[DEXyESI

Acta Microbiologica Sinica

2022, 62(11): 4141-4154
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220323

3 I : t‘
Microbial Resources and Applications FrleX/E5 &FFH

N A FEGE IR FLER AT B RO 97 128 B2 FE /) B P B M 24 B £
R e g PR

XHML, AR RIET, A"

1 PO R2=2522 08, B 400715
2 BEZEFEE RS —M B ERE R, FER 400038

XUBIAR, $R2GOR, weTT A, ARHF. N A= BEE I8 LR AT B AR O 6 K 7 /) Bl BF O M1 22 g B 162 84 o i 102 FH AP AN . R 23R,

2022, 62(11): 4141-4154.
Liu Hulin, Xu Xingran, Ling Kaijian, Zou Xiang. Lactobacillus: screening from human reproductive tract and therapeutic effect
on a mouse model of vulvovaginal candidiasis. Acta Microbiologica Sinica, 2022, 62(11): 4141-4154.

WE: (B8] 5B HAARNEREY LA BAEFHGILBATE, WA EBLBERRGEE
Bk, [ %) A4 1% E454) de Man, Rogosa and Sharpe (MRS)3% 7 F M T K F #54obE A
By uk W o BILBATH, KA LIZRF IE PN LG €A ZRE (Candida albicans)® 37 #IVE R , @
ExF FLBRAT ) 6 AT B M A AR IR R AR M A B AL ) MR R AL A A A, FFEATILBRAT E AR
B2 A, @M E D RO BB LB RER, WP E & ILBATRA KRS C. albicans #937
HIVER ., [£R]Y K 53 AFHRF S BFE 19 RILBATH, 5L KIF 4 HRILBAT B (Lactobacillus
crispatus ZHO8. L. fermentum ZHO09. L. fermentum ZHI11 #= L. crispatus ZH17)EH 3 5% 37 4|
C. albicans £ ¥ 8987 . 4 PRILBRAT I 3 4871 K pH 2R3%, B PRk K3 /R pH. 2+ 2 4
L. fermentum B-H F 3R 69 44| 7E M, G672 24 h M BRIP4 C. albicans % K, 374 F T X 5| 95%VA L ;
% 2 #& L. crispatus B A E iR b9 R ESF st £ K o h 8550 M. FLBRATE ZH17 A= ZH11 424
RS R A BB L BB R AR 597, 48R E %] C. albicans % ki LARSEAL, IR SEFEIRAS B Atk
M. (4@ AR BRIBATH A AR E A4 feiidtt, JLBAFRAE LA BR LN
& KA % .

FIE: LMY, BETH, 248, 96A%Y; WHE L

*Corresponding authors. ZOU Xiang, Tel/Fax: +86-23-68251225, E-mail: zhx1030@swu.edu.cn; LING Kaijian, Tel/Fax:
+86-23-68765401, E-mail: lingkaijian@163.com
Received: 1 May 2022; Revised: 14 September 2022; Published online: 10 October 2022



4142 Liu Hulin et al. | Acta Microbiologica Sinica, 2022, 62(11)

Lactobacillus: screening from human reproductive tract and
therapeutic effect on a mouse model of vulvovaginal candidiasis
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Abstract: [Objective] To isolate probiotic Lactobacillus strains from the human reproductive tract and
explore the therapeutic effect of the strains on vulvovaginal candidiasis. [Methods] We used the de Man,
Rogosa and Sharpe agar containing 1% calcium carbonate to isolate the Lactobacillus strains from the
vaginal secretions of asymptomatic women in the childbearing age, screened the strains by using the
co-culture method with Candida albicans, and then examined their physiological properties. The
inhibitory effect of Lactobacillus was further evaluated in a mouse model of vulvovaginal candidiasis.
[Results| Nineteen strains of Lactobacillus sp. were isolated from 53 samples. Among of them, 4 strains,
i.e., L. crispatus ZHOS, L. fermentum ZH09, L. fermentum ZH11, and L. crispatus ZH17, showed strong
inhibitory effect against C. albicans, and grew well in a low-pH environment. L. fermentum ZH09 and
ZHI11 inhibited the growth of C. albicans, with the inhibition effect over 95% within 24 h. L. crispatus
ZH08 and ZH17 had strong aggregation property and demonstrated strong adhesion to epithelial cells.
Furthermore, the combination of L. fermentum ZH11 and L. crispatus ZH17 significantly inhibited the
growth and the switch from budding to hyphal growth of C. albicans, promoted mucosal repair, and
relieved inflammation in a mouse model of vulvovaginal candidiasis. [Conclusion] The screened

