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BEER BB X Acetobacter pasteurianus =& FE IR 5% 5E 51 B9S2
REW EANE B IR

( 214122)

B OE.[88] LEKEEBRATE T L E P ER 1.01 F242 X, & # Acetobacter pasteurianus ATCC
33445 AR AT %, AR T L E ARG X AR 5 R B BRNE T 69/ BR A B B of R Ak B 7% |
H K IR 4 FORTF o) TAMAE. [F 5] 2N A HARE 0. 1%. 2%. 3% [F) 4044 B BRIRE T
WA T, FRARBEE, B R K EEE PCR A= B 4540 X B b ax AL B 69 A0t 4% %
KFTk, [£R] AF AL 1% BEBIRE T S8 /) k5%, A8 48 h P Bk F ik
3] 0.667 g/(L-h); PFFE ke ADH (TEEBLEBE)F= ALDH (LB A BB E AL 2| R &, T3
7 12.01 F= 9.77 UImg; A8 X Bab Ik B 69 A8 2 45 RK-FAL R RBR ¥R 5. S M6 BB B 7T
£ 20%A 3%, EAREEE. FELAL B T, o4k Eed adh. cytbd. cyt o A fapA & B 4%
FKF LA, HALABEAEK, (48] AL T EREBRATE &S W6 REBBRENFT, B
2 A ARG adh R 95 TR, BIERMBEEAL, FFIEEEER R & B pesh; FIAT aldh A F g &
RZ B E], BT B, AR ERR N BUKBEBOR L, suoh, oFoR 4% b E sl HEAR K BRAE K
P23, docytbd Ao cyto, FHBNRAFRERACHEAZ, It ARk AEE.

KHEIR: BREBEEATH, “FRAE, KRBT, MMBEBIRE, ZRULE PCR

Effects of acetic acid stress on the activity of acetic acid respiratory
chainsin Acetobacter pasteurianus

ZHU Chuan-Liu XIA Xiao-Le SHIWei WANGWu'

(Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,
Wuixi, Jiangsu 214122, China)

Abstract: [Objective] To analyze the regularity of the activity of respiratory chains and the
transcriptional levels of related genesin Acetobacter pasteurianus under the stress of high acetic acid
concentration, A. pasteurianus CICC 20001 and A. pasteurianus ATCC 33445 were studied.
[Methods] The biomass, acid production and enzyme activity of the two strains have been analyzed
in different initial acetic acid concentrations of 0, 1%, 2% and 3%. Real-time quantitative PCR was
used to analyzed changes of relative transcriptional levels of respiratory chains related enzyme
synthesis genes in different concentrations. [Results] It was found that acid production capacity of
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two strains was the strongest when initial acetic acid concentration was 1%; and their average acid
production rate reached 0.667 g/(L-h) during 48 hours fermentation. At the same time, enzyme
activity levels of ADH (alcohol dehydrogenase) and ALDH (acetaldehyde dehydrogenase) also rise
to the highest of 12.01 and 9.77 U/mg on average. And the relative transcriptional level of the
respiratory chain related enzyme synthesis genes were also increased compared with initial acid of 0.
The enzyme activity and acid production capacity decreased gradually when initial acetic acid
concentration increased to 2% and 3%. The adh, cyt bd, cyt o and fapA gene on respiratory chain
maintained a relatively high transcriptional level while the transcriptional level of rest genes
decreased. [Conclusion] It is identified that under high-intensity acetic acid conditions, the
transcriptional level of adh gene is increased spontaneously, which activates the substrate
phosphorylation and pump acetic acid out. At the same time, the aldh gene’s expression is inhibited,
which causing the reducing of acid production and maintaining rather low concentration of acetic
acid. In addition, the level of other efflux enzymes in the respiratory chain will also increase, such as
cyt bd and cyt o, which enhance the substrate phosphorylation in metabolic process and accel erate the
release of energy.

