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Biodegradation of Decabromodiphenyl Ether by Intracellular Enzyme Obtained

from Pseudomonas aeruginosa
SHI Guang-yu', YIN Hua’”, YE Jin-shao', PENG Hui*, ZHANG Na®*, HE Bao-yan®

(1. Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, 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; 4. Department of Environmental
Engineering, Jinan University, Guangzhou 510632, China)

Abstract; The degradation characteristics of decabromodiphenyl ether (BDE-209) by crude enzyme from Pseudomonas aeruginosa were
investigated. The results revealed that the degradation efficiency of the intracellular enzyme excreted from this bacterial strain reached
69.22% after incubation with 1 mg+L ™" BDE-209 for 12 h. Temperature, pH, enzyme concentration and BDE-209 concentration all
influenced the ability of crude enzyme to degrade BDE-209. When the BDE-209 concentration was 1 mg+L ™", the optimal condition for
enzymatic degradation was temperature 30°C and pH 7.5, and the degradation rate increased with increasing enzyme concentration.
The degradation process of BDE-209 by intracellular enzyme of the strain conformed to the first-order kinetic model. The highest
reaction rate was achieved when the initial concentration of BDE-209 was 1 mg-L™" and the half-life of this substrate was 6.9 h. In
addition, the biodegradation of BDE-209 can be well described by enzymatic reaction of high concentration substrate inhibition, with a
maximum substrate utilization rate of 0. 133 mg-(L-h) ~', a Michaelis-Menten constant of 0. 642 mg-L ™", and an inhibitory constant
of 1.558 mg-L™", respectively.

Key words : Pseudomonas aeruginosa; intracellular enzyme; decabromodiphenyl ether ( BDE-209) ; enzymatic degradation; kinetics
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1.1 SR S5 A0k
1.1.1 e

BDE-209 ( £ i 98% ) . HPLC 2t iF e, W
) F Sigma Aldrich /A F]; BDE-209 fif £ ¥ . H 6.1
4l F Y % BDE-209, g i i1 000 mg-L ™' ik %
WL, 4CIRTER . T/ Na,SO, . CH,CL, | 7 %58
KH,PO, . K,HPO, 514 H )7 M A2 50 ), K
AR Z%.
1.1.2 kSR

BRI AN S o AR 2 o, BRI 1

,7%187K1 000 mL,pH {H 4 7.4 ~7. 6.

i P M T« P AR TR A N A7 Ly 3 T
J W PR T i 15 3
1.2 SEEJrk
121 BB A il &5 SO B P T s v A R
I

M P aeruginosa BE IR IR, T 30°C |
150 r-min '¥EFTHLEFE 24 h J& ,6 000 remin ' B
O 15 min, SR RIA S BEwR. Hh BER
0.22 pm JE B, 75 40 Mg AN KL V. & 4 W 0. 05
mol - L™" | pH 7.2 BYBERRZE WP (PBS) ViU 3 K,
A —E # /) PBS A, BT 0°C B IK-KIE G KIE
f, JH SCIENTZ- 11 D B 75 35 20 Jid By B4 AL (450 W)
WERAAL R 150 YR, Bk 3 s, [A]B@ 3 s,4°C T 8000
remin "' B0 10 min, B3 W, 75 00 A . R
i 2 1 o DA AR IV 2R LR R b v 2R R
Bradford A&
1.2.2 BDE-209 ¥ 5E

SR FH R 75 U5 Bl Bl 26 B0 XA 2 R ) BDE-209
PEAFEEI. BRI A 5 mol - L™ HCL ¥4 19
IR pH 2 2.0, D A SRR Y 2R BGR) ( — 5 de:
IECHKE=1:1) R AR 2 W), BB AL, 1 Tk
TRIRENINK | G Al 78 R 4% 40CZE R =T,
A 10 mL HPLC ZIFE O ke, & Tl ik % &% IR
60 s, BHR Ja IV R e R IR, IF R A GC-
MS (7890A-5975C, Agilent Technology) #5illl BDE-
209 HeBE. (A% FE & DB-SMS £ S BN FE (15
m x0.25 mm x0. 1 pm) , ZS AR, FiEEMEN.
FALF R (NCI) |, 3 F IR 150°C, VSN
H e, AR R e #R B FAX 38 0 AR 74 X BDE-
209 #EAT R &4 . 3 BT Ak 1 R AR R BE
280°C , FILRIRE 110°C £A4F 2 min, L 15C +min ™' [
HORTFE 310°C , 4445 5 min.

