CHAPTER V

ANALYSIS AND DISCUSSION cq\

5.1  The Effect of Different Solvents on the Final Yield Qi A. iculata Extract
In this study of plant extraction, alcohol-based so s used instead of an
aqueous (water-based) solvent as the polar solvent. Thi eca eWctive is to

focus on alcoholic solvents. Furthermore, the findi f several |§sx|$6}v that

alcoholic extract is the best polar solvent for pla ts \ Kar\ﬁﬁﬁa 2018;
Mizhir, 2022). 0\
According to the findings of stﬂ}y, differe Ive@ave a significant
effect on the final yield of crude ext rA. pa (F '\4 1). The extract with
S
the most extractable solids i |s , foIIS'\Ned aceto@ dichloromethane, and n-

4@
hexane. This includes bo;& the Iovt we hlng g, 180g, 150g, and 100g,
respectively) and the | ighing217 9‘5 : g and 158g, respectively). This

indicates that as wlty o[ \sl ent u ncreases so will the crude extract.
ludeart

Most studies co ents the greatest weight impact because, due

!
to the prese Iar emlc i{ pler_tj‘t?taterlal, they can dissolve and separate polar
é: >
ar solvent yph as«@

molecu er, methanol, and ethanol (Truong et al., 2019).
Polﬁcules tend to have p@ﬂive or negative charge and are attracted to the polar

oIecuIes When the polar solvent comes into contact with the material being

G cted, it dissolves and separates the polar molecules, resulting in a larger extract.
urthermore, polar solvents can often dissolve and separate a broader range of
compounds than non-polar solvents, which can only dissolve and separate non-polar
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compounds. Previous research on apple pomace (Kobus et al., 2017) and bean seeds

(Nawaz et al., 2020) also concluded that the extraction solvents could have a sig t
impact on the yields of crude extract obtained. (0\

On the other hand, n-hexane has a low yield of extract compaﬁ&alcoholic
solvents because it is a honpolar solvent and does not dissolve poIaWounds such

as carbohydrates, proteins, and other polar organic compou sMakar & Haque,
2020). Many plant extracts, for example, contain a mixtur. r%po'ar and nonpolar
compounds. As mentioned earlier, the polar compoun typi alwioluble in
npolaf co u'ld&ﬂggn'ore

or% g n@;(ane as a

compound VzI.(.eave behind

alcoholic solvents such as ethanol or methanol, while

soluble in nonpolar solvents such as n-hexan

—

solvent for plant extraction, it will only ex

the polar compounds. This results i io&r yield

alcoholic solvents, which can extra polar a polar, '&npounds (Putraetal.,
N,
2018). % % 4 Qc_"
\ N\’w
N

a using Disc Diffusion Assay

5.2 Antibacter'Weenl
The fou@ 'en b@’ on their degree of polarity. Non-polar
¢
compound@trac d usi ﬁh@ (APHE) and DCM (APDE), while semi-
ofar co

NN
mpou xwere&tracted using acetone (APAE) and methanol

T
AP, respectivel . C.j\/

polar a

\According to the results, only APLHE, APLME, APFHE and APFDE exhibit
ntibacterial properties by expanding the zone of inhibition against S. mutans on agar.
hese findings revealed that the inhibitory zone for all extracts significantly increased

in a concentration-dependent manner (p<0.05). Through various studies, most agreed
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upon bioactive compounds with antibacterial and antiseptic characteristics, such as the
phenol group, have been isolated using polar solvents (Altemimi et al., 2017; Tn?g!t
al., 2019). However, in this study, n-hexane and methanol leaves extract wer dto
be the most effective at inhibiting the growth of S. mutans with signim* different
at p<0.05. In the case of flower extract, n-hexane and DCM solvents ound to have
greater antibacterial activity (p<0.05) when compared with ac om methanol.

In general, polar solvents, such as water, alcohols, mu solutions, have
been shown to have some antibacterial activity, largely to th irWo dissolve

"X
acterial However, @polar
tiv% can p@{-’é'trate and

S (Sﬂluja Khan@ivg). There are
also many reports have found that a %&I activity™ epe@ﬁt not just on the
solvent used but also on the chen‘@jtructl@hge @and the strain being
studied. Simorangkir et al. (ZC%W in'fheir udy (2%3% fragrans leaves extract
against two different types of bactéria :‘laﬂﬁir ct had the greatest inhibition

value on Gram-positi us, w

polar substances and disrupt the membrane structur

solvents, have also been shown to have antibac

disrupt the non-polar regions of bacterial br

le n rl;ﬁorsbxtracts had a greater impact on

s &
Gram-negative E. colis, Thus |t|c i icat@gbet the results may vary depending on

not only the sol@it '

