Long—-Term Starvation Induces the Viable-but—-Nonculturable

Condition in Lactobacillus crispatus KL.B46
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ABSTRACT

In a previous study, we have isolated a number of lactobacilli from Korean
women, and one of them (KLDB46) was identified as Lactobacillus crispatus by
16S rRNA gene sequencing. For the ecological treatment of bacterial vaginosis
(BV) cell suspension of L. crispatus KLB46 was instillated into BV patients. L.
crispatus KLB46 was found to persist for several days in cell suspension with
no nutrients. In this study, in order to assess the influence of starvation on
physiological activity, we compared the wviability and culturability of KILB46
following suspension in various buffer solutions. A pair of in situ fluorescent
dye was used to assess viability (i.e. membrane integrity) and the culturability
was examined by plate count assay. A rapid epifluorescence staining method
using the LIVE/DEAD Bacterial Viabhility Kit (BacLightTM) was applied to

estimate both viable and total counts of bacteria in cell suspension. B’acLightTl\l

9™ and propidium

is composed of two nucleic acid-binding stains (SYTO
iodide). SYTO 9™ penetrates all bacterial membranes and stains the cells
green while propidium iodide only penetrates cells with damaged membranes,
therefore the combination of the two stains produces red fluorescing cells.
Optimal staining conditions for BacLight™ were found to be with 0.0835M
SYTO 9™ and 0.05M propidium iodide for 15 min incubation at room
temperature in dark. When cells were microscopically examined during 140 hours
of starvation, the culturability decreased markedly while the viability remained
relatively constant, which suggests that large fraction of KLB46 cells became

viable but non-culturable (VBNC) upon starvation.

= 98 =



INTRODUCTION

U7 ojdel 2 WHiele ozl 7k Aol Eo] AAsta A o] mAEELS
Ao Aol ¢ Fod JTe = Aoz Ly Ak’ o Ul"g Foll A 7}
T Ee AFES Hole Zo| fAT(Lactobacillus) % 5+°) T} oeEe A
ol tiE HAYdTEFES FUdE L3sie ¢S FYs7|= st=d O]UJI ol
A HoO,, AT HEIET S FTEZS Y| St £3] ZHd Zdd

f
X
it}

A =
2 2 o
7 gob Ao

R
“nﬂ

37 9% wgos ALATES BFAE AHHTES ATFAAT, o8 A3
of BRMTELZ 715¢ T & AL AE FTEHL Role 2FEE B4
ozye £z . olg¥ FTFE T MY £ FFE

» §
[9)
S
T B
Q
3
=
&

crispatus KLB46°] AEEA R o] #F& o8 ATAAY /ML
FPstn Qo B AFolAe AdAA g

I AGAFe 2ol FHEGYY 4 3
e A8 YA, 4FE FYE AHAA Fold 4, F FA FAAT
il E-7}5 3 Ael(VBNC, viable but non-culturable)2 &5 g
& £ ARG, olgdg VBNC AHZ vy 29L& A starvation I cold
shocke 2 FAHH=d, o]H ATl starvation 2} cold shock2 FRE = o
2] 7} buffer FEHol A o AA5(culturability)d &% (viability)e] &wbut
zto] & Holex HFHoz FAHHcH

ot

plc)

MATERIALS AND METHODS

5 2 Fzd. FFAFdAM 2 TFFAH M FTEAHo] Hold #
FZ2 Hddsdzm o]2 16S rRNA sequencing® %3td Lactobacillus crispatus <
£ 93t -70Ce Ba=Ee Jdd 55 500ml MRS brothell 126 3 Fste] 124]
FHE AARY7IE ol&dtd FAZ F BAIFTHTE AFHIG. o2 Zz
Lo #Aga7)7] =lizd H7lel 8 mM sucrose, Phosphate buffer, normal
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Membrane integrity &3 (viability). 474 %%& LIVE/DEAD BacLight™
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RESULTS AND DISCUSSION

