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Abstract: [Objective] We studied the oil degradation pattern and the responses of cyanobacteria to
crude oil at a series of concentrations, analyzed the resistance of cyanobacteria when treated with oil,
explored the succession of cyanobacterial phylotypes under oil stress, and to provide scientific basis to
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judge if secondary environmental problems such as eutrophication would be caused by oil. [Methods]
Microcosm experiments including untreated control (CK) and those treated with crude oil at a series of
concentrations (25, 125 and 250 g/kg dry weight (wt), designated as, Light oil (LO), Medium oil (MO)
and Heavy oil (HO), respectively) were set up in the laboratory. Gas chromatography-flame ionization
detector (GC-FID) was adopted to analyze the degradation of crude oil. Cyanobacterial 16S rRNA
genes were used to illustrate the diversity and richness of cyanobacteria and the alteration of genus
during incubation period. [Results] A green mat appeared on the surfaces of sediments in the LO group
on day 31 and didn’t occur in other groups. Clone libraries of cyanobacterial 16S rRNA genes revealed
that the diversity of cyanobacteria reduced in the oiled sediments, while few genus such as Oscillatoria
and Prochlorococcus increased at later stage. In addition, large proportion of sequences affiliated to
uncultured genus might imply novel species. [Conclusion] This study indicated that cyanobacteria
exhibited high resistance to crude oil. Oil could stimulate the cyanobacteria growth and might lead to
cyanobacteria bloom in some situations. This study circumvents traditional cumbersome technologies,
such as isolation and culture-based methods for cyanobacteria investigation, which is significant to
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molecular ecology analysis on cyanobacteria.
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#, HO). FALIIENE 3 AEE, R hsih
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Pi 91, RFREPERT 3 UGB, ity
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AP T . Fefk, REFEARHREL 80 ANFHME IR
Fo RAEAL Y M13F (5-TGTAAAACGACGGC
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Figure 1 Chromatography analysis of initial oil (A) and oil degradation in LO group (B)
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RS S e i A e SR A ML AS [R] - ASHE TR B3l 5
HHR 28 d 5 IERbekE i i KL o3 B A AR E
FAROREL AL 53 (K] 1B), S BUH SO RS, F Rk
WA nCyg, nCsy ZJ AR AT

B 5 F 30 P9 AR R e 4% 2 0 0 T AR 25 2R A
K 1PN, nCy LIT AR, MRS 5 B4
SE R 2H O A PRI B

A ) — BB SE R TE AR Be ke A oy A= 1 50

(R , D] A A 0 o A 30 I B ko R o f
PRI 7, e Pr/Ph{ELAHXT R FFANAE s 1 Pr Al Ph
ESAHAR IE MG F A (Pr/C 7 FI Ph/C )X T4E 4
Rk e A P AR 0 SRR, B A A 0 R A B 1 RS

Pr/Cy; Al Ph/Cig (HI5 2 B I $A, Bl e [a)
FIHERS , JEMARWBERf#, Pr/Ph 7E 35 d 20H 50%
HIREA; Pr/Cip N O d FFERESE FFHGER 2), R
AEYIRERE IR, T8 d EHIE N — 5

