilitating the transfer of analytes across the
membrane. The volume of the acceptor phase is important, and it could affect the enrichment
factor of the method. A smaller volume of the acceptor phase results in a higher concentration
after extraction (enrichment factor). The highest enrichment factor was reached at a
membrane diameter of 1.50 cm and a volume of the acceptor phase of 300 pL.

Under the optimized conditions, the developed systems provided linear responses
within 10 min for Cr(VI) concentrations ranging from 50 to 800 pg L, with a detection limit
of 34 ug Lt and an enrichment factor of 62.

60

Figure 3. Applied the surface area of the membrane and the volume of the acceptor phase
result : acceptor phase : DPC 1% (w/v), donor phase : Cr.07% 10 ppb 20 mL, voltage 30, V
10 min

Conclusion:

The flat sheet design deals with important issues associated with hollow fiber
systems, including gas production during electrolysis, which may affect extraction efficiency
and precision. This technique uses an open-area flat sheet membrane to reduce the impacts of
gas production, resulting in more stable and dependable performance. The flat sheet
configuration's simplicity also helps to reduce system complexity by eliminating the
requirement for specialized microfluidic chips. The designed device can accommodate a flat
sheet membrane and be used for the EME of Cr(VI). Various parameters affecting the
extraction efficiency of the EME with a flat sheet membrane were investigated and
optimized. The method was applied for the extraction and determination of Cr(VI) giving an
enrichment factor of 62. Our method is simple, uses small amounts of organic solvents, and
does not require the synthesis of sorbents, complicated microfluidic chips.

Acknowledgements:
This research project is supported by the Development and Promotion of Science and
Technology Talents Project (DPST), Chulalongkorn University.

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)

253



254

References:

1. Krishna Marothu, V.; Gorrepati, M.; Vusa, R. Electromembrane Extraction A Novel
Extraction Technique for Pharmaceutical, Chemical, Clinical and Environmental
Analysis. J. Chromatogr. Sci. 2013, 51, 619-631.

2. Ocafa-Gonzélez, J. A.; Aranda-Merino, N.; Pérez-Bernal, J. L.; Ramos-Payan, M. Solid
Supports and Supported Liquid Membranes for Different Liquid Phase Microextraction
and Electromembrane Extraction Configurations. A Review. J. Chromatogr. A 2023,
1691, 463825.

3. Drouin, N.; Kuban, P.; Rudaz, S.; Pedersen-Bjergaard, S.; Schappler, J.
Electromembrane Extraction: Overview of the Last Decade. TrAC Trends in Analytical
Chemistry 2019, 113, 357-363.

4. Bavlovi¢ Piskackova, H.; Oiestad, E. L.; Vanova, N.; Lengvarska, J.; Stérbova-
Kovatikova, P.; Pedersen-Bjergaard, S. Electromembrane Extraction of Anthracyclines
from Plasma: Comparison with Conventional Extraction Techniques. Talanta 2021, 223,
121748.

5. Pedersen-Bjergaard, S.; Rasmussen, K. E. Electrokinetic Migration across Artificial
Liquid Membranes. J. Chromatogr. A 2006, 1109 (2), 183-190.

6. Xu, L.; Hauser, P. C.; Lee, H. K. Electro Membrane Isolation of Nerve Agent
Degradation Products across a Supported Liquid Membrane Followed by Capillary
Electrophoresis with Contactless Conductivity Detection. J. Chromatogr. A 2008, 1214
(1-2), 17-22.

7. Petersen, N. J.; Jensen, H.; Hansen, S. H.; Rasmussen, K. E.; Pedersen-Bjergaard, S.
Drop-to-Drop Microextraction across a Supported Liquid Membrane by an Electrical
Field under Stagnant Conditions. J. Chromatogr. A 2009, 1216 (9), 1496-1502.

8. Zarghampour, F.; Yamini, Y.; Baharfar, M.; Javadian, G.; Faraji, M. On-Chip
Electromembrane Extraction Followed by Sensitive Digital Image-Based Colorimetry for
Determination of Trace Amounts of Cr(Vi). Analytical Methods 2020, 12 (4), 483-490

© The 50" International Congress on Science, Technology and Technology-based Innovation (STT 50)



MAGNETIC LIQUID MARBLES FOR HYDROGEN SULFIDE GAS DETECTION
Cinta Nur Ihya and Apichat Imyim*

Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand
*e-mail: apichat.i@chula.ac.th

Abstract:

Liquid Marbles (LMs) are droplets coated with hydrophobic particles, creating a non-
wetting, stable structure with unique properties suitable for various applications. In this
research, we explored the fabrication of magnetic liquid marbles (MLMs) and their
application for H2S gas detection. The FesO4 particles were synthesized via co-precipitation
of FeClz and FeSO4-7H20 in the presence of NaOH, with controlled pH levels. When the pH
was maintained at or close to 11, black marbles (B-MLMs) were formed, whereas red
marbles (R-MLMs) were created when the pH exceeded 11. The pH control during synthesis
resulted in variations in particle size and content, as evidenced by the color differences.
Stability testing demonstrated that B-MLMs were significantly more stable than R-MLMs,
maintaining their structure for over 5 minutes on water, compared to just 11 seconds for R-
MLMs. Additionally, B-MLMs exhibited a superior evaporation resistance of up to 1 hour,
while R-MLMs collapsed within 30 minutes. For H.S detection, N,N-dimethyl-1,4-
phenylenediamine (DMPD) solution at a concentration of 0.01 M was encapsulated within
the B-MLMs. Upon exposure to H>S gas at concentrations of 60 mg/L, the DMPD solution
underwent a color change from pinkish-brown to blue, indicating the formation of methylene
blue. The B-MLMs demonstrated their potential as efficient and affordable sensors for real-
time H2S monitoring. Their magnetic properties and enhanced stability made B-MLMs
particularly suitable for environmental applications, including the detection of hazardous
gases.

