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) , 200
7 , , , , 20L,
, , , , 1%, , 0.22pm
, , 3 28°C,
20%, 1°C, 31°C
, ) 8 ,
, 10
1.3
16S rRNA  gyrB )
1.1, 10
PCR , , ( GD1—GD10) PCR
, 14
1 MR VP
1.1 )
(119°14'E, 30°22'N) (Holt et al, 1994) ,
2 6
0.2g( 20—30 ) 1.5 16S rRNA gyr B
2mL EP s 1.5mL R
, , 1.5mL 1.5.1 DNA
, 5—6 DNA, DNA TE , 1%
, 1.2mL R , s (eppondorf) oD
2mL, s 50 ng/uL
, 10puL 1.5.2 PCR 16SrRNA
, 30°C , PCR 27F( ): 5'-AGA
, 6 GTT TGA TC(C/A) TGG CTC AG-3" 1492R(
( NTHO1l NTHO02 NTHO03 316D 316X 316C) ): 5'-GGT TAC CTT GTT ACG ACT T-3'
, , 4°C PCR
25 uL, DNA 50 ng, Taq
1.2 (TaKaRa) PCR ,
1.2.1 PCR : 94°C 2 min; 94°C 30 s, 55°C 45 s,
( 10000m?) , 67 72°C 1 min, 30 ; 72°C 10 min; 4°C
, 3m’ , 16S rRNA
, 60 NCBI gyr B
, F: 5-CGG TAC
1.2.2 NTHO1 CAT GGT GCG TTT CTG-3' R: 5-TGA CAG TCA
, 30°C 18h, 4 GCC ACT TTG CCC G-3'
, 3x107 3x10° 3x10°  3x10*CFU/mL PCR 25 uL,
, DNA 50 ng, Taq (TaKaRa) PCR
, 15min, 3 PCR
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94°C 2 min; 94°C 30 s, 60°C 30 s, 72°C 1 min, 30

; 72°C 10 min; 4°C 1%
(0.5 ug/mL EB) , , 2
(TaKaRa) , pMDI18-T 2.1
(TaKaRa) , 16°C , DH5a >
, , EcoR1 Hind 111 , , (1 ),
(TaKaRa) , ) >
1.5.3
Blast 5 R
Clustal w1.83 ,
Mega4.0 Neighbore-Joining(NJ)
s (Bootstrap) 1000
(Tamura et al, 2007)
1.6
Omp A
, OF: 5'-CAT GAC ACC GGT GTT
TCC CCA GT-3" OR: 5'-CGG TCG GTG AAG CCC
AGA ACC ACT A-3' primer blast 1
NCBI PCR Fig.1 The symptom of lar\fae inf.ected by the pathogenic
bacteria strain
25 uL, DNA 50 ng, Taq
(TaKaRa) PCR , 2.2
PCR : 94°C 2 min; 94°C 30 s, 61°C 30 s,
72°C 1 min, 30 ; 72°C 10 min; 4°C ,
(E. aerogenes) , 24h 1.5mm ,
(E. coli) (E. Sakazakii) ( 2
(Citrobacter freundii) (Serratia
marcescens) (deromonas hydrophila)
(4. sobria) (Shewanella
putrefaciens) PCR . PCR
PCR ,
NTHO2 NTHO3 316D 316X 316C
( GD1—GD10) 2011,
1.1,
4 , )
’ 2
1.7 Fig.2 The morphological structure of the pathogenic bacteria strain
> 2.3

(K-B) , NTHO1 4
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, , 2
, 3x10’
3x10° 3x10° CFU/mL 3 3
7 ,
, , (3

), 100% 72%
24.5% ( 1
2.4

NTHOl  4°C , 37°C ;

; MR ; VP ; ;

5
3
5 Fig.3 The symptom of larvae after artificial infection

F1 BERAOFEEFBRAEER

Tab.1 Results of experimental infection on healthy larvae with the isolate

()

