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Microbial degradation of estrogens in the environment
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Abstract: Estrogens in the environment are important environmental endocrine disrupting
chemicals, and the major way to remove them is through microbial degradation. This paper
reviews four aspects of the microbial degradation of estrogens, including the reported estro-
gen-degrading bacteria, degradation mechanisms, the estrogen degradation pathway and es-
trogen degradation by eukaryotic microorganisms. In the end, future research directions of
microbial degradation of estrogens are suggested.
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PRI N WAL T A AR A U
N A = FIA 36 16 Sl B 2 A [ A5 v, 52
Wi N Sl 0 1 A 9 T 83K B RE B A il 2R
GEity ke, 2 21 A 2 G — S
i, SRS N W TR SR Z,
TR B A PR WA DAy o2 3 BT ) 1] v e £
ML E T — 25 e, AR R %
T T ENTEA RS P RN DL, AR5k
Ao NTIRY . S e
P T N3 e T AL L
UESEX BEPRIE AR AR AT AR A [ R JEE 1) SR 5 0,
PS5 M A T 2% 8 NI T I 1 — A B 3k
o FTLL, R SMERCER I LRI kIa A E

LY AL B, R W A A A
e R BRI ANTG K] MR T5 G i 2R

PR, T AR M W AR 4y
WL IR MR AR A M 0 A BRI S,
T A TR AT T LAY 1 i A SOt 4
RV T foe s A e die o 7™ H AR, E R
(E1). #fE—PA¥(E2). MfE=PE(E3) XN T MR
BRIMERS(EE2) 1) (A MR I 5 05 T — £

1 E1. E2. E3\ EE2 Wy&s5#itk R

El. E2. E3 fll EE2 22— IR0 T &5
ARG A NS . TATTEAA R R PO ER 53
FLH (e 1) 10 AL | PR O b S A
FI— IR, B 6-6-6-5 45H4); AR A2
D-¥F I+ C16 Fl C17 PIrz i B e I B S AT ik
SRS 22 00 AR MR RS by i
BB I RV T

R 1 ARG ERIIERDS

Table 1 Structures and Characters of the four estrogens™*¢!
SrFE KPR SRR R

WEM R = leeaay) o E2 4544
£ e o Molecular  Solubility Octanol water Vapor -
strogen A Chemical iaht - t it i E2
hormone cronym structure weig in water partition coeffi-  pressure Equivalent
(g9/mol) (mg/L) cient LogKow (kPa)
HERR E1l 270.37 0.8-124 3.1-34 3x10°® 0.1-0.2
Estrone
ME**@g, E2 272.38 5.4-13.3 3.8-4.0 3x10°® 1
17B-estradiol
JH’E:E% E3 288.38 3.2-13.3 2.6-2.8 9x107 0.02
Estriol
SR
17a-ethinyles ~ EE2 296.37 438 4.15 4.5%x10°° 2.46
tradiol
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2 WEXF E1. E2. E3 f1 EE2 MFER
YEH

21 BREEMSBELE

W 25 PR B AL IR R H 2528, Mok B2y
P2 G A SRR R R A58 . X ERL
IR BT, 7 20 20 60 4ECHtE &

BN, BT, E NSNS 2K I PRI

FRRHTH, gk 2 froRieol,

2.2 E1. E2. E3. EE2 HY4AEFEREH &I
TRR R DA AL, X o7 1) S TR

A EZENSHME. BT A PR i

BEDLEIA 3 Fe R, SRR & A 7E

A= AR = A R M R 2 TR AR A P O

F2 HBEBHMEREREEE

al18-401

Table 2 Isolated estrogen-degrading bacteri

6}% F%%ﬁléjj ‘—ﬁ F%ﬁ’imtrﬁﬂ ﬁ%iﬂ)ﬁ %%%jc@k[l&m]
Phylogenetic affiliation Degradation a_blllty S_ource of Referencell®4
and mechanism isolates
a4 Aminobacter aminovorans KC7 [&f# E1, E2 EHETE e Yu et al., 2007
Alphapro- Aminobacter sp. KC6 [ E1, E2 RS Yu et al., 2007
teobacteni Brevundimonas diminuta | W E2 H:Ak A E1 WETETS e Muller et al., 2010
Brevundimmonas ¥ E2 #:Ak A E1 TETETS e Yu et al., 2007
vesicularies KC12
Novosphingobium sp. strain JEM-1  [&fi# E1, E2, EE2 TEETS e Hashimoto et al., 2010
Novosphingobium [%f# E1, E2, E3 s e Fujii et al., 2002