¢
ntioned th di#er@%%rganic solvent extracts included different

he h]ﬁé"of bacteria used. In addition, Truong et

&

concentrations, which resulted in variances in

al. (2019) E!i
phytocf% omponen .F

the inhibitory zone's effect. Then;@[bre, in this research, APLHE, APLME, APFHE and

gwere selected for further study.
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5.3  Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal

Concentration (MBC) Yv

MIC values are considered the "benchmark" for determining a@sm’s

susceptibility to antimicrobials, and thus they are used to evaluate t cy of all
other susceptibility testing procedures. MIC is defined as the lowest cencentration of a

drug at which an organism's observable growth is inhibited duriquation. The value

is determined by a microdilution assay with MTT as an in ryThe [ormazan colour
in the MTT assay indicated that the bacteria were ali her SMW colour
23

o E— oy
indicated that the bacteria were inhibited when expos the extract tlils i@y the
MIC values for APLHE and APLME were bot g/m{ : hos@?APFHE
and APFDE were at 12.5 mg/mL. \) %\Vr

Following the completion of he MB Wa@formed in stages.

This test identifies the lowest conc

certain bacterium, and it is usa%com&\ i ia-killing activity. As for

APLHE and APLME, the mues e t.and 100 mg/mL, respectively.

Meanwhile, APLHE a%'&;ha\} hes r:le' ve@‘of 50 mg/mL. The antimicrobial

agent is considered W)acterli en @BC/MIC ratio for bacteria is greater
6» \:Ensi %!

than or equal to46, ane the to be bactericidal when this ratio is less

!

¢

than or equ %(Ne hu_et I.,"ZO@('?’Iatania et al., 2022). This means that the
NN

concen% t

req inhibit their growth!: 2V
Q

\As can be seen here, the results for both leaves and flowers of A. paniculata

he agent r 'yired m&h Il bacteria is relatively close to the concentration

xtracts (APL and APF, respectively) reveal that the MBC values are not more than
our times the MIC values. Therefore, it can be said that the A. paniculata extracts are

bactericidal agents towards S. mutans, as they have effectively proved that the crude
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extracts of this plant exhibit high antibacterial action against pathogens (Mostafa et al.,
2018; Chassagne et al., 2021). However, in addition, when comparing APL aw
extracts, we may conclude that the APF extract is much more effective, a@res a

lower concentration to provide antibacterial activity. Hence, A. pa a can be

further studied for the creation of novel antibiotics. ?
5.4  Antibiofilm Assay .\d
@

Biofilm formation is a natural process for b ia and /doe ot’rwﬁe any

specific treatment or conditioning. Bacteria biofilr vario@zurfaces,

including natural and artificial materials 5\% OCl@i S0 medi.%‘?r;plants, and
pipes, which can provide a suitable enwat for gro d s@(?al. Streptococcus

mutans is a bacterial population th restot t?s f 'e&One of the virulence

N,
bility to form a b@gical layer on the tooth

&

surface that leads to plaqueQ;ma n.r Is experiment, non-treated S. mutans acts as
a negative control becalisegin the absence of ea!ms@'bacteria can continue to multiply

4 F &
and produce extrwpmyrr \sub tancg(.E/PS), which helps to form the biofilm

factors found in this bacteriu

structure and n{ta its ih her f&‘é it does not help in reducing biofilm

#
formation. eas for/the

!
iti{e @}‘Fl?ol, which was treated with penicillin at a
NN
concen% 0.0 / ',alm 4% reduction was observed (p<0.05). As we all
kno@icillin is an effecti\ timicrobial agent that is commonly used to treat
b%*l infections. Besides, penicillin has a broad spectrum of activity, making it
d tive against a wide range of bacteria that can form biofilms by targeting the
acterial cell wall, which is essential for biofilm formation, and interfering with the

biosynthesis of the EPS matrix that holds the biofilm together (Fymat, 2017; Yip &
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Gerriets, 2022). On this factor, a low concentration is sufficient to help inhibit the

growth of biofilm bacteria. Yv
However, as reported earlier, research has revealed that bacteri@eady

susceptible to antibiotics, including penicillin (Gonzéalez-Bello, 2017): teria can

evolve and become resistant to antibiotics via a variety of mechaWOne of the

primary mechanisms is the formation of mutations in their D Sommer et al., 2017,
Ne