1.2.3 R OB MSMEEXT BDE-209 1R

F30°C ., pH 7.5 4 PBS 1, fil— & &+ Ay BDE-
209, P. aeruginosa T 3 HAH B , TR A &
AT, 20 mL ., BDE-209 ¥R 1 mg-L~", (30
+ 1) °C N & TAEREE IR RN, A TR A (4 B g e
245 d, I AKHBER P SO B E) R 12 b 4%
JE43HT BDE-209 5% /&, TH R g . A —4b
PV 3 ANFAT, A 2 K.

1.2.4  Jfd N BERLAR R BDE-209 BH& P28 £k

7645 1 mg-L~' BDE-209,pH {4 7.5 & PBS
FEf IR Z A A 2 mL BIP. aeruginosa il P B HL
T, A A AR R I ARAUN 20 mLL, A 58 TP 2R 11 7
24 100.0 mg- L' 4351 0,1,2, 4,8, 12,24
h BORE 2 BT, T 530 B PN S R Y AR k. TR [ A/
mg- (L-h) "' 1IFEARXWT .

Ac
v

A, Ae S A AR PRI R BURE A B[R] 22 (h) |, Ac A AH 2SS
Wi B 5 6] 2% FF XF 3 (9 BDE- 209 25 [ & (1 24 {8
(mg-L_l). H—Ab I 3 1T, 1R 2 IR
1.2.5 AR ZEXT BDE-209 [ )50

(1) IF 7E% 1 mg-L™' BDE-209, pH N
7.5 (1) PBS AR A 2 mL 1 P. aeruginosa
JH6L P T REL RV, 07 38 A 1 3R e AR RR 20 mL, (R R
PG E S RN 100.0 mg-L™", 43 HIHE 20, 25,
30, 35,40, 45, 50°C F L 12 h.

(2) #Ith pH {E 7€ pH {EH4r 518 4.0, 5.0,
6.0,.6.5.7.0,7.5,8.0,9.0 f BDE-209 ¥ 1
BEA 1 mg-L™" [ PBS FEFFARZR T, A 2 mL 1)
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P. aeruginosaﬂ@lj‘]@ﬁ*ﬁﬁfﬁ, i [ ff AR R R B AR
20 mL, /R R HEEE S 208 100. 0 mg- L™, F
(30 £1)°CF W 12 h.

(3) MR 19 pH {H 7.5 &) BDE-209 %]
B A 1 mg-L™" A9 PBS i A — & & 1Y
P. aeruginosa fl PN i AH B, 1115 45 4R R A L
FEEM SN A 8.2, 16.3,32.6, 65.5,97.9 .,
130.6, 163.2 mg-L™"  {E(30 1) °C F )i 12 h.

(4) BDE-209 ¥J bWk 700l & A 0.5,
1.0,2.0,.3.0,.4.0.5.0 mg-L"'"BDE-209,pH {H}
7.5 W) PBS FEfRiR & ,f]l]/\ 2 mL /Y P. aeruginosa
I P9 TEREL VAR, 8 38 A TR R e AR R 20 mL, (KRR
PSS SR 28 100.0 mg-L™', F (30 £1)CF
KB43R 1, 2,48, 12, 24 h BUEE4#T.

P SEge 528 R R A — b PRI 3 ASEAT,
HHE 2 K.

1.2.6 JUNEEXT BDE-209 (R f# 3 1124200

Sy Bl A 0.2, 0.4, 0.6, 0.8, 1.0 mg-L™"
BDE-209 . pH {5} 7.5 4 PBS F#fiik R, A 2
mL %) P. aeruginosa Ji P3 i RH I, 17 R A 3R A
LR R 20 mL, I R Pl A & R 29 100. 0
mg L™, F(30 £1)C FN 12 h, W E BDE-209
VR BE X 2 N AR 520 BDE-209 ) fi v B iy 21
BRI HOR BV EE K, SR 15 P aeruginosa i PN T
KA BDE-209 MK [CHEL K, . e R RN % K 5y
VIE iy 3