Introduction:

Liquid marbles (LMs) are intriguing droplets composed of a water-based core coated
with hydrophobic micro or nanoscale particles, which prevent the droplets from contacting
and wetting surfaces®. These particles adhere to the droplet's surface as marble rolls, forming
a protective coating that can vary from a single thick layer to multiple thin layers. Common
materials used for this hydrophobic coating include polytetrafluoroethylene (PTFE),
polyvinylidene fluoride (PVDF), and other fluorinated compounds?. These materials are
selected for their ability to repel water while maintaining adhesion to the liquid core,
effectively isolating the internal liquid from the external environment®,

The unique structure of LMs provides them with non-stick properties and allows
manipulation of their movement, shape, structure, and stability through external factors such
as pH, temperature, light, and organic solvents®. This versatility has made LMs valuable in
various research fields, particularly in applications where precise control over these factors is
crucial®.

Recent studies have highlighted the growing popularity and versatility of liquid
marbles as micro-laboratories for a range of applications, including gas detection®. Magnetic
liquid marbles (MLMs), which incorporate magnetic particles into the coating, are
particularly noteworthy for their ability to be controlled remotely, enabling manipulation
without direct contact®. This feature is especially useful in environments where safety and
precision are paramount’.
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The stability of LMs is a critical factor that influences their functionality, particularly
in applications such as chemical sensing or controlled drug release. Asaumi et al. have shown
that the size of the stabilizing particles plays a significant role in the behavior and
adaptability of liquid marbles®. Their findings demonstrate how particle size affects the
formation, stability, and responsiveness of LMs to external stimuli, which is crucial for
ensuring the reliability and effectiveness of LMs in practical applications. Additionally,
studies by Tosun and Erbil have explored the evaporation dynamics of LMs, emphasizing
how factors like temperature and humidity impact their stability and, consequently, their
performance in applications where long-term reliability is essential®.

In this study, we focus on the creation of FesOs modified with stearic acid (SA)
magnetic liquid marbles, which have shown remarkable stability under various conditions
and effective responsiveness to magnetic control®®. This research aims to explore the
potential of these MLMs in detecting hydrogen sulfide (H.S) gas, a substance known for its
hazardous properties and significant role in environmental and industrial safety concernst?.
For the detection process, N,N-dimethyl-1,4-phenylenediamine (DMPD) is encapsulated
within the MLMs. When exposed to H>S gas, DMPD undergoes a chemical reaction forming
methylene blue, a clear indicator of H,S presence!?. This reaction can be represented as*:

NH,  H,N N 4HCI
6FeCly
—_— HSC\N s \Né_)CHs 6FeCI2
CHa~N HS

N-CHs (|3H3 (|3H3 NH4Cl
CHs H3C/
Figure 1. Reaction between H,S, DMPD, and FeClz forming methylene blue, a visual
indicator for H,S'.

We synthesized two types of MLMs by adjusting the pH during the FezO4 synthesis
process, which resulted in different particle sizes and corresponding color variations.
Previous research has indicated that particle size and pH control are crucial for achieving the
desired stability and functionality of MLMs*2,

Given the importance of stability in gas detection applications, our study investigates
the use of these MLMs for H.S detection, focusing on their ability to provide reliable, real-
time monitoring of this toxic gas®®. H,S is a dangerous gas with significant environmental
and industrial implications, making the development of effective detection methods a critical
area of research®. Our findings suggest that the magnetic liquid marbles we have developed
are well-suited for this purpose, offering a promising approach to enhancing safety and
environmental monitoring through improved gas detection capabilities®.

Methodology:
Materials

The following chemicals were used in this study: iron(ll) sulfate heptahydrate
UNIVAR, analytical grade), iron(lll) chloride (Merck Schuchardt OHG, anhydrous, for
synthesis), N,N-dimethyl-1,4-phenylenediamine (DMPD, Chemenu), sodium hydroxide
(Sigma-Aldrich, analytical grade), potassium hydroxide (Sigma-Aldrich, analytical grade),
stearic acid (Daejung), hydrochloric acid (Sigma-Aldrich, analytical grade), and sodium
sulfide nonahydrate (Carlo Erba, ACS for analysis grade). All reagents were of analytical
grade and used without further purification. Milli-Q water was used for all solution
preparations.
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Instruments

The characterization of the Fe3zO4 particles and magnetic liquid marbles (MLMs) was
performed using the following instruments available at Chulalongkorn University: X-ray
diffraction (XRD) was carried out using a Rigaku SmartLab diffractometer. Scanning
Electron Microscopy (SEM) was conducted with a JEOL IT-100 instrument. The contact
angle measurements were performed using a goniometer from the Angiometer series.