Keywords: Acetobacter pasteurianus, Respiratory chains, Metabolic changes, Initial acetic acid
concentration, Real-time quantitative PCR

98.6 g/L 40%
3 ADH ALDH
1.41 [
1.01 TCA
(Acetobacter pasteurianus  A. pasteurianus)*? TCA
(ADH)
(ALDH) Matsushita
H+
[3-5] [11]
( ABC
[12]
[6]
3%
1.01
(A. pasteurianus CICC 20001)
Takemura 1 ADH A. pasteurianus ATCC 33445
0
ADH 1% 2% 3%
Beppu®  ADH

ALDH
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1 MEEE
1.1 w8
111 FEZERLFIFLEE:
PCR
RNase-free ddH,O Trizol
PCR C )
(1) 50 mmol/L KPB (pH
5.8) 22.8¢g 100 mL
1 mol/L 136 g
100 mL 1 mol/L
1mol/L 5mL 1mol/L
45 mL
1000 mL (2) Mcllvaine (pH 4.0
276 g 129 g
3.72¢g 100 mL
(3) 0.1 mol/L 3.29¢
100 mL 4°C 4

-Dupanol 5 g Fey(S04)3-nH0O
3 g Dupanal ( ) 95 mL 85%
1000 mL
Stepone plus PCR ABI
112 E#: (D 1.01
CICC 20001
e
ATCC 33445 ATCC
113 #EFE: (1 (g/L) 10
10 20 20 1x10° Pa
20 min 60 °C 30g/L
) (glL)
10 10 1x10° Pa 20 min
30g/L
114 RHXE= PCR 314): Primer
Premier 5.0 1

*1 WHEEPCR3IY

Tablel Oligo-nucleotidesfor qRT-PCR

Genes Primers Primers sequence (5'—3')
16STrRNA 16SF CCTACGGGAGGCAGCAG
16SR ATTACCGCGGCTGCTGG
adh adh-F TATGACGCCACGAACGGTAG
adh-R AGCCCACTTCAACAGCAACAT
aldh aldh-F AGTGGATGCTCGGAAGAATGA
aldh-R CTGTGTGCTGAATGACGTCGT
ucb uch-F AATCTGAATGGCTGGTGGAAT
uch-R CTGGCGTTCTATGGCTTCAA
nadh Nadh-F ATGGATGGCACCAAGTTTGT
Nadh-R CCGTAGACTGGCGAGAAATAA
cyt bd Cyt bd-F TTGTTCAGGGCGTAAAAGTTG
Cyt bd-R CTCCCAACAAAGCATAACCAC
cyto Cyt o-F GGGTCTGGCTTGTGGTATCTT
Cyt 0-R GTGCCATCAGTTTACGGGTGT
cytc Cytc-F GTATCCCTTGGAATCCTGAACA
Cytc-R TCCGCAACTTATGGCGTATC
cyt d1 Cyt d1-F AGGACCTTCAGGAAAGTGGC
Cytd1-R CTTGGTTGTGCGATGGTTTAC
cyt d2 Cyt d2-F CATTCTGCTATCTGCCTTGGA
Cyt d2-R ACGGTACATCGTTCTCGGTTT
fapA fapA-F ATCTTCCTTGAAACCGACCTG
fapA-R GGCTCTGTTTCAGCAACTCAA
fapB fapB-F GTTCTACCGAAGGCTCTAAAGTG
fapB-R CCTGCGTAAAGCGGAAAA
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1.2 BEHFAE

121 BEMEL: 1 mL
50 mL ( ) 30 °C
170 r/min 24 h 3mL
600 nm ODgo
0.8-1.0
122 #ELAEE: 10% ( )
500 mL 90 mL

0 1% 2% 3%
30°C 170 r/min

123 FHRIES: 30 °C
60 h
124 WEFRE:
30 °C 170 r/min
24 h 1%
24 h
1% 2% 3%
13 SthiA*
131 ERRE:
ODgoo (CFU/mL)
3
ODgoo (CFU/mL)
ODs0o ( 1
132 BEFRFEEMNE: 1mL 150 mL
50 2-3 1% 0.1 mol/L
NaOH 30s
V (mL)
(9/L)=Chnaonx V%60
CnNzoH NaOH (mol/L)
Y, NaOH (mL)
133 ZERREMNE: Bradford
1gL

(A
1

=4
T

oC
T

=18.994 x-3.332 5
R*=0.998 4

Cell concentration (x107 CFU/mL)
[=x}
T

0j2 0:3 0:4 0:5 016 0:7 Ojﬁ
ODHNI
1 BEBRMFEERIRE SIRLE ODeo FIZIEXF

Figurel Relationship between cell concentrations and the
ODggo value

50mL
( )
595 nm
ODsgs ODsos 2
134 ZE(ZEE)REIEENDNE: (1)
4°C 8000 r/min
50 mmol/L (pH 5.8)

