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Abstract: [Background] Abundant microbial resources exist in the sea with various species and functions,
playing important roles in driving substance circulation and energy flow. Screening and studying the
diversity of marine strains capable of degrading hydrocarbons can be important for this purpose, especially
in the South and East China Seas where this resource is still underexplored. [Objective] We screened
culturable strains with hydrocarbon degradation ability, and studied their diversity and function to degrade
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hydrocarbons. [Methods] The sediment samples were collected from the South and East China Seas.
Different hydrocarbons were used as the sole carbon source to isolate bacterial strains by serial dilution
and plate streaking procedures. Then the growth of the isolated strains was investigated using
corresponding hydrocarbon compounds as the sole source of carbon and energy. [Results] From the
samples used, 63 strains with the ability to degrade hydrocarbon compounds were isolated, belonging to
3 phyla, 4 classes, 8 orders, and 10 genera. They are mainly Rhodococcus, Acinetobacter, Vibrio,
Halomonas, Pseudomonas. The degrading strains from sediments in the East China Sea were mainly
Acinetobacter, whereas those from the South China Sea were mainly Rhodococcus, exhibiting differences
in major genera of degrading strains between the two areas. [Conclusion] Hydrocarbon-degrading strains
from the South and East China Seas have the potential bioremediation of petroleum-polluted marine

environments.

Keywords: Marine microorganisms, Hydrocarbons degradation, Microbial diversity
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Figure 1 Sampling sites of the South and East China Seas
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Figure 2 Degradation of n-hexadecane by n-hexadecane-degrading strains
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Figure 3 Growth curves of hydrocarbon-degradaing strains
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1-phenyldodecane; E: NyZ321 on benzoate.
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Figure 4 Community composition of degrading bacteria
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F1 FEETEATRREAYEREOTITEE
Table 1 Genera and amount of different hydrocarbon-degrading strains from the South China Sea
R EY [ H G
Hydrocarbon compounds Species Amount Number
m-Hydroxycinnamic acid Halomonas sp. 2 NyZ301, NyZ302
Cinnamic acid Rhodococcus sp. 4 NyZ303, NyZ304, NyZ305, NyZ306
n-Hexadecane Rhodococcus sp. 4 NyZ340, NyZ341, NyZ342, NyZ343
1-Phenyldodecane Rhodococcus sp. 2 NyZ344, NyZ345
Undecane Rhodococcus sp. 3 NyZ346, NyZ347, NyZ348
Rhodococcus sp. 2 NyZ349, NyZ350
Eicosane Bacillus sp. 1 NyZ351
Vibrio sp. 4 NyZ352, NyZ354, NyZ355, NyZ356
Lignin (Alkali lignin) Pseudomonas sp. 1 NyZ353
Halomonas sp. 2 NyZ357, NyZ362
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Table 2 Genera and amount of different hydrocarbon-degrading strains from the A2 site in the East China Sea

BRLEY [k e H i

Hydrocarbon compounds Species Amount Number
p-Hydroxybenzoic acid Pseudomonas sp. 2 NyZ315, NyZ316
Benzoic acid Pseudomonas sp. 1 NyZ322

Acinetobacter sp. 1 NyZz321
n-Hexadecane Acinetobacter sp. 2 NyZ307, NyZ308
Eicosane Acinetobacter sp. 2 NyZ333, NyZ334
1-Phenyldodecane Acinetobacter sp. 2 NyZ311, NyZ312
Coumalic acid Pseudomonas sp. 1 NyZ363
Vanillin Pseudomonas sp. 2 NyZ318, NyZ326
3-Phenylpropanoic acid Shigella sp. 1 NyZ319

Escherichia sp. 1 NyZ320
Lignin (Alkali lignin) Halomonas sp. 4 NyZ358, NyZ359, NyZ360, NyZ361

