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Abstract: We selected and characterized isolates of Lactobacillus crispatus (L. crispatus) for potential preventing infections of
the female reproductive tract. We cultured vaginal swabs from healthy volunteers on de Man, Rogosa and Sharpe (MRS) agar and
identified the isolates at the species level by 16S rRNA sequence and genotyped the isolates of Lactobacillus by PCR
amplification of repetitive bacterial DNA elements (rep-PCR). Furthermore, 10 L. crispatus strains were assessed for hydrogen
peroxide (H,0,) and acid production. Overall 65 isolates were confirmed to be Lactobacillus by sequence analogy, among them
19 were L. crispatus, 17 were Lactobacillus jensenii and 12 were Lactobacillus fermentum. rep-PCR produced specie and
strain-specific genomic fingerprints for the Lactobacillus isolates. The selected 10 L. crispatus isolates produced highly acidic
environment after growth in MRS. The isolates T22-3 and T29-5 demonstrated high production of H,O,. This study indicated that
there are individual differences with vaginal Lactobacillus colonization, and strain diversity within vaginal L. crispatus isolates,

T22-3 and T29-5 might be candidates for restoring urogenital health environment in females.

Keywords: Lactobacillus crispatus, genotyping, vaginal flora, H,O,

I3 38 44 P e 2K 1 722 Ak 55 18 e R IR L fet B 25 U
FAOG, BIE YA 25 T8 FH %A B0 7 7E Fh S R L T
FARE S, SR 4R B oA AR, Hid, 3L
PR AT TR S 4 457 I T I 2 A A e i L D e o
WA #R e, EREME SR 8] 95% , i
BFLRRAT I 5 5 509%~809% 54, T3 1 kG i
R 20 P R A LR AN S Ak S, B A )
FRVEREE (pH H-N 3.8~4.2), BAIH B IR I #1455 F
T AR U I ] SR R 2O T Y e AN A K AT B
(1 Bl B Y

0 T P (9] A O B B R R B SR A7
LAY 22 A R PR, LA A B T AR S B
Bi L, FUATF B LS b ok s IR B RO 3=
BRHAED), ANEE VB /R, KRBT, R
TR S R 1Y e B M RSN AR IA %
Gy WAL WRIE KA, AN R BRI R .
THUAERIBITHE TP BRSO A, BERFE A
50% L 1, Bk, 1R LA R R A BEST H 255
AT, E N Sb— B AESS T T & —
P FLFF R AE WA, AR S A RIEBRBOR A S
LN FEBI A N OE H A AN R, VR BT N R
i o

HAT, T A FLRR AT 500 o od i A T
A B P BE RS BRI, RGBT T —E TR,
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(E ARB BT AR, X n] A5 H 2 o)
FEICFUAT TR 02 BB s P e A
Ko UTARMPFARAN . T BRI 10T 401 4 B O T
A A Ra AR X g 5, LS LR T A P L AT B o
HEFAET . AT i 25 LR T T 23 B ok T R A A ik [
B2 5, AWTIEE TE 7 B A8 118 25 i FL AT
F 3 Ao X L PR 43 BURN ™ Ho 00 BRI BB ST , i B
A 56 P A BRI R Y 2 LR AT TR TR AR

I AR

1.1 EZEZRXFIFAEE

I DNA $REUAH & A KARA (LR
BABR AR, MRS 85552560 H 22 [E OXID A H], Tag
fitiy H TaKaRa Awl, 514M HGETAY TRA
BN F] A L, PCR ¥ 3 {1 H 3¢ H  Applied
Biosystems 23 ) ; ALk E 25 E BIO-RAD A ],
BRI G AN 5% [ Alpha Innotech 2wl , 15 3747 )
H e, BbR (U0 [ 35 1E BIO-TEK, pH 1114 H
K HANNA %5,
1.2 E#k

95 {5l et e AR B B IE 43 s, BAE AL mt
Bekr g RHEAL . FEARMRIR G50 T1. T2, T3
T95, f%FhT MRS B53R3E, 37 CIRERE IR 24 h'Y,
BAFEAFEHLPEE 5 YA T 2 mL MRS #5572
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IR SR T 24 h, TRVEIKIK SRS T1-1. T1-2, T1-3,
T1-4 F1 T1-5, HARZEHME, Y IG4EH TamE fh 5
DNA il % .

