CHAPTER 5 \q
DISCUSSION s )

Periodontal disease is a pathogen-related chronic disease that can cause the
degradation of gingival tissue and subsequently cause loss of teetthent (Kinane et
al., 2017; Michaud et al., 2017). Even though the current ntiwmial treatments are

g

sufficient to overcome colonization, it is less effective in ov

tft recolonization

its e aI&ﬁ)&dJiao etal.,

3
2019). In addition, the studied periodontal pathogen, ingivalis, possesses n@)&ous

of putative pathogens and exhibits multiple side effects

virulent factors and biofilm activity that contrib 0 its p::'rsi ten mfec@ on the
gingival site (Bostanci & Belibasakis, 2012; JiTﬂmw ., 2020).

Based on these factors, supportivpcwnts d om vﬁs sources are

investigated as a potential strategy to ge.the pathoge

One highlighted strategy to managg-biofilm i e?lo meht of probiotics as the

potential adjuvant treatment fo:é@tal éjiﬁa ag@,}lt (Gerits et al., 2017).

Despite the extensive researc robioties’ pot tial f proving oral health, the

antimicrobial activity of pr '%gai s%é@athogen is still relatively less

explored. O% , ( 0.

In this stud)ﬁs f \*é\ osus"@c 7469 was studied with for its
a

antagonistic activj‘gq stt elkey ne pe ntal pathogen, P. gingivalis as well as
the effect of mno us'C reat @n the gene expression of P. gingivalis.
Previously, amnosus have erf'in((_ajtlgatedin periodontal health improvements in
multiple tu%(Alani talf, 2 18;§\atej etal., 2018; Morales et al., 2016; Yuki et al.,
2019) “However, all the atedrst%ﬁs'reported the effects of L. rhamnosus administration
on

ntal disease in cIini'(g,Ptrials and in in-vivo model. The lack of fundamental

S r the underlying effect of L. rhamnosus on periodontal disease, especially its
ion against periodontal disease pathogens justified the selection as the probiotics

Oted in this study (Zhang et al., 2022).CFS of L. rhamnosus was used in this study to
eliminate the possible concerns over the use of live culture as an adjunct treatment as live

probiotics could produce excessive acids that might cause another oral problem which is
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dental caries (Caufield et al., 2015).Previous studies proposed the use of non-viable
probiotics as an alternative to prevent adverse side effects (Kataria et al., 2009

application of probiotics in CFS form can be studied with fewer concerns onthg risk of

live culture application. : %

P. gingivalis is a highly putative pathogen involved in the progression of
periodontal disease. This pathogen possesses multiple virulent factors, inCluding the LPS
layer in its cell wall, fimbriae for adhesion and biofilm formatiorwpains for tissue
ItS detrimental effect

: inbivalis has been
'Wﬁcs from
@

degradation and numerous other infectious factors that contsibut
and persistence of survival (Jia et al., 2019; Xu et al., 20

susceptible in a few studies, particularly when treat

commercial strains such as S. dentisani, L. ferment S ?Chq%e al.,
2012; Esteban-Fernéndez et al., 2019). In addition, the commercial strain L.@nnosus
live culture showed inhibitory activity against sﬁaﬂu i thogens/such as F.

givali ., 2020). The

nucleatum, A. actinomycetemcomitans, anmw
findings in this study showed that L. r Q@ ATC ‘ 6&upernatant (CFS)
exhibits antimicrobial activity against P. gi ivalis.{ 271\61 observed in the disc
diffusion assay results. This resu S Wi Vi s@dy reporting that heat-
killed L. rhamnosus CT-53, a climi olateq sho tro@hibition activity against
oral pathogens such asS. ms, ; um @ gingivalis (Chen et al.,
2020). Additionally, t)%s&’s'wci

and C ts show agreement with the
inhibitory activity ob in th‘o dis gufas, n assay where P. gingivalis is

considerably susce wo the Te \ent with ‘Qb{amnosus ATCC 7469 CFS treatment.
Based on a previ dy, iotigslive c ﬂi%xhibit antagonistic activity against oral

pathogens thr \mpptive in ;a&ti secretion of antimicrobial substances such

as hydro erbide, rgamichaci acteriocin substances, and other bioactive
compouds( tamdh%ﬂz. 20269‘.\
Y-

