45 5 Vol.45, No.5
2014 9 OCEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2014
%k
1,2 2 1
(1. 266003; 2. 266071)
, SEM s
15 ) ;
EDS 15 316L
cC P o
, 16S rRNA PCR-RFLP
15 , 316L
OTU , o- OTU 18,
72.3%,
:316L : PCR-RFLP;
P734 doi: 10.11693/hyhz20130700105
316L ’
14—20 ( , 2008)
, , Jones (2007) 316L
(Newman et al, 1986; Xu et al, 2008), R
R (Beech et al, 2—20
1999)
, 316L ’ )
PVC
(Motoda et al, 1990; Dickinson ef al, 1996), , s
(Lin
(Xu et al, 2007, etal, 2013) , 316L
2008)
316L ,
316L

316L

*

E-mail: today521328@163.com

>

12013-07-02,

973 ), 2014CB643304 , s

, E-mail: duanjz@qdio.ac.cn



1065

1
1.1
316L
(GB5776-1986) ,
SiC 20007,
10 min, ,
(119°58’E,
35°52°N)
50mL ,
, —20°C
1.2
1.2.1 (SEM)

1 3 5 7 10 15 ,

(PBS) :
5% ( PBS ) 2h 50% 75%
90%  100% 30min,
, (KYKY-2800
, )
15 ,
0
15
1.22 X (EDS) SEM
15 R EDS
1.2.3 4’,6- -2-
(DAPI) 15
DAPI
DNA , (365nm)
15 PBS
, 0.0lmg/mL.  DAPI 30min,
1.3 PCR-RFLP
1.3.1 DNA 16S rRNA
Power Soil DNA Isolation Kit (Mobio, USA)
DNA, -20°C
15 ,
) Power
Bread Tubes DNA
DNA , 16S rRNA

Bac8F: 5-AGAGTTTGATCCTGGCTCAG-3' Bacl492R:
5'-CGGCTACCTTGTTACGACTT-3’ PCR
50uL : DNA 2uL, (2mmol/L)
SuL, 10><Buffer SuL, dNTP (2.5mmol/L) 4uL, dH,O
50uL : 94°C 5 min; 94°C
30s, 55°C 30 s, 72°C 90 s, 30
; 72°C 10 min
1.3.2 16S rRNA
( W5211, ) PCR
, 16S rRNA pMD19-T
(Takara, ), E. coli DH5a
x-gal IPTG LB
, 37°C 12h,
96
DNA, T RV-M:
5'-GAGCGGATAACAATTTCACACAGG-3' M13-D:

5-AGGGTTTTCCCAGTCACGACG-3' (Dang et al,

2008) PCR Mspl (NEB RO106,
)  Hhal (NEB R0O139, )
RFLP
, RFLP ,
(
)
1.3.3 DOTUR
, 97%
(OTL) NCBI
GenBank s R
Clustal X s MEGA4.0
(Neighbor-Joining)
1.3.4 C
16S rRNA ,
: C=[1-(n/N)]x100%, n
OoTuU , N
- (Shannon-Wiener) (H) (Simpson)
(D) (@) ( ,2013)
2
2.1
2.1.1 ,
1 3 5 7 10 15 SEM (
1), : 1
; 3



45
( 2a),
( 2b)
213 X
316L X
(EDS), 3 EDS
2 1 b
cC O )
p ,
Mn Mo
B
Ni
1 1 3 5 7 10 15 SEM e
( 2500 ) 8 o 0
Fig.1 SEM image of the surface of 316L stainless steel S—
immersed in the seawater for 1d, 3d, 5d, 7d, 10d, and 15d g2
5 R 7
5 ; 15
2.1.2 .
Cr S Fe -
15 316L , ACr f\ON N .
2 5 6 7 8 9 0 N
’ keV
3 316L

Fig.3 EDS graph of local area of 316L stainless steel before

and after seawater immersion

; 2
2.2
2 15 96 RFLP 47
s 3% cut off OTU
Fig.2 Fluorescence image of 316L stainless steel immersed in 24 C 88 20, _ H
the sea for 15 days ’ e
a. 200 ; b. 400 3.81, D 0.90, J 0.83,
F1 316L FNENERSREEMIRB S EDS D HTER
Tab.l Result of EDS analysis of 316L stainless steel with biofilm
C P Cr Fe Ni (0) Si Mn Mo
Atomic % Atomic % Atomic% Atomic% Atomic% Atomic% Atomic% Atomic% Atomic%
9.88 16.25 60.01 10.11 2.30 1.02 0.76 1.11
21.50 3.37 1.95 6.52 0.75 50.53 —




5 1067
’ , O- 7 5
16S rRNA Thalassobius gelatinovorus, Pseudoruegeria aquimaris,
Rarefaction ( 4 Thalassobacter, Phaeobacter arcticus, Litoreibacterjan-
93 thinus, Loktanella maricola, Hoeflea alexandrii
16S rRNA (Rhodobacterale)
(Rhodobacteraceac) v-

