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—RBESHERE CICC 10774 B E R HAE KRR IHFFE

BE BYYE AR K% ¥ EHL BE AW
(P EE A AR TSR i Tl A Y A AR B oL dbat 100015)

8 E: [869] AR8IFEE CICC 10774 #ATS £ F 56w, a4 RaFiefe Xt = 4
#ATARR,. [ %) i8iE 16S tRNA AR 57| A %R H F o0, T A4 r4Efak 384 fL4F
FIZAMR R F AL, By R ENE AR A RO RIEREARE pH A, #ELRrER
Fbett. KA HPLC M ZAMNKM T4, [£R] LT oM EARAM CICC 10774 A Ff i
FUAF & (Lactobacillus acetotolerans), ¥ 2K FEEZ MM, FHRALK, LHYRBEEMH, &%
FIUR R EHE. RAE. HEWE. N-CBF HER. RRF. Lt R. K9F. FH 4. HEEFR
KB ZHeAE AR RJRM K. A RKSFHEAR LY, CICC 10774 495iEAKIBEH 37°C, &K
E pHAEH 5.0, Rt Z W L EAHBEBAIR, 2 —HARGIRE. [46] T35 R8T 46
R FUAT I CICC 10774 A RARHAHUFAEHRAT T B30, A RBEA Z DA 1342 60 kA A dx 4l 4R 4%
2 e,
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Identification and characterization of strain CICC 10774 causing
vinegar spoilage

ZHAI Lei CHENG Xiao-Xiao SU Jiao-Jiao ZHANG Lu LIU Yang CAO Yan-Hua
YAO Su CHENG Chi”~

(China Center of Industrial Culture Collection, China National Research Institute of Food and Fermentation Industries,
Beijing 100015, China)

Abstract: [Objective] Strain CICC 10774 causing vinegar spoilage was identified by polyphasic
taxonomy and its growth and metabolism properties were studied. [Methods] Strain CICC 10774 was
identified by 16S rRNA gene sequences phylogenetic analysis combined with morphology and
physiological and biochemical characteristics. The optimal temperature and pH value for growth were
measured using spectrophotometric method and the metabolic products were analyzed by HPLC.
[Results] Polyphasic taxonomy analyses revealed that strain CICC 10774 was identified as
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Lactobacillus acetotolerans. The strain was Gram-positive, facultative aerobic, positive for gelatinase
activities and could use mannose, N-acetylglucosamine, arbutin, esculin, salicin, cellobiose, trehalose
and gentiobiose as sole carbon sources for growth. The optimal growth was observed at 37 °C and pH
5.0, and major metabolic products were acetic acid and lactic acid, indicating that strain CICC 10774
was a typical acidophilic bacterium. [Conclusion] The growth and metabolism properties of
Lactobacillus acetotolerans CICC 10774 causing vinegar spoilage were studied to provide a theoretical
basis for the vinegar production enterprises to control microbial pollution.

Keywords: Vinegar, Lactobacillus acetotolerans, Polyphasic taxonomy identification, Growth

metabolism
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TEMCEERE |, RFERE CICC 10774 (94 KARHHERAE
SR =T T I E AT
1 REhE
1.1 XWEKREEREH

PPk CICC 10774 4y B Fi5 YL BERES, P

T E TV E Y R A A B G . Wik CICC
10774 {HiF MRS 3553 T 37 °C FIREH I+
12 FERFIRES

MRS }iFedk | #22 Ryl &, AP fhsgE
FEE T AR AR B A A FRA T 4R
DNA $EBGAF & T Omega /A 7l; Tag DNA R4
i . ANTP. DL2000 marker T K HHCAE A BR
/AT GoldView MW T FE { S HE AR AR
H); VAR T Sigma-Aldrich 2A#]; &H I K
F Merck A7l APLRF &I T4 Wi ¥R A A
Hep k2= 20 i Yo i O A el

