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Isolation, identification and degradation characteristics of a
PAHs-degrading bacteria from salt-alkaline soil
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Abstract: A predominant PAHs-degrading strain TJBS was isolated from PAHs-contaminated
salt-alkaline soil in Dagang Oilfield of Tianjin, which can use phenanthrene and pyrene as sole carbon
source for growth in the selective culture medium. Strain TIB5 was identified as Panfoea agglomerans
according to the results of morphology and the phyogenetical analyses of 16S rDNA sequence. The ef-
fect of initial concentration of phenanthrene and pyrene, inoculating pH and salinity on degradation ef-
ficiencies was investigated. The optimal degradations were determined. The results indicated that the
degrading characteristics of the strain were fine. More than 93.3% of phenanthrene and 20% of pyrene
in the medium were degraded in the liquid medium with 50 mg/L phenanthrene and pyrene, pH 6.8-9.5
and salinity ranging from 2% to 3% after 15 days at 30 °C.
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B 220 PG & R, AT 4 M IR A T &
BRI K, R FEEEASHEAMENS, S5
KA g Ehasfb, 38 E 0k - AL R
9.9x10 hm’™, F-A5 Ok 4 2 19 A HLTS Yl i 45
Fpag 2t A bl 38, (75 30 A L& & T R%,
VY H A, o, R B R BT R i A K Y
HYYIG T A EAJEGS, BuFEERE TS
D RS E R K I MERE A LTS e N 2 3855
$2(PAHs). PAHs J&—2K) {2 /0 i THEE & A 2
Ak 2 AN REA E IS, HEA
Tk L O KRR AR 1R Y, n]aE s A R
YIEE L8, 4 A EREE T M ft B i iR K S8
F, Hkz )z oemEt,

A VIR R A R 2BRIFEE T PAHs B E 2
whez 7, SEAEsk, EPAMT PAHSs 16l 9 k%
i sE R, REREEERLYS PAHs [RIBFIFAEAMFT
WM PAHs MORUE R SR IRIAAR /DI, S |, 8
bR B 22 (AR B+ 52 3] PAHs (175 40,
T R BRI E L e L B RV il R e A T
KA PAHs 75 45008 - 58 . PRI, TR e AR U8 1E
AR S R AR PAHs MUY, ELA IR
TR

AR SCARLIE o B AR R, A R R U il b X
PAHs K75 Jedh il 1 e PAHs A e 25 R il
W, AT IR AR RR T, M EROK 138 PAHs K5
YLy (0 AR A 2 AR U R e Rk 2 R A0

1 MRS

1.1 kel

.11 KT8 R E PAHs 15 43R)Z
(0-10 cm) MR L A3, o 1 mm 0, HA B EH4EH,
BT, 4 °C KA ORAT o FEARHEME T A LR 0.73%,
iR FE 2.28%, pH 8.6, PAHs i 221.17 pg/g.

1.1.2 B3 E: (1) WK IHLER B 35 3% ()"
(NH,),S0, 1, K,HPO, 0.8, KH,PO, 0.2, MgSO,-7H,0
0.2, CaCl2H,0 0.1, NaCl 20 HI % & ¢t &

[FeSO47H,0 0.012, MnSO47H,0 0.003, ZnSO4 7H,0
0.003, CoSO47H,O0 0.001, (NH4)¢Mo;0,4-4H,0
0.001], 1777 pH 8.6,

(2) 3. WA TCHLER R IR JE . NI
BeA 5 g/L BBk, 0.22 pm A AL 8 B4k 0% K 1 45 1,
FEIE 4 10 T BE A IR IR AR TCHLER B 37 3k

(3) LB B 5L (g/L): BEE A 10, BERHR
¥ 5, NaCl 20, BHfE#; 20, pH 8.6,

1.1.3  Zhdm: JE(LERT 90%) M (i) KT
97%), W H Fluka A w); @AW Be(rAral), Pl
Mrat), W EBE(EISA), JoKmRRMGrHral), ¥ A
RHEREBHEA A . KRN D Ey T 3 h
(400 °C), ¥ A5 TR deh & .

