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Isolation of Aerobic Degrading Strains for TBBPA and the Properties of

Biodegradation

QIAN Yan-yuan', LIU Li-li*, YU Xiao-juan', DING Cong', WANG Zhi-ping' , SHI Yu-heng', LI Chen-jun'

(1. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. State
Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on Chemical Process, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: In order to investigate the characteristics of the microbial degradation of tetrabromobisphenol A (TBBPA) , four aerobic
strains were isolated from the phenol granular sludge using selective medium with TBBPA as the sole carbon source. Among them,
strain H could accommodate the TBBPA culture medium and degrade TBBPA with high efficiency, which was identified as Rhodococcus
sp. via DNA sequencing test. The optimal conditions for TBBPA degradation by strain H was pH 6.5, 30°C, 150 r-min~", the
concentration of humic acid being 200 mg+L. ™" and the concentration of K* being 1 000 mg-1.~". Under the optimal conditions, the
debromination rate of TBBPA reached 20. 75% after 21 d. The results of LC-MS showed that the major degradation product was
monobromophenol, which was formed by the removal of isopropyl from the benzene ring in TBBPA molecule. The results of protein gel
electrophoresis (SDS-PAGE) showed that strain H had a protein band between (90-117) x 10° kDa, which might be the enzyme
responsible for TBBPA degradation.
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Fig. 1 Structural formula of Tetrabromobisphenol A
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TBBPA HA /K A 95 N5 14, 2 Wt F +
ORI ST R — 2 AR T RERERUE W
I JER TSR N LA SR M S e 0 L
A G A AT RE B L S 7 S 0 T Mycobacterium
spp. J& 5L LE o B A 1T 2B B 25 5 A 0 s Y
PUFROBLEY A —HEE . A LG T TBBPA X 5% 35 A
(R IR Y, X TBBPA [0 A= W6 4k, L H R ik
PR =R ST T B = ARG A 5L 56 % il
RGBS R 35 R R JE Ak I, R
PEREFRIE 4385 ) TBBPA S8 i s bk , &1 x5
i) HL R it TBBPA 45 PERI IR R R IF T — R AIAFSE, 1
P MR A 2 1 | I 285 5 WA fist 7 0 S B fie 2 P I
IR T T B R [ % TBBPA Y BL T Ko JH: 4 fit it
Rk, DU TBBPA 1 U2 W % AL 4R I 25 1
%%,

1 #MBEFZE

L1 FHIE

b3 TRV 2 S 00 2 A LA 1 T U S e b Ak 4
T 1) 2R B [ it A 15 U
1.2 fitk2h i

SCEG T DOYR L A 72 H 2 E Great Lake 23
AL AERE > 99.5% , IR T 43 L > 58% ; SDS-PAGE
BRI RN & (R m K P E) .

1.3 BRIl &

JC ML K 5% W (NMS  medium, g-L7');
(NH, ),S0, 0.5, NH,NO, 1.0, NaCl 0.5, MgSO, -
7H,0 0. 5,KH,PO, 0. 5,K,HPO, 1.5,CaCl, 0. 01, i
HUUE | ml-L7 Hd HEICENH RN
(g-L7™"):FeSO, 0.1,7ZnS0, 0. 1, AIK (S0,), 0.01,
Na,MoO, 0. 01,CoCl, 0. 1,CuSO0, 0. 01,H,BO, 0. 01.

L H,S0, , B B UTVE. A FH A i A P
X A 2 100 mg- L~ FEH A NaOH 5 0 15 55 3%
A pH R 7.0 £0.1,121°C &5 JEZ£ 15 K # 20 min,
#H.

