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pollutant of global wide concern, has the characteristics of high environmental concentration,
difficult biodegradation, etc. It is urgent to develop efficient removal technology for TCIPP.
[Objective] To obtain a new strain with high TCIPP degradation efficiency that can be used for
TCIPP pollution remediation. [Methods] The strain which could degrade TCIPP with high
concentration (up to 100 mg/L) in liquid was isolated from the TCIPP-contaminated soil by
gradually increasing the concentration of TCIPP in the mineral salt medium. The strain was
preliminarily identified according to 16S rRNA gene sequence analysis, and its characteristics
of degrading TCIPP in liquid were further investigated. [Results] The strain DT-6 was
identified as Ochrobactrum sp., and it could utilize TCIPP as the only carbon and energy
source. When the initial concentration of TCIPP was 50 mg/L and the incubation time was 7 d,
the biomass of the DT-6 strain was the largest and the degradation rate of TCIPP reached the
highest (34.6%). The addition of sucrose significantly promoted the growth of the DT-6 strain
but inhibited the degradation of TCIPP. [Conclusion] This study reported a highly efficient
TCIPP-degrading strain, Ochrobactrum sp. DT-6, which could provide new germplasm

resources for the bioremediation of TCIPP pollution in the environment.

Keywords:
degradation characteristics

i T £ 1R Bk 7K ik (polybrominated diphenyl
ethers, PBDEs) Y 2BRES Y, 1F R 220 ALY
A WU 22 FH#%57 (organophosphate flame retardants,
OPFRs) K1 12 W FH Tl . i Wk
T Hb AR ' 7R R 96 7R A5 L P T, OPFRs
FEE YRS i Oy S A e A i, X il
o3 HA Ty e AR | ik R A Uy ORE s 3 ] LA
mrpBl, Har, K. B RES RN K
MW BEFLSEAEPRE S S m iR | mvk
Friti OPFRs™ . i5¥KW] OPFRs HAGA0H . &
g SRR R ik, HIk, OPFRs
BB A BRSO R R S A LTS . B
MR = (1- 4 -2- N 3& ) B [tris-(1-chloro-2-propyl)
phosphate, TCIPP]/& — Ff L Y #) S f{, OPFRs,
AU, 2915 8 OPFRs 1y 55%!",
1M H B 8w 1 PR A7 5 i, R R 2RO
FE 5 AP 3 B 0 OPFR, kB i i vl ik
2500 pg/kg™*, HRG ZE M Refg . R,
AR AU AN [R] BRBE A7 J5t v TCIPP FY R AL £ B

tris-(1-chloro-2-propyl) phosphate;

microbial degradation; strain screening;

AR,

HAT, SR FHKAERCRE R 7 XL BRI
f) TCIPP B3 258, BN, Su S s &
PAETME S5 F R TCIPP BETE 35 d N 12K
fi# ; Fang ZFIWF5E 38 B =Mk 201 A7 E AR
ETALfE TCIPP NS OPFRs 7K 2
5 Yu SR UV/TIO ek R Sh G4k
i EAL R RRBE R KA TR TCIPP, IK4F, Qin
RN TR by )y Ok Bk TCIPP, &1
6 > Bf TCIPP # £ BRZIKF 26%-28%; AP
R BIETE T A W e W B 22 B 7K v TCIPP (147
HU R YIE B Bk L3 TCIPP BH A,
T 0 2 A A N Ry 2 e L 7 VS 7 R A LTS
YIRBREAR, SR L BN = A fF TCIPP 1y
TR Wy I ) LR % TCIPP A AH S WF 58 38 AR T
RiE, TP TCIPP B Y MR i e i AT
WAL [ERS, AT AEYE Z 2FR TCIPP
FIBIF 7T ¥ 2 B A I 4E TCIPP A9 25 Bad A rp i
HAew mEEEADT, BA, EHZAFA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B RA: WRIR = (1-50-2- A 325 ) P e g o 97 10 B FL B A 1483

e W R TR R (- 2 KR ) B [tris-(2-
chloroethyl) phosphate, TCEP]!'®" Fil # iz =
(1,3-&-2-N ) E [ tris[2-chloro-1-(chloromethyl)
ethyl] phosphate, TDCPP]"* I #l & fX, OPFRs
WFFEHGE . XU BRI W) i TCIPP 2 1)
SERATIY .