Aaddition, L. rham ATCC 7469 CFS showed significant disruption
t Nthe biofilm formation of P. gingivalis ATCC 33277, which was able to eliminate

r part of P. gingivalis pathogenesis. The result was in agreement with a previous
Qdy that showed the ability of L. brevis BBE-Y52 to inhibit biofilm formation against
ultiple periodontal pathogens, including P. gingivalis (Fang et al., 2018). The

disruption of biofilm by P. gingivalis is critical because periodontal disease is a biofilm-

63



reliant disease that progresses with biofilm establishment on gingival tissue (Baek et al.,
2018). Besides, the ability of LAB CFS to disrupt the biofilm formation activi
different concentrations is crucial to prevent the recolonization of P. gingi '%
protective biofilm layer in the pocket is killed by treatment (Bostanci sakis,
2012). In a detailed study, the researchers explored the effect of‘&FS on L.
acidophilus LA5, L. rhamnosus HNOO1, L. reuteri DSM 17938, eve 110, B.
pseudolongum 119, and B. bifidum 162 on the biofilm-related e ression of P.
gingivalis. The study concluded that the CFS from stated probioti ected a few genes
involved in biofilm formation (Ishikawa et al., 2020). vﬂ‘ '

P. gingivalis treated with L. rhamnosus ATCC CF sw'fferential
expression of 327 genes where 139 genes were do ulated whi 8’ger@mere
upregulated. The downregulated genes were involv severa‘l'i 0 tfun{‘zu nsinP.

le
gingivalissurvivability. Chaperone protein gerwaK aﬂd{ wer(%‘s_ignificantly
h

downregulated in the treated group of P. ginw €Se genes,are Cri for the stress

responsive machinery by the cellular c r%em. Th oneﬁeins are also very
important in cellular homeostasis both in no¥ma aq@r CE)Q ions (Angles et al.,

2017). Downregulation of thes indi t &'gnificant part of P.
gingivalissurvival was compro%/ the treatments é}i—')

The treated group of\R«gingivali wed Anregulation of several virulent
genes including mfal(mfﬁ& nd mfad gemes. T, fal gene, which codes for the
structural components of minor fim(a, isOné highlighted genes downregulated

due to the treatme@g WG‘& ano, 20@9. Minor fimbriae is a short-structured,
r t

a
secondaryfimbﬁ{ inth utes h(&élly as major fimbriae in the colonization,
recolonizatio‘g’e ion to' th mgi@”, and induction of inflammatory factors

(Bostanci 3;9; Jia etyak, 2019; Sochalska& Potempa, 2017; Xu et al.,

%saki
2020). \Wﬂajor Im aecﬁlay wq'tal roles in biofilm formation and virulent activities,

mi rial proteins are als@ally damaging as the colonization and virulent factors

-gingivalis involve synergistic actions (Nakayama & Ohara, 2017). In addition, the

re to L. rhamnosus ATCC 7469 CFS caused the downregulation of minor fimbriae
Qpessory genes, mfa3 and mfa4. These accessory genes provide the auxiliary protein
ecessary for the development of fimbrial tips and are involved in mediating fimbrial
functions (Hasegawa & Nagano, 2021; Sakae et al., 2021). Thus, thelL.
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rhamnosus ATCC 7469 CFS inhibit biofilm formation by suppressing the expression of

fimbrial proteins in P. gingivalis.
Meanwhile, purine biosynthesis related genes, purH and purD were }X;/

downregulated in the treated P. gingivalis. Both genes are involved in puriﬁ bioanthesis
where it is a vital process to synthesis purine nucleotides, adenine and guanine, the

building blocks for DNA and RNA(Zhang et al., 2008). Other thm, metabolic

activities related to vitamin B6 (pyridoxine) were also downregu y the treatment
with L. rhamnosusATCC 7469 CFS. Pyridoxal-5'-phosphate synthesis genes,
pdxH and pdxB were downregulated in the treated gr P. 'gingivalis. The
downregulation of the two genes subsequently downreg S the jpyr synthesis

