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Inhibition Effects of Weisiella cibaria SPM402 and Lactobacillus paracasei
SPM412 against Gingipains as a Major Virulence Factor
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ABSTRACT - To develop a functional probiotic that inhibits gingipain, a major virulence factor of Porphyro-
monas gingivlais (P. gingivalis), we screened over 30 probiotic strains for their ability to inhibit gingipian activity. We
investigated the inhibition of expression of gingipain genes kgp, rgpA, and rgpB as well as gingipain activity, using
freeze dried cell-free supernatants of Weisiella cibaria SPM402 (WC402) and Lactobacillus paracasei SMP412
(LP412), both of which demonstrated antibacterial activity against P. gingivalis. Thus, it was verified that kgp expres-
sion was reduced by approximately 0.71+0.02 folds and rgpB expression was reduced by approximately 0.71+0.14
folds at a concentration of WC402 10 mg/mL. Meanwhile, at the same concentration of 10 mg/mL of LP412, kgp expression
was reduced by approximately 0.19+0.08 folds, rgpA4 expression was reduced by approximately 0.09+0.02 folds, and rgpB
expression was reduced by approximately 0.24+0.03 folds. At a concentration of 10 mg/mL, Kgp activity was inhibited by
approximately 78.65+3.58% (cell associated gingipain, CAG), 82.45+1.22% (cell-free gingipain, CFG) by WC402 and
80.71£2.11% (CAG), and 85.81+0.05% (CFG) by LP412 respectively. Rgp activity was also effectively inhibited by approxi-
mately 78.6+1.01% (CAG), 86.78+0.47% (CFG) and 82.93+1.26% (CAG), 88.81+£0.36% (CFG) by WC402 and LP412
respectively. Based on these results, W. cibaria SPM402 and L. paracasei SPM412 can be regarded as functional probiotics
with the ability to inhibit gingipain activity and exhibit antibacterial effects against P. gingivalis.
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% P gingivalise A7 2dsdA+o2 Fo, 3
B ] oK(Fimbriae), lipopolysaccharide (LPS), 3| vl=FEld
(haemagglutinins) % gingipain ]2} £2]& cystein protease
7 8 HRAARE deA AP, Gingipaine &3] 2

As gt Mle] IFE FEsH st 59
RS 7Hdsh Slas ofsletrl=d 71olste i
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Materials and Methods

NEEES N

B Ao AL8-3F P gingivalis KCTC5352% =A™
St A=A LA E (KCTC, Jeongeup, Korea)oll A -
Frol AL8-3FA T}, w92 Brain Heart Infusion (Becton
Dickinson, Franklin Lakes, NJ, USA) 5% &%=2] Horse
Blood Defibrinated (MBcell, BNFKOREA, Gimpo, Korea)
9} menadioneS 25ugmL FEE  F7E wjA
AnaeroBag (Chongqging PangTong Medical Devices Co.,
Ltd, Chongging, China)2 AM§-3te] 37°C, 48A17F & 7] wj
skt A ul &Foll= horse blood tH4! horse serum
(Sigma Louis, St. Louis, MO, USA)S 5% &&=& #H7}3s}
Ak 2 Ay ARSE Akt Weisiella cibaria SPM402

O OH

o] vz Z %l (Macrogen, Seoul, Korea)ollX] S43le] A¢
Ao BASIY YA FFZ P gingivalisol] Thet FH o]
s Rl & Ao AREsith Al ARS-S
J\]E’—L‘{‘ ¥ @& De Man, Rogosa, Sharpe (MRS) 4|
D Difco™, Becton Dickinson)ol| 37°C, 2447} vl &k
= %é%ﬂd"’q B FEAE T4 Axste] FEE
E 3 Y FEE A F 02 um AFEF o] ALE
53 NS WC402=, L.
paracasei SPM4122] 5N LP412& % 7|33 th.