Y W B Olympus BH-24) T BAR B2 874 FR
ONT] BRANAT WL 7200 80 F IR e BRI
IR B R 5 BB (3% LC-20 Al F Shimadzu
ol UVEI S GBI SR R 5 7TWL-20MI [ 9 [
Explorer/A ) ; HRJEH#EEPCRIUE T Biometra/A ] 5
fH R 55 FR A BHG-8082 B T I g — e Bl 48
RN ED ;I 5 5 T CPDO30IE T BAL-TEC/A 7l ;
55 45 - B 1 T 564X E-1045 F149 4 f 55 SUS0 10 T
Hitachi/A #) o
1.3 WAZE
1.3.1 HE#k CICC 10774 D FEMFLE: FIHMH
PRI SE R 2 DNA 2 BGRF S 2B R CICC 10774 3
KIZH DNA, HI 0.8%3NEWHEE R B UK A TR . DA
FEHZH DNA Shisit, FIFE G149 27F Fil 1492R
SHZBRRI 16S rRNA J:[H 14T PCR §351°1, PCR
K24} : 94 °C 10 min; 94 °C 30's, 55 °C
30s, 72°C90s, 30 MEH; 72 °C 10 min, ¥
T 0.8% B AR IEA TAGIN J | 26 i BRIk R 4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1526 WA 28R Microbiol. China

2016, Vol.43, No.7

g A R A R4 Y o {4 ContigExpress
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EzBioCloud $H 47 o 437 it 8 BBk CICC
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Neighbour-Joining ¥ #E 17T R 48 & & M oy T it ik
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10774 3803 MRS 593k [, RERFE 3 d, WgE
PR VRIS il P 2 PG e (3R] ) Tk
CICC 10774 i1 75% 0, {2 Wi AR R AATE
SRR, AR, X CICC 10774 H
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2.5%)3% 8 4 °C [EE #17% . 6 000 r/min &5.0> 5 min
WAE AR, 100 mmol/L BEFRE: 2% whifk (pH 7.2) %k
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FIH API 50 CHL %72 R G0xT 49 Fhis 5 i 4 i )
Rt e . (A P AR AL S e A XAk CICC
10774 WAL . A ERRER A . HoS AEpl. IR
R . WERRERIAJE . VP RIS MR R0 55 7
AR TS o BT TR AL R T PR AT 2 35 e i
Hi, 37 °C JREHEFE 3 d 5, ARG A5 080 25
HATHIRE . B DA RE TR RE AT TR R DR AU R
A A
1.3.3 E#k CICC 10774 £ 44505 A KAF
PERF T TS AR K daE R A pHL, $RRE 1 D AR
W

A K A i EE RN pH U - BEIPR CICC 10774 42
FiE] MRS AR IR, IRERESR 3 d JafEhimh

W, A% 1% R B Y MRS KRR FR 3R, 7
BIETF 20, 25, 37, 40 i1 45 °C B4 PR ARG 37
7 d, BERIMERFFRAAE 600 nm FAIOEE . [
BPEHERN R IR 1%3Rh 2R i AR pH ) MRS
WARE IR 5 (pH 3.0-7.0), & K I E H5 37 WA
600 nm T IS

PFEE PEIRES . Bk CICC 10774 35803 pH 5.0
MRS W AR FREE D, K% 3 d R TR 4
FIEC 25 mL W, 93 °C AbEE 15, 30, 45, 60, 90
1120, XFAbHEJS BORE S IETT TR T

=P ks . Wbk cIcc 10774 4™
Yt TR OB % () (5 HE LC-20A) ATl E » 2
1% 4%~ GRACE Prevail Acid (250 mmx4.6 mm,
5 um); W ENHH Y 10 mmol/L KH,PO, (pH 2.3 )1 F i
(95:5); TLH A 0.6 mL/min; AEE AL AMEI 2
R+ 210 nm, #:3E 30 °C.
2 ZR545M
21 HTFEYFETEER

ik CICC 10774 3 [H 4] DNA $EUZS LA
1A, SRR AN 7 , $2H DNA FBETE 23 kb
A — 2kt , UiIIHRIUY L] DNA Sesdt
. FIFSIY 27F A1 1492R § 144535 16S rRNA
B B — 2%, R/IMEE 1 500 bp 2245 (8] 1B),
LA 16S rRNA FE K448 i 3 .

