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VA RE X L35 vh MEV R B AR DR R AT 20 B8 IR, RS — BRI A 178-ME % (176-E2) JyME—Bl A K BN PR 1 . 18
id 16S rDNA B[ 541 3047 RIVE M EE X DA e Fh 8, FE L PR, 22 AL T MRAE RS IR S . pH (. IR
SRR R R R B, R =N R =K SR A S R bR B G PR AR . SRR B
EANELHEE (Hyphomicrobium sp.), fiv% N Hyphomicrobium sp.SS-1, ZHEIKRIE 10~40 ‘C. pH {EHA 5~9. JKYIIKE
N 1~10 mg/L BIZAFT, SHREARFIFERE M 178-E2. HAPEREIRA A 30 C. pHEN 7. JERYIKEE 5 mg/L I,
R 7 d X} 176-E2 WIBR R TIL 71%, FFEEBERR KT B2 MR~ E1 A1 B3 £, SR EHBEN 56.8%. IEX
RIGLEREIR, S HZ0 FER AL 2T W NBIO: R . pH {H, H#ECHEZERM (P<0.05);
BRI R AR A IR 35 °C pHAECN 7+ YR 5 mg/L, %5 FHFR 7d, BRRX 17B-E2 IPEARERTTIA 97.09%.
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(Steroid Estrogens, SEs) FJEZ RN, w4 &8 FAE
1999 FEMUA 124 4 1L 1E & & 1aDk) o 8 i s 2R,
EATIAELE R A PR AS, MR (E2) S8R
MIE G o R 73 M3 A 0 771 <l e 340 PRV LA 5 24
SR PR R B AL, SRSt FELH 40 12
I 75 5 280 HE B 5 s Aol A =P, R85 R AR
FE MR (SEs) FEAMEE (E1D) . 170-H
(17a-E2) + 17p-M —W (178-E2) FIME=EE (E3) . H
W 176-E2 S MERER TR MR R, AL R, XN
LA 17B-B2 {Fn] 51 S i M vE A . MERERI R 4

i3

W H A 2021-09-02  EITHH#H: 2022-03-21

HETH: BXRERBHEEESTH (51608079); EERTIH A H A Hsk
WFIE (yigl82028); T KZEABIFHANLIIZITH (S202010618007);
HERTT AR AL AR RIE (cstc2018jcyjAX0322)

EE TN RE, WL, 2%, W7k,

Email: yull237@cqjtu.edu.cn

ARAS TR, A [ SRR X 23 N8 T
JERL, A 90%MH) & & IR R A S B A,
60% M FRFE 15 Y P in i A 52 350, KEF R, #
TR 1B FH 5 7 58 37 Y RE X 320 7K A J - 438 vp 3546 W 1 e vy
WRE) SEs™), VIR SEs 7 SR AE i85 A 25 KUK Al
NARAE RS AN WIREEA 5T 53 B H DI RE B A%
JEiEE A AR PR SEs KW, RAAMIE L R
WERT5 G4 H AT K AF 715 .

] N 4 O 2 AT ME R 0 B 00 90 S R T
Fujii S8 RIS PETS Y8 0 B H — kLD B2 Ao —
PEAKKI BB ZE A (Novosphingobium sp.) - Takeshi
SN 35 7K 4k B T35 M 95 U8 b 0% ik 5 4 2R
(Rhodococcus equi) , 1E 24 h PIXF 100 mg/L E1. E2 1
E3 MIBEMRA 95%. TiE a0k — R 20 BR 1
(Rhodococcus sp.) 1£ 3 d WA 582 F4f# 1 mg/L E2. 24T,
MR EEFA BRGS0 B B2 [
W, AR SEs TG R ATA K, HigKh 22 %
HIV5 G, HARFFIRTS Gl b 22 55 & S AR b,
X T B PR PR R 7 S BT AT DAk 21 BB I 2
o BB ARk SEs V54, W TVAREX LIERLR

A, ALEMNYHSZ SEs 15 44 L ik IR R H

1N
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BAUEREMAL A, FH VAR X SEs 75 G4 .

