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Biodegradation of Pyrene by Intact Cells and Spores of Brevibacillus brevis

LIU Zhi-chen', YE Jin-shao', PENG Hui**, LIU Ze-hua®, DENG Ting-jin', YIN Hua’*, LIAO Li-ping'

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

Abstract: Biodegradation characteristics of pyrene by intact cells and spores of Brevibacillus brevis were investigated. The results
revealed that the degradation efficiency of 1 mg-L ™" pyrene by B. brevis intact cells reached 53% within 5 d. Four hydroxy metabolites
were detected by LC-MS/MS during the degradation of pyrene by intact cells and intracellular enzymes, including 1-hydroxy-pyrene, 9-
phenanthrol , a-naphthol and B-naphthol. The amount of products first increased and then declined in the degradation system with intact
cells, while the macromolecular metabolites showed a continuous accumulation tendency in the degradation system with intracellular
enzymes, proving that some degrading enzymes of B. brevis could be induced by the products generated during the degradation, and
then the enzymes induced could further degrade these degradation products. The amount of cells germinated from spores in MSM
containing pyrene was 1.5 x 10°cells-L. ™" | and the degradation rate of pyrene (1 mg-L™") within 5 d reached 15% .
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1.1 SEEeAbR
L1.1 SCERmEF

56 6 2F AT B ( Brevibacillus brevis) , 52 2% [G BH
PE, AR DT M T 5105 L 457 35 v 380 b IS U
T B R, X 2T R AR AR
1.1.2  fh2Eialin iR

RIS 9 R IR -2 W B 2R W | H B
(% 4 ) 3K T Sigma-Aldrich 2% &) (St Louis,
MO, USA); —ZMR%IEER (FDA) KT Sigma-
Aldrich ( Sydney, NSW, Australia) , 44 X%} i1 5048
( TruCOUNT Tubes ) W) 3 F Becton - Dickinson
(SanJose, CA, USA) ; LR ZBR (5Bl e 3EF K
BT E T TARA A, Al s 1M
(=S vl

WML 28 whifi (PBS,g-L™") ;: NaCl 8 ,KC10.2,
Na,HPO, - 12H,0 1.44, KH,PO, 0.24, #75 pH Xy
7. 4.

FREEFRS R (g L) A RE 3, HAMRK
10,NaCl 5,pH 5 7.4 ~7.6.

JCHLEh B Al K 75 2L (MSM, g+ L") . K,HPO,
0.05 , KH,PO, 0.3, MgSO, -7H,0 0.05, ¥rEah
0. 05.
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FrAE 30°C (130 re-min ' FER IR FR 24 h 5 HL
#, F6 000 remin~' FE.[> 10 min 1%%”%?%%14:,
PV BE i B — o B2 1 P B

TE K TCAL R 15 F5 56 (MSM) HPin A e i 45 W
ST, L 20 mL FEMRIRZR AR R AR EE R
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ELUET 0CHUK-KIRA KW, FHHE S 3 40 #r

FEHL (450 W) B AL B 30 min, 5K 6 s, [H]F@E 9 s,
4°CF 8000 r-min B> 10 min, B 1E R, AN
FHA.

FER B TCHLER 15 97 3 (MSM) i ACEE i 25
SRR , O 20 mL FEMRAR R | M 3R rhBER MR B T
N1.0 gL~ B A 4R U, USSR 7 MSM
RZVE 2 EH XTI, 7E 30°C 130 remin ' FEIK IR
Gt R, TS 0.4 8,12 .20 Fi1 24 h HURED & 14
R .

1.2.3 BRI Y0 A ik

HRES , FH HCLEY pH 2 2 R A 125 mL
SRR AR R SR B, IR AT
FE 2 AU TCKBRRR N, K AHE DL E AR
BR E T ARUE M, e 78 KT 35°C Wi
72T, WERUEN R4 A 2 10 mL, 7 FAL.

EERH HPLC 431, 5 i S5 IR A A 910 H
%gﬁ[lﬁ].

