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Isolation of an Effective Benzo[ a | pyrene Degrading Strain and Its Degradation

Characteristics

CAI Han', YIN Hua®’, YE Jin-shao', CHANG Jing-jing', PENG Hui', ZHANG Na', HE Bao-yan'

(1. Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation of Guangdong Higher Education Institutes, Department of
Environmental Engineering, Jinan University, Guangzhou 510632, China; 2. College of Environmental Science and Engineering, South
China University of Technology, Guangzhou 510006, China; 3. The Key Laboratory of Pollution Control and Ecosystem Restoration in
Industry Clusters, Ministry of Education,Guangzhou 510006, China)

Abstract: A strain which could utilize BaP as a sole carbon and energy source and efficiently degrade benzo[ a] pyrene (BaP) was
isolated from the contaminated sediments of Guiyu, Guangdong province, China. The strain was identified as Brevibacillus brevis based
on physiological and biochemical experiments together with 16S TRNA sequence analysis. The experimental results showed that the
biodegradation rate of BaP by B. brevis in 7 days was 51.35% . The study also demonstrated that pH, temperature, bacterial dosage,
initial concentration of BaP and processing time were important factors for BaP degradation. B. brevis could tolerate wide pH and
temperature ranges, from 2 to 12°C and 25 to 40°C , respectively. The optimum condition for BaP degradation was pH 7 and 25°C.
With the increase of B. brevis inoculation amount, the degradation efficacy displayed an initial increasing trend and then came to a
plateau. And the increase of BaP concentration led to the enhancement of BaP degradation. Addition of salicylic, succinate and
phthalate showed no obvious positive effect on BaP biodegradation. After degradation of BaP, the surface of B. brevis was wrinkled,
and became depressed and deformed over time.

Key words ; benzo[ a] pyrene; Brevibacillus brevis; screening; biodegradation; characteristics
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1L1.2 A2t

3,4-FF[a] 6, H I (EAikal) 3K F Sigma-
Aldrich A F] (St. Louis, MO, USA); & W& (4
Bra) WSk F R E T E TR A TA AR, Ha
B ST T IR0
1.1.3 ki

FREEAGRE R . A RE3 ¢, BEAK 10 ¢,
NaCl 5 g,H,0 1 000 ml.

T FREL IR T 200 g, VIB/NER
7K1 000 mL, 2k 30 min, XUZ 20 A5 & I h 4% 2|
BEUEHAN £ 21 000 mL, il 4 20 ¢, H,0 1 000 mL.

JoAL £ 3% K. K,HPO, 7 g, KH,PO, 3 g,
(NH,),S0, 1 g,MgS0O, 0.1 g.

1.2 LRIk
1.2.1 BaP FEA A 1%

AT 2R A8 SR BELAZ 5 Y e G U8 F O 2 1 R R
fi#% BaP MITEPERERE. EA T 407 100 mL (9 TCHL
EREEFRELA MA 10 g JEYRFES , $E K 130 remin ™!
PR% 24 h, & E 30 min, B LR 10 mL ITA &4
BaP MG AL ER 35 5 H b i1 55 50K R 10 SRR
100 mL, %% BaP S 2y B IR # & (2, 5., 10 120
mg-L_I )T 25°C,130 remin " EEE X R B IR T IR
G FR YL, B IR R 7 d. &5 B 20
mg-L™" BaP [} JCHLER 3% 57 5 v Ik i TR 530 O
MTEREEARREFREM G R FREFA L,
35°C LT 48 h, PRI 7% W 2 70 B 15 3 %) BaP
A2 R BERE. 5057558 T A545 BT BaP 1
KfrPERE , NI RAS BaP A 4.

1.2.2  REIEAECH

PRI AT 0 40 DR LA 43 A T AR A

BEAKBERBS X5 F WP, 35C, 130

AT SR 48 h HI 72 he B3RS
T 6000 r-min~',25°C & &L 10 min, 7 L3
W, LA 50 mL K BEOBUZEKIFGE 2 I, LUK R TCHLER RS
FRILVEVE 1 K. B0 5 1 TR AR H K B oHLER 3% 9%
HERFO0.1 g-mL™", FEH.
1.2.3 BaP [&fi# 525

FERKETCHLER B SR FE oA BaP fi# 25 1 5 T
W, LA 20 mL BRFRIEAR R 430008 9 /R & 046 pH
B, IR, W E 5 BaP WAL, T 130
remin "G RS 1,2, 3.5, 7 d BURE
€ BaP ¥4y, AL, LA R X6 % BaP 152
Wi, ERERAR R T T mg- L™ /N AL
YK . BEFARR AR R, 2 HXT B, brevis
K fi#t BaP IS,
1.2.4 BaP /Hiilik

