supporting partners

tn &
s I I 48" INTERNATIONAL CONGRESS ON SCIENCE
Aowoemaiess:. 1 ECHNOLOGY AND TECHNOLOGY-BASED INNOVATION

“SCIENCE AND TECHNOLOGY FOR ADVANCING TOWARDS SDGs”




SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SD6s

Table of Contents (Proceeding Book)

Title

Page

ORAL SESSION
SESSION A-PHYSICS / APPLIED PHYSICS

AN ATTENUATION OF SOLAR RADIATION BY DIFFERENT CLOUD TYPES AT
NAKHON PATHOM

THE ELECTRIC POTENTIAL AND ELECTRIC FIELD ON CONDUCTING SPACE DEBRIS
SESSION B-BIOLOGICAL SCIENCES

DEVELOPMENT OF MICROSATELLITE MARKERS AND SCREENING IN TWOSPOTTED
CRICKETS (Gryllus bimaculatus De Geer, 1773)

INHIBITORY EFFECT OF Carissa carandas LINN. EXTRACT ON ADIPOGENESIS AND
LIPID ACCUMULATION OF 3T3-L1 ADIPOCYTE

THE EXISTENCE OF Platerodrilus BEETLES IN NAKHON SI THAMMARAT PROVINCE,
SOUTHERN THAILAND

CORDYCEPS EXTRACT-LOADED NANOPARTICLES PROMOTES COLLAGEN
SYNTHESIS AND ENHANCES WOUND HEALING

CHARACTERIZATION OF BACTERIAL CYTOLOGICAL PROFILE OF ANTIBIOTIC
RESISTANT Acinetobacter baumannii

LEPTIN ENHANCES INFLAMMATORY EFFECT OF INTERLEUKIN-1-BETA IN HUMAN
SYNOVIOCYTES VIA NF-KB AND STAT SIGNALING

EXTRACTION AND CHARACTERIZATION OF HYDROPHOBINS CLASS I AND CLASS 1T
FROM MUSHROOMS AND MACROFUNGI IN THAILAND

EXPRESSION, PURIFICATION AND CHARACTERIZATION OF QUINONE REDUCTASE
FROM Leishmania orientalis

PHYLOGENETIC ANALYSIS AND ORTHOLOG PREDICTION OF THE LEGUME NAC
TRANSCRIPTION FACTORS

ROLE OF DNA METHYLTRANSFERASES ON TSHR EXPRESSION AND ORBITAL
FIBROBLASTS ACTIVATION

ANTIBACTERIAL ACTIVITY OF ALLICIN AGAINST PATHOGENS CAUSING
BACTERIAL MENINGITIS

EFFECT OF BIOACTIVE COMPOUNDS FROM Eurycoma longifolia Jack. ON ANTI-
INVASIVE ACTIVITY IN HUMAN NON-SMALL CELL LUNG CANCER CELLS

SESSION C-CHEMISTRY (ANALYTICAL CHEMISTRY)

NON-ENZYMATIC ELECTROCHEMICAL SENSOR FOR CREATININE DETECTION
BASED ON POROUS COPPER FOAM AND GRAPHENE OXIDE MODIFIED ELECTRODE

METHANOL DETECTION BY DIGITAL-IMAGE COLORIMETRY USING OPTICAL
NANOMATERIAL WITH N-METHYLPOLYPYRROLE

LIGANDLESS SOLIDIFIED FLOATING ORGANIC DROP MICROEXTRACTION (SFODME)
FOR LEAD DETERMINATION IN WATER SAMPLES BY ELECTROTHERMAL ATOMIC
ABSORPTION SPECTROMETRY (ETAAS)

DETERMINATION OF MAGNESIUM USING PAPER-BASED ANALYTICAL DEVICE

11

18

26

35

40

48

57

67

75

87

98

108

113

121

131

139
148

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SD6s

Title

Page

SESSION C-CHEMISTRY (INORGANIC CHEMISTRY)

SYNTHESIS AND CHARACTERIZATION OF Ni(II) AND Zn(IT) COMPLEXES USING
BENZOTHIAZOLE SCHIFF BASE LIGANDS

DRUG DELIVERY SYSTEM USING POROUS SILICA-MANNAN NANOCOMPOSITES

DEVELOPMENT OF ENZYME RESPONSIVE TRIS-CYCLOMETALATED IRIDIUM
COMPLEXES

WATER-SOLUBLE POLYMER DOTS FOR POTENTIAL AEROBIC OXIDATION IN
AQUEOUS MEDIA

SESSION C-CHEMISTRY (ORGANIC & MEDICINAL CHEMISTRY)

REVELATION OF PARAMETERS INFLUENCING THE SYNTHESIS OF THE 7-
AZAINDOLES VIA THE LAROCK HETEROANNULATION REACTION

SYNTHESIS OF COUMARIN DERIVATIVES AND THEIR ANTI-INFLUENZA ACTIVITY

MOLECULAR DOCKING AND MOLECULAR DYNAMICS SIMULATION STUDY OF THE
INTERACTIONS OF Holothuria scabra TRITERPENE GLYCOSIDES AND THEIR
METABOLITES ON ANDROGEN RECEPTOR ALLOSTERIC SITES

DEUTERATION OF ORGANIC COMPOUNDS BY HYDROTHERMAL PROCESS
SESSION C-CHEMISTRY (PHYSICAL & THEORETICAL CHEMISTRY)

MOLECULAR DOCKING STUDIES OF THE 2,5-DIKETOPIPERAZINE DERIVATIVES AS
POTENTIAL ANTI-SARS-CoV2 ACTIVITY

SESSION D-MATHEMATICS / STATISTICS / COMPUTER SCIENCE / DATA SCIENCE
/Al

APPLICATION OF THE CORRELATIVE EQUATIONS TO “FILL UP” A MONITORING
WATER QUALITY DATA TO SUPPORT THE ASSESSMENT OF WATER QUALITY AND
SELF-CLEANING CAPACITY

THE EQUITABLE CHROMATIC NUMBERS OF CARTESIAN PRODUCTS OF SOME
GRAPHS

THE MAXWELL — BURR I DISTRIBUTION: ITS PROPERTIES AND APPLICATION TO
THE NEW COPD PATIENT RATE IN KHON KAEN, THAILAND

TIME REDUCTION METHOD FOR HEURISTIC ALGORITHMS USING LOCAL TEMPORAL
MEMORY

WEIBULL-EXPONENTIAL DISTRIBUTION AND ITS PROPERTIES
SOCIAL DISTANCING DETECTOR IN LECTURE CLASSROOM FROM REAL TIME VIDEO
ON FIXED POINT THEOREMS FOR KANNAN AND CHATTERJEA TYPE MAPPINGS

THE INFLUENCED DESTINATION CULTURAL ATTRACTION USING DECISION TREE
METHOD

AN ALTERNATIVE METHOD TO DETECT OUTLIERS IN MULTIVARIATE DATA

A METHOD FOR OUTLIER DETECTION IN UNIVARIATE CIRCULAR DATA USING
PARTITIONING DATA

COMPARISION OF PERFORMANCE OF DATA CLASSIFICATION USING DECISION TREE
AND RANDOM FOREST TECHNIQUES

INDIFFERENCE PRICING OF EXOTIC OPTIONS UNDER MEAN-VARIANCE UTILITY
WITH FINITE LIQUIDITY

152
158

166

172

180
189

197
206

214

220

232

242

252
260
269
279

293
299

308

315

322

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SD6s

Title

Page

SESSION E-ENERGY / ENVIRONMENTAL & EARTH SCIENCE / MATERIALS
SCIENCE / SPIN CROSSOVER

EXPRESSION OF MHETASE ENZYME BY RECOMBINANT BACTERIA FOR
POLYETHYLENE TEREPHTHALATE (PET) PLASTIC DEGRADATION

REMOVAL OF NITROGEN AND PHOSPHORUS FROM SYNTHETIC URINE
WASTEWATER BY BIOCHAR AND ZEOLITE ADSORPTION

LOW-COST SUSTAINABLE ELECTROCATALYSTS OF ALLOY/CARBON-BASED
NANOMATERIALS AND THEIR APPLICATION FOR Li-ION BATTERIES

ASSESSMENT AND ZONING OF SELF-CLEANING ABILITY OF NHIEU LOC-THI NGHE
CANAL’S WATER IN HO CHI MINH CITY

APPLICATION OF SEASONAL AUTOREGRESSIVE INTEGRATED MOVING AVERAGE
MODEL IN FORECASTING THE SALINITY OF BANG PAKONG RIVER, THAILAND

MODIFICATION OF CHARCOAL KILN VERTICAL TYPE FOR CHARCOAL PRODUCTION
FROM BAMBOO WASTE

SYNTHESIS AND CHARACTERIZATION OF ELECTRON BEAM IRRADIATED
GLUTINOUS RICE HUSK-DERIVED BIOCHAR AND ACTIVATED CARBON

WASTEWATER SURVEILLANCE OF SARS-COV-2 FROM THE AIRCRAFT AND
WASTEWATER TREATMENT PLANTS AT DOMESTIC AND INTERNATIONAL
AIRPORTS, THAILAND

FACILE PREPARATION OF g-C3N4/MgAl:Os NANOCOMPOSITE PHOTOCATALYST AND
ENHANCED PHOTOCATALYTIC DEGRADATION

DETERIORATION OF PALM-BASED BIOTRANSFORMER UNDER THERMAL AGING

SESSION F-FOOD SCIENCE AND TECHNOLOGY/AGRICULTURAL SCIENCE/ (SEA)
FOOD INNOVATION/FOOD SAFETY AND PACKAGING

EFFECT OF ESSENTIAL OILS ON QUALITY AND VOLATILE COMPOSITION OF
STERILIZED SMOKED MEAT (SE’I SAPI)

EFFECT OF PECTIN AS WALL MATERIAL ON THE PROBIOTIC SURVIVAL OF
MICROENCAPSULATED Lactobacillus plantarum

TOTAL PHENOLIC AND ANTHOCYANIN CONTENTS OF BLACK RICE WINE
FERMENTED WITH Saccharomyces cerevisiae SC90 AND M30

MICRONEEDLES FOR BORAX TESTING IN FOOD
SESSION SP2-SCIENCE EDUCATION: CHALLENGES TOWARDS VUCA ERA

DETECTION OF ELECTROMAGNETIC WAVES BY A HOMEMADE HERTZ EXPERIMENT
KIT

POSTER SESSION
SESSION A-PHYSICS / APPLIED PHYSICS

NUMERICAL ANALYSIS OF COVID-19 SILVA DISPERSION IN AN AIR-CONDITIONED
ROOM

PERSISTENCE EXPONENTS OF A PARTICULAR HEIGHT FLUCTUATION IN
MOLECULAR BEAM EPITAXY MODEL

340

347

355

365

378

386

395

404

413
420

426

437

445

455

465

472

481

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SD6s

Title

Page

SESSION B-BIOLOGICAL SCIENCES

OPTIMIZATION OF THE EXTRACELLULARLY EXPRESSED PETASE EXPRESSION
FROM Escherichia coli FOR PET PLASTIC DEGRADATION

CHARACTERIZATION OF A NOVEL MIRNA IN DENGUE VIRUS SEROTYPE 2 INFECTED
HEK293T CELLS

SULFATED GALACTANS PROMOTE MIGRATION OF KERATINOCYTE
APPLICATION OF THERMAL INSULATOR FOR HEAT STORAGE IN CATFISH PONDS

GENERATION OF A CRISPR-Cas9 MUTAGENESIS SYSTEM FOR GENERATING LYTIC
PHAGE VARIANTS FROM Clostridioides difficile PROPHAGE

A STUDY OF DYS612 MUTATION IN THAI FATHER-SON PAIRS

AN ALTERNATIVE APPROACH FOR SCREENING MICROSATELLITE MARKERS FROM
TRANSCRIPTOME OF Acheta domesticus Linnaeus, 1758

EXPLORING ANTIMICROBIAL ACTIVITIES OF NUCLEOSIDE ANALOGS AGAINST
FOODBORNE PATHOGENS

A PROTEOMIC APPROACH FOR IDENTIFYING POTENTIAL DRUG’S MECHANISM OF
ACTION IN Clostridioides difficile

IDENTIFICATION OF POTENTIAL DRUG CANDIDATES FOR CHOLANGIOCARCINOMA
FROM A META-ANALYSIS OF TRANSCRIPTOMIC PROFILES

THE DESIGN OF A PLATELET-DERIVED GROWTH FACTOR DECOY

PREDICTING SPECIES DISTRIBUTION USING MAXENT — CASE OF THE SIMPLE
THALLOID LIVERWORT GENUS 4neura DUMORT. IN THAILAND

EFFECTS OF CANNABINOID RECEPTOR AGONISTS ON BREAST CANCER AND
OSTEOBLAST INTERACTION

INHIBITORY EFFECTS OF BREAST CANCER-DERIVED FACTOR(S) ON OSTEOBLAST
SURVIVAL AND FUNCTION AND THE DEVELOPMENT OF GELATIN-BASED 3D
SCAFFOLD FOR 3D BONE CELL CULTURE SYSTEM

GENE ISOLATION FROM MANGO RELATED Colletotrichum gloeosporioides INFECTION

THE EFFECT OF AIR TEMPERATURE RISES INSIDE OPEN TOP CHAMBERS (OTCs) ON
THE PHOTOSYNTHETIC ACTIVITY OF LICHEN Heterodermia flabellata AT DOI
INTHANON, THAILAND

REDUCTION OF CISPLATIN RESISTANCE OF HUMAN ORAL SQUAMOUS CELL
CARCINOMA CELL SPHEROIDS USING COLD ATMOSPHERIC PLASMA

EFFECT OF MAGNETIC FIELD STIMULATION COMPARED WITH SALICYLIC ACID
ELICITATION ON BACOSIDE A ACCUMULATION IN Bacopa Monnieri (L.) Wettst.