TR IR R X T3 SEs FEAR B EAT 70 85
fifiige, AFAIA 176-E2 nfe— il E KRB PERRR, JF
W TR AR o D9 THVBUIR 2 52 2% 22 5 v A 1 Ak E A
RIGUNHIThRE R AR, AR R h MR T 2
BRI MR,

1 #MRE7A%

1.1 #EXE

IR R AR B PR R A SR T 1 T8 VR TR X 4
ZAL ML NIR R 2B, HER 290~300 m. F X A 2R3k
KA 5~10 cm B JZ 38, FEAH DU AR, @6 T 4 C
VKFEORAE 2 H
1.2 EFEAECH

R T R W W : 0.002g CuCL2H,0 . 0.024 g
NiCl,-6H,0-0.19 g CoCl,-6H,0+0.061 g MnSO,-H,0.0.024 g
Na,MoO,-2H,0. 0.07 g ZnCl,~ 0.006 g H;BO5, Z&1#/K 1 L.

ToHLER RS FR%E: 426 g Na,HPO, 2.65 g KH,PO,
0.02 g CaCl,» 1.5 g(NH4),S0;. 0.2 g MgSO,-7H,0, pH {i
WA 7.0, A 1 mL &R, AWKESESE 1L,

178-E2 PRk EE 7758 K T HRER) 178-E2 I
28 121 "CK1A 30 min TCHLERREFRIE T, KB INRIFE
WA R KR, 1 176-E2 WE N 10 mg/L.

17B-E2 B fift [t 1 77 5 oL Eh s 5= E P 20 g/L
iR, BEMEER 178-B2 A0 TR IR AL R .
1.3 17B-E2 BEE D Bk

TERH AT, ¥ 1 g REFERIA 178-B2 KK N
10 mg/L [MFEfRRAARR =&, L&A, T 30 C.
125 r/min [ERREFE 7 d 5, WREX 200 uL BeFp 1800
17B-E2 Witk bk, BEEEAE 4 Ik, XF 178-E2 [
HATE R B VULLRE S BT B & SR o Bl T 17B-E2
Fefpiaae, PR MRS A s IR . B 1 mL & BRI 1R
W TR K 10 FFRE, N 107" BEFMRE 10°, B
10°, 107 10° [RRREIRAT T 178-E2 PR [ 4 15 7 ik
b, BEATATY, BT 30 CRFEMT 7 do BEEURIE
BUEFTEAS RV, AWRBREE, DHld S R7, o
He e T 2 H ODgoo 1B, ABLiE AL .
1.4 BEMHNEERRFZLESN

K H TIANGEN 41 B i 7 & 52 0B Pk 2 I A
DNA . & H 48 W i A 5] ¥ % 27F/16SF :

5-AGAGTTTGATCCTGGCTCAG-3' fI 1492R/16SR :
5'GGYTACCTTGTTACGACTT-3'#£47 16S rDNA FE K4~
W, PHfER: 10xTaq Buffer 2.5 uL, Taq DNA &
0.2 uL, dNTPs (2.5 mmol/L) 2.0 uL, L F#i5I4
(10 umol/L) %% 1.0 uL, DNA HBE#R 2.0 uL, XFKKKE
25 uL. PCR Je[Mi2kft: 94 CTIAEME 3 min, 94 CARME
305,56 ‘CiB'k 30s,72 CHEfH 1.5 min, 35 MiEH; 72 C
RALEM S min, 16 CLRAF. 5IYE RS = WHE 5
U581 A 7] 58 1. I 7 45 SR Blast & GenBank ¥ &
HEATX LT, SR MEGA 8RS A RS K
AR .
1.5 BRI R & R NE

178-E2 [ fif b1 1 o dd i 82 ), 9058 pHAEA 7,
JRPIAE 10 mg/L, #EREN: 10, 20, 25, 30, 35,
37. 40 C. &i& pH EHIRLH, VIERE N30 C, &Y
W 10 mg/L, pHEATI N: 5. 61 7+ 8. 9. FIEIEY
WREERI T, SEIREAN 30 C, pH N 7, JEYIKER
H9: 123450 7+ 10 mg/Lo #5572 FEPE R E 125 r/min,
B 5% (R0 , TE58 7 d SR & 0B i A
(HPLC) W& 17B-E2 ikFE, il hh: HEFEE 20 ul,
MBI (A 2 © (B)#E4li/k=45 : 55, J#ii& 1.0 mL/min,
LREGISE A 12 min, 03K 201 nm. SEJ5ERERSH B
E2. E3 a5, WA R L.
1.6 IEZIRIE