BB FESL S, 6 mol - L' HCL 5 pH 2 2, #
e A 125 mL A3 SF A SERER Y S B AR
I, 7o IR A SR w5 2, A MR I oK B R4 , 7K
FHE A DL EABUL IR I TARYUE I e 78 &
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remin T IR 207 d JEHORE. AR S 2% I
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R LK, 45 B BB K B RN 3554 15 min. 7K
Ji B DA AR 6 T I R S5 G IR T 30 min, BTV N
T L, CO, InF AT 4 h. HUTRE MR K
FLASWE A AR, 0 o TR AR 1) S FEL PR . TLALL 3 5 A
JEHIRERL T SEM H gE AT UL FNFA IR R B LA T4
PR B R IG AR G 3% 36 h I TRALE Xt R
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2.1 BaP R0 IE 5 408
2.1.1 MRS

TR I JEE U8 A6 07 35 HE X BaP B AT i A2 M Y
PEPRT MR, LA TR 5 bR HE 2 bR T IO SR
FerhwhZ 7 BRTE PEAT BaP [ S, I KA 7 d
Jil mg-L~" BaP [WREAR GO, 45 Rl 1 Fios. bR
F1 4h, & BN BaP 1 —E REfERE J1, Forh B2 F%

r-min
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R, SEWA L, B HA B EORg | A K AR
FEEEHL S, L, 76 DL S 58 Tl LUZ B R 5
PG, T T TR PP S 32 F BaP [ AR FEERIFST.

70

1 &7 d EARRERY BaP HIFERRZR
Fig. 1 Biodegradation rates of BaP by different

microorganisms in 7 days

2.1.2 MR

W MBS W RRIE . A B A ki g
16S rRNA J3 51 I 5 52 95 % R bk B2 4T T B Fh 48
FE. AR R TR I O AR S SO,
% 2 3% OR B AR B RN R R T

PRSI0 TR IR IR TR, B0 T3 T
PRI K P 2 WO RN, 255 BEK 5.
XA T 22 R 0, B ABE 1 S00F7LEE , 25
RANTE 2. R0 AR, SRR, D 8 22 R BH R
bR A AR, 2RO DT s A St R

2 BaP [£fRH B2 KT SR4FAE
Fig. 2 Morphological character of B2

X B2 HEAT 1o A SR I | R K A 1
% SEALREAT | HRRERIE IS | M AT R IR £R
R | A W A R . TP R A0 (MR 1K
5) A2 R B 0 (VP IR ) A5 AR A A
JO7 PRI, SR LR 1.

R1 ZREMEERELRM

Table 1  Physiological and biochemical responses of subject bacterium

N 2 FAE TR
IR A PRI

SRR

TR Eh

s - ‘
mike  mmate VREE VP

R + + -

+ KRR - -

FHEFR 24 h 19 B2 RHAIE 2T ARE WMAEY B
Kl e AT 16S rRNA JF BN E 9250, 9250 A 45
£L4% DNA $210, PCR §738 | F7 3130 77 #7571 L XS
H I e i 45 119 35 5] 47 /] GenBank 5041 22 T T 471
AT R FEXT 25 5 9 B . B2 TR Y 16S rRNA 51
555555 ZF M AT 1 ( Brevibacillus brevis ) F [R] P51 15 3]
99.9% .

LRELL SR M8 AN T O R A
( Brevibacillus brevis) .

[ NAPXT B, brevis BB 5T 22 58 h 78 HAM B AR
FH A 99 TR A 0 B 3R T R R
Kim %3038 B brevis v 1 HAR IR FH R i 8

RIS B, brevis BELL IR Z R
FFREEAE MR A K, 7 d BB R R R A F
51.02% . XTHIF B. brevis F&fit BaP HIBF 5% 2 I,
fiiH.
2.2 A[RACPEEMERT B, brevis FEfi#% BaP A0
2.2.1 #Ith pH X} B. brevis [#fi# BaP AU
MW E 1 gL', BaP WIARHKEE 1 mg L' 3
BRlRBE 30°C , ¥tk pH 43002, 4, 6,7, 8,10, 12
B, B. brevis XI BaP FEMRFANE 3. (57 d )5,
A% pH B Nk 2.
IR IAEE pH (2352 W b X8 552400 5 1 W i
I FH R 1R 75 T 5 0 P AT S ) A X BaP 1 [

