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bacteria isolated from Gymnocypris przewalskii. [Methods] We identified 47 lactic acid bacteria by the
physiological and biochemical properties (pH, temperature and salt resistance) and sequence analysis of
16S rRNA gene. Antibacterial activity of representative strains of lactic acid bacteria were detected.
[Results] We identified 23 strains as Lactobacillus fuchuensis (48.94%), 12 strains Lactobacillus
curvatus (25.53%), 3 strains Leuconostoc fallax (6.38%), 2 strains Lactobacillus sakei (4.26%),
2 strains Weissella ceti (4.26%); 2 strains Lactococcus cremoris (4.26%), 1 strains Leuconostoc lactis
(2.13%), 1 strains Weissella minor (2.13%), and 1 strains Enterococcus devriesei (2.13%). Groups A, B
and C could grow between 5 and 50 °C. Groups B and C could grow between pH 3.0 and 10.0. Almost
all of the lactic acid bacteria were resistant to 6.5% NaCl concentration. The supernatant could inhibit
the growth of indicator strains. By excluding hydrogen peroxide and organic acid, we found that it still
has antimicrobial activity. The inhibitive activity decreased after treatment with pepsin, which
indicated that this inhibitory material had the features of protein. It could be classified as bacteriocin.
[Conclusion] G. przewalskii intestine adhesion diversity of lactic acid bacteria, which will provide
quality resources for probiotic lactic acid bacteria and data reference.

Keywords: Lactic acid bacteria, Gymnocypris przewalskii intestine, Antimicrobial activity
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1.3 EHRBIS FEYFRN
1.3.1 =% PCR: MRS
48 h
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27F (5'-AGAGTTTGATCCTGGCTCAG-3")
1492R  (5'-GGTTACCTTGTTACGACTT-3")
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PCR (50 uL) Premix Taq 25 uL 27F
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94°C30s 55°C30s 72°C90s 30 1.0%
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EB
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30 °C 12 000 r/min
TE 2
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60 °C
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5 min
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10 min
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16S rRNA 97.5%
[14]
1.3.4 HERFHLK: 16S rRNA 1.5 HiEHHR
BLAST  GenBank 3
ClustalWw SPSS
(Neighbor-Joining) + (X+)
MEGA 5.0 2 HR550
1 000 2.1 REFEPREMHISHIER

Bacillus subtilis NCDO 1769" 3] 1
1.4 HIEE MR 9

10°-10%( / g)