1.4 Ik
1.4.1 TBBPA RSB 007 128 50 2

S 6  AT  FR 0 2R  R OB V5 8 1 mL,
LV ARG, A 10 mL JE B A B R K.
BB IRAE S 100 mg- L™ 1) TBBPA JCHLERB UG 1
FRIELRNLR Ay B, i 1k 1 mT T 32 TBBPA [ TR Bk , % 4%
R, 4°C A
1.4.2 TBBPA R IEA L

TEASIR B0 R A it 28 R e K7 S k. -
HiopH 6.5, 7.5, 8.5; M B E 0, 250, 500
me-L ™' JEFERMEEE 0, 100, 200 mg-L "5 K* ¥k
0,500, 1000 mg-L~". MR SR Ly (3)
IEACHR, N 1 iR,

F1 EXABWMAR

Table 1 ~ Factors and levels of orthogonal experiment
iH A(pH) B(#i%ips/mg-1-") C(JER MR/ mg-1°") D(HE T/mg-L7")
(2@ Al =6.5 Bl =0 Cl=0 DI =0
i 2 A2=7.5 B2 =250 2 =100 D2 =500
fi2% 3 A3=8.5 B3 =500 €3 =200 D3 =1 000

Fie 1E 2R 0 1R T O 5 R, R AR VRO A
Jo B E HAEARSA 100 mL 5537 3EH 250 mL =
BT, BT 30°C fH IR IR % 15 2 40 N RE 5%, 1l B
i [R]EURE | R FH 2 (835 A (B D7 38 A 52 9 MIC
TR ) 0 L R
1.4.3  [Ef& W50 Br

SR FH AR 035 5 3% 56 FH X (LC/MS, & |t LC-
2020) 53#Hr TBBPA SR =), otk 254 i
A 7K =80: 20, ik 1 mL+min ~', K J% K 280
nm AR 30°C 5 Bilk 5510 2h - B R, <k
TR 350°C , BANE HLE 3.5 kV 4EFLHLE 50 V.
1.4.4  FEFEBERAE DT

B AL S F 1535 21 d B A 781 ik B 4l 1 57
FEMRER A 1| mL, B R LIEW, E K

RIPA 35 51 54 it i $E B 1 2 (1, 76 Bio-Rad /)M
T LUK R 8% SDS-PAGE JELL 60 V H JE
LUK A B 2R 1.
1.4.5  JfOAFH B BEAE R i S 00

I3 B 50 mL 55 Dy, A4 4 %5 Bl 15 57 A
TBBPA 1557 B B i, MR8 32 22 96 451 1) O vk 2
JiL A REL TR PR AL 4 R P AR i 5 S mL
TMAZ] 5 mL #IERHEEE H 50 mg-L~" #9441k TBBPA
REFRIEPN [ 15 AN TN %) %o BERE | AT 2 d JBORE
LA HPLC £l TBBPA.

2 #R5itie

2.1 PSR BRRRAO T 08 03 25
A R 1 e R 5 e S IR R | IR AT A0
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Jo B AS2 4 BRECAEIE Y TBBPA JCHLERBUNE 1% 37
J H kBB A W] E L) TBBPA iy ME— Bk I K2 fE T
FOTRRR. R 3 S8 TR AR 4300 42 Fh 2] & 100 mg- L™
TBBPA [ JCHLER B 723+, HE 30°C | 150 remin ™'
Kig% 3 d Ja, BOREDN 5 L b W b i TR B TR
TPEHCH: 1 TBBPA B 8 R A -, RIS -k P e 15
MR H AT 5 2L 525 X R 28 16S tDNA 7
Y58 ML ER TR E ( Rhodococcus sp. ).
2.2 BEfAIEILAL

SIS 1 IR A5 A X T AR D R S S )
AW T ARG R A TR R ) SR L R A AR A
K HIEASIR IS % AT ik, 1IE3CIgn 45 R 2,
pH .| Hi%GHE | FIGEIR . K* 55 4 4520 B &R ik 22 53
54 0. 153, 0.087 ., 0.415, 0.347 , A5 H 45200
PR 28 06 AR ik TR HL A K ) T B AR R . T AR TR >
K* >pH > % (£ 2).