*1 HEFIIMFHREREE LO HIEMEZESIEERRMNSER
Table 1 Values of saturated hydrocarbon peak area from LO group during incubation
Cn Crude oil (x107) 0d (x107) 2d (x107) 8 d (x107) 20 d (x107) 35d (x107)
() 0.10 ND* ND ND ND ND
Cio 0.15 ND ND ND ND ND
Cu 0.13 ND ND ND ND ND
Ciz 0.24 ND ND ND ND ND
Cis 0.27 0.81 ND ND ND ND
Cus 0.30 5.28 ND 0.39 ND ND
Cis 0.31 14.90 0.58 1.53 0.60 ND
Cis 0.31 30.00 1.46 2.69 1.54 0.09
Ciy 0.29 46.10 2.13 3.71 221 0.30
Pr 0.20 24.30 2.22 3.18 2.39 0.58
Cis 0.33 49.30 2.30 3.66 2.30 0.58
Ph 0.16 20.50 1.77 2.43 1.81 0.83
Cio 0.30 53.90 1.68 2.7 1.65 0.44
Cy 0.37 49.10 2.11 3.18 2.20 0.73
Ca 0.39 48.30 1.86 2.44 1.97 0.56
Cx 0.38 48.80 1.86 2.13 1.99 0.54
Ca 0.41 51.60 2.10 2.12 2.16 0.61
Cy 0.37 44.90 2.01 1.93 2.00 0.52
Cos 0.37 40.60 2.35 1.99 2.17 0.73
Cas 0.29 36.10 1.91 1.79 1.91 0.50
Cy 0.30 37.40 2.09 1.93 2.10 0.59
Cas 0.27 32.30 1.92 1.77 1.89 0.55
Cy 0.24 26.90 1.72 1.60 1.66 0.52
Cso 0.19 22.10 1.39 1.29 1.37 0.43
Csi 0.17 18.50 1.27 1.19 1.18 0.41
Cxn 0.15 15.50 1.02 0.92 0.89 0.35
Cs3 0.11 12.60 0.80 0.70 0.70 0.28
Cas 0.13 10.40 0.73 ND 0.70 ND
Css 0.06 ND ND ND ND ND

Note: ND: Non-detection.
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Table 2 Degradation index of crude oil from LO group

Diagnostic ratio Crude oil 0d 2d 8d 20d 35d
Pr/Ph 1.27 1.18 1.26 1.31 1.32 0.70
Pr/Cy7 0.71 0.53 1.04 0.86 1.08 1.92
Ph/Cig 0.48 0.42 0.77 0.66 0.79 1.44

HILT Pr/Cyy HUEIREAR, HEI AT R R ITRR s 11 AR E BRI, 53504 Oscillatoria
K ratahn, MImAERL Cip. Cig Ml Cro, 1WEAEE  Prochlorococcus . Phormidium .  Microcystis
e EMS . Xenococcus . Chroococcidiopsis . Phormidesmis
2.3 IEZHE 16S rRNA ERE XX EDT Cyanothece . Leptolyngbya . Acaryochloris
H P A5 B P AT e, S HOBUESF S Synechococcus. FIE I MJEIE T Chroococcales
FEMATFH, Fradses 2 R 35 REFFIEE  (CK-35: 17 Z&J¥81l; LO-35: 31 ZJ751). HAthF
47596 4%, KEBSHIFHIAIAKR FHdnn, Aixse)y  EE&MEN Oscillatoria (LO-35: 25 FJ¥31)H
HIFRATREFRI S RERUGEE 3). IrEEHLR3As  Prochlorococcus (MO-35: 13 %)741).

R 3 HBAEME 16S rRNA RE=EEME > R EEEE

Table 3 Distribution of genera richness indices for clone libraries of cyanobacteria 16S rRNA genes from different groups

Genus group CK-2 LO-2 MO-2 HO-2 CK-35 LO-35 MO-35 HO-35
Chroococcales 2 3 2 3 17 31 2 6
Oscillatoria 1 1 25
Prochlorococcus 3 4 5 1 13 6
Phormidium 4 1 4 4 1 2
Microcystis 4
Xenococcus 5
Chroococcidiopsis 1 2
Phormidesmis 3
Oscillatoriales 1 1 1
Cyanothece
Leptolyngbya
Acaryochloris 1
Synechococcus 1 5 3 4 2 1
Uncultured 60 56 54 54 58 19 56 59
Total sequences 75 75 72 75 75 75 74 75
Simpson 0.014 8 0.024 1 0.0523 0.068 5 0.289 4 04505 0.077 4 0.1171
Shannon 3.77 3.60 3.20 2.99 1.45 0.96 2.74 2.61
ACE 11332 162.13 102.32 77.52 15.00 5.60 57.86 69.88

(77.32-196.72) (97.18-311.16) (62.87-201.97) (48.13-160.47) (10.77-29.36) (5.097-8.72) (35.88-124.31) (41.70-148.65)
Coverage 76.0% 73.0% 84.0% 86.7% 100% 100% 94.6% 94.6%

