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3.2  Plant Material

Acmella paniculata was collected from TKC Herbal Nursery, SeVHm
(Malaysia). The plant was identified by a botanist, Dr. Mohd Firdaus Isn@n the
Institute of Bioscience, University Putra Malaysia, and the voucher%@en (MFI
0164/20) was deposited at the Herbarium of the Institute of Bioscienc%i'versity Putra

Malaysia (Appendix 1). Start by selecting the plant material, \“hich this study is the

leaves and flower. Figures 3.1 A and B show the drying s$ of t?e A. paniculata
plant. They should be washed and filtered. Then, lay themyut on wc‘e for one
day. Spread out the plant material evenly on top of per a iur&@}leave
some space between the pieces so that they ¢ ve Iy." ha@%d, place

icrowa%:z)\:en set to 60
ep v@%id in the removal

them on newspaper and wrap them well. le eiti

°C for one week to allow the plant ma 'hry out.

of any remaining moisture in the pI%aterial. \NWe

from the microwave and let th%ompﬂstely.

food processor to grind the dried plant rialinto @ powder. Once you have the

powder, you can store % 'rtight" ntai erﬁn'sbol, dry place for further use.

aj@\are dry, remove them

S
er i@ cooled, use a blender or
&
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Figure 3.1 (A): A. paniculata Leaves (A) and
Newspaper and Store in Micro

'

3.1(B): The Proce@"Forming A. paniculata Powder Using a Grinder
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3.2.1 Plant Extraction
A total of 800 g of A. paniculata flower and leaves powder were extracw
1L each) serially with n-hexane (H), dichloromethane (D), acetone (Ac) a@hanol
(M) in the order mentioned. The extract was then filtered using vacu ation and
Whatman No. 1 filter paper. The collected filtrate from each solyent were then
separately evaporated using a rotary evaporator (Laborota 4 Ommany). Finally,
X

10% DMSO (Dimethyl sulfoxide, Sigma-Aldrich, US e(i to dilute each

extract. .\d
"X

The bacterial strain that has b sed/in this studysiS S. r@ﬂs ATCC 25175.

The bacteria were cultured at 37 H\der an\'bi%c q®ns (when comparing

S
aerobic and anaerobic incub% Wag discovered t anaerobic conditions

performed best) by using A%It@li rain, Hear @usion (BHI) broth (Himedia,

USA). The cells ha arvested b ce‘n ifugation and washed twice with
4 $ &
phosphate buﬁe;@ellet\ﬁ/??dded to é&eﬁ BHI broth and glycerol (Merck,
Germany) with&ti f8: }at @“é as a stock culture.
¢ ? C—)
-ééJ
N

Y—v

3.4 timicrobial Screen@lﬁy Disc Diffusion Assay
E\rhe disc diffusion method for antimicrobial susceptibility testing was carried
u

according to the standard method (Adzitey, 2020) to assess the presence of

A\

ntibacterial activities in the plant extracts.
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Streptococcus mutans was cultured on Muller Hinton broth (MHB, Himedia,
USA) under anaerobic conditions at 37 °C for 24 hours. After that, the bacterlalw
was optimised to 2.0 McFarland (Appendix 3) to get an approximately 6 x £02 erial
suspension (McFarland, 1907) by adding 2 mL of the bacterial culture H&WL MHB.
S. mutans were spread evenly onto Muller Hinton agar (MHA, Him(RUSA) using a
sterile cotton swab and left to dry for 15 minutes. Six millimetr. sMaper discs were
then soaked in both A. paniculata leaves (APL) and flow y):xvacts (n-hexane,
dichloromethane, acetone and methanol) with different entr ioWO mg/mL,

@

50 mg/mL, 25 mg/mL and 12.5 mg/mL each. The discs wer Iaded_@dried

cultured MHA. Penicillin and 10% DMSO hav

sed astt tivi ﬁa'negative
i

at BEiC er ana.@ix;conditions.
After 24 hours of incubation, the mNW&es were redé’! tests are done in

controls, respectively. The plate was then in

triplicate. Cf) Y c,)\<\
S

I &
Y. "l N
3.5 Determlnatlor% inimu dltb&' Concentration (MIC) and

4
Minimum er|C|da| \Csn ratlﬁBC)

med cléﬁg the two-fold serial dilution method

MIC a we

BeE‘ER/IIC and MBC tests were done to determine

described b n |ah aI. .
NN
the Iow% ntration atwhich ar'l%lmlcroblal agent inhibited and killed a particular