(CFU) () (%)
Id 2d 3d 4d 54 64 7d 8 o9d  1lod
3x107 1 200 0 12 10 24 21 30 39 51—  — 100
i 200 0 0 13 25 28 33 36 58 @ —  —
I 200 0 0 2 23 20 36 32 45—
3x106 I 200 0 0 6 13 16 19 27 17 18 22 7
I 200 0 1 4 9 2 24 36 19 11 17
I 200 0 0 7 17 2 18 28 21 19 20
3x10° I 200 0 0 0 0 1 7 9 9 8 10 24.5
I 200 0 0 0 2 3 6 11 13 7 9
I 200 0 0 0 0 2 5 1311 9 11
3x10° I 200 0 0 0 0 0 0 0 0 0 0 0
I 200 0 0 0 0 0 0 0 0 0 0
I 200 0 0 0 0 0 0 0 0 0 0
I 200 0 0 0 0 0 0 0 0 0 0 0
I 200 0 0 0 0 2 0 0 0 0 0
m 200 0 0 0 0 0 0 0 0 0 0

R2 BRYHRFRERSRERNEEE LN

Tab.2 Physiological and biological indicators of isolate NTHO1 from larvae and reference strains of E. cloacae

NTHO1 E. cloacae NTHO1 E. cloacae
4°C + +
37°C +
+ +
+ + + +
VP + +
+ +
+ +
+ +
+ +
+ +
+ +

oy ; w o ( . 2003, > 2004)
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2.5 16SrRNA gyrB
NTHO1
1506bp, NCBI
, NTHO1

99%, 16S rRNA
NTHO1

85

, NTHO1
16S rRNA
BLAST NTHO1 gyrB
16S rRNA 745bp, NCBI BLAST
, NTHO1 gyrB
98%,
NTHO1 NTHO1
(G « 3

Enterobacter cloacae |HM755652.1|
Enterobacter cloacae |HQ22015

g | Enterobacter cloacae |JIN228095.

NTHO1

Enterobacter aerogenes |GQ337696.1|

71|

Enterobacter cloacae |[JF832952.1|

Enterobacter aerogenes |JF513188.1|

Enterobacter aerogenes |JF700493.1|

97 Enterobacter aerogenes |GQ165811.1|
SZ—I:Enterobacter aerogenes |JF494822.1|

Enterobacter cloacae |JF513160.1|

Enterobacter cloacae |JF797605.1|

Enterobacter cloacae |JN093148.1|

Enterobacter cloacae |JF764372.1|

1

Enterobacter cloacae |JF723553.1|
68 | | Enterobacter cloacae |JF894166.1|
70 ' Enterobacter cloacae |[NR_044978.1|

— Enterobacter sakazakii |FJ581031.1]

100 —— Enterobacter sakazakii |EU937744 1|
Enterobacter cloacae |[HM585374.1|

Escherichia coli |[AB269763.1|

40, Enterobacter cloacae |JX983651.1|

94 ﬂ‘— Enterobacter cloacae |AB084017.1|
Enterobacter cloacae |DQ386885.1|

—— Enterobacter cloacae |AB084015.1|

robacter cloacae |EF064837.1|

Enterobacter cloacae |[AY743917.1|

Escherichia coli |EU014649.1|

Enterobacter aerogenes [JX425100.1|

72| Enterobacter aerogenes |[JX983652.1|

100 Enterobacter aerogenes |AB084010.1|

Enterobacter aerogenes |AJ300554.1|
Cronobacter sakazakii |JX983643.1|
Enterobacter sakazakii |[AY370844.1|

75 [
100 ————— Escherichia coli |AF527827.1|
0.005
4 16S rRNA
Fig.4 Dendrogram of 16S rRNA gene sequences
97
78 E
86 nte
NTHO1
65
36
91
—
0.01
5 gyrB