2.3.3 &g B2 i PERREMRRI 3
AR B2 i i 2y ik 19 MRS
PIREAR T, 16S IRNA B[R 741 43 B %0 45 SR 3R 1T,
19 BRIERMGWIEME EZL WA EE
(Acinetobacter) . {5 #L}fu 7% (Pseudomonas) . £k .
Jitl 4 J& (Halomonas) . 3¢ 5 H.Jifd 141 J& (Alteromonas)
I % k3 J5U T I (Nitratireductor ) o B bK 2 5 A1 H:
ARG NG 3 s, 76 19 PRREFR AR
AN # R (Acinetobacter) A B HLBI, Ty 8 BE;
HYk Sk B T R (Halomonas) 1 1% B4 il B &
(Pseudomonas), £% 4 £ ; 32 & HLUif 1 J& (Al teromonas)
FIAH R h 16 )5 1 )8 (Nitratireductor ) 73 B4y 2 ¥k A1
¥k, SAEBUN,
2.4 FRIGFREEI SR A E D PERE B bR
BELB

W 4 PR 78 3 A ul AU R B iy T i SR
&G W i TR AR & 2501 S5l A oG . Hrh AR T

*3 IREFRE B RARERNAYFERER LI E

A2 5 B2 w5 R —FR AL A W 0 R i AR A
J& TR — R, A< T il w5 g vl o5 R — 2 ik
G AR TR AR R R 2SN A AR 22 51 ki A2
M oB2 Wik MAEKEENADNTEE
(Acinetobacter) . i 5./ 7 J& (Pseudomonas) Al L 5
J TR J& (Halomonas), 1T R T il it A6 i TR ok 328y
21 Bk & J& (Rhodococcus) . 5K i & (Mibrio) A1k # i
B J& (Halomonas), i Vg s {34 e i 17 i 22 IR K,
IR OB RTGR1T AL 7 L S S VAN o1 | e e o8 & 3 5
F o A s JE (Acinetobacter), M 7 TR
Hh 3222 21 BR TR J& (Rhodococceus) ; - i DR H IE
A B R TR BN AN S AT R R (Acinetobacter ) A1
I B4 7 J& (Pseudomonas), Fg i UTARY H F 5k
21 B 1 J& (Rhodococcus) Fl 2E 7 417 J& (Bacillus) ; 4<
Vg T R v R BT 2R R R T 32 O R M TR TR
(Halomonas), 1 kg 1 TR0 H A i 25 R e ol 3 L
h B JE (Miborio) A1 54 Jifd 147 J& (Hal omonas) .

Table 3 Genera and amount of different hydrocarbon-degrading strains from the B2 site in the East China Sea

ARG [ e H G
Hydrocarbon compounds Species Amount Number

p-Hydroxybenzoic acid Pseudomonas sp. 2 NyZ317, NyZ323

Eicosane Acinetobacter sp. 4 NyZ332, NyZ335, NyZ336, NyZ338
Pseudomonas sp. 2 NyZ337, NyZ339

n-Hexadecane Acinetobacter sp. 2 NyZ309, NyZ310

1-Phenyldodecane Acinetobacter sp. 1 NyZ313

Vanillin Alteromonas sp. 2 NyZ324, NyZ325

Lignin (Alkali lignin) Halomonas sp. 4 NyZ327, NyZ328, NyZ329, NyZ331
Nitratireductor sp. 1 NyZ330

Benzoic acid Acinetobacter sp. 1 NyZzZ314
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Table 4 Comparison of species of hydrocarbon degradation strains from the South and East China Seas

ARG i A B

Hydrocarbon compounds Sites Species
p-Hydroxybenzoic acid The East China Sea A2 Pseudomonas sp.

The East China Sea B2 Pseudomonas sp.

The South China Sea -
m-Hydroxycinnamic acid The East China Sea A2 =

The East China Sea B2 -

The South China Sea Halomonas sp.
Cinnamic acid The East China Sea A2 -

The East China Sea B2 =

The South China Sea Rhodococcus sp.

Benzoic acid The East China Sea A2
The East China Sea B2
The South China Sea

3-Phenylpropanoic acid The East China Sea A2
The East China Sea B2
The South China Sea

Vanillin The East China Sea A2

The East China Sea B2
The South China Sea
n-Hexadecane The East China Sea A2
The East China Sea B2
The South China Sea

1-Phenyldodecane The East China Sea A2
The East China Sea B2
The South China Sea

Lignin (Alkali lignin) The East China Sea A2

The East China Sea B2
The South China Sea
Eicosane The East China Sea A2
The East China Sea B2
The South China Sea
Undecane The East China Sea A2
The East China Sea B2
The South China Sea
Coumalic acid The East China Sea A2
The East China Sea B2
The South China Sea

Acinetobacter sp., Pseudomonas sp.
Acinetobacter sp.