Effects of starvation on growth-dependent assays. ¥ 7}* 2% - Total cell
counting, Plate spot counting - & F s Aeo|s AzE €& F AU
Total countingol A= TA|F7F A2 ZH435HA %A 7 Plate spot counting®l A&

ol g= #F42E 2o (Fig. 1.
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IYigure 1. Culturable cell and Lotal cell count of various cell suspension. Results are shown [or cullures

suspended in 8mM sucrose(@®), Phosphate buffer(©), normal saline(W) and ddILO(v)
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Effects of starvation on membrane integrity (viability). ViabilityE 7 3}7]
2 A& =%l LIVE/DEAD Bac-Light assayolA] Solg ZzE A2 F Ad=d
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E of Mol gk wjF E7FE AEl(VBNC, Viable But
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Fig. 2 754 9] Live/Dead staining AFZ

upper panels, N2.1 filter, lower panels, I3 filter, x1000
A, 0 hour ; B, 140 hour Hz0 ; C, 140 hour Normal saline ;

D, 140 hour Phosphate buffer ; E, 140 hour 0.008M sucrose

%z7] TF9 staining AR (A)E 2H i F22] celle] 54& EAt ol A&
cellF 92%2| cello] viability® 7HA12 Jdctxn FH = At sHAIRE 1404 3ke] =
3o AlzS BHAEH ddH.OB), Normal saline(C)e zHzh 54% 2} 62%2] viability
£ HolA 9 Phosphate buffer(D)2 8 mM sucrose(E)e 2z 87%¢ 92%¢]
viability € LFEFURACEH o]4ke] du|Fd #RANES HA*Ho=z 2oFsct (Table
1).
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Solution 8 mM Sucrose |Phosphate buffer| Normal saline ddH;O
culturability 10.02% 7.49% 3.65% 1.49%

viability 92% 87% 62% 54%

difference 81.98% 79.51% 58.35% 52.51%

Table 1. Quantitative comparison between culturability and viability of 140hr starved cells.

oz

79519, 58.35%, 5251%9] cello] VBNCAHZ ABHJATtT 2 4 Arh =3
E5E 7HA 3 Ade AA cellFolA wd7bs s cello]l zHzZE 10.89%, 8.6%, 5.88%,
275%YS 2 F AU, Starvation Z cold shockell olsiA e 9o Fa7}
VBNCAH 2 Hd= gt Hrtsise 2o ot d37F VBNCAHZ F=s&

Aol A<= AL U

ACKNOWLEDGEMENT

2 47 U3l 2L ELY 7| eATFAE(BSEP)Y A4z FHEHAYS.

REFERENCES

1. Eschenbach, D. A, P. R. Davik, B. L. Williams, S. J. Klebanoff, K. Young-Smith, C.
M. Critchlow, and K. K. Holmes. Prevalence of hydrogen peroxide-producing
Lactobacillus species in normal women and women with bacterial vaginosis. J. Clin.
Microbiol. 27, 251 (1989)

2. Sobel, J.D. Vaginal infections in adult women, Medical Clinics of North America, 74,
1573 (1990).

3. Bruce, AW., and G. Reid. Intravaginal instillation of lactobacilli for prevention of
recurrent urinary tract infections, Can. J. Mocrobiol. 34, 339 (1988).

4. Alexander, E., Dat Pham, and T. R. Steck. The Viable-but-Nonculturable Condition Is
Induced by Copper in Agrobacterium tumefaciens and Rhizobium leguminosarum. Appl.
Environ. Microbiol. 65, 3754 (1999).

5. Pettipher, G. L.. Rapid Membrane Filtration-Epifluorescent Microscopy Technique for
Direct Enumeration of Bacteria in Raw Milk. Appl. Environ. Microbiol. 39, 423 (1980).

6. Kell, D. B., A. S. Kaprelyants, D. H. Weichart, C. R. Harwood and M. R. Barer.
Viability and activity in readily culturable bacteria: a review and discussion of the

practical issues. Antonie van Leeuwenhoek T3, 169 (1998).

— 920, —