G-250
5 min

10 min
(KPB) 2
0l1g /3 mL KPB)
240W 2s/2s

10 min

L 2 2
(=2 ~1 o
T T 1

=1
=
T

»=0.801 08 x-0.016 38

ncentration (g/L)
(=)
L
T

8 03f R=0.999 5
g
g 02}
S olf
0.0 L 1 1 L 1
0.2 0.4 0.6 0.8 1.0
oD

395

2 Bradford JA & B BUKE N E#R B2
Figure2 Calibration curve of protein concentrations with
Bradford method
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) Wood ™ 0.5mL OriginPro8.5  Adobe Illustrator CS6
Mcllvaine (pH 4.0) 1.0 mol/L ( ) 3
0.1 mL 0.1mL  10% Triton X-100 0.1 mL P<0.01
10 mL 25 °C 5 min
2 HRGah
0.1 mol/L 0.2mL 25°C A B TR R A A B
= £33k 3F 35 LN B,
5 min ( ) _Dupanol 21 A REIFIAEEER R E XS =1 vEAl
0.5 mL 25 °C 20 min
35 mL 5
660 nm 25°C pH 4.0 1 min
| umol (A. pasteurianus ATCC
(UIML)=Aaox1/4x1/5x1/ (ML)x 33445 A pasteurianus CICC 20001)
3
(UImg)= (UimLY/ (mg/mL) 2.17x10°  1.91x10° CFU/mL
14 RHXE=E PCR
3%
019 6.14x10’
UNIQ-10 Trizol RNA 5.70x10" CFU/mL 28.3%
RNA DNA DNase | AMV 29.8% 10h
FirstStrand cDNA Synthesis Kit
cDNA 5uL  RNA

(0.2g/L) 1puL Random Primerp(dN)s (0.2g/L) 5puL
RNase-free ddH,O 16S rRNA
cDNA (50 mg/L)
(10 pL) 2xSYBR Green gPCR Master Mix 5 pL
10 ymol/L Primer F 0.2 pL 10 pmol/L Primer R
0.2uL ddH,0 3.6 uL (cDNA) 1 uL
95°C10min 95°C10s 60°C30s 40

60 °C
97°C 5
9~MAC,
AC=C -G
A4C=4C —AC,
—pAAG
G G
C

15 HRALE

2.2 ¥IIAERER I CBE T IRk B AN AR TR RO S0
221 AEWEEERKRE TRIFREWX:

pH [14]

Wang 1
1% A. pasteurianus ATCC 33445 A.

pasteurianus CICC 20001

336 309l 48N
0.667 g/(L-h)
2% 3%
3%
19.8 186g/L
48 h 0.319 g/(L-h)
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=

Cell concentration (> 10" CFU/mL)
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[
n
1

(3]
[=}
T

wn
T

(=1
T

Cell concentration (x 107 CFU/mL)

—o— 1%
—a— 2%,

0 12 24 36 48 60 72 84
1 (h)

3 A pasteurianusATCC 33445 (A)#0 A. pasteurianus CICC 20001 (B)ZE R EI1E 5 &4 T oo Kl 4
Figure3 Growth curvesof A. pasteurianus ATCC 33445 (A) and A. pasteurianus CI CC 20001 (B) under different culture

[ ] (5] (] =
(=] w < o (=]
T T T T 1

conditions

B

40,
35-
301
25t

20+

—— 1%

wn
T

Acetic acid concentration (g/1.)
Acetic acid concentration (g/L.)

10 - 10F
5| sk
ol ol
0 12 24 36 48 60 72 84 9% 0 12 24 36 48 60 72 84 9%

i (h) 1(h)
B 4 A. pasteurianusATCC 33445 (A)#0 A. pasteurianus CI CC 20001 (B)7E A~ B35 3% & 44 T B0 784 ih &
Figure4 Acid production curvesof A. pasteurianus AT CC 33445 (A) and A. pasteurianus CICC 20001 (B) under different
culture conditions

