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Anti-periodontitic Effects of Weissella cibaria SPM402
and Lactobacillus paracasei SPM412 Isolated
from Korean Traditional Foods
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ABSTRACT - This study aimed to develop probiotics with anti-periodontitic effects to help treat inflammation in
the tissues surrounding the teeth. We isolated Weisiella cibaria (W. cibareia) SPM402 and Lactobacillus paracasei (L.
paracasei) SPM412 from homemade kimchi and used their cell-free supernatants. At a concentration of 10 mg/mL of L.
paracasei SPM412 (LP412) inhibited the formation of Fusobacterium nucleatum (F nucleatum) biofilm by
95.99+0.73%. In addition, 10 mg/mL of LP412 reduced the RQ value of fimA, an adhesin gene of Porphyromonas gin-
givalis (P. gingivalis) to 0.08+0.05, and the RQ value of radD, an adhesin gene of F. nucleatum, to 0.08+£0.008. When
the P. gingivalis outer membrane vehicle (Pg OMV) induced inflammation in YD-38 cells, the RQ value of TNF-a was
increased to 36.68+1.85, but was reduced to 4.15+0.37 in the presence of 1 mg/mL of W. cibareia SPM402 (WC402).
Similarly, in Pg OMV-induced inflammation in THP-1 cells, the RQ value of IL-1f increased to 2,330.65+204.61 but
was reduced to 15.1944.57 in the presence of 15 mg/mL of WC402. In F. nucleatum-induced inflammation in YD-38
cells, the RQ value of IL-8 increased to 15.10+1.11 and was decreased to 2.67+0.50 in the presence of 1 mg/mL of
LP412. In conclusion, W. cibaria SPM402 and L. paracasei SPM412 showed potent anti-inflammatory effects against
oral pathogenic bacteria and hold promise as functional probiotics with anti-periodontitic activity.
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Materials and Methods

il UL e ol |
2 Aol A8 §AT Weissella cibaria SPM402 (W.

cibaria SPM402)%} Lactobacillus paracasei SPM412 (L.
paracasei SPM412)= ARE7FA oA vEE X0l A De
Man, Rogosa, Sharpe A HJA|(MRS, BD Difco™,
Franklin Lakes, NJ, USA)E ©]-&3to] £z & wj=a=zAl
(Macrogen, Seoul, Korea)*|A] 16S rRNA A &S ©]&3k
S T AAH B AN #FE ARSI
At vl el 2AE §h7] flEiA T EFE MRS
HA A 100 mLoll 242} HE F- 37°C, 48717 mi g §-
4°C, 8,000 gollA 157+ AlEElste] A45dS AU
™ HjgFe] eyt wjFel el M= °F 2x10° CFU/mLO]
Aok AR F 459S 0.1 N NaOHZE pHE 7.0£0.2
2 23 ¥ YELx -40°C, =<9t 100 mTorr, ARM
T -60°C 7oA 54 A% &, 100 mg/mLE stock soln.
ZA T 022 um A Z2 At ALY, W, cibaria
SPM4029} L. paracasei SPM4129] Y5 S 47
Z% AEE 717} WC4029F LP4128 Wt £ o]
AEE ARSI

7% B Mzl v

2 A AMES 7 ¥4 Al Porphyromonas
gingivalis (P gingivalis) KCTC5352, Fusobacterium nucleatum
subsp. nucleatum (F. nucleatum) KCTC26402 SH=1AH 3
gt ) A ERJAE(KCTC, Jeongeup, Jeonbuk, Korea)
oA EFol A3t P gingivalis®t F nucleatum=
5% horse blood defibrinated (MBcell, KisanBio, Seoul,
Korea), 2% vitamin K-hemin -8} (MBcell, KisanBio)= 3
7}3t Brain Heart Infusion (BHI, BD DifcoTM, Franklin
Lakes, NJ, USA)HIA] ol AnaeroBag (Chongging PangTong
Medical Devices Co., Ltd, Hangzhou, China)g A}-& 3}
37°C 7] w3tk P gingivalis outer membrane
vehicle (Pg OMV)= 2324 d4EeHS o &3aty th&
I e o g FES AAY?. P gingivaliss
BHIMJA] 100 mLoll 5% L-cysteine, 5% horse serum, 2%
vitamin K-hemin €4-& H7F & A 7|74A] v 3aitt.
Y & 4°C, 8,000 xgollA 1087 dAFEe st #AE
A ABIAL Pg OMVE T3 “45A-S 100,000 xg, 4°Cell
Al 120 2E54EE AL, 7S phosphate buffered
saline (PBS)oll &€l 0.22 um filterst i th. £ 3+ Pg
OMV+= NANOSPOT (Malvern Panalytical, Malvern, UK) &
Moz Ha JA A77F 1646824 nmY S FA F
bicinchoninic acid (BCA)HCS.E A & _80°C R}
AH&-3FA
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THP-1& 34 523 (KCLB, Seoul, Korea)ol|x] <
S Wgrom AM|EZo] HjkS RPMII164081A] (w/ L-glutamine,
NaHCO,) (Sigma-Aldrich Co. St. Louis, MO, USA)dI
10% fetal bovine serum (FBS, HyClone™, Waltham, MA,
USA), 25 mM HEPES (Sigma-Aldrich Co.), 1% penicillin/
streptomycin (Sigma-Aldrich Co.)& #7}8le] 37°C, 5%
CO,°| th715oll MigFstdom, 48217 7HA o= Al
st
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48 well plate®| P gingivalis, E nucleatumE 1x10° CFU/well
=2 HF F, WC402, LP412E AP A7 d&
MIC (50 mg/mL)Et} Y2 5 mg/mL, 10 mg/mLEE=2
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WS} T PAIQHX} o] Tt 5