Mancuso et al., 2021). In some cases, these mutations c he structure of the

bacteria by modifying antibiotic-binding proteins (PB rpr uwymes that
oy
break down antibiotics (Egorov et al., 2018). Anothe r, the over a]ld @se of

antibiotics, can hasten the development of resi % : are.@-t'inuously

exposed to antibiotics, they can evolve and“evel resi\tan 0 thos@xihbiotics (Yin

etal., 2020). \ 6‘

Therefore, this study on de@j’ng A p\&l%a s,@ew medicine to fight
pathogens in teeth has shown %resuﬁs wh er((/ been a reduction in the
biofilm formation of S. m xhe Mf@ were treated with APLHE,

]

reiﬂ@ Figure 4.3, there is a significant

£y

all e ts with the control (p<0.05) and the

APLME, APFHE and

difference of biowmor‘
reduction patteK de
#

concentratio % extract,_t Io&/er the biological activity of the bacteria. With an
i egc

"
average%
AP@

e of ne ',20% he A. paniculata flower extracts (APFHE and
ere stronger than b@ﬂ(. paniculata leaves extracts (APLHE and APLME).

on @g’concentration, where the higher the

d—

ever, when comparing both flower extracts, APFDE is the most efficient at

G enting the development of S. mutans biofilm.
In conclusion, the effects of all samples on the biofilm formation activities of S.
mutans were concentration-dependent. This indicated that samples with a higher
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concentration contained more bioactive compounds than those with a lower
concentration. As many previous researchers have agreed, the concentrationw
extract is also a key factor in determining the antibacterial activity of c@% lants

(Altemimi et al., 2017; Manilal et al., 2020; Hanafiah et al., 2020; S inetal.,

2020). ? ”
55  Time Kill Assay \d
"X

was used to investigate the rate of kill and the ples\t}%tericidal

activity. From the results in Figures 4.4 (A . ), 4.6@¥HE) and 4.7

le <<on S. mutans did

(APFDE), we can see that both bactert@stati
,@l. (2015) stated that

S
bactericidal activity is achieve e eﬂracts ce& nitial inoculum by more
eanwhil

than 3 logio colony-forming.units FL’. e‘§>teriostatic activity is obtained

when antibacterial ag% ce the finiti ir{ocﬁbm by 3 logio CFU. This study
demonstrated that NKShouri fineu

occur, but at different times and ntrations: ?fi

i gaPFD and APFH extracts (both at the

MIC value) significantly de e nu@&( of S. mutans by more than 3 logio CFU

!
of the origi unt [(p<0.05), h'éﬁqhen led to the killing of the bacteria. In
NN
comparjé{t/ owergextr ‘,itwasé}covered that leaves extracts (APLH and APLM)
had r level of antibacter'e!l%étivity. Flowers of the A. paniculata plant have more

c ly been used traditionally to alleviate toothaches than A. paniculata leaves

Q Ishna et al., 2014). They were pounded into a powder, which was then applied to the
u

rface of the tooth to alleviate the pain.
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As studies have reported, bacteriostatic drugs prevent the development and
multiplication of bacterial cells. Loree and Lappin (2021) stated that thYms
accomplished by interfering with the bacterial cell's metabolic patr@s ost
commonly protein production. Even though this does not result in co ell death,
it does effectively prevent bacterial cells from growing and repli%'their DNA.
When bacteriostatic agents are utilized, they will control the numbemof bacteria in the
cells; the bacteria will not be eliminated, but they will not r‘R;as'they are kept in

the stationary phase of growth (McCall et al., 2019). Ho r, in eWteriostatic

'Y

agent treatment levels (for example, by increasin extract co n'(a& may
eventually result in bactericidal properties, suc irréversible acti andQBEeII death

(Loree & Lappin, 2021). At this stage, the% rge«id i oorga@;z;by altering

their cell wall, lipids, enzymes, or protein syathesis (K nehéﬁ., 2019; Baquero

& Levin, 2021). (,) >\T ,<\
N,
According to the time-k%obtaiﬂed ingthis stu@he antibacterial efficacy

of A. paniculata extract?\;'t S a bi% formation was time- and
concentration-dependew is sup})ﬁy lth@'ldings of Minami et al., (2019),
side

‘&
ééSG), one of the components of LCE,

who also found th anidin

inhibited the formatiomof bi '.gin wvalis in a concentration-dependent manner.