*1 REGEASYERPHEED SR

Table 1 Analysis of microorganisms in the intestinal of Gymnocypris przewalskii

Counts (CFU/g of FM) of viable microorganisms

Sample i i
g LAB Colfitn ATl sl Mould Vi Eilegisiis
bacteria bacteria
Big Fish 1 1.5x10* 2.1x10* 1.4x10° 5.4x10° 1.5%107 0 0
Big Fish 2 4.0x10° 1.6x10* 3.8x10° 5.0x10° 0 0 0
Big Fish 3 5.5x10° 9.5x10° 2.2x10° 5.0x10° 5.0x10° 5.0x10° 0
Big Fish 4 5.0x10° 4.0x10° 1.5x10° 0 0 0 0
Big Fish 5 2.0x10° 1.7x10* 5.5x10° 0 0 0 0
Big Fish 6 1.1x10* 8.0x10° 2.0x10° 5.0x10° 0 0 0
Big Fish 7 2.0x10° 2.5%10° 4.9%10° 1.6x10* 1.0x10° 0 0
Big Fish 8 2.2x10* 2.3x10* 7.7x10° 0 0 0 0
Big Fish 9 0 1.8x10* 2.5x10° 5.5x10° 0 0 0
Big Fish 10 1.5x10* 1.2x10* 4.5x10° 0 5.0x10° 0 0
Little Fish 1 1.3x10* 6.0x10° 5.8x10° 4.6x10° 0 0 0
Little Fish 2 9.5%x10° 3.4x10° 2.6x10° 0 5.0x10? 0 0
Little Fish 3 1.0x107 6.0x10° 1.6x10° 0 0 0 0
Little Fish 4 1.5%x10° 2.3%x10° 2.1x10° 1.0x10° 1.0x10° 0 0
Little Fish 5 5.0x10° 7.0x10° 1.9x10° 5.0x10? 5.0x10* 0 0
Little Fish 6 7.1x10° 1.7x10° 1.4x10° 1.0x10° 0 0 0
Little Fish 7 5.0x107 1.2x10° 42x10° 0 5.0x10 0 0
Little Fish 8 7.0x107 3.2x10° 7.9x10° 0 3.5%x107 0 0
Little Fish 9 7.0x107 3.2x10° 7.9x10° 0 3.5%x107 0 0
Little Fish 10 7.0x107 3.8x10° 1.1x107 0 0 0 0
Little Fish 11 9.5%x10° 3.4x10° 2.6x10° 0 5.0x10? 0 0
Little Fish 12 1.0x107 6.0x10° 1.6x10° 0 0 0 0
Little Fish 13 1.5%x10° 2.3%x10° 2.1x10° 1.0x10° 1.0x10° 0 0
Little Fish 14 5.0x10° 7.0x10° 1.9x10° 5.0x10 5.0x10* 0 0
Little Fish 15 7.1x10° 1.7x10° 1.4x10° 1.0x10° 0 0 0
Little Fish 16 5.0x107 1.2x10° 42x10° 0 5.0x10? 0 0
Little Fish 17 7.0x107 3.2x10° 7.9x10° 0 3.5%x107 0 0
Little Fish 18 6.3x10° 1.2x10° 1.7x10° 45x10° 0 5.0x10? 0
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10*-10*
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pH 3.0
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Table 2 Characteristics of representative LAB in the intestinal of Gymnocypris przewalskii
GroupA GroupB  GroupC  Group D Group E Group F GroupG  Group H Group [

Character qz1217  qzl196  qz1220  qz1229  qzI258  qz1206  qz1222  qz1197  qz1201
Fermentation type Homo Homo Homo Hetero Hetero Homo Homo Homo Homo
Growth at

temperature (°C)

5 3 4 = w + + w + w
10 + + + + +* A w + +
45 + + F w w w w + w
50 + AP 4 W w w W W W

Growth in NaCl (%)
3.0 + + + + + + + + +
6.5 - + + + + + + w +

Growth at pH
3.0 w + + w - - - v w
3.5 w + + w w + - w w
9.0 I 4 4 I I 4 4 I I
10.0 I 4 = w - + w w +
+ - w Homo Hetero

Note: +: Positive; —: Negative; w: Weakly positive; Homo: Homo fermentative; Hetero: Hetero fermentative.
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Table 3 25 kinds of carbon source fermentation profiles of representative LAB in the intestinal of Gymnocypris

przewalskii

Item qz1196 qz1197 qz1201

qz1206

qz1217 qz1220 qz1222 qz385 qz386

L-Arabinose = it =
Ribose W + +
D-xylose = i =
Ribitol = = +
Galactose Ak
Fructose +

+

Mannose

+ o+ o+ o+

Mannitol
Sorbitol = =
N-Acetyl -
Amygdalin =
Arbutin =
Esculin +
Salicin =
Cellobiose +
Maltose -

+ o+ o+ o+ o+ o+
|

Lactose = = =
Melibiose

Sucrose

+ o+ o+
|

Trehalose =
Starch = = =
Gentiobiose = = =
D-Tagatose - - -
D-Arabitol = = +

Gluconate = = e

F o4

|
|
|
I 4 =F
|

+ o+ o+ o+

<
L
e

+ o+ o+ o+ o+
|
|

+ 4+ + o+ o+
|

\
\
I

£ + 4+ +
\

a- -D- a- -D-
L- 2- - 5- -

.+ 90% -

D- D-
90% w

D- L-

Note: All strains produced acid from glucose, but failed to produce acid from glycerol, erythritol, D-arabinose, L-xylose, B-methly-xyloside,
sorbose, rhamnse, dulcitol, inositol, a-Methyl-D-mannoside, a-Methyl-D-glucoside, synanthrin, melezitose, raffinose, glycogen, xylitol,
D-Turanose, D-lyxose, D-Trehalose, T-Trehalose, D-Arabitol, 2-keto-gluconate, 5-keto-gluconate. +: 90% or more of the strains positive;

—: 90% or more of the strains negative; w: Weakly positive.

