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¥ ffl B J& (Comamonas sp)*Y . & [ FF
(Ochrobactrum sp.)*3 | 74T Ei(Arthrobacter sp.)*
i BA Bl B (Pseudomonas  sp.)M F1 F EL AT 1 B
(Methylobacterium sp.)™5145 | T4 56 1 B 1 F i
TBBPA [ fF58 M AR 5 A Ee,

P LR — 20 i Iz M B 2RI
B T HEAMEEW AT REMIER, FI7Ea L
15 Qe Wy 1 W fige v B AR RPN AT B . AR
KR 1. lacteus F17 J&—Fh B EH, ©ilid
Sy AT R A AL (LIP) . i AL (MnP)
IR I (Lac) e S B e A AT LTS Y i BT
HWF5E 2, 1. lacteus F17 Xf ZFh Ykl HA R4
e fip AN € e 0 02 SR s K A P i &2
R (PAHS) P SR, FIF 1. lacteus F17 [F&A#
KA BFRs U5 A WAk 1B, B, 1. lacteus
F17 7EFR 55 BFRs (942 ¥ £ BROFF U8 HAT 7
2B R AL

ASCLL TBBPA SN HARTGHY), BH5E 1. lacteus
FL7 X LR LR S Sl AT A A BT )
FIEFIMRRE . B0kf pH. TBBPA WIURMREEFIzRh
SRR R A2, LAk TG XT TBBPA 1Y
Rfe ok b RIRSE, 3 ol o At el R RS 7 % R
R IR S BT R HAE VIR L, I TR B
TEVRZR A NE ELRI1E BFRs B A= WA ik 0
WIS BFRs 5 YL bR i) A M5 52 SR A4k

1 AR %

11 ERTEK

EHFL AN E F17 (Irpex lacteus F17)X%F
TBBPA i1 1A WK Af , 12 B AR DR T v [ g 8
F¢ Y1 R 0 (CCTCC), {3 CCTCC AF
20140201%1,

12 ¥

LR R SR IR M (g/L) . #i%HE 20.0,
KH,PO, 3.0, MgSO,-7H,0 1.5, Th44siyt 1L, H
Hr, SR A R R R, PRI
200 g FHFUIHUINJIUBA R, JILA 1000 mL Z£ 18 7K
JEInE, 2k 30 min, BffEHSUZL A LNE, B
UEW ARG TR R A 5T, 0 5 P T ZE 1R AKCRb
JEZE 1000 mL, HR pH.

TeHLER R IR (g/L) : KH,PO, 0.5, NH4NO;
3.0, K;HPO,-3H,0 0.5, TLHLERA 2 mL, pH 5.0

JC ML Eh % W (g/L) : CuSO,-5H,0 1.0,
FeSO4-7H,0 1.0, CaCl,-2H,0 1.0, MgSO,-7H,0
4.0, MnSO,-H,0 1.0,

1.3 HEEWBAH &

TELH AT, BORAETIE Y 1. lacteus
F17 #A DR LG W AR R, T 30 °C,
160 r/min 24 T 3557 5 d, Bl H5 A B 223k 1
FEWAIH, a8 R R
14 FEIAER T E

W —E R TBBPA I T & bt i il 25 i
W< 4 10000 mo/L FUGEAS IR, [l 2K TR 1Y TCHLER
B R B (R R AE B s 243 A 8 g/L A4 |
AR | A TR R TR B A3 A Ay AR 1 35 ) o
AL 40 pL TBBPA fif 551k, Ff A LitE Rk a ,
FEAIA 1 mL RS, (SRR 2R EUAR D 20 mL,
TBBPA ¥ A% )%l 20 mg/L. K%K R T 30 °C,
160 r/min S50 N TIHIRIR G H5 R, 25 PO U
& TBBPA [HRUS AT A A3 35 J5t i JC ML AR Bs
FeBko B 12 RIFE, WE 320 TBBPA 17
RUREFIEIATE, 115 TBBPA MAEYIREE%
1.5 HEFREXT 1. lacteus F17 [&f# TBBPA I

TEC KB TCHLER RS #2342 0.1% ., 0.5% .,

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



3330

Jie Chen et al. | Acta Microbiologica Sinica, 2021, 61(10)

1%. 5%. 10% (V)R LG5 I A BB, 1
FRIERAARTN 20 mL, TBBPA WU E N
20 mg/L, F 30 °C. 160 r/min Z50F F #EATIE IR AR
WG FR, a5 AN IR TBBPA {H AR I. lacteus
F17 WJCHLERRE IR AL, 26 12 REURE, e B5 3Rk
H TBBPA MR MIE, 115 TBBPA HREER .
1.6 ¥k pH XF 1. lacteus F17 f&f#% TBBPA I

