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Abstract: [Background] Polycyclic aromatic hydrocarbons (PAHs) are highly toxic organic contaminants
which are widely spread in the marine environment, especially in the coastal environment. As an important
component of the coastal environment, seagrass ecosystems are under serious degradation status because of
the effect of artificial activities including environmental pollutions. Microbial bioremediation has many
advantages, such as cost-effective and environmentally friendly without secondary pollutions, and becomes
the important way to restore PAHs-contaminated environments. [Objective] This study aimed to explore the
feasibility of microbial remediation of PAHs-contaminants in seagrass ecosystems. Seagrass sediment from
Daya Bay in Shenzhen City has been collected to isolate the effective PAHs-degrading bacterium, and the
degrading characteristics of the strain have been analyzed. [Methods] The PAHs-degrading bacterium was
isolated by phenanthrene as the sole carbon source, and the morphological observations, physiological and
biochemical experiments and 16S rRNA gene sequences molecular analysis had been conducted for its
identification. In the meanwhile, nid4 gene, a functional gene for PAHs degradation, was amplified from the
strain by specific primer. Finally, we used incubation experiments to analyze the strain’s degradation
characteristics. [Results] A highly effective phenanthrene-degrading strain SCSIO 43702 was isolated and
identified as a potentially novel species of the genus Roseovarius, and nidA gene was successfully amplified
from Roseovarius SCSIO 43702. The result of incubation experiments showed that Roseovarius SCSIO
43702 could degrade 96% phenanthrene (100 mg/L) within ten days, and its optimal degrading conditions
were as follows: the temperature at 30 °C, pH value at 7.5 or 8.0, salinity at 3%. [Conclusion] The bacterium
Roseovarius SCSIO 43702 has high phenanthrene-degrading ability and environmental adaptability, these
characteristics indicate the bacterium has great potential to be developed as microbial agents for PAHs
bioremediation. All these findings in this study provide a theoretical basis and available microbial resource
for bioremediation of PAHs-contaminants in the seagrass ecosystem.

Keywords: polycyclic aromatic hydrocarbons (PAHs), seagrass ecosystem, PAHs-degrading bacteria, nidA4
gene
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nid-revl 0.2 umol/L, BSA (20 mg/mL) 1 pL, #Ax
DNA 1 uL, i ddH,O #h% 25 uL; % 2 % PCR:
Ex Tag Premix 12.5 pL, nid-for 0.2 pmol/L, nid-rev2
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i 1 mol/L iy HCI K NaOH A7
CFMM Ki =30 pHAE N 5.5, 6.0, 6.5, 7.0, 7.5,
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Figure 1 Scanning electron microscope graph of Roseovarius
SCSIO 43702 (40 000x)
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JPAN L HEAE E NCBI Bda T, 565 MWO018357,

M CRGE 1 nidd 3L R 5] 9 %F B B AT T
SCSIO 43702 #4170 PCR P #4HMF, R T
24 300 bp Y nidA like JEH T, %FHIC LR
NCBI $la%E, %558 MW034583, fliH] NCBI

BHR X2 A AT AR FEXT, G5 R EOR X
T K -5 08 50 BUFF B (Mycobacterium - gilvum) T g
BB 11 nidA ZER AR 93.13%. {#F MEGA 7.0
TR LR R T ECRAT 1R SCSIO 43702 [ nidA like
L 15 NCBI s AT 31 — A i R 52
REM, 2R ILE 3,

2.2 HEHRXIERIPERRGFIE

FHLFFE SCSIO 43702 7EL 100 mg/L 3E A
—BRIR A CFMM 1532 IEA0 2161 15 373w ik A K il
LR 4 Fs .

WX R RRAELL 100 mg/L JE Ry ME—RRIEAY
FEFRHR 2161 A AR K4k, ATRIE
HHAT B SCSIO 43702 7E 2 Fldf B i AE K Hh 46
e B 25 . TEEFRFTEM 2161 Higidth, |
PRZtid 24 h AEN G KRR EEE, JF7ERR
56 h JEiSBI A KB MIEE, SRR &
W, ARKEIARE T E . AL 100 mg/L JE
SIE—BRUE Y CFMM ¥53: 5L, 76T 48 h k5 RnT
&), BT SCSIO 43702 A4 KR 23 T i
FIHIRIVER, 55320 ODgoo (AT T FE8: T
48 h &, HEFRURIY ODgoo (EE WA TEE , FIEIX
PIRATISRTCIE R AR K B . 2 SRz R
BT 100 mg/L GEXTECERAT IR SCSIO 43702 4=
KB HAT B PR