{£: CK-2, LO-2. MO-2 Fll HO-2 735 X AL ARV RE | R BERIRs vk BE AR A 25 2 KA Al BEZIER 16S rRNA JE[N FERESC AL R 5
CK-35, LO-35, MO-35 I HO-35 43 Bl Af HAZH | ARV | i L5 v L AR BHEF 25 35 JFE Al 40 741 16S rRNA JE K] v P SCZE S5 L.
Note: CK-2, LO-2, MO-2 and HO-2 were derived from the control group, low oil-contaminated group, medium oil-contaminated group, and
high oil-contaminated group on day 2, respectively; CK-35, LO-35, MO-35 and HO-35 were derived from the control group, low
oil-contaminated group, medium oil-contaminated group, and high oil-contaminated group on day 35, respectively.
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PEMHT R LO-35 41HA HARMIFATEEE(0.96)
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FrA A B 555 2 RAHEL, HAARISECT B =
R ET, Hrh bR KM YE Lo 4. FE
(Richness) "] | ACE f5 %17 Ui B, CK-35 Al
LO-35 AR ACE &, 1i)5#& HAK.

MBFRFS) EA, AR 2 REIH 35 K, Frfy
20 W A O A N R, R AR b R B Y
JEXTIRZLA LO 4, HARXFREZL ih It th B 4 i
WM, BIELXT N e SRS R R LO 4
CRIFN B Z R, P LO 204 A W) e R
##ES RSN Oscillatoria FFETE LO 4 1 R4
K, TNz Fh T B WA 40 T8 7 & 4 3 40 v o] R
WEEWA ., A, TE5 35 RESX A 2N
KR FFE, BIHPORTT R M S K28,
1 EL3A Wi 3] Oscillatoria WIAETE

60
—CK-2 —LO-2 —MO-2 —HO-2
50 —CK-35 —LO-35 + MO-35 —HO-35

40

[72]
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Number of sequences

Lable=0.03

B2 FHHR 16S rRNA B FE 52 SCERR %
Figure 2 Rarefaction curve generated for 16S rRNA gene
clone libraries from all groups

W CK-2, LO-2, MO-2 fil HO-2 43I hXHEdH | Ry, o
W RN AEIALSS 2 Kobfiins CK-35, LO-35, MO-35 il
HO-35 735X HAZH | fIRVRIE . iR BEAT vk BEAR A 55 35 K%
Fedn

Note: CK-2, LO-2, MO-2 and HO-2 were derived from the control
group, low oil-contaminated group, medium oil-contaminated
group, and high oil-contaminated group on day 2, respectively;
CK-35, LO-35, MO-35 and HO-35 were derived from the control

group, low oil-contaminated group, medium oil-contaminated
group, and high oil-contaminated group on day 35, respectively.

0

P A 45 B e 51 4R 2 135 4> OTU, 7E%4S
35 KIS ALFRLH A AE XA OTU AHAH HL 46
2 RATARKI D o AR X 28 Fp 51 3 S R G K B W
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Oscillatoriales 1
Pleurocapsales 5 1#B4r. Hrp, RA[EFRFE
RGBSy, 7E 596 258, HEHHIR X 69.8%.
OTUL (64 575 OTU2 (59 47575 540
%, OTU7 (25 &JFH)MAE LO-35 HfEfE. T
OTU #tHilZ, #4; OTU #ifr, Hrh, OTUI
(AR /T3t 5
3 i

LEkE (n-Alkanes) 2 S ) 24 4y, TEREfFLL
R — B R IR L 0 2 B A D DU, e
(Ci—Cr) B LR oE i, KB B %
1200 AR g A 4 R 5 AR R AT ARSI
TERCT i B IR G 0, AR KR 4 o0 o)~ o g A B A
B, TR R mE AN s 2, AR
WE A T AR R R T 2 ARV 2 A LRSS BT, B
SR — B R A AT L T R S
— LR S R A A

FI A5G T i -5 3 4 1 0 BIF 5 22 45 7 7 i il
PRGN T AR IR R s, T LIRS AN
e BA I SORREAE e 1, AUFTEa R
AP A S A R T R i AR s AR i 2, A
WP B E I B R A i, SRR E (25 g/ke)
b — A ST PRI ) 5 i B MR B 41 Chronopoulou
%300 mLm)EFEARZ, AR i AR
T o WAL DL, R AR TR N TS AT s A T 52
PEo HER LO 2 A HABZH rb W 40 18 T
XFRRZH, HALTMEMKFZF,  f ] Wik & iy
st e e J3E X A A TR P R P 2 T A KAl A
FIRY. Huang ZEWF58 AN, vk BE S XA 4
AR EVE Y, AT K BRI I B T
2 TR R AR, T B R YA R S Ak P AR M
Y 20 T ) R T S T Y S R B