R f iR R 900 4R pH (B 433198954 3.0, 4.0,
5.0.6.0.7.0.8.0, AAJSHIA 1 mL [F&#, TBBPA
WITER EE R 20 mg/L, T 30 °C. 160 r/min 454~
PR IRIR R F% , 25 FIXT RS2 & TBBPA {H AR
B 1. lacteus F17 B JCHLERBE TR 3E . 27 12 REUFE,
W5E R R TBBPA MRIAMRIE, 1143 TBBPA
A%
1.7 TBBPA FJIWKEXT 1. lacteus F17 REf#
TBBPA IS4

a] £ K B 9 JCHLER B TR L h i A — 8 BE 1Y
TBBPA fiff 2 W i HA b W 2 4351 1.5, 10, 20,
30 mg/L, #AP 1 mL R, 7E 30 °C. 160 r/min
TN TER IR RS, A I UE T TBBPA {HAR
FEFP 1. lacteus F17 [AJCHLER RS IR 3k 56 12 RIEUR:,
W7 3G 7R TBBPA HYFIRUE, 1153 TBBPA
IREAR R
18 Stk

1.8.1 HEmMBUALIE: FEE 12d 5% 20 mL 5 5RK
EERS 2 125 mL i S, A AR A
e AT A, #a )2, WETZANAM, &
i ERERAE, B9 2 DERIRIMA P, £J0KR
P4 KIS, 78 40 °C F UETT e 75 & , FH Bk
TEERY, FR RS, bES A R R
o 2 0.22 pm PR RS IR A B AR AR
W, RSO g (HPLC) I % TBBPA [k
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JE, [R]BPUSCER AN 2 7K P i B8 1Y) 5 8
1.8.2 1. lacteus F17 =& RIME . RATEE
WE TR A it FR S BB S R KA, 08
SRF2Ek, F80°C THtT+=fEE,
1.8.3 TBBPA YW XE . R I 0K AR 03 1%
(HPLC)MI & TBBPA, Zr#fr 50 it 2 bt
& Eclipse Cig¥1(250 mmx4.6 mm, 5 um), i shAH 2
%7k =85:15(V/V), £ 35 °C, Kl K 290 nm,
i 1 mL/min, PEEEE 20 b, f%ERTE] 8 min,
1.84 BrE&&WIE . KB O35 E KAH
o Brfig i, A 4.5 mmol/L Na,COs £ 1.4 mmol/L
NaHCO; 1E Ak EE , R 1.2 mL/min, JEFEE
25 uL, FESLIZATEE] 18 min,
1.85 4RSI MaP)IIE : BRI
25.0>(8000 r/min, 10 min), WZHL %W 150 pL, i
A 780 puL FLERENZE v (110 mmol/L, pH 4.0),
50 uL MnSOy (40 mmol/L), 20 pL H,0, (4 mmol/L),
F 30 °C /KB HR RV 5 min, VKL N, 1E
240 nm TN ENCRE, THARES . —AEEE
BN (U)E ARSI 1 umol Mn* 546 Bk
M T il
1.8.6 TBBPA FEfE™=¥Hysrtr: KA G-
R L (GC-MS) 4341 TBBPA 1 H ] 4L i 7=
Y, ottt AREHShY TG-5MS B41E
(30 mx0.25 mm, 0.25 um), S N ELEEASR
(He), BFUR(ENEEE N 300 °C, #EFE MR
SEK 300 °C, HERERE 1 pl . AU (0 1S THE R i
F: 100 °C {484 2 min; LA 20 °C/min i3 R T+ 2
200 °C; #Jm LA 15 °C/min By T} = 310 °C,
R 10 min, RALE#IT, HMTERDY 40-
500 m/z.,
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T 547, BAPBE 3 A ERE . BUlE
LERBE R N R A LR

2 HERMQM

2.1 FACHEFN TBBPA A Y REf# AR M

211 SRR EEFREFE . mIERIER DS
B 8 gfL PUFPE LI 5 43 fff A 15 3L o R
AW NERRREN . FrERREA AR R, LI ITA
AR L R AT RR L, B 1. lacteus F17 [&f#
TBBPA [l 2 AL BT A 2s, 45 Rl 1-A
JiR o BREEREMG AL, AIZEWE . 9B R A R AT R
BIEI I A REALIE 1. lacteus F17 X% TBBPA f{4: 4
Wefie, SXTEORE L, FEfRsrmlie s T 21.2%.