1.2 RWHE

1.2.1 MEBENFES b FREE R S g
A 45 mL DUAE B8 R R PR AR O AL ER By g Sk v, 2R
— R EAERSRAE . AR 50 mg/L, 30 °C fHiR
FEIK 150 v/min &S 7 d, BHUE LR WL
10% AT L 42 A 45 mL DLIE . 8 R BR IR B9 14
Tl R, T E R, LEE 41k, B
Pe—wk, JE. HEEREERE 50 mg/L, R IR
0.1 mL }5 SR WM B[Rl B8 BE IR A T LB A 57 4L,
T 30 °C HIRAHREIE 48 h, PREUEA RFIES
FRAE A RV, B B Al Ak Y SRR v R A E
e IR TCHLER B AR, 8 A K B A R
FERAE 0T 5 1 K o

122 EMBEE: A% Ak msF
AW 3 T AR R T S o T R
WERRIRTE A . s FEW2- %k 16S tDNA 4
IR FF 20 0 B AR A R 8 ke A W SR R 2645 31
R A R PR R Vs, PRI TR VR 64T PCR 973, 514:
51 ¥ 27F (5-AGAGTTTGATCMTGGCTCA
G-3RI iiF5149 1492R (5-TACGGHTACCTTGTT
ACGACTT-3"), PCR JZJii 5 4: 94 °C 5 min; 94 °C
1 min, 55 °C 1 min, 72 °C 2 min, 35 ME¥; 72 °C
10 min. JFREWHEER LUK . PCR = Hy I T
YR B TAY TERBEARRSARA A EMR. )
#0020 % 8 T I v R — 2B
A A

123 EHRERMERNE: BUEK 24 h IWER,
PL10% (V/V)R3ph i A 3055 100 mL LB AR
FRHEEM 250 mL HEIEREH T, RERE— Bt AL — &
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HHEW, KA UNICO™ 7200 I WL2» 6 B iH7E
600 nm YK T ME WG RE, 23O R 5 5 3R ) ]
PN

1.2.4 BEHRITIE. EERIPEMREFME: (1) WEWMH
£ IO TR R AREER T LB WK SR,
30 °C F 150 r/min JR % 4557 24 h, B.OUCERIER, I
FHBER R 2 b R S kA 3 IR, PRI R £ 22 v ik
BB E ODge=0.8-1.0 % FH o

(2) pH X HE. EEREMACEIIREN: K 10%0 15
BN 30 mL ARTCHLER G AR 3 R 2%,
3E. #4& 50 mg/L), T pH 4350k 5.3, 6.8, 7.7,
8.6, 9.5, 11.3, 30°C F 150 r /min 3% 53% 15 d,
BURE A G R 5 E L sk VR, R bR 3
NEE,

(3) FRUREEXSIE | EERFMRBCR IR 7F pH 8.6
B, TR AR TR B R S SRR EE 230 R 0L 1%
2%. 3%. 5%. 10%. JE. B LIEF R L.

(4) FE . EWIIRRFEXTFEARIE . EEBOR 5
AR TCHLER B R 3L i A SE | BB TR R 1 E
FEHEEEAY M 25, 50 F1 75 mg/L, R L.

(5) W aE BRI S T R
A 10 mL & F 4%, 180 r/min [EIRIRY 5 min, {3
A 100 mL 4=}, §E S min, ¥ T )2AHLAH
ZIOKBRRRENBIK, TE AR 3 K IR IR,
H— B 0.22 pm A HLIERE LM, AT,
1 mL HPEEAE 25 R A S A80BAH (3% 75 (Agilent-1200
R RCRAH SO E o @I 2R ESEO: i
A 100% I EE; FEk: 0.8 mL/min; VWD i3
2 254 nm; HEAATREE: 35 °C; gEFERE: 10 pL, JE.
FE R ISR 101.7%+2.6%F1 98%+2.0%

2 BR54W

2.1 EMEE

2k e, AR —RDAE . EOREIEA K
P, 448 TIBS. 78 LB [EMAkR: R 5E L akf7 A4 3
ALK 25 RN R GT, FEAEMEE, O, WA
B FLRERBE IR, AR AARERE . Ik
5. MERRIAE . DE BRI . R PUK

http://journals.im.ac.cn/wswxtbcn

RIS I, AR . MR I RHYE o BT
T, TIBS 24 1k, K/N0.5-1.0) pmx(1.0-3.0) pm,
WLE 1. #£ LB B{EFA L, WiERE, &6, %
e, RN, e, HAZ 1.5 mm, WK 2,

16S rDNA 175 E 155 1 438 bp, K345 1)
Bk TIB5 9y 16S rDNA M F 5 {E GenBank
BLAST i#FATRIVEE LT, 455K, TIBS HitkS
Pantoea agglomerans Z2 A~ TR AR 3 TR I 901 () 5 1 s
F]'T 99%., i+ MEGA 4.0 il Clastal X1.83 4K {F#4
HRG K EW, KH Neighbor-Joining 17 R Gt &
B4 R L 3,

RGP TIBS JEASFE . ABALTI AR
GEBEMESE, WTHERKE TIBS Az #

(Pantoea agglomeran).

