CHAPTER 4 Y
RESULTS :cﬁ

4.1 Antimicrobial Properties of L. rhamnosus ATCC 7469 C Y.

FS
The antimicrobial properties of L. rhamnosus ATCC MFS against P.

gingivalis ATCC 33277 were assessed based on two pfeceddres which were disc
i

etew.
™

4.1.1 Disc Diffusion Assay of L. rhamnosus AT@ CFS ' _\“}
J
in

The CFS of L. rhamnosus ATCC 7469 d hi "
(10.64 + 0.44 mm) as shown in Table 4.1. mean inhipi

diffusion assay and broth microdilution assay for susc

ion zone diameter
lam %rthe positive
control, 0.2% chlorhexidine was largerzat 16788,+ 2.16 min. an\&, as expected the
negative control sterile MRS broth sm no inhibiti t a_U\. e CFS inhibition
diameter were statistically signific r‘lﬂy)mp i n sésontrol at p<0.001 with
the ANOVA test. ‘é o .

N

Table 4.1: The inhibit jlameters of
diffusion assay (sigrgl/t sul ked bq}!terisk (*) with p-value<0.001 when
a

being compared& e rltrol 6
A a

Iphibitigh diameter, Significance

Test Sample%\ )
l\\déa'hiSD (mm)

é
L. rha cc ‘4@/ 2 YS 10.64 +0.44*

CFS (_}’
N p-value <0.001

0 hlorhexidine 16.88 + 2.16
0 MRS broth -
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4.1.2 Minimum Inhibitory and Bactericidal Concentration of L. rhamnosusATCC

7469 CFS

The MIC and MBC were determined to identify the lowest concentrati W
rhamnosus ATCC 7469 CFS to inhibit P. gingivalis ATCC 33277. The %BC
values of L. rhamnosus ATCC 7469 CFS were identified as 25% (v/v, C;\&rile broth)
(Table 4.2) compared to positive control, 0.2% chlorhexidine at 3.1The negative
control, sterile MRS recorded no inhibitory and bactericidal effect@n P. gingivalis ATCC
33277. The result indicated that the CFS was able to inhibit andsi aneously kill the

pathogen at 25% v/v concentration. This was shown in Fi .JHwhere the clear well

Wthe MTT
solution. The MTT solution stained the culture with specific metabolic agti w‘?@d to
h!t.thg was

tedin Figure 4.1.

growth. Meanwhile, the wells that showed colo anges indicat

growth of P. gingivalis. The determination of M
The visualization of MBC values determination was as sho igur%\BVVhere MBC
at all, or less than 10%

was determined by the streak of culture tha ed
colony on the plate. The results indicm all P. gin

particular concentration of CFS wergkilled. In thlﬁ\ﬁy 2 ,Q%’concentration of CFS
was found to kill more than 90% o ngivalis. Q‘:}

S5
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Table 4.2: The minimum inhibitory and bactericidal concentration of L. rhamnosus
ATCC 7469 CFS as determined by broth microdilution assay.

Test Samples Minimum Inhibitory Minimum Baete al
Concentration, MIC (%, Concentrati %C (%,
VIV) VIV)
L. rhamnosusATCC 7469 25 ?5'
0.2% Chlorhexidine <3.125 \}3.125

Sterile MRS broth >100

100 % viv

Figure 4.2: The representative streak plate for MBC determination.
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4.2 Anti-biofilm Properties of L. rhamnosus ATCC 7469 CFS

The anti-biofilm properties were determined by measuring the optical density of
biofilm that was stained by crystal violet solution in 96-well plate setups. %\
density was measured at 600nm by spectrophotometer to determine intensity of
stained biofilm in each well. The reduction of biofilm percentage vari%rding to the

ining

concentration of L. rhamnosus ATCC 7469 CFS. As shown in Figure'4.7, the highest

concentration of L. rhamnosus ATCC 7469 CFS at 100% vNS/sterile MRS)
recorded the highest percentage of biofilm reduction 4.94% while the lowest

concentration of CFS recorded the percentage of bi duction at, 14.00%.
Meanwhile, in positive control, the highest concentration 0f0:2% chlorhexidinerecorded