Lactobacillus strains have probiotic properties and the potential in clinical application.
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Figure 1

Phylogenetic tree of 16S rRNA gene. Numbers in brackets represent the sequences accession number in

GenBank, and numbers at the nodes indicate the bootstrap values on NJ analysis of 1 000 resampled data sets.

Bar 0.10 represent sequence divergence.
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Figure 2

Inhibitory effect of Lactobacillus and cell-free culture medium on C. albicans. A: inhibitory effect

in co-culture system; B: inhibition curve of time difference co-culture; C: growth inhibitory effect of CFS on
C. albicans; D: inhibitory effect of CFS with pH adjusted to 7.0 on the growth of C. albicans. Error bars in

figure represent standard deviation.
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Figure 3 Phenotypic transformation inhibition of Lactobacillus (A) and CFS (B) on Candida albicans.
Error bars in figure represent standard deviation, and different letters indicate significant difference (P<0.05).

2 1E CFS H& 0 2 AYER F0 14 4R B8 B )

Table 2 Acids detected in CFS and mean retention time

. . (A A)/%

Compound name Retention time/min

Lc-8 Lf-9 Lf-11 Le-17
Propanoic acid 5.266 - - - 9.131
Lactic acid 5.626 1462.846 1 025.802 1191.576 2 043.281
Oxalic acid 9.267 17.558 11.771 - 12.500
Butanedioic acid 17.394 156.413 9.793 19.051 210.237
Butanoic acid 20.746 - - 5.495 -
Malic acid 22.889 - 6.627 - 10.777
4-aminobutanoic acid 23.674 61.664 49.687 17.535 68.130
3-phenyllactic acid 25.064 16.925 13.703 16.299 16.983
Phosphoric acid 29.515 16.107 18.058 15.139 17.023
Hexonic acid 29.615 10.069 11.867 7.772 8.938
Citric acid 30.643 - 535.077 440.614 12.450
Pentanedioic acid 31.626 58.836 68.053 - 60.134
Palmitic acid 34.542 71.987 45.274 46.028 47.362
Stearic acid 38.039 39.314 30.541 31.445 29.168

—: not detected; A45: sample peak area; 4;: internal standard peak area.
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Figure 4 Growth at different pH (A—C) and ability to reduce pH of culture medium (D) of four Lactobacillus.

Error bars in figure represent standard deviation.
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Figure 5 Agglomeration and adhesion test results. A: the test results of automatic aggregation ability; B: the
co-aggregation test results of Lactobacillus and C. albicans; C, D: the adhesion test results of Lactobacillus
to Caski cells. Error bars in figure represent standard deviation, and different letters indicate significant

difference (P<0.05).
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Figure 6

Inhibitory effect of Lactobacillus combination on C. albicans growth (A) and its effect on candida

disease in mice; effects of Lactobacillus on vaginal C. albicans load (B), mycelium formation (C) and tissue
morphology (D) in mice with vaginal candidiasis. Error bars in figure represent standard deviation, * P<0.05

according to one-way ANOVA analysis.

http://journals.im.ac.cn/actamicrocn



4152

Liu Hulin et al. | Acta Microbiologica Sinica, 2022, 62(11)