2 B 1 2 3 4

El1 E#k CICC 10774 E[EH DNA (A)#0 16S rRNA £
F B PCR 18 7=4(B) & k&

Figure 1 Electrophoresis of strain CICC 10774 genomic
DNA (A) and 16S rRNA gene PCR products (B)

Note: A: 1: MHind III marker; 2: Genomic DNA. B: 1: DL2000
marker; 2—4: PCR products.
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HE BBk CICC 10774 14 16S rRNA F& [ 5511 7
J5 i B R R, RS RS R IE 2
Lactobacillus acetotolerans JCM 3825", AH{UIE N
100%, 5 HABTERAIAHRIPERINT 97% 0 ZREUH G
BRI 16S IRNA SE[H T4, Lk Escherichia coli
KCTC 2441" (EU014689) 4N, WEEE CICC
10774 RERKBRI(E 2). REKBEREY, Hitk
CICC 10774 5 Lactobacillus acetotolerans JCM
3825" AN REK AL, Wbk CICC 10774
Y5E N Lactobacillus acetotolerans .
22 REFHEETELER

Bk CICC 10774 7E MRS BifigkiF 4k | 37 °C
PRAEHEFR 3 d, WigAFLa6E, BIE, BiE, L%
St RIOW MBI FUF A TS RAE . WA T
SRR AR AR, R/R(0.5-0.6) pmx
(1.0-2.0) um, A, BXFalE lBEHES, H2E Yy
R, BB ILE 3,

API 50 CHL %£7E R G4 REH], BHkAEWS A
HATHE . R TR N-C IR . REAR

64

BRI e TR D
SRR ARG, AR AR ORI A, RBER A
BRI (R 1) RS s R, Hkk
CICC 10774 HetEDRAAA, BABKAE R BAYE, #76
FREh I . HoS ZERL . JREFIA . MR . VP
IS MR A B (R 2).
2.3 E#k CICC 10774 £ KR4 ERF 5

Pk CICC 10774 A RKApEMFSE R, Higid
HERIRIE N 37 °C, IRESEFE 7 d J5 ODgyo i1 2.0,
40 °C 1537 7 d Ji ODgo EIRE] 1.5, SRIMATE 20 °C
H:K 7 d J5 ODgoo REEIRF] 0.5, 1L 37 °C 5381
25%, 45 °C ${FFILTEAAERKE 4A), BLHEE
SETHRRFLFF IR AE K I 2k, XS5 E b
AP ES HIE s —3 . ERERREA )
DrHiRE R R, AEREIRE] 37 °C, & 40°C, &
MR LT B e oy AE K IR, S HR i A I B it
THFGM; AR BRI T
20°C, EARFRESE LI 1w R F LA i 1A K o

PPk CICC 10774 A= K f5d pH M 5.0, 537 7d

Lactobacillus gallinarum ATCC 331997 (AJ417737)
Lactobacillus helveticus DSM 200757 (ACLM01000202)
Lactobacillus crispatus DSM 20584 (Y17362)
Lactobacillus amylovorus DSM 205317 (AY944408)
Lactobacillus kitasatonis JCM 1039 (BALU01000027)
Lactobacillus hamsteri JCM 6256" (BALY01000063)
Lactobacillus gigeriorum 202" (FR681899)
Lactobacillus intestinalis DSM 6629" (AJ306299)

CICC 10774

100 Lactobacillus acetotolerans JCM 3825 (AB303841)

Lactobacillus fornicalis TV101 8" (Y18654)

Escherichia coli KCTC 2441 (EU014689)

0.02

2 HE#k CICC 10774 16S rRNA EEFFI R G E BH
Figure 2 Phylogenetic tree of strain CICC 10774 and other reference species based on 16S rRNA gene sequence
0 Eh R BRI A 2 IR Bootstrap E KT 50%50ME; T B

Note: Bootstrap values (>50%) are shown at each branch points. ": The type strain.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1528