Shigella sp., Escherichia sp.

Pseudomonas sp.

Alteromonas sp.

Acinetobacter sp.

Acinetobacter sp.

Rhodococcus sp.

Acinetobacter sp.

Acinetobacter sp.

Rhodococcus sp.

Halomonas sp.

Halomonas sp., Nitratireductor sp.
Vibrio sp., Halomonas sp., Pseudomonas sp.
Acinetobacter sp.

Acinetobacter sp., Pseudomonas sp.
Rhodococcus sp., Bacillus sp.

Rhodococcus sp.
Pseudomonas sp.

TE: = TEA SR L ENZE RS YR A

Note: —: The hydrocarbon-degrading bacteria were not screened at this site.

3 WwE4®

R T IR R 2 b B W I At v T
ZRENE, ARBFFE A LA RERR . AR . TN
BESE 12 PG 0 R ME— B, X 38 1) B vl
SRV A2 RN B2 vl S DT R A A h 0E A T R A

WG EER T REK S SRR ERRRA T
[ LB K37 SLIEA TR AR TR 1 43 B Al , DL S0
WM RE T 5 Bl 30 ) X5 FEAR TR 16S rRNA S
DRLREA 00 R BT o 65 SRR B i 1 11 63 ok
R A o SR T 10 AR, I FL R Ik A bR
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KA 57k A2 F1 B2 i i 22 ARK, R KRS
b & W W6 fidk Tk =8 54 21 BR 14 J& (Rhodococcus) |
I & (Vibrio) 1 £k 5 % J& (Halomonas) , 7k iff
MK EGWERER FLEZNADITEE
(Acinetobacter) . fE /i 1 /& (Pseudomonas) F1 £ 5
MY & (Halomonas) ..

ARG . AR R B T TE AR 1 A R
MR 534, ARIEDTRY) T 5 R Ak R 2R
16 G Wy Al TR . R BT R R TR RS ST R R
(Acinetobacter) . 15 /it [ J& (Pseudomonas) 1 £k H.
JiL T J& (Halomonas), R ¥ LA W v o A1 51 A i
RRAE VMR . KRR E VAR R
(Rhodococcus) . 5K & J& (Mibrio) A1 £ 5 it 17 )&
(Halomonas); X HLER 75 K Ak ) ek fidk T T mT g
TEZR B TURR ) Th AR T2 A AE o 3 S 3 v i
530 0 A 1 TN e SR 2R B W R i TR R 2 R
PR SN =S PSSy SN ] S NS
TESIEZ KN, LU B EE A 5 . H RN i
T B KR 2R A5 W 6 e R ke %) 7 228 DR 43 4 R E
AT Ay P — s TR 1 A ek s R A TR AR P 7 32 , LA
fiff T i 32 2 A £ PRI B (Halomonas) . B kL&
(Alcanivorax) . T J& (Marinobacter) . 4T & J&
(Microbacterium)%1>*, 3 HAF5E %W y-2 K 540
TR & ke B 8 (Alcanivorax)®Y | I8 W )R
(Idiomarina) & 2 2 AELE AR B Tl JE B
T o ARTZEAR L, LA+ | IE+ etk |
e S B — A T 2H 53 Sy W — Rl 5 7T K A i AR B
F RN, IR 1L 2 £ be 19 8 (Alcanivorax) . T
I )& (Marinobacter) . &5 [ )& (Idiomarina) . 4tt
T4 J& (Microbacterium) & X JE L TR JE , 1 R fidf o
& 7e Eh I A JE (Halomonas) | 41 Bk I )&
(Rhodococcus) . A~ 31T i J& (Acinetobacter ) Fl i 5.
it 7 J& (Pseudomonas) - 4 I 53k 6 26 53 1) 4 3R AT
fE -5 A [R5 i 5t A 228 428 AN 5 v TR R O 1k 2%
PR IEPRAT G o TE LR IR 5 K Ak 0 kg e — o 1
TEREAR TR, FATIER IR h 3k AT 1 — e R B di