Prochlorales . Chroococcales
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Figure 3 Phylogenetic tree of cyanobacterial specific sequences for four samples on day 2 and 35
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Note: CK-2, LO-2, MO-2 and HO-2 were derived from the control group, low oil-contaminated group, medium oil-contaminated group, and
high oil-contaminated group on day 2, respectively; CK-35, LO-35, MO-35 and HO-35 were derived from the control group, low

oil-contaminated group, medium oil-contaminated group, and high oil-contaminated group on day 35, respectively. The numbers followed by
colored columns indicate the numbers of OTU in each treatment.

YAL

U T 2 B AT AN TR ) B REE Y AR S ot
HEZH AN T S 2 2 R PR s, I AT R PR
TR EMFEH MO AR 2R R, A5

o, & B S ) A7 TR 255 RS BB 40 06 40 T R e - FE 1
Jin. Prochlorococcus F1 Synechococcus, JHIEH]

., 155 35 KRBT, MO-35 fil HO-35 40 H)F 5 5

55 2 RINAH IR 2, it LO-35 41 %Ay i
W, FKBH Prochlorococcus X i HAG 5 & i 52
P, X5 Rigonato Fif 1L 16S rRNA JEK 74 s
Prochlorococcus 1 Synechococcus ¥ AR BUR AT 25
AR, i Gonzalez ZEHF5E 4% R th R WK FE AT
W5 YL 2%} Prochlorococcus Fl Synechococcus /4

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



RIS T RO LLG I A5 F T DURRY) vh 20 o A

1587

K AR AT, 3 AT B -5 346 ek 1] 4 K S
MIFPERAGOG, ASLEG R HIAHALF Rigonato 51
Sz, BA—1H, J5#8 25 4, T Gonzélez
PN SzI0 W N 72 ho TURUWIZE1E K AR 5 40
s R LO 4l Wi 3 i 2 197415 Oscillatoria
HEEARINE, Oscillatoria 32 3L HLAT 5 R SRk
RS AN, TR PR PRl 3], FR
A 3K — T AT REAEJRIAEAE S5 T R 5 B il A
L, AT RS s — A

AR FE F i 2o T AR S T B W A TR X
M =N 2 e, SR AR 16S rRNA HE[K 5
BSOS TRI, WA Z R AR AR T
RS, (R AR 3= B R IR g, Rk sy
YHTE AN Oscillatoria W] RESE2H B & 45 W 41 TR A9 B 25550
4y, WATRETE A ORISR AR T R FEA R IRE
SRR AP B FE N A 16S rRNA JEH ) 2
FEMER, AN IS, FEZSCIRIE Y 2 013 4%
A R 44 EAREIEETY], K
WO HIRREAT 16S IRNA LN ZPEDL, HAA+HE I3
ANFEE—FERA 9 ANk, RATIEANTE 16S rRNA
55 DR o SR 1 3 P R AE — R e Al W 4
W2 FETERAXT £ 5 . AR EEE 16S rRNA
V3-V4 DORPEAL WA R ZFEE , AHXT R0 AT AT
HIE R Z R R AP,

£ % X M

[1] Coulon F, Chronopoulou PM, Fahy A, et al. Hydrocarbon
biodegradation in coastal mudflats: the central role of dynamic
tidal biofilms dominated by aerobic hydrocarbonoclastic bacteria
and diatoms[J]. Applied and Environmental Microbiology, 2012,
78(10): 3638-3648

[2] Sumaila UR, Cisneros-Montemayor AM, Dyck A, et al. Impact of
the Deepwater Horizon well blowout on the economics of US
Gulf fisheries[J]. Canadian Journal of Fisheries and Aquatic
Sciences, 2012, 69(3): 499-510