Thiomicrospira crunogena ¢-

3
01 6 1116212631364146515661667176818691 3.1
R
4 16S rRNA
Fig.4 Rarefaction curves of the bacteria 16S rRNA clones
libraries
, 5
o- s
72.3%,
HSY.CS.25 ,
, 20.4%
21%  y- , 18.1%  e-
7.4% 10%
: Thalassobacter Loktanellamaricol
HSY.CS.1 38 )
10.8%, HSY.CS.38
14.0% 24 OTU,
( 6 o-

(Alphaproteobacteria) 18 OTU ,¥y-
(Gammaproteobacteria) 1 , 3.2
(Bacteroidetes) 2, & (Epsilonproteo-

bacteria) 3

7.40%

Sulfurospirillum arcachonense

, (Flavobacteriaceae),

Polaribacter Dokdonia donghaensis

SEM , ,
, 1 , 15
15 ,  DAPI
( 2a),
( 2b) ,
EDS
C o) .
P ,
, 15
, 316L
SEM ,
, 316L
a_

>

Thalassobius gelatinovorus ,

(Muramatsu et al, 2007)

Phaeobacter arcticus 2%—9% NaCl
s o-TEE)
» - TRE) s
2.10% = e PRI (Zhang et al, 2008) Loktanella
o LIS
maricola
NaCl (Yoon et al, 2007)

Litoreibacter janthinus

5 316L

Fig.5 Composition of clone library of the 316L stainless steel

Pseudoruegeria aquimaris
8% NaCl
(Yoon et al, 2007; Lyudmila et al, 2011)



1068 45

HSY.CS.9 JN637786
FJ203313 clone SHFG732
59 HSY.CS.10 JN637787
90— FM958454 Rhodobacteraceae clone HG121

53 HSY.CS.25 JN637802
AB289591 Thalassobius gelatinovorus
HM591465 clone SF-July-174
HSY.CS.1 JN637779

HSY.CS.33 JN637810

NR 043932 Pseudoruegeria aquimaris
9

54

100
HSY.CS.4 JN637782
FJ656474 clone AR9

HM584712 Thalassobacter sp. E-3 1
9 HSY.CS.3 JN637781

1 OO[ HSY.CS.18 JN637795

100 NR 043888 Phaeobacter arcticus 20188
74 HSY.CS.49 JN637822

100 DQ372853 clone NH10 46
HSY.CS.20 JN637797
AB518880 Litoreibacter janthinus
100 HSY.CS.2 JN637780
AJ293822 Antarctic seawater R7371
1001 HSY.CS.17 UN637794
L NR 044163 Loktanella maricola DSW-18

38 HSY.CS.42 JN637818
100— EU800023 clone 1C227710

kE 100 HSY.CS.41 JN637817
L JF769682 clone REP55-16S
_I:HSY.CS.58 JNG37826

91 100 FJ202423 clone SGUS1518

HSY.CS.14 JN637791

o0l NR 042321 Hoeflea alexandrii AM1V30 1
| HSY.CS.28JN637805
100l F 628205 clone Nit2Au0637 340
99 — HSY.CS.15 UN637792
100L——— F 202085 clone SGUS540
— HSY.CS.53 JN637824
100L—— AF069959 Thiomicrospira crunogena
10— HSY.CS.46 JN637820
L— NR 026408 Sulfurospirillum arcachonense

HSY.CS.11 JN637788
FJ712554 clone KZNMV-10-B95

HSY.CS.38 JN637815
GQ261797epsilon proteobacterium A2

J'j HSY.CS.24 JN637801
FN433306 Dokdonia sp.Vis St18 38

100 HSY.CS.32 JN637809
100[ DQ481463 Polaribacter dokdonensis

99

100

38

75

100

100

95

0.02

6
Fig.6 Phylogenetic tree of the bacteria on surface of the stainless steel

316L
Sulfurospirillum ar- ,

cachonense, (Finster et al, 1997) Thiomicrospira

> > > >



1069

(Wirsen et al, 1998)
Dokdonia sp.

> B

(Laura et al, 2007)
Hoeflea alexandrii

> >

> B

(Lucia et al, 2006)

B

, 60%
15

Hoeflea alexandrii

B i

,  Sulfurospirillu marcachonense ,
(2012)
4
15 316L
, SEM
, 316L
15 316L
. , , 2012. 316L
, 32(1):
48—53
) ) , 2013.
, 193):
471—477
, 2008. )

, 187—218

Beech I B, Gaylarde C C, 1999. Recent advances in the study of
biocorrosion-an overview. Revista de Microbiologia, 30:
177—190

Dang H Y, Li T G, Chen M N et al, 2008. Cross-ocean
distribution of rhodobacterales bacteria as primary surface
colonizers in temperate coastal marine waters. Applied and
Environmental Microbiology, 74(1): 52—60

Dickinson W H, Caccavo F, Lewandowski Z, 1996. The
ennoblement of stainless steel by manganic oxide biofouling.
Corrosion Science, 38(8): 1407—1422

Finster K, Liesack W, Tindall B J, 1997. Sulfurospirillum
arcachonense sp. nov., a new microaerophilic sulfur-
reducing bacterium. International Journal of Systematic
Bacteriology, 47(4): 1212—1217

