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Abstract

This study was to isolate and screen the lactic acid bacteria (LAB) with potential female intimate
care. The residues on the women’s disposal sanitary were collected as specimens and confirmed
the normal vaginal bacteria flora by Gram staining. Single LAB colonies were isolated from the
specimens by culturing with LAB selective medium MRS and identified the species by 16s DNA.
Several functional screening tests for these isolations were further carried out, including antibac-
terial ability, H20. production test, and cervical cell adhesion test. Results showed that L. gasseri
GKA2 could inhibit pathogenic bacteria E. coli and K. pneumonia. Both L. gasseri GKA2 and L. cris-
patus GKJ6 had abilities to produce H,0:. In the cervical cell adhesion test, strains GKA2 and GK]J6
had 92.21% and 92.46% adhesion ability, respectively. To summarize, Lactobacillus GKA2 and
GK]J6 have the potential for vaginal health care. In the future, these two strains can be tested in vi-
vo for verification, and the feasibility of quantitative production can be further tested as the ap-
plication of intimate health care products.
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1. 3]

BRI % (vaginitis) & 5 WATIHRDRAE, 296 50%1 L VEAE —Erh 2 G IIE 28, b DLAH TR PR BTIE 2
(bacterial vaginosis, BV)JL R WL, (5ATEFIE %1 40%~50% [1]. HARBAIE S, 514022k B IiE %
(vulvovaginal candidiasis) i 20%~25%. i H1& 4% [J13E 4 (trichomonas vaginitis) 5 15%~20% [2]. 407 1
T8 98 2 FH T2 1k B T P9 B AR O, A6 R T Y R BRE S T, S BB R B A, BV R B BIE NN e
(Gardnerella vaginalis)‘F2(, M y—FpE 2 [CRHMEA 1R, # G. vaginalis & & & 1B — T 52 5] f 3k
¢ € M 9138 % (nonspecific vaginosis), VAP IIIA i By Gy, IRGSHLE N 10%~30% [3]. ImAR L4 A
FliE a2 . gt B4R BR MRk, B nT e AEA fRRERE R W A B AR AE, GG FF R T
Beif 3tk At & FRH[4]. 7EFiE T G. vaginalis. Mycoplasma hominis A 7L B 4% B N 1E A [5]. B35
KA H0, 8k 2, 13 G. vaginalis 55 R 1L FE 985, % T-FLERIA 100~1000 1, fE /™A FHIE R K
fitR[6]. H RTBAIE R (09 7 K2 8 D iREe ] BHEZEFEZE, K A2 EEFHIERSE S A
ITA5 25, T IE AR R ARAR YA T — P R AR 7]

IEH P18 N AFAE IR W AR W AN, EAEAE 73 AR T8 A (0 JHERE S AU B A LR, A pH [H4ERF7E 3.8 &£
4.2 HSSMRIEIAEE, P45 & BB A S (1 73 W T B9 A ORAP PR [8] . FLIRR T AR [F) I . 257 A 5 XU 48K
FS5 AR IE] () HoOp S A BRI PN, H0H 2500 B B0 AR, TR AR 4 e B o] LAy S0 B ke, 4
F5 [ 18 14 AH (vaginal flora) ¥, BhibFA@E & %6 24 FHEREE UK A2[9] [10].

R =R 4E 93> BB R G TR A 4Rl X AN BB AR AL RS SR 4ERR IR I
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YEFFINTE AR P S (7] SRR AR TAE R IR ERA S HAR R, 4 Aeth 78 B AL AL fR 18 i LR
TR AZE RS VA B — A7k . BT A A G A 2t A T AR 4, #8E Now Foods ot il i
A T % B I %E (Lactobacillus acidophilus La-14). U-Relax 4t p 5 22 35 44 B IR #E(L. rhamnosus GR-1. L.
reuteri RC-14). F1 Jarrow Formulas Probiotic Women’s Yeast Support (L. crispatus LbV88)%%[11] [12] [13].
SR, IR G LR S B D B oKk WG I 5, A A 22 R IR S UL DO R, WO R e T ek iy 2 A=
FRAL T AR DR AR A FLb B . PRIE, ARSCER H SV L ME DA LR, R AT RBTE AR @ /12 5L
P T T AR A ) 9 228 1R 6

2. MRIEE*E
2.1. BERKIR

B 2 TAM ISR A . R ARIR T B BT A 2 IR, G Tikan

1) BIERAARRE T FHFEEBOT b, DS KRR KBUE T, 4455 % (crystal violet) 444 1
SEPG, AR .