20.1%. 4.9%, BRETEERRENAL, Hi%HE . PIRERR AN
FIRELE R I REMEHE 1. lacteus F17 MR K. Hor,

DL B R LA EL BT, 1. lacteus F17 AAE K&
JXT TBBPA [ R fiff 2 1) e T Ho A AL AR 5L o

(A)
100 [z . . 3.0
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& 80 f o {25 &
2 7 ; =
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= 7 _ /S .=
§ 40 + /’/ % \ "'// 1.5 L;
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Co-metabolism substrales

1.
Figure 1.

N 6 £ 2 BEAE A 1. lacteus F17 F#f# TBBPA 1)
Fpoi AR T

2.1.2 HEVEMREEXT TBBPA A YIFEAEMIZ A :
TEREfRIR Z A3 HINA 0, 1, 2. 5. 8 g/L HZjH,
S S AR BE T TBBPA [ 520 , 45 5 L&
1-Bo AT HE A AT A 9 AR K B — 2 (R (L
YERL, SRR A K AT AR R T 2 g/L
JEkaTRE . SERFEARRNE, TBBPA %
itk 23 B R A AR R TG O, A A v
98 glL I, FEERIRFIR AN 76.0%, Fith, &
£ 8 o/ FAI M A & S S A TR 22505
2.2 REfEFBRITAL

2.2.1 I lacteus F17 ¥R EXT TBBPA A YRR
PRI« 3 514% 0.1% . 0.5% . 1%, 5%F1 10% (V/V)
IR B RAR R H AL lacteus F17 BB,
J AR Z I e ZAR TN 20 mL, 78 TBBPA #I A
J& 20 mg/L . SIS 8 g/L 44 . pH 5.0

E

. 20 Degradation rate of TBBPA ] so
& 80 [ —w [ lacteus F17 biomass 7 1°Y 2
0} 7 Juas 2
2 60| % ‘ :
= 1 140 £
s 50k 2
S | {35 E
Z 10} : =
& 2 130 =
A 7 -
S 30 — 3
£ 2 125 8
<20} 7 , 3
Eﬂ 10 1?0 <

0 1.3

1 5 8

c(Glucose)/(g/L)

AR E RS 1. lacteus F17 £ #B& 2 TBBPA RIS
Effects of co-metabolic substrates on the biodegradation of TBBPA by I. lacteus F17. A: effects of

different co-metabolic substrates on the biodegradation of TBBPA and biomass; B: effects of glucose concentration

on the biodegradation of TBBPA.
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PIR 30 °C MISIETT, #%2 1. lacteus F17 $Efha Xt
TBBPA LW RERRIIS2MN . W 2-A 7R, Bl
0.1%-5%I1} , i BRI TBBPA HYRE A
Bz 3K, (HAERERIR R 596 Rk 5l K AP
66.4%, PRI LA Y55k F 5% 4 Rl i dE A TRE ARG
2.2.2 VEWAILE pH EXT TBBPA FEf#HIR M - (5
fRR R B LG pH (E 23 5lE  3.0,4.0.5.0. 6.0,
7.0, 8.0, TBBPA#ILGVKIE 20 mo/L, Aty
JEIF N 8 gl HORZHE 1. lacteus F17 #:FhJy 5%,
T30 °C T HELWILG pH {EXS TBBPA FEAF I
M 2-B AT LA H, 4 pH 4 3.0 B, TBBPA fi[%
FfHIAR, AR 42.2% . SR1MAE pH 4.0-8.0, I. lacteus
F17 WP AL I REfRRE 1, TBBPA F#ffR 345
F| 70%LL I, ek 75.41%. AR pH 5.0
Y4 1. lacteus F17 [4fi# TBBPA AYiidE pH.

2.2.3 TBBPA Y HA ¥R B Xt HFEAR RIS IR : TBBPA
VIR EE B 1, 5, 10, 20 A1 30 mg/L,
TEAMINFACIE T R 8 o/ HYRZHE . 1. lacteus
F17 3Rk 5%, pH 5.0 L J% 30 °C II&MEF,
B HAWI UG BEXT 1. lacteus F17 2= ¥4 f# TBBPA
BSR4 R AN 2-C s, 4 TBBPA MKEEM

1 mg/L $#Em %= 5 mo/L, HFEfEREEHm, J-H
1£ TBBPA ¥RV JE g 5 mo/L I R AR 385 5 f
KN 78.4%, {HFfiZ%E TBBPA Wk L K, I
R MG A FRAR, R 5 mg/L 42 1. lacteus F17 [
fift TBBPA MG WA .
2.3 MnP %t TBBPA A=Yl fa i M