A% B4R Microbiol. China

2016, Vol.43, No.7

2/
/

} e o
- R N O |
SU8010 1.5kV 10.1mm x10.0k SE(L) 12/20/2013 17:14

e U
5.00 pm

3 E#k CICC 10774 A BERE
Figure 3 Scanning electron microscope of strain CICC

10774

J& ODeoo 155 2.0, pH 6.0 515 FH53% 7 d J5 ODegoo
IKE] 1.5, SR pH A3 7.0 SUEFEE] 4.0, B
3% 7 dJR LT A A K (E 4B), X WAEE T 6°B5 %
AR, T 3°EEAE AR TR . 6°BATR
JER R ANIE A TN TR FLAT R CICC 10774 (AR K 1 3°
BE IR BERAR, AP ] A KA, e S5y
BT PR FLAT B IR B & MRS 15373 (pH 6.8), %
BAEKZE, BEEE 57 d, KW, B
it FRFLAF i AE K ) pH ik, FRATRA pH 5.0 1Y
MRS KRB T TR AT s A I, 2-3 d SERETE
ATt RSB RV, 4 TR, ART
FET) RPN RS A TS Y, o F—55

%1 E#k CICC 10774 i F4SE

Table 1 Carbon source utilization characteristics of strain CICC 10774

A G R G K A GRS
Carbon source Growth | Carbon source Growth | Carbon source  Growth | Carbon source Growth
i o Db LB }
Glycerol Erythritol ' D-Arabinose | L-Arabinose
Dl DA LAk R B
D-Ribose 1 D-Xylose 1 L-Xylose 1 Adonitol
- E-DAHE 1 RSV D , DR .
B-Methyl-D-xyloside ' D-Galactose ' D-Glucose ' D-Fructose
D-H &k . L- 1L 244k _ L-EEpE PR _
D-Mannose i L-Sorbose i L-Rhamnose i Dulcitol
o 13- D-H | D- 15 _ iD-ILAE e B
a-Methyl-D-mannoside i D-Mannitol : D-Sorbitol : Inositol
o-F JE-D-A 4 | N-Z I A N AT | RESRT n
a-Methyl-D-glucoside ' N- Acetylglucosamine ' Amygdalin ' Arbutin
Lkt . ki ., DR . DA _
Esculin ferric citrate i Salicin 1 D-Cellobiose 1 D-Maltose
D-7LtE D& e e .
D-Lactose i D-Melibiose i Sucrose i D-Trehalose
A4 D DAk Bt B
Inulin 1 D-Melezitose i D-Raffinose i Starch
B ERES DA Dol .
Glycogen 1 Xylitol i D-Turanose i D- Gentiobiose
DA D RET LR B
D-Lyxose 1 D-Tagatose ' D-Fucose i L-Fucose
D-IHi {8 LB AR 2B A
D-Arabinitol - ; L-Arabinitol - : Potassium - | Potassium -
; ' Gluconate 1 2-ketogluconate
S-E- AL ; i :
Potassium - ; ; ;

5-ketogluconate

Note: +: Positive; +*: Weak; —: Negative.
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%2 HEHE CICC 10774 124 RIS 45T

Table 2 Physiological and biochemical characteristics of
strain CICC 10774

AR gk

Characteristics Results

MR R 56

MR test
R ER 1A 5
Nitrate reduction

PREFIH
Urea hydrolysis

VP {5
VP test

)l

Gelatin liquefication

HaS 724
H,S production
Frig A A

Citrate utilization

Note: +: Positive; —: Negative.

