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Abstract

Vulvovaginal candidiasis is a major urogenital infection in women. Lactobacilli are
important in maintaining vaginal health. In the present study, the effect of heat adaptation
at 47~527T prior to heat stress at 60T in improving the viability of Zactobacillus salivarius
MG242 was examined. L. salivarius MG242 has antifungal effects against Candida albicans.
Heat-adapted cells had a higher survival rate than non-adapted cells during the subsequent
heat stress. When chloramphenicol was added during the adaptation process, heat tole-
rance was abolished, suggesting the involvement of de novo protein synthesis with the heat
adaptation of Z. salivarius MG242 strain. Exopolysaccharide quantification and scanning
election microscopy did not reveal any appreciable changes during heat adaptation. The
antifungal activity of L. salivarius MG242 against C. albicans was maintained during the
heat adaptation. These results suggest that heat adaptation can be applied for the develop-
ment of probiotic products using L. salivarius MG242 to improve its stress tolerance during
processing.

Keywords

vaginal, Lactobacillus salivarius MG242, Candida albicans, probiotic, heat adaptation

ME

Ted A9 A AR 75% olde] offdo] Ao gt ¥ ol F= Ago|m, Candida
Zl5to] & 14101] ot FAsHEA A U9 [t nESe] *43S MES WsH H= Aol
(Ferrer 2000; De Gregorio et al, 2012). ZHtHd AH9] 7 &3t A2 Candida
albicansZ A WHE9] 85~90%°] NFHTHYoo et al, 2010). AFAZE polyene ALE2
amphotericin B} azoleAZ9] fluconazoled}t ketoconazole 52| FAAIE EE F= A U
FYUsk= HPHol AREE|T ItH(Han, 2003).

= 949 A Yol Hede] A4 JAlsl: £42 A0t 7134 S e 9
Eli=g 57}0} o}49] 4 Yoz B2 T72 A7 1AL, o2t fANE = 1 A W S
A=t F83 AT Tt fAEFE 24RS Adote] A WY AeE W11 hydrogen pe-
roxide, bacteriocins 5 TS FRAELS AAsto] A %91‘&94 AT} S ofgob, A

W gy Azl FAHEAE Addstel A 2 fAlel 7199l 424 AAFkBalciunas er al,
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2013). fARETet Tt} Zito] 2733t o4d9] A ol 2ol AEsh= 497t Ao, Al 5l
Ol AR HEo] AT EH Hato] FAeH| Elof itith Ao] WHskA HrkFerrer,
2000; De Gregorio et al, 2012). 1HE& A= v A7) 4 HYatol o3 doju=
Zdo] digk 134491 vgEsh Aoz AL3HChapman et al, 2013; MacPhee et al,
2013).

FANFS 83 TRl QEA AFI o] JFH0E PE]] YA AxaFolxe] 71Est
AEGA 204 Aopgolof gt} sAAR WL fAE vl & AReke IolA TS
AutA o 2 ARGEE vhHot), 8y, 5A7AR oA A W 2%, W2 RSl
22 7188 AR EEHA BEE0] TAsH "o AEHA F32 FAAR o)A
ohFet ngEY] FEES =0l APt e A0 A eH(Kang er al, 2015), o]t
S HAUSS 52 2 524% oA 583 B Fo spolciKwak er al, 2014). &
Ao oJst 12 WA SX2 Lactobacillus paracasei, L. acidophilus, L. casei, Bifido-
bacterium bifidum¥}; o] ThFet fARTolA 1 a3 SRIFQI. oldt AAE adk=
AEGA AN EEE Hoj71Ae] g AEF A0 tfgt o = HIAE cross pro-
tection H19] 7FsAS HojFal It Paz er al, 2012; Sharareh et al, 2013).

2 A7 AYATE B T dA9 U1 Candida albicans®ll 3 B3t =
RO & WalXl Lactobacillus salivarius MG242 455 4 AAB8E ol & AEH A4 9
J=& 54 9 I 53] HigkE gRlskith

S~

e

=
b
L

1. 25 U AR
£ qio] AH8T FHE AWATE B8 A4 Do Lol Beld ke B T
9 PAFLA] 943 L. salivarius MG242MG242) T2 Aghslo] A18< As19icjung

et al., 2017; Kang et al, 2018). BjR1= Lactobacilli MRS broth(Difco, MI, USA)S AR&5}0]
37ColA &7l 27CRE Hifoto] Ao] ARESIlth ok AARE ¥Rl Candida
albicans SC5314% Y EEEAE oA EFIgon, YM(1% glucose, 0.3% malt extract,
0.5% peptone, and 0.3% yeast extract)diA S AR&5to] 37T oA HioFsISALT.