TE Ik R A R R, 181 40 B T SR Y TR R R AR
MR [ /% 14 3= % 4y Escherichia coli K-12., Salmonella
typhimurium, Streptomyces coelicolor 2271, Tiifk
AT P VR I UL e 31 T 2 MR BB T
(LA ] R YA R I i ) BE Y b RN T
(Halomonas); R Bt AR /A7 SCHRHR 18 PR RE IR K4 fff
PRI i, FRATER ISR h Wik ) T 4 bk
FLAT TR R IR % fif D BE 9 £1 BR 14 (Rhodococcus) ; PR
Wi B 5 T i S 11 8 i A1 19 418 288 Bacillus
coagulans®®! | Rhodococcus jostii RHA 17145 | 4R i
AR A2 5l S DT TPl 21 T 2 MR B
2 18 2 i EL A A R R A T R 0 58 B BRI T
(Alteromonas). BB BEAF Y A\ D3 6 A Joit 2 KA fid 11 1Y)
WFoE AR IE A b, A R A TR R T 5T
KR, CHBY AR TR B 1A 2 5w e
(Sreptomyces) . AT (Microbacterium) . £1 3R 1
(Rhodococcus) . i HLifd B (Pseudomonas) . (1 72 2
/K1 K (Burkholderia) . J#T i (Enterobacter)**%5 |
A AAE R TR . )T A2 FI B2 3 TR
P e ) 7 ORBUR MR, AL SR (Mibrio) |
#h B W (Halomonas) #l fi§ M2 #h i& J5t &
(Nitratireductor), 36 R4 4 ) R4 ik D R 1k i 26
A5 B 3R B T A 3R AR AN e Ve TTORR ) b 2R
F & WHA BRI E YR IRE A R
XPARTE A2, B2 FHRGHEX 3 /Nl i B G Y
16S rRNA K % e 45 BT R B, ST s 210
e fif DA — SCPE L3 R 1) TR AR A T B 58 1Y) 40 A AR
Iz . fildn . SEnNER B I (Hal omonas venusta) 78
R T T2 0 A, TEARUR T R v A AT R O
oy B3], R SR H AR A2 BT
KRB HtR NyZ360. NyZ361 % —5ibk i
77 A2 B LU T (Alteromonas  macl eodii) [R] A 78 1
Wz, TR TRV . BN AITI R K
SR S5 ) A Y R SR DR LA % 22 A 0 It ik TR
oy B8 3], X 5k A AR B2 i A R
VMR Btk NyZ324. NyZ325 25—k biees; i
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P12 9 (Mbrio alginolyticus) . J& % 9 & (Mibrio
diabolicus) . ¥ i 9K # (Vibrio parahaemolyticus)
AR RIK A Y I BURTE , TEMEE D A )
Z P BT ok R A R R R 2 A T PR
NyZ354., NyZ355. NyZ356 “5—#rk .
LA A5 TN 30 S0 e 200 TR AV IR v Iz A
I HL IR AT I E IR B IR BE T o

H RO A B | AR S R R &
PRI J5T 3R 55 A v R ) ) I A TR P 7 S A Y
TAERIEAR D, SR T X 6 15 B Kb 5 W R R 205
TR RO e A2, 9 B S
PEAEE 0 B — 2 PRI FRATTZE 5 th 3145 13X
S B AT KRB RN O B R R A, O L
I3k B R i T KR4 )& T4 R i & (Rhodococcus) . %
H ity 1A )& (Pseudomonas) . £h LI [ & (Halomonas) |
JREJE (Mbrio)5, X1 TAEW AT L —2F
T A G IR R AR TR 2 o AR, AH LY PR AR
SRR AT IR G R R S DT B R R
R AL A T B — 2 BRI SR o A ISR 7 — 8RR
B S R 1 AR T P R A IR A TR Y £
FEVE DL R E AT TR W A5 HLBATE 20 Hh A W] REAE T, I
AR DA e U S T IR A i s e AR —
E IR 5 o
gt BB LA RBRFAGHFRRERT
R AR AR A A .
REFERENCES

[1] Zhang HS. Hydrocarbon and Hydrocarbon Derivatives[M]. 2nd
ed. Ji'nan: Shandong Education Publishing House, 2001 (in
Chinese)

