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AYE L ek T DL R Rk Y S Hod
DEHP 1) A= W R ik R A Bl . 26—
WG YL L) R IR sl /NG B T A8 32 S 0, AR
SCX DEHP 1975 Y DL fa 58 . 4 bR AR 40 5 A R
R fife 38 42 S oy F WL 45 5 T R AT 253, I EF X
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A 1 XA g A AR A TR I, & B
AT 95% B B A i Hh A A I L R £ 7E DEHP 5
Yu, SEIUE 0.131 mg/kg, Wei & M FERHIT =
FA YN b DX (%) - SJEFNEE SERE S A I B R 3, i v
DEHP 19k 55 43 51 15 5 PAEs 119 88.3% F161.9%. Lii
A ST B, A 4% M Y 39 % 5k 77 /E DEHP
e, H AR IR AL S + 98 b DEHP &
U B RE . AT W, DEHP 5 YLTE [ SRR b 5
A, SRR IAEERE LT Ui . i DEHP if
AL H AR IR B R fh 55 E e AN
A D AR AR MR B DEHP 3R & THEA
KHBPIINWRGE, 51 &AM R G L ™
A CEEC M (BoRAE. Bmr. BUR) S, UE
JEE NN SRR o

2 DEHPHIZHTE 4 YIF&fR

2.1 HEMEMEDEHP

H T BRI . SRR ORI
TRALFR) B P TE U LA B 45 25 SRR i b o0 B
K HA DEHP G TER AN (1), XELRPE
FE R BHLEKEJE (Rhodococ) . X JE . &
(Gordonia) . NENH1E & (Acinetobacter) F1% 1l
FF W& (Bacillus) 55 B J& o A [A] T J& X
DEHP B aE I ANTA], RO 5 e AH ] 40 Ak A (R
X DEHP #Y [ fift 68 J A Br 22 = o Z0 3K
(Rhodococcus sp. PFS1) F1 7r 4L ®R
(Rhodococcus ruber YC-YT1) 7E3 d NHEKF 100 mg/L
DEHP 5% 4= B, E AT R B g g 01 = T 19 #F &
(Arthrobacter C21) (51.4%) H15¢ )6 i 5. g
(Pseudomonas fluoresences FS1) (30%) 3!, £l
WEZLEK R (Rhodococcus pyridinivorans XB) 7E2 d
N &t fiE ¥ 200 mg/L DEHP F& fi# 98% ', i
Rhodococcus sp. WI4 75 B 5d 74 fE F 200 mg/L
DEHP [#fi# 96.4% s BERES# 500 mg/L K LA FHkEE
DEHP ) W J& f & 1 5% % /K 18 K {8
(Burkholderia) . 5 ¥ J& K W J& (Gurduniu) .
Rhodococcus . 4y K T ==
(Mycolicibacterium) . Bacillus 55 "+, Hrph, f@%
IRFFE (Mycolicibacterium phocaicum RL-HYO1 )
763 d A6 1 000 mg/L ) DEHP 58 4> [ i ©7
Gurduniu sp. LFF7E 3 d N XF 2 000 mg/L A DEHP [%
it R ik 2 91.4% . K # 4 Rhodococcus Fi
Gordonia T J& [ TRIRER W] LA & DEHP 7E N (1 £
i PAEs, H. " & ®k Rhodococcus sp. PFS1 Fl

Gordonia .

Rhodococcus ruber YC-YT1 43 5| GE % fi# £1. 35 DEHP
FEPIA) 1L AP AN 13 By A AN AU EE ) PAEs (24548
K HER W& (dipropyl phthalate, DPRP) . ¥
R —%ME (didecyl phthalate, DDP) ., 4f4
“HR _FHE (dinonyl phthalate, DNP), 2PZK
iz — N ¥ Bg (dipropylene phthalate, DAP)
Ag) ol BRI RIS 0 R B AT A R
WA, Gordonia. Bacillus. Mycolicibacterium 5 14
JE R A3 T RIS BA R IR B A Rk, bR bk
BB X EEKE (Gordonia alaknivorans YC-RL2)
AT AZ R 12% MR VR EE 27 3B RIS RE M
PR AT 5L, WiRen %5 Y Ay Y R
fn H 438 19 Mycobacterium sp. YC-RLA TE 5 d 1]
T R DEHP ., 482 — F iR — /g (dimethyl
phthalate, DMP) . 4B — H iz — T i (dibutyl
phthalate, DBP) . 47 — R — Z FiK (diethyl
phthalate, DEP) H1 €f 2% — H iz — ¥f C I
(dicyclohexyl phthalate, DCHP) 21 i A% 1R & 15 4L
Yy, HREMFRIILE90% LA I, Zhang 25 B0 A+ 3
FE b o3 B0 5 El 2F B A W (Bacillus
mojavensis B1811) T X 7 Fh PAEs 2 bl (1 1R & 15 ¢
Wy EAT A E R A, 4 d N AT 52 B A DEHP .,
DBP. 4B7K W2 T <l (butylbenzyl phthalate,
BBP) . 4B K —H R — ¥R (dioctyl phthalate,
DNOP) 14828 — H g — % W8 (dipentyl phthalate,
DPP), Xf DMP il DEP [ [ fift 5241 43 51 3k 81 1
94.1% #157.1%.

