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Table 1  Primers and PCR conditions used in this study

PCR conditions

Method Primer Sequence (5 -37) - - Reference
Denaturation Annealing Extension

BOX-PCR BOXAIR GTGGTGGTGGTGGTG 94°C, 1 min 53C, 1 min 65°C, 8 min [15]

(GTG) sPCR  (GTG) 4 CTACGGCAAGGCGACGCTGACG 94°C, 1 min 53%C, 1 min 65°C, 8 min [15]

ERIC-PCR ERIC2 ATGTAAGCTCCTGGGGATTCAC 94°C, 1 min 50°C, 1 min 65°C, 8 min [15]
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Table 2 Characteristics of of psychrotrophic lactic acid bacteria from the gastrointestinal tract

of cold-water fishes from the Eerqisi river, Xinjiang

Range phylogenetic affiliations Morphological properties
Strain. Host tempfor ) . . Identity Gram Colony

Growth (°C) Closest relative species (%) Cell shape staining description
EBY2-8 Abramis brama Orientalis 4 -15* -24  Carnobacterium (HQ824973) 100 Rod G* White, medium
MW4 Perca fluviatilus 4 -24-37  Enterococcus hermanniensis (GQ337028) 9 coccoid G* White, small
EB2-5 Leuciscus idus 4 -24-37  Enterococcus hermanniensis (AY396046) 9 coccoid G* White, small
EG2-6 Esox lucius 4-15-24  Brochothrix thermosphacta (AB680248) R’ Rod G* White, medium
MB2-5 Leuciscus idus 4-18-24 Weissella koreensis (HQ896200) 9 coccoid G* Gray, medium
MD=2 Tinca tinca 4-24-37  Enterococcus faecalis (JQ726522) 100 coccoid G* White, small
MB24 Leuciscus idus 4 -24 -37  Enterococcus hermanniensis (AY396046) 9 coccoid G* Transparent, small
MB2-2 Leuciscus idus 4-24-37  Lactococcus garvieae (AB598994) 100 coccoid G* Gray, small
EB2-8 Leuciscus idus 4-15-24  Lactococcus garvieae (ABS98960) 100 coccoid G* White, small
EDH Tinca tinca 4-18-37 Enterococcus faecalis (JQ726518) 100 coccoid G* White, small
MHY33 Scardinius erythrophthalmus 4 -15 =24 Lactococcus raffinolactis (JN226416) 9 coccoid G* White, small
MB2-3 Leuciscus idus 4-24-37  Lactococcus garvieae (JQ446487) 9 coccoid G* White, small
MHY3=2 Scardinius erythrophthalmus 4 =15 =24 Lactococcus piscium (JN226415) 100 coccoid G* White, small
MB2-4 Leuciscus idus 4-18-24 Weissella cibaria (JF831160) 9 coccoid G* White, medium
EJ44 Lucioperca lucioperca 4-18 =37  Streptococcus parauberis (EU081009) 9 coccoid G* White, large
EB2-6 Leuciscus idus 4-18-37  Carnobacterium (GQ304940) 100 Rod G* Gray, medium
MHY34 Scardinius erythrophthalmus 4 -=24 =37 Lactococcus garvieae (JQ795856) 100 coccoid G* White, medium
EJ32 Lucioperca lucioperca 4 -18 =37 Lactococcus garvieae (JF831157) 9 coccoid G* White, medium
MD-3 Tinca tinca 4-24-37  Enterococcus faecalis (JQ726522) 9 coccoid G* White, small
EHY3-4 Scardinius erythrophthalmus 4 -18 =37 Lactococcus piscium (AY762106) 9 coccoid G* White, medium
EHY3-5 Scardinius erythrophthalmus 4 —18 =37 Streptococcus parauberis (EF204349) 9 coccoid G* White, small
ED2-2 Tinca tinca 4-18 =37 Enterococcus faecalis (JQ889271) 100 coccoid G* White, medium
MDA Tinca tinca 4-15-24  Lactococcus lactis (GQ337877) 100 coccoid G* White, small
EB24 Leuciscus idus 4-18 =37 Carnobacterium (AB680941) 100 Rod G* Yellow, small