A} AT P gingivalisSF F. nucleatum= ZF v ¥ vl =]
of Auj<F & & dAujgs +& w7} 3x10° CFU/mL®]
HEE A A2 &7 F, WC402, LP4125 A8t
A2 AL MIC (50 mg/mL)E.t} Y- 5 mg/mL, 10 mg/mL
Zkzy A 2lstal 8AIZE &)t 37°ColA] v &, Al st
el S AAsIATE PBSOl|l #AE Al A ko] vix] A
S AlA % total RNA #2]E GeneAll Hybrid-R™
reagent (GeneAll, Seoul, Korea)E& ©|-83l A=A XA
of wz} AASEATE g RNAE Optizen NanoQ
(KLAB, Daejeon, Korea)E ©]-8-3t] A& &, total RNA
0.1 ugS template®Z 3} AccuPower CycleScript RT premix
(dN12) (Bioneer, Daejeon, Korea)E AF&-3le] A&+l ok
o e} JHAPES O 2 cDNAE /d3I3T}. P gingivalis

r Q
O:

A F 37°C, 48417 wigatdth 2o 2 7 A5 o] ¥z AH FAR fimd, hagd, hagB""?S} F nucleatum
of NEE AHEotA ¥ Fd3 WHo= wjgate] AR o] B2 A FAA fadASt radD" VoA HA o] ¥
T A5 dS AAS ¥, 10% formaldehydeE 2+ well 315 <2138l A} Quantitative real time PCR (QRT-PCR)S
Z 300 uLE 71kl A2oflx] 30iE BESAIFHTE Formaldehyde — AAISFTE 2 A F oA A48k primer= Table 19 WE}
=2 AAZ F, 373 F/HFE 33 AFHFL, 05% crystal WAL WIS Zh7kol primere A =Bl (Genotech,
violetS 300 uLE 7Fske] 308 &<t AR G4 A Dagjeon, Korea)ollAl &/d3te] ARE-3slAth. qRT-PCRYHE-
e AAS & 32 FHSTZE 35 AlFH3A Y. Isopropyl £ ¢DNA 3puL, Z primer 10 pmol 1pL, PowerSYBR
alcohol 300 pLE 7}l 1A ZF F¢F WESAA A E Green PCR Mastermix (Life Technologies Pty Ltd, NY,
crystal violet €2 % 490 nmollA] SFFEE A5t A USA) 10 pLE ¥ nuclease free watersS 20| F F3
o A s Rl 7F 20 uL7t H=F 3tk ©]F StepOne realtime PCR
System (Life Technologies Pty Ltd.)S AF&-3Fo] 95°Cof| A

1027F WA 3 95°Col| A 15%, 60°CoA 6027+ TS
403] WHE $23) 3 95°Col|A] 1.6°ClsecE 60°CTHA] w3

Biofilm inhibition rate (%) = (1-OD /OD_,,,o)*100

treatment’