2 HR5H®

2.1 B, MUNEE . FSMEEXT BDE-209 (1R f#
350 mg-L~ " (LT EIT) B9 P. aeruginosa T 1A
Je DNAE: i AP BB 1) L PN R AP AH B 5T BDE-
209 MIREMRACR NG 1 FroR. 5 R0 I B 7 UM
WA 2 D6 REAR L, LA B XT BDE-209 11 B fiff 58 458
/N TR B I P R EACER X BDE-209 A3 #5247
(IR RE T, ARG T 75, D PR T L I R ) 208 S T A
TER AR A S R b MU A 53 /D T e A Tl 257
R, TEAR TS 54T, LN BB TE 12 h X} BDE-
209 1 B Rk 3k B 69.22%. gk v W,
P. aeruginosaXt BDE-209 [R5 fif 32 B2 5 a4 il
SERHY. H A ¢ PBDEs [ fi [ fif i i 97 32 22 4
AR TR S A 1 o3 W 2 AN 1 T M i X PBDEs
O] TR < o = Rl 11 SN 1 B
(1 LS MR A BDE-200 , B i %383 54. 14% . H2
X R APEA LTS G e B At DU L e P Tl ) SC

MRS 22, BRAHAE ) B SE 4  Wo A W RE A
IR AG IR AR 2 B B AR T 0 2 B N g, ) A
SR TEME R 2 IR 5% (PAHS ) ISF, [ f# PAHS 1975 1
it 53 A FE AR P 200 ik B34y 55 A RIS 45 SR A A A
Ak
%1 P. aeruginosa Bk, BINES, FsMEEXT BDE-209 PE#R
Table 1  Degradation of BDE-209 by cells, extracellular and

intracellular enzymes of P. aeruginosa

R CHEERPIRENR S ) BDE-209 FFf%

A /mg-L -1 /%

Tk 350 57.26 +3.45
JHL PA) AL A 115.2 +4. 8 69.22 +1.19
it 471 R A 8.1+0.9 6.43 0. 47
CK — 2.33 £0.33

2.2 JfINEFREA# BDE-209 R gy e i As Ak
MNP 1T AT, B P R REL T R T B AR R 1
mg- L~ ) BDE-209 I}, [ fift 48 B 2 I 8] Y S 4 T 14
TR, T P8 2 D ot 5 S ) 52 00 20 348 K i/ 1 s 3
FRERIEA, A 2 Y BDE-209 52 %5 AUk i1 195
Yy, 55 R 22 fik T B0, 5 BSOS 4 £
B2 A R R IS PE A, 2t — B R A
SrBCVERIE BDE-209 #5 k3450 b 43 BT 1 P it R it
T RGN T 6 PN -5 G40 1 A e L, DA T 1
5% 1 AR BDE-209 AOAIH]. YREAERETE R 2 h B, B
(36 P35 2 i 1 0. 094 mg- (L-h) ~', 22 )5 i P i
TEPERE B (] A 1S EOB W R R S R BB T 12 h
BEME] 24 h, SN EEEPECH 0.002 mg- (L+h) ~'. X
VLA P R % BDE-209 AYA RO N E A 12 h, 5
P. aeruginosa WK f# BDE-209 [ 5 d A U
T AH A R 4 e, X — 45 SR AR T [ foe it L

H R RN RV A
80 0.14
70} == AR & Ky [
. 60 mtE g 0.10 i
E— 20 \ 0.08 &
3 40 \ )
& 30 \ 0.06 E
& 0.04 &
20 § -
]2 - % N :02
0 1 2 4 8 12 24
it ) h

E1 BDE-209 PEfRR KR EE R Z
Fig. 1 Variations of BDE-209 degradation rate and

intracellular enzyme activity

2.3 REE. pH {EXTHE N EEFEA# BDE-209 fY52 0
it At B 5 BEAE — 22 MR BE Y FE N 6T, T
o R B R, 3B RS B A | TR D R iR
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FE )T AR PR P 3 ST P T ) e U
D T ARG T e . MNP 2 (a) TT LA
P. aeruginosaftéiiﬂ/‘:l*ﬂ@@?&ﬁ 25 ~40°C U [H N AR BE
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