e R Z R R b, 3T =R E =K (Lo(3°)
IERRIG BT, R (A - pHIE (B) « &Y
WEE (C) XTFEMEEE R, 52 L PR A 1

2 HBREHM

2.1 17B-E2 BREBEMH B SiFiE

T I 0T G R H X 2 A 77 B 3 T8 E DX R A R
178-E2 FfA AT & S s 2 Aoy B 4lifh, 153 3 HRiwvE,
M5 N SS-1. SS-2 F SS-3. 30 ‘CHEF: 5~7d )&,
SS-1 Wtk R, FAt, AEW, BZ%ok: SS-2 M
WRELA A, NEW, B%0H;: SS-3 WkEAt, A&
B, WZHRE. ¥ 3 PREE R 2 178-E2 BEARIIA
Braedkdr, 30 °C. 125 v/min HIRIRG &M N 7 d G
MEH ODgy, 2774 1.508. 0.489. 1.084. %5 SS-1
TR VR A KR B, DRI BB A SS-1 3EAT J5 B2 P4 A
WA, B 1A SS-1 BRI B R Ao

a. x30 000

b. x10 000

c. x1 000

B 1 Bt SS-1 e isn

Fig.1 Scanning electron micrograph of strain SS-1
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2.2 EMEELER

Fa TRk SS-1 4715V P 45 5RAE Genbank Hidls 22 H15%f
terr. S5ARFRY], KIRESEIN 176-E2 PR RS
Hyphomicrobium facile 1] 16S TRNA 2 [ 741 [R5 4 99.7%,
W ZWMRNE 22 0R 8 (Hyphomicrobium sp.) , %N
Hyphomicrobium sp.SS-1. 1%H R4 K BMUE 2 Fs.

NR 025048.1 Hyph

MH910208.1 Hyphomicrobium facile
LC430087.1 Hyphomicrobium facile
@ [fyphomi crobium sp.SS-1
MG846099.1 Hyphomicrobium facile
NR 036978.1 Hyphomicrobium facile
NR 074189.1 Hyphomicrobium denitrificans
100 "NR 114940.1 Hyphomicrobium denitrificans
NR 026430.1 Hyphomicrobium methylovorum
NR 025082.1 Hyphomicrobium sulfonivorans

NR 1046971 Hyphomicrobium vulgare
o NR 104954.1 Hyphomicrobium aestuari

AB543807.2 Hyphomicrobium vulgare
100 NR 026428.1 Hyphomicrobium hollandicum

23
16
22
99

100
44

55 NR 026429.1 {vphomicrobium zavarzinii
5 NR 1217132 Hyphomicrobium nitrativorans
99 'NR 118448.1 LLyphomicrobium nitrativorans

e
001

e ZRB 0.01 R AN ZE R K.
Note: Line segment 0.01 represents the branch length of sequence difference.
B2 HHkSS-149 16S IDNA ALK F #
Fig.2 The phylogenetic tree of strain SS-1 based on 16S rDNA

2.3 HERRERREESD

W 3 fs, 1830 C. RS, KRR SS-1 7R
10 mg/L 174-E2 ¥53 k#3774, KIMBEHRAERIRDL R 47
RENSACIST 176-E2. BEZE Hikk ODgoo MEMIE R, 178-E2 [k
FEBETRRAR. 25 2~4 RFHRIE TR, R s
R B 4~7 KRBT, JBTREl, MRk
RMBETAL LS, % 7 d J5 10 mg/L 178-E2 EFRF N 49.2%.
176-E2 TR R 284k 0 E1 AT E3, Hop B1
BLEAL PR, 5 RGN 9%, B3 N 3%, ZJE
WM. 538 SEs T4k EHURESRAY, fE.
LG 2 o SO E TR MRS A —, Hd 178-E2
TR, B SA El. B3 BIMESE N ARHE A
100 : 2.54 : 17.60, El. E3 @zt 176-E27. fiER
R, 2 AR BN AN W o
2.4 ZINERA 17p-E2 IEMREE IR =
2.4.1 BAE

e 4 FoR, 18 7 AAFRERE T, Wk SS-1 %

BUH AR AR R . S5 8oR, 30 CMF T, Wikk SS-1 %
DU AR I B, ODggo (IR, BAKHELT. K 4a
BoR T AREREE R R A K EA BN, s
ICEARI T REMRAK, WkEEAKEER 25~35 C.