3 & #

DIAERFFEUESE, FERE SRR R AT AL VVC
BE ™ C. albicans 5B RHAEH EFEIREE,
AL ZFLIRFT RS C. albicans W EHAEAEM . AW
S8 PR e 2 B R FLER AT TR T AE S SR 24 holE
B0 BRI IHIER, 7€ Kang 20
FE PSR BIAE L 55 5 A s, BB EL
R AT T A AR T 2T s o v e 2 4 i 40 o )
IEE G5 G AE TCA M1 5 RS B B AR X 55
FIEI e T, BABARR TRRIEDI T, TR RIR R
HA] BRI AR S AU TR P B AR R sz s
FRANHE Ty E AN 2 gassericin B, 1EAR,
Al et 22 RS T C. albicans LA K
P AMIEFLRRAT BRI AT HAE K B2, 25 57—
FERREE BB T IR A% C. albicans {3
B T1 o 3—Jr T, WA C. albicans #IA
RS BUR ) OB, T AN BE T 22 45 K 1 28 A8 TR Bk
TEF AR A IE & 09/ R X EE
B2 A0 A A R0 R RIS, A R T AR
A5 v B FLBR AT T TR RN 7 2 1 AT i A
ALY C. albicans W 22554k, #EW 2B T
4 REAE ELAE DL SR A A 6 1 6 R R T TR
2o SR N BT PO, R A A S
T C. albicans AH¥ Ak 5 350 09 40 M5 15 F1 S0 o

FRATMEE R CFS Xt C. albicans KM E
Y5 pH #H2G, X rp Rl BB AEAE YRR PR Joa it
17 TAERE m A b o 25 R 3R, 4 B3
FFTE CFS HBR TAERIIFLIR SN, I AERD
FKEFHAMAYER, AR, TIRE . b,
i EAT 3 4 BRFLERAT B Hh ER AU i 32K LR
Pl 3-RFLRAPIEETGE, H s ™ A4
3-RFLMR W FEEAEORIE Y LA, 18
A BEE LR AT T P A D Bl GE

FATTWI A TE /N B0 S B B 8 A1 22 e B A

<l actamicro@im.ac.cn, & 010-64807516

BRIP4 T T30, 7 d B9 BHIE N A e LR AT TR R
B A S BRI C. albicans F4 5 R0 22 A0 5% AL
YER . FEERRALY Frh, FLERFT TR AL 7
5 BB BH 1B ZH 2R AT (0 D2 i FNRE B AT . A
W5 A5 T 228 2L IR AT TR 7 I DR S e v iy
IV SR A

g bRTikR, AL 4 PRILERAT R A
AR g AR R ARSI B P )N R A S
P 5 7 L ELA B S B 1 e BR T AR
IIRE S I 25 4 T 46 LFC 14 75 10— A2 4
INTERLHI S AE R . e E i s AE A& BHA
RAFA N RS, BATTE IR PR FH A B .

S0k

[1] Abou Chacra L, Fenollar F. Exploring the global
vaginal microbiome and its impact on human health.
Microbial Pathogenesis, 2021, 160: 105172.

[2] Sobel JD. Vulvovaginal candidosis. The Lancet, 2007,
369(9577): 1961-1971.

[3] Sobel JD, Sobel R. Current treatment options for
vulvovaginal candidiasis caused by azole-resistant
Candida species. Expert Opinion on Pharmacotherapy,
2018, 19(9): 971-977.

[4] XUBAIAK, FR240K, BIFRE, 4FFE. BEGEMA .

RERRAE 59 T R YT . AW TR 4k, 2021,
37(11): 3801-3811.
Liu HL, Xu XR, Ling KJ, Zou X. Vaginal microbiome:
community characteristics and disease intervention.
Chinese Journal of Biotechnology, 2021, 37(11):
3801-3811. (in Chinese)

[5] Cohen CR, Wierzbicki MR, French AL, Morris S,
Newmann S, Reno H, Green L, Miller S, Powell J,
Parks T, Hemmerling A. Randomized trial of lactin-V
to prevent recurrence of bacterial vaginosis. The New
England Journal of Medicine, 2020, 382(20): 1906—1915.