AWE5TE N TCIPP 15 4% + 1 rh g 2 4lifk
i P15 2 LA TCIPP Ay il — Bk I A= K 19 R A A=
Yy, IR EMRRRET Y, LA TCIPP V5
LIRS e S R AR 0 AR P R B BT

AR

1.1 ##

3 8 0 3 TR R I - SR A S Tk B T R
TCIPP 75 4emf [l . 75 YLk B e i 338

TCHLEL R 37 3 (2/L)*: MgS0,4 0.20, FeCls
0.005, CaCl,0.01, KH,PO41.50, NaNOs4.00,
Na,HPO, 0.50, pH {HJATE 7.0, 121 °C K
20 min, LB K5##3k(g/L): BEREE 5.00, HAM
10.00, NaCl 10.00, pH {HIH 7% 7.0, 121 °C
KA 20 min, ARG FREL : AEARROR AR 75 1
hnA 16-20 g/L Bifig .

MgSO,. KH,PO,. BilEmFE M, FHZ
L= A R A o R Ah-1] WL 43 B
I, SEYA R SOM - DU T
IL(GC-MS/MS), FEB KRB A
1.2 A%

1.2.1 MBREHFESSES

FREL 2 g HHEFESIMA TCIPP WREE N
10 mg/L ¥ 100 mL JCHLER W IAR ISP, F
35 °C. 160 r/min HERIRZIEFR 7 d, SR IH
10 mL BB 2 TCIPP ¥ JE N 20 mg/L #Y
90 mL el IARIE R, R BRSPS, K
U TCIPP ¥ FE R 30, 40 1 50 mg/L.

WHL 1 mL x5 — A7 R S e,
T KRR 10-10° 5 M E5A 50 mg/L
TCIPP W ICHLER AR IR b, T 35 °C fHif
B35 12-36 ho fEmEAERKER/NES )G, #id
Z U2 5y B J5 15 B B— TCIPP FEFR A o
R AR T AR T iR T .
1.2.2 HE&RHH&E

TCHZAET R0 70 B A5 20 i B v He
KR LB WikEE g H, F 35°C. 160 r/min
TEIRIR G 7 24 ho BEREFREIEIET 12 840xg
20 Smin, 35 BIHFWR, REIMAE R ICHE
KPEW, ERE LRGSR 3k, HLRKE
5135 ODgoo M 1.0 HYTH B -
1.2.3  FEHRRIBERRAE ST I0E

T ST, 1650 mL 7 H =P A
20 mL TCIPP ¥k &4 10 mg/L K ICHLER A LS
FREH 2 mL @AW, T 35°C. 160 r/min
HIERIRG HE IR 7 d, AR5 I TR A A
{5l TCIPP 5% 8 £ . %5 I BRSE B SR A 121 °C
FR K 20 min AR . RG34
HE,
1.2.4 S KR ZRNE

THEAMET, 7550 mL T~ H =it A
20 mL TCIPP #JEH 50 mg/L B ICHLER B4 55
FRHA 2 mL W&, T 35°C. 160 r/min ikt
et IRZ TR, AE L. 3. 5. 7. 9. 11,
14 F1 21 d HOFE, @RS TCIPP & &, [A]
BV BRI MR ODgoo M54 . RIS 35 B AR A T
B AL EE AT R, BERAREE 3 AN
1.2.5 $ZF KX TCIPP FEIEBURBI SN E

1) B:3Emt1E] 5 TCIPP ¥ iRk

THEA&MET, 7550 mL ™ H =it A
20 mL TCIPP ¥k 435N 10, 25, 50, 75 Fil
100 mg/L {TCHLER AR S FRIEF 2 mL R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1484 (YIS Gk

Microbiol. China

(TCIPP FEFRACRA AT ITARE) , F 35 °C . 160 t/min
SronECEIRR G SR 1. 3.0 50 7. 9. 11,
14 121 d, SRS & Pk 09 A KA L AT TCIPP
B, AP ICESR A 121 CCREpil KA
20 min W AW . BRI 3 ANEL,