[

]

2. 9 AEHA M

37ColA 1847 B9 YRt MG242 55 YAER(7.191 g 4C, 1085t 0.1 M
phosphate-buffered saline(PBS, pH 7.2)2& 2H A23t &, 0.1 M PBSZ ODgy°] 1°] HE=
Aoty At #F= water bathE AREot] 40T, 50T, 60TAA 408712 &
AEFA AYE £ T 7Y 22 AdE Hole AAY REE @ AEHA A
Aot AEH A0 eEF ARRTE MRS HiRIo] vifdS HEstaL, 37T 24417 vigRt
T AASE RIS

3. g Hxfg| =A

MG242 9] 2|A9] 4 AAY 21S gRlsty] fls MRS HiRolA 37T, 24A17F Bt &
0.1 M PBSZ 2/ A&t & ODgne°] 1°] === A=, dEA @ AAEE At 4,
chloramphenicol(100 xg/mL}S E3HHartke er al, 1996)5t0] & AAZTE A0 Yo
47T, 52C01A 212 158 B9 wikst 3 60TOA 4087 =EA1A MRS HiA|o] vjFle
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4. Exopolysaccharide 44 &0l

Az 9] thgA(Exopolysaccharide, EPS) F&WH2 Liu®t Fang(2002)9] WHE $7510]
st @ AA=RE et @ AAZ oA o2 S 4 BasRarol IAT &, AR

(8,000 g, 4T, 208515ty Al=7t AA ’}]“: O HZ=T 10%7} E%=2 trichloroacetic
acidE 7sto] 4TNA 2417 59 BRI &, 38lia= 95% ofgkas 715kl 4TIA 1541kt

Bt AN JHAR A oAl |aE(13,200 g, 4T, 4OT)0}MEF. Polysaccharide
%= phenol-sulfuric acid W< B8 A%S} ol3ick. L& AlRE UV-vis spectrophoto-
meter(Ultrospec 2000; Amersham Pharmacia Biotech Inc., NJ, USA)E ©]-&35}% 490 nm
oA S7gstich

5. SEM 24

g AEF A LEHUS 1 F AXY7E A2 FHjol ofudt FIRE mA=A] ERlstr] Hlstod
SEM %< —’F°§°}°ﬂ‘3} d AX e At B AAYSHA] 2 H5E G AEHA 249 60T
4087 =2A17] & 2.5% glutaraldehyde(Junsei, Japan) &0l 4T of|A 24417 B9t IASHA|7
T oete® g4l AlgE #H[519Ith Field Emission SEM(Hitach S-4300, Japan)<
ol-&sto] 9| Fej| HISIE WA

6. Candida albicans®i| CHSt &iXidgat

d AA2IgE MG242 +=2] C albican °ll ol FHAR1 <t SxHE SRIsk7] flsf, & HA|=]_t

MG242 w5} C albicans 3+ WIA(MRS A wiA]et YM AA] HiAE 1,1(nM= 5—@-)01
9] 7t FFH0Z 10° CFU/mL7t HE 247 5319t 37CoIA 24417 3R]

C. albicans+= YM BJR|OJA| A8 ERI5lal, MG242 =+ cycloheximide (100 /zg/mL)—

T3 MRS HiROA B=E SRl

gst71 9 OM ookl oA d HAE
. MG242 955 40T, 50T, 60TOIA 22 40&
2EHA WS SAof WFlg 1). 40Cet 50C°1]A1L 408 =91 Ao Wslrh Qlglont,
60TColA= A9 7Y 87t F45H Haske Ae IRIT 5= Qlrt. Z2HP| YA 452
ALE5E7] QlaiAE HE AlFoIAE ABetS] FEiE EAsfoF gttt AJAkg oA thkst AEH A
sl =S FAIStjof 5h, ofZjgt AEFA WA ZEHP|QEIA ARRoA wle- Fa3%t
BHog AdHA 9YtiYanez er al, 2008).
A Zo] ALt 11 ofs} 20] AEFA 27| HAEC] =2 T, V‘ 52 o AEF A
gl 28514 EltiAlvarez-Ordonez et al, 2008). W=k MG242 455 47C2F 52CoA
Z¥zr 1587 A2jsle] & AAZE A1, 4 AAYE MG242 455 60ToA 4087k
LE23AA d AA aE RI5IITHFig. 2). AR, 47CelA @ HAEet AR 52T A
g AXYE AP 27004 FEE0] 958 AS IRIT 5 A =2 204 =] 7
£ A= o HATL -S-7lo] dojuhH(Somero, 1995), @ AEH A tigh vR3og g|H
RNA, 2 §549] Hale} -2 HotgAo] YojdtlHansen er al, 2001).

o AL o
T e e
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Fig. 1. Survival of L. salivarius MG242 after heat treatment at different temperatures.
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Fig. 2. Effect of heat adaption on the survival of L. salivarius MG242 after heat treatment at 60C.
Heat adaption was performed for 40 min at the indicated temperatures.