Preparation of Fe3O4 particles and modified with Stearic Acid (SA)

The FesOs particles were synthesized via the co-precipitation method using 3 M
NaOH as the precipitating agent. Initially, FeSO4-7H>0 was dissolved in deionized water,
and FeCls was dissolved in ethanol. These two solutions were then mixed, followed by the
addition of NaOH to precipitate FesO4 particles. The resulting precipitate was thoroughly
washed with deionized water and collected by filtration. These FesO4 particles were then
modified with stearic acid to enhance their hydrophobicity. Specifically, stearic acid was
dissolved in ethanol and added to the FeszO4 dispersion in ethanol. The mixture was sonicated
and stirred for 1 hour to ensure uniform coating. The modified Fes04-SA particles were
separated using an external magnet, washed 10 times with water and once with ethanol, and
then air-dried.

Preparation of Liquid Core

The liquid core used for the magnetic liquid marbles was prepared by mixing a 0.01
M DMPD solution in 0.9 M HCI. This preparation ensured that the liquid core had an
appropriate pH and concentration for effective H.S detection.

Preparation of Magnetic Liquid Marbles (MLMs)

To form the MLMs, a 20 pL droplet of the prepared liquid core was carefully placed
onto a bed of Fe304-SA particles spread on a watch glass. The droplet was gently rolled over
the particles for approximately one minute until it was completely coated, forming a stable
liquid marble.

Application of Liquid Marbles for Gas Sensing

To accurately determine the concentration of H>S gas in our experiments, we utilized
a stoichiometric approach based on the reaction between Na.S and HCI as'*: Na.S + 2HCI —
H>S + 2NaCl. This approach allowed us to calculate the theoretical concentration of H.S gas
based on the assumption that this reaction proceeded completely. The magnetic liquid
marbles were exposed to H>S gas (60 mg/L), which was generated by reacting 704 pL of 0.1
M NazS with 24 pL of 6 M HCI in a 40 mL acrylic chamber. Upon exposure to the H»S, the
DMPD solution in the MLMs underwent a distinct color change from pinkish-brown to blue,
confirming the formation of methylene blue and enabling visual detection with the aid of a
capillary tube.

Results and Discussion:
Synthesis and Characterization of Fe304-SA particles

The Fe3Os4 particles synthesized through the co-precipitation method exhibited a
uniform size distribution with an average diameter of approximately 50 nm, as confirmed by
scanning electron microscopy (SEM) images (Figure 2a). SEM analysis (Figure 2b) revealed
that the red FesO4-SA particles are larger, with an irregular and aggregated surface structure,
averaging around 10 pum. In contrast, the black Fe304-SA particles exhibited a more uniform
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and smaller size distribution, averaging around 6 um, contributing to their enhanced stability
and hydrophobic properties.
Leave a blank line before and after Figures.
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Figure 2. SEM image for (a) FesOs4, after modifying with stearic acid, (b) red powder, and
(c) black powder.

X-ray diffraction (XRD) analysis was conducted to confirm the crystalline structure
and phase purity of the synthesized Fe3O4 and FezOs-SA particles. The XRD patterns of the
samples were compared against the standard Joint Committee on Powder Diffraction
Standards (JCPDS) card for Fe3Os (JCPDS 00-019-0629). Characteristic peaks at 20 values
of 30.05°, 35.42°, 43.05°, 53.40°, 56.94°, and 62.52° corresponded to the (220), (311), (400),
(422), (511), and (440) planes, confirming the successful synthesis of Fe3O4 in both the red
and black samples.

——Fe,0,-SA Black
Fe,0, Black
——Fe,0,-SA Red

Fe,0, Red

Intensity

| I I | | JCPDS 00-019-0629
T T T T T T T T T T

20 30 40 50 60 70 80

Figure 3. XRD patterns of Fe3O4 and Fe3O4-SA particles.

The XRD patterns (Figure 3), show that the black FezOs-SA sample (green line)
exhibits the most intense and sharp peaks, indicating a higher degree of crystallinity and
possibly smaller crystallite size compared to the other samples. The black FezO4 sample (blue
line) shows a slightly lower peak intensity, potentially due to the absence of stearic acid
modification, which might influence crystallinity and surface properties. On the other hand,
the red Fez04-SA sample (red line) and unmodified red FezO4 (black line) exhibit broader,
less intense peaks, suggesting larger crystallite sizes or reduced crystallinity, likely due to
different synthesis conditions, such as higher pH levels during particle formation. The
broader peaks also indicate a less ordered crystalline structure, which could influence the
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magnetic properties and stability of the particles in applications such as liquid marbles or gas
sensing.

The comparison between the red and black samples highlights the influence of pH
control during synthesis. The black samples, synthesized under controlled pH conditions,
have more defined crystalline structures, as evidenced by sharper peaks in the XRD patterns.
In contrast, the red samples, synthesized without strict pH control, show lower crystallinity,
which could affect their performance in practical applications, such as magnetic
responsiveness and structural stability when used in liquid marbles.

