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8.79%

X511

]

(Neilands, 1995; Andrews et al, 2003;
Hentze et al, 2004) s

Fe’* (Braun,
2001) (Siderophore)
irp2(iron regulatory protein 2)

HPI(high-pathogenicity island) (Shana et al,

2008), HPI -
(Schubert et al,
2004) fhuA (ferrichrome-iron
* , 201105007-4  ;
Y201327789 , 2006C13089 ;
, E-mail: 30482902@qq.com

xkl1346 R

5 H

:2012-04-20, :2012-07-15

; PCR

uptake receptor)

, (Locher et
al, 1998; Baltes et al, 2003) sltA
(Shiga-Like-Toxin A) ,

( , 1991)

sodB (superoxide dismutase B)
Fur (ferric uptake regulator)
H,0,+0; ) Fur

>

(Sakamoto et al, 1984)

, 41306135 )
, 2008C50027 >

, E-mail: suxiurong@nbu.edu.cn



1628 44
, 0.5uL DNA 2uL, 30uL
PCR , 1 94°C Smin; 94°C 45s 58°C
fhud irp2 sodB 455 72°C 45s, 35 ; 72°C 10min
sitA , PCR Generay DNA
1 %1 PCRY¥ 5|4
Tab.1 The primers of PCR
1.1
pMDI8-T Vector  Tag DNA Polymerase irp2-F 5-AAGGATTCGCTGTTACCGGAC-3'
(TaKaRa, ), DNA irp2-R 5"-AACTCCTGATACAGGTGGC-3'
DNA (Generay, ) fhud-F 5'-CAGCAGAACAACCGAAGCAAGA-3'
, fhud-R 5" TTGAGGTCGTGGCGTAATCGT-3'
, DH5a sodB-F 5'-ACCACCAGGCGTATGTCACTAA-3'
sodB-R 5. TGCCGAAAGATTTGGCGATT-3'
1.2 sitA-F 5'-CGCAGCCGCTACGCACAAAT-3'
10 sltA-R 5'-TCGGTTACATCGCTACCCATCA-3’
50m 10 5 4
I . 2011 35 8 10 2
; L, SL 2.1
1.3 DNA 16S rRNA PCR
5 (107, 1072, RFLP ,
107, 107, 107, 3 . 100pL Hae ,

, 28°C , i
1—2d, 3 3 i , (
1.4 16S rDNA 1

(2 3
; 165 rRNA V3 4, 5 98 4 5 (Gam-
(16S 27F 5-AGAGTTTGATCCTGGCTCAG-3" 165 maproteobacteria, Epsilonproteo bacteria, Flavobacteriia,
1492R 5'-CCGTCAATTCCTTTRAGTTT-3") PCR Bacilli, Betaproteobacteria)9 13 21 98
PCR Agarose Gel DNA Purification Kit Gammaproteobacteria , 9 13
( , ) , pMDI18-T 67 ; Enterobacteriaceae Vibrionaceae
DH 5a , 9 7 ; Enterobacter
s PCR Hae 13 S 48.1%, Entero-
bacter cloacae , 21 , 2
s 69.2%; , Vibrio

B

(operational taxonomic unit, OUT)

,  NCBI
1.5 PCR
3 5 8 10
98 , 4
PCR 0 10>
buffer 2.5uL 25 mmol/L MgCl, 1.5uL 1.5 mmol/L
dNTPs 1.5puL  10umol/L 1.0pL, 1.0U Taq

1 16S rDNA PCR Hae

Fig.1 Agarose gel electrophoresis of amplified 16S rDNA di-
gested with Hae
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, 37.0%,
, 9 , 3
78% Bacilli
16.3%,
Bacillus thuringiensis
56.2%

, 75.8%,
62%,

spirillales)

'Y_

(Pseudomonadales)

Vibrio harveyi

, (Alteromonadales)
, (Burkholderiales); 5

>

(Vibrionales); 8
3
(Proteobacteria)

>

(Oceano- s 68%,

45%,

99, Marinomonas sp. NR(042965.1)
M13

Neptunomonas sp. JF(748732.1)
Acinetobacter sp. KC(422446.1)
M19

M14

Moraxella sp. KC(119125.1)