When APL MF extracts er€ c@red, APF extracts appeared to be the best
NN

because uirefe entraﬁ& to have effects on S. mutans. As for that, APF

Yv
extrjﬁemonstrated signifi@ higher levels of antibacterial activity and potency

t ML extracts, this investigation was continued to identify the phytochemicals

3 ined in both APEFHE and APEDE.
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5.6  Morphology of S. mutans Biofilm when Treated with APFHE and APFDE

under Scanning Electron Microscope (SEM) Yv

As a continuation of this study, the morphological changes of S. @}were

done to see how the treatment affected the bacteria and if any physigal changes had
occurred. As mentioned earlier, S. mutans biofilm is coccus-shapedsand structured in
chains (Zhou et al., 2018). From Figure 4.9 (A), we have ﬁ;t he cell shape of
untreated S. mutans was normal, smooth, with a round s e, a IWEIusters.

changes i e'm&l‘pb\‘g;)gy

of bacteria. Depending on the type and mechani cti% tiba@i'al agent,

w sucha?s age tQ@X;II wall, cell

According to studies, antibacterial agents can

it can cause structural changes in the bacterial, cel

membrane, or cytoplasmic contents (L i :)019, Gra ie@?OZl). Therefore,

as seen in the SEM micrograph for @5d S. mu ?m g@'}ogy was altered after
\

4 hours of incubation with bot and%\PF |g .9 B-C). The cells began

to shrink and rupture. Ho Nher] paring A@E and APFDE, the APFHE
Z | fo

treatment shows that % can st :&I and chains. In contrast to the
condition of AP eatmentl is di It to see the cells in chains because
most of the ce % a oles ﬁﬂé"‘form on the cells are larger and more
numerous. E %wore man eIFg sl(}('r& and lysed when compared to the APFHE
I A

Awever the differen e%*’less visible at different concentrations, most likely

treatme

% e short incubation time, but both conditions are sufficient to demonstrate that
Q is a change in cell morphology following drug administration after 4 hours of
xposure. This indicated that there is an effect on cellular membrane disruption, cell

clumping, and intracellular component leakage (Naeem et al., 2018). As a result, this
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study discovered that changes in bacterial cell morphology have a direct correlation to
the antibacterial analysis test (Azizan et al., 2020). When APFHE and APF

compared, there is a clear difference, with the cells exposed to APFDE@more
scattered and nearly all the cells expanding from their original shape. ontrasted
to those exposed to APFHE, it is still possible to see chained cells, and the shapes do

not expand as much as those tested with APFDE. V

\Y

Y.
5.7  Transmission Electron Microscope (TE@.Iysis S u‘an;{B\jOfilm
4
<

pe o@fgoscopy that

can be used to study bacteria and theiw to treat Wit@ﬁbacterial agents.

Unlike scanning electron microscopc%M), M$d m_g\n-resolution images of

5. 0
the surface structure of the bacterias M gllows esearc@ to examine the internal

when Treated with APFHE and APF

Transmission Electron Microscopy4GLEM) is

&
structure of the bacteria at a@h r, ifi ion.é works by passing a beam of
electrons through a th ion of thebact ia,l ich creates an image based on the
4 $ &
[ N le ((Akh

interaction of thegﬁns W‘t p tar et al., 2018). Therefore, when
d

bacteria are tre& arc ee Weﬁfﬁappens to the cell wall, cell membrane,
¢
cytoplasm, Sﬂ@nell int @cl?ell.
NN
Qz} in the¢' SE Picrog%ph, Figure 4.10 (A) shows the non-treated S.

mutﬂéytoplasmic membra d cell wall were intact under normal conditions, with

n ious cell lysis or generation of cell debris. But, when exposed to both APFHE
ndvAPFDE (Figure 4.10 B-C), the overall shape of the S. mutans or even the cell

embrane was dramatically changed after 4 hours of treatment.
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Both findings under SEM and TEM have to some extent, explained why there
was a decrease in the percentage of biofilms after 4 hours of exposure to A. parwla
flower extracts. Most of the antibacterial drugs penetrate through the ce@:rane
and then attack the targeted area (Bechinger & Gorr, 2017; Vasconc al., 2018;
Jackson et al., 2018). Bioactive compounds from plant extracts wergffound to affect
lipid hydrophobic bonding in cell membranes (Godlewska-%lcz et al., 2020;