1 TL R XA BILTS G 0 0 A A B AR B
B 43 W6 1 B A0 R A Wl L LR R T 2R 3 SR AL P
(LiP) . % i A AL Wy s (MnP) FIIZE I (Lac) . 2 A 1Y
WFFE & B 1. lacteus F17 FEAREEFT 434 MnP 3k
ST HLTE Y A A g R 212524 R A 5
W% %L [ TBBPA AWK #Erh MnP 15 J7 (19748
b, BEARSAE RN IMALACIHIE T 8 o/l FAHE, 1.
lacteus F17 Hzfiiit 5%, ¥)4h pH 5.0, METFIMT
TBBPA A4, 4 TBBPA W R B 154 20 mg/L,
S EERUNE 3 BTk, TBBPA WAk S It 25 W A
B T] A SEA T3S R, IFAESS 10 REHEFFEK ., )
FeIE 3-A FIK 3-B &P, TBBPA (4 W Fkfii 15
MnP i JI 755 8-14 KRB H AR TR A AR ka3
HPHE S 10 REFEREK, 54 10 KFF#
Rik 85.5% ., iR Ny 14.6% . ME% A 15.1 U/L,

(A) (B) (©) %
S 80y S 80f } = 90r
< 90l . ] 80t 1
s 70 <0l 7 7w O = 7
@ m o v 2 70+ i o
m 60 vz m 60 | 7 =ai 74 U )
= 7 . . = 60f '
D ) = i 7 60 7 7 i
« 50| ) 1 Z o5 7 i — A o
= i =) r 7 77 b < 0 777 77 /
o . 7 ' MEUS I
= 40+ . ) 2slm i b7 = ' B N ]
= = mor 0 Al BN I
£30f | ) =301/ ! 'n Sl 7 | U/
- vt n 5% I = =
E20¢ | | E2wr . - Sl 7 ) U
s 7 . I - . ks o 0 U
& 10 7 , v 4 Eiwl | . Swt/ 7 7 U
& v ] L @ ' | & 2. o U v
) O lzzz /’ / 7 .A" ////( 5 0 ZZ Z 7% 7 o] 0 /% 7 Vi 7
0.1 05 10 5 10 34 6 7 1 5 10 20
Inoculum volume/% Initial pH value c(TBBPA)/(mg/L)
2. IMEREEX TBBPA RIS
Figure 2. Effects of environmental factors on the biodegradation of TBBPA. A: inoculum volume on the

biodegradation of TBBPA,; B: initial pH on the biodegradation of TBBPA; C: TBBPA initial concentration on the

biodegradation of TBBPA.

actamicro@im.ac.cn



WREESE | el 2021, 61(10) 3333

(A) 100 \ 21 (B) 5
Degradation rate of TBBPA -
g\f * Debromonation rate of TBBPA %
E 80 ‘// 18 % ~ 20
ea . 7 =
= /,_7 77 {15 E S 16} )
o 60 A _’"’“"% [ = %
o . . 7 7 ' e 9 ik
% ~—_ ,f 7 / 12 % E 12 7 / 7/ .
= 40 L 7 / 7 fay = 177 7 ul
§20— = = §4 4 // _ %
R / n 3 0 /, .
6 8 10 12 14 6 8 10 12 14

t/d t/d

3. MALEMT I lacteus F17 X TBBPA B4 #IF%HR
Figure 3. The biodegradation of TBBPA by I. lacteus F17 under optimal conditions. A: the biodegradation rate
and debromination rate of TBBPA; B: the activity of MnP.