2) WUEE 1 e )E, AiKBEE.

3) ML 30 Fb )5, AiKPEs.

4) fJa LB (safranin) e 30 A )5, 47K e

5) P Ear g i LiliBah, DL 1000xHRET R, A B AHZH A

BR N, R IREAPER (G- Ak, L IRBAMER (G+) A IE % . H4E Nugent 55 A (1991)WF 578, 1t
45 Nugent score (% 1), 70T 3 & HIE N IEH AR, 5283770 wifEk[14].

Table 1. Nugent’s criteria
%% 1. Nugent’s criteria

Description Bacteria count score

>30 0

5~30 1

Lactobacillus morphotypes, G(+) 1~4 2
<1 3

0 4

0 0

<1 1

Gardnerella/Bacteroides morphotypes,

G(-) or G(+1-) 1-4 2

5~30 3

>30 4

0 0

Curved Gram variable rods, G(+/-) 1~4 1
>5 2
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2.2. Bk E

Phite 2 WAk HEAT AU R B 5 ¥ K T MRSA P-4 _E(BD Difco, NJ, US), LL 37 CIREIETE 2 Km, #hik
H—Rv%, TEILZE MRS broth By, 37°CRERA 1 K. 55285 UL R PR B E W, DU R8T MRSA
AR, FRLLSTCIRER TR 2 K, Es % . BIAEMRLL 20% H i fRAF T-80°C, DIF)ELEsLi %
.

2.3 EHREE

A DY X R 2R R P AR Bk B — V% 95°CHlTE 5 04h s, M\ 165 RNA JL= 5|1 BSF (% 2)1E N4 E X
() DA K Fo A J 87 %5 7703547 PCR (5% 3). HU PCR =447 Fa Uk (electrophresis)ffi A s¢ 7 (band) f5 , ZHE5E %
Kow A YR 23 B (Genomics, Taiwan)i#E{T 52 7 (sequencing), F£LL NCBI R34 BLAST ¥ % U7 41l
Eext, WAz .

Table 2. BSF primers
F 2. #=Z3|F BSF

ELE L el
BSF-forward AGAGTTTGATCCTGGCTCAG
BSF-reverse AAGGAGGTGATCCAGCCGCA

Table 3. PCR solvent and reaction condition

%% 3. PCR RRLRFI 5 %4

PCR = B 7] i & (uL) SN A
PCR /#J(DNA) 3
10x PCR buffer 25
dNTP 15 1) 95°C, 5 min
2) 95°C, 40 sec
BSF-forward 0.5 3) 54°C, 45 sec
4) 72°C, 60 sec (40 cycles)
BSF-reverse 0.5 Final extension: 72°C, 7 min
DNA polymerase 0.25
ddH,O 16.75

2.4. MR

P S2I60 MR TEL 2 MRS broth 37 CERRERGFE 1K, WL 2 BElEL 2 pL 7% 2 MRSA “F-HR R
by PR ESRRT, JHUE 37°CIREREFE 2 K. K9 J5 1R B TSA broth (BD Difco, NJ, US)Et MRS broth
WAL, LR SRR 7 NS 10%. 100x. 1000 . B 5 Pl B W 1 mL 2 9 mL & 2 8597
agar W, IR A ¥ 5] G 181 2 S i 4 1 B FLIR T AR -, 8 [ 5 ik 37°CHE R 1 K, 5577 5¢ WL 101 1 P8l /N (mm)
2.5. = H,0, 5%

FHENIE 2 L 2 pL i 22 MRSA AR T F, f7 B R B 28T, £ 100 mL MRS #5772 % 0.025
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g ¥ 3,3,5,5"- VU F FEBE 4 %(3,3',5,5'- Tetramethylbenzidine, TMB, Sigma-Aldrich, MA, US). 1 pL BAR T &4k
Y (Horseradish peroxidase, HRP, Sigma-Aldrich, MA, US). LA 1.5%3%ifls, IR PAR&H . ALRE T
MRS WA E IR I — R 5, FmPIEIE R, DAY X RIZE R R E T k- b, Bi R T 37°CIREA
BN 48 /hF . ISR FRIL TR R 2 R B, BRI A AR .