Ylv
orgﬂArespectlvely \'c.;/

or the MIC test, the MTT assay was inserted into a 96-well plate to visually
rentiate between the live and dead cells after the incubation period. A total of 100
L of S. mutans (108 CFU/mL) was added to various concentrations of APL n-hexane

extract (APLHE), APL methanol extract (APLME), APF n-hexane extract (APFHE)
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and APF DCM extract (APFDE), ranging from 6.25 to 100 mg/mL, diluted in MHB to
a final volume of 200 pL/well. DMSO (10% v/v) was used as a negative conw
penicillin (0.04 mg/mL; Sigma-Aldrich, USA) as a positive control. @hose
samples were incubated at 37 °C under anaerobic condition for 24 hoA

After the MIC determination, aliquots of 5 pl from all the tu Qhat showed no

visible bacterial growth were seeded on sterile nutrient agar ( ime SA) plates and
incubated overnight at 37 °C anaerobically. When 99.9% cte jal populatlon is
killed at the lowest concentration of an antimicrobia nt, i | an MBC
endpoint. This was done by observing pre- and incubated a p'at r the

presence or absence of bacteria.

®)

3.6 Anti-biofilm Assay I<\

N,
Anti-biofilm assay Was%ed uglng t methaﬁ.?rom (Khan et al., 2020)

&
with modifications. The bi Im orT assay W@OHE by crystal-violet assay

(Sigma-Aldrich, USA)% We!‘$1%“tbtadbE 1 mL S. mutans was transferred
or 24

to 10 mL BHIB an ubatedla rs anaerobically. The culture is then

uw 2

——Q

diluted 1:100 | H f ba are added to a 96-well plate, followed
by 50 L of AP E FP{E eJd APFDE at concentrations ranging from 12.5
to 100 / eachrwel inlcn 0 04 mg/mL) and 10% DMSO acted as positive
and tlve controls, respeo(@e'ly The microplate well was then anaerobically

Xd at 37 °C for 24 hours. Next, the biofilm formation was quantified by

G uring the absorbance of the solutions (biofilm and crystal violet) at 595 nm using

microplate reader (Model 680, Bio-Rad, California, USA).
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3.7  Time Kill Assay

A time-kill assay was performed to investigate the rate of killing the S.
by APLHE, APLME, APFHE and APFDE according to the method by @t al.,
(2015). S. mutans growth was initiated by inoculating MHB for over incubation.
Then, 2 mL of the S. mutans were subculture into 8 mL of fresh B to get an
approximate density of 2.0 McFarland standards (6 x 10® bacterial suspension). All four
extracts were prepared at 1 x MIC, 2 x MIC, and 4 x M mritions (12 mL) of

APLHE and APLME at 25, 50, and 100 mg/mL, and A E an A.T*Qﬁt 12.5, 25,
@

Y

and 50 mg/mL, respectively. Then, 1 mL of the ab epared ba ia‘ S&Sp}mion
was added to each extract concentration and 1 d a%' at {iTC for 28
hours. Positive control includes the bacteriaw siom{vit 04 mgégzgf penicillin,

while negative control includes the ba\%aspension ithout @ﬂiculata extracts.
A volume of 10 pL of sample was [%d out o &be q@uergo a serial dilution
S
t0

and each diluted sample was s MHA'at 0,4, 8, 2 28 hours. The petri dish

plates were then incubated hﬁ)icit vernight ‘g °C. Colonies on each plate

were counted and exp% num‘kz of (:'Ildny@rming units/mL (CFU/mL). The
&

killing rate was de Wd byl ogagy of the viable colony counts against
time. The reduction entage i '
& ??" &
Qv ) N
nit

c{' J ia&unt — count at x interval
ducti x 100
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3.8  Statistical Analysis