SRt E . RRIRIATESIMY. 2 W PR INARECE R,
2001

[2] Belum J, Borglin S, Chakraborty R, et al. Deep-sea bacteria
enriched by oil and dispersant from the Deepwater Horizon
spill[J]. Environmental Microbiology, 2012, 14(9): 2405-2416

[3] Pu JB. Research progress on hydrocarbon sources in marine
environment[J]. Marine Environmental Science, 1991, 10(2):
69-73 (in Chinese)

WRM. IR P IRSOR UL HE R ()], MV IREERLE,
1991, 10(2): 69-73

[4] Wang YQ. Hydrocarbons in the ocean[J]. Marine Environmental

Science, 1983, 2(4): 72-80 (in Chinese)

FAT. PR IEIE). I PERGER, 1983, 2(4): 72-80

[5] Wei XF, Zhang ZZ, Luo YJ, et al. Bioremediation of heavy oil
contaminated soil[J]. Chemistry & Bioengineering, 2005(7): 7-9
(in Chinese)
BANDF, LR, P, & mERAamG R RN S
SL[3). M2 S TRE, 2005, 22(7): 7-9

[6] Li B. Total petroleum hydrocarbons pollution and its detection
methods[J]. Guangdong Chemical Industry, 2010, 37(4): 269-271
(in Chinese)
AU AR T Y B HA I Oy B 0], T AR AR L, 2010,
37(4): 269-271

[7] Song YF, Zhou QX, Song XY, et al. Pollutants residue in soil and
the eco-toxicity after irrigation with petroleum wastewater[J].
Chinese Journal of Ecology, 2004, 23(5): 61-66 (in Chinese)
REDY, AR, REE, & OS5 Rk E 5
HEASTEEIT]. AEAE, 2004, 23(5): 61-66

[8] Cui ZL, Cui LX, Huang Y, et al. Advances and application of
microbial degradation in pesticides pollution remediation[J].
Journal of Nanjing Agricultural University, 2012, 35(5): 93-102
(in Chinese)
PR, R, W2, % ARGTSYEMEMIREERITT XN
B, PR A2, 2012, 35(5): 93-102

[9] Du H. Effects to eco-environment of pesticide pollution and its
sustainable mangement strategies[J]. Gansu Agricultural Science
and Technology, 2010(11): 24-28 (in Chinese)
FEEE. A5 YerS A= SBT3 R K PT R SRA BEXT SR (], HoA
AV Rz, 2010(11): 24-28

[10] Kosaric N. Biosurfactants and their application for soil
bioremediation[J]. Food Technology & Biotechnology, 2001,
39(4): 295-304

[11] Ke W. Microorganism treatment of organic pollutants[J].
Bioengineering, 2005, 21(1): 106 (in Chinese)
IR, ARG HA LS. Y T2, 2005, 21(1):
106

[12] Li MY. Breeding of petroleum hydrocarbon degradation strains
and study on degradation of hydrocarbons in petroleum[D].
Xi’an: Master’s Thesis of Northwest University, 2011 (in
Chinese)
AR AT AR R VR 1Y) 8 LA Bk A i e A g I R A
FIPFFE[D]. PU4e: BEAL R Em2A0is s, 2011

[13] Zhou ZG, Ma CJ, Yang Y'Y. Research progress of oil spill disposal
technology[J]. Safety Health & Environment, 2013, 13(4): 34-37
(in Chinese)
JRRE, BAEZE, . i R S BRI &
4, RIS, 2013, 13(4): 34-37

[14] Swannell RP, Lee K, McDonagh M. Field evaluations of marine
oil spill bioremediation[J]. Microbiological Reviews, 1996, 60(2):
342-365

[15] Varjani SJ, Upasani VN. Biodegradation of petroleum
hydrocarbons by oleophilic strain of Pseudomonas aeruginosa
NCIM 5514[J]. Bioresource Technology, 2016, 222: 195-201

[16] Wilkes H, Buckel W, Golding BT, et al. Metabolism of

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



T

TR v AR T R P T ST 5 RS i A TR ) B

985

[17

—

(18]

[19

[}

[20

=

[21

—

[23]

[24]

hydrocarbons in n-alkane-utilizing anaerobic bacteria[J]. Journal
of Molecular Microbiology and Biotechnology, 2015, 26(1/3):
138-151