Pseudomonas sp. JX(524282.1)
M13

Arcobacter sp. NR(025906.1)
M4

96 l:
Staphylococcus sp. KC(481609.1)

82 [
= M11

— Idiomarina sp. JQ(399797.1)

99 | Colwellia sp. NR(043509.1)
M18

Zobellia sp. KC(160827.1)

89 Pseudoalteromonas sp. JQ(618838.1)

M7
M16

99
Shewanella sp. KC(437319.1)

91
[ M2
Pantoea sp. KC(4328706.1)

Erwinia sp. KC(139453.1)

M10
Citrobacter sp. KC(335138.1)
M17

95

99, Klebsiella sp. KC(434961.1)
M9

M15
Raoultella sp. AB(762091.1)
881 M20

91’ Enterobacter sp. AB(698799.1)

99 | Alcaligenes sp. JX(910139.1)
M1

0.2

Vibrio sp. KC(9133750.1)

M18
M12

70
97

2 3 16S rDNA

(Campylobacterales)

(Bacillales)
(Enterobacteriales)
3
(Flavobacteriale)
5

(Proteobacteria)
Y- )

(Bacteroi-

Oceanospirillales

] Pseudomonadales
] Campylobacterales

Uncultured Flavobacterium sp. KC(451918.1)

]

Flavobacteriales

Alteromonadales

Enterobacteriales

Burkholderiales

]

] Vibrionales

Fig.2 Dendrgram for bacteria based on 16S rRNA gene sequences in March
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MAY23 . .
97— Idiomarina sp. JQ(399797.1)
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Fig.3 Dendrgram for bacteria based on 16S rRNA gene sequences in May
detes) (Firmicutes) (Actinobac- ,
teria), 12% 11% , 7 8
(Proteobacteria) y-g- 9 10,
(Firmicutes) (Enterobacter) (Escherichia coli)
(Arcobacter) (Clostridium) (Klebsiella pneumoniae) (Yersinia pestis)
57.6% 32.6% 21.7%
(Enterobacter cloacae) 2.3 fhuA sltA irp2 sodB
2.2 irp2 fhuA sltA sodB
ir2  fhud sltA sodB PCR PCR 98
6, DNA Star MEGA 4 fhud irp2 sltA  sodB
irp2  fhud sitdA sodB , 98 Jhud  irp2
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Fig.4 Dendrgram for bacteria based on 16S rRNA gene sequences in August
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, DGGE

, ; (2011)

,Zhang (2008)  RFLP
47, 3.72, 0.89, ; R
33 3.24 0.78); Schifer (2001) ,
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Fig.5 Dendrgram for bacteria based on 16S rRNA gene sequences in October
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(Mimura et al, 2005; Drake et al, 2007,
, 2009)

'\/_

6 irp2 fhud sitA sodB PCR

Fig.6 Agarose gel electrophoresis of multiplex PCR amplifica-
tion of irp2  fhuAd sitA sodB

(Nochi et al, 2009),

>

(Aguil6-Ferretjans ef al, 2008)

1 2 3 4 E cloacae ATCC,5 6 E. cloacae 3.2
7 4 5 , )
57+:Escherichia coliNC 002655.2 2 2
96 Enterobacter cloacae NC 016514.1 >
64 —— Kilebsiella pneumoniae NC 012731.1
79 % Yersinia pestis NC 004088.1 irp2 JhuA
45 Vibrio cholerae NC 012578.1
Rhizobium leguminosarum NC 008380.1 (2007)
Orientia tsutsugamushi NC 009788.1 9
0.1
— HPI
7 sodB irp2 , 9
Fig.7 The phylogenetic tree of E. cloacae’s sodB irp2
95 Enterobacter cloacae NC 016514.1 sltA
92 Klebsiella pneumoniae NC 018522.1 , Ohmura  (1993)
97 Escherichia coli NC 002655.2 SLT
76 Yersinia pestis NC 004088.1
b
Rhizobium leguminosarum NC 008380.1 ;
Orifentia tsutsugamushi AP 008981.1 sodB Fur
Vibrio cholerae NC 016445.1 H,0, 0O,
0.1
P s
8 sltd Fur
Fig.8 The phylogenetic tree of E. cloacae’s sltA Fe**
100 Enterobacter cloacae CP 002886.1 (Mimura et al,
100 Klebsiella pneumoniae NC 012731.1 2005) sodB
95 ——————————— Escherichia coli NC 002655.2
35 Vibrio cholerae NG 012578.1
81 Alcanivorax dieselolei CP 003466.1 A
Rhizobium lequminosarum NC 012850.1
Pseudomonas fluorescens KB 316367.1 PCR ’
Bacillus subtilis AP 012495.1 ,
02 , fhud irp2 sltA
sodB