Nishimura & Matsumori, 2020). This hydrophobic contaGtis, a rucirl aspect of cell

membrane integrity to observe. Hanafiah et al. (2020) diddmentio ew study that
"X

changes in the shape of S. mutans were caused by @ophob inte cﬁo@tween
plant chemical groups and lipids from the brane founQ/Wﬁat plant
extraction contained acid hexadecenoic, “and they

d th@ﬂ‘pound was
interacting with phospolipid in the mewaell to cau

Sis @‘e bacteria.
A

O S
S
58 Gas Chromatogra@s S[*%ﬁtjry \A%
isstu

As stated earli% dy focuse§ oh a@holic extraction. Therefore, the

y f 0
4 ¢ &
selection of Lcms\not i iate. extraction will incorporate with
nanoparticles fw r stuely. Si \%ﬂ-suited for the analysis of volatile and
E ‘

semi-volatil undgin pl eﬁ:aej‘;guch as terpenes, flavonoids, and other small
molecu elght compou }that h&a high vaporization temperature (Wang et al.,
2018, Alenso et al., 2022). GC‘\@ allows for the separation of these compounds based
0 Nbboiling points, and can provide high resolution and sensitivity for the detection

Q dividual compounds in complex mixtures (Moldoveanu & David, 2018; Pramod et

, 2020).
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HS-SPME on the other hand is also a popular method particularly useful for the
analysis of volatile and semi-volatile compounds, which may not be easily analw
other techniques (Lancioni et al., 2022). Compounds retained on the @n be
desorption directly in a GC injector. Although this desorption method ﬂ&[he risk of

introducing air into the system and resulting in the loss of most volatilé compounds, it

is the most used method due to its simplicity and does not req 'reM,e of solvents or
complicated apparatus (Zhakupbekova et al., 2019). A t|CIy mall sample is

required for SPME isolation, and its preparation is quick®Lhe main advantages of this

@
r the Janalysis/ o&ﬁk‘ﬁtile
be c@‘g&able by

method where it can provide enhanced sensitivi
compounds, allowing for the detection of co

other techniques (Monedeiro et al., 2019’@

technique that can reduce interferenc%’w
selectivity for the analysis. cq
The major compounds %{E ar% AP in ﬁochemical analysis were

fatty acids such as palmitic }! ole oleni “éds, which are also major and
atiha,

common constituents % Iants: ’Z'ONDDeng et al., 2020). As shown in
&

Tables 4.4 and 4.5 AQ—E w contéfmall the major fatty acid components,
with hexadecen@ylei 'g th(ﬂ;&fst abundant. An earlier study discovered
that hexade %@cid, ei(:a a{d Enig?eic acids had antibacterial properties against
pathoge(c%orgth' 'Hexadsl\;oic acid (palmitic acid) is a fatty acid with the
chem&formula Ci16H3202 @f‘g et al.,, 2017). According to Lalthanpuii and
L dama (2019), hexadecanoic acid has antibacterial activity against
taphylococcus aureus, Pseudomonas aeruginosa and Klebsiella pneumoniae. In

ddition, Shaaban et al. (2021) discovered that hexadecanoic acid was the main

compound in clove alcoholic extract and possessed antibacterial activities against
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pathogen bacteria isolated from diabetic patients' swabs. On the other hand, oleic acid
compounds are monosaturated fatty acids with the chemical formula C1sH3402 i
et al., 2021). According to Ghavam et al. (2021) in their study, the high o@&tion
of oleic acid in the rose essential oil has contributed to its potential anﬂ'&al activity
against A. brasiliensis and C. albicans and they believe that oleic*acid could be a
promising natural compound for the prevention and treatm tNgal diseases in
humans and food spoilage. Furthermore, this compo st:ssrd antibacterial

properties. Previous research discovered that oleic aéid inhibited~thg fgrowth of

o3
Staphylococcus aureus by blocking the bacteria's ca protein en el (@chl
carrier protein reductase, Fabl) (Alsenani et al: s% OZZ@i'ke many
other fatty acids, linoleic acid (C1sHs20z2) c&vx‘iam cell Vgranes or the
cell wall under certain conditions. L@id has prewi
peptidoglycan synthesis in S. %s (Ca3|\$ﬂ&r

peptidoglycan is a necessary ca%r fS'acter' cell <\ﬁ3(ﬁ§ In some cases, linoleic

acid can cause cell membra dmge

the production of free%l that can da a‘gé mbrnembranes (Singh et al., 2019).

Also, linoleic acid interact \&h r mt&yles in the cell membrane, which can

change the stru% h and E&éﬁé it leaky or less good at keeping the cell
intact (Yoo %

ing o ive stress, which can lead to

D

!
., 2018), ty’a i saNiII stimulate their antibacterial activities

\
depend%teir struct ,fhape{}umber of carbons, positions and orientation of

¥ | |
dou onds (Toshkova—Y@i et al., 2022). Thus, they disrupted bacterial

@nes and inhibited fatty acid synthesis in microorganisms.