1.3 rep-PCR E A 7 B ik

R T TR AR AT, FRATTE e A
rep-PCR 5 I 6] 43 B T A5 TR AR E A 7 B[R 4 2 474
5| ¥ REPIR-Dt (3'-CGGNCTACNGCNGCNIII-5")
1l REP2-Dt (3'-CATCCGGNCTATCNGCN-5)"
25 uL KWK & . 1xbuffer, 10% " HILTHR, k-
e X F 851 ¥4 50 pmol, dNTPs 4% 1.2 mmol/L,
MgCl, 7 mmol/L, 2.5 U Tagq fiff, 100 ng DNA 4
FR S5 2 94 "CHIZSPE 7 min; 90 ‘C7AEHE 30's, 40 °C
B K 1 min, 65 CHEM 8 min, 3L 32 MMEER; 65 C
FEfi 16 min'"?!, PCR 791 1% 158l i vk A5 4G
B . LB DNA Y, e A AN R 2 114 TR AR A
T—3 19 16S rRNA K #5150 47 o
14 FBHENSEE

K 27F-1492R i 5 W4 S 401 16S rRNA
HEHEMSFIX . 25 pL PR RMHE: 1xPCR W
ZE W, 200 pmol/L ANTPs, [ M TiiE51 ¥4
0.2 umol/L, 1 U Tag DNA R &, 1 L FLFT IR
4 DNA., S 4cfF: 94 CHUAETE 5 min; 94 ‘C7A8
30s, 55 ‘CiBk 40s, 72 ‘CHEAH 30 s, 4k 25 MFH;
72 ‘CHEAH 10 min, PCR =¥ 19% 5 A kA I
PHAEZE R U FE A F], F 27F-1492R #E17XLH)
W o K7 25 R P JE e BUP R 1 400 bp 5
NCBI il Lbxt, 5% 55— RKT 97% M
B HIH A IZ LT
1.5 H,0,

H,O0, frifE i &l . #5EH 100 mmol/L WK% -
NN-"-Z iR (Piperazine-N,N_-Bis 2-ethanesulfonic
acid, PIPES) ¥ 30% H,0, (#1247 9.128 mol/L) fif
FEWH BER 1 mol/L, T 100 mmol/L PIPES ¥
1 mol/L H,0, 3 I # BE AL 0. 20, 40, 60, 80,
100 pmol/L TAEW; SRJ543HL 100 uL Fik H,0,
TAEW S 100 pL 20 mmol/L TMB (P4 F BEI5E e ) |
2 uL AR EE YIS (1 mg/mL) BA, 16 CFH

10 min, W& ODgo fH . HyO, ¥ JiE Ay i fth 42
y=0.0033x—0.0496,, R*=0.992. FLFT B4 L; 5 H,0,
BRI PRERFLAT TR SRR 7%, 5D 1 mL 85357 48 h
MR T 10 mL MRS WA g, 37 CHpE 57
21 h )5, F8oRhIR% 5SS 3 h, JE# N 220 t/min, SR
J& 12 000 r/min Z5.0> 2 min, B 100 pL B 7% 15 A
H,0,, #RAEFRAEMLZ, T4 H0, e E",
1.6 pH &

BEIE AL BFLBRFT 1 LA 5% LL 4 Fh MRS 1537 3
(pH 6.3) "1, 37 CH55%. H TECAN infinite M200
BRI B R H HANNA K% B8 AR 12 h
ODgy 5 pH 1H, LN HWKES ODgy HAETHE AL
PR B - R i

2 BERERIT

2.1 EHREE

FHWEE T 95 BiREM, Hodh 6 Bl IR RN, F
A% 89 fiME AL 2t MRS P ARKESR, PREL 445 4S5
BedE4T MRS WA 3% &% DNA #2150 KJ5 rep-PCR
LR oy RO 45 3 85 A HA AR BB bR
E—25 3@t 16S rRNA WJF KX, fJa ik 65 Bk
FLRRAT B . 2 1 AP b 4s
19 ¥k, L. jensenii 17 ¥k, L. fermentum 12 ¥k, FE
BRI 5 Sk A A
2.2 rep-PCR E[H 5 BT B EE LLER

AR BRI R 5E 0 FLRR AT 1 18 43 A B B R
ZRAE, T49 SPIEHE PRI E AR —,

, Hob, L. crispatus

F1 SHIABITENHIER

Table 1 Distribution of 65 Lactobacillus isolates
Species Number Species Number
L. crispatus 19 L. fermentum 12
L. jensenii 17 L. gasseri 5
L. acidophilus 4 L. mucosae 2
L. agilis 1 L. delbrueckii 3
L. casei 1 L. salivarius 1

Data are number of the Lactobacillus.
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1 7R . BEMLERIER) 5 A FLIR AT B P At AL 1] i
—2, GIWIHh FES -FELRATE . 5,
ARSI 5 A FLRRAT A A bk B 2 0] A7 76
B2, RIWH AR, WE 2 iR, 308 T27
5B E S ] BRAEAE Z AR R LR AT I . AN
AR EN Y 10 BRI FLIRFT I INFAE 22 57, Hol
RIfPAEZAEE, BRI AL AT s B 280, WL
3, Hip T12-1, T29-5 1 T37-3 BBk S AL
2.3 FFER 57 H,0, By LEER

& 4 AT DLAE 12 h 3 24 h X BEHEI Y, BEE 555
IR TR AT, 10 A 2 ot LR AT TR RS T AR 285 7 iR
R, AR e 24 h B 36 h A A] B A R
AR, BARKRBIRE, pHIETE 4 £t &5
22530, 10 BRI LBRAT TR SA57 T 4 5 B8 7 R i TG
BEER (F=2.44<F,0=2.59). MIE 5 FFATAT LA
AE, A A &AL E] P Ho0, RE 7R i 25 57
(F=7.48>F(1=2.59), H T22-3. T29-5 FHk™
H,0, A& 77 W] i i T HAB T #% , Te-1. T12-1. T25-3,
T33-1. T35-4. T37-3 = H,0, fie J#55, 1 T27-7