tardaugens ARI-1
Phyllobacterium
myrsinacearum BP1

[%f# E1, E2, E3; fFEl, E2,E3 H:jC Pauwels et al., 2008

AAET, IR EE2

Sphingomonas sp. CYH HRSHESMI I EL E2 WEEKE Ke et al., 2007

Sphingomonas sp. KC8 [&f# E2, E1 WETETS Ve Yu et al., 2007

Sphingomonas sp. KC9 ¥ E2 ¥4k E1 TETETS e Yu et al., 2007

Sphingomonas sp. KC10 ¥ E2 #:Ak A E1 TETETS e Yu et al., 2007

Sphingomonas sp. KC11 ¥ E2 #4:4kR E1 TEETS e Yu et al., 2007

Sphingomonas sp. KC14 B E2 #A4kh E1 EHETE e Yu et al., 2007

Sphingomonas sp. ED8 [&f# E2,E1 A H 113 Kurisu et al., 2010

Sphingomonas sp. ED9 [&f# E2, E1 A HH -2 Kurisu et al., 2010
B-ZAETE 4N  Achromobacter xylosoxidans [&f# E2, E1 TETETS e Weber et al., 2005
Betaproteo-  Alcaligenes sp. [t E2 43 Payne and Talalay,
bacteria 1985

Alcaligenes faecalis ¥ E2 #64k R E1 sl E1 #64k BEiEY) Jarvenpaa et al., 1980

A E2

Denitratisoma AL SAE R E2, EL TEETS e Fahrbach et al., 2006

oestradiolicum AcBE2-1"

Leptothrix discophora FAHE Mn 444k EE2 It #1 5f & #h Sabirova et al., 2008

(LMG 8142) (L

Nitrosomonas europaea LA R Ak B e EE2 ATCC Skotnicka-Pitak et al.,

ATCC 19718 2009

Ralstonia pickettii BP2 Pauwels et al., 2008

Fef# E1, E2, E3; #EEL, E2, E3 MR
AAET, IR EE2
[F4f# E1, E2 Weber et al., 2005

(GEa)

Ralstonia sp. T e
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eI A
Gammapro-
teobacteria

HRER R ]
Actinobacte-
ria

Acinetobacter sp. LHJ1
Acinetobacter sp. BP8

Acinetobacter sp. BP10

Escherichia coli KC13

Pseudomonas aeruginosa

Pseudomonas aeruginosa BP3

Pseudomonas aeruginosa TJ1

Pseudomonas putida MnB1
(LMG 2321)

Pseudomonas putida MnB6
(LMG 2322)

Pseudomonas
(LMG 2323)

Pseudomonas sp. BP7

putida MnB29

Pseudomonas citronellolis SS-2
Steroidobacter denitrificans FS"

Actinomyces viscosus 378.5

Agromyces sp. LHJ3

Mycobacterium smegmatis

Microbacteria testaceum KC5
Nocardioides simplex KC3
Rhodococcus equi Y50155
Rhodococcus equi Y50156
Rhodococcus equi Y50157
Rhodococcus equi ATCC 13557

Rhodococcus erythropolis
ATCC 4277
Rhodococcus rubber KC4

Rhodococcus sp. ED6
Rhodococcus sp. ED7
Rhodococcus sp. ED10
Rhodococcus zopfii Y50158
Rhodococcus zopfii ATCC 51349