[3] Sorkhoh N, Al-Hasan R, Radwan S, et al. Self-cleaning of the
Gulf]J]. Nature, 1992, 359(6391): 109

[4] Cohen Y. Bioremediation of oil by marine microbial mats[J].
International Microbiology, 2002, 5(4): 189-193

[5] Chaillan F, Gugger M, Saliot A, et al. Role of cyanobacteria in the
biodegradation of crude oil by a tropical cyanobacterial mat[J].
Chemosphere, 2006, 62(10): 1574-1582

[6] Narro ML, Cerniglia CE, van Baalen C, et al. Evidence for an
NIH shift

in oxidation of naphthalene by the marine

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

cyanobacterium Oscillatoria sp. strain JCM[J]. Applied and
Environmental Microbiology, 1992, 58(4): 1360-1363
Raghukumar C, Vipparty V, David J, et al. Degradation of crude
oil by marine cyanobacteria[J]. Applied Microbiology and
Biotechnology, 2001, 57(3): 433-436

Radwan SS, Al-Hasan RH. Oil pollution and
cyanobacteria[A]/Whitton BA, Potts M. The Ecology of
Cyanobacteria: Their Diversity in Time and Space[M].

Netherlands: Springer, 2002: 307-319

de Philippis R, Vincenzini M. Exocellular polysaccharides from
cyanobacteria and their possible applications[J]. FEMS
Microbiology Reviews, 1998, 22(3): 151-175

Parsons ML, Morrison W, Rabalais NN, et al. Phytoplankton and
the Macondo oil spill: a comparison of the 2010 phytoplankton
assemblage to baseline conditions on the Louisiana shelf[J].
Environmental Pollution, 2015, 207: 152-160

Gilde K, Pinckney JL. Sublethal effects of crude oil on the
community structure of estuarine phytoplankton[J]. Estuaries and
Coasts, 2012, 35(3): 853-861

Abed RMM, Safi NMD, Koster J, et al. Microbial diversity of a
heavily polluted microbial mat and its community changes
following degradation of petroleum compounds[J]. Applied and
Environmental Microbiology, 2002, 68(4): 1674-1683

Maidak BL, Larsen N, McCaughey MJ, et al. The ribosomal
database project[J]. Nucleic Acids Research, 1994, 22(17):
3485-3487

Benson DA, Boguski MS, Lipman DJ, et al. GenBank[J]. Nucleic
Acids Research, 1999, 27(1): 12-17

Niibel U, Garcia-Pichel F, Muyzer G. PCR primers to amplify 16S
rRNA genes from cyanobacteria[J]. Applied and Environmental
Microbiology, 1997, 63(8): 3327-3332

Lin QX, Mendelssohn IA. Impacts and recovery of the Deepwater
Horizon oil spill on vegetation structure and function of coastal
salt marshes in the northern Gulf of Mexico[J]. Environmental
Science & Technology, 2012, 46(7): 3737-3743

Schloss PD, Handelsman J. Introducing DOTUR, a computer
program for defining operational taxonomic units and estimating
species richness[J]. Applied and Environmental Microbiology,
2005, 71(3): 1501-1506

Tamura K, Peterson D, Peterson N, et al. MEGAS5: molecular
evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods[J].
Molecular Biology and Evolution, 2011, 28(10): 2731-2739
Harayama S, Kishira H, Kasai Y, et al. Petroleum biodegradation
in marine environments[J]. Journal of Molecular Microbiology
and Biotechnology, 1999, 1(1): 63-70

Sei K, Sugimoto Y, Mori K, et al. Monitoring of alkane-degrading
bacteria in a sea-water microcosm during crude oil degradation by
polymerase chain reaction based on alkane-catabolic genes[J].
Environmental Microbiology, 2003, 5(6): 517-522

Eiler A, Bertilsson S. Composition of freshwater bacterial
communities associated with cyanobacterial blooms in four
Swedish lakes[J]. Environmental Microbiology, 2004, 6(12):
1228-1243

Chronopoulou PM, Fahy A, Coulon F, et al. Impact of a simulated
oil spill on benthic phototrophs and nitrogen-fixing bacteria in
mudflat mesocosms[J]. Microbiology, 2013,
15(1): 242-252