2) A 5

THEA&MET, 50 mL T~ H =T A
20 mL TCIPP ¥k ¥ 50 mg/L B ICHLER A LS
FHE S g AMIERIE (G B R ERE B YRR
BB 2 mL R AW (TCIPP R MR RCR B 4 1 T
PE), T35 °C. 160 r/min 43 B3R H IR 4R % 45
%7 d, SRJE I AR B A K ARG BLAT TCIPP 4%
B, [RGB AR WS IR A b B, A8 6 B
SZEGSR A 121 °C i K B 20 min 9 B 2
b3 3 NEE
1.2.6 BEHREKENE

SR FH E 3o 325 00 5 R A VAR R, B T 2R 4
APEIE T F K 600 nm &b g HR S B (E .
1.2.7 TCIPP 2 #f

FEW: BRI 12 840%xg B0 5 min J&,
W LW RS 2 W, I 10 ng MR
YA B R = 1E T B (TnBP-dyy), I SR
JE A 20 mL — 4 BE, ¥15783% £ B 20 min,
AR ZEIUR , EE ARG 3 Ik, &I
W PR TR KIS, ek 78k 2k
T, AERELAIECEESRE | mL, £F GC-MS/MS
SyHTINAE .

GC-MS/MS M 514 : tai% 4 TG-5SILMS
(30 mx0.25 mmx0.25 um), ¥~ 1 mL/min,
PERERE 1 opLo G THRR T . WA AR
50 °C, {4#4% 1 min; LA 10 °C/min J+Z 180 °C,
{#4% 8 min; LA 20 °C/min F+Z 240 °C, {#4%
8 min; LA 3 °C/min J} & 255 °C, -1 30 °C/min
TFZ 300 °C, {345 5 min, $EFET | BT IR FIME
B LR IR B A3 A 250, 250 F1 280 °C, £ W

AR AT 434 . TCIPP {4 88 1 a] & 18.25 min,
BEBITR 201.0, XN A28 125.0 (Rl
AEA 10 eV). 99.0 (RlifEAER 20 eV), Horh 125.0
YERERE T
1.2.8 16S rRNA EEHF5| 447

KA RN DNA $2BGAH] & 3L B
SLINZH DNA, SR AN %@ 519 27F
(5'-AGAGTTTGATCMTGGCTCAGC-3")#l 1492R
(5'-GGTTACCTTGTTACGACTT-3") PCR ¥ 1
16S rRNA JE[H, 514 fr b ot AL R BB A BR A
Al o PCR W AK R : 2xTsingKE Master Mix
25uL, F. FIF5149(10 pmol/L)4% 1 pL, ARAR
DNA 1 uL, ddH,0 #M& 22 pL. PCR Jz i 5514
94 °C 10 min; 94 °C 305,55 °C 30 s, 72 °C 1.5 min,
30 MEFR; 72 °C 10 min., 1%350 I8 WHEEIKE FaL Tk
il PCR 7=, ¥4tk PCR 7=, #aifb)s
) PCR j=¥kidb nt LR AT FRA Rl T
FEHIINRE , 51348 NCBI Jrifiid BLAST F2
J¥ 5 GenBank HAXEREHE A T LR 73BT o
1.2.9 HUELIE

RIS HOHE AL FE 5 E 20 R FH - Origin 9.0
SERL, KR 5220 RH SPSS 24.0 SE AL,
TCIPP AR 5E A
R (%)=(C,—C5)/C;x100
A R NEXT TCIPP MR (%); C1 N
IR 00 B I s [ BREE SR TCIPP | ik
JE(mg/L); G Fif I 4h i 25 45 1 Ab B 4% 57 W
t TCIPP A% (mg/L).