Gomez-Consarnaul L, Gonzalez J M, Coll-Llado M, 2007. Light
stimulates growth of proteorhodopsin containing marine
Flavobacteri. Nature, 445: 210—213

Jones P R, Cottrell M T, Kirchman D L ef al, 2007. Bacterial
community structure of biofilms on artificial surfaces in an
estuary. Microbial Ecology, 53: 153—162

Jung-Hoon Y, So-Jung K, Soo-Young L et al, 2007. Loktanella
maricola sp. nov., isolated from seawater of the East Sea in
Korea. International Journal of Systematic and Evolutionary
Microbiology, 57: 1799—1802

Lin WF, YuZ S, Chen X et al, 2013. Molecular characterization
of natural biofilms from household taps with different
materials: PVC, stainless steel, and cast iron in drinking
water distribution system. Applied Microbiology and
Biotechnology, 97: 8393—8401

Lucia Palacios, David R Arahal, Beatriz Reguera et al, 2006. Hoeflea
alexandrii sp. nov., isolated from the toxic dinoflagellate
Alexandrium minutum AL1V. International Journal of Systematic
and Evolutionary Microbiology, 56: 1991—1995

Lyudmila A R, Naoto T, Galina M F et al, 2011. Litorei-
bacteralbidus gen. nov., sp. nov. and Litoreibacter janthinus
sp. nov., members of the class Alphaproteobacteria isolated
from the seashore. International Journal of Systematic and
Evolutionary Microbiology, 61: 148—154

Motoda S, Suzuki Y, Shinohara T et al, 1990. The effect of
marinefouling on the ennoblement of electrode potential for
stainless steels. Corrosion Science, 31: 515—520

Muramatsu Y K, Uchino Y, Kasai H et al, 2007. Ruegeria mobilis
sp. nov., a member of the Alphaproteobacteria isolated in
Japan and Palau. International Journal of Systematic and
Evolutionary Microbiology, 57: 1304—1309

Newman R C, Wong W P, Garner A, 1986. A mechanism of
microbial pitting in stainless steel. Corrosion Science, 42(8):
489—491

Palacios L, David R A, Reguera B et al, 2006. Hoeflea alexandrii
sp. nov., isolated from the toxic dinoflagellate Alexandrium
minutum AL1V. International Journal of Systematic and
Evolutionary Microbiology, 56: 1991—1995

Washizu N, Katada Y, Kodama T, 2004. Role of H,0, in
microbially influenced ennoblement of open circuit potentials
for type 316L stainless steel in seawater. Corrosion Science, 46:
1291—1300

Wirsen C O, Brinkhoff T, 1998. Comparison of a new
Thiomicrospira strain from the mid-Atlantic ridge with
known hydrothermal vent isolates. Applied and Enviromental
Microbiology, 64(10): 4057—4059

Xu C M, Zhang Y H, Cheng G G et al, 2007. Localized corrosion
behavior of 316L stainless steel in the presence of sulfate-



1070 45

reducing and iron-oxidizing bacteria. Materials Science and aquimaris gen. nov., sp. nov., isolated from seawater of the

Engineering: A, 443(1—2), P 235—241 East Sea in Korea. International Journal of Systematic and
Xu C M, Zhang Y H, Cheng G G et al, 2008. Pitting corrosion Evolutionary Microbiology, 57: 542—547

behavior of 316L stainless steel in the media of sulphate- Zhang D C, Li HR, Xin Y H et al, 2008. Phaeobacter arcticus sp.

reducing and iron-oxidizing bacteria. Materials Characteri- nov., a psychrophilic bacterium isolated from the Arctic.

zation, 59(3): P245—255 International Journal of Systematic and Evolutionary Micro-
Yoon J H, Lee S Y, Kang S J et al, 2007. Pseudoruegeria biology, 58: 1384—1387

DIVERSITY OF BACTERIA COMMUNITY OF BIOFILM ON STAINLESS STEEL
SURFACE IMMERSED IN SEAWATER

CHEN Yong-Wei"?, LUAN Xin"? DUAN Ji-Zhou®’, CHI Zhen-Ming'

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China;
2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract We studied the microbial community and its metabolites of the biofilm on 316L stainless steel after 15d-
immersion in seawater by scanning electronic microscope and fluorescence microscope. The EDS (energy dispersive
spectroscopy) shows that on the stainless steel surface, it generated a large number of elements C and P, and other basic
elements of organisms, and some new elements, such as oxygen, indicating evidence of biofilmformation. We applied 16S
rRNA gene clone library technique and PCR-RFLP analysis to generate a comprehensive view of the diversities and
compositions of the biofilms. The results show that the number of bacteria OTUs on 316L stainless steel is 24, belonging to
Proteobacteria and Bacteroidetes. Among them, the OTU numberof a- proteobacteria is 18, accounting for 72.3% of the
total number of clones, as a dominant population.

Key words biofilm; 316L stainless steel; bacterial diversity; PCR-RFLP; microbiologically influenced corrosion
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