96.03% percentage of biofilm reduction. On the%nd, injthe n a’iv @'ntrol,

sterile MRS broth recorded no biofilm reduction at Il resylt for

Qg

statistically significant when compared to the untgeated
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Porphyromonas gingivalis Biofilm Reduction by L.
rhamnosus ATCC 7469 CFS
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4.3 Transcriptomic Analysis of P. gingivalis

4.3.1 Mapping Analysis of Treated and Untreated P. gingivalis.

The mapping analysis was carried with P. gingivalis ATCC 3327 the
reference genome. The total mapping rates (Table 4.3) were above 99%% treated
and untreated P. gingivalis. The preferred multiple mapping ratesare b than 10% and
both samples reported less than 5% multiple mapping rate.

Table 4.3: The mapping results for treated and untreated P. gi

Sample name Treated P. gingivalis ted i> gingivalis
Total reads 17671550 SW

o
Total mapped reads 17581281 18 2f3 (‘}
Uniquely mapped reads 16771614 2 17

L
Multiple mapped reads 809667 \ %’
0

26
33
226
Total mapping rate 99.4% 0‘ 99@"
Uniquely mapping rate %
>

Multiple mapping rate
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4.3.2 Gene Expression Level

The gene expressions level of P. gingivalis was measured by transcript ab
based on the gene length and sequencing depth. The analysis on P. gingi&
showed that L. rhamnosus ATCC 7469 CFS had a siginifcant effec % gene
expression of P. gingivalis compared to the untreated P. gingivalis. As in Figure
4.4, out of 1848 genes, a total of 327 genes were expressed differential?c differential

gene expressions include 188 upregulated genes and 139 downregulated genes.

Y,

Gene Expression Level
350 327
300 ———
250 ———
€200 —— 188
=]
<]
o
2
a 150 —— 139
100
50 ———
0 T
All Upregulated Downregulated
Treated vs Untreated

?:!D-/:;Yg\‘

4: The comparison‘b%‘hpregulated and downregulated genes between the

? E treated and untreated group of P. gingivalis.
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The gene expression changes are as shown in the heatmap (Figure 4.5) where it
showed genes with high fold change. The highly expressed genes are marked inr
the lowly marked genes are marked in blue or grey. The columns representﬁ\h WO
groups of samples, treated and untreated while each row the genes that wer %ntially

)

expressed.

[

group
20 group

I TREATED
15

UNMTREATED
10 z

I5
a
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Other than heatmap, the volcano plot is also important to infer the overall
statistical distribution of the differentially expressed genes. As shown in Figurew
rked in

upregulated genes were marked in red while the downregulated genes were

green. The similarly expressed genes were marked in blue.The horizontal axi icated
f&'fl

the fold change of the genes while the vertical axis indicated the statistic

icance of

the gene expression. The smaller log p-value indicated higher statistiwignificance of

the gene expressed.
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gure 4.6: The olc@plotfor all expressed genes.
A
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4.3.3 Differentially Expressed Genes in Treated P. gingivalis

The treated group of P. gingivalis showed differential expression of some'genes

when being compared with the untreated group. Several genes related to DN

proteins, cellular metabolism, bacterial signalling, and virulent factors w
downregulated as shown in Table 4.4. Genes such as dnaK, dnaJ, and are regulatory
and chaperone genes involved in the molecular activity of P. gingi&:Meanwhile,
genes like pdxH, galE, ablA, kdsA, purH, hflX, folD, nifJ, mgtE, pdxBurD, and rfbA are

involved in cellular metabolic activity especially in the glyeglysisiand electron transport

ind\;? fimbrial

The/gene Is,the_only

Ay
| &

geneinvolved in cellular signal recognition. é g
4 b4

chain. Additionally, genes like mfal, mfa3, and mfa4
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Table 4.4: The significantly downregulated genes in the treated group of P. gingivalis.