@
where it is a key element to maintain the virulent agq pathogenic bac ri@r;ise
be

etal., 2023). An interesting relationship was disco twe?w the PLP pat s with
another downregulated gene, ablA, which beIT thew : 3-a@lﬁ0reductase
ctyof

pathway where ablA gene required the plﬁw
conversion. Lysine metabolism is a cr 'a%of c

ay rt the lysine
i ;scause it is a major
e d_{ regulation of these

building protein for a bacterial cell (Ruzickaret I\Q(?
genes was not only affecting its di Cﬁahwaybsu th (L) hway involving in the
;} &

@
@
s
=
<

metabolic activity of the patho 4 43-

Besides that, two ge ed ductase ac Ay were also downregulated in
the treated P. gingivali% jon. Genes ni amd@, both are in the reductase family
that encodes for the enzy invoJ{' eduction reactionwhich is a major part of

cellular biochem&\:’wity. The n gene(i%a gene coded for pyruvate-ferredoxin
0]

oxidoreductase % ,avi e for@aerobic respiration metabolism (Katsyv et
al., 2021). T(a!’; nr UZ?%ﬁ tlcs")gene may cause a severe damageon P.
gingivali ecauﬁti nobli anaerobe. On the other hand, nrfA gene is also
downr. where’ it trdnslated”as Cytochrome C nitrite reductase enzyme. An
mp&l&discovery stated t ytochrome C nitrite reductase plays vital role in

ogen (Vazquez-Torres & Baumler, 2016). Downregulation of this gene indicated

Q-t the exposure to L. rhamnosus ATCC 7469 CFS weakened the pathogenic ability of
. gingivalis.

W
:N; ing the bacterial pathogenicity and inducing antibiotic resistance mechanism in
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On the other hand, several genes related to the metabolic pathways of P.
gingivalissuch as galE, hflX, andfolD were also significantly downregulated. Epi
family gene, gale were downregulated in the treated P. gingivalis where t Yi
important as a NAD-dependent epimerase that holds multiple functio %e lular
activity which mainly translated as the synthesis of cellular surface pro@&oenxyme
production, and significantly, the virulent activity of a pathogen (IslaT, 2019).On
the other hand, hflX gene which codes for 50S ribosome bin G
downregulated in the treated P. gingivalis expression. GTPas W
protein translation cycle of a cell where it binds to ribosom T

ase was also

ucial role in the

in to'carry out any of

recychnam etal.,
ility to casry odt {F@Tein

elated to S-adefiosylmiethonine

yI@10 S of@icells was
ofelate
of tetrahydrofolate dehydrogenase limits regenerati

~{p:ﬁ?/drogenase/
ingivalis. Downregulation
in multiple cellular methylation p inclugl\heﬁ

the transational sequence, initiation, elongation, termin
2016). Downregulation of this gene might impair t
translation for cellular function. Additionally, a
(SAM) metabolism which is a core metabolis
also downregulated. FolD gene codi

cyclohydrolase was significantly downre

?D A{.;broteins and enzymes

methylation metabolism (Okano et 20p Itiscl ar th } downregulation of the

stated genes mainly affects t in-bui

repair, growth, and survivabili P.T i . é\
(
Additionallyon%related Jo_cati }ragzg rt system particularly magnesium
transport system by ge‘n wer gignificantly downregulated after the
treatment. Mg?* e th valer.)fication in the intracellular activity where