H A5 3 Z4E T 41 B 6 DEHP 194 4 [
fige, H: pH 3 N I 5~9 =2 H),  IL R 3 B K
0530 30°C 7 A, BRI R S pH AL FEE A TR AR AR
s BRI RIARAE B o IR Tk B I SR T 5
Fefne J1 (BEMFRJLT KT 90%) , (B2 EE
DEHP 1) % & 38 38 fd 1% , 17 € T B B X A1 ¢ )52
DEHP FEf# RT3, Ja BB X ) S iR 5
FA B T X9 DEHP 15 QL MR AT AE B & ;. R
ZR R MR ARG TR EBCE TSR AR 25, Tidh
PRI 1Y R ARTEAE 5 = 58 B2 DEHP 15 L i BR 58 )7 T 2
ARG HE TT o BRI . R
PR PRI D AR S IR S 0 g )
fabn, (IR R B 2 I i e ) L R A i 5
JHIN3E B8 T B v R A TR SR %k, BFSR AN BATY
B IRIAEE th o B i e BN TRk AiAs 2 vk Re
B I AR fie T LA PRRR TR, N S SR A ST A
SR AR LR B
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Table 1 Comparison of DEHP degrading bacteria and degradation performance

1 DEHPMFRME K FEFEIERELLER

R R R UA LR 2 e fige 2% 14 JEA) Fefgttre 2830k
A H - 13 Rhodococcus pH 7.0, 35°C DEHP (DMP. BBP. 500 mg/L, [26]
pyridionovorans DNHP-S2 (pH 5~9, 10~50°C) DBP. DNOP) 99.75%, 3 d
VEMPEE/S Gordonia pH 8.0, 30°C, NaCl DEHP (DBP. DCHP. 800 mg/L, [27]
+3% alaknivorans 0~5% (pH 6~11, DMP. DEP) 94.6%, 7 d
YC-RL2 10~50°C, NaCl 0~12%)
o Acinetobacter pH 6~9, 30°C DEHP 400 mg/L, [28]
WEEE R
sp. SN13 (pH 6~9, 25~35°C) 90%, 5 d
E TS e Bacillus pH 8.0, 30°C DEHP (DBP. DMP. DEP) 300 mg/L, [29]
sp. MY 156 (pH 4~10, 25~40°C, 99.13%, 5 d
NaCl 0~5%)
N LR H: Arthrobacter C21 pH 7.0, 30°C DEHP (DMP. DEP. 100 mg/L, [30]
e DBP. DNOP) 51.4%, 3 d
WS e Pseudomonas pH 7.5, 30°C DEHP (DMP. DEP. 100 mg/L, [31]
fluoresences FS1 (pH 6.5~8, 10~35°C) DBP. DIBP) 30%, 3 d
R Rhodococcus pH 7, 30°C DEHP (DMP. DEP. DBP) 200 mg/L, [32]
pyridinivorans XB (pH 5~9, 20~40°C) 98%, 2 d
e Rhodococcus pH 7, 28°C DEHP 200 mg/L, [33]
sp. WJ4 96.4%, 5d
g Burkholderia pH 7, 30°C DEHP 500 mg/L, [34]
pyrrocinia B1213 (pH 6~9, 20~40°C) 100%, 6 d
BRI Rhodococcus pH 7, 30°C DEHP 800 mg/L, [35]
15 sp. 2G (pH 5~9, 20~40°C) 97%, 5 d
+4 MLk A1 e 78 R A IR pH 5~9, 30°C DEHP (DBP. BBP. DPP. DNOP) 500 mg/L, [36]
(Bacillus mojavensis B1811) (pH 3~9, 10~50°C) 100%, 4 d
ek Mycolicibacterium pH 7, 30°C, NaCl DEHP (DBP. DEP. DMP) 1000 mg/L, [37]
TR phocaicum 0~8% (pH 5~9, 100%, 3 d
RL-HY01 20~40°C, NaCl 0~10%)
TS e Gurduniu sp. Lff pH 7, 35°C DEHP 0~2 000 mg/L,  [38]
(pH 5~9, 20~40°C) 91.4%,3d
e 3 Rhodococcus sp. PFS1 pH 7, 30°C DEHP (DMP. DEP. DBP. BBP. 100 mg/L, [39]
(pH 5~9, 10~60°C, DCHP. DPRP. DAP. DHP. 100%, 3 d
NaCl 0~5%) DHHP. DNOP)
IR Rhodococcus pH 7.0, 30°C DEHP (DBP. DEP. DMP. DDP. 100 mg/L, [40]
e ruber YC-YTI1 (pH 4~10, 10~50°C) DNP. DNOP. DCHP. BBP. 100%, 3 d
DHP. DPRP. DAP. DHPP)
VERiER S Mycobacterium pH 8, 30°C DEHP (DMP. DEP. DMP. DBP. 50 mg/L, [41]
+i% sp. YC-RL4 (pH 6~10, 20~40°C) DCHP) 100%, 3 d
Ve & AT pH 6, 30°C DEHP (BBP. DMP. DEP. DBP) 200 mg/L, [42]
(Ochrobactrumantropi L1-W) (pH 4~8, 15~45°C) 98.7%,3 d
b KRN Achromobacter sp. RX pH 7, 30°C DEHP 300 mg/L, [43]
(pH 5~9, 20~40°C) 100%, 4 d
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2.2 HE#EMEMFDEHP