WC4028} LP4129] P gingivalis o TSt G@ed =%

P gingivalis®| D&t W. cibaria SPM4029} L.paracasei
SPM4129] &+tS glsty] et HaA A=
(minimum inhibitory concentration, MIC)Z% 2 CLSI
(Clinical & Laboratory Standards Institute) 7}o]=2}<l&
2} micro-dilution methodZ AA] S THY. WC402<}
LP412E 717} FH3 5% 50%FH & 1% =7 &
Fot=E WX E e +F JFTHFS Pl
1x10° CFUMLEEE H%E F 37°C, 48417+ wjste]
o] AFo] FolEx U= I FEe FrE MICE 2AA

AT or—-=
39tk pH 7.0, pH 4.5¢] MRS WX E 50% &L= SHr
stes 24S WA= #& HEstd pHol viA] A
of o3t MAAIFE FAJYom P gingivalisol] TS
moxifloxacin (Hanmi, Seoul, Korea)&d3H2 =4 0}0:] =
Ao gk A= S A MICE &2 F 7t &
Bl

=1 Wl 10 uLg WC402, LP412E 3H7-31% ?g-%

Aol HE 5 37°C, 48AZF WiF F o] 4FE ST
F ofle 7P 92 FEE 24+ F = (minimum

bactericidal concentration, MBC)Z 274 s}3it}.

WC4028} LP4129] 2]t gingipain S-FX} i x|

P gingivalis®] gingipain %2} &) gt WC4029}
LP4129] &35 stz Ao P gingivalise
37°C, 48117 A gk & /\HE Azuf=] el 1x10° CFU/

9} Lactobacillus paracasei SPM412= & 2| 3Z oA 2] 5} mL T2t HES ZF F A7 gt & RNA £E]
Table 1. Primer sequences for gingipain genes for gqRT-PCR analysis
Gene Sequence (5’—3’) Tm (°C)
F TGT AGA TGA CTG ATG GTG AAA 57.8
168 rRNA
R ACT GTT AGC AAC TAC CGA TGT 57.8
F TCA AGC AGT TCG ATG CAA GC 58.3
ep R ACT TGG GTC AGT TCT TGT CC 58.3
F TAT CCT TCG TGA TGT GCG TG 57.3
repd R GCT GTA ACG GGA GAA GCA AT 57.3
F CAT TCT CCT CTC TGT TGG GA 57.3
epB R CGT AGG GGA TTT GAT CAG GA 57.3
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sttt olm) WE2TE P gingivalis?t W3R, WC402
9} LP412E MICHT} 2 5 mg/mLe} 10 mg/mLE 2]
3 S A PO R 13t RNAREE GeneAll Hybrid-
R™ regent (GeneAll, Seoul, Korea)g& AM&-3te] A Z2AFE]
AAle whep AAletdem 2 AFol| A3 primers A
=®(Genotech, Daejeon, Korea)ollAl FA3tRom 1 ¢
71X <9-& Table 19 YERHATE Total RNA 0.1 pgs
templateZ 3} AccuPower CycleScript RT premix (dN12)
(Bioneer, Daejeon, Korea)S AF&-3Fe] 37°CollA] 30%, 48°C
A 4%, 55°ColA 30% W& 153] WHE -, 95°ColA
587} heat inactivation R AHAISS ANl
cDNAE F43I3Tth 4438t cDNAE ©]&3l4] gingipain
FAxe] @8 WHslE Quantitative real time PCR (qRT-
PCR)S A5l BRIt} qRT-PCRYF-S ¢DNA 3 pL,
Z} primer (10 pmol) 1pL, PowerSYBR Green PCR
Mastermix (Life Technologies Pty Ltd, NY, USA) 10 uL&
23 nuclease free waters 2] 2% F3|7F 20 uL7t =
=5 3%t} o] % StepOne realtime PCR System (Life
technologies Co., Carlsbad, CA, USA)S Al&-3}d 95°C
oA 1087F WA 5, 95°ColA] 15%, 60°ColA] 60Z7F
TS 403] W 9§ 95°CollA 1.6°C/sec E 60°C
A o] 187 AR T 0.1°Clsec 95°CTHA] &8]&
GAE A AYAdE PCR AHEQ] melting curve 4%
At TE A7 B2 house keeping geneS! 16S rRNA
g 7|50 R kgp, rgpd, rgpB o] THE AT Y
She ddCt 245 AAlste] A8kl on, 1.58) o]/
ztolE oAl we WstE ddski'.