combined wi h’has gATP Elﬁys(s%ﬁificant role in oxidative phosphorylation,
ATPase a l'(?d glxlol iCc zyn@functions. Charged Mg?* ion is important in
synthesi %RMH%E?&NA synthetase and also play a key role in protein
synthe% e downregulated V:ngtE is a cation transport channel for the influx of
charged Mg2+ into the ceII(Fra}ken etal., 2022).Downregulation of this gene impairs the
lum ion transport into the cell which affected multiple cellular functions including

esis of DNA polymerase. Interestingly, this study also discovered the
nwregulation of polA gene, a gene coding for DNA polymerase 1 synthesis. DNA

polymerase 1 is a repair enzyme in DNA replication that works as the exonuclease of 3' -

5' strand, proofreading of the 3' -5' strand and also cleaving the RNA primers at the
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lagging strands during DNA replication. Additionally, it works with another gene exoRto
perform repair action at the replication fork during every replication process (Herna

Tamayo et al., 2019). As stated previously, this gene is downregulated together‘with
magnesium transport gene which might indicate the direct effect of impair, cation

transport system to the molecular function of P. gingivalis.

In addition, the exposure to L. rhamnosus ATCC 7469 CFS d nregulated the
expression of a gene related to the quorum sensing, ftsY. The gw encode signal

recognition particle-docking protein which is involved in the bacterial signalling activity

in the quorum sensing. It plays a role in surface protein si ; en\lironmental, and
cellular information processing and bacterial interaction I

al., 2020; Saier, 2006). On the other hand, a distant ¢ elated to lipo I¥sac ides

orunlsensi abarrini et
3

(LPS) synthesis, the kdsA gene, 3-deoxy-8-pho octulor?t synthase s also
downregulated upon treating L. rhamnosus A 469‘6& e affected gene is
involved in the molecular pathway of LPS | f aqu thus, its su@ssmn affected
the integrity of the P. gingivalis LPS | r%la etal.;202 Asgﬁs are a vital part of
Gram-negative bacteria, suppressing LPS synthe |§~th' 0 r_eﬂ es cell survivability

. Qre of the virulent factors
esponses via the T&t;l?ke receptor pathway (Jia

(Delhaye et al., 2019). In addition
involved in inducing the inflam
et al., 2019; Nakayama & Oha

The exposure t<l; E nosus TC 746 S calso caused upregulation of
multiple genes mcludmg ribesom uﬁl ular function genes, virulent genes

7)

and also surface p nes hlbo mal un@enes of the 50S and 30S domain were
majorly upregu het gmglvalls Ribosomal unit genes, rplQ,
rpmA, rpIU IS and r ncoded for 50S ribosomal subunits while
genes, rp rps rps rpsG encoded for the 30S ribosomal subunits.
rgp The 0 '.’bS ribeSomal subunits belong to small and large ribosomal
sub spectlvely Large éa'émal subunit, 50S carried out peptidyl transferase

centerwhere it polymerizes amino acids into proteins while the small ribosomal subunits,
‘%terprets the genetic information by decoding the tRNA and both subunits
perates to form 70S ribosomes (Aleksashin et al., 2019). Upregulation of these genes

ight indicate that the cell is carrying out speedy protein formation to counter the effects

of the impairments caused by the downregulated genes.
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Besides ribosomal subunit genes, two genes thatencode pro-inflammatory protein

of arginine-gingipains were also upregulated. Both genes are involved in the wi
activities of P. gingivalis against the gingival tissues (Jia et al., 2019; Take&bi\ al