DEHP 11 5¢ 4= & fift 7 ZEAS [ B4R 15 32 PR A i
A LE DA PR RE BRI T R T R, (EAT SRR R
RERE AR L i —ER 0y, 0T ZEH A B R A P R4
A RESI T RRER . IRA TR0 A SRR RE R
NTAEREREPF . AR AN AR LR
WWAAEAE, i P EEH 2% DEHP o F B 4E K4
HEREdE, [RIAFX U A ik DEHP [ SR BEER AL T r]
AE. =Rt Y M PAEs TG YL ATEPETS AR A3
B AR IM-1, J-1., J-11., KJ-1 FIKJ-2 20 i A
BESD-1, 72 h ) LA 1 000 mg/L ) DEHP
R 29 90%,  Hirp KJ-1 1 KJ-2 JC i F1 FH AR 28 —
2 (PA), IM-1 fiEF% i PA {H B R &0 18, 1R
SD-1 1L 4% 85 35 1Y T #F SD-P 143 B3 19 PA [ itk 11 bk
PA-1 FIPA-3 i 3E[RIVEHT , HifF SD-1 A DEHP
SE4RRAR . Shariati 2 47 MIB MR b 432 H
SRR E  (Pseudomonas putida ShA) Fl
Gordonia alkanivorans Sh6 241 )% 19 & £ An6, 1%
HEAE 3 d P ALK 4R Y B 500 mg/L 1Y) DEHP [ it
97%, WFFEIL K IRIX WA R AR B A DEHP B Al e A7
TEH AN . Lids “ R LB, £ H Gordonia
sp. (54.93%) . (9.92%) Al
Rhodococcus sp. (8.47%) %57 FHA7 A& 4 e 41
BRI ER PRI LF 75 48 h N ADRRERT ARV FE 1 000 mg/L
() DEHP [ fi#% 93.48%. 5 HARWEREAHLIL, A T4
A EREF AT A, N T A A R i AP
SRR DL o B AR RV S A A PR AR R B R 22 N T A
— € MYBC L2 A B R R, A RAT A
- HERE S P43 B TR B TWZ-1 FI TWZ-R1 5 3%
PTG YR AE A A B I T AR TWZ-2 Fl TWZ-R2 40 &
S AW RE TWZ, Z W H#E 3 d R ) 4h ok B
950 mg/L /i) DEHP [%fi#t 98.04%, b 8 — T4 ¥k iy B
R (TWZ-1: 93%; TWZ-R1: 85.3%; TWZ-2:
53%; TWZ-R2: 87%) #F%fE. Sl “ ki
HEFR 7 1 £ 5 v 43 B9 1 3 Bk PAESs [ i B Bk MU,
MI2 FIMI3, B HAFEIRS3 - 2 0 LIRS, HRE
A R A5 R f 0 4 VS W Mk Bl 780 mg/L 1 PAEs
(DMP, DBP #1 DEHP 4% 260 mg/L) & & ¥,
DMP . DBP Fl1 DEHP [ [ i 22 53 5 ] ik 97.62%
94.29% F192.55%, H X} PAEs [ [ i 33 2 K K
P, A EIRBAL R BR R A — TR PR T 2 72 hfii R

Achromobacter sp.

N5 48 h, HRHEA BRI ETE

Zib, TR AREREE R A TG HRE, &
—E R HIRE L A A A AU R (A ST bR
HBEH: DEHP P AR — iR (PA), Joikit—
AR PA) , SRANGEARBRIE , 3 nlad i B R VR 3R
P REMRACR . RS BIINEAE i DEHP 75 1 -5 B R
FRAH EAFAEAR 2203, (IR AP R A SCE ST ARGE A
JeRZ, FOLEN E AT N TS HREA
JE I MRAEREAE DEHP J7 11 1 PRREIVEHT, b 2275 8
b7 R AATAE PR BAGDUE T, DLAAS T
PRIE B A R AR R, HN TG R 2
TESH 2 25 NI RAY, AR A SRR rp i 2
SEZ PN LR MIE LA AERF R, EER N5 35
AW A T HBMBERIR ;. BIRIKIR I bk (a]
AHEE N N T — @R PMEC R, PRETE B
R, WIEEIEGRNBERE, HRAHRENAS
BRI A DRI AE o