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

¥ E2 #A4kh E1

V&f# E1, E2, E3; 7EEL, E2, E3
AET, IR EE2

Vfi# E1, E2, E3; #£E1, E2, E3
AT, R EE2

1 E2 ¥4k h E1

% E2 Fik o E1 50K E1 $44k
} E2

VWfi# E1, E2, E3; #£E1, E2, E3
AT, et EE2

[%fit E2

774 Mn Sk AAL EE2

FEHE Mn B brE L EE2

FEHE Mn B bE L EE2

F&f% E1, E2, E3; 7FE1, E2, E3
FET, AR EE2

[%f# E1, E2, EE2
SASAC A T AR B2, 52,
T —

FRAE A E2 F0 %

FESNM TR E2, E3, JFFE
4 E1 B

¥ E2 #:4kk E1 80 E1 #4k
K E2, ¥ 160-OH-E1 %:4kK
E3

F B2 ik E1

1 E2 %40 E1
Féf#t E1, E2, E3, EE2
Féf#t E1, E2, E3, EE2
Féf# E1, E2, E3, EE2
HRST AR EE2

HRST AR EE2

B2 ¥4k R E1
KA E2, E1

KA E2, E1

VA E2, E1

Féf# E1, E2, E3, EE2
PR KSR EE2

UIREIKIE
HEAL

HEAE

kTG
JiE A=)

HEAL

G ER G

L ) i) 7 b
PRI AL

L ) i) 7 b
PRI AL

LE ) i) T b
PRI
HEAL

TETE e

B 48 A 5
e

BT B

WAk

(7B ER GR|

TETE e
HTETE e
TETE e
TETE e
TETE e
ATCC

ATCC

G ER G
AR A5
AR A5
AR A5
G ERER
ATCC

(823 2)
Ke et al., 2007
Pauwels et al., 2008

Pauwels et al., 2008

Yu et al., 2007
Jarvenpaa et al., 1980

Pauwels et al., 2008

Zeng et al., 2009b
Sabirova et al., 2008

Sabirova et al., 2008

Sabirova et al., 2008

Pauwels et al., 2008

$VT4T etal, 2010
Fahrbach et al., 2008

Kornman and Loesche,
1982
Ke et al., 2007

Jarvenpaa et al., 1980

Yu et al., 2007

Yu et al., 2007
Yoshimoto et al., 2004
Yoshimoto et al., 2004
Yoshimoto et al., 2004
O'Grady et al., 2009
O'Grady et al., 2009

Yu et al., 2007

Kurisu et al., 2010
Kurisu et al., 2010
Kurisu et al., 2010
Yoshimoto et al., 2004
O'Grady et al., 2009

(Gi2n)
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(£:3 2)
WIFFEET] Bacteroides fragilis IRESLME T EL 34 E2 8% WiEAEY) Jarvenpaa et al., 1980
Bacteroide- 160-F2 Mt
tes Bacteroides gingivalis w FRAR ST WA s AR R BB Kornman and Loesche,
1982
Bacteroides gingivalis 167.5 RSN PR E2 FOREIRER Bl TP Kornman and Loesche,
1982
Bacteroides gingivalis 208.1 JRE SN T A B2 Fnis Al #R P EBE Kornman and Loesche,
1982
Bacteroides JREE PR B2 FNEsiAl R R Kornman and Loesche,
melaninogenicus subsp. 1982
Intermedius 155.6
Bacteroides JR&ESME T B2 FNiaiAEl  #R N BT Kornman and Loesche,
melaninogenicus subsp. 1982
Intermedius 166.5
Bacteroides IRESM FREfR E2 FIEIRER R w3t Kornman and Loesche,
melaninogenicus subsp. 1982
Intermedius 167.4
Bacteroides TR PR E2 Fnas{Aly ~ ATCC Kornman and Loesche,
melaninogenicus subsp. 1982
Melaninogenicus ATCC 25845
Flavobacterium sp. KC1 ¥ B2 ¥4k k E1 R Rl Yu et al., 2007
Flavobacterium sp. KC2 ¥ B2 #4k 2k E1 R Rl Yu et al., 2007
Sphingobacterium sp. JCR5 [%fi# E1, E2, E3, EE2 S22y Ren et al., 2007
Ei
TEHETS e
JERERE ] Bacillus cereus Socransky 67 ¥ B2 [EfiAE AR 7= ) Fi5 Ojanotkoharri et al.,
Firmicutes . - 1991
Bacillus sp. E2Y1 [ EL, E2 EHETs e Jiang et al., 2010
Bacillus sp. E2Y2 ¥ E2 ¥4k R E1 EHETE e Jiang et al., 2010
Bacillus sp. E2Y3 W E2 Ak H E1 EMETS e Jiang et al., 2010
Bacillus sp. E2Y4 [&f# E1, E2 TEMETE e Jiang et al., 2010
Bacillus sp. E2Y5 ¥ E2 H:Ak A E1 TETETS e Jiang et al., 2010
Staphylococcus aureus ¥ E2 HeAb % EL 806 EL AV R WmiE Y Jarvenpaa et al., 1980
E2, ¥ 160-OH-E1 #{t A E3
Streptococcus faecalis ¥ E2 #:AkH EL; 4% E1 ¥4k Jpiffssedy  Jarvenpaaetal., 1980
M 160-FEIEHER
Streptococcus mutans Ingbritt ¥ E2 H:Ak A E1 Fi Ojanotkoharri et al.,
1991
Streptococcus mutans ¥ E2 #4k M E1 5 Ojanotkoharri et al.,
NCTC 10449 1991
Streptococcus sanguis ¥ E2 ¥4k K E1 F5 Ojanotkoharri et al.,
NCTC 10904 1991
NS 16S rRNA | J: BROLJFEAAT PR EL, E2, E3 JR&UHfk  Ivanovetal., 2010