Contact Angle Measurements

The contact angle measurements demonstrated that the black Fe3O4-SA exhibited
significantly higher hydrophobicity compared to the red Fe3Os-SA. Specifically, the average
contact angle for black Fe304-SA was calculated to be 94.3 £ 3.3°, while red FezO4-SA had a
lower contact angle of 86.1 + 4.5° (Figure 4). This indicates that the black FesOs-SA are
more hydrophobic, contributing to their enhanced stability on water surfaces.

red Fes04-SA | black Fes04-SA
Figure 4. Contact angle images of red FezO4-SA and black Fes0s-SA.

Formation and Stability of Magnetic Liquid Marbles (MLMs)

The successful synthesis of hydrophobic FesOs-SA particles was confirmed through
contact angle measurements, which demonstrated their hydrophobic nature. This
hydrophobicity was crucial for forming stable magnetic liquid marbles (MLMs). As shown in
Figure 5, 20 pL droplets were effectively encapsulated by the Fe3Os-SA particles, leading to
the formation of both red (R-MLMs) and black (B-MLMs) marbles, illustrating the
effectiveness of these particles in stabilizing MLMs.

Figure 5. Formation of Magnéfic Li'qnt‘ji'd:Mafbyl'é;(MLMs). The upper row shows red MLMs
(R-MLMs), while the lower row shows black MLMs (B-MLMs).

The stability of these MLMs was assessed under different conditions. R-MLMs
demonstrated limited stability, collapsing on the water surface within 11 seconds (Figure 6a).
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In contrast, B-MLMs exhibited significantly greater stability, withstanding over 5 minutes
before collapsing (Figure 6b). This enhanced stability is directly correlated to the more
uniform and smaller particle size distribution of the B-MLMs, as confirmed by SEM images.

o &5 =

i

Figure 6. (a) Red magnetic liquid marble (R-MLM) collapsing on water within 11 seconds.
b) Black magnetic liquid marble (B-MLM) demonstrating significantly enhanced stability on
water, remaining intact for over 5 minutes before collapsing.

The instability observed in the R-MLMs is likely due to several factors, primarily
related to the synthesis conditions. The red coloration suggests the possible presence of Fe2Os3
(hematite) alongside Fe3Os (magnetite) in the particle composition. Hematite, which is
typically red-brown, is less magnetic and has different surface properties compared to
magnetite®. This composition difference may lead to weaker hydrophobic interactions and
less effective stabilization of the liquid marbles. Additionally, the non-controlled pH
conditions during the synthesis of R-MLMs might have resulted in a broader range of particle
sizes, leading to increased aggregation and uneven coating of the liquid droplets, creating
weak spots that allow water to pass through, thus causing the marbles to collapse quickly. In
contrast, the B-MLMs, synthesized under controlled pH conditions, exhibit more uniform
particle sizes and a consistent FesO4 phase, resulting in stronger hydrophobic properties and
significantly greater stability. These observations align with the SEM images and stability
tests, providing a coherent explanation for the differences in the performance of R-MLMs
and B-MLMs.

Demonstration of H:S Gas Detection by B-MLMs

The B-MLMs were demonstrated for their ability to detect hydrogen sulfide (H2S) gas
in a controlled environment. During the 10-minute exposure period within a chamber
containing H2S gas at a concentration of 60 mg/L, the DMPD solution inside the B-MLMs
initially displayed a pinkish-brown hue. Upon exposure to the gas, the solution within the B-
MLMs underwent a distinct color change to blue (Figure 7), indicating the successful
formation of methylene blue!?, which serves as a qualitative marker for the presence of H2S.
This color change was observed in the liquid inside the MLMs, which was visualized using a
capillary tube (Figure 7). The capillary tube's narrow diameter and transparency enhanced the
sensitivity and accuracy of the color observation. The observed change confirms the
effectiveness of the B-MLMs in detecting H2S. This research shows the potential application
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of our new MLMs with remote controllability, allowing safe operation away from toxic
gases. The quantitative analysis is undergoing based on digital image colorimetry (DIC).

Figure 7. The color change in the DMPD solution inside B-MLMs before and after exposure
to H.S gas (60 mg/L).

Conclusion:

This research demonstrates the successful synthesis of stable magnetic liquid marbles
for hydrogen sulfide gas detection. The pH-controlled synthesis of FezOs-SA particles
resulted in black MLMs with enhanced stability and responsiveness compared to red MLMs.
The black MLMs exhibited a distinct color change upon exposure to H=S gas. The magnetic
properties of B-MLMs allow for easy manipulation and recovery, making them suitable for
various environmental applications. These findings pave the way for the development of
efficient, cost-effective sensors for real-time monitoring of hazardous gases.
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Abstract:

This research investigates the efficiency of a simple laboratory-scale electrocoagulation (EC)
system for removing reactive navy-blue (rNB) dye from synthetic samples. The process was
conducted in a plastic reactor containing 500 mL of 400 mg/L rNB dye and utilized four iron
plate electrodes arranged in different configurations and at two interelectrode distances.
Applied voltages of 6, 12, 18, and 24 V were tested, with removal times measured until the
absorbance reached zero. Under optimal conditions, a parallel electrode connection, a 3 cm
interelectrode distance, and an applied voltage of 24 V were selected. The results showed
100% removal of rNB dye within 20 minutes, with a current consumption of 1.05 A, a reactor
temperature of 45.0 °C, a total electrode weight loss of 0.13%, sludge production of 1.9994
g/L, a color measurement of 32 ADMI, and a pH value of 11. This process was successfully
applied to rNB synthetic samples. The system demonstrated high removal efficiency, rapid
color removal, simplicity of operation, reduced chemical usage, and safety in equipment use.
It also effectively removed commercial reactive blue, reactive indigo, direct navy-blue dyes,
and their mixed blue tone colors.