2019). Interestingly rgpA and rgpB work synergistically for the maturati r%mbrial

proteins (Lee et al., 2018). The upregulation of rgpA and rgpB follw&exposure

with L. rhamnosus ATCC 7469 CFS indicates that arginine gin?’v genes are
ati

persistently working on the fimbrial protein formation and m

mechanism towards the downregulation of fimbrial genes. T
ic ac'ivity involving

On the other hand, genes related to cellular meta

as a counter

glycolysis and oxidative phosphorylation were also signifi up egwianes such
as gpmA, nadA, coaE, and serC were the upregulatethgenes involve mltheﬁlar

respiration pathways of P. gingivalis. Firstly, gpmA‘gene which codes/for putative 2, 3-

bisphosphoglycerate-dependent phosphoglycera impoktant pon f bacterial

role t@‘her with other

gene clusters to prevent damages cauwj\ drogerperoxide ﬁhsure(Roth et al.,
2022). Thus, this finding might be hinting at the up@ n oOtective activity of

gpmA against hydrogen peroxide ght be%ﬁw in L. thamnosus ATCC 7469
CFS. % q @
Ko

Other than that, na is a gene coding f inolinate synthase which is a
direct gene in the de nc(o s§n esis of NAD nim@j.t nt component of cellular redox
reaction, especially in the iron-sulfur pa yd? eria. Iron-sulfur pathway of bacteria
is important in m@mc@w as cel@rowth, amino acid regulatory activity,

r

protein transcripﬁo& d tra i legu@;'/s (Ollagnier-de Choudens et al., 2005).

Upregulation&tgi
the regee&vof da y cells proteins due to the damage caused by the

glycolysis metabolism. Interestingly, this lays a di

/-

gene indi eS'th t‘ﬁgingivalis biological function is focused on

treatm ther céllular métaboti gene, coak coding for dephospho (COA) kinase
enzn&'ﬂs also upregulated,.@ﬂ'cial enzyme involved in metabolic activity for ATP
horylation to synthesis coenzyme A. Coenzyme A is took part in the majority of

lic pathways (Shimosaka et al., 2019). Due to the major effect of L. rhamnosus

CC 7469 CFS treatment on P. gingivalis metabolic pathways, counter mechanisms
ere introduced by producing more coenzyme A to re-establish the damaged metabolic

pathways. The other gene involved in metabolic pathway, serC gene was also
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upregulated in the treated group. The gene codes for putative phosphoserine transaminase

which involved in L-serine biosynthesis by NAD dependent phosphorylation. L-

a vital amino acids involved in many biological function of all cell (Jan Y?gi
2023). Interestingly, the upregulation of this gene is in line with the upreg aa%AD
synthesis gene, nadA, thus it might be concluded that the upregulatimAD as a
counter mechanism was able to upregulate the L-serine biosynthesis g

On the other hand, a few genes related to amino acid Mis and protein
osus ATCC 7469
ich lhese genes are

maturation were also upregulated after the treatment withyL.

CFS. Genes including rimPand panC were also upregul

involved in amino acids pathways and protein maturation:Skbe rimP g dss for the
RIMP component that facilitates the maturation of 30Ssibosomalfsubunits N(@%&al.,
2009). Upregulation of this gene is reflected in the ulatior‘l'of arigus 30S.r1bosomal

subunits as analysed in this study. On the other rwyene relQ panthotenic acid or
vitamin B5, panC was also upregulated aftegthe,treat ith L. @mosus ATCC

7469 CFS. Pantoate-beta-alanine lig s@nzyme tayvolved @he metabolism of
vitamin B5 for the formation of coe@n W I g&J (Tadietal., 2022).
Upregulation of this gene as cou hani
coaE gene which codes for cos% syn

Additionally, there a@al gen re i@ed in multiple functions such
as cellular molecular a@% rface pl}tein ssbn@. and heme uptake system. Genes
involved in molecular activity are Ku( CJ ifig/for Holliday junction resolvase and

miaA gene codin@A@ansfera@Holliday junction resolvase plays an
in

important role N itoti 'nati@e bacteria where it is important to ensure
proper segreg%o chfomos q.'duriﬁ@mitosis especially during genetic materials

exchange %chro tids: Holli ('ﬁnction resolvase also monitors and correct any
{
h

DNA | rment that ogetrs'duri e exchange process (Nautiyal et al., 2016). The
upr ion of this gene indic@hat P. gingivalis is going through rapid mitosis action