THE EFFECT OF ACTINOMYCETE AND SELENIUM NANOPATICLE ON RICE AGAINST
SALT STRESS

TRANSCRIPTOME PROFILES OF Streptomyces sp. GKU 223 IN DIFFERENT GROWTH
PHASE

CHARACTERIZATION OF DISSOLVABLE MICROARRAY PATCHES BASED
CARBOXYMETHYLCELLULOSE, POLYVINYLPYRROLIDONE AND CHITOSAN CROSS-
LINKED WITH HYALURONIC ACID

DEVELOPMENT OF DNAZYME-BASED BIOSENSOR FOR CIRCULATING TUMOR DNA

487

494
501
507

513
523

531

539

547

561
570

576

582

589

601

609

616

625

632

641

651
657

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SD6s

Title

Page

COMPARATIVE STUDY OF THE MORPHOLOGICAL AND METAPHASE CHROMOSOME
NUMBER OF Centella asiatica (L.) URBAN FROM UTTARADIT, PHITSANULOK AND
SOME PROVINCES IN THE NORTHEAST OF THAILAND

SESSION C-CHEMISTRY (ANALYTICAL CHEMISTRY)

IDENTIFICATION OF VOLATILE COMPOUNDS IN GREEN CURRY USING
COMPREHENSIVE HEARTCUT TWO-DIMENTIONAL GAS CHROMATOGRAPHY-MASS
SPECTROMETRY

QUALITY CONTROL OF PROXIMATE ANALYSIS AND HEAT COMBUSTION IN PALM
KERNEL SHELLS

METHOD VALIDATION OF THE DETERMINING PROTEIN IN LATEX GLOVES BY
USING UV-VIS SPECTROPHOTOMETER

DIFFERENTIATION OF ORIGINS OF THAI COFFEES BY CHEMOMETRIC ANALYSIS OF
AROMA PROFILES FROM GAS CHROMATOGRAPHY — MASS SPECTROMETRY

DEVELOPMENT OF METHOD AND SAMPLE PREPARATION FOR THE
DETERMINATION OF ANDROGRAPHOLIDE IN Andrographis paniculata EXTRACT

DEVELOPMENT OF AN ENZYME-FREE HYDROGEN PEROXIDE SENSOR USING DUAL-
SHAPED SILVER NANOPARTICLES

APPLICATION OF TWO-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY FOR
IMPROVED ANALYSIS OF AGARWOOD OIL

SESSION C-CHEMISTRY (ORGANIC & MEDICINAL CHEMISTRY)

SYNTHESIS OF ENAMINE DERIVATIVES OF USNIC ACID AS a-GLUCOSIDASE
INHIBITORS

BROMINATION OF 2-AMINOPYRAZINE: THE EXPERIENTAL AND COMPUTATIONAL
STUDIES

SYNTHESIS OF 5-ARYLBENZO[a]PHENAZINE DERIVATIVES AND THEIR
PHOTOPHYSICAL PROPERTIES

BIOASSAY-GUIDED ISOLATION AND IDENTIFICATION OF BIOACTIVE COMPOUNDS
FROM Leonurus japonicus HOUTT. EXTRACT

o-GLUCOSIDASE INHIBITORY ACTIVITY OF CHEMICAL CONSTITUENTS FROM
Premna herbarcea ROXB. ROOT EXTRACT

IN VITRO FREE RADICAL SCAVENGING AND o-GLUCOSIDASE INHIBITORY ACTIVITY
OF Ludwigia adscendens EXTRACTS

SESSION C-CHEMISTRY (PHYSICAL & THEORETICAL CHEMISTRY)

EFFECT OF RICE HUSH BIOCHAR ON THE REMOVAL OF Pb?* FROM AQUEOUS
SOLUTION

MOLECULAR DYNAMICS SIMULATION STUDY OF NEWLY DESIGNED
GELDANAMYCIN ANALOGUES FOR TARGETED CANCER-CAUSING Hsp90 INHIBITOR

SESSION D-MATHEMATICS / STATISTICS / COMPUTER SCIENCE / DATA SCIENCE
/Al

THE ENHANCEMENT OF TOURISM STAFF IN KHANOM FOR GOOGLE TRANSLATE
APPPLICATION TO PROMOTE LOCAL TOURISM: NAKHON SI THAMMARAT

SOME CONTINUED FRACTIONS WITH PARTIAL QUOTIENTS 1 OR 2, AND
RECURRENCE

665

670

677

682

687

695

701

710

718

725

732

741

749

756

762

769

776

782

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SD6s

Title

Page

SESSION E-ENERGY / ENVIRONMENTAL & EARTH SCIENCE / MATERIALS
SCIENCE / SPIN CROSSOVER

PETROGRAPHY OF XENOLITHS IN BASALT FROM THE CHANTHABURI-TRAT GEM
FIELDS, THAILAND

DEVELOPMENT OF A CAPACITIVE DEIONIZATION STACK FOR BRACKISH WATER
DESALINATION

EFFECTIVENESS ON THE STRATUM CORNEUM LAYER AFTER USING
NANOEMULSIONS FROM HONEYSUCKLE FLOWERS ESSENTIAL OILS

EXPERIMENTAL HEAT TREATING OF YELLOW JADEITE JADE FROM MYANMAR

MINERALOGY AND GEOCHEMISTRY OF CENOZOIC BASALTS ALONG NATIONAL
HIGHWAY NO. 225, WICHIAN BURI DISTRICT, PHETCHABUN PROVINCE

DECARBOXYLATION OF FATTY ACID USING METAL/IONIC LIQUID CATALYST

SESSION F-FOOD SCIENCE AND TECHNOLOGY/AGRICULTURAL SCIENCE/ (SEA)
FOOD INNOVATION/FOOD SAFETY AND PACKAGING

EFFECT OF MILK ADDITION ON ANTIOXIDANTS AND QUALITY OF DURIAN DRINK
DURING COLD STORAGE

DEVELOPMENT OF NAPIER GRASS SILAGE FORMULA FOR CATTLE FEED
UTILIZATION OF FOOD WASTE AND BIOMASS TO PRODUCE COMPOST

PROPERTIES OF SOY PROTEIN ISOLATE FILM INCORPORATED WITH
EPIGALLOCATECHIN GALLATE AND GREEN TEA EXTRACT

ENZYMES-ASSISTED EXTRACTION OF BIOACTIVE COMPOUNDS FROM NONI LEAVES
(Morinda citrifolia)

788

793

799
807

816
825

834
841
846

856

866

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS 5065

Oral Session

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



Session A: PHYSICS /
APPLIED PHYSICS

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SDGs

AN ATTENUATION OF SOLAR RADIATION BY DIFFERENT CLOUD TYPES AT
NAKHON PATHOM
Udomphan Nacksriphod*, Wilawan Thainlueang, Korntip Tohsing Sahussa Peengam

Department of Physics, Faculty of Science, Silpakorn University, Nakhon Pathom 73000, Thailand

*e-mail: nacksriphod u@silpakorn.edu

Abstract:

Clouds can attenuate the solar radiation by scattering, reflecting, and absorbing
processes. During a direct obstacle of the sun by clouds, an amount of the solar radiation
intensity changes in both direct and indirect ways. Clouds normally change in types, heights,
or shapes, which are complicated to measure, especially in a tropical area. Therefore, in this
study, an attenuation of broadband solar radiation or global solar radiation by clouds, which
are divided into three levels: low clouds, middle clouds, and high clouds was investigated.
All measured data were conducted in Nakhon Pathom Province using a ceilometer,
pyranometer and sky view. Then, these data were used to determine a cloud modification
factor (CMF) with in one minute of interval during the year of 2019 - 2020. From the
analyzed results, the most amounts of clouds occupied in the sky were mid — level clouds and
the highest value of CMF was found to be 0 — 25%. For this case study, the stratus clouds
delivered the highest CMF compared to other clouds found on the selected date. The results
obtained in this work can be used to estimate solar radiation for generating an electricity from
solar cells.

Introduction:

The solar radiation reaching to the Earth’s surface is a spectrum emitted by the sun
with a wavelength of 300 -3000 nm. At present, the solar radiation is increasingly applied for
the benefit of the clean energy. But solar radiation is absorbed and scattered by various
components in the atmosphere. Cloud is one of component in the atmosphere affecting the
attenuation of solar radiation. Clouds change their type, height, and shape over time, which
vary by different climate zones. A height of the cloud or cloud base height (CBH) is
categorized into three levels as shown Table 1 [1]. Low-level clouds have a cloud base not
higher than 2,000 meters and most of the particles inside the cloud are water droplets. For
mid-level clouds, they are observed at an altitude between 2,000 and 7,000 meters. These
clouds form at the temperature between 0°and 40° depending on altitude and season.
Therefore, they may consist of water droplets and ice crystals. High-level clouds locate at
altitudes above 7,000 meters. At this altitude, the air is relatively cold and dry leading to the
composition on of high-level clouds being ice crystals. In the past, researchers have measured
and analyzed the solar radiation attenuation by clouds in different areas. Monteith and
Unsworth (1988) have found that a thickness of low-level clouds may reduce solar radiation
intensity by 80 — 90%. In certain conditions, tall convective clouds may raise its value by 10
— 15% when compared with a cloudless weather. Schafer (1996) studied a dependence of
CMF with cloud amount and the solar zenith angle. Foyo-Moreno (2001) studied the
information of clouds obtained from two radiometric stations. The first one was located at
University of Almeria, a seashore location (36.83'N, 2.41°W, 20 m above sea level) during
1993 -1994 and solar global irradiance was measured using a Kipp & Zonen (model CM-11).
The second one was located in a border of Granada (37.18'N, 3.58"W, 660 m above sea
level) during 1994 — 1995. In this study, they focused on Ultraviolet (UV) radiation and the
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cloud influence over it. The CMF in the UV part was defined for two different cloud types

according to their altitude into low-medium and high-level clouds. The results of this

indicated that an empirical model under cloudless condition combined with the cloud

modification factor can estimate the global ultraviolet radiation with a high confidence level.

Josep Calbo (2005) proposed the CMF of UV (280 — 400 nm) as expressed in Equation 1
CMF = UVcloudy/UVclear ()

where UVjouqy 1s the UV irradiance measured under cloudy sky, and UV, is the UV

irradiance simulated or estimated for the same atmospheric conditions such as ozone column,
aerosol, pressure, temperature, and solar zenith angle under clear sky condition. This
calculation was similar to the study of UVB radiation characteristics at Cordoba, Argentina
proposed by Mara Laura Lopez (2009) and it was found that the CMF of UVB for the
wavelength of 320 — 420 nm can be defined in Equation 2 expressed below

CMF = UVBcloudy/UVBclear (2).

Adam (2011) studied the effect of different cloud levels on solar radiation. The data used
were collected and analyzed at the South Valley University (SVU) (26.2'N, 32.7 E, 96 m
above sea level) during 2004 — 2007. The cloud information was obtained from the Precision
Spectral Pyranometer (PSP) with a spectral range of 295 — 2800 nm. It was found that clouds
can significantly reduce the amount of solar radiation. The attenuation of solar and terrestrial
radiation due to different cloud amounts and cloud types was also proposed by El-Nouby
(2010). A 10 — yeas period of data at Hamburg Meteorological Observatory was investigated.
The change in radiation flux largely depends on the density and frequency of occurrence of
the different cloud types. Considering to the tropical region, clouds are rapidly change in
shapes, types and heights. Moreover, there are only few researches on clouds in the tropics,
especially the attenuation of broadband solar radiation by clouds observed in Thailand.
Therefore, the aims of this work are to investigate the cloud height of the measured data
using a ceilometer and to study the attenuation of global solar radiation by different cloud
types and heights in Nakhon Pathom, Thailand, which located in the tropical region near the
equator representing the hot and humid climate.

Table 1.
Classification of cloud levels by cloud base height [1]
Cloud base height (meters) Cloud level
surface — 2,000 low
2,000 — 7,000 medium
7,000 — 12,000 high

Methodology
3.1 Instruments and data
The data used in this work was collected at Nakhon Pathom Province
(13.82°N, 100.4 E), Thailand during the year of 2019 — 2020. The cloud base height was
observed by the ceilometer (Model: CS- 135, Campbell Scientific Company). The device
sends a red laser pulse (905 nm) into the sky and measures the backscattered signal from the
clouds above the instrument. Simultaneously, a timer is used to measure the signal
transmission and estimate the CBH according to the Equation 3 expressed below [8].
CBH =< (3)

where CBH is the distance between the ceilometer and the cloud [m]

¢ is the speed of light which is equal to 3x10® m /s

t is the transmission time [s].
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To investigate the attenuation of global solar radiation, a pyranometer from Kipp&Zonen
(model: CMP11) was installed and collected the data. An output of the pyranometer is a
voltage signal. This voltage is then converted into the global solar radiation by divided by a
sensitivity obtained from a manufacturer of the pyranometer. The solar radiation incident on
the pyranometer depends also on the cosine of incident angle. Ideally, the precise
pyranometer responses to the incident sunlight the same as ideal cosine of angle of incidence.
However, the pyranometer used in this work has a cosine response error about 5-10% for the
solar zenith angle greater than 80 degrees. This error is acceptable for the accurate
measurement of solar radiation [1]. In order to classify the cloud type occurred on the sky,
sky images were obtained using a sky view from Prede (model: PSV — 100). These
instruments are shown in Figure 1 and the images obtained from the sky view on different
dates also shown in Figure 2 for cloudy and clear sky conditions in Figure 2(a) and 2(b),
respectively. The overview of all instruments used in this work located in the same area is
shown in Figure 3.

Figure 1.
The instruments used for the data acquisition in this work a) ceilometer b) pyranometer
and c) sky view.

a. b.
Figure 2.
Examples of photographs in this works a) Image in 4 September 2020 at 10:00 a.m. b)
Image in 18 December 2020 at 10:00 a.m.
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Figure 3.
Overview of instruments installed on the roof of Science Building 1, Silpakorn
University a) ceilometer b) pyranometer and c) sky view

3.2 Data analysis
To obtain a statistical characteristic of the clouds and the attenuation of solar
radiation at Nakhon Pathom, two analytical processers were presented as the details below.
3.2.1 Cloud base height analysis

The CBH from the ceilometer for every minute during 2019 — 2020 was
collected for investigating the occurrence of clouds at different heights in terms of hourly,
monthly and yearly data.

A histogram of the accumulative cloud amount was also presented.
Moreover, the histograms of diurnal cloud amount according to three base heights on 1 July
2019was analyzed.

3.2.2 Cloud modification factor (CMF)

An incident solar radiation at the Earth’s surface is attenuated by clouds
and other atmosphere components. In order to investigate the effect of clouds on global solar
radiation, a cloud modification factor (CMF) is proposed. The CMF is a percentage value that
represents the attenuation of clouds on solar radiation and it can be calculated by using the
amount of global solar radiation under clear sky and all-sky conditions (see Figure 4)
expressed in Equation 4.
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h “(zi/lcle r h 92/ Ig

a b
Figure 4.
a) The global solar radiation under clear sky condition calculated from an empirical
model and b) The global solar radiation measured by pyranometer.

%CMF = (1——£) x 100 (&)
Iclear
where Ig is the global solar radiation measured by pyranometer [W/m?]
Iclear is the global solar radiation under clear sky condition calculated from an

empirical model in as [W/m?] expressed in Equation 5 [2].

Icjear = 1098 cos 03 exp (—0.057 / cos63) (5)
where 0, is a solar zenith angle [degree].

The constant values of 1098 and -0.057 are the model coefficients obtained by the
relationship [9] between the solar radiation and the solar zenith angle proposed by Serm
Janjai (2011) and the model performance was validated by comparing the solar radiation
under clear sky condition calculated from the model with that obtained from measurements at
Chiang Mai Station, Ubon Ratchathani, Nakhon Pathom and Songkhla. It was found that the
model delivered a good agreement between both data.