Fig.5 Dendrogram of gyrB gene sequences
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2.6 PCR
2.6.1 PCR OF OR
385bp(  6), PCR NCBI PCR R NTHO1 ,
BLAST R OmpA «C 7 s NTHO1
99% NTHO1
CGGTCGGTGAAGCCCAGAACCACTACGGAACCGTCTTTAGGATCCAGGTTGCTCAGCTGGGTGTACA
GCTGATCCAGTGCCTGCTGGCCTTCTGGTTTCAGAGTCGCTTTGTTGAAGTTGAACAGAACGTCAGAC
TTCAGAGTAAAGTGCTTGGTCTGTACTTCTGGAGCTGGAGCCGGCGCTGGAGCAACAACTGGTGCTG
CATCTTCCTGCTGCCGAAACGGTAGGAAACACCTACGCTCAGCATGCCGTTGTCTGGACGAACGCCAA
CGGTAGCACCGTCGCCGATGTTGTTAACCCACTGGTATTCCAGACGGGTAGCGATGTCACGGGTCATA
GCCCACTCAACGCCACCAGCGAATACTGGGGAAACACCGGTGTCATG
6 NTHO1 PCR
Fig.6 Sequence of PCR product for NTH 01
M 2 3 4 56 8 9 10
( 5, 7 ),
4
500 bp
250 bp
100 bp
7
Fig.7 The results of the specificity assay on E. cloacae primers
M: DNA marker; 1: ;28 ;3 ;4
s e o g 500 bp
;5 ; 60 3 7: ;8 250 bp

;9: 5 10:

M: DNA maker; 1: negative control; 2: E. cloacae; 3: E. aerogenes; 4:

E. coli; 5: E. Sakazakii; 6: C. freundii; 7: S. marcescens; 8: A.
hydrophila; 9: A. sobria; 10: S. putrefaciens

2.6.2
, NTHO2
NTHO03 316D 316X 316C , 8,
5 NTHO1
2.6.3 ,
C 9,
10 PCR .10
385bp ( 10),
2.6.4 2011
4
, , ¢ 3,

A, 12

8
Fig.8 Detection of bacteria isolated from diseased larvae
M: DNA marker; 1: ;28 NTHO1; 3: NTHO2; 4:
NTHO3; 5: 316D; 6: 316X; 7: 316C

M: DNA maker; 1: negative control; 2: NTHO1 strain; 3: NTHO2 strain;
4: NTHO3 strain; 5: 316D strain; 6: 316X strain; 7: 316C strain

Fig.9 Isolation of bacteria from diseased larvae in artificial infection
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1 2 3 45 6 78 M 9 1011 12

B

91.7%, 75%( 4)
2.7
S 30 , (K-B)
R NTHO1
6
10 , 19
Fig.10 Identiﬁcatior} of b.act.eriaf isola.ted from diseased larvae ( 5)
in artificial infection
M: DNA marker; 1—10: GDI1-GD10; 11: NTHO1; 12: > >
R3 ANTEHFEBRFRDEENE
Tab.3 Results of detection in diseased larvae from 4 hatcheries
(@)

A 304a 8 +

304b 8 +

304c 8 +

304d 8 +

304e 8 +

B wl 7 +

w2 7 +

w3 7 +

w4 7 +

C gl 4 +

g2 6 4

23 5 +

g4 7 +

g5 7 +

jx1 6 +

jx2 5 +

D
jx3 7 +
x4 8 +
wp
&4 FIMKABRGRAT RN LS
Tab.4 Results of detection in adult prawn

1 + 7 +
+ +
2 + 8 +
+ +
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3 + 9
+