Introduction:

Reactive dyes are a class of highly colored organic substances primarily used for dyeing
textiles. They generally consist of four components: solubilizing, chromophoric, bridging,
and reactive groups. I These dyes are termed "reactive™ because their reactive group forms a
covalent bond with the fiber molecules during the dyeing process, which differs from most
other dyes that simply adhere to the surface of the fiber. Reactive dyes are extensively used
for dyeing cellulosic fibers in the textile industry due to their favorable properties, including
water solubility, ease and variety of applications, availability in different shades, brightness
of colors, and excellent wash and light fastness. 2l High concentrations of dyes in wastewater
from the textile industry are often discharged as effluent into aquatic environments, causing
significant color pollution in water sources. In Thailand, the Ministry of Industry regulates
wastewater quality by setting a color discharge limit of less than 300 American Dye
Manufacturers Institute (ADMI) units. Untreated wastewater can have significant negative
impacts on living organisms, including humans. Therefore, it is crucial to treat dye-
containing wastewater effectively using eco-friendly methods. !

Various technologies and methodologies have been reported for the treatment of
textile dye-containing wastewater, particularly reactive dyes. These processes involve
physical, biological, and chemical systems. > 48 However, many of these technologies have
disadvantages, such as lower efficiency, complexity, and high chemical consumption.
Electrocoagulation (EC) overcomes these disadvantages and is also economically attractive.
EC is an electrochemical water treatment process that uses electrical currents to remove
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contaminants from water. The process involves the generation of coagulant agents in situ by
the electrolytic oxidation of a sacrificial anode, usually made of iron or aluminum, when an
electric current is passed through the water. [°-111

In this work, a simple laboratory-scale EC system was investigated for the color
reduction of reactive navy-blue (rNB) dye from synthetic samples, with a focus on its
removal efficiency. The investigation aimed to ensure that this EC system was easy to
operate, safe to use, required minimal chemicals, and provided rapid results.

Methodology:

A stock solution of 5000 mg/L reactive navy-blue dye (referred to as rNB, color code: C.I.
Reactive Blue 194, INDAFIX, KTB Textile Co., Ltd.) was prepared in distilled water.
Working standard solutions were freshly prepared by diluting the stock solution with distilled
water.

A simple laboratory-scale EC system (an example of a parallel connection is shown in
Figure 1) consisted of a plastic box (8.7 cm width x 12.0 cm length x 8.7 cm height,
containing 500 mL of rNB solution), four iron-sheet electrodes arranged in different
configurations, a thermometer, a switching DC power supply (KPS3010D, Wanptek), a
magnetic bar, and a magnetic stirrer. Each iron sheet was fixed at a constant interelectrode
distance. This system was designed by Chanyud Kritsunankul. The DC power supply was
used to apply constant voltage values. A UV-Visible spectrophotometer (Specord 200 Plus,
Analytik Jena) was employed to study the absorption spectra and the linear range of the
calibration graph. A UV-Visible spectrophotometer (Genesys 30, Thermo Scientific) was
used to measure absorbance and analyze dye removal.

The main parameters affecting dye removal efficiency (% dye removal), such as
electrode connections, interelectrode distances, applied voltages, and removal times, were
optimized. Various parameters were measured during the operation, including absorbance
values (at 580 nm), applied voltages (V), current consumption (amperes; A), temperatures
(°C), pH values, total weight loss of the electrode (%), sludge production (g/L), and color
measurement values (ADMI). The dye color removal efficiency (% dye removal) was
calculated using the following equation:

Dye removal (%) = [(Co-Ct)/Co] X 100
Where C, and C: represent the dye color concentrations before and after the removal process,
respectively.

- ——Thermometer

| [ron-sheet electrode

Anode

Cathode

rNB solution

1 — Magnetic bar

DC power suppl}-'/'[? ?] O O +«— Maenetic stirrer

Figure 1 A simple laboratory-scale EC system with a parallel electrode connection.
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Results and Discussion:

The absorption spectra of standard solutions containing 10, 20, 40, 60, 80, 100, 200, 400,
600, 800, and 1000 mg/L of rNB dye were recorded at wavelengths ranging from 200 to 800
nm, with a scan rate of 50 nm/s. The maximum absorption for rNB dye was found to occur at
580 nm (Figure 2(a)). A linear calibration graph was established for the concentration range
of 10-400 mg/L (y = 0.0046x+ 0.0763, R? = 0.9951) (Figure 2(b)), with a limit of detection
(LOD) of 0.23 mg/L (calculated as LOD = 3So, where So represents the standard deviation of
the y-intercept).