The CMF data of 1 - minute interval during the year of 2019 and 5 - minute
interval of 2020 was calculated. The different time steps of each year depend on the sky
images from the sky view, which were applied for classifying the type of clouds. The CMF
for each cloud type was also determined using the data on 4 July, 2019 and 4 September,
2020 from 7 A.M. to 5 P.M.

Results and Discussion:
4.1 Cloud base height and cloud amount analysis

The hourly cloud cumulative frequency of three cloud height levels during July
2019 to September 2020 was analyzed and the exampling result on 1 July 2019 is presented
in Figure 5. The distribution showed that mid — level cloud was mostly found in the morning
and low — level clouds frequently occupied the sky during a daytime. Whereas, the high —
level clouds were mostly observed at night. The occurrence of different cloud heights at
different time might be from the difference in air temperature and water droplets or ice
crystals in the clouds. Considering the cumulative frequency of the whole period during this
study, the result is shown in Figure 6.

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)



mLOW m MIDDLE m HIGH

Amount of clouds (%)
O B, N W A 0N

01 2 3 4 5 6 7 10 11 12 13 14 15 18 19 20 21 22 23
Time (hr)
Figure 5.
Histogram of cloud occurrence on 1 July 2019 at Nakhon Pathom
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Figure 6.
Cumulative frequency for the whole period of the study of 2019 — 2020

Most clouds occurred in the sky during the year 2019 — 2020 were mid — level cloud with the
frequency of 54.26% following with 48.81% of low — level cloud and the small amount of
high — level cloud of 1.98%. This characteristic of the cloud can be affected by two seasonal
monsoons in Nakhon Pathom. A northeast monsoon during winter time (November —
February) brings a cold and dry airmass from China to Thailand causing small amount of
cloud appeared in the sky. During a southwest monsoon (May — October), moist air from the
sea and ocean were carried to the country getting more clouds on the sky as shown in Figure
7 and 8. However, the low cloud amount between October and December were different for
both years, which might cause from seasonal change in Thailand. In the year of 2019, the
Positive Indian Ocean Dipole (Positive I0D) phenomenon resulting in the southwest
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monsoon blowing from the Indian Ocean to Thailand and the northeast monsoon blowing
through the western North Pacific Ocean and the South China Sea to Thailand was weaker
than usual. This led to less rain than usual (Meteorological Department of Thailand).
Whereas in 2020, La Nifia was occurred with wet conditions across large parts of South East

Asia, Australia and the latest seasonal outlook was consistent with historical La Nina
conditions.
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Figure 7.
The amount of different cloud heights from the ceilometer in 2019 at Nakhon Pathom
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Figure 8.
The amount of different cloud heights from the ceilometer in 2020 at Nakhon Pathom
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4.2 Cloud modification factor at Nakhon Pathom
The global solar radiation from the pyranometer and the global solar radiation
under clear sky condition calculated from the empirical model of the same time were applied
for determining the CMF of 2019 and 2020. Then, the histogram of the CMF, which was
separated into 4 ranges of a percentage of solar radiation attenuation such as 0 — 25%, 26 —
50%, 51 — 75% and 76 — 100% and the result is demonstrated in Figure 9.

60

51.17 m0-25% ™26-50% ®51-75% = 76-100%

Frequency (%)
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N
o
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=
o
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Figure 9.
The amount of the cloud modification factor of 2019 — 2020

From Figure 9, most clouds with the frequency of 51.17% can reduce the global
solar radiation at the Earth’s surface up to 25%. Each month has also different CMF
depending on the season, which was occupied by clouds as already shown in Figure 10 and
11. To investigate the CMF of each cloud type, the sky image was used to classify the type of
clouds and the CMF of each cloud was calculated. The preliminary results of CMF by cloud
types observed for the date selected in the case study, namely stratus, nimbostratus,
altostratus, altocumulus, stratocumulus and cumulonimbus that were observed on 4 July,
2019 and 4 September, 2020, were presented in Figure 10 and 11, respectively.

0 ¢
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Figure 10.
Percentage of the cloud modification factor by different clouds on July 4 2019
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Figure 11.

Percentage of the cloud modification factor by different clouds on 4 September 2020

The results showed that the cloud modification factor varied depending on the cloud
types. From the investigation, stratus clouds can reduce more solar radiation than other cloud
types for both selected days.

Conclusion:

In this work, a cloud base height (CBH) measured by a ceilometer at Nakhon Pathom,
Thailand, which is located in the tropical area leading the rapid change in cloud features
(shape, type, height and size) encompassing the year of 2019 and 2020 was collected and
analyzed. The results showed that most clouds in Nakhon Pathom were mid — level clouds at
the height between 2,000 and 7,000 meters. The cloud modification factor, which is a number
for describing the attenuation of global solar radiation by clouds was analyzed. From the
investigation, most clouds in the sky of Nakhon Pathom can decrease the global solar
radiation up to 25%. It was also found that stratus clouds delivered the highest values for
cloud types observed in the case study. The difference in CMF values might cause from the
local situations or atmospheric constituents at the station. From these results, it can be
concluded that clouds play a very important role in the attenuation of global solar radiation.
The information obtained from this research is very important for clean energy applications,
especially the prediction of solar radiation under all-sky conditions for planning the efficient
generation of electricity in the solar powerplant.
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Abstract:

This research work is a part of the space technology startup project. The company is interested
in many material removals by the new company’s invention. The main idea of this alternative
method is the attractive force from an electric induction. Assuming that the conducting
materials which are supposed to be space debris are lying between the positive and negative
circular electrodes. These circular electrodes are connected to the electrical generators. The
electric charges in the conducting materials are induced by an external electric field generated
from these electrodes. The electric potential and electric field on a conducting surface are
calculated by an image charge method. The value and the position of an image charge are
specified by the Dirichlet condition. For simplicity, the image charge position is lying on a line
between the center of a circular electrode and the center of a conducting sphere. However, this
approximation method can be used well when the conducting sphere is moving near the central
axis of an electrode or far away from an electrode due to the symmetry of the circular electrode.
The result of the electric potential for near-field and far-field approximation up to the second
order is shown in this article. Referring to the result, the electric field and electric potential will
gradually be stronger if the conducting sphere is moving away from the central axis for near-
field approximation while the far-field approximation gives the result in the opposite direction.

Introduction:

The article will present the invention of the company to solve a problem of space
technology and activity by preventing the damage to the spacecraft or space station. The main
idea is using an attractive force from an electrostatic induction to remove all of the
conducting materials at the same time. The idea comes from the attraction between pieces of
paper and a plastic comb. While the comb is being rubbed with a flannel, some electric
charges are transferred to the flannel and the comb consequently becomes charged. Then,
the charged plastic comb is able to attract all pieces of paper. This phenomena inspires
us to use the electrostatic induction of the materials. If an external electric field is fully filled
in the space, it will be able to induce electric charge even in insulating materials or composite
materials. Then, the electrode acts an electric force on the conducting sphere via an electric
field but the electric force calculation will not be written in this article. However, the only
conducting materials is studied in this article. The thought experiment includes two
circular electrodes which are connected to an external electric generator and the conducting
space debris is assumed to be a sphere. Then, the electric field is applied to the system due to
the accumulated electric charge on the circular electrode.

The concept is that the electric field on a surface of a conductor comes from the
external electric field and induces charges such that the total electric field inside the
conductor is zero. The well known physical method to solve this problem is an image charge
method. For a single charge outside a conducting sphere as a source of an electric field, the
image charge will be
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simply located somewhere on a line between an outside electric source to the center of the
conducting sphere.

Figure 1. An image charge q' on a line between the center of the conducting sphere and the
electric charge q

If the electric potential all over a conducting surface is zero, so will the potential inside
a conducting material refer to the uniqueness theorem. The theorem stated that an electric field
derived from an electric potential function satisfying Poisson's equation under the boundary
conditions is unique.

vy =2 (1)

€o

The Dirichlet boundary conditions are applied to the system in which the system meets the
following requirements

1. The electric potential is zero in the whole region enclosed by this boundary.

2. The gradient of the electric potential or electric field is zero in the whole region
enclosed by this boundary.

The electric potential from a distributed electric charge on a circular electrode is written
as

V — f kO'dA,

2

r

When O is a surface electric charge density and dA' is an area element of a circular
electrode. For simplicity in the calculation, the image charge is approximately located on a
diameter line from the center of a circular electrode. However, the crucial restriction for this
method is that the conducting sphere has to be near the central axis of an electrode or be very
far away from an electrode. Otherwise, the error is large so this method is not appropriate.

Figure 2. An image charge q' on a dashed line

The total electric potential is straightforward to be calculated from the position of an
image charge. Then, the electric field is the gradient of the total potential.

E = ~Wora 3)
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When the gradient will be written in a cylindrical coordinate. This article will devide the
calculation into two parts, near-field and far-field approximation. The binomial theorem is
applied to this approximation but the coefficient is written in terms of a gamma function.

THE MULTIPOLE EXPANSION OF AN ELECTRIC POTENTIAL

A.  Near-Field Approximation

Since the total electric potential is zero at the surface of the conducting sphere, the
general term of total electric potential is shown in the equation 4

kodA' kq'
Vtotal = f\/pz_’_plz 7 7 +— (4)

—2pp'cosa’+z2 Ll

The first term comes from the electrode with a uniform electric charge distribution and
the second term comes from an image charge. When r' =

\[ (pz + p2 — 2pp’cos@cm) + (z - Zq)z is the relative distance from an image charge to an

observed position, 8., is the angle between the radial component of the center of mass and the
radial component of an arbitrary observed position p. The multipole expansion of the electric
potential up to the second order is

kap'dp'da’ 1p%2-2pp’cosa’ . 3 (4p?p'?cos?a’ kq'
Viorar ~ f Jp'2+z2 X [1 2 pl?4z? + 8\ (p'2+z2)2 + T/ ®)

When p, is a radial component of an image charge position. After the integration, the
electric potential is obtained

2 I
Viotas = ko [271’(\/22 +a2-2z)— Ll + = (6)
2(a?+z2)2
When a is a radius of a circular electrode.

B.  Far-Field Approximation
The electric potential for the far-field approximation is written as

v J-kop dp'da’ [1 g 1p'?~2pp'cosa’ 3 (4p2p’2 cos? a’)] kq' %
total =~ \/m p2+2z2 16 (p2+22)2 T

The approximation is done only up to the second order of the position of electric charge.

+ (8)

Only one term is obtained because the rest of them are the higher order terms which can be
ignored.
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THE POSITION AND VALUE OF AN IMAGE CHAGRE

The position of an image charge is supposed to be on the line between the center of the
conducting sphere and the center of a circular electrode. The calculation will give a high
precision if the conducting sphere is nearly around the central axis of the circular electrode and
is far away from an electrode as shown in figure 3.

B

(@

A

Figure 3 An image charge q' on a line between the centre of the conducting sphere and the

centre of a circular electrode. The left figure shows the conducting sphere is moving nearly

around the center of a circular electrode and the right figure shows the conducting sphere is
far away from a circular electrode.

The position labelled by A and B can be written in terms of center of mass and the
radius of the conducting sphere which is written in the equation [9]-[12]

Zyx = Z — 1 X = 9
A cm
| 2En+pim
N (10)
| 2ém+pEm
P4 = Pem — T X s
| 2En+pim

P = Pem T T X

Zg = Zoym + T X

Zcm
Zecm
| Zém+pém
The Dirichlet condition is used to be a boundary condition of a conducting sphere. The
electric potential on the surface of the conducting sphere is only zero. The two points A and B

are intersections between the diameter of the conducting sphere and the surface. Those
intersections are applied to find the location of an image charge.

A. Near-Field Approximation

For near-field approximation, the boundary condition equations are

22 l
ko Zn(\/Zj+a2—ZA)—La3 +5 = (13)

2(a2+z3%)2 A
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2.2 14
ko [211 (\/Zé + a2 —ZB)—ﬁ +krié= 0 (14)
2(a“+z

From (13) and (14), we can find an electric charge q'. The value of an image of an
electric charge is defined as

(errea)(2r-[(oa-pa) +(za20)° | (pa=pe)*+(2a-20)°
2<T—J(PA—Pq)2+(ZA—Zq)2>

!

q:

(15)

After the substitution of all parameters, q' is a negative charge as it should be. The
position z; and p, are able to write in terms of the center of mass since all points are on the

same line passing through the center of mass. They can be written as

pg =2 x z, (16)

Zem

2
(PAPcm+ZA)+j(PAPcm+ZA)2_<pcm )(pi+2ﬁ—4TZ(ZC1+C2)2)

5> —+1
Zcm Zcm Zem
Zg = ) (17)
(Pcm+1>
2
Z
cm

When the constant C; and C, are defined as in the equations [18], [19] repectively.

C,=-0 [Zﬂ (\/Zj +a? - ZA) —%‘ (18)
2

2(a2+z%)

C,=o0 [211 (w/zﬁ + aZ-ZB) -LZBE!Z] (19)

3
2(a%+23)?

and r is a radius of the conducting sphere.

B. Far-Field Approximation
For far-field approximation, the equations are

2 '
0= X (20)
/pﬁ+zi v
5 .
0= koma + k_q (1)

2 2
PBtZR

Solving the equations, we find that the position and the value of an image charge are written in
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the form as

Pq =22 X 7, (22)

Zcm

2 (pZ 412(2C3+C4)?
PAPcm+ZA+\[(PAPcm+ZA) _(Pcm . 1)(/’31"'22 T2(2C3+C4) )
m

Zc Zem zng A” (3C3+C4)2 2
= s .
Zcm
When the constant C; and C, are defined as in the equations [24], [25] respectively.

oma?

Cy=— (24)
Pi+zg
2

C4_ — oma (25)

PE+25

The image charge is written as
2 2 2r— (p —-p )2+(z —Z )2

, a \/ A™Fq AT4q (2 6)

_ ona o
= 2,2 - 2,2 2 2
pe+zp  [Patzi | 2(r=[(pa—pq) +(2a~2q)

THE ELECTRIC FIELD
The electric field can be calculated in near-field and far-field approximation defined
from the negative of the gradient of the total electric potential.

E = ~Wora 27)

The electric field in the cylindrical coordinate is written as

a'(p-p ~
s+ o) 3| P

(a%+z2)2 ((p—pq)2+(z—zq)2)i

= nopa?