4 + 10

5 + 11
+

6 12
+

x5 NEEKRBHRKLL
Tab.5 Results of antibiotic sensitivity test of isolated bacteria

(ng/piece) (mm) (ng/piece) (mm)
Cefoxitin 30 0 R Tobramycin 10 14 M
Cefamandole 30 0 R Neomycin 30 20 S
Cefepime 30 0 R Doxycycline 30 16 S
Cefuroxime 30 0 R Streptomycinum 10 13 M
Ceftofur 30 0 R Vancomycin 30 0 R
Ceftriaxone 30 16 M Aztreonam 35 22 S
Cefoperazone 75 19 M B Polymyxin B 30 0 R
Norfloxacin 10 0 R Amikacin 30 14 R
Enrofloxacin 10 16 S Nitrofurantoin 300 0 R
Ciprofloxacin 5 0 R SMZ+TMP 25 0 R
Levofloxacin 5 0 R Tetracycline 30 0 R
Ofloxacin 5 16 S Oxacillin 10 0 R
Fosfomycin 200 14 M Rifampicine 5 0 R
Gentamicin 120 24 S Midecamycin 30 0 R
Erythromycin 15 0 R Clarithromycine 15 0 R
3 >
5 >
3.1 >
5 >
, (2013)
(2012) (dicistrovirs),

R 500—1000nm s



6 : (Macrobrachium rosenbergii)

1475

(Zhou et al, 2012) s

, Seker  (2008)
(Mugil cephalus)

3.2

16S rRNA

>

” (Cohan, 2001),
rRNA 5

, 168

( gryB rpoB
NTHO1

)(Watanabe ef al, 1998)
16S rRNA Blast

99%, 16S rRNA
, NTHO1
; NTHO1
Blast ,
99%,

gry B

, NTHO1

, 16S rRNA
s 16S rRNA s

NTHO1
NTHO1

3.3

, Schikorski
(Haliotis tuberculata)
real-time PCR s
Valle (2002)

(2013)

RAPD

>

(Pasteurella piscicida)PCR

(2012) (DNA microarray)

alginolyticus)
PCR

(Specific Pathogen Free, SPF)

B

(Vibrio harveyi)

Shi

v
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IDENTIFICATION AND ISOLATION OF A NOVEL BACTERIAL PATHOGEN
(ENTEROBACTER CLOACAE) FROM DISEASED LARVAE OF GIANT FRESHWATER
PRAWN MACROBRACHIUM ROSENBERGII

CHEN Xue-Feng, YANG Guo-Liang, GAO Qiang, XIA Zheng-Long, PU Jian-Wei, SHEN Pei-Jing,
HUANG Zhen-Yuan

(National Genetic Breeding Center for Macrobrachium rosenbergii, Agriculture Ministry Key Laboratory of Healthy Freshwater
Aquaculture, Key Laboratory of Freshwater Aquatic Animal Genetic Breeding of Zhejiang Province, Zhejiang Institute of Freshwater
Fisheries, Huzhou 313001, China)

Abstract In 2010, a new disease broke out in most Macrobrachium rosenbergii hatcheries in Huzhou, Zhejiang

Province. The cumulative mortality of larvae was 70%—=80%, resulting in great economic losses. Six dominant bacterium

(NTHO1, NTHO2, NTHO03, 316D, 316X, and 316C) were isolated from the homogenate of infected larvae. The morphology
of isolated bacterium from Nutrient Agar was consistent. An artificial infection experiment was performed to test the
pathogenicity of representative strain NTHO1. The result shows that healthy larvae could be infected by strain NTHO1. In
morphological, physiological, and biochemical aspects, strain NTHO1 was identified as Enterobacter cloacae. A PCR
method established for E. cloacae detection was used to detect the other 5 dominant bacteria, showing a positive result. In
2011, samples of larvae and adult shrimp from 4 infected hatcheries were detected by the PCR method, the PCR showed a
positive result in diseased larvae samples, but negative in healthy larvae. Although positive detection results were also
found in hepatopancreas and gut, adult shrimp did not showed a diseased symptoms. Strain NTHO1 was resistant to 30
kinds of commonly antibiotics, such as cefoxitin, enrofloxacin, amikacin, and so on. The results of drug sensitivity test
show that enrofloxacin, ofloxacin, gentamicin, neomycin, doxycycline and aztreonam were most effective against the
pathogenic bacterium. However, the treatment of E. cloacae infections is difficult and expensive. Therefore, a specific
pathogen-free environment for larvae culture shall be constructed to prevent and control the disease caused by E. cloacae.
Key words Macrobrachium rosenbergii larvae; novel pathogen; Enterobacter cloacae; isolation and identification;
antibiotic sensitivity test