Table 1. Primer sequences for adhesin genes for qRT-PCR analysis

Target gene Sequence (5’ —3’) Tm (°C)
TGTAGATGACTGATGGTGAAA 55.4
16S rRNA
ACTGTTAGCAACTACCGATGT 57.5
fimA CAGCAGGAAGCCATCAAATC 58.4
im
CAGTCAGTTCAGTTGTCAAT 59.4
P, gingivalis

o ACAGCATCAGCCGATATTCC 58.4

a
g CGAATTCATTGCCACCTTCT 60.1
haoB TGTCGCACGGCAAATATCGCTAAAC 62.8

a
g CTGGCTGTCCTCGTCGAAAGCATAC 61.5
AGAGTTTGATCCTGGCTCAG 57.3

16S rRNA
GTCATCGTGCACACAGAATTGCTG 62.7
CACAAGCTGACGCTGCTAGA 59.3
F nucleatum fadA

TTACCAGCTCTTAAAGCTTG 53.2
D GGATTTATCTTTGCTAATTGGGGAAATTATAG 61.8

ra

ACTATTCCATATTCTCCATAATATTTCCCATTAG 62.4
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Fig. 1. Evaluation of the cell viability by MTT assay. (A) Cytotoxicity of WC402 and LP412 in YD38 cells (B) Cytotoxicity of WC402
and LP412 in THP-1 cells (C) Cytotoxicity of Pg OMV in YD-38 cells and THP-1 cells. All data were performed in triplicate and

expressed as mean=SD.

o] 187 AA F 0.1°C/sec 95°C7HA ZEl& ©AIS AA
AAE PCR 2HZ9] melting curveS #4319t 23 &
e ARE AR & viket F 2] house keeping
genel 168 rRNAE 71522 F& A" fHdx Hd S
A AFEA S ddCe BAL sjglon, 150 o)l
zkolE o)Al I wstE Asian.

HESY 5%
Azdde Fol FIass S8 WC402, LP412

2 Pg OMVE] AlEEZAS MTT assay® 2213FATh 6
well plated] YD-38 cellZ} THP-1 & 5x10°cells/well 5%
2 7p7 B 3, 2407 miF & WC402, LP412+= 0.5-
15mg/mL F5 2, Pg OMVE 6-10 ngmLEE=E =23}
3L 24A17F v gstaint, v S A AL MTT Al
°F 500 mL (0.5 mg/mL)E H7Fste] 4A17F Bk v &
A5AS A AL 500 mLe] dimethylsulfoxide (DMSO,
Sigma-Aldrich Co)& H7}éte] 5& &<+ 71 whg &
spectrophotometer (Molecular Devices, VERSA max, San
Jose, CA, USA)E ©] &3l 540 nmollA &3=E =4

sttt AlEE AMElekA] ¥ vidE YD-38 2 THP-1
cell®] EES 100%= ko] o]} Hlasle] 90% o] /d2
AEEE Hole 555 540 fle TEE 7H3ste] Al
FAY0| AR WC402, LP412 2 Pg OMVEES ZA
3k th(Fig. 1).

WC402¢} LP4122] MAF/AMOIEFIQI -G HX} Lo o

Y

WC402¢} LP412¢] 9 AH8-S Elstr] flste] A5
APl EZRL At el tigk aaE A st P
gingivalis @52 213 7gel gt 54 ool doldle
P gingivalis WA A E2] AFA|2) Pg OMVES A&-3}
S-S F=3139H. 6 well plated] YD-38 A3} THP-
IMEE 5x10°cell/well =2 zHzF BF 5 247470 Fet
Y F YD-38 MlEZol WC402= 0.5 mg/mLe} 1 mg/mL
FEZ(Fig. 1A), LP412= Pg OMVel| 2]3 dZFuksd&
0.125-1 mg/mLE =2 304 A28tk THP-1 Ao
= WC402= 5 mg/mL-15 mg/mL, LP412+= 0.1 mg/mL-
1 mg/mLEE=R 308 X8l th(Fig. 1B). 302 5 10 ng/

Table 2. Primer sequences for proinflammatory cytokine genes for qRT-PCR analysis

Target gene Sequence (5°—3’) Tm (°C)
) ACCAACTGGGACGACATGGAG 61.8
fractin GTGAGGATCTTCATGAGGTAGTC 60.6
AAGCTGATGGCCCTAAACAG 57.3
iL-1p AGGTGCATCGTGCACATAAG 57.3
.8 AACTTCTCCACAACCCTCTG 573
TTGGCAGCCTTCCTGATTTC 57.3
INFa AAGACCACCACTTCGAAACC 57.3