2.4 TBBPA Bt YIMEREAR T MERRRIIG &1, T T XA BLYS e
Wit GC-MS %t 1. lacteus F17 4 ke TBBPA M. FIUIME . PNERMREN . AT IR A £ 4
(eI AT AT, KR 7 Ry, e SRR IR R I AR B 5 R
B 1-(B-I-4- B IE R Z I SR R, oy A, R PIRIHAUR A JOR B T R RE AR
25-TRHIEZ M . 25- T HRHERRR . 24-— K A A XA LTS Y B A 29 A SR s
A2 A 2,4 FOEE TR 4), Hob 1-@g. WEEIRRL, LRI TR R e
FOR)E CESCRRPSEAT L. ARIRC RoE)py T TBBPA IIERERTY 50.0%. M 1 A3t
PO, S5 RIGSCHRI, Bk T 1. lacteus F17 2 PIRIRRIIRIVISTREISIAENEIE 1. lacteus P17 A9k
IR TBBPA IYTTHERAA(E 5). 7k, TBBPA <AL TBBPA ARk , Horb i iy i F
5 AR T, TR 3,35~ A A, BE MR AP GE 535 42 5 1. lacteus F17 % TBBPA I [ ff sk
R B A T R I e 3,35, o FLAGIHERT 1. lacteus F17 92 K fe AR
U A KU pE . B . ST B, X—45 520 1. lacteus F17 ] LA s 2E4L
G LG ) 7 R e, TS ATECHNE B TBBPA. TITREL B9 A
R 33 5O A SRR iy A, oCiUE | lacteus FATHOZEI, HAIS SO
BES A A AR T, watg  TOBA HEIRERBE ST AREAR , X PTRE [N D e B
SURRER 25 FIRZ ., 26—y, 0 0 e OETRIIR, W R A
O PRI LA SR REHL 2 A (02, T P SC A PV
S5 KB, 1. lacteus F17 FERR A 254 T B4 FF MnP
3 b B2 1, RO SELT e 2 B0 A I 2 % e
ey, PILRE R ARIE AW 1. lacteus FL7 Ayt
AR R SR DIV AT LIS e — RS (R, S5 TR, SEREATATHE 1. lacteus F17
R, SERHER M ARSI AR A K B WAt TBBPA HOZLARIHL IR 43E .
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Figure 4. The mass spectrum of intermediate products during the biodegradation of TBBPA by I. lacteus F17. A:
1-(3-bromo-4-hydroxyphenyl) ethanone; B: 4-hydroxybenzoic acid; C: bisphenol A; D: 2,5-dihydroxyacetophenone;
E: 2,5-dihydroxybezoic acid; F: 2,4-dihydroxyacetophenone; G: 2,4-dihydroxybezoic acid.
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\ )
b 1] | l I i et
Br/j\l/KBr BH\\‘/LB" | -(3-bromo-4-hydroxyphenyl)
on OH : cthanonc
& o {Detected)
! |
¥
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£ —_—
& MnP
- Coo
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o @* Phs
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5. TBBPA B4R MEETE
Figure 5. The biodegradation pathway of TBBPA.
S YPIILRWR L AR AR R pHE  BFREMRR Ny 70.2%, ASZE ] 1. lacteus F17

SRR TS YRR I E B R R LA R
TE—EAMET TBBPA ¥ i i 2 5 i HL R sk
R vk B 1 TBBPA 1 23 0 T8 1A 338 i —
EMEEFEMER, PR A B 430, [
W T e TS FHR AL R D PR SOR I B R R
Z— XIMRZEPIRIY T 1. lacteus F17 /K AHAFFERIE
(PR, 25 SRR S IR MR IR E R 5 mg/L
i, FEAERAE . Chen 51T 8 70 J5 B S A 4
fit TBBPA, HimfEREMk Wy 5 mo/L, BS54
SCISEERAE AR —3. Peng ZEMIBFSE T AT L
[ Jm XS TBBPA [REME, HHAIMRUE N 5 mo/L

KEf# 5 mg/L ) TBBPA, FEffRHEAIIA 78.4%, FIt
|. lacteus F17 F TBBPA [ 25 4 figt e 1 A T 5
SEZH TR

DGR Erinne =S AR IREE E7/IEty] 53t
HERER, AR KR, AR KR

% HAEY R/, SR i, SRR
Al A Py e b il s, PR AR T B A
HRYRTES, WA 8. B, ERAE
Pt 2 W AR ASCR BN R, Xt 2Rt
SCHGAEIRE . pH. TBBPA %) A ik 14 25 5514 AH [ (1)
LT FEAf R B2 S BN, FEARSZR
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KB, 1. lacteus F17 f#fi# TBBPA Bt &l
5%.

FEMRRIWILGE pH 2 s2m il Prxt 8 371
T W A az e AN 2 W S s . B
5T 2¢H1, 1. lacteus F17 7E pH 4.0-8.0 I X JE F g Ak
TP 3R A B I Rt R P2, ARS8, pH
300, M FIARRMYELK, 52m |. lacteus F17 11
AR AE YIRS, MTTT 5220 TBBPA 1AWk
ffR AR, AR 42.2%, SR, P14 pH 7 4.0-8.0
TWHEINET, TBBPA WA PR i il my, Fff
RYRE] 70%LA E, [RIEHBFEH 1. lacteus F17 1]
DITERLTE M pH YU NGRS TBBPA, BT I.
lacteus F17 755 MRTEFREE AL KB A
SCEG SR pH 5.0 E°4 . lacteus F17 [#f# TBBPA
() fid pH.

