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Abstract: Using third-generation 16S rRNA amplicon sequencing, characteristics of the gut microbiota of bighead carp in natural pond
habitats was analyzed and potential probiotics were isolated from the microbiota. The gut microbiota of bighead carp in natural ponds is
dominated by Firmicutes (10.28%) and Proteobacteria (21.47%) at the phylum level. At the genus level, unnamed genera ZOR006 (21.63%),
Clostridium_sensu_stricto_1 (10.84%), Romboutsia (10.34%), Paeniclostridium (9.63%), and Methylocystis (8.74%) were dominant. To isolate
Bacillus from bighead carp, which is beneficial to the absorption of nutrients and inhibition of pathogenic microorganisms, the probiotic
properties of strains isolated from the gut of bighead carps in natural ponds were tested for enzyme production and antibacterial functions. Three
strains of bacteria, namely YB6, YB42, and YB56, were isolated in the experiment. Through colony morphology observations and 16S rRNA
sequence analysis, these strains were identified as Bacillus velezensis, Bacillus siamens, and Bacillus amyloliquefaciens, respectively. These
three strains exhibited excellent ability to produce extracellular protease, amylase, and cellulase and inhibit pathogenic bacteria; therefore, they
may be used as probiotics to promote digestion and antagonize pathogens in further research.
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Table 2 Qualitative determination of protease, amylase and

cellulase of isolated bacillus

BF5 Bt ZABHIC WEEHIC 4YEEsHIC
1 YB2 2094004 2184010  1.6620.02
2 YB6 2204003 2794018  2.1040.08
3 YBIL 205413 21840.24 ND
4  YB22 1714006 1534018 1.800.05
5 YB24 1844006  2.1040.06 1.890.03
6 YB25 2154015  24440.10 ND
7 YB42 2133011 2474005  2.1340.05
8  YB43 1894003  1.7540.17 1.680.05
9 YB55 1354011  16640.15 ND
10 YBS6 2454016  2.0140.15 ND
11 YB60 2694023  2.3740.08 1.616.05
12 YB6L 1474011  13140.02 1.3240.07
13 YB64 2014018  1.8840.11 1.5530.01
14 YB75 1414015  1.4240.06 1.2840.08
15 YB81 1174007  1.2140.03 1.1840.04
16 YB85 1674013 1714014  2.090.02
17 YB86 1784016  1.6240.06 1.5540.09
18 YB91  1.3940.07  15240.05 1.310.05
19  YB97 1394913  15240.06 1.4840.05
20 YB103 1414007  1.6140.06 ND
21 YB108 1464007  1.4340.12 1.4330.08
22 YB109 1424012  15640.07 1.410.04
23 YB110 1424007 1344001 1.670.09
24 YBI11 1464011  15240.06 1.4026.02

E HAESIMER TIMAHTAEE (mean3SD) &, A
Z HICAXTF 1, MAFHEKRE, FAKTH FREK
AR BE, WA ND” & T,

M4 1.5.2.1 (73, SE PRI SE 118 FRTE 1) 25 16
VERIBERN LT BT 705 S 24 MEF-BRG J 1= B
PR, Bl E g R andk 2 fios . 1EIX 24 FRi . RI
YB2. YB6. YB1l. YB24. YB25. YB42. YB56.
YB60. YB64. YBS85 It 10 FRi MBS Hiim, Eb
H—FEgR HIC KT 2. Hp YB6. YB42 P H
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Fig.5 Hydrolase activities of different isolated Bacillus
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Table 3 Inhibitory ability of different isolated Bacillus against two pathogens
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B & IR E ATCC17802

s WH B HA Hmm  AaxddeE £/% P B HAR HImm  AExtae ) 2%

1 B9 0 ND 9.8240.27 59.13
2 YB6 14.9140.28 78.93 12.0520.14 72.51
3 YB24 0 ND 11.2340.12 67.58
4 YB42 13.3240.14 70.54 13.3520.23 80.34
5 YB56 0 ND 15.2640.17 91.87
6 YB60 0 ND 11.6940.23 70.39
7 YB85 0 ND 13.1040.14 78.87
8 SHEEB 18.89-4.11 100 16.6140.32 100

E: A7 B ARSI AP HMEETE £ (mean2SD ) R, ¥ ZAH & B AMMATI, B A H B, 471 B A2 0mm,
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Fig.6 Cell surface hydrophaobicity of different isolated Bacillus
E: HRTRERBIAA: * P<0.05; **h P<0.01; ***%
P<0.001; ****3 P<0.000 1.
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Fig.7 The auto-aggregation ability of different isolated Bacillus
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Fig.8 Copolymerization rate of different isolated Bacillus with
Vibrio parahaemolyticus ATCC17802
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Fig.9 Growth curves of different isolated Bacillus
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Fig.10 Microscopy images and colony morphology of different
isolated Bacillus

JE: a. b e BIh YB6. YB42 F= YBS6 #9450 H, d. e.
f431 4 YB6. YBA2 A= YBS6 69 % A,

7 4 YB6. YB42 Fl YB56 BRI SHHER E=RAE
Table 4 Bacterialcolony morphological characteristics and Gram staining of YB6, YB42, and YB56

iy Eks & BRE AE

RFE ERE BERNMm EZKEE

1 YB6 KRk LA L&
2 YB42 BF  kELE  aé
3 YB56  Kzpk  RiEhA A

AAFE  FEY 1-3 L3
RAFE FER 1~2 y 4
AAFE  FEY 2-3 L3
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Fig.11 Phylogenetic tree of different isolated Bacillus
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