GGCCTAAGGTCCACTTGTGT 59.3




mL%¥%¢] Pg OMV (Fig. 1C) * &3}
A 37°C, 5% CO,9NA 6417+ wjFatAth, &7
nucelatum?F Gl o1t SRS FEsh] flsliae 3
A7 A7FEA] 282 BRI E AE-3Fe] 6 well plateel]l YD-
38 MI2EE 5x10°cell/well 531 24A17F 53t vl 313
o} 244 7F 3, WC402¢}F LP4125 0.5 mg/mLe} 1 mg/mL
FEE(Fig. 1A) YD-38 Al x| 308 AXEs & FE
nucleatums 1: 10089]&2 ZFIA)1A (100 MOIY® 37°C, 5%
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T, mRNA #2]= GeneAll Hybrid-R™ reagent (GeneAll)
£ AHEste] EElekith. 283 RNAE Optizen NanoQ
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3 cytokine mRNAE 4t A FEA 8= ddCt 241
A AT

AN

A= Hd+EFH 2 (mean standard deviation)E A
3ttt A¥ A3+ GraphPad Prism®Version5.0 (GraphPad
Software, USA)E A&} One-way analysis of variance
(ANOVA)Z 4 & B A8ttt A4S Dunn’s
Multiple Comparison testE ©]-&3}o] #2933t}

Results and Discussion
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o 4y ol 2l

WC4029} LP4122] P gingivalis®t F. nucleatum”y 2=t
FA JA TS AT A2, WC402 10 mg/mLsENA P
gingivalis®] B9 o] 37.30+£8.23%, LP412 10 mg/mL
ol A 51.3645.95% AAER[IL, E nucleatum® 735
WC402 10 mg/mLolX] 76.77+2.77%, LP412 10 mg/mLe]
A1 95.99+0.73% A = ATHFig. 2). 53] P gingivalisk.
U= F nucleatumol] Uit AE FA AA|50] wl$
TS & o o FERA A T Ao A
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AAEE AT F AATHFig. 3.4). T BE2FoA
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Fig. 2. Effect of WC402 and LP412 on the biofilm formation of P. gingivalis and F. nucleatum. A; P. gingivalis. B; F. nucleatum. All data
were performed in triplicate and expressed as mean=SD. *P<0.05, **P<0.01, ***P<0.001 compared with control.
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Fig. 3. Effect of WC402 and LP412 on the expression of adhesin genes of P. gingivalis related to biofilm formation. All data were per-
formed in triplicate and expressed as meantSD. *P<0.05, **P<0.01, ***P<0.001 compared with control.
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Fig. 4. Effect of WC402 and LP412 on the expression of adhesin genes of F. nucleatum related to biofilm formation. All data were per-
formed in triplicate and expressed as mean+SD. *P<0.05, **P<0.01, ***P<0.001 compared with control.

P gingivalis 81 F. nucleatum®] BXtA QHMX} &

oy 33}

P, gingivalis®t F. nucleatum®] MICKE.T} W& F=2] WC402
9} LP412 5mg/mL, 10mg/mLE X2 &, P gingivalis®] -
AT HA; hagd, hagB R fimA%} F nucleatum®] F-2-2~
AR fadAS} radD XE-S VWS P gingivalis©]
749 WC402 10 mg/mLoNA hagd®] RQ= 1.03+0.12, hagB
o] RQE 0.81+0.162-% haemagglutinin A, B (hagd, hagB)
BE feomet oA ade= e S ISty fimd
£ 0.54+0.112 <F 28] 7148 21T LP412 10 mg/
mLoA hagd®] RQE 1.24+0.15, hagB2] RQE 0.56+0.19
O 2 hagB7} °F 24l A4S OH fimds 0.08+0.052 °F
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AHZAel Aoz AAEH(Fig. 3). 8 E nucleatum)
7%, WC402 10 mg/mLelA fad4®] RQ Ft-E 0.3+0.08=
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Sl ofefoll AEurS Pt i A7 s Sl
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F 77%, LP4129] 93] <F 95% (Fig. 2)°1°d A=
F nucleatum®] 522 radD ZAF Wd o] WC402
P4120] §A8] AAE AFH(Fig. 4) BT Ado] 9

oz B £ 3

S e r1ru

Al

(r o

o
LP
= AL

YD-38 Y THP-1H|ZF oM Pg OMVO] oJ3f S =&

TNF-o, IL-1p8%AX} 2 oA w11 1t

WC4029} LP 4129] d9a5S B7] 98l P gingivalis
= Z 1;(4 ZFAA A A=vkeS %_1,:_-3]__7_1]_ o =4

h - o=

ol Zall Ml £XAQ Pg OMVE ol&3te] HFHH-S
< fF=stdith Pg OMVel 9g A5NkeS f=st 234
e A EFY YD-384 = TNF-ao] W3zt 2<let
T 3ho] iAol Al THP-1914¢] 2345 37 &
Q8. WA YD-38 Al EF] Pg OMV 10 ng/mLE A
23 A3 TNF-02] RQ#HE 36.68+1.852 AFWH-Eo]
s