2 HZRE5OM

2.1 TCIPP P&fE T ¥k BY 6 i

2B YT . Al iR 8 BRAEK
RiF AR LS & R, 20395 0 DT-1.
DT-2. DT-3., DT-4, DT-5, DT-6, DT-7 1 DT-8,
A HFRAELL TCIPP (10 mg/L) Ky ME— B I8 59 TC AL

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B IREE: WARTR = (1-5-2- 749 22k ) I e g 1 75 32 2 L e A 2 1485

AR R R R 7 d I, DS RARA AR K
F X} TCIPP WIREFRIEDL(ER 1), Hr, ik
DT-6 ML KAESL L, ODgoo i3 5 T H A
Pk 1 ELE R DT-6 %t TCIPP [ [ M At 1t ik
R, FEMREN 29.1%, BEE T HABRE.
I, EFEER DT-6 1E Nt — S5 x4 .
22 [MEMREHRIEE

# Ak DT-6 B 16S rRNA %t X 551 5
GenBank i ZEH ) Ochrobactrum sp.J¥ 55
JEALOF 9 — Bt i & 99.83%), TE4r+ &
BREHE LB TEAFE, PEMEUERT
97%H ¥ 51 K Fl MEGA 11.0 {3 41 4 v by
RGEREME 1),
23 HKEBEBHMEZMNESER

PR DT-6 76 TTHLER AR B 2 Fe b 5 5% 21 d
(A K e K HoE TCIPP (RIS L an &l 2 f
7N, TELL TCIPP S ME—f IR A B 57 i # v

F1 THEERRRE KIERREY TCIPP SRR
Table 1 The growth of screened strains and their
degradation rates of TCIPP

k7S ODgo0 TCIPP #f#2

Strains Degradation rates of TCIPP (%)
DT-1 1.36+0.11ab  19.5+1.38ab

DT-2 1.5240.13b  21.5+1.53b

DT-3 0.99+0.15¢ 7.01+0.76¢

DT-4 1.1940.13ac  13.6+1.20d

DT-5 1.22+0.13ac  18.1+1.24a

DT-6 2.04+£0.16d  29.1+2.06e

DT-7 1.24+0.12ac  18.8+1.25a

DT-8 1.04+0.11¢ 9.81+0.85f

*: ANFVNG FHREFRIR AN R T b (] 25 5 i 2 (P<0.05)
*: Different lowercase letters indicate significant differences
among different strains (P<0.05).

Pk DT-6 A=K, ODgoo AERFFER FIK - b
Gh, FEE F R DT-6 1) ODgoo ANWF E T+, TCIPP
HIH BEAN BT N B, XAk DT-6 % TCIPP
Kok ik BB ) i 55 PR DA R A KM BB SR IE ARG . BE R

69 Ochrobactrum teleogrylli strain LCB8 (NR 174270.1)
100| L Ochrobactrum soli strain BO-7 (NR 169364.1)
35 DT-6 (0Q 135140)

Ochrobactrum haematophila strain CCUG 38531 (NR 042588.1)

79

66

4

Ochrobactrum pecoris strain 08RB2639 (NR 117053.1)

Ochrobactrum rhizosphaerae strain PR17 (NR 042600.1)
Ochrobactrum grignonensis strain OgA9a (NR 115044.1)
— 95 q:Ochrobacrrum thiophenivorans strain DSM 7216 (NR 042599.1)
1 Ochrobactrum quorumnocens strain A44 (NR 179947.1)
Ochrobactrum anthropi strain LMG 3331 (NR 114979.1)
9 L

3 Ochrobactrum tritici strain SCII24 (NR 114980.1)

0.01

1 E# DT-6 HRFZELA B

Ochrobactrum vulpis strain F60 (NR 149245.1)

Rhizobium etli strain CFN 42 (NR 074499.2)

Bootstrap KEBLE K 1 000, 733 FIECT RN bootstrap Y S HF

K S NER GenBank B 5E5; b RER 1%09 75 L2 57

Figure 1

Phylogenetic tree of TCIPP degrading strain DT-6. Bootstrap times are set to 1 000; The numbers

on the branch points indicate the support rate for bootstrap. The parentheses represent the GenBank accession
number. Ruler represents 1% of sequence evolutionary differences.
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Figure 2 Growth of strain DT-6 and its degradation
of TCIPP.
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G IR

F 15 77 B5F [B) F) 46 R X IR BR DT-6 i fif
TCIPP (#5455 (& 4)rT WL, Bl 55 520 (a) Y
FEK, TPk DT-6 X TCIPP it [l 550 % 5 P M