WC4028} LP4129] 2J%t gingipain AT oix

P gingivalis 2 gingipain 4 4L King" 59| §
A e =5 AREE BAH S Farste] Ald)sieleh. A
st P gingivalise AAIAT 1x10° CFU/mMLE HE
F, 37°C, 48A17F F71i%F F, 12,000 rpm, 4°CollA] 15%7¢
Aal et A 72 FEsdrk AEAE 02 um
filter®d3} ¥ 0.2 mM Phenylmethanesulfonyl fluoride (PMSF,
Sigma-Aldrich)E 7lsle] M EZLEH] gingipain (CFG)2
2 ARSI AR dS #AlE 4x10° CFUMLE &=
= Dulbeco’s Phosphate Buffered Saline (DPBS, Sigma-
Aldrich)] @&Fala 0.2 mM PMSFZ H7tate] Alxut 2
9 gingipain (CAG)E AH&-3I31em, 4ol ARg-sl7] A
74 70°CellA Basigitt. @33 Ete] = Boc-VLK-AMC
(Bachem Americas Inc., Torrance, CA, USA)= Kgp2l 7]
Z 2, Boc-VPR-AMC (Peptide Institute, Inc., Osaka, Japan)y=
Rgpel 7122 247} 20 mM FE2 DMSO0°0] 24 3 50 uL
A afsf -70°Cell BAstl o AREA] DPBSell 34 st
o] 2 mME TEo] ARESHTE WSS AE A%l Na-
Tosyl-L-lysine chlomethyl ketone hydrocloride (TLCK,

Sigma-Aldrichyx= DMSO®] 10 mM F=2 ZA| & -20°C
of Bask, ARS-E o= DPBSOl |4s)M AHE-s}3
o}, duAES Fal A4 sAu)gel wEl DPBS (1 mM
cystein &-7)°l CAG stocke 508, CFG stock-> 108 3]
Agk g4 20 uLs 37°ColA 10827 A st 2+
FEE WC4029F LP412E 3 7}shal, Boe-VLK-AMC®}t
Boc-VPR-AMCE- 0.2 mMe] HEE Yo = Hu7} 100
uL7b HEE ated 37°CellA] 1587k vl YF ¥, 1.5 mM TLCK
50 uLE H7bete] w3E SAAMZGY. dFEZSA 7
(Spark®, Tecan Trading AG, Minnedorf, Switzerland)E A}
23} excitation 360 nm, emission 460 nm 3o|A 712
o] Fal= WAste ¥4S SA ATt Gingipain®] 24
A= AEE AP X T4 A o FFS
PZFO 2 gingipain A A1 leupeptin (Sigma-Aldrich)
10 yMS A2e 23 A5 HEe] J29 FEs v
o] F2lo tidste] ALkttt

Gingipain inhibition (%) =(1-OD /OD, ;o) X 100

treatment

EFAEAZ YJERATE FAIEA]2 GraphPad Prism® (ver.
5.0, GraphPad Software Inc., San Diego ,CA, USA)S ©]
8-31] One-way ANOVA©]-8-31¢] Kruskal-Wallis A7 3
FAE vtEoE Aeiith. A 27> Dunn’s Multiple
Comparison testE ©]-83}31T}.

Results and Discussion

WC4028} LP4129] P gingivalisol] THEt Sy

WC4029} LP4129] P gingivalis?| T3t d+a3E 3
A3 Az} F A8 BF MICE 25 mg/mL, MBCE 50 mg/
mLE 2l 5 A TH(Table 2). WC402¢} LP412E E%F P
gingivalis®ll t3l] -8 FEAATS AT F AN
o pH 45 % pH7 279 WIAE AR H3 FE AL
g 75 Aol BAHORE o]FojA wiA] ¢ pHO I
2 WA 5 AJY. F 2 Lactobacillus reuteri AN4172)

mL)E2 W eh A3e} vas) e vl -t e a3

DENE Rt =)