4b F£H SS-1 7EFEMR 17p-E2 i F8r, 2284k 5 E1 A1 E3,
BEWR T R, B2 HIREARR 2 N5 BRI, X
55 ODgoo I IEAHSCHIES, PRGN BB, AE
PERRLT, PR, TERALAT E1 A E3 Hh, Bl 32
oy, 20~30 CHAF TR0 E1 IR 1T = i
%2, ULIHEMRIE R N2 (2t E1 =4, vk b E3 4
FREAARTE D, 1k BH BEARAE R AR AR ) 5 MR T TR
IRI0 B1 ¥4k, B 4c REHBEARLE 10~40 CXf MR
R, 2 SR I MO R LA e B 52 6 L, 7 25~
35°C AEKHLT, BRI, 30°C I 178-E2 PERTIA
46.4%. BEEIRE RIS, 176-E2 MR 250 ETHE T 1%
PR, XA R YR s R A —, HLIRE
AR RN AE VIR AR S5 A0 B T A B T M ) B
Rz —. WERHIL T AR R, FHAS T A LS
JEITE KA B AE PRI 6, BRI 10 CRY,  BERZ T I
FE K VTB-B2 AR UK. MEIRET R, B B AR
PEMGSR, AfbBSEFIPE, BRI
IS5 A AR, AT SRS P 30 (1) JR0% T i
BISZPR, R 40 CRF, BMRA KR K AR I R T .

—a—17-E2 AR —o—CK —#— 0Dy,

108 17-E2 residual amount . .- 1.6
2 114
s 9
s 412
Eﬁ s sr 410
a4 7 1088
i3
=9 10.6
o 6 B
i 104
o~ =
=5 lon
v
4 1 1 1 1 1 1 1 0
0 1 2 3 4 5 6 7

1 9% K HDays of incubation/d
M CK Mo A HRAE 178-E2 ¥ . ODgoo 29 600 nm P K AL I OGIE .
Note: Curve CK refers to the 175-E2 concentration of the blank control group.
ODgqy is the absorption value at the wavelength of 600 nm.

B 3 Ehk SS-1 sk

Fig.3 Degradation characteristics of strain SS-1

0~ ] AR 2 B % Total estrogen removal rate

16| i Temperature/C D101 e oD, B3 [IEI C1AE2), ¢ [ N 17p-E2Ref#174E2 degradation rate | ¢
1.4+ ::: ;8 éﬂ M ™~ S| § —=—0Dy, i
—a-25 é 8+ _ % 40+
12f —+30 22 § 12 ¢ 55 = 12
35 ¥ - E o
s10f <37 S5 6f £ 53T BN $
a g \ ol HIE 2
©os8p % 8 1080 & e 1080
Wo AL 220} 1
0.6f %3 ol H B L
= 5 &= s I S S8 ]
oal £5,| 04 % 0.4
d.—) T T T
0.2F ] H gas H
. % . | En SRR ; S ISHH NN INERL 1
I 2 3 4 5 6 7 £ 010 20 25 30 35 37 40 0 25 30 35 37 40
=

}i 4% A Days of incubation/d
a. AFNREE T BB 2

% Temperature/ 'C
b. ANFNREE T MR R RL )

a. Growth curves of strain cultured at different temperatures b. End-products of estrogen at different temperatures

i) Temperature/ C
c. BrfRFRBEIRE AL

c. Change of degradation rate with temperature

B4 mEXEKSS-1 8%
Fig.4 Effect of temperature on strain SS-1
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2.4.2 pH{A Fefd B2 =4 E1 F E3, S50 2410 N 7421 E3