Note:*" The optimal growth temperature.
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Neighbour—joining tree showing the phylogenetic relationships among psychrotrophic lactic acid bacteria strains 168

rRNA gene partial sequences and their closely related sequences downloaded from GenBank.
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Fig.2 BOX-PCR (A) \ERIC2-PCR(B) . (GTG) PCR(C) fingerprint patterns of psychrotrophic lactic acid bacteria strains in 2%

agarose. Lanes: 1, MHY32; 2, MD3; 3, MB24; 4, MB2-5; 5, EJ32; 6, EHY35; 7, MB22; 8, MHY33; 9, MD; 10,
EB2-5; 11, MB24; 12, MB23; 13, EG2-6; 14, EJ44; 15, ED; 16, EB24; 17, MWI1; 18, EB2-6; 19, MD2; 20, EHY3-
4;21, MHY34; 22, EBY2-8; 23, ED2-2; 24, EB2-8; 0, blank; M, mark.
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Fig.3 The dendrogram based on the UPGMA cluster analysis of the combined BOX-PCR, ERIC2-PCR and (GTG) s-PCR fingerprinting

data.
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Streptococcus ; EB2-6 . EBY2-8 Fl EB24 # i, Group3,
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EHY3-5 W) & FH 1 # MB2-3.MHY33.EJ3=2.
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P2 &5 3 J S v ) Sk B

3 e

FUIR T & H vt 5 2\ 22 it U B
AT LR SR IR 2 A 2 A1 wAE D R AR
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TR 2% 1) L TR AT 8 5L 1 472 A0 T R 32 31 T IR A AR AR
FEE N ot R TG U L R T el R KR R
G 75 PR it P 2R 3 110 A1 U ¥ R O 5 v B LA o
Ab H BT 0 A it SR 1A A 9 E 22 4R T T IR Ve i
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AHIEFE ¥ 7K AR SR BT 8 ] 85 2 b DX R
5 3909 9 4, 52 56 3@ i MRS Elliker 9 Fh A [r) 1) 5%
i He ALl 3 N 23 B LR R 3 B SO 4. SR
5 G5 () FL I TR % 58 7 1k 45 4 16S tRNA 3L [ 471
ARG R EM T B &0 €1 24 R FLR W - R4
Morita ™ %} 1% ¥ ( Psychrophile )  #1 i ¥
(Psychrotrophs) [1)5¢ , 45 8 BR B 4 A B, 16
TR A TR V2 AT 570 8 T R 1 74 7K i A R B B8 K U
KB BRI 24 BRFLER 1 4 )8 T Enterococcus

Lactococcus Carnobacterium -~ Streptococcus~ Weissella

Brochothrix, H H F AT © 48 % 4 BK B 19 40 1 25 1k o

WEPEREAT TR, 3 O R HE B A A SN SE 5 iR
UG S B R TLAT 10 B A T A G
& M OH W
(Smphylococcus aureus) %535 7~ T H AT W 8 00 4005
fite MARGKE KA X 10 Bk 4 4 3= 1 kb, 4
¥k J& T Enterococcus spp. <6 ¥k J& T Lactococcus spp. »
i 40 B 3R I AE 9 AR IEAEBE— 2B RN (A G
WEITEE RN 5 B RE) -
#3 REBEABREHRBEERE LR

Table 3 Physiological and biochemical characteristics of

( Listeria  monocytogenes ) ~

psychrotrophic lactic acid bacteria strains

Arginine
Nitrate
Strain. M. R. VP> Produce Catalase
reduction

ammonia

MHY32 - - - - +
MD-3 - + - - -
MB24 - - - - -
MB2-5 - - - - -
EJ3-2 - - - - +
EHY3-5 - - - - +
MB2-2 - - + - -
MHY33 - + - - -
MD- -
EB2-5 -
MB24 -
MB23 -
EG2-6 +
EJ44
EDH -
EB24 +
MW1 -
EB2-6 +
MD=2 -
EHY34 - - - - +
MHY34 - - - - -
EBY2-8 - + - - +
ED2-2
EB2-8