2.6. FIEESCIY

B A6 2 FLER T ¥ 100 ul & 20 mL MRS broth H, 37 C JREEIREE R 55 9% 48 /N J , id 36 3 pH 1.
PL 0.1 N f¥) NaOH Wi e 2 pH 18 7.0, FFZ AT NaOH &. BRI A iH5H T

i J% =[ (0.1NaOH i 1 x /14 x0.009)/20 ml ]x100%

2.7. FEDRNLMEE SN

¥ FLERE T MRS Broth #5461 KJ5, LA 12,000 rpm 5500 5 43S BUALBR W B 44, 18] PBS vk —

OEEIE, K FLIR AT FP AR 100 15 )5 LIPSO B0 o B B VR A W BUE o H . T e 3
Jifi(He La cell, BCRC, Taiwan){ - 24 L4+ L EGM-2 37584 77 % (Sigma-Aldrich, MA, US)}: % F 37°C
T, FHLh s AR IR 1K, AN T LIRS . B LA, S 2N L x 10°1F
EEA AN T . {EH PBS IEBEE IR TR AN, NI IR 45 4 (1 100 1% PBS ARREIN FLAT B B
FHE T 37°C. 5% CO2 N7 M/INEF, T PBS i ¥, JEINA 0.1% Tween 20 (Sigma-Aldrich, MA, US)
7 E A . MBS R 58 PRIV HEAT LA B 1Y) MRSA SRR T80, v B T = e
MG E S o TFSE AR

FUIF BT 7 B S AR A B RE 71 (%)

=[ log (G2 4 FLFT T %) /log (B2 2 FLFT H 7% | 100%

3. R

3.1 BN ESLEER

ARIE LS 12 4 LA AT 2 DA . DA 22 IR U RCA 181 5 J 2 e (AR 2 A To 2 Bl PR IR
1(a)FIFE L(o)R A B nI 35 A SR BUAT IR B8 (B B A, HEWT N LR TA ;  HLC WL ER 314 24 FCBH M 18 BRIk 1
&, 45T Nugent score /T 3. & L(c) Rk A B0 22 IRBHME B, (HZ2BONE 2 IR, oyl
W7 Nugent 730K T 3, ARA AR B BraFEmS, 3565 8 AN I Nugent 7330 T 3 4, st —
HHUX 8 HFEH LR E B R B SRR T MRS PR 7R R %5, LA P RE BT 19
PRE T, 42 165 RNA 58 )5, A L1 BRAFLBR W, BR300 45 T 95, 4+ 4. 3457 % Lactobacillus gasseri.
Limosilactobacillus fermentum . Weissella confusa . L. delbrueckii « L. jensenii . L. vaginalis LA &
Lacticaseibacillus rhamnosus #—#k, 1 4 #RA R4 RIE A L. crispatus.

3.2. EHMERENRI

PUBE TR0 BE VP AL FLER B 6T B T 0 S R A ROR R 8S . (EFR JE RA C. candida BCRC 20519, E.
coli BCRC 11634, S. aureus BCRC 12154, K. pneumonia. %41 5 fiias, 208 ) 11 #kFLERE T C.
candida 41754 FE R 4 T GKJI6 4, ol 4243 B 2 10 FR i B Xt E. coli A I 1, 2o 3L LL GKA2,
GKW3. GKB1. GKC2. GKJ3. GKJ4. 1 GKRO #lifil % H k. LEHIH S. aureus J71i |, UL GKR9. GKC2
I GKF4 R fe i, 3B 0 11 FR# . X GKA2. GKF3. Fl GKW3 Ef #Ii] K. pneumonia ffIfE
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Table 4. Identification of the isolated lactic acid bacteria strain
=4 MRS BZEREEER

wafs
Strain No.

