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Abstract: Bacterial vaginosis (BV) is caused by microbial
imbalance of the vaginal ecosystem and overgrowth of anaer-
obic bacteria. The antibiotic treatment often results in very
high recurrence of BV because it disturbs the vaginal ecosys-
tem. The high recurrence rates suggest a need for alternative
therapeutic methods and probiotics are being recognized as
alternative or additional treatment method for BV. The pur-
pose of this study was to investigate how human vaginal iso-
lates of Lactobacillus spp. inhibit the BV-associated pathogen
Gardnerella vaginalis. Results show that selected strains sig-
nificantly reduced the viability of G vaginalis. Among these
selected strains KLB410 and KL.B416 were further selected
based on acid/bile tolerance and identified through 16S rRNA
gene sequencing being Lactobacillus plantarum. Further
studies are underway to demonstrate that the selected strain
can be applied as potential probiotics for recovering vaginal
ecosystem.
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1. INTRODUCTION

A4 A= (bacterial vaginosis)o| 2t 2 W o] A7} §-X]5}
= Aol THaste] @714 WYHER Gardnerella vagi-
nalis, Mycoplasma hominis, Prevotella spp. 5] A Ulo| A =
AlstH A WAYSHA == Aol [1]. A ol A 714 B
Hato] FAEHA =H A f A ot 3}3tEo] S71sh,
ol Alitd AF 579 AHE FdsHA "ot [2]. E=3t4E
Hom FAEE A W 47t obA Al B A 9 A
H A HES =T g A ATt [3.4]

olgjgt Ml¢tAl A=29] 2] EX& 2 metronidazole, clinda-
mycin 5] FYAS B EL FUsH WHlo] AH8H T
QA 4440 2 sk BAHo] 9k [3]. ebA 7
2| PR A-ge) weleke 2 WelFe] A e opy

2t A U &4e MAste Al ASo] At A=
Aote et Sol A-EL e, 11 ek ke g Aof
Ae BTAIQ] ZRHO| LY AT AREShE WH ol FE&
I et [6]. A oA 9] o= gt ikt sl &
Az, o 213 At 52 FlAke A4Skl ofel Sk
= Tofote] A W AHEE WEr, Ikekea, vE 2| 24l
T FtEd S et Bdd dEE L A W &S
WA FAARE [7]. Ad=E SHER 8AE, At
o Wes AFsAY B2, A dHE ks A Ul
FYste 5, A Ul NS Eobe vy FEY =
Zupol e e o] g A [8]7F AR AL k. ShARE =
WollA e wattS S8 2 o &4 ZiAlel digh -7} i
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2. MATERIALS AND METHODS

2 1. Gardnerella vaginalis©o|| 9§ a7}
2 A= = o499 HollA &gt fARE 90 F
& AR&sHRl o, A 2] 31 AR & o] gl A+t AF
94 9 Y+t Gardnerella vaginalis KCTC5096 (G vagi-
nalis)oll 3t o<t 25 eIkt fribat =9 v MRS
vl Z] (Difco, MI, USA)S AF2-5}9 2w, MRS 94| vl 2] of| 24
AlZE A 2] af oF gt vl &F M-S ODgy 1.0 (108~10° CFU/mL) 2. &
Z7 ko] A2 MRS v #]of] 1% HE38 it 18A17F 5¢F
i et -, A2 (4,000 x g, 4°C, 52&) 5401 0.22 pm T H
£ 0|85t Asds ofntsto] 2 A ARl G
vaginalis©] v %F-& 10% & A (Horse serum, Life technolo-
gies corp., NY, USA)2 3531 BHI v} A] (Difco, MI, USA)E
AFE-5H9 01, Anaerocult A (Merck, Germany)= & 7| AJE| 2
37°Col| A 24X 7t A X vl F3t Tt G vaginalisol o3t G+t
e Zhzko] S AlF o] AF=NS 109 L A o] Z3HE
5 mL BHI B} X| o] 10% 2 7}3t 2, G vaginalisS ODg 0.5 2
£ 8to] 1% M5kt 24/\]7P &<t A7 et F G va-
ginalis) 342 ofal e} o] 2 alo] 22752 G var
ginalis®| 3 A5 sttt

et At (%) = [d2 (CFU/MmL) -4
| &3 (CFU/mL) x 100

37 (CFU/mL)] /

22. 0889 A F A L EEE WA A
QA fAkEol A 40 A3} YALHE AT (3]9]
71%38}0, G vaginalisl] &t FHBINT} & FATE
A F AW 20 22 A W EE el Wﬂ’%‘ﬂ‘a
2 3alat7] 919 Guoo] Wi [10]0.2 A9 & Asiaick
AHE fFAETE MRS Hf#]of 244]7F @HH?}@ H ODgo