PPk SS-1 7EANA] pH E 2644 X 17-E2 B A 50
5FR, #5357 dJE, WARTE pH (N 5~9 a3
BB AR . B 5a Son TR R F AN E R E K
BAEN, FEIRIER R TR AR, & pH (EN
AR N: 7+ 8+ 9. 6+ 5. B 5b BIn, BRI ODgy
ST m fE BRI S, YOBITE pH AEN 7 B, BRI
KHELF, 17-B2 MIREEEDERRE, JHlaT FENE
B, PEIHTERIE 2 E T, TR 176-B2 B fgRE 715 AL

—_
=3
1

pH{fipH value —u— ODy

/N T SRR MR 264 NP4 B3 (i, TP AR I Bl =
KT ISR A% T /=4 E1 &, WHERMEHESEHEE
AT E3 07742, HIE 5¢ w4, fE pH {EN 7 I, 178-E2
Fefif e i e, SMEBUR BBR BRI, 0N 45.1%H
37.5%. {F pH {H N 5 i, ODgo fH &I, 178-E2 F&fifR=
2909 1% WARFERR LS5 N I B g ) AR T ZE BRI
ST RIE R Sy, U6 BRI G A I R S8 B PR PR B
RS

Y 178-E2 P4 22 178-E2 degradation rate
167 _a5 EJE3 1.6 UM R 2R % Total estrogen removal rate
——6 e ) LJ178-E2 R
14 25 o8t || [IE!
| —+8 %D — \-
210} %7—“ 5 o
g 21
08r =2yl
L &5
0.6 &
041 & 2f
021/ = . . . . . . , S 0 N == e = Y . .
1 2 3 4 5 6 7 g 0 5 6 7 8 9 [UN 6 H{ﬁ7H | 8 9
15 #7115 M Days of incubation/d pH{#pH value pH{EpH value

a. AN[E pH BT BB AR A 25
a. Growth curves of strain cultured at different pH
values

b. AN[F pH H TR EL Y
b. End-products of estrogen at different pH values

c. PEMEZREE pH AR

c. Degradation rate changes with pH values

B 5 pHALM E#k SS-1 4% R
Fig.5 Effect of pH value on strain SS-1

2.4.3  JRMIKRE

AFEEYIR R FE R SS-1 HIAEK K B MBI B
BRI E 6 Frs, 357 dJE, BT EREE
HBEARSREE ) 175-E2. B 6a 7n T 1~10 mg/L JEYIK
FE R AEKEZWAEN, #RIE BRI G E
5~10mg/L. HHEl 6b %1, fEARIRRMIREE T, Vidkes
S| — KR E1. 17-E2 £ E3, Z55HEH, #£7 d
I I5) P B R FEAS R SE 4 PR 176-E2, HLATJRMDIRE A 1 Al

3mg/L IR, Bl WIREERT 178-B2, ULHH BRI
fifd 176-E2 ST E1 #4k. 1E 5 mg/L i, FHkk
ODgop (=i H 1.625, ULHHZIREE T, BRI RLT .

BRI ODgoo {ELI/IN, B R 1) 178-E2 $ifi] T R
MK . B 6c o T MM ER 1 5%, fERIEIRIE
%M URMRE Smg/L) K, HHEX 176-E2 HIZBRERN
71.4%, MMESEEBREN 56.8%. BEIEYIKRERITFE,
RS 178-E2 B LR 2T G BRI S .

72 17p-E2 43 174-E2 degradation rate

1.8 JEM¥K ) Substrate concentration/(mg-L" 6 o118 k .
I (mg-L") —a— 0Dy, 80 [T b & 2 B 3R Total estrogen removal rate L8
1.6 -3 s EE3 1.6 X 70" Olgpo 11.6
——5 0T XY 17p-E2 E
14l 5 3 EI/ 14 B 7 114
Lol —— 10 5 S 12 _ £ — 12
s k2 s E . 5
& 100 rE Tog 2 hog
S w23 S g4 i ? S
0.8+ = O 10.8 5] {111 / 108
= 230 H -
=9 5 [ /
0.6f =) los M i - los
& o ook il / :
0.4 21 lo4 & s e {04
i 7 10F v /
02} e 102 i) 102
1 2 3 6 7 1 3 5 7 10 0 1 3 5 7 10