*2 KMEEREZR pH E
Table 2 The pH values before and after 7 days biodegradation

Wtk pH 2.01 4.00 6.02

7.00 8.01 10. 01 12.02

Wfit 7 d J5 pH 4.59 5.06 5.34

5.76 5.64 5.81 5.98
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fift. HE 3 AT, B, brevis Xt pH 78 5 1R 58 A4 386 I BE
J3,4E pH 2 ~ 12 BRI NI RELL BaP Sy ME— AR A fE
TR X BaP B FEfERE ST, K& pH /KFRE R
S B. brevis X BaP MREARRAE. 8RN 55 8 1E
RZH, B, brevis X} BaP BIREAREFE N 40% ~50% 5%
AT RRIEMARZR X AT REJE K Ol BaP TEREfi i #2
AT /N AR PR R ) (B PER R pH
e s MR A T el A i A K
AR AR T8 P S S by 4 2 B SR A R I ™
PR A g 45 R TR S 1% e B A R i iR T ™ 2R R
PEPYIRRE ST NI — 2B B0 iE T A S5 45 2], pH
=7 I, BaP HY [ A A IK B e i, N 46.32% . T4
W S e AN BB, B, brevis WG AR 51 fig
JIERSZ BT I 0 v A 3 R
L A0 2 B e AR, T REAIR T B, brevis X}
BaP % fi# , BaP FEIEFILT 25%.

60

50

i)/

B3 A[E pH &4 TEX BaP BIEBRZR
Fig. 3 Biodegradation rates of BaP by B. brevis
under different pH levels

MR 2 WTUE, 8% 7 d )5, KR pH IR
B —SEam e, BIEEA FET pH 5 ~6 15
FRVERREE. X —Jr i 5 IR B b = SR A COo,
AR, Iy — N FEZIH R TR AR AR S W i
Jr. Aok B PR T IS N AR Ak Y A SRR A
TEARTE pH N, AR ZE 1 5 B (0 530 )% 745 pH
(EAEATWAT 2 m Tl E A SR K. 78
TR IR MR F b B A KB A — 5 T A
YAy pH, 55 —J7 HWAEA ] BaP Az K BEFH 1S 7R
A TN A BLRR , AT 5 BUR R pH {8
1R85 pH &) T39I, B A
HEERRIE. MEEMECR BR, V6 &0
X BaP (14 B ik RE T LI
2.2.2 RIEIRFENT B. brevis [f# BaP B2

PR R 25 5 e AR P 1 A S AR, AN TR Y

IRBE LN A W e 5 A AN TR s e AR S

TR 1 g- L7 BaP WIERVEE | mg-L™", %]
i pH =7, FREEIR BE 430 20| 25, 30, 35 F140°C
BF,B. brevis XF BaP HYFEMERCR , 45 R UK 4 i,

60

EHEC

50 F —4— 20
—|— 25
—h— 30

—¥— 35
—%— 40

i i) /d

B4 FEIRESZET B. brevis X BaP BIERIR
Fig. 4 Biodegradation rates of BaP by B. brevis under

different temperatures

B. brevis XF BaP W B FERRARIEEE S}y 25°C. 1R
(KT G B AR 23 %t B, brevis WM BaP 7= — 5
FIFHIVE . JR)E N 40°C Hﬂ‘,B. brevis % BaP [ [
fif =z 3 TR By, 7E 20 ~ 40°C 13X A BE X [A]
N, BaP I B A BT B A I 28 fb. 25 X0 RS 5
7R, BaP 7E 7 d B4R BRI E] Y LF-B0A 4 (5 AR
HRH999.82% ). NI, IR BaP Y80 2R
B. brevis fEH TR H). BFFE R, E P XHE G4
(RS, 52 2D B S AR S5 REAY T 29,
TRl 0 1 A A R G P 3 P 5 TR R AR O
MPREG IR B BARET , S A KA S8, A il
/0 WG R R, BEE IR R R
YA TR RS BOH R |, H 215 i 5 A ny
R ffp g 2222 RO T T e it g5 75 e 4 Ak 1Y
PLA WO R AR 1 . S PR3 0 B8 v T oo A 4G
TRLE I, A= W A R AR SZ B, 275 S A 1 Tl
T XS Y W VR RS . T R B TR
F e A T v TR N PR iR L 1 S0 M A )
X5 3 JLT-JeR e H.

2.2.3 HHEEY BaP YR X B, brevis % f#
BaP H5E 0

Bl 5 %48 7T ETIRIE 25°C, I pH =7 I,
0.1, 0.5, 1.0, 2.5, 5.0, 7.0 #1 10.0 g-L"'
B. brevis (Y25 ) TEAF B [E] X 1 mg-L~" BaP HR&
il AR

Wm0 1 gL' ¥m#E 1.0 ¢-L™ "B, B.
brevis X} BaP Y[ ff e T 2SR i w8
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A i) /d

B5 TREREEEEX BaP HIFEMBR
Fig. 5 Biodegradation rates of BaP by B. brevis under

different bacterial inoculation amount

(FHEE=2.5 g-L7" )i, B. brevis Xt BaP BYREFHEL
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