1 PR AT SR e T R A AR S 2 i il 2R
XS Z2 R0 05 B A G D R BE H T 1i% 1Y) Foe fie e
Zhao 2GRS, 1. lacteus F17 15k (2
K fRAR 2 DL MnP SRy SRR A . A TR AT
RE b AGH I 38 45 22 R At v (B) 77200, B M b o3 A
TBBPA & , TEWF ST FE L AR MnP i )
A S LA S ) o A S g b, R T ALm W)
G ) TBBPA (20 mg/L). Z5H48H MnP {5 7;
TESS 8 RZATALAR, (HTEZE 10 R 2B B &1
HaR, WEHEGAE] 15.1 UL, FBJ5 MnP 3§ J1 T HRE%
A TRE, XA RER KR R IBCEA 52 5 i o A
TAFEMR AR D RN A AR, (BIRRDEE
(20 B % P I AR SE 4 — 3, MM 3: 30R 1 [ i
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), DRI 3at A 1 3ok A B e e N TE) 184 0 MinP it 1
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EZKF-E, TBBPA [ R A 58 T i 15 A8t 38 B de
BEH MnP 5 IR T RE, FEfRRms A REAL, B
TR FHAA, X—LEas KR, 1. lacteus F17
T B MnP (935 T2 TBBPA [194E W) K fi
R . MNP 2 —F A% I 21 2 1 1k S AL P g
PEAlGE MnP Xt M Gkt Mn* & MnP 7248
PR JE SR R L TR, IR HL Mn® ik i 25 5%
Wi MnP A= e DR e nT s A B Mn®
kL MnP BE R, AT $E S TBBPA A=)k
ffER . IEAh, PREEIR RN pH 2 5 g TG AR
PR R EE L R 2 PR T 3 3o S SR A2 . lacteus
F17 Wfcid P~ B A pH, M4 TBBPA 1)
IR AR A TEUIRREfR 25T, 1. lacteus F17
X} 20 mg/L TBBPA IR fif %4 i) il i5 %] 85.5%.
Chen ZEWVRESY 1 # i i 6 - 5 B8 (19 165 EL BT ) %o
TBBPA (/%% , 4 TBBPA ¥WJTAHE & 20 mg/L
i AR 85.7%, R SVl FH F A 14 (40
H)FEf# 20 mg/L TBBPA I [ f# %4y 30.12%,
DRI 1 B AERR A TBBPA 5 Tl LA AR K
FAWT1, AT K BEBRTTE YR BT (14 A 4 3h B b ]
F R E PR I8

An Z:0ARE5 % B0 TBBPA TE4E A 14 & AR
FAF B R 4% . R 0 UR SR Ah ] A S B A
IS A PR AR I T /N AR A o 7 )
F AR SRR B NY 3 4748 R A TBBPA, & LR
ff B R ERAE TR . L FRIR R
S RN o AR SCIE % TBBPA A= W fift v 18] 77 4 1)
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XT 1. lacteus F17 4748 fi% TBBPA HyRHPE#A T
T NS, 1. lacteus F17 A] LL3E aF A g
J5 ST TBBPA B A AL AR, foeid LA
AN, ELAE pH 4.0-8.0 U Bl N B BB R+
F%fft TBBPA. ML MR RMALHE T 1. lacteus
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i RPREEIRHER . X A, 2, 5- IR L
25- " RILKFRR . 24- " RIFELT 2,4-— 5%
FEIEHEIR , HEM HFE 1. lacteus F17 [%f# TBBPA (1)
TEFE AT BBV K W A [ R T AR AR

)

Z % X W

[1] Fan ZZ, Wang J, Liu SS, Zhou JT. Aerobic degradation
characteristics of tetrabromobisphenol A by Pseudomonas.
Chinese Journal of Environmental Engineering, 2014, 8(6):
2597-2604. (in Chinese)

TWHEE, F35, XIbvb, FISEM B f S A DR
By A BYFRPE. FRET T AR2A41, 2014, 8(6): 2597-2604.

[2] Chen YM, Song ZH. Research advances in environmental
remediation technologies for tetrabromobisphenol A.
Environmental Science and Management, 2016, 41(8): 90-94.
(in Chinese)

WRFRHE, RAEE. RBErP SO A FEARER 1 R 5.
R 545, 2016, 41(8): 90-94.

[3] Yan MY, Pang ZH, Li XM, Chen JY, Li JS. Progress on
degradation  technology of tetrabromobisphenol  A.
Environmental Science & Technology, 2013, 36(4): 49-54. (in
Chinese)

EIARH, peiife, AN, RS, Bath. DU A B

(4]

(5]

(6]

[7]

(8]

[°]

[10]

[11]

[12]

fife B AR W BT DR ST . R RRAE S HOR, 2013, 36(4):
49-54.

Liu K, Li J, Yan SJ, Zhang W, Li YJ, Han D. A review of
status of tetrabromobisphenol A (TBBPA) in China.
Chemosphere, 2016, 148: 8-20.

Malkoske T, Tang YL, Xu WY, Yu SL, Wang HT. A review of
the environmental distribution, fate, and control of
tetrabromobisphenol A released from sources. Science of the
Total Environment, 2016, 569/570: 1608—-1617.