+
o+ o+ o+ o+
| I
| I
| I

+ o+ o+ 4+ o+
I
I
|

+
+
+
|
+

+
|
+
|
+

T LR B T2 AR AE T A I (0 7R 8, Ak Ak
B REE R A2 5, TR % B4R 4E A 16S rRNA
DR 31 0 A i W S X 43 [ i 8 60 4 1 O R A
U R ) Je 1 b 2 N R R R
7 Al sz 86 R4 4 D 2K 11 vk (SDS-PAGE) P S H
FLRR % b 2 R 1 v (R H AR e T R
FERN Y AR S e 5 o rep-PCR B X 41 1 1) 42 JE DA
ZH HEAT B8, BRAE b3 R 7 v 8 Il v 1 e
20 AR R 038 2 R LA AR e 4 0, AT LAAE
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B A DL R T R AKSE X Ay FLIR B - AEABET
7 ¥k [F J& T Enterococcus [P B ¥ <9 Bk Lactococcus J&
(R RE > o8 A 16S rRNA K& X 41) 55 JLAS & 40 il
(1) 25 5 ¥ AN B 2% > AR HME B B bk 1 42 X 4y B A 7
16S rRNA JEPH 1) R ek A b b 3% 2R 1Ak 23 S 2 TH]
(1) 26 e AN B I o DR, B 5K H] BOXAIR VERIC2.
(GTG) s =Fh A TH 51 ¥ 1) repPCR $i7 20 6] 1 28 2 4y
AP0 43 9 75 328 1 LR B A MR B AR AT B 2R AT RS 4
H % . 78 BLIE B 2 B 5 o repPCR 5 20 & 1
FRZ R 53 CHIR KB 7R SEBr sk, &I
514 ERIC2 1414, 7238 K il BE 8 53 °C I, 47 26 1
AR BIHR QUG B4 R b . &l 2 IRE H R
I 3 45 45 De Urraza JiT o5k 89 77 15 Y o do 38 K IR
JER T K 50°C (1), LE0 45 R &L EA T 53
CIE KT M4, De Urraza et al. (2000) #f 5%
RIL, BOXAIRPCR 71 % 58 XU B TG #i FL 1 1
D7 TR B H Gevers (2001) ™ Fil Svecet 25 A
(2005) 7 R H A [ 51 91 1) repPCR 35 40 i 4 R
WEFC T FLIR WA 1 38 4% 20k, R I (GTG) PCR 2 i
T A B T FL R B IR i A R T e TRATT I T
i LB, K H BOXAIR Hl (GTG) W F 5] #) #E 4T
PCR J N5 A2 [P 4% i 3R 22 ity i BE 35, X S 50
TR DX 73 JE A, 55 De Urraza 55 N )45 AL 1
A 0T 43 B 11 T AL il L R VAT B AR SR = A
repPCR 454011 2 X H S50, FeAlT & B0 AN 7] B4 Ak
P45 1 45 20 1% (1 25 7 EER BLAE 4000 bp 7 Ay
R B b JE 2 W46 I S A DNA & X ]+ PCR
RS A — g, AA S RARRKERA
KIS o A5 S5 W FR A 2 1 32 5 48 S 1 a)
A, A ARAE DNA [ 5T 5 W B, B Ad 1
PCR {H! PCR 4 5 45 5 fF B S0k 47 — b«

SV RS 7 AL B T 1A B0 TR 1K FLIR B A
WL s AH X AR DU S A7 AR DA AE LR T 3R AR IR
M5 3¢ A PRI RIS o 95 A 11 22 4 P ) 0l 6 2% . R
SRIATAE SR T4 40 B R I I e Bk T — L8120 ik
B A 2% 18 B A LE FL R A 0] R T A 1K B0
L L A AT A0 R T R A g