—

Nce new cells due to the damage of the treatments on its population. Besides that,

, agene coding for tRNA methyl transferase is important for translational activity by
oding the codons into proteins and also the post-translational monitoring of the tRNA
Koshlaetal., 2019). Upregulation of these genes indicated that the counter mechanism

of P. gingivalis also involved the rapid molecular activity of the pathogen.
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Two more genes that are upregulated are surface protein coding gene and the
heme chaperone gene, bamDa nd hemW respectively. Lipoprotein assembl
bamDwas upregulated as a counter action of downregulation of Iipopolysdbg&' es

formation gene, kdsA (Knowles et al., 2009; Tata & Konovalova, 2019): &v other

hand, upregulation of hemW gene, a chaperone protein in the hem e system
indicate that P. gingivalis are going through major cellular regener at requires

quick uptake of heme to be metabolized for cellular use (Haskamp,et al’; 2018).

Regarding the effect of differential gene expression on theé gene ontology of P.

gingivalis, gene expression under molecular functions and Bin proc’ess were highly
downregulated. Meanwhile, for the upregulated gene e sion) hi gegulated
gene belongs to the cellular component category, followed by molecular Pnc&gg’and
then binding process category. The result is refle in the }pr gulated genes where
most of the genes are involved in cell compon ild s to overcome the

damage on the molecular function and bindw ess

ion.

As for the pathways affected b canregulate es, @rum sensing, two-
component system, purine metabolism and micr e? '@u diverse environment
were downregulated. Four genes a %/ed'in‘%um-@sing pathways, which are
PGN_1733, PGN_1733, PG %nd N_ 62&& on the KEGG database
search, the affected gene %3 iS Telated) to theMarge surface protein BapA in
biofilm formation, PGIN" 0599 involvld in eltypgjecretion protein pathway, and
PGN_0264 is a major part signd{ tidﬁéﬂicle docking protein. The quorum-

SI

sensing pathway @wd in Ihe ling a@ﬂnduction of signalling molecules. This
he

pathway trigger\% cter i for@;tﬁ/on-related genes besides detecting and
translating sn% lecule 'sig sffro ('Beighbouring bacteria (Bramhachari, 2019;

i y ‘ ™
Fleitas Ma%et alx le ‘é\

;T 0-compo entgys@- pathway is another vital pathway downregulated
[ ly in the treated grst of P. gingivalis. Three genes were affected in this

co
pax which is PGN_0715, PGN_1162, and PGN_1041. Based on the KEGG
ﬁa

se, the detected genes in the two-component system, PGN_1162, is in the short

Oty acids metabolism system, while PGN_1041 is involved in the redox signal pathway.
Generally, the two-component system is a mode for bacteria to sense the changes in their

environment and the bacterial modulation to respond to the environmental condition.

70



Besides that, a two-component system is also involved in bacteria-to-bacteria cross talk
throughout the biofilm formation, maturation, and cessation of biofilm (Liu et al.
In addition, purine metabolism pathway was also affected by the-tr ent.

Several genes were affected by the treatment including PGN_OSGa PGD 1948,

PGN_1148, and PGN_1396. Additionally, the purH and purD genes that were
downregulated belong to this pathway. Based on KEGG database seafch, PGN_0865

belongs to the IMP cyclohydrolase group that is involved in the Thitial part of purine
metabolism to synthesis Guanosine monophoshate (er and Adenosine
monophosphate (AMP) (Wizrah et al.,, 2022). Meanwhile, P¢N_1948 IS a

deoxyguanosinetriphosphatetriphosphohydrolase (dGT

grolip € 'WhiCh is
involved in DNA hydrolyzation but the specific activityais still largely u cl7ar ingh et
al., 2015). The other two genes, PGN_1148 and 1396 ye notidentified in the