Enear = k

_z 3np2a?z a'(z-zq) Iz
e <1 VaZ+z? ¥ 2(a2+22)%> ¥ g 2)2 ‘ =
((0=pq)* +(z-29)°)
. . , _ 2 1A _ ~
Efar o nopa : N a'(p-pq) ; b+ k noza ; n q'(z-z4) 5 k (29)
(p2+22)2 ((P—Pq)2+(z—2q)2)2 (pPrz®)2 ((P‘Pq)z"'(z_zq)z)z

The electric field is written as a function of a position when the center of the electrode
is a reference. However, this is the electric field on a conducting surface so the position is on a
conducting sphere.
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Conclusion:

The electric potential and electric field under the Dirichlet boundary condition is
obtained as well as the approximated image charge. The electric field strrength and electric
potential will gradually increase when the conducting sphere is moving away from the central
axis for near-field approximation while the far-field approximation gives the result in the
opposite direction. The result is limited to be used because of the near-field and far-field
condition.
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Abstract:

Molecular markers are utilized to study the genetic variation of any population. Specially,
simple sequence repeats (SSRs), also known as microsatellites. However, traditional SSR
marker development approaches are laborious and time consuming. Therefore, the current
study proposes using the Basic Sequence Alignment Tool (BLAST) to find polymorphic
SSRs in Gryllus bimaculatus genomes. 25 polymorphic SSRs were found from 400 randomly
selected sequences from the whole genome using an in silico method. The in silico method is
also validated using DNA amplification, in which, 6 out of 12 primer pairs were able to
amplify DNA fragments with expected size. The developed polymorphic SSR markers can be
used to study the genetic variation of G. Bimaculatus and other related species. The
alternative approach proposed in this study will be valuable for developing SSR markers
from genomic and transcriptomic sequence data in other species.

Introduction:

Edible insects comprise one such category of under-utilized foods that offer significant
potential to contribute to future global food demands. In approximately 100 countries around
the world, insects have long been a key element of human diets, particularly in Asia and the
Pacific, Africa, and Latin America [1]. Crickets are becoming increasingly popular as a result
of their ease of rearing and low space requirement for farming. In general, insects can provide
protein and fat, as well as vitamins and minerals that are beneficial to human health [2]. The
two-spotted cricket, Gryllus bimaculatus, is a species of insect that was once kept as a pet and
used to combat other crickets. However, it is now fried, roasted, or fed to a variety of pets as
animal feed. As a result, while cricket farming is a profitable business, growing them in
captivity might reduce genetic variation. Without genetic variation as a reaction to
environmental stressors or other genetic factors, it would be difficult to adapt to the
environment. As a result, it may result in death. An important precaution for long-term
production sustainability was to maintain genetic variation in the captive population [3]. As a
result, the development of microsatellite markers could be useful in the screening of genetic
variation in breeding systems.

A microsatellite marker would be used to determine the SSR within the genome of the
two-spotted cricket in this study. SSR (Simple Sequence Repeat) DNA, also known as
microsatellite DNA, is found in the chromosomes of eukaryotes and distributed throughout
the genome. Most of them were found in the intergenic region rather than in the gene. SSR
markers are co-dominant DNA markers that can detect difference between homozygotes and
heterozygotes and can also be used to check for genetic variation. SSRs are distributed
throughout the genome and also have a high variation compared to other DNA regions. The
high mutation rate in microsatellites leads to variation in particular locus. Microsatellite
markers are considered to be highly polymorphic markers. A polymorphic microsatellite
locus means that there are several possible alleles at a single locus. As a result, they are ideal
for genetic studies on species populations. Therefore, SSR marker can be used as a molecular
marker for the differentiation of each organism. However, the SSR marker has a limitation.
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The SSR development process is complicated, consuming and costly [4]. To improve the
efficiency of SSR development, a bioinformatic algorithm and advanced BLAST must be
explored. This benefits SSR research by enhancing accuracy and reproducibility while
decreasing labor and costs.

The traditional method for isolating microsatellite loci is generating a limited DNA
library and screening it using microsatellite-specific probes [5]. Therefore, microsatellite
isolation is usually laborious, time-consuming, and costly. A number of alternative
techniques have already been created to save time, cost, and labor by avoiding the
construction of a genomic library [6, 7]. Most of these processes are either costly or time-
consuming. Furthermore, microsatellite isolation requires the development of genetically
engineered bacteria, which increases marker development costs and time [8]. These
developments, however, might not even be sufficient and the use of microsatellites is quite
limited [5].

In the present study, we used bioinformatics, which is in silico method based on
BLAST (megablast). Phobos software can be used to find microsatellites [9], and NCBI
BLAST can be used to find polymorphic SSRs. The Basic Sequence Alignment Tool
(BLAST) can search polymorphic SSRs and construct alignments with gaps, which is
important for finding SSR sequence insertions and deletions. Currently, the accessibility of
genomic sequences, bioinformatic tools are assisting as a resource for the development of
SSR [10]. As a result, microsatellite isolation and cloning processes can be avoided in this
study, which can save cost, labor, and time for developing a microsatellite marker.

Methodology:

The two-spotted cricket were used for the development of microsatellite markers in this
study. G. bimaculatus DNA, scaffold, whole genome shotgun sequence was taken from the
NCBI. Afterwards, microsatellites were searched by Phobos software and took the sequences
containing SSR to NCBI BLAST for search polymorphic SSR. Then designed the primer by
Primer3 from sequences containing polymorphic SSRs. The SSR primers were selected for
use to amplify microsatellite sequence from G. bimaculatus DNA by PCR amplification. The
two-spotted cricket from Phitsanulok farm were taken to use to extract the DNA to test the
primer pair.

SSR sequence detection from genome datasets

Search genome of G. bimaculatus from NCBI, GenBank: BOPP00000000.1 for SSR
sequence detection. Genome wide search for SSRs would be done using Phobos software
version 3.3.12. After searching would get the sequences that containing SSRs. Next, took the
400 sequences containing SSRs that were chosen randomly to NCBI BLAST by megablast.
The sequences containing SSRs would be extracted from the genome advanced BLAST.
Total 25 polymorphic SSRs were found from 400 randomly selected sequences from the
whole genome of G. bimaculatus. Afterwards, took 25 sequences containing polymorphic
SSRs to design the primer by Primer3 tool. Complete design the sequences and get 12
primers. PCR products were separated on 1.5% agarose gel using gel electrophoresis to check
the results. Increase the amount of MgCl2, if the result shows a faint band. After the master
mix and DNA were prepared, the PCR machine was used to amplify the amount of target
DNA for 40 cycles.
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Results and Discussion:

In silico polymorphism screening in G. bimaculatus genomes

The whole genome shotgun sequence of G. bimaculatus DNA, which has the length of the
sequences is 29,751,334 bases. BLAST 400 sequences randomly of G. bimaculatus genome
for SSR variation analysis, only 25 sequences out of them were found to be polymorphism.
Bioinformatics tools, the BLAST algorithm could be utilized to search for polymorphic SSRs
using in silico method. The advantage of SRA datasets was whether they contained
unassembled raw sequence data. GenBank sequences were assembled sequences that might
have assembly due to misinterpretation of repeats in the assembling process. As a result, this
study used the BLAST method to identify polymorphic SSR by comparing sequences
containing SSR to unassembled sequences from different individuals. BLAST might examine
the conservativeness of primer binding sites of sequences containing SSR by comparing them
to raw sequences before designing the primer for DNA amplification. As a result, aligning
raw reads provides data on the decrease of DNA amplification errors.

Polymerase chain reaction for SSR primer pairs validation

Checking primer binding site first in silico method may help to reduce the number of primer
pairs required for laboratory testing. Moreover, when trying to generate a large number of
markers for applications such as genetic linkage analysis, a minor increase in efficiency could
save time and cost [11]. Microsatellites had reported being efficient in insect population
genetic studies because they have a high polymorphic rate and were easily scored [12]. From
the results of the experiment, a total of 6 primers had a positive result but only 4 out of 12 of
gel electrophoresis were consistent with in silico method that could amplified sequences
containing polymorphic SSR with expected size. Some primers pair found many bands
which might be consistent with in silico method because multiple gaps were found in
microsatellite sequences. As a result, the various sizes of DNA bands were found. Some
primer contains insertion mutation in subject sequence. Therefore, this primer could not be
amplified the expected size. Negative results, long and multiple gaps were found, as a result,
PCR product were not found. The results are displayed in Figure 1 and Figure 2 G-L.
Sequences containing polymorphic SSRs taken by researcher were quite long in repeat
length. The longer repeat lengths were associated with increased mutation rates [12].
Microsatellites from C. avellana, the large percentage of which were from genomic
sequences, amplified >80% across Corylus species, according to [13], meanwhile, a few more
microsatellites isolated from C. avellana transcriptome sequences found a lower average
value (57%) [14]. Microsatellites from transcriptome sequences showed a high rate of
transferability [15].
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Visualization of comparison of in silico and in vitro.
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Development of SSR markers from genomes
In comparison, genomic microsatellites had high polymorphism and were found numerous
than transcriptome microsatellites[16]. Because SSRs can cause gene function gain or loss
through frameshift mutations, microsatellites found in protein coding regions have low allele
polymorphism and short repeat lengths [17]. If microsatellites are found in gene promoters
and intergenic regions, they have been shown the affect expression. SSRs within promotor
make gene expression vulnerable to changes caused by repeat sequence expansion or
contraction [18]. Alteration in transcription factor linkage sites produces an increase or
decrease in gene expression, which can lead to silent genes. Tandem repetitions in intergenic
regions can change the secondary structure of DNA by forming loops and changing
chromatin, which can lead to changes in the expression of neighboring genes and eventually
phenotypic changes [18, 19]. Although, transcriptome microsatellites showed a high rate of
transferability [15]. However, if you want to study about the polymorphic SSR, genomic
microsatellites might be a good choice because they had high polymorphism and abundant.
SSRs are the markers of choice in genetic studies, genetic variation analysis, parental
identification, and genetic linkage map construction. Because of their co-dominant nature,
high repeatability, and genome coverage [11]. Moreover, SSR marker development will
probably facilitate the creation of strategies to address some of the problems encountered by
farmed populations suffering from inbreeding depression [3, 20, 21]. Therefore, many genetic
studies currently require microsatellite markers, even though there are still significant issues
regarding how to isolate them [22].

Conclusion:

The study shows the search polymorphic microsatellite from G. bimaculatus genomes using
BLAST could be examined and visualized as gaps in the sequence alignment. In considering
the development of multiple SSRs in silico for in vitro testing. The method in silico saves a
lot of time compared to conventional methods and enables the development of microsatellite
markers effectively. The method is applicable to any research that requires the development
of microsatellite markers for the study of genetics. In addition, in vitro, 6 primers were able
to check the accuracy of the sequences that contain the expected size. The remaining 6
primers could not be used, 3 primers are negative results, they disappear any band. Another 3
primers are non-specified, they appear unexpected size. Although, one of them appears
expected size. The results of this study were quite satisfactory. Therefore, the researchers
hope that this study guide will serve as a model for studying genetic variation in crickets and
other species, and it is a promising alternative for SSR marker development from the
genomes and transcriptomes of cricket.
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Abstract:

In this study, we aimed to investigate the anti-obesity activity of Carissa carandas
Linn. (CC) extract and its possible mechanism on 3T3-L1 adipocytes. CCA and CCE were
obtained from ripe fruit by aqueous and ethanol extraction, respectively. CCE contained
higher amounts of phenolic, flavonoid, and anthocyanin compounds than CCA. CC extracts
treatment up to a concentration of 400 ng/mL had no cytotoxicity in 3T3-L1 cells. CCE (200-
400 pg/mL) treatment during 12 days of adipocytes differentiation exhibited a dose-
dependent reduction of lipid accumulation compared to the control (p<0.05) whereas CCA at
400 pg/mL significantly possessed this inhibitory activity. Interestingly, CCE treatment (100-
400 pg/mL) of 3T3-L1 cells for 72 hours during initiation of adipocytes differentiation
significantly suppressed lipid accumulation in a dose dependent manner. Thus, CCE was
selected to further analyze expression of adipogenic genes. Notably, CCE treatment of 3T3-
L1 cells at 400 pg/mL significantly suppressed the expression of major adipogenic
transcription factors, including CCAT/enhancer-binding proteina (C/EBPQ) and peroxisome
proliferator-activated receptory (PPARy). Therefore, the inhibition of adipogenesis by
regulating the expression of C/EBPa and PPARy by CCE occurred primarily in the early
stages of differentiation. Overall, C. carandas extract demonstrated anti-adipogenic activity,
which has a potential effect in anti-obesity in 3T3-L1 adipocytes.

Introduction:

Obesity is an important public health problem worldwide, including in Thailand.
Obesity is a high risk factor of several major non-communicable diseases, including diabetes
mellitus, coronary artery disease, stroke and cancer (1). Long-term greater energy intake than
energy expenditure results in excessive accumulation of lipids in adipose tissue, which
ultimately leads to obesity (2). Enlargement of adipose tissue mass in obesity is closely
related to increasing the size (hyperthrophy) and number (hyperplasia) of mature adipocytes
through adipogenesis (3). Adipogenesis is a multi-step process of cell differentiation which
convert undifferentiated preadipocytes into mature, lipid-containing adipocytes. It is
regulated by the precisely ordered of expression of transcription factors. CCAAT-enhancer-
binding protein a (C/EBPa) and peroxisome proliferator-activated receptor y (PPARY) are the
major transcription factors that regulate adipocyte differentiation by stimulating gene
expression to promote triglycerides synthesis and accumulation within the cell (4).

In addition to lifestyle changes, medications are often used to treat obesity. There are
two groups of approved drugs for obesity treatment based on different mechanisms, first
reduction of food intake via effects on the central nervous system and second, interference
with fat absorption via the gastrointestinal tract. Both have undesirable side effects; the first,
drowsiness; the second, diarrhea and nausea (6). Thus, a novel strategy that targets adipose
tissue directly is of significant interest.
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Recently, numerous bioactive compounds have been reported for their anti-obesity
activity in adipose tissue, including capsaicin (7), curcumin (8), cyanidin-3-glucoside (9, 10,
11), and anthocyanin (9,12,13). In 2020 Lee et al. reported that anthocyanin-rich black
soybean containing cyanidin-3-glucoside and delphinidin-3-glucoside has an anti-obesity
activity by reducing PPARy protein expression and triglyceride accumulation in 3T3-L1
adipocytes (9). Carissa carandas Linn has been reported in Thailand for its high amounts of
anthocyanin and cyanidin-3-glucoside and its biological activity for cancer, type 1 and type 2
diabetes treatments (14, 15). It is also reported to have antioxidant activity that helps aging
and wrinkles ( 16). At present, C. carandas Linn. in the form of herbal juice or herbal
capsules has been claimed to have pharmacological properties for treating various diseases
such as diabetes mellitus, emphysema, kidney disease, liver disease, cancer, paralysis, and
weight control. However, there have been limited studies on the anti-obesity potential of C.
carandas fruit in adipocytes.

Therefore, in this study, we investigated the anti-obesity activity of C. carandas fruit
extracts through measuring lipid accumulation as well as the mRNA expression levels of
adipogenic genes involved in adipocyte differentiation in 3T3-L1cells.