Table 2. Antimicrobial activity of WC402 and LP412 against P,
gingivalis KCTC5352

MIC (mg/mL) MBC (mg/mL)
WC402 LP412 WC402 LP412
25 25 50 50
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Gingipain SMX} o] Tjgt WC4022} LP4122] 3k

WC402¢}F LP4129] gingipain 32 mRNA 34dol vl
e IS 13 Ax WC402E 5 mgmLoAE kgp,
rgpA 2 rgpBe] mRNA Ao digh F3F2 fon|slA|
RSk 10 mg/mLAA = rgpae] #Hdo] U2t Hs}
o] °F 0.71+0.02vH, rgpBe] WAL oF 0.71+0.144] H =]
o] of7ke]l AR EHATE AN rgpa] HHL A=A
SEAUTE LP412 5 mg/mLolAM = tEw3 BNEtS kgpe=
oF 0.79+0.108, rgpAe 0.57+0.114) L& o] AR FH=
SAEF AL rgpBe] WAL A HA] Ztr). A LP412
10 mg/mLol A 223} BlaskdS o kgp= 0.19+0.084H,
rgpA 0.09+0.0280, rgpB 0.24+0.034] W3 o] 37kx H3
2] wo] AR AAES s AThFig. 1). <,
resveratololl 2|3t gingipain XA} W& o] sub-MICE=]
A1 0.5-0.79] WAHE AF+A3 F quercetindl] 2] gingipain
FAx w& o] 50 Mol A 0.428-0.0884H, 100 Ml 4]
0.170-0.03408] L&A <A+ Ao} vlws| & uf LP412

10 mg/mL&%=olA gingipain F32F 28 A= o $- -
5o Ao7 FekEge,

Gingipain 4 /o] Tjst WC4028} LP4129] ¥
WC402¢}F LP4129] 213221 gingipain &4 E/dl gt
FFS FEFER|=E 71E R RIS WC4029] -
10 mg/mLoA Kgpe 78.65+3.58% (CGA), 82.45+1,22% (CFG)
A H AL Rgpe 78.63£1.01% (CAG), 86.78+0.47% (CFG)
AA Ao FE JE43E HYERAATE LP412 10 mg/mL
oA Kgpe 80.70+2.11% (CAG), 85.80£0.05% (CFG) <}l
A3 Rgpe= 82.93+1.26% (CAG), 88.81+0.36% (CFG) &
A= on F& oEAHS UEPHATHFig. 2,3). + AR
EF CAGS} Hth CFGol g dA|so] ok 7313
om, KgpEthe Rgp HAIGe] of 3% A 532

AW 0 2 WC402H. U= LP4127F Atz o2 oA 59]
Fretath thEAQ Regp ABNAIQ! 10 uM leupeptin®]
Rgp Aal50] 90.74+£0.43-90.90+0.78%1H] LP412 10 mg/

N 1.5 .54
g 1.5 g % 1.5 .
§ 1.04 § 1.04 Q 1.0-
E * i * ﬁ
S S 8
_g 0.5 g 0.5 % 0.54 o
(o] I__H *k o
& 0.0- r g 0.0- = 0.0-

< y N v v < g NG & y < N v N v
PN RN OO o 8T & S
WC402 LP412 WC402 LP412 WC402 LP412

Fig. 1. Effects of WC402 and LP412 on the expressions of gingipain genes. C; control, P. gingivalis cultured without WC402 or LP412.
All data were performed in triplicate and expressed as mean + SD. *P<0.05, **P<0.01 compared with control.