< EL A B0 U K e vE A H AR M HEAT IR T
EAT I 6] T3 26 2L 1 1T 7 M A TR RIS P Al Y 1 458 N B
Z MBI A, T AR P 55 R LR T 1)
Mg, Wk B HAE T N A G R, BT VF 2 ES
WG oy T ARESAE TR N TR FL IR B 1 43 A

SE > ALAGXT I AU WE RN T = e AfE
Gk TSR IIRNG GE N, LAk
— 2 IO ARG LR B B8 U A DR T A R G
P T B il ) AU, A7 46 58 0 )2 B N T I3
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Isolate and genetic heterogeneity of psychrotrophic lactic
acid bacteria from the intestinal tract of cold-water fishes
from the Eerqisi river, Xinjiang

1 2 . 1 . 1 1 . f1*
Yang Gao , Jungang Wang”, Yanling Gu , Mei Deng , Hong Zhou , Yongqing Ni
" School of Food Sciences, Shihezi University, Shihezi 832000, China
* Agricultural Product Processing Research Institute, Xinjiang Academy of Agricultural and Reclamation Sciences, Shihezi

832000, China

Abstract: [Objective] The purpose of this study was to select cold-adapted lactic acid bacteria (LAB) from the intestinal
tract of cold-water fishes from the Eergisi river Alatai. Xinjiang. [Methods] By using culture medium MRS and Elliker,
isolation of lactic acid bacteria (LAB) from 9 intestinal canal of cold-water fishes was carried out. Taxonomic identity and
genetic diversity of strains isolated were determined by partial 16S rRNA gene sequences and rep-PCR with three different
kinds of primers named BOX, (GTG),, ERIC. [Results] A total of 78 psychrotrophic isolates were obtained. Among
them, 24 isolates had characteristics of LAB and showed the optimal growth temperature ranging from 15 to 24°C. The
phylogenesis result showed that 24 strains belonged to 6 Genuses, Carnobacterium (3 strains) » Lactococcus (9 strains) ,
Enterococcus (7 strains) , Brochothrix (1 strain) , Weissella (2 strains) , Streptococcus (2 strains) . rep-PCR clustering
analysis showed that Lactococcus and Enterococcus strains were from different Species. Lactococcus were belonged to 4
species while Enterococcus assigned to 2 species. [Conclusion] The phylogenetic diversity of cold-adapted LAB from the
intestinal tract of cold-water fishes from the Eerqisi river in the Alatai Xinjiang was relatively abundant.

Keywords: lactic acid bacteria, phylogeny, Repetitive-element PCR, cold-water fishes, Xinjiang

(RS 53 9 : 5RIGE )

Supported by the Doctor Special Fund from the Xinjiang Production and Construction Corps (2011BB009) , by theYouth Scientific and Technical
Innovation Special Fund from the Xinjiang Production and Construction Corps (2011CB001) and by the key Project of Science and Technique
Foundation in Shihezi University (ZRKX20104001)

" Corresponding authors. Tel: + 869932058095 ; Fax: +86-9932058093; E-mail: niyqlzu@ sina. com

Received: 30 August 2012 /Revised: 10 October 2012

A AR R TEA

23 A ) B A E O e R e R KRR R AR S LR AE SO i SR A R B A (R A AT AR, 5 R ) ) B AN (R, A ) B
SR A 0 ZIFE BRI AT OCUE I, A WA B AR R R T O A AT AR AT B R 5T I HLAE A T B AR 5T R PR 2 IR A A
W Z B BE AT M 5L (http: / /journals. im. ac. en/actamicrocn) , 76 B WA “BE LB " A W, SIF AN “88 7, Hd G 3
A0 198 B AN I T .
(1) n A s fy B A4 T, 75 B2 RO 5 1 25 T i B A7 GRS 2 58 — 8 44 3 A7) IO WIS, TE W P9 2 0 R 38 48 U — T 38 44 DIt
A
(2) AT EEHEL)
Wk 44 S
(3) 4 BEAE W47 IR [l 2 8 350 RS 7 Jod AR BT 46 )5 E-mail 2 3k) > 3 109 748 58 BT A2 30

B, T B RAE R RS R AT UL o UE WA R A 2 RO 18 R AR