Unclassified  84% #f{l T Shewanella baltica

AR AR, AT AAE A R TR R AR TR L £
AR R o BSOS/ A BT M R %
fifg Je& T A, 191 G 485 22 5 6 7 (Sphingomonas)
KC8 A FI| FH e M e TR Aaw IR e A g
JERON IS RN EE2, A By ANRESR{EAN M AR K

TR ANREIR, WAZ0UA A SNSRI A RE B P4 A
BOMRIE, — 5 T T A ss, 55— mfit
S5 U A=A R TR U RETR . Pauwels 45 M
HeRE o Eg il 6 tREEAR, )BT AT R R
(Phyllobacterium) . %7 /) firfiii %7 J& (Ralstonia) . fi
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¥ B J® (Pseudomonas) Fl AN 3 AF H OJE
(Acinetobacter), flifi1#FAESCiH E1. E2 Fl E3 A
REFCIS EE2, {HU2 EL1. E2 8 E3 fE7EE WA S
Wi, A TR L Rl EE2; AL &I E2
FEE2 Z IR R AE e R R, —#H2Z
ok, EE2 MmN E P, A, AR
A1) E2 kA RE U EE2., Weber 5844 E2
M EE2 55 —Fh E2 AR B I E IR It i
(Ralstonia pickettii)—if2 3%, %A &P EE2 (i3t
TR,

A 503 T 22 S 240 T DU NI i b B L R
(Nitrosomonas europaea)f%fi# EE2, &P T PiFIL;
T, — b 2 AR R AT A B 2 R e
B, o — MR & A A A o A =0 A 1 A
FRELFN EE2 Z Al AEARE AL, 74 T e
MEERO, T L, AL AN R R R R Y
PARREEALHL, — o i 2 A e A i A Rl
R, — B2 A B A R SR RIS R — 3 &
AEREA SO, BIES =Rl RE AR AL . AL
RA, T EEAEREE RN, R Se R ok o ™
R E Y. R R, KA EME, M
AAR TR FT DU 3 56 — AL R A R . B
LR REIE AT M AL RARER) Mn® . Mn**
A1k . Sabirova 5% HE £ £F & 1A (Leptothrix
discophora) @tk EE2 F&FEIITST, % PLE MK
Mn* &AL AR IR ALY, [FIRSPERE EE2 R4k
LT
2.3 EL. E2. E3. EE2 iFPEMRIRZ A XEE

MERR IR AR A 40 AFERTHLA RiA . 1966
4F, Coombe S5 FF UV . MS I NMR #F5¢ < [C
J& i (Nocardia sp. E110)%} E1 fUREME, B4 H
T MR AL 2 SO A B L A SRR
W 1 RO eL 7 o Bt B Bk 22 9 A 3R,
TCR R SRS R TCR, E2 YRR i AR
J& ELIFRREA, 3T EE2 R, — LR Sk
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i ELRT, 25, EL Mk— A

w1 s, B B2 LUT LRI IR
A% 10 EL 78 D PR AR RN BRI, 2 ik
— BRI A SRR (R R a)tY, ®E
2: E1 28 C-9a fi 24k k5, B RHFZL( 0 bl),
SRIG AR 3,4-SF R () b2), ZJ5 C4
5 C5 ZIA &R B e AW S A 1 4314
(50 b3)., $& C5. C10. C6 /KA H A =)
2-F25E-2,4- " Jd5-1,6-C RN baa) 3= T iR
(R b)), 542 30 EL 1 C4 LB AT 4-OH-EL,
ZJ5 4-OH-E1 () C4, C5 dt— L2 (Fni c1)P,
A% 4: C16 24k 1, 160-OH-E1(S i d1)@),