Methodology

Plant extracts

The ripe fruits of C. carandas were obtained from Nakhon Chaisri, Nakhon Pathom,
Thailand. A voucher of specimen and a preparation of plant extracts have previously been
described by our research group (15). Briefly, C. carandas powder 30 g was extracted at
room temperature for 24 hours with 300 mL deionized water or 0.5% acetic acid in 70%
ethanol to obtain aqueous extract (CCA) or ethanolic extract (CCE), respectively. The CC
extracts were filtered using Whatman No. 2. After that, the ethanol solvent was then removed
from the CCE filtrate using a vacuum rotary evaporator. Finally, CCA and CCE were
obtained using a lyophilizer and stored at -20 °C.

Determination of total phenolic contents

Total phenolic content of the CCA and CCE were determined using the Folin-
Ciocalteu reagent (17). A sample was mixed with Folin-Ciocalteu reagent and incubated at
room temperature for 6 minutes. Then, 7.5% sodium carbonate solution were added to the
mixture, mixed and incubated for 1 hours at room temperature. The absorbance was
measured using a 765 nm microplate reader. The total phenolic content was calculated as
milligrams of gallic acid equivalent (GAE) per one hundred grams dry wight using gallic acid
calibration curve.

Determination of total flavonoid contents

Total flavonoid content was determined using an aluminum chloride colorimetric
assay with slight modification (18). A sample was mixed with 5% sodium nitrite for 5
minutes and incubated at room temperature. Then 10% aluminum chloride and 1M sodium
hydroxide was added to the mixture. The mixture was mixed. The absorbance was measured
using a microplate reader at 510 nm. Total flavonoid content was calculated as milligrams of
rutin equivalent (RUE) per one hundred grams dry wight using the rutin calibration curve.

Determination of total anthocyanin content
Total anthocyanin content was determined using a pH-differential method (19). A
sample was mixed with 0.025 M potassium chloride buffer (pH 1.0) or 0.4 M sodium acetate
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buffer (pH 4.5). The absorbance was measured using a UV-VIS spectrophotometer at 520 and
700 nm. Total anthocyanin content was calculated using the following equation (20).

Total anthocyanin content (mg of C3G/g extract) = Ax MW x DF x V x 1000

Ex1x Wt

Where A is the absorbance (As20 — A700)pH 1.0 - (As20— A700)pt 4.5, MW is the molecular weight
of cyanidin-3-glucoside, DF is the dilution factor, V is the final volume (mL), € is the molar
absorptivity (26,900 L.mol—1.cm—1), I is the cell path length (1 cm) and Wt is the extract
weight (mg). The final anthocyanin content was expressed as milligrams of cyanidin-3-
glucoside equivalents per one hundred grams dry wight.

Cell culture

Mouse 3T3-L1 preadipocyte cells (ATCC, USA) were maintained in Dulbecco's
Modified Eagle Medium (DMEM) (Gibco, USA) containing 10% calf serum (Thermo Fisher
Scientific, USA) and 1% antibiotics (Invitrogen, USA), and incubated at 37 °C in a
humidified air atmosphere of 5% CO,. For adipocyte differentiation, the confluent 3T3-L1
cells were induced in DMEM supplemented with 0.5 pg/mL dexamethasone, 0.5 mM 3-
isobutyl-1-metylxanthine (IBMX), 0.5 pg/mL insulin (Sigma Aldrich) and 10% FBS for 72
hours (Day 0 to day 3). Then, the cells were differentiated for a further 72 hours in the same
medium without IBMX and dexamethasone (Day 4 to day 6). Differentiation was completed
within 6 days by replacing with DMEM with 10% FBS every 3 days (Day 7 to day 12).

Cytotoxicity assay

The 3T3-L1 adipocytes (3x10° cells/well) were seeded in 96-well plate for 24 hours.
The cells were then treated with CCA or CCE at various concentration (50-400 pg/mL). After
72 hours of treatment, the test solutions were then removed. The cells were fixed with 10%
(w/v) trichloroacetic acid solution at 4°C for 1 hour, washed with deionized water for 3 times
and dried overnight. Next, the cells were stained with 0.057% sulforhodamine B (SRB)
solution at room temperature for 30 minutes. The cells were washed with 1% acetic acid and
dried overnight. Finally, cells were dissolved with 10 mM Tris-base pH 7.4. The absorbance
was measured using a microplate reader at 510 nm, and the cell viability was calculated as a
percentage of the untreated control cells.

Effect of CC extracts on lipid accumulation using Oil Red O staining

3T3-L1 adipocytes (3x10° cells/well) were seeded in 96-well plates and differentiated
as described above. The treatment was performed into two conditions. First, cells were
treated with various concentrations of CCA or CCE (100-400 pg/mL) in a series of
differentiation medium from Day 0 to day 12. Second, cells were treated with various
concentrations of CCA or CCE (100-400 pg/mL) in a differentiation medium for 72 hours
(Days 0 to day 3) and then further differentiated until day 12. Cells were washed with cold
PBS, fixed in 4% formaldehyde at room temperature for 1 hour and stained with Oil Red O
solution for 5 minutes. After washing with deionized water, lipid-bound Oil red O was
dissolved using 100% isopropanol and measured absorbance at 520 nm using a microplate
reader.

Effect of CC extracts on adipogenic gene expression using RT-gPCR
3T3-L1 adipocytes (8x10* cells/well) were seeded in 6-well plates and differentiated
as described above. Cells were treated with various concentrations of CCE (100-400 pg/mL)
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in a differentiation medium for 72 hours (Days 0 to day 3). Then, total RNA was extracted
from the 3T3-L1 cells with TRIzol® reagent (Invitrogen, USA). The cDNA synthesis from
total RNA was performed by RevertAid RT Reverse Transcription Kit (Thermo Fisher
Scientific, USA) according to the manufacturer's protocol. Expression of adipogenic genes,
C/EBPa and PPARY, were quantified by real-time PCR using a 7500 Real-Time PCR System
(Thermo Fisher Scientific, USA) with SensiFAST™ SYBR Lo-ROX Kit (Bioline, UK). The
PCR primer was synthesized from Bio Basic (USA). The nucleotide sequences for PCR
primers were listed in Table 1. Gene expression analysis was calculated by the 24T method
(21) after normalization to B-actin.

Table 1
Nucleotide sequences of the forward primer and reverse primer.
Gene Forward primer Reverse primer
C/EBPa GCAAAGCCAAGAAGTCGGTG TCACTGGTCAACTCCAGCAC
PPARy TCCGCTGATGCACTGCCTAT GGAATGCGAGTGGTCTTCCA
B-actin TGGTGGGAATGGGTCAGAAG TGTAGAAGGTGTGGTGCCAG

Statistical analysis

Data from triplicate samples of three independent experiments were expressed as
means + SD. Statistical evaluation was performed using one-way analysis of variance
(ANOVA) with post-hoc Tukey's tests or post-hoc Dunnett’s test using GraphPad Prism
software (GraphPad Software Inc., USA). Values of P < 0.05 were considered significant.

Results and Discussion

Extraction yield

Aqueous extraction (CCA) gave the red crude extract with the extraction yield of
37.43% while 0.5% acetic acid in 70% ethanolic extraction (CCE) gave the dark purple crude
extract with the extraction yield of 50.20%. The yield of C. carandas fruit extraction in this
study is comparable to a previous study. Their results revealed that the 70% ethanolic extract
and the aqueous extract of the C. carandas fruit gave an extraction yield of 46.0% and 32.0%,
respectively (22). The extraction yield of 70% ethanolic extract was higher than that of
aqueous extract. This might be due to extraction of both polar and nonpolar substances with
aqueous organic solvents.

Total phenolic, flavonoids, and anthocyanin content of CC extracts

As shown in Table 2, the content of total phenolic, flavonoid and anthocyanin in CCE
were 881 + 2 mg of GAE/100 g DW, 1112 +£ 9 mg of RUE/100 g DW and 83 + 9 mg of
C3G/100 g DW, respectively which is higher than those of CCA (468 £ 1 mg of GAE/100 g
DW, 411 = 1 mg of RUE/100 g DW and 24 + 2 mg of C3G/100 g DW). A similar result was
reported in the previous study by Dhar et al. in 2017 on the effect of extraction solvents on
the phenolic and flavonoid contents of the Carissa carandas fruit. They reported that the
ethanolic extract had the phenolic and flavonoid contents with the concentration of 1082 +
106 mg of GAE/100 g DW and 874 + 40 mg of CE/100 g DW, respectively while aqueous
extract had the phenolic and flavonoid contents with the concentration of 529 + 38 mg of
GAE/100 g DW and 273 £ 15 mg of CE/100 g DW, respectively (22). However, the amount
of total phenolic contents in our extracts were lower than that in the Dhar ef al. study while
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the flavonoid contents were higher than that in the Dhar et al. study (22). Variation may be a
result from the difference of ripening stage or geographical location (23).

Table 2
Total phenolic, flavonoids and anthocyanin content of Carissa carandas extracts.

CC Phenolic contents Flavonoid contents Anthocyanin contents
extracts (mg GAE/100 g DW) (mg RUE/100 g DW) (mg C3G/100 g DW)

CCA 468 + 1 411+ 1 24 +2

CCE 881+2 1112+9 83+9

Values are mean + SD.

Cytotoxicity of CC extracts on 3T3-L1 adipocytes

To determine whether the Carissa carandas extracts affect the cell viability of 3T3-L1
adipocytes, cells were treated with various concentrations of CCA or CCE (100-400 pg/mL)
for 72 hours. Cell viability less than 80% was considered to be toxic. As shown in Figure 1,
CCA and CCE at up to 400 ng/mL did not present a cytotoxic effect to the cells. Moreover,
CCA and CCE were able stimulate the cell growth in 3T3-L1 adipocytes and these effects
may be due to phytochemicals in the CCA and CCE.

120
,‘A\f i S
£
= 80+
=
> - CCA —= CCE
o)
O 404
X
0 ] ) | 1
0 100 200 300 400

Concentrations (pg/mL)

Figure 1
Effect of CCA and CCE on cell viability of 3T3-L1 adipocyte. Cells were treated with
various doses of CCA or CCE (50-400 pg/mL). And then the cell viability was
determined using SRB assay. Values are expressed as means + SD.

Effect of CC extracts on lipid accumulation using Oil Red O staining

To determine the effects of CCA and CCE treatment on lipid accumulation in 3T3-L1
adipocytes. First, cells were treated with various concentrations of CCA or CCE (100-400
pg/mL) in a series of differentiation medium from Day 0 to day 12. Then, the lipid content in
aidipocytes were stained using Oil Red O. The results in figure 2A and 2B indicated that
CCA only at concentration 400 pg/mL significantly reduced lipid accumulation in 3T3-L1
whereas CCE at concentration 200 and 400 ug/mL significantly decreased lipid accumulation
in a dose dependent manner, respectively. To investigate the effects of CCA and CCE
treatment during initiation of adipocytes differentiation, 3T3-L1 cells were treated with
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various concentrations of CCA or CCE (100-400 pg/mL) in a differentiation medium for 72
hours (Days 0 to day 3) and then further differentiated until day 12. CCE treatment (100-400
pg/mL) of 3T3-L1 cells for 72 hours significantly suppressed the lipid accumulation in a dose
dependent manner. Therefore, the inhibition of adipogenesis by regulating the expression of
PPARy and C/EBPa by CCE occurred primarily in the early stages of differentiation. CCA
only at concentration 400 pg/mL significantly reduced lipid accumulation in 3T3-LI.
Interestingly (Figure 2C). CCE at concentration 100, 200 and 400 pg/mL significantly
decreased lipid accumulation in a dose dependent manner (Figure 2D). According to result,
the treatment with ethanolic extract of C. carandas fruit for 72 hours is therefore selected for
further investigation to verify their anti-adipogenesis activity in 3T3-L1 adipocytes.
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Figure 2

Effect of CCA and CCE on lipid accumulation in 3T3-L1 adipocyte for 12 days (A,B) and 72
hours (C,D). Cells were treated with various doses of CCA or CCE (0-400 pg/mL). And then
the lipid accumulation was determined using Oil Red O staining. Values are expressed as
means = SD.

Effect of CC extracts on adipogenic gene expression using RT-qPCR

To determine the effects of CCE on gene expression include C/EBPa and PPARy of
3T3-L1 adipocytes. Cells were treated with various concentrations of CCE (100-400 pg/mL)
for 72 hours. As shown in Figure 3A, CCE treatment at 400 pg/mL significantly decreased
C/EBPa gene expression as well as PPARy gene expression ( Figure 3B) in 3T3-LlI
adipocytes These effects may be due to the anthocyanin in CCE that have anti-adipogenesis
activity. Previous studies have also revealed that several anthocyanins such as cyanindin-3-
glucoside and delphinidin-3-glucoside inhibit lipid accumulation and also gene expression of
major transcription factor in adipogenesis (9,10). Further investigation should be performed
to confirm the effects of CCE on protein expression of these transcription factors.
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Figure 3

Effect of CCE on gene expression, including (A) C/EBPa and (B) PPARy in 3T3-L1

adipocyte for 72 hours. Cells were treated with various doses of CCE (0-400 pg/mL).

And then the gene expression was determined using RT-qPCR. Values are expressed
as means + SD.

Conclusion

The current study showed the inhibitory effects of C. carandas fruit extract on
adipogenesis and lipid accumulation. CCE treatment during the early stages of differentiation
significantly caused a reduction in the expression of the key transcriptional regulators,
C/EBPa and PPARYy, in 3T3-L1 adipocytes. We also demonstrated that CCE inhibited lipid
accumulation of 3T3-L1 adipocytes in a dose-dependent manner. These results suggest that
the anti-obesity effects of C. carandas fruit CCE result from a decrease in adipogenesis.
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Abstract:

This study reports the existence of neotenic net-winged beetles (Platerodrilus sinuatus group)
for the first time from Nakhon Si Thammarat province, southern Thailand. These insects are
terrestrial and mostly found in rainforest habitats. They prefer to live on dead wood, forest
litter, and soil with a higher organic matter content. In these beetles, the males and females
are morphologically different. Though the males undergo complete metamorphosis and
become fully winged adults, the females do not pupate and stay in larval morphology even
when they are sexually matured. Females are longer than males. Due to the winglessness of
the females they are not able to disperse so far. Whereas, the males look like other typical
lycid beetles and they can fly for a short distance. In this study, three females were observed
in ‘Khao Mahachai’ mountain located in Nakhon Si Thammarat Rajabhat University area,
Nakhon Si Thammarat province, and their photographs were taken. This mountain has
tropical moist evergreen forest. The first female was observed in July 2020 which was 3.84
cm long, the 2" one was observed in November 2020 which was 2.92 c¢m long, and the 3™
female was observed in May 2021 which was 4.78 cm long. Unfortunately, no male was
obtained through using light traps since Platerodrilus males do not respond to light traps. To
our knowledge, this is the first photographic record and published report on the existence of
P. sinuatus group beetles in southern Thailand. Reporting these P. sinuatus group beetles is
important for their conservation in Thailand. For doing this, protection and preservation of
mountainous rainforests in Thailand are necessary.