KEGG database. Other than the stated pathw?licrobiak
se,Se

environment were also affected. KEGG da% ar

resulted to the downregulated genes S@H, fo
On the other hand, four KEGG pathwa M\Tq f@ntly upregulated after
treating L. rhamnosus ATCC 746 E%(h hree pa aysq%ethe ribosomal pathway,
oxidative phosphorylation, gly: ‘r%]e, and thre iﬁiﬁolism, and biosynthesis of
amino acids pathway. Thes yst Mﬁ mformation, energy metabolism,
{:?:}m @e KEGG ribosome pathway

indicatesan upsurge in translation tiv lﬁt’sj@cteria (Romero-Lastra et al., 2019).
The KEGG datab@ch idelltifie hat ama@st the 15 affected genes in the pathway,
be

12 affected gerx t S, a 0S ribosomal subunit genes that were
upregulated i% reated ‘group 8f P.(@ngivalis. The upregulation of the KEGG
ribosoma %ys? sted'that th teria undergo rapid translation to overcome the
extern s$induced .fha us ATCC 7469 CFS treatment.
: Y
thermore, the treat with L. rhamnosus ATCC 7469 cause upregulation of

th ative phosphorylation pathway, where four genes (PGN_1761, PGN_1758,
1762, and PGN_1761) were detected to be differentially expressed in the treatment

O)Up. The KEGG database search predicted all four genes to be the subunits in VV/A-type
ATPase (vacuolar/archaeal-type adenosine triphosphatases). The V/A-type ATPase is

and amino acid metaboli The u

involved in oxidative phosphorylation, where the V-type ATPase and A-type ATPase
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demonstrate coupled action to translocate protons across the membrane for energy
production. Both types of ATPase work differently to generate cellular energy (M t
al., 2021; Zhou & Sazanov, 2019). The upregulation of this pathway suggestéd,that the

bacteria amplify their energy production for rapid cellular repair and ion to
environmental stress. -&

Other than that, the upregulation of the KEGG pathway of gmserine, and
threonine metabolism is predicted in the treated group of P. gingivalis. There are five
genes PGN_0243, PGN_0611, PGN_1489, PGN_1495, and P
that were affected after the treatment with L. rhamnosus A

12 in the pathway
69 C':S where two of
the stated genes resulted to gpmA and serC genes from th GG/dat grch. The
glycine, serine, and threonine metabolism pathway vital in enh cirg Q%&Trial
glycolysis activity and the production of glycine, semne, and t?r ning aming_acids for
7, 2024), Thé Upregulation of the

a suggﬁste at th@cteria require

glycine, serine, and threonine metabolic
energy from glycolysis activity and K epair 0 the aé@icrobial activity
exhibited by L. rhamnosus ATCC 7469 CFS:
\ ~

Another pathway that was Upre atgg the @xposureto L. rhamnosus ATCC
7469 CFS is the biosynthesis ino acids pat ary V\A;@'E several genes including
PGN_0243, PGN_1080, P%, PGN" 0611, PG 51, PGN_1874, PGN_1996,
PGN_1495, PGN_0612 phos oserinetmin rans@ e, and PGN_1234 hypothetical

asparagines synthase were egul@ e Ja{liway KEGG database search showed
that PGN_0243 a 0

Meanwhile, PGN, 1080 cod
the first step ocjg\ced hain
and isole d theyt ft eaction will be utilized in the further step of
cellul abolism (ﬁo etdl., 2 ). Besides, another gene that is upregulated in this
pathn& PGN_0351, a gene@ng for pyruvate carboxylase enzyme that catalyzes the
endent carboxylation of pyruvate into oxaloacetate which then enters Kreb's

cellular repair (Cheng et al., 2019; Chowdhury

the ID{tar gpmA and serC gene respectively.

nche ain amino acid amintransferase which is

or cellular metabolism (Y. Liu etal., 2018). However, KEGG database search on
N_1874 resulted to putative 3-phosphoshikimate 1-carboxyvinyltransferase which
unctions in amino acids biosynthesis is largely unclear. PGN_1996 were found to be a

gene coding for putative dihydrodipicolinate synthase, an enzyme that is involved in
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lysine metabolism and also relevant in oxidative stress and iron homeostasis response
(Olaya-Abril et al., 2020).