Zhang XH. Marine Microbiology[M].
University Press, 2007 (in Chinese)
e, MM 785 PR AR, 2007
Zhang S. Diversities of marine microbes in China[M]. Beijing:
Science Press, 2013 (in Chinese)

A, T EEERE Y ZAEEIM]. JEnt B, 2013
Wang FP, Zhou YH, Zhang XX, et al. Biodiversity of deep-sea
microorganisms[J]. Biodiversity Science, 2013, 21(4): 445-455
(in Chinese)

ERE, FEBE, EHTE, 5
FEIE, 2013, 21(4): 445-455
Allan SE, Smith BW, Anderson KA. Impact of the Deepwater
Horizon oil

Qingdao: China Ocean

WA 2R 2

spill on bioavailable polycyclic aromatic
hydrocarbons in Gulf of Mexico coastal waters[J]. Environmental
Science & Technology, 2012, 46(4): 2033-2039

Kasai Y, Kishira H, Sasaki T, et al. Predominant growth of
Alcanivorax
supplemented sea water[J]. Environmental Microbiology, 2010,
4(3): 141-147

Li CZ, Mao LQ, Yan T, et al. Screening and identification of a

cyclohexylamine-degrading strain and studies on its physiological

strains in  oil-contaminated and nutrient-

and biochemical characteristics[J]. Environmental Science &
Technology, 2016, 39(8): 1-5 (in Chinese)

BAAA, BRI, 205, S5 PR RFEAE R 5 L
DT[], FERE S5EOR, 2016, 39(8): 1-5

Yang Y, Shao ZZ. Isolation, characterization and diversity of

o e H AR PR

hydrocarbon-degrading bacteria in deep-sea sediments of
Indian Ocean[J]. Biotic Resources, 2017, 39(6): 423-433 (in
Chinese)

i, BV RE VE ORI DU A I R R R TR 2 B L S
52 HTI]. LEWBTIR, 2017, 39(6): 423-433

Hazen TC, Dubinsky EA, Desantis TZ, et al. Deep-sea oil
plume enriches indigenous oil-degrading bacteria[J]. Science,

HRSRIE.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

2010, 330(6001): 204-208

Barnes MR, Duetz WA, Williams PA. A 3-(3-hydroxyphenyl)
propionic acid catabolic pathway in Rhodococcus globerulus
PWD1: cloning and characterization of the hpp operon[J]. Journal
of Bacteriology, 1997, 179(19): 6145-6153

Karmakar B, Vohra RM, Nandanwar H, et al. Rapid degradation
of ferulic acid via 4-vinylguaiacol and vanillin by a newly
isolated strain of Bacillus coagulans[J]. Journal of Biotechnology,
2000, 80(3): 195-202

Chen HP, Chow M, Liu CC, et al. Vanillin catabolism in
Rhodococcus jostii  RHAI1[J]. Applied and Environmental
Microbiology, 2012, 78(2): 586-588

Xie CX, Sun JZ, Li CL, et al. Exploring the lignin degradation by
bacteria[J]. Microbiology China, 2015, 42(6): 1122-1132 (in
Chinese)

R, IhEER, ARk, % BV AR
A AT, 2015, 42(6): 1122-1132

Shao ZZ. Catalogue of China Microbial
Collections[M]. Beijing: Chemical Industry Press, 2010 (in
Chinese)

AR, v g PR i R B SR M. B
itk 2010

Liang Z, Zhang DH, Wang M, et al. Distribution of lignin in
the surface sediments of the mud area in East China Sea and its

EN 0L /Phe i

Marine

fh2f Tl

implication for tracing terrigenous organic matter[J]. Marine
Environmental Science, 2014, 33(4): 509-513,530 (in Chinese)

BT, SRR, EEL F KRBV IX T RBUR M50 A IR
R HAG R E XL [T]. W RN, 2014, 33(4): 509-513,530

Zhang T. Sedimentary records of lignin in Yellow Sea and
East China Sea and the application to the study of fate of
terrestrial organic carbon and environmental changes[D].

Qingdao: Doctoral Dissertation of Ocean University of China,
2012 (in Chinese)

Tl B ARIEARBTRTIBUC 3 M HAERRIA HLI7R BRI
WA R RN H[D]. F & R EE R LA
2012

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