The results were expressed as mean + SD (Standard Deviation) in triplic
ANOVA was used to determine the differences between treated and untrea%\. All
data obtained were analysed using the Statistical Package for the @A@Sciences
(SPSS). The data from the disc diffusion assays and biofilm assaysw determined

using two-way ANOVA as presents of two groups of indepenQeMbles, which are
, the time Kill assay test

the four different solvents in four different concentrations.

was then examined using one-way ANOVA. The stati test Mo find the
L ]

significant difference of study parameters betw@&group where th as a
< 0,05/, \/‘T

significant difference if the p value is less than W \
NV -

3.9  Scanning Electron Microsﬁg&SEM) \%P?D @\APFHE
o
S. mutans cultures wer i Mﬁ i

—X

in B fopovernight’incubation. The bacteria

&

were then subcultured in hHB te"produce @xmately 6 x 108 bacterial

suspensions, which w@tec}@;ﬁ\ﬂ@ﬂ.s mg/mL) and 1 x MBC (50

mg/mL) for both I% and\f:? | thé(c}’tures were incubated for 4 hours at

37°C. Then, theé sus 1 'nder@‘ a centrifugation process at 13000 rpm

for 1 mim@a mi roc‘en 'fuge éf)?endorf, 5415R, Hamburg, Germany) to get
NN

its bact% t. The S Wel%en fixed in 2.5% glutaraldehyde for 6 hours at
Y-v

4°C &@, wash the pellet w@l M sodium cacodylate buffer for 3 cycles of 10
% each. After that, post-fix for 4 °C in 1% osmium tetroxide. After 2 hours, repeat
he'washing process. Then, it underwent a dehydration process that involved immersion

a series of acetone concentrations (35%, 50%, 75%, 95% and 100%). The cell pellet

was coated with gold and observation was done via scanning electron microscope
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(SEM, Jeol JSM-6700F, Tokyo, Japan). Non-treated S. mutans acted as a negative

3.10 Transmission Electron Microscope (TEM) for APFDE anWHE

M same initiation

control.

S. mutans cultures were incubated overnight in MHB us

2.5% glutaraldehyde for 6 hours at 4 °C &W

glutaraldehyde for 6 hours at 4 °C an ti

Then, the sample clot was diced inojwm3 anﬁ\;a

5. 0
After 2 hours of fixation, the sa res with @um tetroxide. After that,

ith s@of acetone and acetone-resin

dehydration and infiltration %WT
S

concentration, respecti% tly, thelsam I:z‘sj Web'cut with ultra-microtome and S.
g %
mutans morpholog Wobserl ing tréﬁsmission electrone microscope (TEM,

Joel, Jem-2100,41 ok Japa? 'reat%?-%‘.’mutans act as negative control.
¢

(f) 2.9
X v
> oy &
3.1 s Chromatog raph@'dss Spectrometry (GC-MS) Analysis

% he volatiles released from APFDE and APFHE were collected using headspace
0

phase microextraction (HS-SPME) equipped with a 100 pum

leydimethylosiloxane (PDMS) fibre (Supelco) and analysed using an Agilent 7890A

gas chromatography coupled to an Agilent 5975C quadrupole mass detector (Agilent
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Technologies, Santa Clara, USA). The instrument was equipped with an Agilent HP-
5MS capillary column (30 m x 250 um inner diameter x 0.25 pum film). Heliwws
used as the carrier gas at a flow rate of 1 mL/min. The SPME fiber was ctﬁ%&ed at
the GC injection port for 5 min at 250 °C before use. Approximatelf&f the AP

extracts were placed in a 20 mL headspace vial fitted with a silicone segtum screw cap.