SEAL WC402 ImgmLE A3 A3 RQzkol
4.15+0372 ZrAsle] TNF-o2] @3 o] oF 8.8u] AJAHS

gel&dtt. YD-38 Al EF0| MTT assayS 2Alste] 54
o] £ Ao F9l3t LP412 1 mg/mLE%o] 10 ng/mL2)
Pg OMV% A Ashd SA4d0] UERY, LP412¢] %
£ 025 mg/mL °]3 FEE PFo] AL WyPsa
LP412 0.25 mg/mLolA TNF-02] RQZLC] 3.59+0.56°.%
oF 108 7FAZHS SIS TE A Tl2AIEZQ] THP-14]
EFA 10 ngmLe] Pg OMVE A28 23} IL-1B<]
RQE 2,330.65+204.612 Pg OMVOl| 2|3+ HdZukgo] H

Antiperiodontitic Effects of Probiotics 349

THP-1 M) LP4125 2|3} - MTT assaysS A
Algte] F7do] gle AR gRIg LP412 1 mgmLEE
o 10ng/mLe] Pg OMVE FAl *glshd HAdo] Yehd,
LP412¢] F=E 0.1 mgmLeEZ WFo] A 33l
T} 0.1 mg/mLe] LP412E A2k ZAF} IL-19] RQ#©]
626.52+154.59=2 °F 3.681 71 A Fletsitt. THP-
1941 TNF-a®] 23S H¥wsh 43 Pg OMV @5 A2
Al RQ%E©] 84.54+7.850]1% WC402 15 mg/mL*] 2] Al
0.94+0.19=2 °F 4008] 7Fg AA =52, LP412 0.1 mg/mL
B A 6.3243.062.2 <F 138] AAES FIEA tH(Fig.
5). & A+ Axe Aol 98] IL-1B, TNF-ao] &d
o] FA3] Hagtt= BEiE 3§ Albuquerque-Souzas 9]
AT Ageke dAEH? pg OMVel 93] FxH A5
Hhg-o] WC402, LP412¢]] 93] AAES & F AU

YD-38M| XA F nucleatum©]] 2]%]

IL-8-5- 78X} 2 x| 3t

YD-38 cellol FE nucleatum=-(100 MONDZEAI ] 5
0.5 mg/mLe} 1 mg/mLe] WC402, LP4125 2]t 64
ZH g 5, YD-38 cellolA] W3 == IL-1p9} IL-8 mRNA
S BT E onucleatumTt x2S 739 IL-1B
°] RQE 29440298 @Zwge FE2 gelatdl,
WC402 1 mg/mLE A 2§ A3 IL-18 RQ#E-> 1.71+0.07
2 fFome A= E 4 Loy LP412 1 mg/mLE A
23S w IL-1p RQZFS 1.14£0.112.2 oF 2.5 vf A%
AA = tH(Fig. 6A). F nucleatum®t 2|3t 739~ IL-8<]
RQE 15.10£1.1122 gZu-80] FEHILSS 24

SQEH |L-1B,

T¥S Folakglal, WC402 15 mg/mLE A3 249 IL- 3, WC402 1 mg/mLE s A3} IL-8 RQALS 5.80
1B2] RQ%rOl 15.19+4.572 ¢F 1508 7FeF AA =AU 20292 ¢F 38 A%, LP412 1 mg/mLE AH2HS o IL-
A B C
507 aan 50007  un - 2009 = - '
r | — |
404 4000+ 150
3 ~ 3
W 30 < 3000- H
é ) £ 1001
o 201 S 2000 p
m *kk x 50.
10+ 1000 x*
kK ,; . " = *k - *k
0- . : 0l— . 01— —_—
(¢} & v NG NG NG (¢} & NG NG NG N (¢} (7 NG NG NG v
0906\ 6@6‘ &Q\@ @Q\& &Q\é\ $ 906\ 6&\6\ 69\6‘ &Q\Q &é@ p eo@ 6\056\ &o}@ 69\@ &é@
i+ *
&N WP g SR e N e B
Q9 Q'\ Q- Q% Q®
— [— ) — L — —
WC402 LP412 WC402 LP412 WC402 LP412
Pg.exosome Pg.exosome Pg.exosome
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**P<0.01, ***P<0.001 compared with control.
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