Q Besides that, as we can see, those fatty acids contain more than 10 carbon atoms.
anjaitan et al. (2022) reported that fatty acids with more than 10 carbon atoms can lyse

the bacteria as they can become incorporated into the cell membrane, changing its
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physical properties. The cell membrane is composed of a lipid bilayer, which is made
up of two layers of phospholipids, and the fatty acid composition of these phosp?vms

can influence the structure and function of the membrane (Nagy & Tiuca, @aﬂy

acids with longer carbon chains, such as those with 12 or more carbons; be more
hydrophobic (water-repelling) than shorter chain fatty acids (FlorindWS). This can
lead to a more rigid and less fluid membrane, which can affect the ability of the cell to
move or change shape. Additionally, longer chain fatt Y.

can, also affect the

permeability of the membrane, altering the ability o eculgs t through it

(Fecchio et al., 2018). This can have mphcaﬂon@ous cellul r(#eié'e; such

as nutrient uptake and waste removal.
ty acuj%tCFAs) in the

d QEnt ways. These
O

So, the mechanism is that the prese of ng-dwain

cell membrane can modify its strNad functi

modifications include changing the ement %h i ﬁ%*bylnsertmg between

N,
their tails, disrupting the org% of lipid , W@ are important for cell
a,j "
e

signalling, and interactin prol $ ponsible for shaping and

remodelling the memb% se alter:
membrane, which i n may @;
and flexibility. \&

T
5.9 &ne Expression NV
\

ownregulated Genes
Transcriptomic profiling of S. mutans treated with A. paniculata extracts was
erformed to investigate gene regulation, particularly in peptidoglycan synthesis. RNA

sequencing is a new transcriptome analysis and profiling technology that can provide

tiong'can a'@‘t the curvature and fluidity of the

s

gcesses that depend on membrane shape
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quantitative analysis of all transcripts with high accuracy and sensitivity (Kafantaris et
al., 2021). Furthermore, RNA sequencing can reveal specific biological functi@ut
are affected after treatment with natural products or drugs (Li et al., 2019)(0\

The results of the molecular analysis confirmed the findings he SEM,
TEM, and phytochemical analyses, which showed that fatty aci Isrupted the
membrane cells of S. mutans. In this study, exposure of S. mu nMPFDE leads to a
downregulation of peptidoglycan biosynthesis genes (Tab [R;Tris is consistent
with a previous report using P. aeruginosa, in which tr iptional s occurred

@

as a result of drugs that inhibited the murC and m gene regul n}, iﬁfb\mhen
examined under SEM, the cells were lysed (M Y % nreg@fed genes
T

biosy@resis as a result

y QOoIic processes in

in APFDE-treated S. mutans were associate% ell

of electron transport disruption and lo | P >roduction.
|§®}y on ATP (Walker &

bacteria, including cell wall biosynt@sand pro \syahe
-}; y N,

White, 2017). This has been pr%the r@sults own i bles 4.9 B and D, where

&
the citrate cycle, glycolysi hpyr e etab@ were also downregulated,
resulting in no produc% rgy malecu i'.ﬁ\/lub'and MurD genes are involved in

m
d L

the accumulation Ewndjﬁ cids&ﬂyrm UDP-MurNAc-L-Ala-c-D-Glu-
I

meso-A2pm-D-Ala-D*Ala glycez)&ﬁas et al., 2011; Furchtgott et al., 2011,

¢
Egan et al. Therefare; 'n}{bi@cn’)of both genes will disrupt the process of
NN
ido

creatin p glycanwhich i@ficient to determine the cell shape (Figure 5.1).

v,
/Jz‘i
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Figure 5.1: Disruptk%}ptid\oacan
A N
The tr ?&Qtom' pro |Jrl T abl')&AI.Q (A) also revealed that DNA replication
genes in @ were downregul fter APFDE treatment. The dnaG (primase)
% £
and s

- suppressed substrate

N
a_m@y APFDE (MIC) at MurC and
Gengs,

encode URexamerig-helicase enzymes that act as replicative DNA

po\ during DNA synth%&?(,Bogutzki etal., 2019). DNA primase is an important
%Ie that produces RNA primers that are used to form Okazaki fragments on DNA
oands (Gao et al., 2019). It is expected that inhibiting the primase genes (dnaG and

ssb) will stop DNA replication and inhibit cell proliferation (llic et al., 2018). It has
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been demonstrated that inhibiting DNA replication has antibacterial activity against
bacterial pathogens. As a result, DNA primase could be a clinical target w!w
antibiotics. Wheeler et al. (2013) stated that the inhibition of DNA replicati \have
an impact on the growth of several bacteria. Aragaw et al. (2022) also fﬂg&red that a
griselimycin peptide targeted DNA replication gene and killemobacterium
tuberculosis. In their study, Ilic et al. (2018) reinforces that pro iMNA replication
genes such as ssh, dnaG, rnh3, and hol b have the potential %

ug d"scovery targets.