JEPETRAE M52 W ik H %% TBBPA 1Y 5 8 %2

PRI 22, LA 0 FH g T e 5 1 5 o v 3 . >4
JEFEIR ] 200 mg- L~ I A F8 IR T 1R R A
(1.465 £0.450) mg-L~", JE5EER K 100 mg-L ™" A,
TRES U M (1,340 £0.300) mg-L~" 11 24 & 5
2k 0 mg-L~"B, VR B F Wk B Je 1K, A (1,225 =
0.350) mg-L~", Al WLEF Bk H F&f# TBBPA 135 P BE
T FE TRV FE I G 5. 5 A1, K 25 1 T B
H [%ff# TBBPA (%55 S B 2, [RIFE, HERE g 16 v
BEAT B Tk B A 3G TG s, TR IABE il P
TP AR 1, AR 52556 pH DU 52 i R R H
F#f TBBPA UK BN R, Bl pH 2 Kk, M
A T TR B v FE S T /), 45 T S B TR T
B2 A LRI B MR e 6.5 i fE.
AT RS9 S 4 A /N,
HHEIn AT A REA 52k bk H X TBBPA A%
fife, Fe 2 23U A TR VR H [ fi# TBBPA DI REEE 110
IR J5 SRR ZR AN N A B

®2 EXRBERSI

Table 2 Results of the orthogonal experiment

21d
A B C D
S (pH) (HH/mg L) BB mg-L~) (AT /mgeL ) ﬁgﬁf TB)
1 6.5 0 0 0 1.225
2 7.5 250 100 500 1. 340
3 8.5 500 200 1000 1.795
4 6.5 0 100 1 000 1. 620
5 7.5 250 200 0 1. 400
6 8.5 500 0 500 0. 880
7 6.5 0 200 500 1. 465
8 7.5 250 0 1 000 1.310
9 8.5 500 100 0 1. 480
I AL REE R Z R 1.453 1.437 1.138 1.368
2 PP RE R Z R 1.300 1.350 1.480 1.228 Bl =12.515
3R Z TN 1.418 1.385 1.553 1.575
W2 R 0.153 0.087 0.415 0.347 —

G55 PRI B A E, B AR R HORE R
TBBPA A 4140 pH 6.5, 1R 30°C , 35 R i ik
150 r-min ™", JEFEBR K E 200 mg- L', K" #1000
mg-L~".

2.3 KERY T

YRk H 280 F 0L & TBBPA 100 mg- L™
RS (TP B R W + IS AR )+, T 30°C, 150
remin " FE IR TR SR | 8 R AE I 2 I P Be A
TBBPA ¥ i, Z5 L R W, & 21 d i 9%, ik & b
TBBPA IRk 20. 75% . %F L ICHE 25 11 TBBPA
MR IR SR AR H 5555 21 d J5 BiE W
T AT LATE Bk i S A B0 €35 06 A P A 1Y)

25 (F2). TR FARNAE 12 min A4 T
1 NB A 0g  BD TBBPA W, 1M & bk H F&A% e, I
762.8.5.9 f111.5 min ZEA47HBL T 3 AN A
Fﬁﬂl%,,ﬁ\:':l:‘ 2.8 min j%]’j'%ﬂl%,i 9 min ﬁ\jy'i—l":l[l%,ﬁﬁ 11.5
min 4. HA 2.8 min F15.9 min B {3 05 2
223k TBBPA FffJo BRI, W g & TBBPA 1R fif
PN T 11,5 min 2247 (AT BESE TBBPA A& {H
TR pH B AR 1T 350 DG e R A T 42
. ARYEAS [ A B TBBPA A v i 15 06 1o FR B0 A o
Mh2kitaa, FEfid W b TBBPA L B JCHLER 85 32 Wi vh
TBBPA Wk EE (% T 81. 60% , 7% H] TBBPA %tk H
R
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—— 4 TBBPA
— iRk HREAR 21D