1052 27sto] = MRS Hj 2| ol 1% 5] F5Fo] 184]7F
v Fatict. vl AAlEe] (4,000 x g, 4°C, 5&2)FF ¥,
phosphate-buffer saline (PBS, pH 7)o]] 2 A &5} %1 32, ODgy
1.0 (10%10° CFU/mL)©.2 2 A3to] 7+7} AT} T2 o]
et W/ Aol ARE-FelTh A ofl et A2 gkelst]
9)5ko] QAN 314 1 mLE 9 mL PBS (pH 29} 7)e]l H7}

3 A EF3E 5 37°Co| A] 3A17F v okek & A S EelEt g
o} 2 A E GARFS pH 20 A 771A] A o] sk WA

=% Jokoﬂt} o= Y A2 1% oxgall (Difco, MI, USA)S
2315 MRS v 2| of| GAbF 34 M-S 1% A E3}2 37°Co
24|17t v et & A5 el }@‘E}

2.3. Autoaggregation

G vaginaliso| T3t o} A 1}7
AU AlxZ W FasEe 7 3
ssa?] o1t [11]& ¥ ¥ 3}¢ autoaggregation A 312 Z13J 3}
Tk MRS Hij 2] o fAkatS A vl Rk Bl oS ODgy 1.02
& 245t} =2 5 mL MRS HjZ] o] 1% E37F F, 184]
Zhwerstol Aol ALgSho Tt HT fAE S AR
(4,000 x g, 4°C, 5531 o, PBS©| 21 A| 238} 1L, ODgyp 1.0
(10%-10° CFU/mL)2. & % A3}o] &3 e 5 mLS 102
7t 2 ekst 5 SA|7F B¢ BF%] 3} A autoaggregation <1
sk Alg Az 2 E (A0)Q} 5AIZF B (A), 22 0.1 mLe)
A58 3] 0.9 mL PBS2} £35H5F 5 600 nmof| A &3

bedt
HHoz 3

£ =4 (A0, A3} L, th2 AAFA] o] w2} autoaggregation
2 A4talsie.
Autoaggregation (%) = (A40-4) 100

3. RESULTS AND DISCUSSION

3.1. Gardnerella vaginalis o )3 3483}

Aletd A5 4o7)= 8 AU+t 5 G vaginalis= 573
B2 ARO2 2 ol SHehelA] 2 o AHES pH 45
oA O o] 1, o] & oI5| Th2 WA A o] ZAEF &
U S HEHA Al mz%%‘ ‘:}j adHA 9 Ol
o} [12]. F2oll= G vaginalis+= biofilm -2+ o] T o}l
H2 7 o8 A A 289 S B er
A2 9 3} 7ol i of ol 414 &
23t FAHEFE A5 F8 et G vaginalisg Ao
2 90 A9 STk 22T §AEE 050 o
G vaginalis®] 3+t A= H o 45.02% ‘ﬁitq o] =2 3}
#2< UJehf 9 #3 (KLB403, KLB404, KLB407, KLB
408, KLB409, KLB410, KLB411, KLB413, KLB416)2] &+
A= Fot 99.27%0] 9Tt (F1g 1) AR gy 5 &
Ah, T4ESER A, B 2] @ Al 5 AJAkst, o] & Bel At
A3 Holn A0 ® ereld gom (1], 14 AU T 5
ool i Aol S8 et 6 s
2 AR o 4un FRE A0 NE 477} 2R3

2.8 25 A L EFF dE WY &

Aoz Zrulo] Qe i AMEE FAES AF Al
B AAA At o] WolA A HER S A= g
off Tk

WSS 58 iR A7) Sldtel B
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Fig. 1. Inhibition effect of cell free supernatants of vaginal lactobacilli antagonistic to Gardnerella vaginalis.

207 2ok sz o) th[14]. whebA B Ao A=
G. vaginalis®l| T3] =& & GTHE Hl 9 F3of t3A
A W S ol gk WS gl skl (Table 1).

Abg ol i3t A4 3 o] A3, pH 20]| 4 KLB413 (4.73 log
CFU/mL)¥} KLB416 (4.66 log CFU/mL) 455 A 93t 7 o
FollA= 10'CFUML o] ko] A5 Hol= A& A
= A gAeh. E3F pH 7o) 4 &) A 3t4= thB] pH 20 4 &f A+t
7} 7 & #F3= KLB4162.2 0.17%2] EES Vehy
SATH KLB4162 pH 79| A pH 47bA] At4=of WSt} §lA]

Bk, pH Wobd s A4t grashs A4S 318 4 9

£
3

ATt (Fig. 2). Guo [10]2} Tasi [15]9] ol A %= & 12}

SRR ATE B3 4 Ugih A $1919] pHE e 3.0
o2 §A5m, YukH 02 pH 30|4] 347 o4 AT

FrA B Aol w2 YAS Kol AeR A ot
[10]. Mishra®] 1 [16]0] 4] Z2H}o] Q EJ AR AFE-E|= of
Y FFE9 Ao gt WS AT R, pH 204 BE
@7} 10* CFU/mL o]3}o] A& Hol= A& Edd 4=
Rt & ool A-E KLB416 732 7% pH 39 A