Roseovarius pacificus strain 81-2 (NR043564)

63

—

96
40 ﬂovarius halotolerans strain HI50 (NR116320)

Roseovarius aestuariivivens strain GHTF-24 (NR156045)
Roseovarius indicus strain B108 (NR108232)

Roseovarius confluentis strain SAG6 (NR156091)

SCSIO 43702 (MWO018357)

Roseovarius nubinhibens strain ISM (NR028728)

99 Roseovarius aestuarii strain USC61 (HQ441227)

—_
0.005

B2 IIRATE SCSIO 43702 SHEXEMRET 16S rRNA EEFIIMEZ I RFL B
Figure 2 The phylogenetic tree based on 16S rRNA gene sequences of Roseovarius SCSIO 43702 and other related strains
I S P S RAXERMNERS, 45308 BT Bootstrap LR, ARRZIEE 0.005 2751 25 70453 3K B2

Note: The numbers in parentheses are accession numbers of related strains, the numbers in each branch points are percentages supported

by bootstrap, bar=0.005 is nucleotide divergence
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F1 HIRATE SCSIO 43702 5 Roseovarius confluentis
SAG6" BIER 7 4 3B 4 1k R 7 45 Rt b
Table 1 Comparison of the partial physiological and
biochemical reaction results between Roseovarius SCSIO
43702 and Roseovarius confluentis SAG6"

FFAIE Roseovarius ~ Roseovarius

Characteristics SCSIO 43702  confluentis SAG6"

TERIF - -

Starch utilization

2B A + +

Glucose utilization

FUF - -

Galactose utilization

B vl - +

Maltose utilization

HEE A + +

Mannitol utilization

AR KEY + ND

Rhamnose-monohydrate

A AL A = ND

H,S production

fi R £h3d Jit + +

Nitrate reduction

A 1 TR = ND

Protease activity

R JC Rt 1P + -

Gelatinase activity

L- AN AR - -

L-phenylalanin

V-P 5256 - ND

Vogouse proskaure test
e o+ BHYE; - BHE; ND: Lk

Note: +: Positive; —: Negative; ND: Unable to determine

Mycobacterium flavescens strain PYR-GCK (AF548343)
Mycobacterium gilvum (EU872100)
Diaphorobacter sp. KOTLB clone 1 (FJ032196)
Novosphingobium sp. PCY (JX105351)
Stenotrophomonas sp. IITR87 (KM379097)
Mycobacterium gilvum strain BB1 (AF548347)
————SCSIO 43702 (MW034583)
0.005

3 BT E SCSIO 43702 51HXE K E T nidA like
ERFIHENRGTAER

Figure 3 The phylogenetic tree based on nidA like gene
sequences of Roseovarius SCSIO 43702 and other related
strains

0 S HF S RMEHERNERS, 38 BT R
Bootstrap X FpR, FrRZIEE 0.005 &7 5125 71040 SO K
Note: The numbers in parentheses are accession numbers of
related strains, the numbers in each branch points are percentages
supported by bootstrap, bar=0.005 is nucleotide divergence

—e—216L

sk CFMM+100 mg/L phenanthrene
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4 HIATHE SCSIO 43702 £ 216L EFEFEH
100 mg/L 3EHY CFMM 127 2 a4 Kl 4

Figure 4 The growth curve of Roseovarius SCSIO 43702
in 216L medium and CFMM medium with 100 mg/L
phenanthrene
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DI BE Ry 728 i 3G 5 SR A5 S A&l 5 P o 7R
Kigk 5 d 110 d BSEEediH, 25, 30 F1 35 °C 5K
55 41 1 S 1 5 fi o3 B i v () L A 3 R S 06
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Figure 5 Effect of temperature on phenanthrene
degradation by Roseovarius SCSIO 43702
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A REfRA, b, 5555 10 d 19 30 °C SEIR 4L
13- o R BN 78% , 2490 TR ) SR AR A R 15%
(40 °C SZIRZH)Y S 8. AR g 3210
822 R TR BEXTBORM A SCSIO 43702 1E
3% 5 d (P<0.05)F1 10 d (P<0.001)1) 3 ) [ it BE
A4S EENRZ, A, 5555 10 d BSEEdl
e 10 A i 20 1 (R B0 B AL A T R R i i
BT SCSIO 43702 HAT7E 20-40 °C ixX—
D[] rf R E A i