FREAL ™ W) R T WBOAH €35 - 5T 33 36 1 (LC-MS/
MS) e, AR 1 5514 R . L35+ Agilent Elipse
Plus C18 # (2.1 mm x 150 mm) ;i ahHH.A N &

G, B MK BEEEVERG .0 min, 40% B; 0.5 min,
60% B; 2.5 min, 95% B; 7.5 min, 95% B; 7.6
min, 40% B; 15 min, 95% B. Fi3HHH N 300
pLemin ", B SRAF L 1.

F1 EMHRE S

Table 1  Parameters of MRM for target compounds
WiH GUET  FEHRE O REEHRE BOEE
(m/z) /V /V /V
a-ZE 143/115 -80 -35 -10
B-ZE 143/115 -380 -35 -10
9-FHAE 193/165 - 100 42 -8
1R 5L 217/189 -105 —-47 -10

1.2.4  ZFHuREMmLR

P— B W B, brevis TREREE T HEESE Hon
T, HOK BT, 100°C /K 30 min' 'L b FE AT L
AIEE FRANM , Bl VR 41 B 1 BE 25 F4  ff 1 PN 2 i
R HE L B R

TER B TCHLER 15 77 3 (MSM) Him A BE i 4% T
5 2R, B K 20 mL BEFRIAR R IR R b 2R Mk
H1.0 g-L71 I ZE A MSM & & A1E 28 (%
HE. 7E30°C 130 r-min "' $EIR PR G FE 4000 F46
0.1.2.3.4 F15 d BRI E R R P sk it
1.2.5  ZEMIH & il

TER B TCHLER 15 77 3 (MSM) Him A BE it 4% T
IR, O K 20 mL FEMIA R IR R AN
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RA1E,37°C A T HRDEIFE 15 min. Y5 A4
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A5 AL,

BEAXIEE T EA AR NSO
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AR DL AR SRR A e el 2R R 2
A

Wﬁi’?ﬁﬁi?ﬁgm x 2 000 ( FREAE%0)

2 HFR5ITE
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2 BIREM R IR AR T, A= 40 M T R 40 R
BRI R B R, 2 B OR & A0 N E  , an
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FLT M B RS — A AN TR I N T A
FAF R T R I ) S RN AN R A R A
S E R, TRV A Bl YA T AT LA T EE AT S
BRI, PRI AL AT T —FE 1Y o> RIS 5. Bl G 1Y 5E
AR A K 35 22, %8 26 R TSR B 7 72 5 d
B} B. brevis 524 AKX} 1 mg-L_l L B R ff ] 5k
) 53% i tq.
2.2 RS R AR Y b

Z TR R S B TTER | RERAE XU

100 3.0
—O— FERER
80 | —— B 124 -
=
: <
- 118 %
X
- 112 8
=
0.6 &
0

it fR)/d

Bl 1 B. brevis FIEWMERX 1 mg-L ™' EAMEEHER E 4 M L%
Fig. 1 Variation of biomass of B. brevis and degradation rate

of 1 mg-L~" pyrene by B. brevis with time
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I, A R P3R5 1 pg- L7