3 HMtiggAwa El. E2. E3. EE2
HIFEfR

bR T AHEE SN, — SO ELTR A AT DA AR B R
2002 4, Shi &5 A= 4325 1 REAS i o
P 1) L T - )2 8 T 1 (Fusarium  proliferratum)
HNS-13, 3 & B — Rkt EE2 S04 07
) B, 2004 4, Choudhary 7 S0/ IN AR I
%% 1 (Cunninghamella elegans)[#f# EE2, W%L%|
T EE2 M3k RE, DIAGRSIE AR H E 31k
AR, WS & Iz R A T — s Qi

TiHh, — Bl RS HE A0 2 [ B S B
#2002 4F, Lai 45 & 8/ NEREE REAS 1 1 ME — 1
FRIBE R A A= A0 B AL, FEADCTOGEM AR AT LA
KA, AT, 50%) #E B R AL i T — ok
4 2008 47, Della Greca 25 % PH2Eff H 43 .
VU REA A . B R SN AT AT 4 RS i i R
LRI EE2 B4k N AR =4t

P SCRRHR 1B, — L At Al . PR AT
ALY . AR BT LU b AR 5 AT
BRSSO, AR Sy ) A 2 7 A R LA
WY, EATER S 2R E M ERR I —
UG AR, A it — Do
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Fig. 1 Proposed catabolic pathway for estrogens degradation by strains!*’%22537411
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i 2 A 2 YR R, A A
15 4% EELRBRILS A YRR RE R, © 2%z 3
MR 2 W . XX — (AR 7%
BN, AR LUF LS R,
41 SHREZMHERBREERIR

FIHHECY I, AFFEENE S0 5 2R
R, R DG e b s 5, Je sk
TSN TEA RIS T 70 5, 9 A b S 3 16
SEAL, DIGRTS T 22 MR B AR TR B0 . AN AR
FARFMT 99% M &Ik G 7, IBATEEPE
T3 Ve R H A PR 55 v B I2CFE A AT fie VR R O
AIEFR . AR R R AT DAy —F
I3 T HAIREE i TR AR RE TR, A7 5008 FHax
AR, AT DIARISE Z MR R AR S . At
ZRRT HATTH I AR R 13 fmic AR, B2
S [F) S 28 P8I0 B2 A 15 A B ) 07 FH T 98 2% o
[ELiORC e
42 FrREHEMBREEEKENHAR

Tob 2 GRATTOXT 552 A 11 i 2 0 I e 1R G 5% Tl
JZBEE, XPMECR AR 2 L, R R
R A R — 058, BT, 16S rDNA FERE AR
TER RS AR B ZWH . Aad, Hal
IR I AR ARAE Ry MEBCER B A TR 1 sl IR
i Y I PR 8 I R A TR B B T
AR, ATHATE L5 M T — R MR R %
B A L AL PR, T — 2B ST 2k AT
TINATH T A ST Y DI BEARRE o X HEI R B
DR e &, nTLAsCR 16S rRNA JEK & &1
JRBRYE, AT ERES R EL, E2, E3. EE2 %
WER PR AR T A H &
43 RREAIFEINZALN HEIMEHRIERE
RGH

PIAFIFHSERT PCR A a2 f i v U Hh
R B EECE W R, 1T e T B
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(25 1]

5 HE

Tl W o e A O R BR BRI P R Y 22
AR IR MERCER U WAL BT 22K
EERE, AdARZ MR, Hf
S TR MR R VIR R (AL S kA, ATRE
SRR FRAT B RIS AR IR, X 2e A 73 s+
P FRIErh 5B, AT ZESP NS A e A 25
RGRIRSE -

2 % X

[1]1 T/hAR, KR ARG REURD]. felin
{54, 2006, 20(4): 13-15.

[2] Gross-Sorokin MY, Roast SD, Brighty GC.
Assessment of feminization of male fish in English
Rivers by the environment agency of England and
Wales[J]. Environ Health Perspect, 2006, 114(Suppl
1): 147-151.