DL pH A8 AR SR LI 45 A&l 6 Fros . 16
3R 5 d SR, AN pH (5250 4 i SERE AR
R AIEAE 3 125 57, DR R T S 36 21 P JE R ik
A, pH . 5.5 F1 6.0 1A 52021 1) R i R Bl [ 44
(1R XoF RE L 3 iR 23 (5 %) 5 1T v B P 552 30 2 Py FE R i e
i, BRI pH M 7.0 IOSEIR4(78%), X
— P T pH AT 5% 5 d IEIEATE SCSIO
43702 (M EREARRE 1 HAT B3 BRI (P<0.01), R
M, ¥57% 10 d MERA Bon, fmiatERsRscgia
(18 = 3 ik 3 A AL [T 09 114 s P S B0 2, B34 11
SRR GE R (P>0.05)% 8 pH {EXTHFF 10 d
BT SCSIO 43702 HYFEFEMREE A EHA B
FIR; [FE, K53 10 d pSERgH SRR

[ 12d
100r BS54
210
80 ]
S
8
s 60r |
= 7
o
20T
A 7
2 L
0 Z
5.5

6 pH EXKIAFE SCSIO 43702 [ ARIERIS N
Figure 6 Effect of pH on phenanthrene degradation by
Roseovarius SCSIO 43702

BIRT 70% Iz = T [FHA X B2 i JE R A 23220
10%), Hrfr, S HERE 202 pH (H°h 8.0 540
41 Y T B 1 2 (96%) , X Ut I ECBLFF I SCSIO
43702 HAATE pH {HN 5.5-8.5 (1) [X [a] o i 2%l it
FERIE 1 -

DAER BE R A0 i 97 S B 45 R AN KL 7 iR o 78
K% 5 d WSEEed b, BRECIHF T SCSIO 43702 1E
EREER 15% 85 35 554 T X JE I B A e 422 30 ] 44
X REZE (R R A1, LAt B S 0 4 A JE R A
B XA, ARz AR ZFAKR, B
EERIN S5 R (P>0.05) B R R BEXTE IR S d EEE
FFE SCSIO 43702 HYEREfRRE I AN HAT 1B 3 105
Wi, SR, BCBAT A SCSIO 43702 7E15 9% 10d )5,
AT £ FE b 3R ) FE R AR 2 1R A TR Y 2 5
BN 1% . 3% 6% Y 52 56 41 Y JE R R R
(76%—86% )37t fr T I Athy 52 35 20 1 xof B 4 i) I R At
RAKTF 25%), Ho, BAT AR R 86%)M
& 3% R AL IR SR AL . R i 2 U
TEJEXTHEFE 10 d FYBERFTE SCSIO 43702 13E
R ik e 1 2 35 B2 (P<0.001), B 1%
HARAEMSTESREE 1% . 3%F1 6% 4511 T v R e
i dE
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Figure 7 Effect of salinity on phenanthrene degradation
by Roseovarius SCSIO 43702
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3 WikE4w

AHIFE LLFE Ry ME— B 5, RN T R0 V5 1) =
L% (Halophila ovalis)i R0 RITTFRPIAE i b & AR 1
FEHA e H— RN SCSIO 43702, MWL H bk TIE
BEMEE . ARSI R oy LE YR R 2 A 2
W 45 R 16S tRNA JE[R 77515 EzBioCloud
B BB AS 4 TR J&  Roseovarius confluentis
SAG6" (NR15609 1) FFBIAHLLEE Ay 95.58%, ifif L
2 RS e AR LT A AR PRAE A RO 5 IR —
225, IS R R B AT T & (Roseovarius)
IV TE BT I o B AT TR R I A D UL T 52 230 05 &
SR, R E ML —,
AV 5 T4 112 PCR-DGGE J5ik
TG & ERE S T R TV 2 B R
ALY, FREHL, Lai ZEAHEMIELE LR LR
J7 K WTR A W DN B VE TR Vg 7K v A3 24 75 31— bk
AT B 3T Roseovarius indicus® , Gutierrez
S DLFE by i — Btk M DA 22 DR 2 R TR Ui AR )
PRAE it v 3 5t — MR EBCR AT R B HT A Roseovarius
sp. strain MCTG156(2b)>*!, 3 SERIF57 42 18 76 41 1
Tk R B T ARG Ay B A B ) BOR AT I
SCSIO 43702 HATREffR 2 305 2T 1