3.00 3001 (b rNB (mg/L)
gz.oo ( ) 10
2.50 § 1.00 V= 0.0046x + 0.0763 20
< R2=0.9951 40
@ 0.00 4 . . . .
2 2.00 0 100 200 300 400 60
_g rNB (mg/L)
S 1.50 —80
ft’ 100
1.00 - —200
0.50 ~ 400
0-00 ‘ T T T T T T T T T 1 T 1
200 250 300 350 400 450 500 550 600 650 700 750 800
(@) Wavelength (nm)

Figure 2. (a) Absorption spectra and (b) calibration graph for 10-400 mg/L of rNB dye.

To enhance and evaluate removal efficiency, the effects of electrode connection types
(parallel, series, and bipolar), interelectrode distances (2 and 3 cm), applied voltages (6, 12,
18, and 24 V), and removal times were investigated. For this investigation, a 500 mL solution
of 400 mg/L rNB dye (with an initial color measurement value of 3067 ADMI) was used
throughout the experiment.

In Figure 3(a), after the treatment process (with constant applied voltage of 12 V and
interelectrode distance of 2 cm), it was observed that the dye color reduction with the parallel
electrode connection was more efficient and faster compared to the series and bipolar
electrode connections. With the parallel connection, the dye removal efficiency for rNB
reached 100% within 40 minutes. In comparison, the series and bipolar connections achieved
dye removal efficiencies of over 85% (within 115 minutes) and over 87% (within 120
minutes), respectively. Although the parallel connection had higher current consumption and
sludge production (ranging from 0.30-0.34 A and 1.48 g/L), compared to the series (ranging
from 0.04-0.05 A and 0.75 g/L) and bipolar connections (ranging from 0.04-0.05 A and 0.85
g/L), it was also noted that the reactor temperature was higher for the parallel connection
(ranging from 33.5 to 35.7°C) compared to the series (ranging from 31.0 to 32.5°C) and
bipolar connections (ranging from 31.0 to 32.0°C) (Figure 3(b) and Figure 3(c)). The results
indicate that the current density across all electrodes in the parallel connection was higher
than in the series and bipolar configurations. Higher current density increases the production
of Fe?" ions at the anode and OH™ ions along with H: gas at the cathode. Consequently, the
parallel connection enhances the rate of electrochemical reactions, improving the
performance of electrocoagulation processes for removing rNB dye. Based on these findings,
the parallel electrode configuration was selected for further experiments.
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Figure 3. Effect of the electrode connections on (a) dye removal efficiency (%),
(b) current consumption (A), and (c) reactor temperature (°C).

In Figure 4(a), after the removal process (with a constant parallel connection and 12 V
applied voltage), it was found that dye color reduction at interelectrode distances of 2 cm and
3 cm yielded similar results, with 100% dye removal achieved within 40 minutes. The current
consumption ranged from 0.30-0.34 A at 2 cm and 0.31-0.37 A at 3 cm (Figure 4(b)), while
the reactor temperature ranged from 32.0-35.7°C at 2 cm and 32.0-35.1°C at 3 cm (Figure
4(c)). Sludge production was 1.48 g/L at 2 cm and 1.50 g/L at 3 cm. Though during the first
30 minutes of the removal process, the 2 cm interelectrode distance achieved slightly faster
dye removal than the 3 cm distance, due to a stronger electric field and more efficient ion
migration. Based on these results and considering the operational convenience for solution
collection at each reaction time, a 3 cm interelectrode distance was selected for further

experiments.
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Figure 4. Effect of interelectrode distances in the parallel electrode connection on
(a) dye removal efficiency (%), (b) current consumption (A),
and (c) reactor temperature (°C).

In Figure 5(a), after the removal process (with constant parallel connection and 3 cm
interelectrode distance), it was found that dye color reduction at 24 V applied voltage was
more efficient and faster compared to 18, 12, and 6 V. At 24 V, the dye removal efficiency
for rNB reached 100% within 20 minutes. In comparison, at 18 V, 12 V, and 6 V, the
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efficiencies were 100% within 25 minutes, 100% within 40 minutes, and over 92% within
100 minutes, respectively. Moreover, 24 V resulted in higher current consumption (A)
(Figure 5(b)), higher reactor temperature (°C) (Figure 5(c)), higher sludge production (g/L),
greater total weight loss of the electrode (%), and higher ADMI values compared to 18, 12,
and 6 V. All efficiency results are summarized in Table 1. At 24 V with a current
consumption of 1.05 A, a removal time of 20 minutes, and a dye volume of 500 mL, the
electrical energy consumption was 16.8 kWh/ms3, with an estimated cost of 67.2 baht/m3.

12
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Figure 5. Effect of the applied voltages of parallel electrode connection on the;
(a) the dye removal efficiency (%), (b) the current consumption (A) and
(c) the reactor temperature (°C).

Table 1. Summary of efficiency results for rNB color reduction using the simple laboratory-
scale EC system (with varying applied voltages, a constant parallel connection, and a 3 cm
interelectrode distance).