8

Following 10 min of sample conditioning at room temperature, t PME fiber was
lz

exposed to the headspace for 30 min at 60 °C and imm des'rbed in the gas

chromatograph injector at 250 °C for 15 min using a spli mode. M was kept
at 40 °C for 2 minutes before increasing to 175 °C %of 5°
°C at a rate of 90 "C/min. The volatile comp er%'

comparison using MSD Chemstation Enha@? lys oﬁw&oz.oz.mm

version, Agilent Technologies) and th& Eloal Institute tan@g and Technology
library database (NIST 14). Co@rd iden\at% @n each extract was

N,
accomplished by comparing ex%al reﬁ)ntio 'ndices:p heoretical ones obtained

\p &)
from available reference he eT ge ccureﬁ}e of each compound was
of r

éclﬁb’with the total peak areas of all

s &

dentifed volatiles, A\, l\ é.)
L

3.12 %’['rac é\

P
A‘A extraction was c@d out using the Innu PREP RNA Mini Kit 2.0. RNA

i % was done on approximately 1 x 109 cells of S. mutans treated with APFDE
Q C) and non-treated S. mutans. Then, after 4 hours of incubation, the cells are
ollected by a centrifugation process (10 minutes at 3000 x g), where the supernatant is

discarded and pellets are taken. This process is repeated 3 times until the final pellet has

determined by dividi k are
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been resuspended in 100 pL of TE-buffer to undergo the pre-lysis steps of the bacterial
cell. In the pre-lysis step, 20 pL of lysozyme were added (as it exerts a lysis act]?m
nucleic acid) and incubated at 37 °C for 30 minutes under continuous sha@
Next, 450 pL of lysis solution was added to the pre-lysed sam vortexed
vigorously. The samples were incubated for another 3 minutes at r emperature.
Following that, the lysed sample is transferred to a filter tube and centrifuged at 11000
x g for 2 minutes. Now the filtrate contains the RNA Yar, equal volume
(approximately 600 pL) of 70% ethanol was mixed up e fil at.?.\IQda‘gain, 650
at 11000 xg for @I‘zn'ute.
h différ sh @fions and

anot\La ; RNa%TSe; water was

added to the filtered sample and inc %{ 1 minu roo QTnperature before

being centrifuged at 11000 x g for @%Jte. T@Agw ;@\n stored following the

N
O

purification process. ‘% q
s

3.13  Transcriptomic Profil

3.13.1 Transcriptome Seq
“\ :
he

pL of the sample mixture (RNA and ethanol) was fi
Then, the filtered sample was washed a few ti

centrifuged at 11000 x g to remove all traces,of

ibr r§<¢reparation

T mpl¢ pre ti&ns(‘fﬁ d a total of 1 ug RNA per sample as input
NN

materia% ing th factu:é?s recommendations, sequencing libraries were

creqﬁ&ing the NEBNext® @‘I‘aﬂ\" RNA Library Prep Kit for Illumina® (NEB,
\

@vd index codes were added to attribute sequences to each sample. Using poly-

Q igo-attached magnetic beads, MRNA was purified from total RNA. In the NEBNext

irst Strand Synthesis Reaction Buffer, fragmentation was carried out using divalent

cations at elevated temperatures (5X). The first strand of cDNA was created with a
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random hexamer primer and M-MuLV Reverse Transcriptase (RNase H-). Following
that, second strand cDNA synthesis was carried out using DNA polymerase | andw
H. Exonuclease/polymerase activities were used to convert the remainin@}angs
into blunt ends. NEBNext adaptor with hairpin loop structure W%%ted after
adenylation of 32032 ends of DNA fragments to prepare for hybridiWThe library
fragments were purified using the AMPure XP system to se MA fragments of
preferentially 150~200 bp length (Beckman Coulter, Bev: &:) ,After that, 3 uL

USER Enzyme (NEB, USA) was used with size-selected,"adaptortlig I:lA for 15
Yv

minutes at 37°C, followed by 5 minutes at 95°C befo R. Followj ti’bt, was
carried out using Phusion High-Fidelity DNA se% CR@ners, and
Index (X) Primer. Finally, PCR products vw fiedo(A re XP@&ebm), and the
quality of the library was evaluated u the)gilent Bio ze@“OO system.
\ Y
&
% % O
9 Q—
_ﬁo
’ N
I

st ed'u ing'an lllumina PE Cluster Kit cBot-

-9

3.13.2 Clustering and Seq@
The index-cod% S

4 ¢ &
HS on a cBot Cllwerati? \tem in @dance with the instructions provided
by the manufacrﬂ ert ? had é)éé{ generated, the library preparations were
¢
)

sequenced& mina platf {o ®erate paired-end reads.