10 000
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2000
1500

500

1 T49 #AKFEEHTE rep-PCR # BBt

Fig. 1 rep-PCR fingerprints of Lactobacillus strains from the
sample T49. M: 1 kb plus DNA ladder marker; 1: control; 2:
T49-1; 3: T49-2; 4: T49-3; 5: T49-4; 6: T49-5.
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2 T27 #ARFEATE rep-PCR 75 B &

Fig. 2 rep-PCR fingerprints of Lactobacillus strains from the
sample T27. M: 1 kb plus DNA ladder marker; 1: control; 2:
T27-1; 3: T27-2; 4: T27-3; 5: T27-4; 6: T27-5.

3 RBEARHEART M FEETE rep-PCR R E L
Fig. 3 rep-PCR fingerprints of the 10 L. crispatus isolated
from different samples. M: 1 kb plus DNA ladder marker; 1:
control; 2: T6-1; 3: T12-1; 4: T22-3; 5: T 25-3; 6: T27-7; 7:
T29-5; 8: T31-3; 9: T33-1; 10: T35-4; 11: T37-3.
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Fig. 4 Acid production of the isolated 10 L. crispatus.
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Fig. 5 Hydrogen peroxide production of the 10 L. crispatus.

1 T31-3 BWRRA = HyOp0 ML, X F R R FLERAT 1
FATEEE = HyO0, BE ST, TS J2 BAANE TR A 25 F3E 7 iR i
YENA 5 T e b 2 —
3 Wik

HAATHEAE RN —Fh s WE ) Z T B gl
BIRIIEYY , Lactobacillus casei rhamnosus FLFF &
3L Lactocin 160 #7204+ . 7Y B il
FEREEAT R B W TS . G AR E TS, 4R
K, 7E BV IGIT A R CHRGE, WKL

FF DM8909 TRtk (Fihh 44 W) EAElEIR B
T BV [WiRYT . B—RHIGIT BV BA—EM=R
P, BEFEE AR B Z R FAF IR G697 BV, KA
B W5 EM SIRY Lactobacillus brevis (CD2) FLFT
RSP BR Lactobacillus salivarius (FV2)
FLFFE A Lactobacillus plantarum (FV9) FLFT T il
FRUR AR, BUS TR IR RCRY, SR,
KB ARG ERIAEL ] 609%~70%", {54 &
SRS FHGE A K E AR T PG BV BZLFF A
[Z5E7 38

AR EHUCR AT rep-PCR #iAK, XHMEFEHZ
B3 P25 it 2L AT B8 R AT 0 0 Y R R A AL
rep-PCR HE A& — P 73 Hr 241 1 35 DX 48 S0 115 087 7
2, Eseiliil PCR P40 R LN 1Y H A DNA R Bt
KRR E RS RN, B, AWM EENEL
o BTz, — R SR R A A R SO
%1l (Repetitive extragenic palindromic elements, REP),
— Ff &L M 8] £ & J¥ 5] (Enterobacterial repetitive
intergenic consensus, ERIC), AXSZEGR HI &L A
SNEEFA, Bt 1K 38 bp ) DNA B,
1 ANORST (8] SC B S W i 43 3 6 AT 67 s A 1 4>
5 bp AT ASHEL 1O, rep-PCR AR BA W= 2037 .
EOl A HAE A AMRSERME, 2 Fhal S
LR A 5 5071 28 rep-PCR AR FRAT A B IE#
B IE FLAT W TEAS RS 040 B 240, A ryid
GALEA —FFL AT, WA N E L A 2R LR
FEoEs J04h, B MZLIRAT A R AF7E 2 HE0E, il
TA L A TR AS A e iy 2t AT BT 0 B R A AN [ i A
B, 10 BR2 M FLAT AR A R IS AR ], Feqi 1Al
LA 0 A~ (A 1K Bt B0 T A= 28 L S A 25 A1 I 4 AR T
AE 77 15 55 7T BE 5 FLIRAT B RN S I ZREPEAROC . X
1 BE it R B — T R 1Y FLAF R YT BV IR —

A HIEFLAT R R . H0, BB 5 HAM B RE K
TEAEOCUS S U PR gk 7 L R i HL At A ) R o A
B3 R M AR 20, H,0, 3@ 1 /- F 40 DNA 974
87 NN < 11 B2 W 1 A o R v A 7=
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AR SN, 25 FLRRAT B A B 8] 7 R RE ) AR 22
AR, T H0, BE N 22 W . & I FLAT BB 24
P oAy o 2 T B 0 i A R BRI TR R RO BTIR,
o2 — ol HIVEF T B FLAT B Al g, FedTar Al
AR R E] ) DL I 255 H™@ R . 7™ HL0, fiE
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