Keywords: Animal conservation, mountainous rainforest, Nakhon Si Thammarat Rajabhat
University, Platerodrilus beetles

Introduction:

The net-winged beetles (Lycidae) are diverse and abundant in humid tropics [1]. They are
terrestrial animals and mostly found in forest habitats. They occur mostly on dead wood, in
forest litter, and on soil with a higher organic matter content [1]. These beetles are interesting
since the adult males and females are morphologically very different [2, 3]. The males
undergo complete metamorphosis and become fully winged adults [4]. The males look like
other typical lycid beetles and their body length varies from 1.3-10 mm [5]. On the other
hand, the females are neotenous; they do not pupate and stay in larval morphology even when
they are sexually matured [4, 6]. Females are longer than males and they can reach up to 70
mm [7]. Due to the winglessness of the larviform females, their dispersal is very limited.
However, though males have wings, they fly in a short distance only when they need to
search for the females [7]. When a male finds a female, he tightly attaches to the gonopore of
the female and inserts his long and curved genitalia into the female’s gonopore. They stay in
this condition for about 5 hours. After releasing the female, the male dies within 3-4 hours
[4]. The female lays low number of large-sized eggs the next day. In these beetles, the
females may live for several years whereas males live shorter than females [4].
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The diet of lycid larvae is highly controversial. They feed on fermenting juices exuded from
rotting logs and branches of trees, fungi, slime moulds, molluscs, Diptera larvae, Bostrichus
larvae, and Clytus larvae. For example, Lygistopterus sanguineus larvae are carnivorous and
they prey upon the larvae of Bostrichus and Clytus [8]. Similarly, larvae of Lycostomus sp.
and Calopteron reticulatum are also carnivorous and they consume molluscs and Diptera
larvae [9, 10]. The larvae of Calopteron fasciatum, Xylobanellus erythropterus and Lopheros
lineatus feed on fermenting juices exuded from rotting logs of trees [11-13]. It was observed
that Duliticola hoiseni (= Platerodrilus ruficollis) fed on juices of rotting woods, and
examined a drop of liquid squeezed from that piece of wood under microscope [4]. It was
found that collected wood juice contained a wide variety of microorganisms including
protozoa, rotifers, nematodes, copepods, nauplii larvae and mites. The gut contents of several
D. hoiseni specimens were examined by the scientists (4) and found the same
microorganisms in there. According to those scientists, D. hoiseni larvae actually fed on
microorganisms within the juices of the rotting wood [4].

The feeding behavior of D. hoiseni was investigated by [4] and found that the larvae were
moving on the surface of fallen logs with their heads and antennae. From time to time, they
were observed to lower their heads and examine the surface with their antennae. Their
antennae might serve a sensory function to assess the dampness of the wood. During feeding,
they attach their heads and mouthparts into the crevices.

The taxonomy of net-winged beetles is based on the males, especially on the morphology of
their genitalia. Although a large number of net-winged beetles are observed in southeast Asia,
very few of them have been described, and most of them are female larvae. The reason is that
females are encountered frequently whereas obtaining males of the same species is
challenging since lycid males do not respond to light traps. The only way to obtain males is to
capture them when they mate with the females [4].

There are 97 genera and 4000 described species belong to the family Lycidae [1] and
Platerodrilus is one of them. They are found in three major biodiversity hotspots- Indo-
Burma, Sundaland and the Philippines including Palawan [5]. They prefer to live in humid
tropical rainforests, especially in mountain region [7]. The males of this genus can easily be
identified by looking at their antennae; there are 11 segments in their antennae [14]. On the
other hand, the female larvae can be recognized by their apical antennomere with peg-like
processes [15].

In this study, three Platerodrilus females were observed for the first time in Nakhon Si
Thammarat province, southern Thailand. Afterwards their species group was confirmed.

Methodology:

In this study, three Platerodrilus females were observed in/nearby ‘Khao Mahachai’
mountain which is located in the area of Nakhon Si Thammarat Rajabhat University
(8°27'50"N 99°51'37"E). Khao Mahachai mountain is a tropical moist evergreen forest. There
are two seasons in this forest. Rainy season from May to January with the heaviest rainfall
from October to December, and the hot season is between February to April. Many types of
trees are seen in this forest such as wood fern or buckler ferns, palm trees, malacca teak, and
white backed palm. Several wild orchid species and hundreds of animal species are also
found in this forest. Some of the forest areas are now used for rubber, durian, banana, and
mangosteen plantation.

The first Platerodrilus female was observed at around 7.00 am on 21% July, 2020. It was
walking on a concrete walkway nearby ‘Khao Mahachai’ mountain which is located in the
Nakhon Si Thammarat Rajabhat University area (Coordinates: 8°27'S0"N 99°51'37"E)
(Figure 1). The temperature was 26°C, humidity was 80%, and the weather was cloudy on
that time. The length of that female was 3.84 cm. The second one was observed at around
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7.30 am on 29" November, 2020 when the temperature was 23°C, and the humidity was
88%. The weather of that time was also cloudy. That Platerodrilus female was walking inside
the forest of the mountain (Figure 1 and 2). The length of that female was 2.92 cm. Finally,
the third female was also observed on the same concrete walkway nearby ‘Khao Mahachai’
mountain at 6.42 am on 26 May, 2021. On that time, temperature was 25°C, humidity was
82%, and the weather was cloudy. The length of that female was 4.78 cm. Several necessary
photographs were taken of all these females for identification.

Figure 1. The concrete walkway nearby ‘Khao Mahachai’ mountain in Nakhon Si Thammarat
Rajabhat University area (Source: 8°27'50.0"N 99°51'37.0"E - Google Maps).

2 PR ENS

Figure 2. The mountainous forest where Platerodrilus sinuatus group female was observed.
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Results and Discussion:

After analyzing all these photographs based on [5], several characteristics like flat and wide
bodies, triangular pronotum without prominent glabrous tubercles on the disc (except two
tubercles in the middle of posterior margin), similar-shaped mesothorax and metathorax,
presence of four tubercles (upper is rounded and lower is slightly transverse in shape) on both
mesothorax and metathorax, and the abdominal segments with slender and long lateral
processes confirm that these females are belong to Platerodrilus sinuatus group (Figure 3).
This group contains species from continental Asia, Sumatra, Java and Malay Peninsula. The
larvae from continental Asia do not have any tubercles in the thoracic terga (i.e., smooth
thorax) but in Sumatra, Java and Malay, larvae have tubercles in the discs of the thoracic
terga [5], like our specimens. However, more specimens, specially males are needed to
examine in detail to confirm the species of P. sinuatus group beetles found in Nakhon Si
Thammarat. Unfortunately, in this study, no male was obtained through using light traps
since Platerodrilus males do not respond to light traps [4].

Prothorax

Mesothorax

Tubercles

wo |

Metathorax

Abdominal
processes |

Figure 3. Dorsal (a) and ventral (b) views of Platerodrilus sinuatus group female specimen.

Previously Platerodrilus beetles have been reported from many countries (e.g., Malaysia,
India, the Philippines, Indonesia, Singapore, Laos, and Thailand) [5]. In Thailand, only one
species (Platerodrilus grootaerti) was reported from Na Haeo district in Loei province,
Northeastern Thailand [16]. However, there is no published record on the existence of
Platerodrilus beetles from southern Thailand. To our knowledge, this is the first photographic
record and published report on the existence of P. sinuatus group beetles from Nakhon Si
Thammarat province, southern Thailand.

Conclusion:

The dispersal ability of Platerodrilus females is very low and even the winged males do not
fly effectively and cannot disperse more. They entirely depend on moist rainforest since their
larvae require constant access to liquid food in the rainforest. Their extremely low dispersal
ability favors in situ diversification but it limits their exchange between major geographical
regions. Therefore, it is essential to conserve these net-winged beetles in their habitats in
Thailand. For doing this, protection and preservation of mountainous rainforests are
necessary. Besides, an extensive networking system is required to protect most of the tropical
rainforests and mountain ranges in South East Asia where net-winged beetles are found.
Finally, further research is required to know the species diversity, distribution, population
structure and behavior of P. sinuatus group beetles in Thailand.
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Abstract:

The most common cause of slow-healing wounds is a loss of fibroblast function and a
decreased response to tissue injury. Cordycepin, a bioactive compound of Cordyceps militaris,
is the potential herbal bioactive compound, which has various activities, including antioxidant,
anti-inflammatory, and tissue remodeling process. The aim of the present study was to improve
the effective of cordycepin, and evaluate the synthesis of collagen and elastin by dermal
fibroblasts to support wound healing activity. Human dermal fibroblasts were cultured and
treated with cordycepin, cordycepin medium (CM), and CM-loaded cassava starch
nanoparticles (CMP). The treated cells were evaluated, including cell proliferation, gene
expression of collagen and elastin, protein expression of type 1 collagen (Coll A1), and wound
healing activity. The result showed that CMP could significantly increase cell proliferation up
to 10-fold, gene expression of CollAl, KRT18, and Elastin up to 2.44 to 5.53-folds, when
compared with the untreated control cells. In addition, CMP could promote Coll A1 up to 27-,
21- and 3-folds, comparing to the untreated control, cordycepin, and CM, respectively.
Noteworthy, CMP improved the potential of wound healing activity 12-, 4.46- and 3.12-folds,
when compared to the untreated group, cordycepin and CM, respectively. Thus, this evidence
supported that the encapsulated nanoparticle of CMP could enhance the efficiency of wound
healing process in human dermal fibroblasts and might be applicable for cosmetic product
development.

Introduction:

Generally, in normal healthy people, when an injury occurs (injuries to the dermis), the
skin layer has a natural healing mechanism known as the wound healing process [1]. The most
frequent of slow-healing wounds is the loss of skin fibroblast function. Since the dermis
consists of two main proteins, collagen and elastin, these proteins are essential for the repair
and regeneration of human skin after injury or deterioration [2]. Dermal fibroblasts are the
main cell type present in skin connective tissue (dermis) that interacts with epidermal cells and
plays a critical role during wound healing and in bioengineering of skin, for example helping
to repair wounds, wounds caused by heat destruction and treatment of burns. If there is no
fibroblast at the wound site, it will not be able to form the extracellular matrix and the epidermal
cells will not be able to propagate above the wound site. [3]. In addition, fibroblast cells play a
role in the production of fibroblast growth factors (FGF) involved in stimulating the synthesis
of type I collagen and elastin, which are responsible for skin resistance and elasticity,
characteristics that are diminished with skin aging.

Cordyceps is a genus of entomopathogenic fungus that includes about 600 species. The
genus Cordyceps is classified under the order Hypocreales; family Ophiocordycipitaceae and
phylum; Ascomycota [4]. Cordyceps is a genus of entomopathogenic fungus that includes
about 600 species. Cordyceps militaris is a species of medicinal mushroom capable of
producing the bioactive compound Cordycepin (3'-deoxyadenosine), which has pharmaceutical
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effects for antioxidant, anti-inflammatory, and tissue remodeling process effects [6].
Cordycepin can be produced from cordyceps in both submerge culture and solid-state
fermentation, resulting in a range of biologically active compounds such as. polysaccharides,
cordycepin, adenosine, amino acid, organic selenium, ergosterol, sterols, cordycepic acid,
superoxide dismutase, and vitamins (A, E, B2, B3, and C) [7].

In addition, decreased levels of growth factors, reduced amount of collagen, abnormal
accumulation of elastin, and reduction in the epidermal and dermal thickness are often
indicative of clinical signs such as xerosis, wrinkles, sagging, blemishes, and all signs of skin
aging. In previous studies, we found that cordycepin increases the rate of cell migration of
intracellular fibroblasts, helping the skin stimulate the production of Collagen and accelerating
tissue regeneration through Adenosine Receptor-Mediated Wnt/pB-Catenin Pathway
Stimulation by regulating GSK3b activity [8]. However, we may be able to enhance the
effectiveness of cordyceps extract or cordycepin extract in rejuvenating skin, stimulating cell
growth, and improving wound healing. Therefore, in this study, it was interesting to develop
cordyceps extracts using extract encapsulation and nanotechnology and to study the potential
of CMP in wound healing compared to cells treated with cordycepin and CM in vitro.

Methodology:
Reagents and chemicals

Cordycepin standard and cordycepin medium derived from Laboratory of Cell-Based
Assays and Innovations (CBAI), School of Biotechnology, Institute of Agricultural
Technology, Suranaree University of Technology. 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), was purchased from Sigma-
Aldrich Chemical Co. (St. Louis, MO). Dulbecco's Modified Eagle Medium (DMEM), and
fetal bovine serum (FBS) was purchased from HyClone (HyClone, Logan, UT).
Fabrication of cordycepin medium-loaded nanoparticles

The preparation method of cassava starch nanoparticles was modified from physical
treatment. These methods are comprised of three steps in which (1) starch was extracted, (2)
CM was encapsulated, and (3) aqueous nanosuspensions of CM-loaded cassava starch
nanoparticles (CMP). First, 4% cassava starch powder was dissolved in 1,000 ml of DI water
under a magnetic stirrer for 30 min and added to ethanol (dropwise) ratio of 1:1.5 into a slurry
of hot starch and stirred for 30 min. Then, the hydrolyzed starch was collected by centrifugation
at 10,000 rpm for 5 min. The hydrolyzed starch was transferred to a hot air oven (60 °C) for 1-
2 days. Second, 6% of hydrolyzed starch powder from physical treatment was mixed with 2.5
mM of cordyceps medium while continuously stirring for 30 min. The solution was added
dropwise with ethanol at a ratio of 1:1.5 into a starch solution and stirred at room temperature
for 24 hrs. After incubation, the encapsulated nanoparticles were collected by centrifugation at
10,000 rpm for 5 min. Finally, 0.1% of CMP was dissolved by 10 ml of DI water and sonicated
by Ultrasonicator at 40% amplitude for 10 min (pulse on 5 minutes and pulse off 10 minutes)
to disperse and reduce the size of nanoparticles. The aqueous suspension of CMP was collected
at room temperature for future use.
Cytotoxicity Assays

MTT cell survival assay was used to determine the effect of cordycepin (C), cordyceps
medium extract (CM), and CMP on cell viability. The human dermal fibroblast cell line was
maintained in DMEM, supplemented with 10% FBS and 1% penicillin-streptomycin, and 1%
L-glutamine. The fibroblast cells were seeded in 96-well plates at a density of 1.5x10%
cells/well and incubated at 37°C in a humidified atmosphere containing 5% CO, for 24 hrs.
These cells were treated with a varied concentration of C, CM, and CMP for 24 hrs. The MTT
solution was added to each well at the final concentration of 0.25 mg/ml before further
incubation for 4 hours at 37°C in the darkroom. The formazan crystal was solubilized in
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DMSO. The absorbance was measured at 570 nm by using a microplate reader (BMG Labtech,
Ortenberg, Germany). The 50% inhibitory concentration (IC50) was obtained from the dose-
response curve of percent viability (Y) versus concentration tested (X) and calculated with a
linear regression performed using Microsoft Excel.