Therefore, the results of this study show that APFDE inhthits the an of the S.
3

Yw
mutant by targeting its DNA replication (Figure 52% I _\‘-}
S - : - Y—

replisome complex
| 1

beta sliding clamp leading-strand

polymerase

P

leading strand gamma

complex

lagging strand

lagging-strand
polymerase

DnaG is a bacterial DNA primase and
suppression of it can prevent RNA
primers synthesis.

Without SSB, the separated strands would
quickly reannealing before the DNA Polymerase SS B
synthesizes the new strand.

re 5.2: Disruption of DNA Replication Pathway by APFDE (MIC) at ssb and

05 dnaG Genes.
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Dental plaque is a complex bacterial biofilm community whose composition is
influenced by bacterial adhesion, co-aggregation, and environmental gromw
survival (Bacali et al.,, 2022). Caries pathogenesis is thought to be @/ the
formation of stable biofilms (Huang et al., 2011; Chen et al., 2020). entioned
earlier, S. mutans is a well-known member of the dental plaque poquand uses gtf
to generate extracellular adherent glucans by synthesising extracellular polymeric
substances (EPSs) with dietary sucrose, allowing oral bac 'K;: ulate on tooth

surfaces (Bowen & Koo, 2011; Ren et al., 2016). ha Mle in the

@

biofilms ét @%}7).
s% hroug/?an EPS-

mediated mechanism, produce microcolo ntribute to bioflm formation

(Koo et al., 2017). However, the r@ the curr tudéﬂyw that APFDE
suppresses biofilm formation by in&%g gro@f f t@y, as it was found that
gtfB and gtfC were downregul%r treatmen ablzée@D). Veloz et al. (2016)
in@ genes related to S. mutans

revealed in their findings Q;MI&'I
virulence and adhe% glucosylt :ls‘fem@' suppression, indicating that

development, adherence and structural integrity of d

They clump together with bacteria cells on t

d &
polyphenols fron:@is W iogeg.potential beyond S. mutans growth
inhibition. The% iptomi lso i@éted that the relative gene expression of
¢

sed when cells \ﬁerw ted with APFDE. The interaction of the gbp

NN
and gtf % is impart ecausé?ucrose cannot generate glucan polymers without

gtf, @can polymers canno(:@rﬁ' d for energy production without gbp. As for that, a
N

\|&cy of these two genes will affect the formation of the biofilm. Figure 5.3 shows

he'genes involved in the formation of the extracellular matrix biofilm of S. mutans and

e effects of disrupting those genes.
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into glucan, which is a MaJOT COMPONENt O fm = sm s mm s e s e e a2 o
atrix in the S. mutans

Starch hydrolysates: maltose,

maltotriose, maltodextrin and other
oligosaccharides

\ Without gbp, gl n polymers vill not be able to bind to the extracellular
v which helps bac matrix interaction ani d g1u:an
Glucan-mediated accumulation tolomalarge r matrix

adherence

b of
Figure 5.3: The gtf-glucan-mediated ‘ e’ﬁon and Cariogenic Biofilm
Deve odel ng

\\; Y
d the brpA gene is

e,

In addition, relative g re Si
downregulated. These genes Q%well ’m?o e&s& help S. mutans attach to
tooth surfaces and it was thw adhesion e-s ive gene as well as a strongly
expressed gene in adhe%

“

eptocoge g ., 2019). Inhibition of this gene has

caused the cells to Nle to ong ate wn.@ach other. This study has demonstrated

the action o on ells\tg Slt;;)\nalyas where the micrographs show that

cells have rup re d par@lthln the bacterial chains.
ractl eén ba?e ia and the environment causes biofilm formation.

ction is aided througica:a system known as quorum sensing. In Gram-positive

S

, quorum sensing is composed of three components: the peptide signal, the
istidine kinase sensor and the regulatory response in the cell. Among the genes
involved in this quorum sensing are ComC, ComD and ComE, where they encode the

proteins histidine kinase and proteins for regulatory responses in cells that play an
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important role in forming S. mutans biofilms (Wasfi et al., 2018). However, Table 4.9

(D) showed APFDE did suppress the ComD and ComE genes in S. mutans. T

proven by the results in Figure 4.3, where there is a reduction in blofllr®tage

after daily exposure to APFDE.