D-
L-

D-

24 {ReBf7E P FLEE K RE L 16S rRNA E
A F5 2

16S rRNA 47
(Neighbor-Joining)

1 2
DDBJ

16S rRNA
BLAST
qz1198 qz1200 qz1204 qz1205
qz1207 qzI1211 qzI1213 qz1214 qzI1217 qz1218
qz1240 qz1243 qz1244 qz1248 qz1249 qz1253
qz1255 qz1257 qz1259 qzI1260 qz1261 qzI1263
qz1264 Lactobacillus fuchuensis qz1196
qzI1215  Lactobacillus sakei qz1203 qz1209
qz1212 qz1216 qz1219 qz1220 qz1233 qz1235

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



2034 A2 84 Microbiol. China 2016, Vol.43, No.9

qz1207 (LC129545)
- qz1218 (LC129554)
qz1211 (LC129547)
qz1248 (LC130561)
qz1205 (LC129543)
qz1259 (LC130566)
qz1263 (LC130569)
qz1260 (LC130567)
qz1264 (LC130570)
qz1243 (LC130559)
qz1198 (LC129538)
39 | qz1240 (LC130558)
qz1249 (LC130562)
qz1261 (LC130568)
qz1255 (LC130564)
qz1214 (LC129550)
631 qz1204 (LC129542)
qz1253 (LC130563)
qz1244 (LC130560)
100} 421200 (LC129556)
qz1257 (LC130565)
qz1213 (LC129549)
L qz1217 (LC129553)
- Lactobacillus fuchuensis (AB370875)
qz1215 (LC129551)
92\* Lactobacillus sakei (AM113784)
qz1196 (LC129536)
qz1245 (LC130555)
qz1242 (LC130554)
qz1219 (LC129555)
99| qz1233 (LC130552)
qz1235 (LC130553)
qz1247 (LC130556)
qz1203 (LC129541)
88 | qz1209 (LC129546)
qz1216 (LC129552)
qz1212 (LC129548)
qz1220 (LC129556)
——qz386 (LC129559)
Lactobacillus curvatus (AM113777)
Lactobacillus sharpeae (M58831)
B Lactobacillus manihotivorans (AF000162)
44 = Lactobacillus rhamnosus (D16552)
81 Lactobacillus zeae (D86516)
1008 4 Lactobacillus casei (AF469172)
Bacillus subtilis (AJ276351)

100

Knuc
0.01
1 REFEMNRPAREE R LR
Figure 1 Phylogenetic tree showing the relationship between the 16S rRNA gene sequences of rod-shaped strains in the
intestinal of Gymnocypris przewalskii
GenBank 1%.

Note: Reference sequences of the Lactobacillus type strains from the DDBJ database are used for comparison, as well as the accession
numbers for all 16S rRNA gene sequences (between brackets). Bootstrap values for 100 replicates are shown at the nodes of the tree.
Bacillus subtilis is used as an out group. The bar indicates 1% sequence divergence.
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Leuconostoc garlicum (AY456086)

Leuconostoc lactis (AB023968)

qz1229 (LC130548)

Leuconostoc argentinum (AF175403)

Leuconostoc citreum (AF111948)

Leuconostoc carnosum (AB022925)

100 08 Leuconostoc gasicomitatum (FN822744)
68~ Leuconostoc gelidum (AF175402)

Leuconostoc pseudomesenteroides (AB023237)

Leuconostoc cremoris (AB023247)

98Ul Leuconostoc mesenteroides (CP000414)

99! Leuconostoc dextranicum (AB023244)

Leuconostoc fallax (AF360738)
100 qz1231 (LC130549)
100§ 421238 (LC130550)
881qz1258 (LC130551)