07 7 PR R AL AU 44 i (Ring-Hydroxylating
Dioxygenases) e 2l 5 7F A A IR T B fif 2 8 05 1@
(1) S FHE A , 2 F PR 1 3 B AR A s XU 4R T 2 i 1Y)
ZH MR, Hdr, RugBUmE R K o WA
/N B EIEFFLE R, T nidA FEHFN nidB D455
2 G T AR i DU AU () R o0 SIEJE AN B JE (Y
R30I 5EAdi F Zhou 25 it nidA 514, 3
1 1 BORFF IS SCSIO 43702 (14 nidA like K [H P,
Ho X255 B, BOAT R SCSIO 43702 11 nidA like
LR 91 5 54 8 0 AT T8l (Mycobacterium - gilvum)
Wk BB1 (4 nidd J¥AARIEN 93.13%, Wk
BB1 J&Hi Boldrin 55 M USSR £ BORE i o 43 8
M, WFEEaER BBl EA G AN 4 Bl AR
Rl . G LZIITRMEE T, BT SCSIO

43702 1) nidA like JER LY 3, 1200 FLEW2
KAV FUESE TR R i 22 IR 05 ARV T .

ARWFFE ST A E T LR . pH R A8 it
(XSRS, [FIEH & T EBOAT R SCSIO 43702
1E 216L HiFRIEALL 100 mg/L FE K ME—FRIE K
CFMM Hige B A K i 4, I TARIOZ RS
WIHEE 100 mg/L JERYREMERATE . A &4 R
R, BOFFEE SCSIO 43702 7EL4 100 mg/L 3EH
ME—BRJE ) CFMM 3535 5:(pH & 7.0)Th Ay A=+ 3
I AR T HAE 2161 FiFR A iy A KR [AlkE
b, 7£ Kafilzadeh ZE 5, —#k Bacillus cereus
WPk Z4B-11 REFERE IR 7 d Ja XIS 500 mg/L E
(IR fERIRE] 50%, (HMB IR R p iy JEH EE 1R
1 21 800 mg/L A, LA | B 37 3] T AR K0
Bi 3% 7 d BRI ODgoo (HARZAE T 0.2 LITF P,
AR 100 mg/L FETCIEMHEAT I SCSIO 43702 K
ARSI, (HRFZELL pH W28 5 i EE IR S50 1
gEREH], BPUATE SCSIO 43702 7E pH 4y 7.0 1Y
S RS SR 120 h 1240 h S %5 100 mg/L FERFE
fEFRIRE] T T8% N 82%. 44 iR IRsl K.
BARBPUATE SCSIO 43702 7E5 4 100 mg/L JEAY
CFMM 1537 %(pH o 7.0) P JCIA R AE K 5500, B
S HADRE M R R R R g EE I LA4ERR H
B KSR s, Ak, AT R, JEE
T AR PR R R A% A R — SRR AR A 2-FR 5
KRR B-EA b R SE A RIS s
[0 7 SO (S P/NT €1 o S T T D RGBS S
KA, HR AT AR BT A SCSIO 43702
XF HE B B A R A TR P AR BRI (R R S AR S A £
SLE AR IR

TERTA 3RS0, BORMTE SCSIO 43702
TEREFR 2 d IS SR R R AR 3815 ] B X BRZH A 3 e o0
AT, PR ZE R (P>0.05) 878 2 d IR FRES
) % O AF B SCSIO 43702 FEMRIERIBE I A BAY
I RZ I 1 XSG 1 S R AT R %
PR TR TR IR R 48 hrp, IR
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FHAR B IS Sk A4 38 Y, G
Dom A AR E, I S 305 5% 2 d LA aER
R Ak 228 2 A0 ) 1R Xo) R AL 1) R i 46

DA BE SRy 728 1 1 S B 45 SR B W TG R
5 dF110 d Y ECBLFF I SCSIO 43702 FEf#IE 1 RE
HA RFER . BAE SCSIO 43702 wsif%
fIE IR X ] 2 25-35 °C, Hidr, 30 °C Ryt
FEFRILE (BE 3R 10 d HIREFREN 78%). 7E Huang
S Xu ZE 5T Y, — Bk Rhizobium J& Btk SL-11%
1 Delftia J&EHE FM6-1. Achromobacter J& kK
FMS-1"#R7E 25-35 °C YL IX A1 %) 3 HAT # 5
(REMRRE ST o [MIAEHL, 7E Lin 584> 254309 Bacillus
Susiformis WAE Ty IR EE DX [A] X% 2877 A5 B =y R
BRI, Leahy 253238 A48 H RS (O T35 RERS 1R 7
Z2 IR 05 Ja 1) A W ) 3R R 22 A D s o e it ) T
P, TR R AE R RR AR Y M, R TE T
PN N Aeribacillus J& itk SL-1"VF1 Geobacillus
JEEE A2 m R P 2 IR AR B
IR AERERFRE T, ABESE R BOAT I SCSIO 43702
VE WG IR AN TR, HAER SR BE R 3] 40 °C WXFHER)
R 2 R A, (A — O AEREfRRE T, 1A
T IR RO IR B A AR A HA — R IS N RE T -