222 FEEERAESIES CEETFIRSERIEEETIL: 12.01 (9.77) U/mg

ADH 3%
ALDH 4 5 ADH (ALDH) 6.97
(4.39) 6.25 (3.82) U/mg 6.61
12h ADH ALDH 5 (4.11) U/mg ADH
1% ALDH
ADH (ALDH) A. pasteurianus ATCC
33445 A pasteurianus CICC 20001
12.88(11.03) 11.14 (8.51) U/mg
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Acetobacter pasteurianus 2275
14
1 ATCC 33445 ADH
@il [ CICC 20001 ADH
£ ATCC 33445 ALDH
=10l CICC 20001 ALDH 0
=
= 1% 2% 3%
5 8r
[~
Q
£ ot
2 231 CZEMFREXRGREHEXEBENERER
g
&5
g
53}

=]
T

AN
DI

"IN
"D

<

Initial acetic acid concentration (%)

E 5 MAMEREARVREERESHTE ADH
ALDH H93E 147K F

Figure5 Activity of ADH and ALDH in two strains under
different initial acetic acid concentrations
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33445
[5,16]
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Figure6 Model of cell membrane'srespiratory chain
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bd ) 343 233 124 1223
H,0 [17-18]
H* adh
[7
(ATPase) ATP adh
aldh
( 2 A.
pasteurianus ATCC 33445 A. pasteurianus CICC cyto cytbd H*
20001 0 1% 2% 3% ATPase ADP ATP
PCR #*2 BEREBRTEMFREEIERREREES
7 1% A Table2 Respiratory chain related genesand their
) ) coding proteins of A. pasteurianus
pasteurianus ATCC 33445 A. pasteurianus
CICC 20001 Gene Encoding protein
adh PQQ-alcohol dehydrogenase
. aldh PQQ-aldehyde dehydrogenase
1% cytc cytochrome c oxidase
2% 3% cyt d1 cytochrome d ubiquinol oxidase subunit |
A. pasteurianus ATCC 33445 cyt d2 cytochrome d ubiquinol oxidase subunit |1
ot o nadh NADH dehydrogenase
fapA cytbd adh cytbd cytochrome bdubi gui nol oxidase subunit |1
cyto cytochorome o oxidase
17.30 178 8.74 ucb Ubiquinol-cytochrome b reductase
1241 A pasteurianus CICC 20001 fapA F1F0 ATPase subunit a
cyt o fapA cyt bd adh fapB F1FO AT Pase subunit b
A 18 B 14 -

—_—
=3}
38 ]
(=]

=

==

Relative transcription levels (times)

Relative transcription levels (times)

’ 6
6
4
4
2 2
0
SRR RS $ & @ DN O O a0 ®
Calad e %@? o S & TS et \0‘1}' \o@ &

7 A. pasteurianus AT CC 33445 (A)# A. pasteurianus CI CC 20001 (B) 5 M %8 < BTt B B 78 R 35 55 & 14
T HYFEXTEE R IKF
Figure7 Relativetranscription levelsof relative levels of respiratory chain-related acid-resistant genes under different
culture conditionsin A. pasteurianus AT CC 33445 (A) and A. pasteurianus CICC 20001 (B)
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pasteurianus ATCC 33445

adh

aldh

cytbd cyto

232 ZEEMER4E E adh/aldh #B 3R R K E SEEE
ZEBEE:

12 h

A. pasteurianus ATCC 33445  A. pasteurianus

CICC 20001

3 3 A

A. pasteurianus
# 3 adh EEMFHRKFESMEZEHNELR

CICC 20001
adh ADH
2%
ADH

ADH

A. pasteurianus ATCC 33445
CICC 20001

A. pasteurianus

4 aldh
A. pasteurianus ATCC 33445
A. pasteurianus CICC 20001
aldh
ALDH
aldh

2%

aldh
ALDH

ALDH

Table3 Therelationship between adh transcriptional level and enzyme activity

Initial acetic
acid concentration (%) Strain Transcriptional level (times) Enzyme activity (U/mg)
0 A. pasteurianus ATCC 33445 1.00 6.750
A. pasteurianus CICC 20001 1.00 6.450
1 A. pasteurianus ATCC 33445 321 8.445
A. pasteurianus CICC 20001 3.94 8.280
2 A. pasteurianus ATCC 33445 5.70 8.120
A. pasteurianus CICC 20001 8.78 6.675
3 A. pasteurianus ATCC 33445 12.41 6.045
A. pasteurianus CICC 20001 12.23 5.070

x4 adh ERMERKTSHEZENXR

Table4 Therelationship between aldh transcriptional level and enzyme activity

Initial acetic
acid concentration (%) Strain Transcriptional level (times) Enzyme activity (U/mg)
0 A. pasteurianus ATCC 33445 1.00 6.080
A. pasteurianus CICC 20001 1.00 4.920
1 A. pasteurianus ATCC 33445 2.79 8.390
A. pasteurianus CICC 20001 214 6.715
2 A. pasteurianus ATCC 33445 0.74 5.475
A. pasteurianus CICC 20001 0.87 4.030
3 A. pasteurianus ATCC 33445 0.41 3.990
A. pasteurianus CICC 20001 0.45 2.820