Ning ML, Hu JJ, Lu LR, Cai YW, Li GY, An TC. Toxicity
mechanism of tetrabromobisphenol A to human respiratory
system cells 16HBE and Beas2B. Chinese Science Bulletin,
2020, 65(10): 931-939. (in Chinese)

TR, UIRA, R, 0N, FHEE, AN TR
XU A ST ARIT I R G2 16HBE il Beas2B (14 il 2 5%
BEDLE]. Bl2E i, 2020, 65(10): 931-939.

Zhang J, Yu SL, Tang YL, Zhang YH. Research progresses on
toxicity and removal technology of Tetrabromobisphenol A in
water. Water Technology, 2016, 10(1): 1-6. (in Chinese)

KB, FACH, JHEFRE, FKBHE. KT USRI -A 1
TEMERRIE 5 BB BOR BTk . oK R, 2016, 10(1):
1-6.
Wang YM, Wang YL. Research
tetrabrombisphenol A(TBBPA). Environmental Engineering,
2016, 34(4): 1-5, 11. (in Chinese)

FEER, T, AN TBBPA mAHs IR, 5
T.#%, 2016, 34(4): 1-5, 11.

Jiang YC, Lu HL, Xia K, Wang Q, Yang JJ, Hong HL, Liu JC,
Yan CL. Effect of mangrove species on
tetrabromobisphenol A from
Chemosphere, 2020, 244: 125385.
Chen YW, Fan MJ, Sun JY, Shen SB. Study on the anaerobic
co-metabolic biodegradation of tetrabromobisphenol A. China
Environmental Science, 2018, 38(4): 1459-1465. (in Chinese)
PREESC, JUBFGE, Iz, TR, DU A RS
FefrrERERTF S, h A5 R2, 2018, 38(4): 1459-1465.
Peng XX, Zhang ZL, Luo WS, Jia XS. Biodegradation of
tetrabromobisphenol A by a novel Comamonas sp. strain,
JXS-2-02,
Technology, 2013, 128: 173-179.

An TC, Zu L, Li GY, Wan SG, Mai BX, Wong PK. One-step

process for debromination and aerobic mineralization of

progress  on

removal of

contaminated sediments.

isolated from anaerobic sludge. Bioresource

tetrabromobisphenol-A by a novel Ochrobactrum sp. T

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



3338

Jie Chen et al. | Acta Microbiologica Sinica, 2021, 61(10)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

isolated from an e-waste recycling site. Bioresource
Technology, 2011, 102(19): 9148-9154.

Ren L, Jia Y, Ruth N, Shi YH, Wang JH, Qiao C, Yan YC.
Biotransformations of bisphenols mediated by a novel
Arthrobacter sp. strain YC-RL1. Applied Microbiology and
Biotechnology, 2016, 100(4): 1967-1976.

Ma YN, Zhao YY, Wang YF, Li XZ, Sun FF, Corvini PFX, Ji
R. Effects of Cu?* and humic acids on degradation and fate of
TBBPA in pure culture of Pseudomonas sp. strain CDT.
Journal of Environmental Sciences, 2017, 62: 60—67.

Liu LL, Wang XX, Chen X, Zhou CC, Tang Z, Lin S. Studies
on aerobic degradation mechanism of tetrabromobisphenol A
and functional enzymes of Methylobacterium sp. TP-1. Acta
Scientiae Circumstantiae, 2018, 38(11): 4250-4258. (in Chinese)
XV F, M, BRE, MaiE, BHE, KK
Methylobacterium sp. TP-1 %74 R A DU B ALY A HLEE K HoTh
REMERTSY. PRESRLE2E4R, 2018, 38(11): 4250-4258.
Uhnakova B, Ludwig R, Pé&knicova J, Homolka L, Lisa L,
Sulc M, Pettickova A, Elzeinova F, Pelantovad H, Monti D,
Kien V, Haltrich D, Martinkova L. Biodegradation of
tetrabromobisphenol A by oxidases in basidiomycetous fungi
and estrogenic activity of the biotransformation products.
Bioresource Technology, 2011, 102(20): 9409-9415.

Chen ZH, Yin H, Peng H, Lu GN, Liu ZH, Dang Z.
Identification of novel pathways for biotransformation of
tetrabromobisphenol A by Phanerochaete chrysosporium,
combined with mechanism analysis at proteome level. Science
of the Total Environment, 2019, 659: 1352-1361.

Yao MW, Li WM, Duan ZH, Zhang YL, Jia R. Genome
sequence of the white-rot fungus Irpex lacteus F17, a type
strain of lignin degrader fungus. Standards in Genomic
Sciences, 2017, 12(1): 1-6.