[3] Johnson AC, Sumpter JP.
endocrine-disrupting chemicals in activated sludge
treatment works[J]. Environmental Science and
Technology, 2001, 35(24): 4697-4703.

[4] Shappell NW, Billey LO, Forbes D, et al.
Estrogenic activity and steroid hormones in swine

Removal of



5K T5T7 5 PRI R MR 1 R e i

719

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

wastewater through a lagoon constructed-wetland
system[J]. Environmental Science and Technology,
2007, 41(2): 444—450.

Fan ZS, Casey FXM, Hakk H, et al. Persistence and
fate of 17p-estradiol and testosterone in agricultural
soils[J]. Chemosphere, 2007, 67(5): 886—895.
Jurgens MD, Holthaus KIE, Johnson AC, et al. The
potential for estradiol and ethinylestradiol
degradation in english rivers[J]. Environmental
Toxicology and Chemistry, 2002, 21(3): 480—-488.
Matsuoka S, Kikuchi M, Kimura S,
Determination of estrogenic substances in the water
of Muko River using in vitro assays, and the
degradation of natural estrogens by aquatic
bacteria[J]. Journal of Health Science, 2005, 51(2):
178-184.

Ying GG, Kookana RS. Degradation of five selected
endocrine-disrupting chemicals in seawater and
marine sediment[J]. Environmental Science and
Technology, 2003, 37(7): 1256—1260.

Ying GG, Kookana RS, Dillon P. Sorption and
degradation of selected five endocrine disrupting
chemicals in aquifer material[J]. Water Research,
2003, 37(15): 3785—3791.

Fine DD, Breidenbach GP, Price TL, et al.
Quantitation of estrogens in ground water and
swine lagoon samples using solid-phase extraction,
pentafluorobenzyl/trimethylsilyl derivatizations and
gas chromatography-negative ion  chemical
ionization tandem mass spectrometry[J]. Journal of
Chromatography A, 2003, 1017(1/2): 167-185.
Hutchins SR, White MV, Hudson FM, et al.
Analysis of lagoon samples from different
concentrated animal feeding operations for
estrogens and estrogen conjugates[J].
Environmental Science and Technology, 2007,
41(3): 738-744.

Zheng W, Yates SR, Bradford SA. Analysis of
steroid hormones in a typical dairy waste disposal
system[J]. Environmental Science and Technology,
2008, 42(2): 530-535.

Combalbert S, Hernandez-Raquet G. Occurrence,
fate, and biodegradation of estrogens in sewage and
manure[J]. Applied Microbiology
Biotechnology, 2010, 86(6): 1671-1692.

et al.

and

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Racz L, Goel RK. Fate and removal of estrogens in
municipal wastewater[J]. Journal of Environmental
Monitoring, 2010, 12(1): 58-70.

PRI, bR WYL S P A WA T AR €
T =B A BT AE A AT AL ER 5 ], Ak, 2010
38(4): 598-606.

Khanal SK, Xie B, Thompson ML, et al. Fate,
transport, and biodegradation of natural estrogens
in the environment and engineered systems[J].
Environmental Science and Technology, 2006,
40(21): 6537-6546.

Coombe RG, Tsong YY, Hamilton PB, et al.
Mechanisms of oxidation by
microorganisms X. Oxidative Cleavage of Estrone[J].
Journal of Biological Chemistry, 1966, 241(11):
1587-1595.

Yu CP, Roh H, Chu KH. 17B-Estradiol-degrading
bacteria isolated from activated sludge[J].
Environmental Science and Technology, 2007,
41(2): 486—-492.

Muller M, Patureau D, Godon JJ, et al. Molecular
and Kkinetic characterization of mixed cultures
degrading and synthetic estrogens[J].
Applied Microbiology and Biotechnology, 2010,
85(3): 691-701.

Hashimoto T, Onda K, Morita T, et al. Contribution
of the estrogen-degrading bacterium
Novosphingobium sp. strain JEM-1 to estrogen
removal in wastewater treatment[J]. Journal of
Engineering, 2010, 136(9):

steroid

natural

Environmental
890—896.