Applied voltages (V)

Parameters

6 12 18 24

Dye removal efficiency (%): > 92 100 100 100

Removal time (minutes): 100 40 25 20

Current consumption (A): 0.14/0.15 0.31/0.39  0.44/0.64  0.63/1.05
(before/after of removal process)

Reactor temperature (°C): 32.0/33.0 32.0/36.0 32.0/38.0  32.0/45.0
(before/after of removal process)

Total weight loss of the electrode (%) 2: 0.10 0.10 0.11 0.13
(before/after of removal process)

Sludge production (g/L) ®: 0.7904 1.4992 1.8302 1.9994
(after of removal process)

Color measurement (ADMI): 3067/166  3067/32 3067/32 3067/32
(before/after of removal process)

pH values: 9/10 9/10 9/11 9/11

(before/after of removal process)

& Total weight loss of the electrode (%) = [(Total initial weight (g) — Total final weight (g)) x
100)] / (Total initial weight (g)).
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b Sludge production (g/L) = (Sludge weight (g) x 500 mL) / (1000 mL).

Under the conditions of the highest % dye removal, the parallel electrode connection
at 24 V applied voltage and 3 cm interelectrode distance was used for the blue tone color
removal from four synthetic dye-wastewater samples. These samples included a 400 mg/L
reactive blue dye (INDAFIX brand) and a 400 mg/L reactive indigo dye (from Cha Craft
Studio, Ban Tunghong, Phare, without a brand name), both prepared in distilled water, as
well as a 400 mg/L direct navy-blue dye (Sampoaw brand). Another sample, prepared in tap
water, contained a mixed color of three dyes (100 mg/L of each). Results were compared
with a 400 mg/L reactive navy-blue dye (INDAFIX) in distilled water and are shown in
Figure 6. For the reactive blue dye (detected at 670 nm), the dye removal was 100% within
20 minutes (43 ADMI after color removal). For the reactive indigo dye (detected at 690 nm),
the dye removal was 99.68% within 80 minutes (29 ADMI after color removal). For the
direct navy-blue dye (detected at 542 nm), the dye removal was 99.70% within 15 minutes
(85 ADMI after color removal). For the mixed blue tone dye (detected at 610 nm), the dye
removal was 99.68% within 80 minutes (87 ADMI after color removal). The differences in
removal times may be attributed to the molecular structure of each dye.

The EC system using the parallel electrode connection can operate until one pair of
iron-sheet electrodes fails or becomes less efficient. Although the EC system can continue
operating with the remaining electrodes, a new pair of iron-sheet electrodes will need to be
replaced to meet efficiency requirements.

100 -
90
80 -
S 70 1
% 60 —e—NB dye
o 50 1 Reactive blue dye
& 40 ] Reactive indigo dye
= 30 A Direct navy-blue dye
ig ] —#— Mixed blue tone dyes

0 10 20 30 40 50 60 70 80 90
Time (min)

Figure 6. Application of the proposed EC system for the removal of synthetic samples of
reactive navy-blue dye (rNB), reactive blue dye, reactive indigo dye,
direct navy-blue dye, and mixed blue-tone dye.

Conclusion:

This research aimed to investigate the electrocoagulation process using a simple laboratory-
scale system for removing color from a 400 mg/L reactive navy-blue dye (rNB) in a synthetic
sample. The results indicate that this system, utilizing a parallel electrode connection, a 3 cm
interelectrode distance, and an applied voltage of 24 V, achieved the highest removal
efficiency (100% dye removal), rapid color removal (within 20 minutes), and offered benefits
such as simplicity of operation, reduced chemical usage, and safety in equipment use. After
the removal process, the system produced less sludge, consumed fewer electrodes, and
resulted in a lower color value (32 ADMI). This system also successfully removed
commercial reactive blue, reactive indigo, direct navy-blue dyes, and their mixed blue tone
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colors. It could serve as an alternative method for removing blue tone dyes in community
enterprises involved in dyeing blue clothes.
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Abstract:

Indirect determination of anion by indicator displacement in a complex between
aluminium(l11) and xylenol orange (XO) has been carried out using the naked-eye detection
along with UV-Visible spectroscopy. A red-pink complex solution of Al,XO was observed at
pH 3 which absorb the light at the maximum wavelength of 554 nm for studying anion
selectivity and the linear range of target anion. The most selective anions were found to be
oxalate and pyrophosphate, considering from the decreasing concentration of Al.XO together
with the return of yellow solution of XO free ligand at 436 nm in the absorption spectra.
However, in case of pyrophosphate, it took longer than 2 hours to process the color change at
low concentrations. The narrow linear range of pyrophosphate was also observed and not
suitable for the quantitative determination. The working concentration range of oxalate was
obtained in the range of 8.0x107°-7.0x10"° M after 30 minutes of indicator substitution. The
limit of detection (LOD) was 6.6x10°® M and the limit of quantitation (LOQ) was 1.5x10° M
of oxalate. Stoichiometric ratio of Al(IIl) : oxalate was 2 : 3 after the indicator displacement.
Moreover, repeatability and reproducibility confirmed a good precision of oxalate analysis
with 0.159% and 0.322%RSD, respectively. The proposed method was then applied for the
determination of oxalate in 7 water samples and beverages. Oxalate content was expectedly
not detected in drinking water, ultrapure water, and also tap water, whereas mineral water,
kombucha tea, guava juice and carrot juice contained the concentrations of oxalate with the
percentage recoveries in acceptable range of 80.5-91.5%.