9 fhud
Fig.9 The phylogenetic tree of E. cloacae’s fhuA
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Enterobacter cloacae FJ 211923.1

Klebsiella pneumoniae NC 012731.1

Escherichia coli NC 017646.1

Brevibacillus laterosporus AFRV 0100000.1

75 Staphylococcus lugdunensis CP 001837.1
Yersinia pestis CP 001593.1

97|
99 |

10 irp2
Fig.10 The phylogenetic tree of E. cloacae’s irp2

®2 FHEEEFKITSR

Tab.2 The statistics analysis of the virulence genotypes

(%) (%)
fhuA+irp2+sodB+ 22 35.71 fhud+irp2+ 9 9.89
JhuA+irp2+sitA+ 20 25.27 sltA+sodB+ 8 8.79
irp2 15 13.19 JhuA+irp2+sodB+sitA+ 8 8.79
fhuA 11 12.09

M 1 2 3 4 56 7 8 910 M 11 12 13 14 15 16 17 18 19 20

M 21 22 23 24 25 26 27 28 29 30 M 31 32 33 34 35 36 37 38 39 40

11 PCR
Fig.11 Agarose gel electrophoresis of multiplex PCR amplification
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RESEARCH OF THE STRUCTURE DIVERSITY OF BACTERIA FORM
NINGBO COASTAL OUTFALL AND VIRULENCE GENES ASSOCIATED
WITH IRON METABOLISM

ZHANG Di-Jun, LI Chun-Li,

ZHOU Jun,
WANG Zhong-Hua,

ZHANG Chun-Dan,
SU Xiu-Rong

(School of Marine Science, Ningbo University, Ningbo, 315211)

Abstract

To analysis the trend of the zoonotic pathogens structure diversity from Ningbo coastal outfall related to the

human activates and environmental factors, multiple PCR was used to detect the virulence genes associated with the iron

metabolism such as fhud, irp2, slt4 and sodB which are in Enterobacter. The structure diversity of bacteria form Ningbo

coastal outfall was analyzed through PCR amplification of 16S rRNA and restriction fragment length polymorphism (RFLP)

analysis technology; the multiple PCR system on the Enterobacter rail carrier outer membrane receptor protein fhuA, iron

regulatory protein irp2, Shiga-like toxin sl/tA, super oxide dismutase content with iron sodB was established; then the me-

tabolism related virulence genes in the distribution of Ningbo coastal outfall was detected by using this system. More than

1000 strains, 98 kinds of bacteria were isolated and purified from Ningbo coastal outfall in March, May, October and De-

cember in 2011, the sequence analysis of 16S rRNA showed that, these points belong to 4 doors 5 classes 13 families and

21 species respectively, among them, gamma proteus classes (67 strains, 68.4%) and bacillus classes (16 strains, 16.3%)

were the major classes in Proteobacteria and Firmicutes. Among the 98 strains of bacteria, the detection rate of
JhuAd+irp2+sodB genotype was 35.71%, fhud+irp2+sitA+ was 25.27%, irp2 was 13.19%, fhud was 12.09%, fhud+irp2+
was 9.89%, sltA+sodB+ was 8.79%, fhuAd~+irp2+sodB+sltA+ was 8.79%.

Key words coastal outfall; iron metabolism;

virulence gene; PCR