30r  «10mg/L =25 mg/L —+50 mg/L
=+75mg/L -+ 100 mg/L

Time (d)
3 EFEEFIGAIREXN E R DT-6 £KIERAY

Figure 3  Effects of culture time and initial
concentration on the growth of strain DT-6.
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Figure 4  Effects of culture time and initial

concentration on the degradation of TCIPP by strain
DT-6.
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TCIPP ¥ 5 1 38 in 52 B0 o S 38 hn 5 0s 20 14
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W . K, TCIPP %44 N 50 mg/L .
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REAFRE IR o5, R 2IA 34.6%.
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B R R — 28T 6 g AU i Ak 2 FR A
MY, AMUBERS I 2 B4R R R AR,
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Figure 5 Effects of external carbon sources on the
growth of strain DT-6 and degradation of TCIPP.
Different letters above the bars means significant
difference among different treatments (P<0.05).
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B[R] S TG G, FEAE 7 d iR RIER, BE)E
Rk, TCIPP Jf-3eA7 W I SESZ 18 #k DT-6 YL
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T 40 W,

TEREA G IR AW, Wik DT-6 X TCIPP
(R B i R KT BE 2 TCIPP e EE (386 i 26 B S T
U AR e, P IAE 50 mg/L, X 5 TR
Pk DT-6 A K AG LA —2. ik, 50 mg/L &
Rk DT-6 £ K FIFEf# TCIPP M HIE W E . M
X} TCIPP (Y[R IEHRTE , Wik DT-6 i3 7d
BEXS TCIPP WREfRRIk R A, SEE DT-6
A= ik B e R I R SR I R — 800 . X i B
Fk DT-6 F 2 i@ atFEf% TCIPP KR
BEREVRFIERIR , 24Pk DT-6 X TCIPP fYFEf#
e, HASmA KB B, st
U6 TR, KDQ3 TR 7ERFAf MmNy, HAE KR Ol
55 ST s A 114 i R B T S AR ST AL A
B, RIS e e i o ok 31 due g 1 355 37 s [ 45
fift AT A 9 A B e K I 8 R e T — 3 B,

AN ISR RE % Ry SR P i A R SR R B 2 1Y
RETERUE, ARSI HUE M AR, AT
i 2o AR Y 5 R A DR A O BB R A 1 T
Yy, 0 al R T8 A A 3 R B S G )
(R R e sk B0 o, FEBER AL BEE R,
ZEAUFTF I (Bacillus sp.) ADD3 i i SLAR I )
BRI A B ARRE AR ARG 1 4-H s T
FE IR A P R A 2 A T B AR AR AT 35 100%°1; 22
ZEWE . AR SE M INRR IR B T R
% (Penicillium purpurogenum) DTQ-HK 1 X} %¢ &
(01155 v SR e B AR A (B3 EE =3 SO
R IR IRIR R T 18.8%P4, fEARISE T, R
TR I AR 1 T TR DT-6 AR, (HEH)
REAIL T HXT TCIPP (YRR . X AT REAE T
Ref A D R ok ) 25 5 40 Ak 40 10 Do s 05 T g 2>

FFAXE 9 HARTS G, i 7 HARTS
e iR g 5% S8 A BIAE RIS AN 5 X
fili 3E34 J 1 PR B B8 (Pseudomonas  nitroreducens)
F A IR mE A5 th ALY 2558, RIS m
IR FOAT AR BN & M T bR F ORI
Tk A REe e, 35 f 1) A A AR AR T T TSI R TR 1Y
WG i {EL ok S ) A A B A o) A

4 Zi

ARG TCIPP 5 Yt + 1 v & 4 Al fb i ik
53 T REAERA# TCIPP MY, FFFR T H
FEfRRR RS, RBITF 4518 .

(1) LA TCIPP iyME—HikiE, M TCIPP i34t
+- B e — bR LA B TCIPP 687 A B b
DT-6, £ 16S rRNA PP 9] %5 N6 H
FFE (Ochrobactrum sp.).

(2) TCIPP ¥I4AH A 50 mg/L. 5 5EHT[H]
7 d B B RR DT-6 B A KA B B 4F , % TCIPP
I REMRRCR IR GT, BRI 34.6%.

(3) HEMEMESINRENS B2 (e E B Ak DT-6 1)
AR, (HIH T HXT TCIPP MR fE .
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