E1 HAEEFEMETEK TIBS F7E5(x4 500)
Fig. 1 The morphous of strain TJB5 obtained by SEM
(x4 500)

B2 E#k TIBS BEE4FE
Fig. 2 The colony characteristic of strain TIJBS
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Pantoea agglomerans MM2 (DQ307453)
Pantoea sp. An4d-1 (AB244440)
|Pantoea agglomerans PGHL23-15 (EU130700)

41|70 Pantoea agglomerans PGHLT4 (EF050806)

100

oS

TIBS

43

100
49

D ntno s aorolais o
1 anioea aggiomeraris

1ICUUICG oaclitriur

Pantoea agglomerans CUETMS8553 (FJ357814)

TNMONEEN (7060Q72)
LIVIT 200U (£L70U65)

89 ,_— Uncultured bacterium TX4CB_114 (FJ152983)

Uncultured bacterium TX4CB_72 (FJ152941)

— Uncultured bacterium TX4CR 20 (FJ152808)

LAAUD 4T 1'0132575%)

Pantoea agglomerans EV2 (FM202484)

|~ Pantoea agglomerans 6R-J-To (EU379306)
Pantoea sp. PSSAA (FJ611849)
Pantoea sp. EM486 (FJ611847)

Uncultured Citrobacter sp. (GQ417906)

Erwinia psidii LMG 7034 (Z96085)

i

Erwinia amylovora EA323 (FJ594365)

47"

0.005

Enterobacter sakazakii ES31 (EU675663)

3 E# TIBS ARG A B M
Fig. 3 Phylogenetic tree of strain TJBS
TE: Ar SR B N R E (%); 55 T HYF 5 GenBank B R v i85k 5.

Note: The data at branchpoint are cluster analysis confidence (%). The serial numbers in bracket are accession number in GenBank database.

2.2 PEMEMAERLZ
22 BRIk TIBS 19 52 h PZE K4k, WA 4, T
DIFH: 76 0-9 h, ML TREW, WikERE
PAZENS; #F 10-28 h, ZREARA T XECE KW, wik
KB, EREEEZEW I, 15 28-37 h, Z Wtk
I FARREM; 76 37 hJa, WRAREA T,
P, 7R s2gh i A2 b DA K 24 h b T gvE &
0 TR AR R R TR 52
2.3 pH XFE. EEREEMENEMN

WMk TIBS XIE. M EAK)Z1 pH
W, fEIE. WS 50 mg/L, EHWKE 2%,

o

.

1.6 r
1.4 r
12 1
1.0 r
0.8 r
06 T
04 r

02 AJ

0 —e
0 10

ODy

20 30

t(h)

4 E¥E TIBS BE K
Fig. 4 Growth curve of strain TJBS

40 50 60

pH 5.3-11.3 MVRIRSAES, BkE TIBS XF3E. tE#D
A —E BRI 5). pH 6.8-9.5 B JE Y B A %
TE 15 dik 3 93.3%LA I, EERYRE MR 5 9E LRI,
pH 6.8 B EERE i Fd5 = N 56.5%. 45 R %& M pH 6.8
BF, Btk TIBS X 9E . HEREMSCRRIE. X552
WFR 45 B AL, 40 TE % PAHS FYFE# I & pH Ry
PECI SR EIAF AR AN, bR TIBS X3k B
ffEJRTE 2%FR VR 30 25 ik, Y pH FHE 9.5
INFRR TIBS XFHE . EEREAR AN 93.3%F1 20.1%, 1E
B BT T ae 250 T HE . BB R R AR LA R i
i 32 Pk

120 - O Phenanthrene
a b b b
100+ - T O Pyrene
§
° 80
= a
= =
° 60 c
g 40 |
E) bc b b c d
| 1
0 1 1 1 1 1 J
53 6.8 7.7 86 935 1.3

pH

5 IEIERAILE pH X TIBS H KPR ESIE I
Fig. 5 Effect of intial pH of medium on degrading effi-
ciency of TIBS
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2.4 EREXIE. ERERSERMER

WPk TIBS XfdE. EEREMEAR IZ MR
FI(E 6). Kl 6 W/RERMEREE 2%-3%M X 3E . tEFE A7
REFE NN 95.6%H 25.6% . 93.9%F 20.1%
(P<0.05), EhHeREE 0-3%Intxof 35 1Y [ fi I b & 1k 25
5, 430N 94.3%.94.5% ., 95.7 Fil 93.9%(P<0.05).
Dariush ZE/PHRGELE R pH 45040 F — i #5 B B 1
1%Eh Wk B 550 T % PAHs [ K 35%, T Bk
TIBS FEER W TL 2 S%EFXTHE | R RN 81.5%
F1 21.7%, 10%H B AR 45.2%F1 6.3%. MITTIEH]
B PE TIBS J&— Atk AR SRR R . P g R .