Weissella halotolerans (AB022926)
100 — qz1206 (LC129544)
96 100 — L Weissella minor (AB022920)
54 Weissella ceti (FN813251)
WL( qz1221 (LC129560)
100 921222 (LC129557)
Lactococcus garvieae (EU091459)
997 Lactococcus lactis (AB100803)
100 Lactococcus hordniae (AB100804)
100|r Lactococcus cremoris (AB100802)
qz385 (LC129558)
79L qz1197 (LC129537)
95— Enterococcus hermanniensis (AY396047)
Enterococcus pallens (DQ411812)
100 qz1201 (LC129540)
100 Enterococcus viikkiensis (HQ378515)
Enterococcus pseudoavium (AF061002)
Enterococcus devriesei (AJ891167)
Bacillus subtilis (AJ276351)

98

100

Knuc
0.01

B2 RePFEHRPIABREIRERFHENH

Figure 2 Phylogenetic tree showing the relationship between the 16S rRNA gene sequences of cocci-shaped strains
obtained in the intestinal of Gymnocypris przewalskii
GenBank 1%.
Note: Reference sequences of the Leuconostoc, Weissella, Lactococcus, and Enterococcus species type strains from the
DDBJ/GenBank/EMBL database are used for comparison, as well as the accession numbers for all 16S rRNA gene sequences (between
brackets). Bootstrap values for 100 replicates are shown at the nodes of the tree. Bacillus subtilis is used as an out group. The bar indicates
1% sequence divergence.

qz1242 qz1245 qz1247  qz386  Lactobacillus L. fuchuensis (52.8%) L. curvatus (22.2%) Ln. fallax

curvatus qz1229 Leuconostoc lactis qz1231 (2.8%) L. sakei (5.6%) W. minor (2.8%) W. ceti
qz1238  qz1258  Leuconostoc fallax qz1206 (5.6%) Ln. cremoris (5.6%) E. devriesei (2.8%)
Weissella minor qz1221  qz1222  Weissella ceti L. fuchuensis
qz1197  qz385  Lactococcus cremoris qz1201 W. minor W. ceti Ln. cremoris E. devriesei
Enterococcus devriesei 2
4 L. fuchuensis (30%) L. 2.5 H)EEMHEAINR
curvatus (40%) Ln. lactis (10%) Ln. fallax (20%) 4 39 6

5 8 13 (
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Table 4 The results of first screening of LAB for antimicrobial activity (mm)