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2278

e Y274 Microbiol. China

2017, Vol .44, No.10

3 #w5itie

Wang
adh
aldh
adh aldh
cyt bd
cyto  fapA
ATP
[17.19] A. pasteurianus
CICC 20001 A. pagteurianus ATCC 33445
cyto  cythd
adh
ADH
ABC [12] [(20-21) GroEL/S
DnaJK) Inoki %3
Liu @&
A. pageurianus CICC 20001 A
pasteurianus ATCC 33445
adh aldh cyto cyt
bd fapA Acetobacter pasteurianus

(3]

(4

(5]

(6]

(8]
(9]

(10]

(11]

(12]

(13]

(14]

(19]

# 3

Bartowsky EJ, Henschke PA. Acetic acid bacteria spoilage of
bottled red wine—a review[J]. International Journal of Food
Microbiology, 2008, 125(1): 60-70

Sengun 1Y, KarabiyikliS. Importance of acetic acid bacteria in
food industry[J]. Food Control, 2011, 22(5): 647-656

Gullo M, Giudici P. Acetic acid bacteria in traditional balsamic
vinegar: phenotypic traits relevant for starter cultures selection[J].
International Journal of Food Microbiology, 2008, 125(1): 46-53
Chinnawirotpisan P, Theeragool G, Limtong S, et al. Quinoprotein
alcohol dehydrogenase is involved in catabolic acetate
production, while NAD-dependent acohol dehydrogenase in
ethanol assimilation in Acetobacter pasteurianus SKU1108[J].
Journal of Bioscience and Bioengineering, 2003, 96(6): 564-571
Yakushi T, Matsushita K. Alcohol dehydrogenase of acetic acid
bacteria: structure, mode of action, and applications in
biotechnology[J]. Applied Microbiology and Biotechnology,
2010, 86(5): 1257-1265

Zheng Y, Jiang CY, Chen XJ, et al. Effects of acetic acid on the
growth and metabolic activity of Acetobacter pasteurianugJ.
Modern Food Science & Technology, 2014, 30(9): 149-153 (in
Chinese)

[J. , 2014, 30(9): 149-153
Takemura H, Horinouchi S, Beppu T. Novel insertion sequence
1S1380 from Acetobacter pasteurianus is involved in loss of
ethanol-oxidizing ability[J]. Journal of Bacteriology, 1991,
173(22): 7070-7076
Beppu T. Genetic organization of Acetobacter for acetic acid
fermentation[J]. Antonievan Leeuwenhoek, 1993, 64(2): 121-135
Qi ZL, Yang HL, Xia XL, et d. Analysis of energetic metabolism of
Acetobacter pasteurianus during high acidic vinegar fermentation[J].
Microbiology China, 2013, 40(12): 2171-2181 (in Chinese)

[J. , 2013, 40(12): 2171-2181
Matsushita K, Toyama H, Adachi O. Respiratory chains inacetic
acid bacteriaz membraneboundperiplasmic sugar and alcohol
respirations{A]//Zannoni D. Respiration in Archaea and Bacteria:
Diversity of Prokaryotic Respiratory Systems[M]. Netherlands:
Springer, 2004, 36: 81-99
Matsushita K, Inoue T, Adachi O, et a. Acetobacteraceti
possesses a proton motive force-dependent efflux system for
acetic acid[J]. Journal of Bacteriology, 2005, 187(13): 4346-4352
Nakano S, Fukaya M, Horinouchi S. Putative ABC transporter
responsible for acetic acid resistance in Acetobacteraceti[J].
Applied and Environmental Microbiology, 2006, 72(1): 497-505
Shinagawa E, Toyama H, Matsushita K, et a. A novel type of
formaldehyde-oxidizing enzyme from the membrane of
Acetobacter sp. SKU 14[J]. Bioscience, Biotechnology, and
Biochemistry, 2006, 70(4): 850-857
Nakano S, Fukaya M. Analysis of proteins responsive to acetic
acid in Acetobacter: molecular mechanisms conferring acetic acid
resistance in acetic acid bacterig[J]. International Journal of Food
Microbiology, 2008, 125(1): 54-59
Wang B, Shao YC, Chen T, et a. Global insights into acetic acid
resistance mechanisms and genetic stability of Acetobacter
pasteurianus strains by comparative genomics[J]. Scientific