3 DEHPHIEYIBERHEE RS FHLE

DEHP fEA7 S sl R 55 N IRl i, A%
R o — e T IR E R, HATp s 2
£ F DEHP A 8 A WK . DEHP (144 P At
R EE S AWABTE (K1) : a. DEHP FEf#H
PA; b. PA#E—LFEf# 4 H,0 1 CO,.
3.1 DEHPEfEAPA

55— Bt DEHP [/ 0 PA, Z 0 Bt £ 24 LU
T PRI AR A

a. DEHP 3 iof B SR i A2 SRR — IR B (2-
KO H) BE (MEHP) FIPA (H1EgEQD) ),
H AT HRIE T —2L HAG DEHP FEA7 1% 11 Ba A, X
SO B O 2 (R 2), HB—2KEE L REK R
DEHP () —/Mig 54 il MEHP, H RIS 5% 0 1Y
e AR XT L% 2 . Huang 55 °°) M Gordonia sp. SF /7
43 B Y B TE % GoEstl5 (GenBank, MHS507607) ;
Yan %5 1A - 1 77 B R AL SC PR O gk 3 R I8 TR
EstYZ5 (GenBank, QWT77157.1); & /A o % 52
MWoraizE (Pantoea dispersa BJQO007) 4315 i
Tl /B /K fi#t i (GenBank, GAY20-00820 1 GAY20-
10025), H:1 GoEstls AR IEYiE, fefels
fift £, % DEHP 7£ N 4 10 Ff PAEs ({14 DPRP, 4B
KW 55 THE (diisobutyl phthalate, DIBP) |
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COOH COOH o o o
" " o /\)J\/\k
pcal]
I — Hooe : HOOC S——CoA
o AT HRES
Pyt PERE AR AURT - REA
o e @ -7 peaDipcal. T
0 ’/
@0 —t ,;’ g
O~ o~ COOH OOH OH COOH
i el (Y2 OF w (L € s
T l enc o on 9C o Z. WA WA
3 Jii-1,2- ¥R IR - = R o1 —
B ~ ! L -ARD =M
0NN COOH /,® “*i’i‘:ﬁ-l-%ﬁﬁﬁ [
ST (X
O COOH Sso ~ pcaB
CIE Sl Intet. S S Stiil - BRNE) () ™
\ phtAaAbAcAd E
@ B COOH COoH : o0 :j/coori o T .
phtB ; ®
/;(\/\ @ o/\(\/\ s OHH COOH ey - /Qicoou phC ‘|¢ { HOOC, = HJC)I\COOH + HOOC\/U\COOH
0\0/(/\/ — ° ZZ;? i-3,4-—¥%-3,4-— OH \ COOH ’)LH(IH}_;;QE*E%@ TARARR Bk 7,
coott EE S 34-"RFEGR R
ME T - ABEZFEE2- ol \ @(G) HO T,nm/;
ZHTH) T ZEER o2 phts o ®
w | COOH HO, COOH 4“’ JRILsR /"m e N coor ™ COOH
pht4 HOOC
ISUES ST -7 =
HO- 00H ophB  HO COOH pemB pemC pemD
ii-4,5-—¥%-4,5-— 4,5- " FRFLAN K T R - i 5 CooH
b A2 SRR RS PP -

Fig.1 Biodegradation pathway of DEHP
El1 DEHPHAEYIBERFERE
(ODEHPHRHK il e (RESLE L) ; @DEHPIEER4SAML . FemR L RUBAR LR 72 (LLESELkNik); OmE2RIAME (GY) Mpht
BRI Y RG-S PARIE LSRR (PCA) REMFIIRE (SRR ); @M ZRITER (G7) 1YphrFloph kR L 4 it (1 /- 5 PAF]
PCAREMd AR (RO @SR ETR ) ; O peatk RS IEEN FPCAN "R R (@SR Eik); ©Hpemk RS RN S
PCASP B3R5t B (R LR 3k) s @t benFlcark RS RSN FPAR R R (BA) BEAREARATILASE 733 (il (L34
35 @PARYZREHRFEMIRIEIIPCAZ 3 (IR L) ; @OPARR H IR RRE A R IARR /> 30 (W E RSk ; OPARY LRI ik

o (FEEIEER) .

K W Ol (dihexyl phthalate, DHP) %),
55 S URE K MEHP g 5 K fig A i PAL
Huang % " )\ Gordonia sp. 5F W 43 &5 1) g i
GoEstM1 (GenBank, MH513611), Iwata%§ ' A
Rhodococcus sp. EG-5 H1 43 &5 [/ /K i i EG-5 MehpH
(GenBank, ©LC094142) , Nahurira 455 M
Gordonia alkanivorans Strain YC-RL2 ' 43 B
MehpH /K f## (GenBank, AMJI52171). &%=
A AR K f% DEHP 8 P3P g, B X DEHP
MEHP #FA /K i 16 P . Qiu &5 59 WA - 38 72 FE K 24
PR U ik B ) — Fh g B¥ Estl6  (GenBank,
MKO037455) , 1% [ I BE K% fi% £ 1% DEHP Fil MEHP
FE N9 12 B PAEs (A3 46 48 7% — B 1R 5 B i
(monomethyl phthalate, MMP) . 482K — H g 1. 2,
fit (monoethyl phthalate, MEP) . 2P — HIERH T
fit (monobutyl phthalate, MBP), 487K " H iR H.C