RNA Isolation and Reverse Transcription (RT-PCR)

Gene expression was examined by RT-PCR. Human dermal fibroblast cells were
cultured and transferred into the 6-well plates at 80% confluence. In normal condition, these
cells were treated with C, CM and CMP (1 pM, 1 pMand 0.1 pM, respectively) for 24 hrs
After incubation, total RNA was extracted with Macherey-Nagel Kit (Macherey- Nagel,
Diieren Germany). Total RNA was then converted into cDNA by ReverTra Ace® qPCR RT
Master Mix with gDNA Remover (TOYOBO CO., LTD., Japan). The PCR was carried out in
a Biorad/T100 Thermal cycler (Biorad, CA, USA) with specific primers, and amplified cDNA
products were identified by electrophoresis using a 1.5% agarose gel. The gel was visualized
using Red safe staining and gel documentation. Normalization of the relative expression level
of a target gene with the GAPDH gene as an internal control was used to determine the relative
expression level of a target gene. The expression of the type I collagen genes will be performed
by PCR (BioRad, USA) will be used the primer shown in Table 1.

Immunofluorescence

Human dermal fibroblast was cultured and in 24-well plates upper sterilized cover slip
at 80% confluence. After cell treatment, the treated cells were fixed with 4% paraformaldehyde
for 30 minutes at room temperature. Then, the cells were washed with PBS twice and
permeabilized with 3% bovine serum albumin (BSA) in 0.1% triton-X 100 of PBS for 20
minutes at 4°C. After 20 minutes, the cells were incubated with primary antibody (1:500 of

Anti-collagen type 1 Rabbit pAb, EMD Millipore Corp., USA). All incubations will be
performed for overnight, and then the samples were incubated with the secondary antibody
(Alexa Flouor™ 488 goat, Life technologies corporation, USA) (1:1,000) for 30 minutes.
Nuclei were stained with DAPI and observed under the fluorescence microscope (ZOE™
fluorescence cell imager, BioRad, USA).
Wound healing assay

To assess wound healing, a 10 pul pipette tip was applied to the cell surface in a straight
line and the loose cells are washed. Cells were then treated for 24 h at 37 °C in 95% atmosphere,
air and 5% CO,. Cells were determined under a light microscope and the wound healing site
was measured at incubation time (0, 12, 24 and 48 hours).
Statistical analysis of data

Each experiment was observed in Triplicate. The data were presented as mean + S.E.M.
and Statistical analysis was performed using SPSS (version 26.0, SPSS Inc., USA). Significant
differences between the treatment and control were determined by one-way ANOVA analysis,
followed by student T-tests, and *p < 0.05, **p < 0.01 and ***p < 0.001 was considered as
statistically significant.

Results and Discussion:
Cytotoxicity and cell viability of C, CM, and CMP in HDF cells.

The toxicity effects of C, CM, and CMP on HDF cells. The HDF cells were treated with
these bioactive compounds for 24h, and cell viability was determined by using MTT assay.
Results showed that C and CM can stimulate the proliferation of HDF cells at concentrations
of 1 uM, while CMP can stimulate the proliferation of HDF cells at a concentration 0.1 uM.
The half-maximal inhibitory concentration on HDF cells treated with C, CM and CMP was

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)

42



1,439, 519, and 106 uM, respectively Figurel. Many studies have demonstrated the cytotoxic
effects of cordyceps militaris extract concentration of 10-100 pg/mL was no significant change
in the cell viability [11]. Overall, the results showed that the developed CMP was able to
increase cell proliferation by up to 10 times.
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Figure 1. Cell viability and cytotoxic testing. The HDF cells were treated with Cordycepin
(A), CM (B), and CMP (C) for 24 hours. The treated cells were determined by MTT assay. Data
were presented as mean = SD (n = 3) *p <0.05, **p <0.01, and ***p <0.001 vs. control cells.

CMP can increase the gene expression of Collagen- and Elastin-rich synthesis on HDF
cells.

To determine and compare the gene expression of collagen-related genes on HDF
treatment with C, CM, and CMP treatment. The HDF cells were determined the expression of
collagen- and elastin-rich synthesis including Collagen type 1 (CollAl), Elastin, Keratin 18
(KTR18), and Vimentin after treatment for 24 hours. As shown in Figures.2, the expression
level of Collagen type 1 (CollAl) of C, CM, and CMP was increased higher than that of the
control group (untreated) at 1.85, 2.10, and 2.44-fold, respectively. The expression level of
Elastin was increased 2.10, 2.20, and 6.67-fold, respectively. The level of Keratin 18 (KTRI18)
expression was 1.95, 4.37, and 5.53-fold, respectively. While Vimentin expression was (.88,
0.96, and 0.94-fold, respectively. Therefore, the CMP can increase the gene expression of
CollAl, KRTI8 and Elastin up to 2.44-5.53-fold when compared to untreated group,
cordycepin, and CM, respectively. The CMP can increase the gene expression of Collagen- and
Elastin-rich synthesis on HDF cells. That accorded with Yu-Kan Liu [12], they succeed in
using cordycepin to increase the expression of Tissue Inhibitor of Metalloproteinase (TIMP),
which inhibits the action of Matrix Metalloproteinase, it can stimulate HSC to produce collagen
I and IIl and simultaneously prevent their breakdown (MMP). This study found that
nanoparticle encapsulation by CM extract induce collagen- and elastin-group.
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Figure 2. Gene expression of Collagen- and Elastin-rich synthesis on HDF cells.
Expression of CollAl, KRTIS, Elastin and Vimentin of HDF cells. The mRNA expression
levels of genes relative to controls (fold) after HDF cells were treated with a concentration (1
uM, 1 uM and 0.1 uM) of C, CM and CMP, respectively. Significance vs. control cells was
indicated as follows: *p < 0.05, **p < 0.01, and ***p < 0.001.
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CMP can promote the expression of Collagen Type 1 on HDF cells.

To determine the production of Collagen Type 1 in treatment cells. The HDF cells were
treated with C, CM and CMP and evaluated by Immunofluorescence staining (Figures 3). The
results showed that the expression of collagen in C, CM, and CMP groups was 1.45, 9.34, and
27.58-fold, respectively. These results demonstrated the CMP can promote the CollA1 up to
27, 21, and 3-fold when compared to untreated group, cordycepin, and CM, respectively.
Collagen's functions in skin and wounds are described in a number of recent reviews.
According to recent mapping research of collagen structure and function, collagen fibrils in
healthy, injured tissue are in a closed conformation that, when exposed to blood post-injury,
exposes cell- and ligand-binding sites that may aid in the healing process [13].
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Figure 3. Protein expression of Collagen Type 1 on HDF cells. The treated cells were
staining using Anti-collagen type 1. The staining cells were observed under fluorescence
microscope. The relative fluorescence intensity was compared to the control. Values were
expressed as mean £ SD (n = 3). Significance vs. control cells was indicated as follows: *p <
0.05, **p < 0.01, and ***p < 0.001.

CMP can improve the potential of wound healing activity on HDF cells.

To study the efficiency of wound healing in HDF cells treated with cordycepin, CM
and CMP in vitro. The wound area after HDF treatment were evaluated and calculated the gap
area by Image] program (Figures 4). The results showed that the gap area (um?) at times (0,
12, 24, and 48 hrs.) of control were 320,351, 240,528, 206,194, and 91,902(um?), respectively.
The C were 313,491, 197,454, 120,964, and 55,581 (um?), respectively. The CM was 313,452,
141,678, 107,598, and 57,784 (um?), respectively. The CMP was 303,149, 110,197, 77,116,
and 24,662 (um?), respectively. Moreover, these results showed that CMP was able to
significantly reduce the gap area after scattering when compare CM. Therefore, the
nanoparticles of CMP can improve the potential of wound healing activity 12, 4.46 and 3.12-
fold when compared to untreated group, cordycepin, and CM, respectively. Cell therapies with
CM and CMP have shown that it can induce collagen more than cordycepin. The collagen
serves as a natural substrate for cellular attachment, proliferation, and differentiation in

addition to contributing to the mechanical strength and elasticity of tissues [13]. Collagen

applied as an adjunct therapy in wound healing could promote healing potentially by acting as
a substrate aiding in the migration of key cellular components of wound healing or the promoter
of intracellular matrix, anti-inflammatory environment to resolve the injury toward healing
[14].
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Figure 4. The efficiency of wound healing on HDF cells. HDF cells were pre-scattering
before treated with C, CM and CMP for 12, 24 and 48 hours. The gap area was determined by
Imagel program. Values were expressed as mean £ SD (n = 3). Significance vs. control cells
was indicated as follows: *p < 0.05, **p <0.01, and ***p < 0.001.

Table 1. Primer used in the experiment.
Primer Sequence (5’-3°)
Collagen1Al (Forward) | CTGGATGGATTGAAGGGACA
Collagen1A1 (Reverse) CAACACGTCCTCTCTCACC

KTRI18 (Forward) CAGCAGCAGCTTCAGTACCAGTGTCTA
KTRI18 (Reverse) GGTGTAGGTATCATAACTCCGCCCATT
Elastin (Forward) CCGCTAAGGCAGCCAAGTATGGA
Elastin (Reverse) AGCTCCAACCCGTAAGTAGGAAT

Vimentin (Forward) CCAGATGCGTGAAATGGAAG
Vimentin (Reverse) TGAGTGGGTATCAACCAGAG
GAPDH (Forward) ACCTGACCTGCCGTCTAGAA
GAPDH (Reverse) GCTCAGGGGCCTTTGGACATCTCTT
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Conclusion:

Many collagen peptides have been identified from many different collagen types and
have been shown to regulate processes such as cell proliferation, migration, apoptosis, and
reduce angiogenesis of fibroblast cells via the secretion of collagen precursors. The
nanoparticle of CMP promoted collagen synthesis in fibroblast cells. Since the cells are located
in the dermis, it is critical for wound healing during the damage of the skin layer. CMP
activated wound healing via the stimulation of HDF proliferation and collagen synthesis. The
result showed that CMP was more effective than CM in all observed parameters. CMP
upregulated collagen synthesis genes and wound healing activity, in which the effective
concentration was less than C, and CM over 10 times. Thus, CMP could increase the efficiency
of the wound healing process in vitro. Based on these experiments, CMP might be applicable
for further developing into cosmetics, dietary supplements, or medicines in the future.
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Abstract:

The rapid increase of antimicrobial resistance caused by drug misuse and overuse is
currently a serious global public health. One of the causes arises from prescribing broad-
spectrum antibiotics prior to diagnosing the pathogen, mainly because the current antibiotic
susceptibility testing methods are time consuming. To reduce the turnaround time, this study
aims to develop and apply a bacterial cytological profiling (BCP) method that can
differentiate antibiotic-sensitive and resistant strains of Acinetobacter baumannii, based on
the degree of morphological changes after antibiotic treatment. The results showed that the
minimal inhibitory concentration (MIC) of ciprofloxacin in A. baumannii was 0.5 pg/mL.
Five strains of ciprofloxacin-resistant A. baumannii with various degree of resistance were
isolated by serial passage method and these were used as the test models. Next, fluorescent
microscopy was employed to observe the morphological changes of both ciprofloxacin-
sensitive and resistant strains of A. baumannii following exposure to 1x MIC of
ciprofloxacin. From the BCP analysis based on 34 morphological parameters of the bacteria,
the result showed that all resistant strains exhibit less morphological changes when compared
to their sensitive counterparts upon antibiotic treatment as indicated by the degree of cluster
separation via Uniform Manifold Approximation and Projection. Collectively, these results
suggest that degree of morphological changes of the bacteria upon antibiotic treatment could
be useful for the development of a single-cell and rapid antibiotic susceptibility test in the
future.

Introduction:

Nowadays, the antimicrobial resistance (AMR) situation is a major global public
threat to human health. According to the report in 2019, around 1.27 million people die
annually from AMR infection (1). If appropriate action is not taken, the death toll from AMR
will rise to 50 million in 2050 (2). In 2020, the World Health Organization, revealed that only
a few antibiotics have been approved in recent years, 82% of which are adaptations of
existing antibiotic classes (3). It indicated that the research, development, manufacture, and
effective distribution of antibiotics is currently unable to keep up with the rate of emergence
of AMR. Conversely, bacteria have evolved several mechanisms to resist against antibiotics,
1.e., antibacterial molecule inactivation, modification at the binding site of the target, reduced
antibiotic penetration and accumulation (efflux pump), and biofilm formation. In particular, a
group of pathogens, abbreviated as ESKAPE, encompassing Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species were designated as priority status (4), especially A.
baumannii.

A. baumannii is gram-negative, rod-shaped (coccobacilli) bacterium that is normally
found in soil and natural water but also found in hospitals. Thus, it is one of the major
organisms causing nosocomial infections such as bloodstream infections, pneumonia, and
meningitis (5). Moreover, it is intrinsically resistant to multiple classes of antibiotics (6). At

© The 48" International Congress on Science, Technology and Technology-based Innovation (STT 48)

48



SCIENCE AND TECHNOLOGY
FOR ADVANCING TOWARDS SDGs

present, various antibiotics are being used against A. baumannii in the clinic including
amikacin, cefepime, ciprofloxacin, piperacillin/tazobactam, ampicillin/sulbactam, and
imipenem (7). Although several factors can induce resistance, there are two main reasons why
A. baumannii can become resistant to antibiotics: drug misuse and overuse (8). Drug misuse
can occur when the patient has not completed the course of antibiotics. Thus, the
concentration of the drug is not sufficient to kill the bacteria causing infection. On the other
hand, drug overuse may occur if the doctors prescribe a broad-spectrum antibiotic, i.e., any
antibiotic that acts against a wide range of disease-causing bacteria (9) to save the patient’s
life without waiting for confirmation from the laboratory result. This just-in-case prescription
is the result of the long turnaround time of the conventional antibiotic susceptibility testing
(AST) methods used in the clinical laboratories; thereby, broad-spectrum antibiotics
prescription is preferable.