Gene Log: fold P-value Gene description Y'

name change \

dnaK -1.8349 1.54E-05  Molecular chaperone DnaK b

dnalJ -1.7222 5.74E-05  Molecular chaperone Dnal

galE -1.7101 5.74E-05  NAD dependent epimerase/dehydratase family

ablA -1.6468 9.98E-05  Lysine-2,3-aminomutase M

kdsA -1.6250 0.000137  3-deoxy-8-phospho ctuRatYsynthase

purH -1.5605 0.000205  Bifunctional
phosphoribosyla id oI amlde
formyltransfe

hflX -1.5534 0.000243  50S riboso mdmg ;—:-

pdxH -2.0208 0.000403  Pyridoxa phbsp\a OXIda

folD -1.4239 0.000979  Tet rofolaté"dehydrpgena: clohydrolase

bindin &

nifJ -1.3233 0.001570 _ Pyr ed Ia\L{Q Xin) oxidoreductase

mfal -1.3333 0.00165 %nor f&*zox)u Q‘fal

mfa4 -1.3461 0.001%\A|n r fimbgiaksub Mfa4

nrfA -1.2660 0.00ZM - orm@ cytochrome C nitrite

mgtE -1.2717 525 ati glum) transporter

pdxB -1.207 V 004? |som eC|f|02 -hydroxyacid dehydrogenase,
NADimndlng domain

purD orlbosylglycmamlde synthetase, ATP-

@sp (A) domain
mfa3 98 J'M486 Fimbrial tip subunit Mfa3

poIA .\.

S

.0701
-1.0367

0. 011 DNA polymerase |
0. 017\97 Signal recognition particle-docking protein
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On the other hand, genes related to ribosomal subunits, protein synthesis, protein

folding, protein assembly, and some virulent genes were significantly upregulategi
treated P. gingivalismolecular expression. Table 4.5 shows the gene% are

significantly upregulated. As shown in the table, a lot of ribosomal prote:'r%s were

upregulated which includes 50S and 30S ribosomal proteins. The re rplQ,

rpsD,rpmA, rplU, rpsN, rpsO, rpsM, rplC, rplS, rpsG, and rplX. Othervat, there are

a few metabolism related genes such as gpmA, nadA, miaA, panC, coak, and serC.

Additionally, a few assembly genes were also upregulated irTeated group of P.
n

gingivalis including rimP and bamD. Other upregulatt;% g T) virulent genes
such as rgpB and rgpA, resolvase gene ruvX and hem rone W.
@ \Y-
> 7
’ b 3

Y
Table 4.5: The significantly upregulated genes in the trgithup of P~gingivalis.

2

Gene  Log:fold P-value %script"ho 6
name change <9
\ &

ruvX 2.4745 8.59E-08 lliday junction resotyase
2,3-b4§3ﬁosphogcherate-dependent

)
gpmA 2.5345 8.00&& =
S

rplQ 1.7843 c;DE-O ' |b€{;nal protein L17
rpsD 1.74&\).0 144 30S ribosomal protein S4

N
nadA 2@ .000 ‘,' Qﬁi%b}linate synthase
O |
0 9 $OS ribosomal protein L27

5543 0.000%5_?}. 50S ribosomal protein L21
\

.

r N 1.4569 0.000611  30S ribosomal protein S14

1.4881 0.000662  30S ribosomal protein S15
pB 1.3235 0.001720  Arg-gingipain RgpB
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rgpA
rpsM
rimP

miaA

rplC
rplS
bamD
panC
rpsJ
coak
serC
rpsG
hemW

rplX

1.2903

1.3617

1.3008

1.4931

1.2019

1.1823

1.4487

1.4722

1.1781

1.8469

1.0163

1.1059

2.9271

1.1422

0.002164  Arg-gingipain RgpA

0.003352  30S ribosomal protein S13 Y'

0.003534  Ribosome assembly cofactor RimPco

0.006048 tRNA (aden05|~37)-N6)—
dimethylallyltransferase T

0.006903  50S ribosomal protein LBV

0.006995  50S ribosomal prot 1 '