FL s (monohexyl phthalate, MHP) %) . L) [ g
ifE4) e FRFH S A TR SR DR sy, LYY BE R A PR %
DL R PAES ZRIEY) . SR, HATE 68 5 =28
fif iR S AR A FR, ZESCPL DEHP 21 PA B [ fi— i
T B —REE NS SRR 2 S . Wik, AT
A X B — 2SR SR A TR AR S, 7]
W, Huang % 3 i A4 8 XU R 4t (6] i 363k
GoEst15 #1 GoEstM1 X M > i filf , A\ M 52 38 X
DEHP 2| PA ([ . 48K, & AT LIl % 55 — 28
fif % o 55 S W EAT 43 0 ok S LX) DEHP %]
PA IR . AN, 25 1S3 H AT HE 1Y DEHP i
ISR IR T T R 72, A /R4 ok
WRFZILFASOE, FHit, JFHART DL 2 56 A
HEEARSZIRIATE i A TF & A IR LA R A HA B
A Y DEHP B i, AN 55 3% DEHP %] PA
(IR A
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Table 2 Comparison of DEHP ester bond hydrolase and its degradation performance
%2 DEHPEE#E/K RSN MM ERE LR
7K it 4 K R YA et fie 2 A1 JEA Rt fide e 225 R
GoEstl5 Gordonia sp. SF pH7,30°C  DEHP (DMP. DEP. DPRP. DBP. DIBP.  5mmol/L, 100%, 12 h [50]
BBP. DPP. DHP. DNOP. DCHP)
GoEstM1 Gordonia sp. 5SF pH 7, 30°C MEHP (MMP. MBP) 5 mmol/L, 100%, 24 h [50]
EstYZ5 et B R 2H S pH 8, 30°C DEHP (DMP. DEP. DBP. BBP. DAP) 15.5 mmol/L-s [51]
o/BIKfEEE  Pantoea dispersa BIQ0007 — pH 7, 37°C DEHP (DMP. DBP) 200 mg/L, 54.3%,60h  [52]
o/p/KFEBE  Pantoea dispersa BIQ0007 — pH 8, 50°C DEHP (DMP) 200 mg/L, 21.7%,60h  [52]
EG-5MehpH  Rhodococcus sp. EG-5 pH 7, 37°C MEHP (MHP. MBP. MEP) 26 pmol/min-mg [53]
MehpH Gordonia alkanivorans ~ pH 7.5, 45°C MEHP (MDP. MMP. MEP) 100 mg/L, 90%, 30 min ~ [54]
Strain YC-RL2
EstJ6 ek R 20 S pH7.5,40°C  DEHP (DBP. DPP. DPRP. DEP. DHP. — [55]

DMP. MMP. MEP. MBP. MHP. MEHP)

b. DEHP il 55 %4k . S¢MafbMBifsfe (1
WRQ), WARIE L BSR4 >
LWy 2, R A7) DBP, DBP Al DEP 4%,
Z J&i DEP i 1o JIi i Ak 305 R Ak S i A= B PA . A5
FW, AR (Pseudomonas amygdali
ASLT-13) . 428 (Cupriavidus oxalaticus
E3) 1 Bacillus sp. SAS-7 25 B AR # Sl 1ok B A4k
I TR Ak 0 8 B A e it 3 4 kS i DEHP B i AR AR
PA B fHJE 2 5% A A A58 04 AH OG5 DX R )
ifF 5% iz 18 A0 AR 2> . Wright 550 38 i X
Mycobacterium sp. DBP42 Z 5 ¥4k 5 Kt it J R 41
HATTERE T, S5 RN, A L A 72 DEHP
BURR LA SR Fak, DEHP BROA% 7 B0 42k )/
AT RAEFRIEAL RN HEA B AL E.

AR RIR, 53 TR AT ) Fsf 38 3 TR B K e
1B 4 AL K DEHP [ fiff il PA, 4N 7E 73 #r B8 Ak
Rhodococcus pyridinivorans XB %} DEHP ) [ i i,
FEH =) PG #] T DBP, PAfI2-Z 30, X
LR % TR vk XB 4 DEHP (/5 W) A T REAL 5 R
FhigsAs: S —Fhiife i o FR K i fe A i ]
FEYIPA RN 2- O, B R R i B ARk
Wit fifeads A A2 R 6] 724 DBP P2
32 PA#—#MEMEAH,0FCO,

PA TEA A SR SE S5 T AR RE DL R, fi L
IR AR A TR, S5 0002 PA SEft Ak i ) = 4
JFLZERR (PCA) ZJ5 ik — D iR SE it 58 a0 1k
(TR PR PA F JEULAS IR M A s 42 ) N PA SE% Ak R R
iR (BA) SRJE5eFEME (FFR PA Y2 R A
WAE) o WAk, A HAPEARRS, WPA AL
Hhla] P JE ARR  (gentian acid) HEISE 2R (i