100+
‘-; * x * i .1.
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W&o & o & &
WC402 LP412 WC402 LP412
CAG CFG

Fig. 2. Effects of WC402 and LP412 on the P. gingivalis Kgp activity. C; control, Kgp activity was measured without inhibitor. Lep; Kgp
activity was measured in the presence of 10 uM leupeptin. All data were performed in triplicate and expressed as mean + SD. *P<0.05,

**P<0.01 compared with control.
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150+

100+

504

Gingipain inhibition (%)

Fig. 3. Effects of WC402 and LP412 on the P, gingivalis Rgp activity. C; control, Rgp activity was measured without inhibitor. Lep; Rgp
activity was measured in the presence of 10 uM leupeptin. All data were performed in triplicate and expressed as mean + SD. *P<0.05,

**P<0.01 compared with control.

mLoA Rgp A all50] 82.93+1.26-88.81+0.36%S] 212 H]
W3] E o] LP4129] gingipainol| tist <A a7t 4
s & 5 AAJY Hucks'"e ATl Akkermansia
muciniphilas P. gingivalis®} co-cultured} 1S o, Kgp
45%, Rgp 75% A= A" Aol vlawsisls o, WC402
o} LP412= Kgpot Rgpel tisted o] a37b -3h&
& 7 AT} Gingipaine Ml @l o XFHo] &
AgE Folo| A FF, A2dFd A 7]ose BT

=7 A Ao =2 Was JRe
o2 FFHE & drh ES Kallikrein/Kinin System
33tk bradykining frelstal 2 Az X]FAHA
Ao} sz oA 1 2] HS?‘% o &
AA 48] C3, C4, F C5 Ealste] BAA 43
W2 APHd S ﬁzﬂﬁh’%mzz) < gingipaing o
2 3 WAl sidolut 733 gingipaingd AEHAIE A
A2 NEe=TF gingipaing FA 2T AoEs
FoltB . SRR theaflavin, W 2] fref Z2]9
=4 3dE, FZH5F222] macrocarpalss = sub-MIC &
LollA gingipain A2 W oA @ 8A2AHS A}
= 7 7150l e Ae®E BuE il dAEo]
o2 g A Fol|A] FE EEEe FAE 28N
o9 Weissella cibaria SPM4029} Lactobacillus paracasei
SPM412¢] wj} e Faaas YA ¢ MIC
o]} F%(10 mg/mL, MIC=25 mg/mL)°llX] gingipain %
2 g §A8AEES SHAHORE AAFE Y
UATH Wb T AFEE XFES B ool HAY A
ko] o] @ &= Y= P gingivalis2] <2 A} gingipain
< EHRH R Asste At ZEHPO|LEYX VA &

A

Jo m{o 0%

o
fuofo b fmofmodd X

)

ox

_4

Az AT 7hsAdol ES Sl
2229

X FA el AAHASl  Porphyromonas gingiviais (P
gingivalis)@] W<1212}5 3 gingipain &40 thdh ¢
ARYE e fARE ARean & ATde] was
21 300959 favE RIS BHL A o
Azt AgaEoX B, T Weisiella cibaria SPM402
9} Lactobacillus paracasei SMP4127} P gingivalis©ll T g
a7, gingipain A2} EAAA 9 gingipain &A%
A Ao ERJAFAUT. W, cibaria SPM402 ©] ¥l 2
T4 WC402= 10 mg/mLAlA kgp A= 0.71+0.029)
WA AL, rgpB FAA= 0.7120. 1480 LA F7ke] o
A axp7t AU} WHH L paracasei SMP4122]
w5 LP412E 10 mg/mL FXA kgp FAA=
0.19+0.088, rgpd A= 0.09£0.0280, rgpB A A=
0.24+£0.031] F& o] LP412¢] Hol gingipain §H A}
B A a5 1A 10 mg/mLe=olA], Kgp &
A ZA4LS WC 4029 938l 78.65+3.58% (CAG),
82.45+1.22% (CFG), LP412°] 2] 80.71+2.11% (CAG),
85.81+0.05% (CFG) A=At L Fx A Rgp &
AL WC402¢ 93l 78.6£1.01% (CAG), 86.78+0.47%
(CFG), LP412°] 23l 82.93 +1.26% (CAG), 88.81£0.36%
(CFG) A F) A}, o]Fe] AAES B3 WC4029F LP412

= P gingivalis® O1g a3 ¥ ol AR
gingipaing E#A 02 AA|st= 7|54 fiktdS &<l
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