6.47 log CFU/mL, pH 29| 4] 4.66 log CFU/mL &] X+#+E
FrAsE Aol tisl St WA s S 7HA AL Qe A
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Table 1. Effect of pH and bile salt on the survival of selected strains

)
Selected strains pH tolerance

Bile-salts tolerance®

pH 7 pH2 0% 1%
KLB403 7.72 £ 0.04 <29 9.63 + 0.02 8.29 £ 0.03
KLB407 7.61 £ 0.02 3.02+0.36 9.61 +£0.11 8.11 £ 0.00
KLB408 7.56 £ 0.02 3.88 +0.02 9.45 +0.01 8.25+0.05
KLB409 7.70 £ 0.01 3.79 + 0.06 9.51 +£0.07 8.06 £ 0.06
KLB410 7.64 £ 0.00 3.83+0.11 9.40 + 0.02 8.40 + 0.04
KLB411 7.53 +£0.03 3.55+0.02 9.54 +0.03 7.67 = 0.30
KLB413 8.36 £ 0.02 4.73 £0.02 9.27 £ 0.01 7.47 £0.19
KLB416 7.46 £ 0.01 4.66 +0.19 9.45 £ 0.01 8.00 + 0.04

DThe pH tolerance results are shown the viable counts (log CFU/mL) of each isolate at pH 7 and pH 2 for 3 h.
PBile-salts tolerance results are shown as the viable counts (log CFU/mL) of each isolate at MRS media with 0 % and 1 % Oxgall at 37°C for 24 h.

YBelow 2.00 log CFU/mL.

S

—O—KLB416

Log CFU/mL
n
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Fig. 2. Survivability of KLB416 in acid condition for 3 h.

9»11

3 2 o] )20 AFgEE fAbEo] oA ATi7] $14)
Abg WS AUl of ebE AR SHa Bol A Alzel ] 9
A 2ol Al Bu] | Tl et U4 2] viof g}
[14]. QukA 0.2 Gabarel G elol ofa S eelsl]
oA QurHom 03%0) BEeel A8HL gy
[17), Lin®] @17 23 [18]0] 4 0.3% FE AN A 425
471 10° CFUmL o] 5h2 G35 gel arsteba el
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3.3. Autoaggregation

ZRHfo| QAR AN E = fAE Y] A, AWl A A&
How 2ga7] A A 8 A AT B 5 Q= A
i_‘,ﬂ—ﬂ—ol QFE ) [19]. Autoaggregation 58 AL B
Ao 2 3hols 4~ Ql=rH 0 2 Del [19 ﬂrKos
[20]_4 AL AT} o] w2 H, autoaggregation 5 0] =2 H5
7FAA A E B2 Eek Hha g A 9tk o] G vag-
inaliso]) =2 3582 Hol=9FFE Ao = A B
A& Loti7| 918ho] autoaggregation M & &5 ATk
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Fig. 3. The autoaggregation ability for 5 h.

(Fig. 3). A% 9 o50f t3l autoaggregation 522 3
50.36%% o o] = KLB410 37} 71.82% = 714 =
autoaggregation 5 2-2 L EM ¢t Malike] A2 7} 2179
w2, L. plantarum CMPG53009] in vitro *}2] autoaggre-
gation®| F 70%= LFEFF O 1| jn vivo AFQl 2l A} A S of| A]
O] H2F=T 50%E in vitro A2 A3} in vivo A+ A1}7}
QuEo] AT B RE YT AR50 Hold gHE
A|zzol 2he] & ol Bl o] A2 F2Rg dhol 7S uh=
EAS 7 E AoE dA glon [7], & Aol A
%l KLB410 5= E£3F A Y A 2of| &2 F2589& T
1A 0 Wt 7L ofulEk 2= Q1S Flolgt Al mH T

rlo =

3 4. A%+ 4

H AL A G vaginalisol| = 58S Bl 9H4F =,
AbA BLA O A YAl o] L%t KLB416 w52} autoaggrega-
tion 52 0] 243 KLB410 w5 2] 16S rRNA gene sequen-
cing 23}, Lactobacillus plantarum©.2 57 = 3ith (Fig. 4).
L. plantarum KLB410Z} L. plantarum KLB416 o5+ 217+
National Center of Biotechnology Information©. 2 X-E| acce-
ssion number KM670024 (KLB416), KT236093 (KLB410)&
QY. L. plantarum-e- A%, 117], WA E 2 4of o
% Frulo] 91 ukobj ek, ARre) Aol E JESHE
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Fig. 4. Phylogenetic analysis of selected Lactobacillus spp. compared to other lactobacilli.
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