TELL pH NS RS20 Mg S|, pH {EZ%)
Bi 3% 5 d BT SCSIO 43702 (1 AR BE F1 7
A VRS, b AR S e 41 Hh R R 3
= TOmERYE S0 4 . [, Huang SEBFFHR)
Rhizobium petrolearium itk SL-1*1, Wang Z£HF5¢
H1 (%) Diaphorobacter itk YM-6*7 | RFa4:0F 5% rh
(¥) Rhodococcus Btk UMBR 00201 FIAt £ #5254
FEHI Pseudomonas HEHE X207 7E itk 15 57
SR R ELAT B Y AR L 7E Wong 2P0 3R
B, Bk BU-3 (Burkholderia cocovenenans)TER
PRI FAF(pPHAE A 5.5) T X FE 1) B3 A 28t B 2 1%
THAE P RS TR 50E T WRE R, AT TIA a8 X
A BG I DR AT R 2 JE B R A ) (&R R — H
R . R LASIR ) SR FRIR R PN pH H,

I TR R TE BR T A5 14 T X HE M R f e ) & 2 81—
A, ARZAE Y BB AT TR SCSIO 43702 £
K38 10 d 5, pH (B ILREMAER AR T HIA 7 A
FRIF T T SR A A R R A
X — IR R TIZFE AT R R PR
RPN )36 N B8 )1 I REAE pH {HR 5.5-8.5 X —IX
(B X JE SR T R R R A

FEVLER B AR R S BN, R X R R
5d BBCAFE SCSIO 43702 (IIEME AR fE IR BA
MR RS R 3% 10 d i BERFF I SCSIo
43702 W EREfRRE 1 7= A B35 2 . [RI A b, Badejo
R BL, —BRATE T2 Tl 5 Y AT 13 X AR
Y0 43 K FF 1 & (Mycobacterium) H Bk PYR-GCK
PR BERARRL, #RAEEREE 7 0-1 mol/L (&
k- 0—6% 51 2 435503 BBl M 6 2 38 05 S v B R AT
(R P 78 Huang 2592180 Xu MR 50,
NI A B AR B Rhizobium TARE SL-1 il
Delftia TRk FM6-1 ARTEER BE 55 T 4% )5 % JE 1 P £
(AT A (DO B: I N e Sl - R EE7 N
FIBCBATIE SCSIO 43702 7E A% IE Ay T2 b fr 26
B 0 R ol ELAT R R i b RV R
HO TS YA T A B = T .

25 LTk, AR ST DA [ RN T I ) -k
Hi(Halophila ovalis){TLERY) 73 845 B — PR IERE i
FPE SCSIO 43702, LIEASFMER | AR B 1L 5250
oy TFAEY2H N AT G, 558 R AR — R B
WP TR (Roseovarius)J& TS TERTIA , FFiE—2L4 3
AT WINEME nidd like JEH, 7E4FA P12k
- b B TR AR AT B R 2 IR O05 AR T .

AHIFSEIE 2 55 R SRS T BORAF I SCSIO
43702 XFAEMRESRRRE . LA R BN, KBk
T R SR AR R FE 100 mg/L 3ER S5 - (5535 10 d 5 1Y
MR E T 60%) M : HHE 25-35 °C, pH {H
5.5-8.5, R 1%6%; Horf, I5 il KEAR R B N
30 °C. FidFEf% pHAE K 7.5 F1 8.0 ol Mk
1 3%; HHEKRTE 10 d A8 7R S50 TPt 3E A s
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FEfRRA 96% . HEFRSLI A RRW] T BT
SCSIO 43702 13 45 = A3 1 S E R ik R ) AR R (1) PRI
EhNRE S, HA TR AT 20 RI5 Y
BEMHED AT, HEERESRSE D
2R3 8T G i A B S AR AL T B AR s A mT
FIFH A B 0 o
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