0.007262  Outer membrane ina eMo
4

=

0.011442  Pantoate-beta-alanine ligase ’_\C}
0.011557  30S ribo q\ \,‘T
_ o
0.016051  De é
&
etra@ninase

0.024314 i

0.024467 ribo rotei é{
6 )
Radical S f"%tmA ugﬁeme chaperone
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4.3.4 Gene Ontology (GO) Enrichment Analysis

Investigation of the gene ontology (GO) of the treated P. gingivalis werefalso
done to investigate the affected biological functions and metabolic pathv@ GO
results for all differentially expressed genes are as shown in Figure ﬁ%‘i’h GO of
downregulated genes are as shown in Figure 4.8 while the GO of upregulated genes are
as shown in Figure 4.9. The GO analysis is divided into three grm biological

functions which are molecular function (MF), cellular components , and biological

INIRHS

TREATEDvsUNTREATED_all(MF) N~
"

process (BP). The significant GO are marked with asteris

ligase activity, forming ... (n=5)
endopeptidase activity (n=7)

peptidase activity (n=11)

peptidase activity, acting ... (n=10)
coenzyme binding (n=13)

catalytic activity, acting on a protein (n=11)
GTP binding (n=4)

purine nucleoside binding (n=4)

nucleoside binding (n=4)

NAD binding (n=3)

inorganic molecular entity ... (n=4)
transferase activity, transferring ... (n=3)
transmembrane transporter activity (n=8)
cofactor binding (n=17)

protein binding (n=11)

ion transmembrane transporter activity (n=6)
structural molecule activity (n=7)

structural constituent of ribosome (n=7)
transporter activity (n=14)

cation transmembrane transporter activity (n=5)

00 02 04 06 08 1.0
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TREATEDvsUNTREATED_all(CC)

ribonucleoprotein complex (n=8)
intracellular non-membrane-bounded organelle (n=8)
intracellular organelle (n=8)
non-membrane-bounded organelle (n=8)
organelle (n=8)

ribosome (n=8)

protein-containing complex (n=12)
cytoplasmic part (n=8)

cell part (n=13)

cell (n=13)

cytoplasm (n=9)

membrane part (n=8)

intrinsic component of membrane (n=6)
integral component of membrane (n=6)
membrane (n=22)

intracellular part (n=9)

intracellular (n=10)

cellular_component (n=34)
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organic acid biosynthetic process (n=4)

purine nuclectide metabolic process (n=4)
coenzyme metabolic process (n=5)
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organonitrogen compound metabolic process (n=32)
establishment of localization (n=18)

localization (n=18)

ribosome biogenesis (n=3)

ribonucleoprotein complex biogenesis (n=3)

protein folding (n=3)

transport (n=18)

ion transport (n=7)
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proteolysis (n=10)
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.7: Overall gene ontol&gy analysis (a) Gene ontology analysis of all differentially

Figure

d genes in the MF category where the highest differentially expressed genes
in the ligase forming activity and endopeptidase activity group. (b) Gene ontology

the cellular components showed the differential expression of respective activity as
shown in the figure. (c) Gene ontology in binding process category where all genes were

expressed similarly in all categories.

50



TREATEDvsUNTREATED_down(MF)

DNA-binding transcription factor activity (n=2)
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TREATEDvsUNTREATED_down(BP) i

n=4)
n=4)
n=4)
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n=4)
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Figure 4.8: Downregulated gene onMana sis (a)aGene Qology analysis of

downregulated genes in the MF c%y showe e @re downregulated in
xan

similar amounts for all MF activjti Gerfé ont a,!@i&of downregulated genes
in the CC category whereﬁq under brarﬁ?omponents were slightly
downregulated. (c) Gene o i orS@'ere all genes were similarly

localization (n=9)
transport (n=9)

> | IiERAOEEEAOOEEACD

o

g

<
=]
w
o

downregulated in all a

52



TREATEDvsUNTREATED_up(MF)
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TREATEDvSUNTREATED_up(BP) | )
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4.3.5 KEGG Enrichment Analysis