120 O Phenanthrene O Pyrene
a
100 f 2 a a
S 0o Nl
< 80 ""I
8
SN
o ovU r (o]
g 40
E | K a . ab |_L|
o b ab a
* i B
O L| 1 1 1 1 1 J
0 1 2 3 5 10
NaCl (%)

6 IEFFIBRANIAEIKE X TIBS B KBS R BRI M
Fig. 6 Effect of intial NaCl of medium on degrading effi-
ciency of TJBS

2.5 FE. EEVIRAVKEE X PERRSIER B9S2 M

WIPE TIBS #¢ 10%E:F0 2I3E . BRIl 25,
50. 75 mg/L MR TCHLER G IR 56, 15 d JE . &
AR 100%F1 72.9% ., 95.6 Fl 21.6%. 62.3%
19.0%(Kl 7). 45 KK, FEWE 50 mg/L B TIBS

120 O Phenanthrene O Pyrene
~ 100 r —
X
> 80
5
o 60
2
g 40 r
&

20

O 1 1 J
25 50 75

Initial concentration PAHs (mg/L)

7 BSRFERIAEREN TIBS BHKkMERIEEHZ N
Fig. 7 Effect of initial PAHs concentrations on the degra-
dation of phenanthrene and pyrene by TJBS
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W RO e g, BEAR AR RE 2Bk, X T EE Ok R,
25 mg/L X MNHRERGE A TIBS B4R K, a fE & PUER
MR R TR R R, RN L A R AR A 1, T s T H:
X TIBS BEREAIREPENE T, AT 52 0 2 R A 80 2R 3X
e A O B A 2 SR — B
3 g

AR S T A MBS PAHs IWHFST AR
Z 57687101 b a4 PAHs AYfHCE Y1E 5 F A
R DL HE,  H TR B A AR B — R R R
%A F PAHs M4 Y1162 BT 4, Tam 212
fRIE 3.5%ER Ve FE IO N TR SKY FEXTIE Y B fif 5
} 35.7%; Zhao ZEVorES L — BRI AR B g AR
Halophilic bacterial, 78 15%h ik )% 414 F % E K figt
2R 100%, Gerbeth %5718 B bk SK16 DU JE Xt A 4
fie N pH 9.8 11 10%$2 = 21| pH 8.5 BF¥ 100%. £ B
FERW, MIRHRE>3%, pH>9 I, AR Y
AR 2 52 BRI, 8 AR 8 52 4R ) W BRI,
R E R, BIAE R A 1 T YA Y B
PR T ICER M AT T, ot $h il A ik th S AR
T o T AS B 5 I 0 % R Ak TIBS 7E R Wk BE 2%,
pH 9.5 EhmdbE Z50F T XFHE . EEREAE I F] 93.3%
F121.7%, i B Ik i EL A AR 58 1 i 32 A o

ARG PAHs K 3175 Y Y £5 Bk 1 58 v fip s 1k
HH A SRR b R SRR ATV B TIBS, ANXBESRTAN
T W B I SRR IR B, T L BB R R PR 17 B
8, JFEA R PAHs FERERE ST, Wtk TIBS %k
BRI A& PAHSs 15 4% (0 1B A B R HoR
PEOUE TSR AW R IR . H A G A1z AR A PAHS
(R 5T [ AN A R WARGE, HFEf# PAHs AR IETE
=g,
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WRPIHEBRLTLE R KT
R PAT 55 B R A (O TR E S — AT THR AL A A ) BRE, THE BN MR S E K
HARWE R ZARH (UL ) GB3100-3102-93 AT BRALAF 53 B SCO/INE (IEAR), A S i/e Rl X 5 745
ST . B A TR TR A AT SN BIT, B EE S BT
WEl: HAH s /N by 438 ming B2 s SRR
W F mol/L, R M (GLorT# BE)FI N (Y i e ) S B S 3w

e B H t/min, N rpm.
757751 ] Pa B kPa. MPa %7K,
SR H ODERMA)ER

YR FIsr T8 A D kD, #ERF bp 5 kb FR .
P e B A B B W B RS R I ARMA, B FIER I RS 3L, #lan: ¢ (h) (RasmdE],

BN/ o HTRE BT AN TR RO RE R I, BRECE Z I — 2 A% (%BRA1), BN 20 em*0.3 cm,
ANBES L 20%0.3 cm; 3 °C=5 °C ANATE |, 3-5 °C; 3%—6% A Al 5 1, 3-6%55 .
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