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2, 1.3.2 ,
LB
, 24 h
, LB 12 h
: 40% )
> 1
> 1.3.3
, LB , 24h
: DNA (DNA
[6] ), 16S
rDNA 27F/1492R(
) PCR
:94°C 3 min; 94°C 30s,55C 30s, 72°C
1 min, 30 ;72°C 5min PCR
1 BLAST
1.1 GenBank 16S rDNA
(11.8+0.3) cm, ’ ,
(21.0£2.0) g 1.4
“ v > 107,
53% 0.85% 10° 10 107
9% 4% 17% 1% 1% 10 107 10%6 ,
1.2 50 uL ,
3 28°C
, 0.8 m 24 h
24 h
, , [13]
70% ,
3 [14]
1.3 16SrDNA-PCR ,
1.3.1
: 107, 0.85% [13]
107
50 uL LB , [16]
28°C 0.5% , 50 min,
, 24h , 5%NacCl 1h,1h NaCl
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(Exiguobacterium) (Acinetobacter)
1.5 (Stenotrophomonas)
50 mL (250 mL (Staphylococcus) 13
) , 28°C 200 r/min 48.2%; 5,
24h , 2% 100 mL (250 mL 18.5%; 7,
) , 28°C, 200 r/min, 25.9%, 1,
4 d, 5 000 r/min 10 min, 3.7%
[17] [18] [19] 3. 2 :
201 1, 7 2
1.6 > L, ;
2, ;
:pH 7.2, 40°C , 1 pg 3 4
1 , U/mL 3, 10 8
, 2, 10 ,
: 37°C ,
1 min, 1 pmol
1 , U/L )
DNS : 50C ;
, CMC 1 pug ) ;
, 1 , U/mL ; ;
, 2.2
: 100 mL , 37°C
30 min, 10 mg 1 15 2), 55.6%
, UL 7 ; 5
s 2 )
2 1 15 ,
2.1 16S rDNA 13 4
, 1
, 1 300 bp 3 , E.
16S rDNA arabatum strain APT13a E. profundum strain Si-
GenBank BLAST , gaKolEp3  E. arabatum strain GW-601,
) A. johnsonii strain zzx01;
27 P, hibiscicola strain SH8 3 R
98% , ; 1 (
1 (Pseudomonas) ) P. putida strain CNO15
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Tab.2 Enzyme-producing bacteria within the digestive tract of Epinehelus moara

n=5
serial
strain number tissue distribution digestive enzyme
Stenotrophomonas maltophilia strain SZH14 W5 stomach s protease, amylase
Pseudomonas hibiscicola strain SH8 W12 ’ ? ? ’

stomach, foregu, hindgut protease, amylase, cellulase

Pseudomonas putida strain CNO15 H4 hindgut protease
Pseudomonas geniculata strain PRRZ5 72 midgut N protease, amylase
Pseudomonas geniculata strain T291 H7 hindgut R protease, amylase
Pseudomonas fulva TY16 Z4 midgut R protease, amylase
Pseudomonas hibiscicola strain SSG-6 Y5 pyloric caeca R protease, amylase
Pseudomonas putida strain S16 H5 4 ’ . s protease, amylase
pyloric caeca, foregu, hindgut
Exiguobacterium acetylicum strain N5 w8 stomach s protease, amylase
Exiguobacterium profundum strain SigaKolEp3 Z10 midgut ’ >
protease, amylase, lipase
Exiguobacterium arabatum strain APT13a Z16 midgut ’ >
protease, amylase, lipase
Exiguobacterium arabatum strain GW-601 73 midgut ? >
protease, amylase, lipase
Exiguobacterium profundum strain KP6 Z13 midgut s protease, lipase
Acinetobacter johnsonii strain zzx01 Z15 midgut ’ >
protease, amylase, lipase
Acinetobacter johnsonii strain DE1 Q5 foregu R protease, amylase
, 3, (P>0.05); 74 U/mL
, ; 3 4 1
2, E. profundum strain
, : KP6 , (76.917+1.025) U/
3, s P. hibiscicola strain SH8
> >
b 7 b
; 4 3
2.3 31
, 3 Munro ! (Psetta maxima)
E. profundum strain SigaKolEp3 ,
., (87.732£1.134) U/mL;
P. putida strain CNO15 ) )
., (47.540+1.965) U/mL, 15
(P<0.05) 13 ,
(77.17620.599)~ , ,
(73.458+0.574) U/mL, 76 U/mL 10
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Tab. 3 Digestive enzyme activities of enzyme-producing bacteria