I I I |
10 12 14

6 8
PREA I Ji)/min

2 TBBPA ZHLEIESFHFEMBIEH HPLC &if
Fig. 2 Chromatogram of TBBPA before and after degradation

A 3 X R A L T R LC-MS A3 Hr (&1 3),2.8
min Zi A5 IR B 5 - m/z SR 170. 75, ) 2 TBBPA
S RN RS R RS R R R —
TR P4, B — TR Wy s BEIZ ) 5[] I 0k 1) my/z
304, 6 [ T W] B2 TBBPA B 25 3 MNIRUG )
Yoo, B — VXU Ay m/z h 442.5 BRI AT RE 2
TBBPA 7rFH 5 N 5L A6 o S5 9 R IF IR 2 4>

IR m/z 1 308. 8 U= il g & S N JE 5 %
PRIA] TS5 15 57 P9 35 A %o S TR 3 YRR I 1) 2 4k
Py B SR IR ZEE; 11,5 min 24 H LAY
m/z A 542.7 (PN N & TBBPA H B, & HAE
BEAER A=A+ HEE 1. X458
U BEAR H AT SRR TBBPA B R B it A /N4y
TR VLY, L, FE 4 T L BRI A T iy
TBBPA 5 A 4 5 ik 3o 5 1T B 23 X IR 5% 7 A v 7
e .
2.4 REMBGIREE AT

SDS-PAGE #E I FIHLTK 45 SR an &l 4 Fvoi ik
B4 PG A AR VKGE S 2 LB RS
FEFRIIG IR RIE H;y 6, 7 5 UKiE /& TBBPA AL
IR SRR H R HSEATRE 3 S UkE 2
LB AR B AR R K (5 R PR H (R B i i
ABI) 5 1. 2 BUKIE S TBBPA JoHLERE: F5 M 1 55
TR AR K L HAEATRE.

N 4 i e BB LAY, T DL LA A
Hb a3 B AN TR TR A 7= A ) B 1 AR AR B X
Al ORISR FR LTS5 T, AR BT = AR i B 4%
WA PTZER. 78 LB 83 B2 40 A kk H

1.846 5
170.75
H
ClH« ?OOH
HO —@—?QH HOQ?QOH
CH, Bi COOH B
5.250 304.60 g " 44250 '
2.508
| | um_jhmw, Hit i . "
0 1 2 3 4 5 6 7 100 200 300 400 500 600
AR & i [ /min MS (m/z)
308.80 542.70
B CH, B
O DT
HO C—OH HO Ic H
Br (IJH, B CH,4 Br
Br.
HOD—OH
Br
270.80
R T T T P AT P iy o 1 inoalh ¢l P
100 200 300 400 500 600 100 200 300 400 500 600
MS (m/z) MS (m/z)

B3 TBBPA & =¥ A BIERIE ST
Fig. 3 MS chromatogram of the degradation products of TBBPA
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1 2 3 4 5 6 7 JEFE R 200 mg-L ™" KR 000 mg-L~"; HAE

El4 TBBPA F#f## SDS-PAGE HikEi&
Fig. 4 SDS-PAGE electrophoresis results of the
TBBPA degradation bacteria

()RR BT 25 222 A 43 F i > 90 x 107 5%
<35 x10° WY (KA 5) , [FIEFAEAHXT 43 7 B it ok 49
x 107 Bt A7 B S i 8 11 4540 5 T 7E TBBPA JEHL
ERRFRR PR R AR H, R AR ACH R ER A
XForF i <35 x 10° [, 73 4ME (90 ~ 117) x 10°
Z AT — 2B Y 2%l (WKaE 6 A1 7). X L[]
WA MR K 7T LLE B, SRR LB Kr 97 3%
FEl K HRETE (90 ~ 117) x 10° Z [alV& A & (A 400
(VK& 3) ,SRIMTE TBBPA JoHLE: 55 72 0 B 5 1 T
FRERETE (90 ~ 117) x 10° 2 Ja] 3L T B I 8 457
(VKiE 1 Fn2). X —Z5R KM, ZEATRES
TBBPA J{5 J5 T 7 A 4R S 1 o e g

A3 S A 2 W 5 R TR R TBBPA K5 37 T ) i 41
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