Indicator strains

Strain name Staphylococcus Listeria Bacillus subtilis Micrococcus Escherichia coli Salmonella
aureus12600 BAA 63501 luteus 28001 30105 ATCC14028
qz1196 9.62+0.04* 21.04+0.20 12.08+0.05 20.98+0.74 9.18+0.04 12.32+0.90
qz1197 - 17.28+0.35 10.64+0.36 18.28+0.56 - 9.90+0.19
qz1198 - 17.68+0.45 - - - 12.5240.05
qz1200 - 10.04+0.13 11.06+0.56 15.50+1.01 - 10.88+0.82
qz1201 - 9.18+0.60 11.64+0.42 14.96+0.70 - 9.96+0.45
qz1203 9.5240.03 13.2440.24 13.94+0.43 19.66+0.35 11.22+0.67 13.34+0.27
qz1204 8.88+0.32 - - - - -
qz1205 9.48+0.52 19.20+0.23 14.20+0.25 19.20+0.58 9.32+0.26 12.34+0.37
qz1206 9.32+0.06 - 10.30+0.14 - - 8.04+0.09
qz1207 9.68+0.03 - - - - -
qz1211 - 13.54+0.56 11.70+0.56 14.70+0.46 - -
qz1212 11.78+0.38 18.88+0.13 13.90+0.26 21.36+0.34 10.12+0.43 11.36+0.25
qz1213 10.32+0.35 - - - - -
qz1214 - 15.02+0.33 12.424+0.50 14.18+0.37 - 11.86+0.29
qz1216 9.22+0.33 20.12+0.42 19.74+0.52 21.04+0.28 8.84+0.84 11.24+0.82
qz1217 - - 12.1440.53 11.30+0.17 - 19.42+0.03
qz1218 - - - - - 16.38+0.07
qz1219 11.80+0.46 21.66+0.16 14.60+0.24 16.48+0.88 9.60+0.47 22.00+0.28
qz1220 11.06+0.52 19.88+0.48 13.94+0.80 23.34+0.45 15.02+0.42 13.60+0.47
qz1221 8.64+0.52 - - - - -
qz1222 8.94+0.47 = = = - -
qz1229 12.36+0.55 - - - - 11.10+0.26
qz1233 11.96+0.49 17.56+0.32 12.06+0.92 12.52+0.56 - 17.86+0.03
qz1235 12.18+0.61 17.92+0.08 12.3240.34 12.50+0.46 = 16.50+0.67
qz1238 11.88+0.55 13.82+0.54 9.96+0.38 9.44+0.56 8.82+0.76 14.82+0.12
qz1240 10.30+0.40 8.64+0.33 8.44+0.73 8.34+0.26 9.00+0.37 11.64+0.35
qz1243 9.72+0.38 - - - - 10.20+0.36
qz1244 - - - - - 11.28+0.69
qz1245 10.22+0.45 16.10+0.74 14.48+0.56 12.88+0.44 14.62+0.75 16.46+0.05
qz1247 9.88+0.41 14.44+0.25 13.30+0.06 10.60+0.34 14.5240.42 15.80+0.67
qz1248 11.96+0.50 = 9.52+0.37 = 12.82+0.57 10.90+0.22
qz1249 11.52+0.52 - 10.284+0.35 8.16+0.46 - 11.58+0.45
qz1253 10.54+0.36 8.66+0.60 10.26+0.24 - 9.50+0.36 13.62+0.58
qz1257 11.02+0.47 - 8.24+0.83 8.10+0.68 - 14.80+0.24
qz1258 13.78+0.55 14.08+0.21 13.78+0.72 11.08+0.55 1 3.42+0.26 17.54+0.32
qz1259 10.16+0.55 - - - - 11.72+0.36
qz1261 11.38+0.62 10.10+0.34 10.160.46 8.90+0.60 = 14.62+0.54
qz1263 10.34+0.44 15.30+0.43 13.42+0.56 10.16+072 10.52+0.73 17.36+0.05
qz1264 9.78+0.60 - 8.52+0.24 - - 11.74+0.46
* - ( <8.0 mm).

Note: *: Inhibition diameters; —: No antimicrobial activity (diameter < 8.0 mm).

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



2037

) 33.33% 33 6 3
ATCC14028
84.62%
12600 63501 28001
BAA 30105
76.92% 71.79% 61.54% 58.97% 38.46% K
13 G’ qz1251 K
G
13
pH 6.0 3 R
24 h
8
pH 6.0
5 ] G [15]
G
[16]
qz1199  qz1202 92.55% Lactobacillus (73 )
Carrobacterium (70 ) Bacillus (1 ) Leuconostoc
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G (Lactobacillus)
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30105
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Table S The results of antimicrobial after excluding acid (mm)

Indicator strains

Strain name

Staphylococcus Listeria Bacillus subtilis Micrococcus Escherichia coli Salmonella
aureus12600 BAA 63501 luteus 28001 30105 ATCC 14028
qz1196 - - 12.50+0.08 - - -
qz1199 - - 11.06+0.34 10.7+0.34 - 9.82+0.04
qz1202 = = 11.04+0.54 13.1+£0.24 = 8.50+0.45
qz1238 - - - - 8.60+0.45 -
qz1240 - - - - 9.82+0.05 -
qz1245 - - - - 9.60+0.09 -
qz1247 - - - - 12.52+0.25 -
qz1251 - - - - 12.92+0.36 -
- ( <8.0 mm).

Note: —: No antimicrobial activity (diameter < 8.0 mm).
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Table 6 The results of antimicrobial after

excluding H,0,
Strain name Indicator halo (mm)

qz1245 17.04+0.69

qz1247 13.58+0.55

qz1251 13.76+0.61
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