*3 FEEKRELEEED

n=5; X £SD
-1 -1 -1 -1

strain serial number proiggs.;n;::ti)vity am}fl(;;dictgvity cellil(lli;:zli‘cti)vity lipzigejgétizlity
Stenotrophomonas maltophilia strain SZH14 W5 67.52+3.22¢ 77.02+0.51%
Pseudomonas hibiscicola strain SH8 W12 69.89+4.41% 74.70+0.32°¢ 8.28+0.01
Pseudomonas putida strain CN015 H4 47.54+1.97"
Pseudomonas geniculata strain PRRZ5 z2 72.46+4.36% 73.46+0.57¢
Pseudomonas geniculata strain T291 H7 54.31+£5.03% 76.20+0.59"
Pseudomonas fulva TY16 Z4 74.08+3.94% 76.55+0.86"
Pseudomonas hibiscicola strain SSG-6 Y5 75.77£2.91°¢ 76.47+0.63"
Pseudomonas putida strain S16 H5 54.08+2.18"% 76.64+0.25%
Exiguobacterium acetylicum strain N5 w38 72.96+3.51% 77.08+0.40°
Exiguobacterium profundum strain SigaKolEp3 Z10 87.73+1.13* 76.73+0.74% 70.75+1.03°
Exiguobacterium arabatum strain APT13a 716 58.00+4.45 77.180.60° 71.79+0.51°
Exiguobacterium arabatum strain GW-601 73 50.96+2.57%" 76.91+0.89" 30.77x1.54¢
Exiguobacterium profundum strain KP6 Z13 80.23+2.82° 76.92+1.03"
Acinetobacter johnsonii strain zzx01 Z15 56.27+2.92" 74.79+0.37¢ 56.41+0.00°
Acinetobacter johnsonii strain DE1 Q5 81.00+2.22° 76.91+0.32*

(P<0.05) .

Note: Different superscript letters within each column represent significant differences (£<0.05).
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Isolation and identification of enzyme-producing bacteria from the
digestive tract of Epinehelus moara in re-circulating aquaculture sys-
tems

SHI Zhaohong' >, WANG Jianjian'?, GAO Quanxin'

1. Key Laboratory of East China Sea and Oceanic Fishery Exploitation, Ministry of Agriculture; East Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: The purpose of this research was to study the bacterial community structure in digestive tract and en-
zyme production capacity of enzyme-producing bacteria, and provide reference for selection and application of
probiotics for carnivorous fish culture. In this experiment, samples of juvenile saladfish (Epinehelus moara)
stomach, pyloric caeca, foregut, midgut, and hindgut were obtained in recirculating aquaculture systems. Bacterial
community structure was analyzed using 16S rDNA-PCR. The enzyme-producing bacteria were isolated and iden-
tified by isolating and screening enzyme-producing bacteria. Moreover, the enzyme activities were tested.
Twenty-seven strains were isolated and cultured under experimental conditions, including 13 strains of Pseudo-
monas, 5 strains of Exiguobacterium, 7 strains of Acinetobacter, 1 strain of Stenotrophomonas, and 1 strain of
Staphylococcus, which accounted for 48.2%, 18.5%, 25.9%, 3.7%, and 3.7%, respectively, of the isolated bacteria.
The sequence homology of corresponding genes was greater than 98%. Fifteen strains produced enzymes and ac-
counted for 55.6% of all bacteria; these bacteria included 7 strains of Pseudomonas, 5 strains of Exiguobacterium,
2 strains of Acinetobacter and 1 strain of Stenotrophomonas. Among these bacteria, 13 strains can produce both
protease and amylase, whereas 4 strains can produce protease, amylase, and lipase. Among the enzyme-producing
bacteria, 5 strains can produce 3 enzymes and 9 strains can produce 2 enzymes. Moreover, the bacteria in the
midgut and hindgut were most abundant, and those in the stomach, diverticulum pyloricum and foregut were less
abundant; the bacteria that produce lipase were concentrated in the midgut. Protease and amylase were the main
enzymes produced by these bacteria; these two enzymes were highly productive, with protease activity up to
(87.732+1.134) U/mL and amylase activity between (77.176£0.599) U/mL and (73.458+0.574) U/mL. Only one
strain produced cellulase, and the activity was low. Under the experimental conditions, the isolated bacteria were
all culturable. However, non-culturable bacteria cannot be isolated. Moreover, some culturable bacteria in the di-
gestive tract could not be isolated because of limited testing conditions such as temperature, pH, culture medium,
and other factors that may affect normal bacteria growth. In addition, isolation and identification took place under
aerobic conditions, which is not similar to real gut conditions; thus, a large number of anaerobic bacteria were not
isolated. Therefore, further investigation is needed to determine the actual bacterial community structure of the E.
moara digestive tract. Our data showed that the bacterial community structure of the digestive tract directly af-
fected the activity and diversity of exogenous digestive enzymes. This research provides a theoretical basis for
selection of enzyme-producing bacteria in recirculating aquaculture conditions.

Key words: Epinehelus moara; bacterial community structure; digestive tract, enzyme-producing bacteria; digestive
enzyme
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