Introduction:

It is of great interest to develop a rapid, simple, cost-friendly and sensitive method for various
anions. Recently, more attention has been paid to indicator displacement assays (IDAs) due
to the good selectivity, high sensitivity and visibility.? IDA approaches can detect anions,
amino acids, and other functional group molecules®® and have been considered as an
alternative technique besides the developed methods such as ion chromatography (IC)’, high
performance liquid chromatography (HPLC)®°, gas chromatography (GC)¥1!,
chemiluminescence®?, fluorescent detection'®'%, and enzyme assays*®'’, etc. Xylenol orange
(XO) is one of metallochromic indicator, most commonly used as a tetrasodium salt which
appears between yellow (in acid) and purple (in base) depending on the pKa value.*®*° It was
reported from the previous work that APP* could bind strongly to XO and introduce a
regulated change in color and UV-Visible absorption spectrum shift at pH 3.2°22 Therefore,
we herein report a rapid naked-eye and spectrophotometric method for the quantitatively
determination of target anion using the mixed solution of AI** and XO in pH 3 via IDA
process as proposed in Figure 1.2
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Figure 1. IDA mechanism for the detection of selective anion.

Methodology:

Materials

The chemicals used were of analytical reagent grade. All solutions were made with ultrapure
water (Milli Pore/Milli-Di 18.2 MQ-cm). The stock solution of xylenol orange (XO)
indicator were 0.01 M and then adjusting the pH to 3.0 by adding HCI. The stock solution of
Al>(S04)3.18H20 were 0.01 M. The stock solutions of tested anion; CI', Br’, I, NO2", NOs’,
S03%, SO4*, HCOgz, CH3COO", C,04*, H.PO4 and P.O7* were 0.01 M. The working
solutions of all these reagents were diluted from the stock solutions with ultrapure water.

Equipments
pH determinations were performed using a Metrohm-913 pH meter. UV-Visible absorption
spectra were recorded on Hitachi-UH5300 spectrophotometer.

Measurement procedure

The pH 3.0 containing 25 uL of 0.01 M XO and 25 pL of 0.01 M Al>(SO4)s solution was
initial examined using naked-eye detection and UV-vis spectrophotometric measurements in
the range of 350-700 nm wavelength, then 200 puL of 0.01 M tested anions were added
separately for 30, 60, and 120 mins to investigate the most selective anion and response time.

The control Al2XO complex solution containing 0.5 mM XO (pH 3.0) and 0.5 mM
Al>(SO4)s at the equal volume were prepared, followed by adding the solution of 0.5 and 1.0
mM of target anion to make the concentration range of 5.0x107 to 3.0x10* M for linearity
test. The naked-eye detection was carried out after the solutions had been mixed and left for
30-60 mins to reach the equilibrium of reaction and then UV-vis spectra were recorded.
Stoichiometric molar ratio of AI®*: target anion was also investigated by adding different
volumes of 0.5 mM target anion into the Al2XO complex solution at pH 3.0 in order to
predict the indicator displacement mechanism. The limit of detection (LOD) and limit of
quantitation (LOQ) were studied by preparing at least 7 replicates of the mixed solution
between 0.5 mM XO and 0.5 mM Alx(SO4)3 as the blank solution. LOD (mean of sample
blank value+3SD) and LOQ (mean of sample blank value+10SD) were then calculated using
the calibration curve of target anion. Repeatability and reproducibility were examined in 12
replicates by preparing the Al2XO complex solution in the presence of 5.0x10° M of target
anion to ensure the precision of method.

Real samples analysis was carried out by preparing the control Al2XO complex
solution and then adding 7 water samples and beverages as follows; drinking water, ultrapure
water, tap water, mineral water, kombucha tea, guava juice and carrot juice (Notes; fruit
juices were obtained by blending, centrifuging, and filtering through Whatman paper), to
determine the target anion content and percentage recovery was calculated in triplicates by
using the spiking method. The 1.0x10° M of standard target anion was spiked into the mixed
solution of Al.XO complex and 200 uL of real sample.
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Results and Discussion:

Figure 1 shows the change in color of the solution from yellow to red-pink due to the
complex formation between XO and AI** at pH 3.0. The maximum absorption at 436 nm of
free XO indicator was shifted to 554 nm when the Al>(SOa4)3 solution was added into the pH
3.0 containing XO solution, indicating the presence of Al2XO complex.

25 4 I

XO
——  XO+Al2(SO0a4)3

Absorbance

350 400 450 500 550 600 650 700
Wavelength (nm)

Figure 1. Color and UV-vis spectra of XO free ligand (yellow)
and Al2XO complex (red-pink) solutions.

When adding 0.01 M of tested anions; CI, Br, I, NO2,, NO3", SOs%, SO4*, HCOg,
CH3COO", C04%, H,POs and P,O7*. The most selective anions were found to be
pyrophosphate (P.07*) and oxalate (C204%), considering from the disappearance of Al.XO
red-pink color along with the return of yellow solution of XO free ligand (Figure 2).
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