Duan ZH, Shen R, Liu BJ, Yao MW, Jia R. Comprehensive
investigation of a dye-decolorizing peroxidase and a
F17, a
lignin-degrading basidiomycete. AMB Express, 2018, 8(1):
119.

Chen WT, Zheng LL, Jia R, Wang N. Cloning and expression

manganese peroxidase from Irpex lacteus

of a new manganese peroxidase from Irpex lacteus F17 and its
application in decolorization of reactive black 5. Process

actamicro@im.ac.cn

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Biochemistry, 2015, 50(11): 1748-1759.

Yang XT, Zheng JZ, Lu YM, Jia R. Degradation and
detoxification of the triphenylmethane dye malachite green
catalyzed by crude manganese peroxidase from Irpex lacteus
F17. Environmental Science and Pollution Research, 2016,
23(10): 9585-9597.

Liu J, Wu J. Selective degradation of coexisting phenanthrene
and anthracene by Irpex lacteus F17. Acta Microbiologica
Sinica, 2019, 59(5): 916-925. (in Chinese)
XMR, A, FLEARGE F17 XIEAEE
AR Mp2EAI, 2019, 59(5): 916-925.

Wu J, Liu J, Chen J. Degradation of single and mixed PAHs

A e i 22 S

by Irpex lacteus F17. Acta Microbiologica Sinica, 2020,
60(12): 2734-2746. (in Chinese)

S8, X, BRbE. FLEARR R FL7 X — I G 2054
HIRE 22 SR AT . 23R, 2020, 60(12): 2734-2746.
Zhao XS, Huang XJ, Yao JT, Zhou Y, Jia R. Fungal growth
and manganese peroxidase production in a deep tray
solid-state bioreactor, and in vitro decolorization of poly
R-478 by MnP. Journal of Microbiology and Biotechnology,
2015, 25(6): 803-813.

Wan B, Nie MQ, Qi HX, Nie HY, Wang XD, Chen R, Feng
HM. Study on the characteristic features of the aerobic
biodegradation of tetrabromobisphenol A by Pseudomonas
aeruginosa NY3. Journal of Safety and Environment, 2016,
16(5): 196-200. (in Chinese)

T, HEWG, FFEE, B4an, TAE, EREL .
HALRAB AN N'Y 3 G AU AR DU TR A HOFRPERIF ST, 4
HIREE224, 2016, 16(5): 196-200.

Tang WZ, lJia R, Cheng XB, Li XD. Study on the
decolorization of Congo red by Schizophyllum sp. F17 and its
degradation enzymes. Journal of Biology, 2007, 24(4): 24-28.
(in Chinese)

JESCL, FeoR, FRIRIE, ZS0AR. RURETE FL7 XTRIRLL AN
0 ) F RIS, A4k, 2007, 24(4): 24-28.
Wang B, Wang Y, Zhou XY, Lu GY. Study advance of
manganese peroxidase(MnP). Guangxi & Development of
Chemical Industry, 2005, 34(4): 28-31. (in Chinese)

ERE, EW, MRz, AEE. AP (MnP) RIS
R, AL THEARSHF &, 2005, 34(4): 28-31.



FRgESE | e aEd, 2021, 61(10) 3339

Characteristics and mechanism of aerobic biodegradation of
tetrabromobisphenol A by Irpex lacteus F17

Jie Chen, Juan Wu~

School of Resources and Environmental Engineering, Anhui University, Hefei 230601, Anhui Province, China

Abstract: [Objective] To research the possibilities of biodegradation of brominated flame retardants by Irpex
lacteus F17, we studied the characteristics and influence factors of aerobic degradation of tetrabromobisphenol A
(TBBPA), and the degradation pathway was speculated based on the analysis of intermediates. [Methods] We
determined the concentration of TBBPA during biodegradation by high-performance liquid chromatography
(HPLC), and detected the intermediate products by gas chromatography-mass spectrometry (GC-MS). [Results]
TBBPA could be biodegraded by I. lacteus F17 via co-metabolism, and glucose was confirmed to be the most
appropriate co-metabolic matrix. Under the optimal degradation conditions which were 8 g/L glucose, 5% inoculum
volume, pH 5.0, the degradation rate and the debromination rate were 85.5% and 14.6%, respectively, for 20 mg/L
TBBPA. It was found that the degradation rate of TBBPA was related to the activity of manganese peroxidase
(MnP). On the basis of GC-MS analysis, we detected seven intermediate products. [Conclusion] I. lacteus F17
could degrade TBBPA effectively, and debromination, g-scission, hydroxylation, deprotonation, and oxidation were
involved in the degradation mechanism of TBBPA by Irpex lacteus F17.

Keywords: Irpex lacteus F17, TBBPA, biodegradation, co-metabolism, MnP, degradation pathway
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