A SLtoll s el o] @ AEF A0 LE2E S f WS FEsk=A] ERlsh]
ol ad 3 AR chlorampenicol& Asto] AFE AdPstAct. Fig. 33 Zo] &
ZAA2] Iof|A] chloramphenicol(100 pxg/mL)& A3t 3¢ @ WA SHaNE Hol7| g
A& I = ATt 7129] A-HSorqvist, 2003)°ll 2JstH & HA 27} JY=HA chloram-
phenicololl 2J8 & W3 a7t @AJs] gt &4 k. ChloramphenicolZ w48
o= 248 thild M Welohe o= dEA Qi

2. 8 Hx2| A| EPS 4d =0l

MG242 #59] 4 ZA2] A EPS A< SISkt EPS= Attt 25704 FH ek 47951,
Ao} oA d AAgEl= AoE UBA JtHSutherland, 1998). EPSE thdRel Tulzo]
2ol Sl FHoltk EPSE Aol #9] 174 X183 = biopolymer?] B&35H4 &/}
TR Beo] loH, EPS7} prebiotics T HHRE 7|5 55 7FAIAL ol QA W A7l 719
sttt 1% v QIck(Forde and Fitzgerald, 1999; Looijesteijn et al, 2001). ¥ &
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Fig. 3. Effect of chloramphenicol on the survival of the non-adapted and adapted L. salivarius
MG242 cells after heat treatment at 60T.

Tl 9 AP W NG22 0] ERS PUTE ROl Aol Sl AL S 4
9ISEk. o= MG242 #5-2) A, EPS Aol & 24 5 & AEdiof dhe Eg0) JFe
HA gk Zole} Azt

3. E Hx2| Al MEEH 3} S0l
d HAY P 4 AXY & F AE V\Oﬂ 0] HUS uj, MG242 w59 HHHsE
W] ol FARAAARH S Fof g } tHFig. 4). MG242 HjF2&Rl 37CoAY] +
FHl= AZEH W} gl A & J = UG OHFig. 4A), B AEHA 2R 60TCoA =
AIZHEHY] AR &4 S3o] dofuk= 7;1 oI 4= AcFig. 4B). @ HAF A%{Fig.
400z Al 3EHo] APgE FEiE Holuh fA7F Hlom, 4 MAE] & d AEH A =EEQkS
(Fig. 4D), AZHEHS] SHAI= IF doluANE E AEA 240 vl Feirt fA=l=
Z& SRIg 4= QJ9lt}. Scheie®t Ehrenspeck(1973)2] @]l 2JoHH 55C Foll e A] A|ZEHO
ido] MEPETL, peptidoglycando] Fsfizlctal LA Utk MG242 #5% & A9
FFoE A Fe7t olXl HE = AR AlmHTh

IOII

T

4. 8 ®MX2| $ Candida albicans O L3t SEiF Sa

g AAYE MG242 459 FFaHNS Solsly| A8l C albicans @ THGS E3
BYE RIS & AAEHE MG242 @52} C albicans S S35 A I8 C a/b1cans
A7t Ao, olE Boll MG242 d5+= @ AAE A3t 39 ¢ albican ° Wt
FAFATE= 2ol7t g A 81 4= UthFig. 5). o= fAkto] EhloF A I+ EES
A weh Asjayrt YA¥si= A o2 deA UthReid, 2001; Mastromarino et al, 2002).

oOlt
rE

(©)

A APAQI s Ad9) HollA Bl Lactobacillus salivarius MG242 45F% 3|
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Fig. 4. SEM images of the heat-adapted and non-adapted L. salivarius MG242 cells before and
after heat challenge. (A) L. salivarius MG242 cultured at 37T (non-adapted), (B) non-adapted
heat-challenged (60C) L. salivarius MG242, (C) heat-adapted (527C) L. salivarius MG242, and (D)
heat-challenged, heat-adapted L. salivarius MG242.

Log CFU
[=)}

——C albicans
—& (' albicans + adapted MG242
—o (. albicans + non-adapted MG242

0 9 20
Time (h)

Fig. 5. Antifungal activity of the non-adapted and adapted L. salivarius MG242 cells against Candida
albicans.

A HAYE Bl d AEHA RHANAY 2L F
albicans ° YRIHFAIO] WIS IRIsIch 2H9 I
129 d AEYAN w2 FEES FAGH AS
albicans | H$t YAFAETE= HSPL Q= AS
MG242 #75 Z2Hlo] QEIAZH digiile] 7hsdS SRlokal, & 17 FIeh ZEHo] QA0
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