The connection of several genes might be integrated together in a Eio ical
function and it is studied in an analysis called KEGG enrichment analysis%
boli

database for genomes, biological pathways, disease pathways, drugs

isa
m, and
chemical reactions. KEGG is applied in bioinformatics to understand the genomics,
transcriptomics, metabolomics, and a few other branches of biolo icz&dy. This study
utilized KEGG analysis to understand the significantly enrichemays associated

with the differentially expressed genes. The scatter plots for KEGG enrichment are as

shown in Figure 4.10. '
As shown in Figure 4.10 (a) the genes that ar hly downregu eg beLQ)&'s to
the two-component system, quorum sensing, e metabolisrf)” and “microbial

ile; in"t regu@g KEGG
ntl p\ulated %X; belong to
ribosome pathway, oxidative phospho Ia@y i i

and biosynthesis of amino acids pathwayS-%khe detailed infermation-0f each pathway is

as shown in Table 4.6. %
S

metabolism in diverse environment groups.
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TREATEDvsUNTREATED_down

Two-component system
Starch and sucrose metabolism 4
RNA degradation{ «
Quorum sensing
Pyruvate metabolism - Count
k

Purine metabolism - ® 5

Protein export{ « @®
Peptidoglycan biosynthesis{ = . 15
Oxidative phosphorylation4 « . 20
One carbon pool by folate -
O-Antigen nucleotide sugar biosynthesis - padj
Microbial metabolism in diverse environments - - 100
Metabolic pathways . 075
Lysine degradation 4 0.50
Lipopolysaccharide biosynthesis{ * 025
DNA replicationq = - 0.00
Citrate cycle (TCA cycle)
Carbon metabolism - ® '
Butanoate metabolism -
Bacterial secretion system 4 L ]

‘ P [ T
(a)
NS

TREATEDvsUNTREATED_up

Terpenoid backbone biosynthesis

Ribosome o
Pyruvate metabolism 4 ®
Peptidoglycan biosynthesis - L]
Oxidative phospharylation 4
O-Antigen nucleotide sugar biosynthesis 4 [ ] Count
Nicotinate and nicotinamide metabolism - ® 5
Microbial metabolism in diverse environments 4 ® . o
Methane metabolism 4 L . N
Lysine biosynthesis - [ ] pad
Glycolysis / Gluconeogenesis o [ ] - 1.00
Glycine, serine and threonine metabolism - 0.75
Fructose and mannose metabolism- 050
Cysteine and methionine metabolism - L] 025
Citrate cycle (TCA cycle) [ ] . 000
Carbon metabolism o [ ]
Butanoate metabolism - [ ]

Biotin metabolism-

Biosynthesis of secondary metabolites 4 .

Biosynthesis of amino acids -

05 010 015 0.20 025

% ’!U'/"’g (b)

N
Fi@o: KEGG enrichméhcﬂnalysis (@) the distribution of downregulated genes

% in KEGG pathways. (b) The distribution of upregulated genes involved in stated
G pathways. Gene count indicated the number of differentially expressed genes
der the pathways, gene ratio indicated the ratio of gene counts in the pathway over
overall genes while multi-coloured padj represents the adjusted p-value for each
pathways.
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Table 4.6: Detailed information on each affected KEGG pathways, significantly affected

pathways are marked with asterisk.

X

KEGG Pathway Description Related Genes ID Diﬁeren[@é
Pathway Expr& nes in
ID Patw
pgn02024  Quorum sensing PGN_1733, PGN_1733, %
(downregulated) PGN_0599, PGN_0264.Y.
pgn02020  Two-component PGN_0715, PGN_1162%," |
system PGN_1041. \d
(downregulated) ‘ \Y'
&
pgn00230  Purine  metabolism PGN_0865, _1948, ur ,pur&z_-\
(downregulated) PGN_114 N_. Yy
pgn01120  Microbial metabolism PG W:P gpmgpdxH, folD,
in diverse ‘&%18, PG 1 r@nrfA, serC
environments G’SN_lW&N 1 /‘\'\
(downregulated) ‘% P 0}
“ &
pgn03010* Ribosome \ PGWGN&%AZ, rplQ, rpsD, rpmA,
(upregulated)Y' N_ ,PG& 648, rplU, rpsN, rpsO,
% ’iBJ P}\I_1698, rpsM, rplC, rplS, rpsJ
~PGN_1844,PGN_0167,

* “Oxidative
phosphorylation
(upregulated)

Glycine, serine and
threonine metabolism

(upregulated)

4898, PGN_0035,
|PGN_0279, PGN_1869,

PGN_1855, PGN_1871,
1

PGN_1761, PGN_1758, -
PGN_1762, PGN_1761.