PR PA I TR AR A S 2 ) A PA SEE ALl 482K —
k4 A (phthaloyl CoA) 2 Jmdt—AR#fmE (fRIFR
PA I 4878 — H bl It A R AR ) o

3.2.1 PAMYRILASIRRF MRz 1%

PA AL B PCA By B 1] | # 24 G PR (GT)
L [PHER (G arBilhsr s . 2% FRRH M
W (G) 385 phe HE R AS R AH OGBS PA B A 1K
PCA (E1&EKEG (G) ). ZEBEHIEEPATE
phtAdadbAcAd HTH AR — R 3,4- XU A il 52 &
TRAE R A2 B -3,4- — %% -3,4- A A8 OK T H R
(cis-3, 4-dihydroxy-3, 4-dihydrophthalate) , H: ¥ 7¢
phtB it iy 3,4- " FRHE-3, 4- R AR PR N AU
O VE R B U2 A 3,4- R IR AR K R (3,4-
dihydroxyphthalate) , /& 7 phtC 4ifis 1) 3,4- 5%
BEABOR W R FR i 0V R AR R LA R
$ie WG T phe 5 DRLFR %) 1 0 2 A TR PR B LG AT I
(Arthrobacter keyseri 12B) 1) 130 kb J5i f o #f A&
M, AR R TR HES T 51 phtBAaAbAdCR .
TEZ )5 W gE i & 30T 28 LA S R,
Rhodococcus sp. HS-D2 A1 i & & 5 #F &
(Pseudarthrobacter defluvii ES) W 4 5 L)
phtCAdAcBAbAa F phtBAaAbAuAcAdCR J5 2N HEA 1)
FERME B e B AR (Mycobacterium
vanbaalenii PYR-1) W) #& 4~ X % U
phtRAaAbBAcAdTEAAFAE, T kD%l 3,4-— 5
FLARR — R AR W (0 3 pheC, BURREMEAL
3,4- " FRFEAROR TR L PCA ') B2 G TR
(G7) Jlad phe 3 R R oph 3 R 77 2t i (14 A1 D Tl
¥ PAREREILPCA (I 1IER@(G)) . LB E AL
J& PATE pht2 1 pht3 8% ophA 1 Fl ophA2 4t i) 4,5-40
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R R U ARl A D T R 4, 5- G828 — YRR XU 4R
BV N R BUNE-4,5- —F5-4,5- — A 48K — AR IR
(cis-4, 5-dihydroxy-4, 5-dihydrophthalate) . J: ¥X 7£
pht4 55 ophB i i 1) Ii-4,5- — ¥2-4,5- S 4BK I
Mg it 0B A T A2 Bl 4, 5- SR AR R — H iR
(4,5-dihydroxyphthalate) , % )i 7E pht5 5%, ophCD %
T 11 4,5- 2 FEAR R — W IR IR Il 0 A FH T A2
PCA ' FEPRFE pht 7555 = [P T Pseudomonas
putida NMH102-2 ] PA [ fif 3 X rp gl 26 52 H oK,
LA pht12345 T 3CHES ), BEIR 5% oph 78 524 K
P 1A 7 B RIS E  (Burkholderia cepacia DBO1)
(1) PA FEAFAR DL R i e thok, L ophA1DCA2B
e HEH o,

PCA 38 ik N B B0 i 5 A — s 24 2 figk it —
Wi N AR, FJEEd —=RIKR (TCA)
W FEF# h HyO A1 CO,, PCA N B SR S 1
pea SEPRIFR S AR OC B AL N HEA TR (&1 13812
®). IR SEIE PCATE peaGH iy (1 )5 LA R
3,4-SUNE G A VE FH T P IR A B 3- 2 Rl B iR
(3-carboxymuconate) , H:YKAE pcaB 4t 1 3- 78 3
Rl B B0 S AL AR FH T A 1 3- 2840 ) IR i s 1
(3-oxoadipateenol lactone) , #AJ5 7E pcaD B¥ pcaL %
i) 3-40K ) R R M B N R I A/ FH T 2B 13-4
RO =R (3-ketoadipate) ( XFRBHEIC L), Z
J& TE peal Grts i 3-8 40 C Z R A G A 52 A2 B IOAE
T AR 3-8 A0 A A (3-ketoadipay-
CoA), FJTTE peaF Jf i 3-8 C IE 4G A B
fife i A FH R 2B BCBEHAPR  (succinic acid) 14Tk
Bl A (acetyl-CoA), &I TCATRISE 2%
fife 25203437 B Bk Gordonia sp. YC-JHI 1 i
PCA [% fip & #% pcaGHBLIJF '™ , T ¥k
Rhodococcus pyridinovorans DNHP-S2 H1 Y PCA [%
fift 5 A #% pcaBLIJCHG ', PCA 4 — Tt 34 24 it
JEAE pem KLUt (A OC AL T AT (1
wHRO) . B E Y62 PCATE pemd ik (1) L
ZRIR 4,5- XU A R BV FH R SRR A i 4-1R -2- 2
RS FE R - B (4-caboxy-2-hydroxymuconic) , FH:
URAE pemB G 11 2- 55 55 -4- 322 TR BRI Y- 1 il & 1
BOVE R T A2 B 2- Mk g R -4,6- —¥RBR  (2-pyrone-4,6-
dicarboxylic acid) , Z J& 7E pemC % i B9 2- N i
Fifil -4, 6- — ¥R FR 7K fift 1§ A1 pemD 4 A% 1) 4- 5 Tt HH
iz K & B 0y 22 W /R 0T A B 4- A AR B TR
(4-oxalocitramalate) , 4235 7E pemE Sif 1) 4-F e
BER AR I VR TR 43l i Bt 2 (oxaloacetic