[6] Oerlemans EFM, Bellen G, Claes I, Henkens T,
Allonsius CN, Wittouck S, van den Broek MFL, Wuyts
S, Kiekens F, Donders GGG, Lebeer S. Impact of a
lactobacilli-containing gel on vulvovaginal candidosis
and the vaginal microbiome. Scientific Reports, 2020,
10: 7976.



XUBAMKEE |t 924, 2022, 62(11)

4153

(7]

[10]

(1]

[12]

[13]

[14]

[15]

Ling ZX, Liu X, Chen WG, Luo YQ, Yuan L, Xia YX,
Nelson KE, Huang SL, Zhang SE, Wang YZ, Yuan JL,
Li LJ, Xiang C. The restoration of the vaginal
microbiota after treatment for bacterial vaginosis with
metronidazole or probiotics. Microbial Ecology, 2013,
65(3): 773-780.

Macklaim JM, Clemente JC, Knight R, Gloor GB, Reid
G. Changes in vaginal microbiota following
antimicrobial and probiotic therapy. Microbial Ecology
in Health and Disease, 2015, 26(1): 27799.

De MAN JC, Rogosa M, Sharpe ME. A medium for the
cultivation of lactobacilli. Journal of Applied
Bacteriology, 1960, 23(1): 130-135.

Bover-Cid S, Holzapfel WH. Improved screening
procedure for biogenic amine production by lactic acid
bacteria. International Journal of Food Microbiology,
1999, 53(1): 33-41.

Ren JO, Yuan J, Zeng BH, Wei H. An in vitro
assessment of inhibitory effect of 16 strains of

probiotics on the germination of Candida albicans.

African Journal of Microbiology Research, 2010, 4(12):

1251-1256.

Qiao NZ, Yu LL, Zhang CC, Wei CZ, Zhao JX, Zhang
H, Tian FW, Zhai QX, Chen W. A comparison of the
inhibitory activities of  Lactobacillus and
Bifidobacterium against Penicillium expansum and an
analysis of potential antifungal metabolites. FEMS
Microbiology Letters, 2020, 367(18): thaal30.

Wang S, Wang QY, Xiao BB, Zhang R, Wang B, Liao
QP, Zhuang H, Li T, Characterization of vaginal
Lactobacillus strains and their potential antagonistic
effects on Candida albicans. British Microbiology
Research Journal, 2015, 6(4): 185-195.

Happel AU, Kullin B, Gamieldien H, Wentzel N,
Zauchenberger CZ, Jaspan HB, Dabee S, Barnabas SL,
Jaumdally SZ, Dietrich J, Gray G, Bekker LG,
Froissart R, Passmore JAS. Exploring potential of
vaginal Lactobacillus isolates from South African
women for enhancing treatment for bacterial vaginosis.
PLoS Pathogens, 2020, 16(6): e1008559.

De Gregorio PR, Silva JA, Marchesi A, Nader-Macias
MEF. Anti-Candida activity of beneficial vaginal
lactobacilli
experimental model. FEMS Yeast Research, 2019,

19(2): foz008.

in in vitro assays and in a murine

[16]

[18]

[19]

[20]

(21]

[22]

[24]

Presti I, D’Orazio G, Labra M, La Ferla B,
Mezzasalma V, Bizzaro G, Giardina S, Michelotti A,
Tursi F, Vassallo M, Di Gennaro P. Evaluation of the
probiotic properties of new Lactobacillus and
Bifidobacterium strains and their in vitro effect.
Applied Microbiology and Biotechnology, 2015, 99(13):
5613-5626.

Scorzoni L, Sangalli-Leite F, De Lacorte Singulani J,
De Paula ESilva ACA, Costa-Orlandi CB,
Fusco-Almeida AM, Mendes-Giannini MJS. Searching
new antifungals: the use of in vitro and in vivo methods
for evaluation of natural compounds. Journal of
Microbiological Methods, 2016, 123: 68-78.