3 4 5
1 32 15 [AIDays of incubation/d
a. A [F R EE T I TR R AR I 22

a. Growth curves of strain cultured at different
substrate concentration

1 7/}-E2%€E 174-E2 concentration/(mg-L™)
b. AFEEMREE T IIMEBER R4

b. End-products of estrogen at different substrate
concentration

17B-E2i#)i17p-E2 concentration/(mg-L)
c. FEARZERE IR BE 1AL

c. Change of degradation rate with substrate
concentration

B 6 EMIKES Bk SS-1 8%

Fig.6 Effect of substrate concentration on strain SS-1

2.5 EXRELHER

PLTEHRXT 178-E2 192255 26 v H A iR £ 1 1E 22 i 56
ik 1 Pror, mARESN R BT Z5I F
A5, SR 178-E2 ZeBR R BB & MK B /MEK
UORIRPIREE . IE. pH {H. H& W KR 25
Mras BRI N EEZ L (P<0.05) . 454 K HK/N

= m

My ESTERTUSHEERBRRRAEN
A3ByCyo BPIEAT RIS 25 AR B, WX 178-E2 W id
R AR 26 IR EE 35 °C. pHAE AN 7 JEMIWKEE 5 mg/L.
TERGE 261 N TR ARG, EE 3k, lERIRKEL
WPl RS R TR, HEREZEAN TR TdE
X 178-E2 B f#EZEN 97.09%.
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F1 EXRBER

Table 1 Results of orthogonal experimental

[A% Factors 175-E2 %
= : \ B
75 i A FEAIK 174-E2
No. Temperature/ p Substrate
o pH value . 1 removal
C concentration/(mg-L™) rate/%
1 25 6 3 57.70
2 25 7 5 82.29
3 25 8 7 51.81
4 30 6 5 54.86
5 30 7 7 47.87
6 30 8 3 67.27
7 35 6 7 50.87
8 35 7 3 96.37
9 35 8 5 93.18
K 63.933 54.476 73.779
K, 56.665 75.510 76.775
K 80.139 70.751 50.183
R 23.474 21.034 26.592
BT
Sum of 866.464 729.966 1272.869
squares
H
Degree of 2 2 2
freedom
¥o7
Mean 433.232 364.983 636.435
square
F{f Fvalue 279254 235262 410.235
BN * * *
Significance

E: ¥ RoREE (P<0.05) .
Note: * indicates significance (P<0.05).

3 W e

AET WL 227, AR AN AT DA s 2 R4 A
SEs, T HIFSALF . HATHAER 80 Rk SEs MR
T, AR TS, R TR R Tz M. Hop,
RN R I (Sphingomonas sp.) ~ 7 2 BE R 5 0 4
( Pseudomonas citronellolis) } B 2Lk (Rhodococcus
equi) 5, FRAEAN [FIFE LB S LRP 2 [ Bt g 210, AR
WEFL T VR RE LI 7 BS IR 178-B2 L VEFE AR R Ak A2
TEEE CHyphomicrobium sp.) , 1ELA 10 mg/L 174-E2 #5575
FRFR T dJa, BFRETREH S1%MPIMGIEY 178-E2
Gb, EFEREFE E1 M E3 B4R, X2 BN E2 FEMA YR
it A S e A AR B R (724 . Zhang 2517
BB A EE (Ochrobactrum sp.) Btk FI1 [f#
E2 = ZL R =2 13 HBEE RV EAT E1 Rttt
— WA A A Y. BEAh, AW TR IR SS-1 PR
17p-E2 F5& — RN S5 07 F2, v REBUARY A
0.905, [ERFFEHIA 7.07 do R EHEISNGKAEF
U S TS Ve R o B R R VR R (Fusarium sp.)
Wu-SP1, XIANEVIGEIREE B2 #AT—Hh 105, 45
RER RYIRT 0.9, BEHFHE— 3NS5

U PR R AR AE IR PR SR A Ui P« pHL BRI AR 2
GRS, RIS R PR SEs [RESIH
FTAS 6] o BT 5 B IR SS-1 dpeids BT P i il 52 1 [l Oy 25~
35°C, fEMERRFREMAIF 30 CHf R RL &5