PR BRI YR BE S T S A
MR I 25 R (] 5)7%0H, 93 °C AbHE 15 s J5 A
PRIAETE % H 8.02%, AbFH 30 s 5 BMRIAATE R H
0.67%, ALFE 45 s JGEFRAVAETE R FR%E)] 0.01%.
AEEE 60 s LA AR H LTt BeA G B AAAE . HATE
Fils = FE Al A RO K 72 93 °C AL B 30 s, 244277
R TP FRFLAT VR B35S 10" CFU/mML B,
A 25
2.0}
i 1.5F
% 1_0 -

05

0.0 1 1 1 1 1 1
0 1 2 3 4 5 6 7

B Ah St 25k B T BRFLAT B 294 7x10° CFU/mL,
— HiBRE A RKNINE IS, ERAS KREE
e, SHEEBSEN, Ao, KEnfak, S5k
IR S, BRI ARAL. Fit, E Rl
JABRASAE (R T HE T S IN IRBB], ASTIFSE () 25 SR
VW e TR K TR R ] S B 45 s,

Vo5 T i 2L AT BT 2 81 1 % TSR v A T [ ik
B, ZEARE, TRRFLT R EA ST R IEH B FE
IR IR, RBR ., B WATERETEY
/0 DL pH BT R S5 AR RS (3R 3) IR, H
P B IE # BEREST BIEES T 93 °C AbHE 45 s J5 AT
TR, LT &I LA B I AEAE, FRaml
A AR SR B

i HPLC J5ik, XIANFREFR&M T (pH 4.0,
5.0 Fl 6.0) BBk CICC 10774 WA= Y47 T 43
Mr, 45943 4 s, 37°C IREHF: 3d )G, Witk
CICC 10774 () FZACHT W LR LR, IFH %
SRf pH TSR N A5t & I TR L
FEERERSACIE ™= AR BE IR, I L& N R RIS, TERS
MR & A B R IR, ATl
AP RGP R BT I ERFLAT IR B AETE . SR,
FELEHT AN SR B IR K A, T PR ZLAT Bt 2 H 3
TERESE T, GRS LSRN R A K, I
HARE = AR 2LIR , St e H BSEE R B3 BRI

0D600

4 BE#k CICC 10774 BYEK4F ML
Figure 4 Growth properties experiments of strain CICC 10774

Note: A: Growth temperature; B: Growth pH.
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Bl 5 &k CICC 10774 HaE MR
Figure 5 Thermostability experiments of strain CICC
10774

R3 TREIBEFEFHE L

Table 3 Characteristics comparisons of different vinegar

samples
o IEREERE IS YA [l B2 A
.. Normal Polluted Inoculated
Characteristics . . .
vinegar vinegar vinegar
Bt N R ERAN ) EAN N
Color
RS THH Ji R J SRR
Odor
ALY BZ B B2
Soluble solid
pH 3.09 3.19 3.22

* 4 HEEE CICC 10774 R =415 47

Table 4 Metabolic products analysis of strain CICC

10774
oH TR TR
Lactic acid (g/L) Acetic acid (g/L)
4.0 0.533 3.452
5.0 0.710 5.818
6.0 1.100 6.412

RIS . RORBIOAR R Al PR EDE YD LI pH
TSR R, RIRERRAE TR E.
3 i

ORI e — U R IR 5 A IR B 2%
R, AR E I . — D7 phe
R B RS R R T, e R4

B SR R U s D5 — 7T, ERE T
G/ [N R AV~ NN AN b 2.7 s W e 31/
%, KKK T BRI EFNE, SmmLiyEs.

VT AR R I 32 24 Th A B I K B #E rh )
RETZE I o B 4 AL RIS S5 b, LT
B T RBG R E VB iE . A5
ZAHYE, RIG B R BT TS Y O T PR FLAT
B, XA A AR AR AL KA IR T T 40
B, IC T TS e R B R FLAT I
CICC 10774 MWfcii B KR 5 2 25 h I n AR
BT —2, ARG pH o 5% 1 AR 5T Y
3° it i — 3o A BA AR E R ) o3 B R 3R
it B LT PR REAE R T 2 e, 25 5 A B s v 1
FFRLGY, RIS A A LR 2 T | A TR I v J
W2z —, e tigeas g, Bt h i
1 e T R P U Rt o B AR P Al R 2 A
KRB . pH 507 A AE IR A TR, [RIBAE
AN KUK B RTER T, 38 538 0 O [Q TR g Bsf ]
B KBS BT e il . AW R A SRR A
PR YR RGE , B R P
AW RS YL BT IR B E T A

2 % X W
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