acid) FIAERRR (pyruvic acid), fxZ#id TCA I
IRTE RS
3.2.2  PARAHIRFEff R

PA At A2 = A i BA S AC A E IR AU
R R, KREMPF5RERY], PAYEA EHER A
ST AR AT LAAE B BA HETTT i — A B 7Y AR
ST PATEBRFAMEHTNG A F6 A8 Mg no AL ™ i A=
JEBA 7, BATE ben J R FI car R 75 2 B 1)
FHOCHERE T i — 2 i NV A DLR,, &5
it TCAWRKEM (K1@R0@) ., @i E ikt
BA TE benAB Jat5 (%) 78 B R 1,2- XU 48 il A1 benC i
i 10 4 IR 1, 2- 00T 4 i 3 Jist it 1 4 FH T A ) It
-1,2- RO -3,5- - 1-RIREE (cis-1,2-
dihydroxy cyclohexa-3,5-diene-1-carboxylate), XJ5
T benD Hifi 1) —F A O G AR SR VE T
Refg R LA (catechol), JLASTRTE catd Fafih i) L
ZeM 1,2-JINEBE . catB Ztish i) VRO B S 4y Tt A
catC ZRt (PG FEFR PI TG S-S A8 Bl i L [ VR T Ak
3-E A R84 I (3-oxoadipateenol-lactone) ,
ZJa it —2 0 3- AR O IR BRI B o N A
HLiR (Had#25 PCA WY pcaD/pcal/pcal/pcal/pcaF
Z 5WMEAHF ), &5 8 o TCA 16 36 56 4 F
fife S TN T KR g AR PRI P JE (Halomonas sp.
ATBC28) 1 ) benBAKDC Fl catACB ' il 1
Pseudarthrobacter defluvii BS "1 ) benKRABCDE F1
catABC 3£ [R5, o benE Ml benK Hitith % iz £5
benR ittt s 5 R ' BA W] LAFEAT A 5%
TR A R A E AL PCA (K 1i812®),
ZJr i s PCA FE R IEAEHEA TCATRER, S84
Fefitt. BAWWTLUSe AL U IARR , SR J5 2E A B-Ed
C Rk R (B 1iE70), mZ&Eid TCATE
B2\t o .
3.2.3  PARYHAbREAfRAS

PA WY JE IR R K i A2 an 1 1 xR O R 7R, B
SE PA Sl A K iR (salicylic acid) PG54 R
JHIR, ZJ5 RS AL B-B C — 1R, #EAB-FC
TIRIE R IRAR, B2l TCATRIRSE e ff 7
7F PAEs £ W fif it FE vh © &8 T /KA IR A e iR
1%, {HFE PAEs FEfRATR X B-F O —FRIBFE MY
TR NATR 53 32 1 56 B A RS AR AR A HLH AR
AR

PA BYLBIR I BEA T A s A5 2 PA TRA %
e, B PATER AN E IVEH T # PA Sl
RN H MEA G A, SRS IR T IRIE R H It At it
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A, B 2R WBE A A B R IR R R 2 B
figt 1) Junghare 55 74 38 15 4 AT PR A T R TR EUIR
(Azoarcus sp. PAOIT) BRI Z(5 E &K H, PA
PR AR i 1) 5 DXL e A 4 i J] B 45 45 B 1 1Y 500456
BEIN | I RUTTG A e RS Y FE Y phiSa FEIH | TTRY
S A FERE I FE pheShFEA | AROR T IR G A
JRSR ) phtDa BE 1K | 2 Ubix iR 814 phtDb DA
&, SR T PARE RN T AL . [FIEE
TE XA FRER IR AN (Thauera chlorobenzoica
3CB-1) ™ FFRE %, (Azoarcus evansii KB740) 7
SRR T S LR A A DG I DL R

i bR, e A EURASE T DEHP #fREE
i A S AR iR A S B 5 42 A% . th DEHP %] PA
(140 12 L I firp i A T R K i R B B 4Tk T ik
7, HEREK R CIR L 2, C8%
FE T SERH DAY SR VRN, (R X TN EE B 41k
PIBFFEATER LA/l 5 T T PA IR ffe, ISR
T B IS PA 1Y) PCA B id At , IR fists
VO K Tt LA K Dt AH DG T ) BE PR AT R R Ge bt
o IAPSKBAE mE T EOR | BRI i 5
HAE TR A S AR AR R ORI
DEHP P& fift i 2 v b K () it LA S G i A S it %) 35 [
AT S o, (ARG X i S S DR 1 7 4
T 77 910 23T LA K ok gt Tt D B 1) S8k o