4
Identified Species

GKA2

GKF4

GKW3

GKB1

GKC2

GKJ3

GKV9

GKJ4

GKJ5

GKR9

GKJ6

Lactobacillus gasseri
Limosilactobacillus fermentum
Weissella confusa
Lactobacillus delbrueckii subsp. delbrueckii
Lactobacillus crispatus
Lactobacillus jensenii
Limosilactobacillus vaginalis
Lactobacillus crispatus
Lactobacillus crispatus
Lacticaseibacillus rhamnosus

Lactobacillus crispatus

Table 5. Anti-pathogen effects of the isolated lactic acid bacteria

5. AEBREXRREMESR

[z ¥R
Strain No.

100x
C. candida

GKA2

GKF4

GKW3

GKB1

GKC2

GKJ3

GKV9

GKJ4

GKJ5

GKR9

GKJ6

100x% 100x% 100x%
E. coli S. aureus K. pneumoniae
+++ + +
++ +++ +++
+++ + +++
+++ ++ —
+++ +++ -
+++ + -
++ + -
+++ ++ —
+ _ _
+++ +++ -

HIRIRCRER (F+4) () T L)
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@ (b) ©

Figure 1. Specimens were Gram stained and examined under 1000x oil microscope. Gram-positive bacteria are blue,
Gram-negative bacteria are pink, Gram-denatured bacteria are purple-blue, and exfoliated epi-dermal cells are pink. The
Nugent score of (a) is 2; the Nugent score of (b) is 1; the Nugent score of (c) is 4

1L REUEZREEHT 1000GHRBERGER. FZRAMEAER, EZRAMEANE, EZRTHEAIR
HE, BUSHREMMAME. (@) < Nugentscore 3 2; (b) Z Nugentscore 3 1; (c) Z Nugent score g 4

3.3. £ H,0, BEHELE:

2(a) I WL 2] GKI6 T v& I B R IRIE (A, W™ H,0, Be 1 A5R(+++). 1] 2(b) i GKVI H i 5) B
WA AT R, FIBTFE HO, BE S (++) . 4 2(c) ) GKW3 K T4 B TS IR, D30 Wk
A O RBEBE IR, FIBT H0, B A(+). 5] 2(d)f) GKA2 Se4ch PR R B, AW
AR H0, B8 71(-)s /P2 11 BRARRE, H” H0, BE I BN 6. WKL GKI6 Ml GKI3 /™ H,0,
RE 1, X2 N GKB1. GKV9. LLK GKJ5,

(b) GKV9 (C11B, ++)

(c) GKW3 (\/03A, +) ) KA ¢115, )

Figure 2. H,0, production capacity identification. (a) Strong ability to produce H,0, (+++); (b) Medium (++) in H,O, pro-
duction capacity; (c) Weak ability to produce H,0, (+); (d) Not capable of producing H,0, (-)

2. 7= H,0, BENI##IR. (a) 7= HO, BEFI3B(+++); (b) 7= H,0, BESIH (++); (¢) = H,0, #EF185(+); (d) FE~ H,0,
REFI(-)
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Table 6. Ability of H,O, production from isolated strains
6. WIEDEZER™ H0, B8N B %

Bk A FR 7= Hy0, 877
Strain name Ability of H,O, production

Lactobacillus gasseri GKA2

Lactobacillus fermentum GKF4

Weissellaconfusa GKW3 +
Lactobacillus delbrueckii subsp. delbrueckii GKB1 ++
Lactobacillus crispatus GKC2 -
Lactobacillus jensenii GKJ3 +++
Lactobacillus vaginalis GKV9 ++
Lactobacillus crispatus GKJ4 +
Lactobacillus crispatus GKJ5 ++
Lacticaseibacillusrhamnosus GKR9 -
+++