i.%&)uality Control of RNA
Q FASTQ raw data (raw reads) were first processed using fastp. In this step, clean
a

ta (clean reads) were obtained by trimming adapter-containing reads and removing

were

c

.
.
&7

poly-N sequences and low-quality reads from raw data. Simultaneously, the Q20, Q30,
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and GC content of the clean data were calculated. All subsequent analyses relied on

clean, high-quality data. Y*
3.13.4 Mapping to the Reference Genome ?

Annotation files for gene models and the reference genome"were obtained by
downloading them directly from the genome website. Bo nx utilised for both the

process of building an index of the reference genome as Well as a 'gwn reads to
@

the reference genome (Lu & Salzber, 2018). J ' _\"}
4

(\/: | -
3.13.5 Quantification of Gene Expw é
The featureCounts was use(@sunt t@% of Qia&that were mapped to
S
each gene. The FPKM of each gé& themcalc d u<0 he gene's length and the
number of reads mapped Ne j( e umb;g%f fragments per kilobase of

transcript sequence pe% base p

&
effect of sequenc@h andl gth cgbe read count at the same time and is
currently the m(w yu d for,estimating gene expression levels.

E‘e‘ncsbt)r FPKM, takes into account the

3.1 A-seq Advance Q%}’
iological replicates are necessary for any biological experiment, including
hose involving RNA-seq technology (Schurch et al., 2016). In RNA-seq, replicates
ave a two-fold purpose. First, they demonstrate whether the experiment is repeatable,

and secondly, they can reveal differences in gene expression between samples. The
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correlation between samples is an important indicator for testing the reliability of the
experiment. The closer the correlation coefficient is to 1, the greater the simllw
the samples. ENCODE suggests that the square of the Pearson correlatlo(%\uent

should be larger than 0.92, under ideal experimental conditions. *

3.13.7 Differential Expression Analysis z '

Gene expression levels were measured by transc bun nWreater the
[ ]

| _AY
expression ewls@wted
e % rea@not only

e re@ount is also

N Qder for the gene

abundance, the higher the gene expression level. The

by counting the reads that map to genes or e

proportional to the level of gene expr ion.

proportional to the gene length and%auencmg

expression levels estimated from d| t genes a

e;nfs*to be comparable, the

fragments per kilobase of trans%qencgper Hlion Eéa)alrs sequenced (FPKM)

was used. In RNA- sequen \M orthe e %ed number of fragments per
kilobase of transcript per II|o bdse\air -sequenced, is the commonest
method of estimat Wne e>[ Ieve (}ﬁlch considers the effects of both
sequencing d a countlng of fragments (Kukurba &
Montgom Fe ure C nl‘g s%mre was used to analyse the gene expression
Ievels | perlrﬁb res Ies present the number of genes with different
exp Ievels and the expr n Ievel of single genes. In general, FPKM value of

% was set as the threshold for determining whether the gene is expressed or not.
omparison of genes treated and non- treated has been done by using duplicate

Qmples
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3.13.8 Gene Ontology (GO) Analysis
Through the enrichment analysis of the differential expressed genes, we

out which biological functions or pathways are significantly associated wit ntial
expressed genes. GO is the abbreviation of Gene Ontology, WH* a major
bioinformatics classification system to unify the presentation of gene?[%\rties across
all species. It includes three main branches: cellular componen%o. lar function and

biological process. GO terms with padj < 0.05 are signific hme'nt.

%

D [ 1S
3.13.9 KEGG Pathway b T

o il o

n bhio al functions.

Multiple gene interactions may besinvolved i

KEGG (Kyoto Encyclopedia of Gew enomes)™ cc@ﬂ'ion of manually
curated databases dealing with ge%&., biolomth qgQ",\diseases, drugs, and
S

chemical substances. KEGG is%b' i

i ﬂres.(q and education, and it is

ics, bolomics, and other omics

kground, pathway enrichment

$ohc or signal transduction pathways
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