5.9.2 Upregulated Genes z

In molecular biology, "gene upregulation” refers ewch agene

is expressed at a higher level than its normal baselin ession‘in rtkl@ell or

tissue under certain conditions. This means t eII's transcrigtion achlnery,
which reads DNA and creates RNA mole trlgﬁere d@more MRNA
from a specific gene. This increased oduction rew in an increase in
protein synthesis, which can affec%behawo Wn the cell. There are

several factors that can Iead qulat m g environmental cues,
hormonal signals, cellular ndf ent nals (Zhang & Sonnewald,
2017). In response to % nals, certain I"é‘l se&h'lon factors and other regulatory

molecules can bWe DI1 ene and increase its transcription,
leading to upre ati

!
&i n see fom T Ie’4 & enes that were strongly upregulated when

treated %

t, it is clear that the @érlal environment has changed, causing the genes to

DE Avere ?se ens&ﬁng proteins involved in microbial metabolism.

ngulated This will aid S. mutans in adapting to their surroundings and optimising
use of available resources, which is especially important for survival in harsh

vaonments
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5.9.3 Gene Ontology

Gene ontology (GO) is a system used to describe and categorise the fuw
of genes and their products. GO provides a standardised language and @e for
annotating the molecular, biological, and cellular functions of each in various
species (Consortium, 2019; Thomas et al., 2019). Thomas (2017), in mk, described
that GO consists of three main aspects: 1.) Cellular component; cMes that describe
the location where active protein is found within a cell, su Y;b'ane, nucleus, or
cytoplasm, 2.) Molecular function: categories that ribe hg\s([idy or task

DNAbi 'g'pr_éghz,'&)

gi% in@gd in the
hvva\y oragcell si@xl:lg pathway.

Based on the Figures 4.18 — 4.20 we % at almos of t Qenes in this study

performed by a protein, such as a specific enzy

Biological process: categories that describe t

~—t

function of a gene or protein, such as a metalglic

were downregulated, indicating th@ functlo\andTne @sm were altered as a
S

result of a treatment that disru uncﬁ'on. “« Qs

N N
S i

e

594 KEGG Pat @)
| <=

KEGG anal is se dealing with biological pathways,
NN 3
genomes, di sydrugsand ¢ nﬂ‘ca@ stances (Kanehisa et al., 2021). As shown in

NN
Figure 4.21, “the eXxtrac P]ducecé\differential expression of genes that were

Y-v
dov@ated, such as tho@ the ribosome, DNA replication, peptidoglycan

b% esis and the bacterial secretion systems of S. mutans, which are important

rs for the survival of the bacteria (Shields et al., 2018). Aside from that, several

a
athways were upregulated, including microbial metabolism in a diverse environment

and the biosynthesis of secondary metabolites in S. mutans bacteria cells. Like other
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living things, in stressful situations, bacteria will create a competitive environment to
protect themselves (Riglar & Silver, 2018). As a result, there is a disruption in S. '
viability after exposure to A. paniculata extract. (0\
Dental caries is typically initiated by S. mutans. The findings irﬂ&udy have
proven that APFDE has antibacterial activity that disrupts cell functiaf, especially by
preventing DNA replication in S. mutans and lysing the cell aMe bacteria. This
'

discovery will lead to a worldwide decrease in cases of de

5.9.5 Novel Gene
The discovery of novel genes (unknW;es)
before can provide several benefits,\ha

biological processes. Novel genes %ovide i i
N,
ife. i(ﬂe ifyings nev@nes and their functions,

biological processes that gove

researchers can gain a more,com heT rsta@ of how cells and organisms
work at the molecular sberg et %
g Q/
diagnosis and trewovel N alsogomde important clues for the diagnosis
diseases (
¢
gene that is to be asso

NN
develop% ther@pies.4T he dis:&ery of novel genes can also shed light on the
L 9

evo]ﬂ,ﬁof species. In terms @hnological advancements, novel genes can be used

t p new tools and techniques. For example, a novel gene that produces a valuable

d in may be used to develop a new drug or improve the production of an existing
ne (Sonehara & Okada, 2021). Overall, the discovery of novel genes can have broad

and treatment
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h and technology and can significantly advance

of researc

| world.

ur understanding of the natura

100