Another upregulated gene under the pathway is PGN_1495 which c for
putative threonine aldolase. Threonine aldolase is an enzyme that cleavage tr\@he into
glycin and aldehyde to be utilized by the cells (Fesko, 2016). Phosphoserine
aminotransferase (PSAT) coding gene PGN_0612 was also upregulatme treated P.
gingivalisgroup. PSAT is a PLP dependent enzyme that catalyz conversion of

pyruvate isomers into phosphoserine. This metabolism is a part sphorylated serine

Is a‘hway may have
nd t reWe'tabolism
pathway. Holistically, the upregulation of genes in th ino acid biosy h(isis @%ga/ay

-
% 3
tputs, which are mfal,
are g\ and kgp gene,

biosynthesis pathway (Sekula et al., 2018). The upregulatio

direct relationship to the upregulation of glycine, seri

is in line with the upregulation of glycine, serine, threonine pathway.

Two genes of interest that were analyzed'in the
rgp with the addition of two other related wnte
were validated for their expression af@atment witheL. rh@osus ATCC 7469
CFS treatment by employing the Real=Time - Q M\TP F&l’-qPCR) technique. In
this investigation, 16s rRNA of P. gingi Iis“v usedias the (E’*erence gene to determine
the relative expression of the stateehgenes ofsintere (i‘sh'l(&ﬁ etal., 2020). The results
for the gene expression of s enes were inlline @we results obtained from NGS
procedures. The resu%%%zl1 ingVI\ do nﬂeg@tnon of the mfal gene and the

upregulation of fimA, kgp, and r én aﬂ'@@ the reference gene. However, the

c

findings were not statistigally slgnil nt.

NS
The g dard to,validateith expression result is RT-gPCR; thus, the
results are %al nd\iil: e (gﬁf et al., 2016). The gathered result showed
that the % nterest falfge em@ownregulated in the treatment group. This result
agrees'with'the NGS scréening oj{[;&]'t where the mfa genes cluster was downregulated

a treatment. Addmally, the treatment group had upregulation
@kgp, and rgp genes, thus validating the NGS output where rgp was upregulated

u treatment with L. rhamnosus ATCC 7469 CFS. Several possible errors occurred
Oring the procedures that needed improvements in future studies (Taylor et al., 2019).
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The study can be extended in multiple areas to understand the depth of L.
rhamnosus ATCC 7469 CFS action in preventing periodontal pathogens colonizati
improving periodontal health. One aspect that can be discovered further is assessing,the
antimicrobial ability of L. rhamnosus ATCC 7469 CFS against multi I%ies of
periodontal pathogen, the tissue healing ability of L. rhamnosus ATCC H&FS inoral
tissue model or animal model and its mechanism, identification of Tﬁve material
in L. rhamnosus ATCC 7469 CFS and the application of L. rhamnasus ATCC 7469 CFS

in the clinical setting.

In conclusion, as shown in the results, L. rhamnosus 746‘9 CFS exhibited
significant results in its antimicrobial and anti-biofilm activity. In dWi‘nhibition
activities were reflected in the gene expression of P. ivalis, as proven i)y @g&-NA
sequencing outcomes. Several important genes Ived in_biofilm for Aﬂ’on and
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n
4
survivability were affected by the exposure to noN S. These

results showed the potential of L. rhamnow C 7'4‘69 to b@éveloped as a

supportive treatment to overcome p@l path S ologﬂon and biofilm
formation. \
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