Fujii K, Kikuchi S, Satomi M, et al. Degradation of
17B-estradiol by a Gram-negative bacterium
isolated from activated sludge in a sewage
treatment plant in Tokyo, Japan[J]. Applied and

Environmental ~ Microbiology, 2002, 68(4):
2057-2060.
Pauwels B, Wille K, Noppe H, et al

17a-Ethinylestradiol cometabolism by bacteria
degrading estrone, 17pB-estradiol and estriol[J].
Biodegradation, 2008, 19(5): 683—693.

Ke JX, Zhuang WQ, Gin KYH, et al
Characterization of estrogen-degrading bacteria
isolated from an artificial sandy aquifer with

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



720

#od g AR

2012, Vol.39, No.5

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

ultrafiltered secondary effluent as the medium[J].
Applied Microbiology and Biotechnology, 2007,
75(5): 1163-1171.

Kurisu F, Ogura M, Saitoh S, et al. Degradation of
natural estrogen and identification of the
metabolites produced by soil isolates of
Rhodococcus sp. and Sphingomonas sp.[J]. Journal
of Bioscience and Bioengineering, 2010, 109(6):
576-582.

Weber S, Leuschner P, Kampfer P, et al.

Degradation of estradiol and ethinyl estradiol by
activated sludge and by a defined mixed culture[J].
Applied Microbiology and Biotechnology, 2005,
67(1): 106—112.

Payne DW, Talalay P. Isolation of novel microbial
3a-, 3p-, and 17B-hydroxysteroid dehydrogenases.
purification, characterization, and analytical
applications of a 17B-hydroxysteroid
dehydrogenase from an Alcaligenes sp.[J]. Journal
of  Biological Chemistry, 1985, 260(5):
13648-13655.

Jarvenpaa P, Kosunen T, Fotsis T, et al. In vitro
metabolism of estrogens by isolated intestinal
Micro-organisms and by  human  faecal

microflora[J]. Journal of Steroid Biochemistry and
Molecular Biology, 1980, 13(3): 345-349.
Fahrbach M, Kuever J, Meinke R,
Denitratisoma oestradiolicum gen. nov., sp. nov., a
17B-oestradiol-degrading, denitrifying
betaproteobacterium[J]. International Journal of
Systematic and Evolutionary Microbiology, 2006,
56(7): 1547-1552.

Sabirova JS, Cloetens LFF, Vanhaecke L, et al.
Manganese-oxidizing the
degradation of 17a-ethinylestradiol[J]. Microbial
Biotechnology, 2008, 1(6): 507-512.
Skotnicka-Pitak J, Khunjar WO, Love NG, et al.
Characterization of metabolites formed during the
biotransformation of 17a-ethinylestradiol by
Nitrosomonas europaea in Batch and Continuous
Flow Bioreactors[J]. Environmental Science and
Technology, 2009, 43(10): 3549—-3555.

Zeng QL, Li YM, Gu GW, et al. Sorption and
biodegradation of 17p-estradiol by acclimated

et al.

bacteria  mediate

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

(32]

(33]

(34]

(35]

(36]

(37]

(38]

[39]

[40]

aerobic activated sludge and isolation of the
bacterial strain[J]. Environmental Engineering
Science, 2009b, 26(4): 783-790.

Fahrbach M, Kuever J, Remesch M, et al.
Steroidobacter denitrificans gen. nov., sp. nov., a
steroidal hormone-degrading gammaproteo
bacterium[J]. International Journal of Systematic
and Evolutionary Microbiology, 2008, 58(9):
2215-2223.

YLAL, AR, e, S5 Rk h17e-
L W I R AT ) 3 15 M E N R i A
[J]. FREERl2E4R, 2010, 30(12): 2414-2419.

Kornman KS, Loesche WJ. Effects of estradiol and
progesterone on Bacteroides melaninogenicus and
Bacteroides gingivalis[J]. Infection and Immunity,
1982, 35(1): 256—263.

Yoshimoto T, Nagai F, Fujimoto J, et al.
Degradation of estrogens by Rhodococcus zopfii
and Rhodococcus equi
sludge in wastewater treatment plants[J]. Applied
and Environmental Microbiology, 2004, 70(9):
5283-5289.

O'Grady D, Evangelista S, Yargeau V. Removal of
aqueous 17a-ethinylestradiol by Rhodococcus
species[J]. Environmental Engineering Science,
2009, 26(9): 1393—-1400.