PGN_0243, PGN_0611,
PGN_1489, PGN_1495,
PGN_0612.

gpmA, serC
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pgn00260  Biosynthesis of amino PGN_0243, PGN_1080, gpmA, serC
acids (upregulated) PGN_0351, PGN_0611,
PGN_0351, PGN_1874,

PGN_0612, PGN_1234.

Yv
PGN_1996, PGN_1495, @
<&
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4.3.6 Validation of Gene of Interest by Real-Time Quantitative PCR (RT -

QPCR)
The genes of interest detected in the NGS procedure are validatelﬁq:r-
h1l

gPCR technique. The gene of interest includes fimA, mfal, kgp, and rg% rRNA
acted as a reference gene. The concentration and purity of the extracted RNA were
determined before RT - qPCR procedure. The purity of RNA was demd based on
the ratio of absorbance at 260nm to absorbance at 280nrN60/A280). The

I'with the purity of 2.038
(Table 4.5). Meanwhile, the RNA concentration of

ingivalis treated with L.
rhamnosus ATCC 7469 CFS was 1776.24 ng/ul with the pusity of OENJ guality of
RNA was also assessed by gel electrophoresis method\(Figure 4. yx'a ﬁx\lA
was observed to be intact and pure with the presen singL}ar ntepse ba@or each
sample. The treated and untreated RNA were trRF:an M cDNAQ}be used as

template for RT-gPCR. é\
)

. N% ) A |
Table 4.7: The quantification of ? nce a é?.purlty determined by

concentration of RNA from untreated sample was 1206.40

4

molecular spectrophotometer.

Samples Y\;\‘A rofce?t‘atiog RNA purity (A260:A280)

( E (gl 1y
Untreated P. gingivalisRN .46(3/ 2.038
\1776

Treated P. gingiv@& J & 2.026

\V
XY,
’V)! Y;é\
>
N

(o
&
S
S
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Y-v

4
Figure 4.11: The visualization of gel electrophoreSis to }es{ quality?f' extracted

RNA (A: 1000bp DNA ladder, BL: U W gi NA sample 1, B2:
Untreated P.gingivalis RNA sample ; T,eated P.gingi aIis@S& sample 1, C2:
Treated P. glvall R e A
B
o e,
" &
Then, the detected Ct mg ror pr ures were translated as fold

h by the followi at
changes by the followi ations: l 0
2 '
- (__)

\ ChaQ c= TD- )-(ACTc-ACTA)

I~

j 5:
esePt ref n eg@ms rRNA from untreated samples,

SFC represents referilj)@ gene 16s rRNA from sample treated with L.
N

mnosus ATCC 7469°€FS,

§ ACTc refers to the gene of interest from treated samples,

ACTa refers to the gene of interest from untreated sample.
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The relative expression is the fold change of target genes in P. gingivalis treated

with L. rhamnosus ATCC 7469 CFS relative to untreated P. gingivalis sample
normalization to the reference gene, 16s rRNA. The relative expression of sel
in treated samples, fimA, mfal, kgp, and rgp were recorded as 3.77+ 1.78
1.46x 4.07, and -1.01+ 3.79 respectively (Figure 4.10) where

o s

downregulated while fimA, kgp, and rgpgenes were upregulated. Yv

A v s
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16s rRNA fimA kgp

rgp

L. hmnosus ATCC 7469 CFS.

d ;nes

£

.00, -

ene was

-6.00
2 o expregion. |
Figure 4,12:"The relative exprea‘; of the selected genes in P. gingivalis treated with

N
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