The general AST methods includes disc diffusion, agar dilution, and the broth
microdilution methods (8). These methods are reliable and have been highly standardized.
However, the common limitation of these AST methods at present is that they are very time-
consuming. For example, in the disc diffusion method, the total turnaround time is around 48
hours at least (10). Many methods have been developed to cut down the turnaround time of
the AST by focusing on molecular detection of the known antibiotic resistant genes which
can reduce the turnaround time to a few-hour scale. However, the molecular detection
method is heavily dependent on prior knowledge of resistant genes responsible for each
antibiotic and, hence, limiting its use to only a well-known set of resistant genes. To
overcome a forementioned obstacles, various rapid AST methods have been carried out based
on the single cell phenotypic-based assays such as Microfluidic system (11), Single Cell
Morphological Analysis (SCMA), Magnetic bead biosensor (12), and Bacterial Cytological
Profiling (BCP) (13). Among others, BCP, which is a tool that relies on the analysis of
bacterial morphological changes upon antibiotic treatment and uses morphological alteration
pattern to predict the mechanism of action (MOA) of the antibiotics, is particularly
interesting. The advantages of BCP are its simplicity, rapidly identifying targets, thereby
overcoming the longstanding time consumption problem, and its ability to be adapted to
single-cell phenotypic profiling. Furthermore, BCP can distinguish between antibacterial
molecules that affect different cellular pathways as well as different targets within the same
pathway, and it does not require growth data such as viable cell counts before screening (13).
Moreover, BCP has been used previously in resistance detection in S. aureus, where they
developed a rapid antimicrobial susceptibility assay of S. aureus. They used 71 cytological
profiles from treating S. aureus with beta-lactam antibiotics such as oxacillin and cephalexin.
After that, they used linear discriminant analysis (LDA) to generate a linear classifier.
Therefore, they were able to discriminate between methicillin-susceptible and -resistant
strains obtained from clinical isolates within 1-2 hours (14).

The aim of this project is to advocate BCP as a next generation AST method, and to
demonstrate that morphological differences can be used to discriminate between sensitive and
resistant strains of 4. baumannii, when treating bacteria with antibiotics. We hypothesize that
if the bacteria are susceptible to antibiotics, upon treatment, the treated cell will have a
different morphology from untreated cells. On the contrary, resistant strains should show no
morphological changes based on the assumption that antibiotics do not affect the resistant
strains. Here we isolated five ciprofloxacin-resistant A. baumannii and showed that resistant
strains exhibited less morphological changes when compared to a wild-type strain upon
antibiotic treatment as indicated by the degree of cluster separation via Uniform Manifold
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Approximation and Projection (UMAP) (15) analysis suggesting its potential in further
development of a rapid AST in the future.

Methodology:
MIC determination
The MIC of ciprofloxacin was determined by the microdilution method. First,
A. baumannii ATCC17978 from frozen stocks was streaked on LB agar plates and
incubated overnight until single colonies were obtained. The following day, a single
colony was picked and inoculated into 5 mL of LB broth and incubated overnight at
30°C on a roller incubator. The next morning, the overnight culture was diluted in
fresh LB media to attain ODgoo of 0.2-0.4. Meanwhile, a 96-well plate was prepared
by aspirating 100 pL. of LB broth into each well. Appropriate concentrations of
ciprofloxacin were added into the first column of wells, and then 2-fold serial dilution
was performed along the rows. After that, the bacteria culture was diluted 1,000-fold
into 96-well plate that contained LB media with a suitable concentration of
antibiotics. A negative control containing only bacteria culture and a positive control
containing only LB broth were prepared for every condition of drug tested. The plate
was incubated at 30°C for 24 hours. The MIC was determined by visually observing
the lowest concentration of the drug able to inhibit the growth of the bacteria.
Moreover, this observation was further confirmed by a microplate reader, by using
ODeoo to measure the density of media in each well and compare with control.
Resistant mutant isolation by serial passage
The overnight culture was diluted 1,000-fold and transferred to a 96-well
plate containing one-quarter of the MIC of ciprofloxacin in LB, which was incubated
at 30°C until the bacteria grew in the medium. Once the bacteria were growing well, it
was sub-cultured in LB media containing higher concentrations of ciprofloxacin and
incubated further. The method was repeated until the bacterial grew in media
containing up to four times the MIC, and resistance was achieved. Each passage was
accompanied by a media-adaption (positive) control containing no antibiotics and a
negative control containing only LB to examine the possibility of spontaneous
mutations and also to detect any contamination in the process.
Confirmation of resistant strains
After obtaining the resistant strains, the bacteria were first grown on LB agar
plates containing four times the MIC of the antibiotic to verify the drug-resistance
ability. The colonies from that plate were transferred to Leeds agar plates (16) to
confirming that they were Acinetobacter species. After confirming both the drug
resistance and the species, the MIC of these strains were once again determined as
mentioned previously. Furthermore, 16S rRNA sequencing was also carried out to
confirm A. baumannii. For 16S rRNA sequencing, the bacteria were first grown on
LB plates and the DNA was extracted from the bacteria by using the colony PCR.
Next, the DNA was amplified by PCR using bacterial universal primers, forward (F)
primer BSF8/20 (5’-AGAGTTTGATCCTGGCTCAG-3") and reverse (R) primer
REVB (5’-GGTTACCTTGTTACGACTT-3"). The PCR products were purified by a
commercial kit following the manufacturer’s instructions and lastly, sent for
sequencing.
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Fluorescence microscope and image analysis

Both the sensitive and the resistant strains of A. baumannii were first grown to
the early log phase. Ciprofloxacin at the MIC concentration was added and incubated
for one hour at 30°C on a roller incubator. After that, the cells were collected by
centrifugation at 10,000 rpm and resuspended back in 1/10 of the original volume. A.
baumannii cells were stained with fluorescence dye, i.e., FM 4-64 (1 pg/mL), DAPI
(2 pg/mL), and SYTOX green (0.5 uM). The stained bacteria were loaded to agarose
pads (1.2% agarose in 20% LB broth) on concave glass slides. Fluorescence
microscopy was performed with consistent imaging parameters throughout all
experiments. Targeted number of cells from each condition will be at least 1,000 cells
from 3 independent experiment for downstream image analysis. Image analysis was
carried out by first subjecting the images to FIJI software followed by CellProfiler 4.0
software and from this, 34 cell morphological parameters were collected based on
previous studies (17). These parameters were then used to analyze and plot in a 2-
dimensional graph by using UMAP (15).

Results and Discussion:

We first determined MIC of ciprofloxacin against 4. baumannii ATCC17978 by
microdilution method. The result showed that the MIC value of ciprofloxacin is 0.5 pg/mL
(Table 1). Once the MIC was obtained, the ciprofloxacin-resistant strains were isolated from
A. baumannii ATCC17978 by serial passage method, as detailed in the methodology section,
using 25% of the MIC as the starting concentration. This resulted in five strains that showed
resistant towards ciprofloxacin, with strains RS1056 and RS1058 showing 8 times higher and
strains RS1060, RS1061, and RS1064 exhibiting 16 times higher MICs than wildtype strain
(Table 1). According to the CLSI standard (18), based on the MIC level, sensitive (< 1
png/mL), intermediate (2 pg/mL), and resistant (> 4 pg/mL) (18). All five resistant strains
1solate in this study could be categorized as the resistant strain. To prevent any contamination
possibility during resistant strain isolation, the identities of the strains were periodically
confirmed by Leeds agar plates, which are selective media for Acinetobacter species, and
followed by the final confirmation via 16S rRNA sequencing that showed 98.8-99.6%
identity to A. baumannii.

Table 1.
Table showing the MIC of all strains of A. baumannii together with CLSI susceptibility
indicators.
Strains MIC CLSI standards ?
(ng/mL)

ATCC17978 0.5 S
RS1056 4 R
RS1058 4 R
RS1060 8 R
RS1061 8 R
RS1064 8 R

4 CLSI standards, S = Sensitive, I = Intermediate, and R = Resistant (18)

Since previous studies of BCP used high concentration of antibiotics such as 2 to 5
times the MIC in order to detect the morphological changes of the bacteria (17), we first
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tested if the morphological changes of the A. baumannii could be detected at 1X MIC
concentration of ciprofloxacin or not. Interestingly, we also found that, upon ciprofloxacin
treatment at 1X MIC, the cells also elongate, and the DNA condensed in the middle of the
cell similar to what was reported at higher concentration in a previous study (Figure 1A-B)
suggesting that, at lower concentration, ciprofloxacin also induces morphological changes of
the bacteria. Next, to confirm that morphological changes between untreated and treated-cells
are distinguishable, we performed single-cell profiling analysis using a previously reported
morphological parameters (34 parameters) via UMAP analysis to see the single cell data
pattern on a 2-dimentional scatter plot. As expected, the resulting graph (Figure 1C) showed
two separated clusters corresponding to the untreated (gray) and ciprofloxacin-treated (red)
cells, indicating a clear difference between the two groups. It is worth noting that, the
distance between the two clusters is proximal which is possibly due to the use of a previously
reported 34 cytological parameters that were not particularly tailored to differentiate
untreated from ciprofloxacin-treated cells in this study. Therefore, it is interesting to explore
the pipeline development that is specific to each antibiotic in the future. A previous study
(19) employed a machine learning algorithm called Support Vector Machine-Recursive
Feature Elimination (SVM-RFE) to select the most discriminative features from a high
dimensional dataset to increase data interpretation accuracy. Similarly, since BCP dataset is
also high dimensional, an appropriate machine learning algorithm could also be applied in the
process of feature selection instead of using handpicked features; thus, providing a more
descriptive and unbiased morphological features for the analysis of bacterial morphological
changes.

Since 1X MIC concentration of ciprofloxacin could induce detectable morphological
changes of the sensitive strain of the bacteria, we were next intrigued to see if this pipeline
can be applied to the analysis of resistant strains, similar to a previous study done in S. aureus
(14). We hypothesized that upon treatment with ciprofloxacin, sensitive strains will display a
change in morphology while resistant strains would remain unchanged, presenting similar
morphologies to those of the untreated cells. The results from fluorescent microscopy showed
that the resistant strains RS1056, RS1058 and RS1060 (Figure 2A-C) displayed similar
morphologies between untreated and ciprofloxacin-treated cells (Figure 2A-C). In accordance
with the observed morphology, image analysis and UMAP plot revealed that the untreated
cells (grey dots) and treated cells (red dots) from those of resistant strains formed overlapping
clusters (Figure 2A(ii1)-C(ii1)), further indicating that the morphologies of the ciprofloxacin-
treated cells of the resistant strains are indistinguishable from the untreated group.

Slightly difference from the first 3 strains, resistant strains RS1061 and RS1064
exhibited heterogenous morphological changes upon ciprofloxacin treatment. We found that
some of the ciprofloxacin-treated cells of these two resistant strains exhibit marginally
changes of the morphology that are similar to those of sensitive strains (Figure 2D and E,
arrows). These slight changes in observed morphology were also reflected in the UMAP
analysis revealing that the clusters between untreated and treated cells are in very close
proximity (Figure 2D and E) but do not completely overlap. Even though the two clusters
from resistant strains were not completely separated, this finding is slightly contradicting
with our hypothesis. We speculate that the 1X MIC concentration of ciprofloxacin used in
this study is probably too high, thus still having morphological effect even with resistant
strains. Also, a previous study showed that the antibiotic concentration as low as one fourth
the MIC of the antibiotic could induce changes of bacterial phenotypic fingerprint (similar to
BCP) (20). Therefore, it is important, in the future, to examine the lowest effective dose of
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antibiotic that could induce morphological changes of the sensitive bacteria rather than using
a constant 1X MIC from a CLSI standard as a cut-off. Having a clear cut-off will benefit the
process of defining the decision boundary for classification of sensitive and resistant strains
in the future.

ATCC17978

1o ©) - Treated
Untreated

UMAP 2

-4

-5.0 -2.5 0.0 25 5.0 7.5 10.0 125
UMAP 1

Figure 1.

The morphology observation of A. baumannii ATCC17978 untreated, Ut (A) and treated cells
with ciprofloxacin, CIP at MIC concentration (B). The cell membranes were stained with
FM4-64 (red) while DNA was stained with DAPI (blue) and SYTOX Green (green). SYTOX
Green indicates membrane permeability. Scatter plot graph from UMAP analysis (C) between
untreated (gray) and treated (red) with ciprofloxacin at MIC concentration (n=1,000).
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Figure 2.

The morphology observation of A. baumannii resistant strains encompassing; RS1056 (A),
RS1058 (B), RS1060 (C), RS1061 (D), and RS1064 (E) between untreated, Ut (i) and treated
cells with ciprofloxacin, CIP (i1) at MIC concentration. The cell membranes were stained
with FM4-64 (red) while DNA was stained with DAPI (blue) and SYTOX Green (green).
SYTOX Green indicates membrane permeability. Scatter plot graph from UMAP analysis
(111) between untreated (gray) and treated (red) with ciprofloxacin at MIC concentration
(n=1,000).
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Conclusion:

In this study, we successfully isolated 5 strains of ciprofloxacin-resistant A.
baumannii with 8 to 16 times more resistant than the parent strain via serial passage method.
We then performed single-cell image analysis showing that, at 1x MIC concentration,
ciprofloxacin could induce morphological changes in the sensitive strain, thus separating into
two different clusters of profiles (untreated and treated) on 2-dimensional plot of UMAP.
Lastly, we showed that ciprofloxacin-resistant strains exhibit no or low degree of
morphological changes upon the antibiotic treatment, suggesting that single-cell BCP could
differentiate resistant from sensitive strains based on the degree of morphological changes.
This finding will be useful in developing a rapid AST based on BCP in the future to reduce
the turnaround time of the conventional AST which generally relying upon a time-consuming
bacterial population growth analysis. However, to eliminate the limitations mentioned in this
study, future work should focus on 1) exploring pipelines that use machine learning to select
best-fit morphological parameters for a better analysis and 2) investigating the lowest
effective dose of the drug that can induce morphological changes of the bacteria prior to
select the concentration cut-off for the analysis.
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Abstract:

Osteoarthritis (OA) is the inflammation of a whole joint, which is commonly found in elderly
and obese patients. While OA is mostly found in load-bearing joints like knee joint, non-load
bearing joints such as hand and wrist joints were also affected, especially in obese population.
Thus, some factors other than the weight-bearing might be accounting for OA in these joints.
Leptin, a cytokine secreted from the adipose tissue and found to be increased in the synovial
fluid of obese patients, was reported to link with OA. However, the combined effect of leptin
and other inflammatory cytokines on fibroblast-like synoviocytes (FLSs) has not yet studied.
The objective of this study is to investigate the effect of leptin alone and combined leptin and
the pro-inflammatory cytokine, IL-1B, on inflammation of FLSs. Our study found that leptin
induced the expressions of pro-inflammatory cytokines IL-6 and IL-8, both gene and secretory
protein levels, in FLSs significantly. Moreover, leptin enhanced the inductive effect of IL-1
on expressions of these cytokines via NF-kB and STAT signal