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Acetobacter pasteurianus

2279

[16]

[17]

(18]

[19]

Reports, 2015, 5: 18330

Azuma Y, Hosoyama A, Matsutani M, et a. Whole-genome
analyses reveal genetic instability of Acetobacter pasteurianugJ].
Nucleic Acids Research, 2009, 37(17): 5768-5783

Gonzélez B, Martinez S, Chavez JL, et a. Respiratory system of
Gluconacetobacter diazotrophicus PALS5 evidence for a
cyanide-sensitive  cytochrome bb and cyanide-resistant
cytochrome ba quinol oxidases[J]. Biochimicaet Biophysica
Acta (BBA)-Bioenergetics, 2006, 1757(12): 1614-1622
Chévez-Pacheco JL, Contreras-ZentellaM, Membrillo-Hernandez
J, et a. The quinohaemoprotein alcohol dehydrogenase from
Gluconacetobacter xylinus: molecular and catalytic properties]J].
Archives of Microbiology, 2010, 192(9): 703-713

Matsushita K, Toyama H, Adachi O. Respiratory chains and

(20

[21]

(22

(23]

bioenergetics of acetic acid bacteria[J]. Advances in Microbial
Physiology, 1994, 36: 247-301

Ishikawa M, Okamoto-Kainuma A, MatsuiK, et a. Cloning and
characterization of clpB in Acetobacter pasteurianus NBRC 3283[J].
Journal of Bioscience and Bioengineering, 2010, 110(1): 69-71
Okamoto-Kainuma A, Yan W, Fukaya M. Cloning and
characterization of the dnaKJ operon in Acetobacteraceti[J].
Journal of Bioscience and Bioengineering, 2004, 97(5): 339-342
Inoki K, Zhu TQ, Guan KL. TSC2 mediates cellular energy response
to control cell growth and surviva[J]. Cell, 2003, 115(5): 577-590
Liu LP, Cash TR, Jones RG et a. Hypoxia-induced energy stress
regulates mRNA trandlation and cell growth[J]. Molecular Cell,
2006, 21(4): 521-531

Y oY oY Y Y SR R Y Y R RY RY R RY RY R RY RY R RY RY R RY R R RY R R RY R Y RY R R RY R R RY R R Y R R Y R R Y RY R Y RY R Y RY LY Y RY R

TE & JE

1
2
http://journals.im.ac.cn/wswxtbcn
3
31
(
3 3 3 & c 7 “et aj.” )
[1] Marcella C, Claudia E, Pier GR, et al. Oxidation of cystine to cysteic acid in proteins by peroyacids as monitored by
immobilized pH gradients[J]. Electrophoresis, 1991, 12(5): 376-377
[2] Wang BJ, Liu SJ. Perspectives on the cultivability of environmental microorganisms[J]. Microbiology China, 2013,
40(1): 6-17 (in Chinese)
) , 2013, 40(1): 6-17
[3] ShenT, Wang JY. Biochemistry[M]. Beijing: Higher Education Press, 1990: 87 (in Chinese)
, . [M]. : , 1990: 87
[4] LiuX. Diversity and temporal-spatial variability of sediment bacterial communities in Jiaozhou Bay[D]. Qingdao: Doctoral
Dissertation of Institute of Oceanology, Chinese Academy of Sciences, 2010 (in Chinese)
[D]. , 2010
3.2 ( )

Foundation item:
*Corresponding author: Tel: ; Fax: ; E-mail:

Received: January 01, 20xx; Accepted: March 01, 20xx; Published online (www.cnki.net): March 31, 20xx

(No. )
* Tel
20xx-01-01

Fax
20xx-03-01

E-mail:

(www.cnki.net) 20xx-03-31
( p.2406)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