Ren HY, Ji SL, Ahmad NUD, et al. Degradation
characteristics pathway  of
17a-ethynylestradiol by Sphingobacterium sp.
JCR5[J]. Chemosphere, 2007, 66(2): 340—346.
Ojanotko-Harri A, Laine M, Tenovuo J. Metabolism
of 17p-estradiol by oral Streptococcus mutans,
Streptococcus sanguis, Bacillus cereus and Candida
albicans[J]. Oral Microbiology and Immunology,
1991, 6(2): 126-128.

Jiang LY, Yang J, Chen JM. Isolation and
characteristics of 17p-estradiol-degrading Bacillus
spp. strains from activated sludge[J].
Biodegradation, 2010, 21(5): 729-736.

Ivanov V, Lim JJW, Stabnikova O, et al.
Biodegradation of estrogens by
anaerobic  iron-reducing bacteria[J].
Biochemistry, 2010, 45(2): 284—287.

isolates from activated

and metabolic

facultative
Process



5K T5T7 5 PRI R MR 1 R e i 721

[41] Lee HB, Liu D. Degradation of 17p-estradiol and 1972-1975.
its metabolites by sewage bacteria[J]. Water Air and [47] Auriol M, Filali-Meknassi Y, Adams CD, et al.
Soil Pollution, 2002, 134(1/4): 351-366. Removal of estrogenic activity of natural and
[42] Shi JH, Suzuki Y, Lee BD, et al. Isolation and synthetic hormones from a municipal wastewater:
characterization of the ethynylestradiol- efficiency of horseradish peroxidase and laccase
biodegrading microorganism Fusarium proliferatum from Trametes versicolor[J]. Chemosphere, 2008,
strain HNS-1[J]. Water Science and Technology, 70(3): 445-452.
2002, 45(12): 175-179. [48] Auriol M, Filali-Meknassia Y, Adams CD, et al.
[43] Choudhary MI, Musharraf SG, Ali RA, et al. Natural and synthetic hormone removal using the
Microbial transformation of antifertility agents, horseradish peroxidase enzyme: temperature and
norethisterone and 17a-ethynylestradiol[J]. pH effects[J]. Water Research, 2006, 40(15):
Zeitschrift  fur  Naturforschung, 2004, 59b: 2847-2856.
319-323. [49] Roh H, Yu CP, Fuller ME, et al. Identification of
[44] Lai KM, Scrimshaw  MD, Lester  JN. hexahydro-1,3,5-trinitro-1,3,5-triazine-degrading
Biotransformation and bioconcentration of steroid microorganisms via '°N-stable isotope probing[J].
estrogens by Chlorella vulgaris[J]. Applied and Environmental Science and Technology, 2009,
Environmental ~ Microbiology, 2002, 68(2): 43(7): 2505—-2511.
859-864. [50] Hu AY, He JB, Chu KH, et al. Genome Sequence of
[45] Della Greca M, Pinto G, Pistillo P, et al. the 17B-Estradiol-Utilizing Bacterium
Biotransformation of ethinylestradiol by Sphingomonas  strain ~ KC8[J]. Journal of
microalgae[J]. Chemosphere, 2008, 70(11): Bacteriology, 2011, 193(16): 4266—4267.
2047-2053. [51] Roh H, Chu KH. A 17p-estradiol-utilizing
[46] Suzuki K, Hirai H, Murata H, et al. Removal of bacterium, Sphingomonas strain KC8: Part
estrogenic  activities of  17p-estradiol and I-Characterization and abundance in wastewater
ethinylestradiol by ligninolytic enzymes from white treatment plants[J]. Environmental Science and
rot fungi[J]. Water Research, 2003, 37(8): Technology, 2010, 44(13): 4943-4950.

R oY oY R Y SRY Y RY SRY AR R RY SR R RY R R RY R R RY R R RY RY R RY RY R RY R R RY RY R R Y SR R R SR R R AR R R R R RY R R RY RY Y RY RY Y R

WX PRI+ ZF2FSHBSNNY
GEFFAERE S — SRR . AT SO AR, 7 % 2 I
FEAR AT SEUNS x, RHIKS X, 4R Mean. FRIEZIBEUNS s, 5 SD. Fiife
BSOS s, A SE. t RIRITSONG t F AR Fo FOrRse A SUNE 2. Hi
FHHISONS ro FEABUIHSONG n, BSOS P,

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