Lactobacillus crispatus GKJ6

3.4. EHRFER Z BRIE Sy

PR AE IR A
2.00
1.50
S
& 1.00 |
-
0.50
0.00 -
GKA2 GKF4 GKW3 GKB1 GKC2 GKJ3 GKV9 GKJ4 GKJ5 GKR9 GKJ6

Figure 3. Ability of the lactic acid production from 11 isolated strains
3. THik 11 HRELBREERLE /4
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3.5. BT FE A RLHI RE

SIATHLER B T 1 04N B G B RE AT I Z AR B e B Re W K e T L R AL . A NG RE
M, FoRRER K WIS NLRE . HE 4 JE N 11 PRILBRE N T A MG ORI A, R ik
60%LA b . ALl GKI4 % T 75 S 4 M G B 773k 97.34% 8 5« GKIB. GKA2 J7R43 5l 92.46% 5 92.21%
4 0 B

100.00

80.00

& 60.00

UGESCA

40.00 -

20.00 -

0.00 -

GKA2 GKF4 GKW3 GKB1 GKC2 GKIJ3 GKV9 GKJ4 GKJ5 GKR9 GKJ6

Figure 4. Ability of cervical cell adhesion test for 11 strains probiotics
4. 11 #REBE T F =AM g it 16

4. ¥1ig

— MBI A 2 VST E B 40T, B L. crispatus. L. inners. L gasseri. LK L. jensenii N
JL[15]. HR4E Ravel 55 ANBFFTL, FORE £t B T8 B RFASCRE AR 0 205 B, PHBIE A 5 R BN Lo 2 BT 1 AH
FLUL L. inners A3, HABANREE BEAH I 10 RIS YN 22 P4 B 5 AR DU LA L. crispatus 1 L. inners A
F[16]0 RIARR S B 7L RS 37 3E MRS BANE A L. inners 224, #0645 25 L. inners [17]. B4t
IR AT T MRS TR/ B R, AR E LA L. crispatus AT KEUR %, AIHDRBHEN G v
FATE P 32 B2 5 P SCRRR HE AR (32 4).

2B B B HI 0 B R A RCR, AR AL R R A LR T A B AR R PRI . HL0, BB )
JHRAK BN AR SE[18] . AR MR GKF4 AT GKW3 41193 i B B G ], FE o B LA ol i 3 5 L
JRFE E. coliv S. aureus. LA K. pneumonia (% 5); SRt —0 Lh#E, KILE Pk GKW3 A 7=k H,0, 1 fE
71, Tk GKF4 JEEA (% 6). thii Bl GKF4 M SR IR B H0, K4, A HARHLHITER,
Bt LRI P AR A (14 3)

A BF T FLIR B AR P D R 1 G LS B R 77 [19]. FLERBENG Y 0 mil, RE S grdw 7 SR
FA, - BHPS F AR 5 A I PR BB FE AR K, R LR B A S E T N BEE R A, 1L FLRR B Re AL
B [20]. ARER 7 B0 11 AR bR, AT R IUAS[FIRRAERI R L. crispatus (05 B R 71 B 80%LA I, AT HE
WL A AT B8 2 DLSE 4 2 A1 77 Q7 L SR B NAR, ELBRCON B B s WL AR 2z — (1] 4).

A 11 BRALEREE, A DL Pk GKA2 A1 J5 1 E. coli 1 K. pneumoniae 18877, HE
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A W R s P BRRE T . T AR GKI6 HAT E A L SRR AR 1 K HoOp AR RE T 2R IR
PR HTSREG, L RR B bR LA A 2 A A 098 1, JE SERT £ L. gasseri GKA2 Al L. crispatus GKJ6 1X
PR R IEAT 22 R VPl . B AR LA D RERRIN, LRI R 2 O g I FH 1 26 kil 55

5. &

B FR L. gasseri GKA2 n] #1195 JE 4 S. aureus. E. coli & K. pneumonia. 4> &5 #k L. crispatus GKJ6
W B 58I HO, P2 AERE T fEF S4B 77 |, Btk GKA2 5 GKJI6 43/l B 92.21%7F1 92.46% 1) i Fff e
J1. B, ARIGRIE Tk LR 1 bk GKA2 FI GKI6, AIE N G ST Kk AL 38 Ab AR fd i 2 A2 1

SE
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