Environmental

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



1588 A2 84 Microbiol. China 2017, Vol.44, No.7

[23] D’souza NA, Subramaniam A, Juhl AR, et al. Elevated surface 15(4): 1103-1114
chlorophyll associated with natural oil seeps in the Gulf of [27] Gonzalez J, Figueiras FG, Aranguren-Gassis M, et al. Effect of a
Mexico[J]. Nature Geoscience, 2016, 9(3): 215-218 simulated oil spill on natural assemblages of marine
[24] Huang Y], Jiang ZB, Zeng JN, et al. The chronic effects of oil phytoplankton enclosed in microcosms[J]. Estuarine, Coastal and
pollution on marine phytoplankton in a subtropical bay, China[J]. Shelf Science, 2009, 83(3): 265-276
Environmental Monitoring and Assessment, 2011, 176(1/4): 517-530 [28] Severin I, Stal LJ. NifH expression by five groups of phototrophs
[25] Llirés M, Gaju N, de Oteyza TG, et al. Microcosm experiments of compared with nitrogenase activity in coastal microbial mats[J].
oil degradation by microbial mats. II. The changes in microbial FEMS Microbiology Ecology, 2010, 73(1): 55-67
species[J]. Science of the Total Environment, 2008, 393(1): 39-49 [29] Sun DL, Jiang X, Wu QL, et al. Intragenomic heterogeneity of
[26] Rigonato J, Kent AD, Alvarenga DO, et al. Drivers of 16S rRNA genes causes overestimation of Prokaryotic
cyanobacterial diversity and community composition in mangrove diversity[J]. Applied and Environmental Microbiology, 2013,
soils in south-east Brazil[J]. Environmental Microbiology, 2013, 79(19): 5962-5969

R oY oY R Y SRY R RY RY R RY RY R RY RY Y RY RY R RY RY R RY RY R RY R R RY R R RY R R RY Y R RY R R RY Y R RY R R RY RY R RY RY R Y RY R Y RY LY

TE & jE

CRAEEim A ) S b R B A P I BT A b [ A 2 2 I, DA 923 TSR 2 e R A 8r 5
N FERIZEETE AR T . PSS TOARUEY Y . BIERUEY Y . R R . £l iBUE
Y, BaBEYE . BEMAYE . AYREYE . BEEMEYE . MUEYEORA Y . MUEYIRERNA . MY
TSGR BRI, P AR R, DL I B O A . R HA . DR
LwHGR ., EYERE | mRESIME . TR,

2

WA HHE R T E T http:/journals.im.ac.cn/wswxtben, s EEHFX, H—RERECEN, FKEH 4 Mm%
i, SRS RHRE RS sC R, TR F 0 “BERa A
3

RAERIE AW, BT RE, RIWLENT, EA
3.1 ZHECHk

S22 SRR SCN S T S JE U HE P G, AR A TF R SRIGERNE 205 1T o 37228 SCIR TS 4813 135 5 CUmk PR & A
it 3 ARSI, 2T 3 ABSILET 3 A, JEn %7 8 “etal.”, {EFURT. &5, BFZNMESEIT). k4 .
T4 G ETY . FAMATIALAE S8, AAGE, SHRHE, 2% OB AR,

22 SRR 2 11
[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)

FERZE, XL, IREERUAPIRE IR BOR TR RE(T]. P2t 2013, 40(1): 6-17
[3] Shen T, Wang JY. Biochemistry[M]. Beijing: Higher Education Press, 1990: 87 (in Chinese)

W, B, AWM. dbat: S5 i, 1990: 87
[4] Liu X. 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)

XU e ORI 20 R 2 R S BRI 22 AL [D). 5 5 PB4 Bei e e I I L2208 3, 2010
3.2 WEQESCH IR )

Foundation item:

*Corresponding author: Tel: ; Fax: ; E-mail:
Received: January 01, 20xx; Accepted: March 01, 20xx; Published online (www.cnki.net): March 31, 20xx

HEGIH : HAETHNo. )
*EIREH . Tel: ; Fax: ; E-mail:

Wk A 20xx-01-01; #E52 A . 20xx-03-01; Psedios i i A W(www.cnki.net): 20xx-03-31

(T% p.1719)

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