LG ZER L | B, brevis X6 WY B 0 B P A=
BT DU IR BRI [ B 2 (a)]. M
RIS 92y o o I1VE 73 NG e Rt 7/ 1811 B By o 8
IARFIVER R A B, EFE R R AT 3 d Kt
A RCRIFR R 3R F) 23 wg- L' Z R T IR 2818 T M, 156
HHLE TR AR O R e R vy, 1 3 I R AR
Ay BE A B[R] ) ZE K, R R E — 2 R i
. XXHEW B. brevis B EERIRIIR B AE M H A —
RN, CAMRERY R AR 2 05 1
R0 bt 8 45 0 A2 v UL 4t A AL TR R0 AR S 56
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1-FRIEEE. O-FRFLTAERY L BUE T 103608, HED K
N HEFR A HERE | DO BR 1Y) 77 ) 2 38 W B AR i =38
o3 T, 9-FR IR A i — 20 Wk =41,
URSETTIRR N, EAES 2 d 255 4 d PP R 3
PUERA> TR TR NI AE 2 ~4 d #EATRIZY, AR iy v
[ P= bl 2 SR, WFE S d BN T R,
BIRLL OB ILAE MM E N = =Y itk — 9l
TRBTRE A AL AL BB BH AR, B 2 (a) PR AT &
RIS B A a-ZR RN B-28 M A il T D iR
B LR AR R AR B T LAY R R P A
gidgh AEFEMARVE R T ,3, 4 0 &4k 2E B -
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FRIL2-Z8R, PR IE K, o- 2R S B Ky
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Fig. 2 Changes of concentrations of mono-hydroxy products with time
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FETFRE XTHE 2 A S, CREIELES3 d fil4 d
JE AT MR BT 1 -3 EE RN 9-F2 JL I A RE it fik
T P 6 PR Rl s SR 2 s () PR B A R
(R R A T, ALK e fige A 1 1 o () K 1 P 1%
B EEEWREAE R, T30 15235 R 9-F2 3L 5
TG RFENT AR, WSt B, brevis 58
DRV A ) 0 9 AN HL g — S v i) 7 0 1 % i
it , LBt 25 At TR RS | Al A5 S A A S il i b £
(BT = AT 0 — S B A T /N T 1Y) - ZE 8 A B-
5T 8 T 2 WA 5, R O T 5 T I I 1 ik
P AR AP ZE A E 8 h B T 4R H B R Bk
BB B, brevis B PN T RE BLEERE i 2510 1)
e — B /Ny F = . R, VR |
F,a-Z5W b B-25 W W ) BN, HLAE I s T
G HEM o-Z5 W e M A R v O By e — =K oy
FA R, B SN A EA T , AN R B A T .
2.3 ZEHIRTEE YR

TPEE IR AN Yokl — 2R 9 6 E (FDA) #x
i, FDA J&—FhIE M M 1 e 210 & 9, R A8 3% 3 40
YL P A 00 6 P A 35 A 4 A S e i R
R, K O R R, 20tk
MG, ZERERE FLB VR, AEERE FDA 255 %

. PRI FDA XT 85 & A o0 38 57 B R 5 AT R 5
FrRic @) D g 38 o 9 =X 20 B A0 A AR AR S
(FSC) FM ] £ HCES G (SSC) B et 4 i 1 K /N5
RERE | DTS2 F 4 L AR AT 702 R0 DX vt He 380 40 7
YN T AR DX S R R 28 TR A RS . RIS 3
T AR B A AN [R5 S8, AT R BN [/ 251
JIThR T B A 2 E5, I 38 2 0 3k S 2 BN A i i
1393 B GE T obr.

BEERER (L ¢ L) EMTE T mg-L7' 2
MSM 55N DO IneE R as FIXTHRZH. %420 ~5
d P HTZE T & iU IR AR, A 3 R TER T
JNEEREEFRIE Y, ZEMITE | d LR & A A, OF
HAEREIS LR N H G B 1 78 5 d B AR B
ESRAMI AT A F] 1. 85 x 10° A-L7". FRBCE ML,
RO P TS SR M R0 BT H AR B AT
BE 1% 2 TR RN 20 AR R, AT AR Sy B Y5 R DR R 2
B R IR AL EIE SR AR, HENAE MSM R & | ZE
TR BRI TR P T I AR A A 7 TR B
K. FEUSTINEE AR R, ZE M 0 B & W3R T % R4,
TE 2 d B AR I B0 A 2 6 1 5 SR A AR B, T RE 2
EEAEANINEEY) X 2 M BA —E i e VR S
TR A R TE— 2 W IE N, 2R AT SR T
DLBH A A A I BB G K356, 3 5 d ik )
1.5 x10° A~-L~1 B RUGHITE PR A e 2 i
FErf BIE B, brevis RS B 88 2 SR R R AR
TR T 235 & 30 4 2 B A o e o e P AL o A
Wi i seag &, K 4 XTEE T B, brevis TR R ZE Y
X EE B R R, bl i, RIS 7E 18] 3 A A )
R0 ~ 1 d, ZEMA R AT LIXS 28 7= A= BV E T, 16
W1 T ZF A SR A — s B AR N3 d JTERZF
MR R A B B 1 BT, 2= 5 d BF 235 3
15% 7iAy iX RBIBEE N RIHERS | 2F MU & 1Y s R i
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