Svanstrom A, Boveri S, Bostrom E, Melin P. The lactic
acid bacteria metabolite phenyllactic acid inhibits both
radial growth and sporulation of filamentous fungi.
BMC Research Notes, 2013, 6: 464.

Gauvry E, Onno B, Membré JM.

Quantifying effect of lactic, acetic, and propionic acids

Dagnas S,

on growth of molds isolated from spoiled bakery
products. Journal of Food Protection, 2015, 78(9):
1689-1698.
Guinan J, Wang SH, Hazbun TR, Yadav H,
Thangamani S. Antibiotic-induced decreases in the
levels of microbial-derived short-chain fatty acids
correlate with increased gastrointestinal colonization of
Candida albicans. Scientific Reports, 2019(1), 9: 8872.

Scillato M, Spitale A, Mongelli G, Privitera GF,
Mangano K, Cianci A, Stefani S, Santagati M.
Antimicrobial properties of Lactobacillus cell-free
supernatants
pathogens. MicrobiologyOpen, 2021, 10(2): e1173.

Chapman CMC, Gibson GR, Rowland I. Health

benefits of probiotics: are mixtures more effective than

against multidrug-resistant urogenital

single strains? European Journal of Nutrition, 2011,
50(1): 1-17.

Kang CH, Han SH, Kim Y, Pack NS, So JS. In vitro
probiotic properties of Lactobacillus salivarius MG242
isolated from human Probiotics and
Antimicrobial Proteins, 2018, 10(2): 343-349.
Maldonado-Barragan A, Caballero-Guerrero B, Martin
V, Ruiz-Barba JL, Rodriguez JM. Purification and

genetic characterization of gassericin E, a novel

vagina.

co-culture inducible bacteriocin from Lactobacillus

gasseri EV1461 isolated from the vagina of a healthy

http://journals.im.ac.cn/actamicrocn



4154

Liu Hulin et al. | Acta Microbiologica Sinica, 2022, 62(11)

woman. BMC Microbiology, 2016, 16(1): 37.

[25] Kornitzer D. Regulation of Candida albicans hyphal
morphogenesis by endogenous signals. Journal of
Fungi: Basel, Switzerland, 2019, 5(1): 21.

[26] Matsubara VH, Wang Y, Bandara HMHN, Mayer MPA,

Samaranayake LP. Probiotic lactobacilli inhibit early
stages of Candida albicans biofilm development by
reducing their growth, cell adhesion, and filamentation.
Applied Microbiology and Biotechnology, 2016,
100(14): 6415-6426.

A, BARFHFRIA, AT, NBETRTELRFLAHFHHRIK, TE2AF
WA RS 5 ARE BRI E DT T QR ERE S BV. VVC. AV, @Aty
BTG AETMARE S AR TORE. THEXAAAFE RS, 8637 X A=
)RR F B RAE AR B 1023, 45 A M) BB 25 473R 89 Green Chemistry-
Journal of Controlled Release . Environmental Microbiology . Biotechnology And
Bioengineering % T Z A X 80 & &, ¥ E LA F 4| 50 |, KT 24 R,
ERPMAEE 2, PELEABIBEAIAEZR2EZN. TEAREDFLALN
WREAEERFLENAZN. YEAANFLLALA T LER 20T, MR
BARR LT A —F £ ERTHALAZFLF LA,

BRI, EFHEE, THAEF, BEEERFE—WREERE A, T XEFFE.
THRELTRAEAEMAESSE. F—1EHE LK SCLEX 3 B (R IF>20)A F 4%
SHIF) 10 A%, EAR A F S LSRR oR A AEMRAE SRS ERAER
EREER; YEAREEAMRAESFEENERENSEN;, BRZARRET
B R AR E BRI REERERSEN; TATHELSF B Hosw
£, PEEAAFTNABANBELERAERSF.

P4 actamicro@im.ac.cn, & 010-64807516