4 SRERRE

DEHP i T H: KAy P REVE Ay 338 950 40 K
wEAMA, AR TIRZ H DEHP 51 & 1)
PREEVS YR8, I H DEHP 2338 o £ ki A L4
RN, TG E ARSI, A kiR
5T ) DEHP HA KA B 80 25 0 4% 32 T8
AR A I o s i T AR/ B DEHP i
TEHE R AR, JEXT B RRIEAT T R 1E FIBE i 14 RE 00
UE o 38 25 X6 TR AR AT 5% 8 A o v ] = 9 20 A
YE T ZF0 DEHP [FEff ikt , 2—FrB DEHPi#
1F BR K R B AL U AL PA, B8 B BL PA
Wt F LRI . AR RAGHHER MR RIE R
SEHE AN ZIRMRAGI e 2SI SE M . B B3
THEYPFFRN ], DEHP FA# o 5 rh 2 5 0 il
AR b it P R OGS R e B 2 2 ok, R A
PLR A FVE PRI AW e ot . Rl i oT Y
R, T DEHP WAE ) R B A1 B I R e Al
SEREIAFRAT, DA BRARE 5556 = i Ut DEHP 19
SR e )

B35 H i DEHP AE KRR ST HP AT A7 A 14 [
PR . 2. DEHP (2B W) R an i i o8 F 24
HR TR R A TR P I 7 1 A R B A AR P B AT, X
FREARIIBEIE R ST REER A, DR e 07 12 B
PR B TR G R A4 ) A IO KXo g i B ok ) E 3 [
A9 s b, HET AR CHRIE T 279 DEHP [1/E )%
A%, H1E5 T DEHP RIS B 4846 F11 PA (1R
AR LRI, VR AN
B, 7622 I BRI ST H T AT o i B i A A g A2 1Y)
PR N EE LR 2 T s R LI o CHOAM AR
DEHP R 6 R E A IR, HRZHORIEF ]
BRIy, WPREE P o S AN T B
7%, XUFLRERE S A B KA TR i AR A 2 I
BRI, SR 72 R A AR IR 5 T A
14388 1% 95 5 DL 3R A5 B 22 87 28U 1Y) DEHP [ A il 5
d. DEHP A= ¥y [ fifk (R A 58 K 22 34015 FE 7E SC 30 % By
B, WA N B SR G Y s %
JERNSL R S IPRIA T 22 R, WP g %
FITBUAS F S8 BRI T A SR 8855 DEHP 15 44 (1)
B5, RIS PRIn) SRR B A T B — 2 2
i )

Z % x #
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Abstract Phthalate (2-ethylhexyl) ester (DEHP) is a synthetic plasticizer of organic compounds, which is
widely used in personal care, medical devices, food packaging, and plastic manufacturing due to its excellent
flexibility, plasticity, and durability. DEHP is widespread in soil, water, atmosphere, and other environments. As
DEHP is a common endocrine disruptor with reproductive toxicity, immunotoxicity, and neurotoxicity, it not only
poses a threat to the ecological environment, but also enters the human body through the food chain to bring harm
to health. Therefore, removing DEHP from the environment has attracted great attention. The biodegradation of
DEHP is considered to be greenest and environmentally friendly degradation method, and many researches on the
biodegradation of DEHP have been reported. In this paper, the harm of DEHP pollution, current situation of
bacterial biodegradation, complete degradation pathway (including ester bond hydrolysis, B oxidation,
protocatechuic acid degradation, benzoic acid degradation, and tricarboxylic acid cycle), and molecular
mechanism are reviewed, and problems existing in the biodegradation of DEHP are summarized and prospected,
which are listed below. (1) At present, the research on the biodegradation of DEHP mainly focuses on the
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domestication screening of degrading bacteria and the analysis of degradation properties, but the research on the
functional genes of degradation is not deep enough. Therefore, more research on the functional genes of the
degrading strains should be conducted while screening strains. (2) Although several biodegradation pathways of
DEHP have been reported, the molecular mechanisms of the side chain B-oxidation of DEHP and the anaerobic
degradation pathway of PA have been less studied and not yet understood, so revealing the mechanisms of these
specific degradation pathways at the genetic level is necessary. (3) Most DEHP-degrading enzymes are derived
from culturable microorganisms. Using metagenomic technology, all of the genetic resources in the environment
can be mined in the future to obtain more novel DEHP-degrading enzymes. (4) The majority of research on DEHP
biodegradation is still in the laboratory stage, and few researchers have applied it to the remediation of actual
environmental pollution. Considering the significant difference between the laboratory and the actual
environment, how to apply the research results obtained in the laboratory to the remediation of DEHP pollution in
the natural environment and the resolution of practical issues is a problem that researchers need to consider and

solve further. This review will provide a reference for effective biodegradation of DEHP in the environment.
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