B SRR ILGE AR 208 (Hyphomicrobium
sp.) BO@R N 30 °C, v O IR BE AR T R AR R
FEMERCE . PRI AE KR DR 5 BT 52 215 BE R 52 il
TX A D] 25 0 2 5 ) BT R PR i e DR D ) O, iR
BRI 2 U2 R R AR AR R, g Em s>, SRR
fE PO, pH A [FIRE AT LA B AR A . B
Pk SS-1 $53& pH H N 7~9, 7 pH (A 7 I Bl 5
XEAABPIRE g R, A EEE KB
(Gordonia) £, B[4 B2 WL )18 T IR
AR T SRR MEIAES, ARG TP B bk SS-1 B i) T 55 ma
Wi ALK, MMREEE. PR EERIES
Fidr, E1 A E2 B AR RAUN 30%~40%, {H1ES5 6
INEEIT B R A BT . RN R R TE B A e i i 72
WS AR R T PR, B SRR B AR AE IR R e T
PEEREEY, g ah, e R A I B I A BN A W
o, T L0 A i T A Y s T AR R R IR
N5 mg/L, TERREIETE B R EE R 174-E2 #0461, AT
SEFRRIRAC . IR R BRI B ik v 2 0t
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Isolation, screening, and degradation characteristics of 17f8-estradiol
obligate degradation bacteria in the soil of marsh irrigation

Yu Weiwei', Shu Minghui', Xie Mingyuan®, Zhang Minne!, Liu Cong?, Yang Shuo®, Wan Qiaoling®, Mao Yufeng?,
Chen Jieyun®

(1. Key Laboratory of Hydraulic and Waterway Engineering of the Ministry of Education, School of River and Ocean Engineering,
Chongqing Jiaotong University, Chongqing 400074, China; 2. Southwest Technology and Engineering Research Institute, Chongqing
400039, China; 3. Chongqing Yudong Water Affairs Co., Ltd., Chongqing 404000, China; 4. Chongqing Yubei District Construction
Management Affairs Center, Chongqing 401120, China)

Abstract: Biogas slurry has been usually reused on-site in intensive livestock and poultry farms. It can also inevitably bring
the accumulation and pollution of Steroid Estrogens (SEs) while recycling the organic matter during production. This study
aims to reduce the pollution risk of SEs to the soil and water environment after biogas irrigation. The enrichment and
purification were also adopted to isolate and screen the estrogen-degrading bacteria in the soil of a dairy farm in the southwest
China of the biogas irrigation areas. A strain of estrogen-degrading bacteria was obtained, where the 17f-estradiol (174-E2)
was used as the only carbon source for growth and reproduction. The strain was homologated by the 16S rDNA gene
sequences, further to identify the species for the subsequent 174-E2 degradation tests. The strains were then characterized at
different temperatures (10, 20, 25, 30, 35, 37, and 40 ‘C), pH values (5, 6, 7, 8, and 9), substrate concentrations (1, 3, 5, 7, and
10 mg/L) degradation characteristics. A three-factor and three-level orthogonal test was continued to optimize the degradation
conditions of the strain. The results show that a dominant strain isolated from the sample was identified as Hyphomicrobium
sp., named Hyphomicrobium sp. SS-1. There were varying degrees of degrading the 175-E2 under the conditions of 10-40 C,
pH value of 5 ~ 9, and substrate concentration of 1-10 mg/L. Specifically, the degradation rate of 175-E2 by strains showed a
trend of increasing first and then decreasing, with the increase of temperature, pH value, and substrate concentration. The
optimal growth temperature of the strain was achieved at 30 ‘C in the environmental temperature test, indicating that the high
temperature was not conducive to the growth and metabolism of the strain. The degradation rate of 174-E2 increased first and
then decreased, with the increase in temperature, where the maximum degradation was 46.4% at 30 ‘C. Furthermore, the
presence of E1 and E3 estrogenic products was accompanied by the degradation of 178-E2. In addition, the strain was more
adapted to the alkaline condition rather than the acidic in the pH value test. The optimal sequence of pH values for the growth
of the strain was ranked in the descending order of 7, 8, 9, 6, 5. The degradation rate was higher in the alkaline environment
than that in the acidicones. Particularly, the degradation rate of 174-E2 and the removal rate of total estrogen were 45.1% and
37.5%, respectively, in the pH value of the 7 test group. In the substrate concentration, the growth state of the strain at 5 mg/L
substrate concentration was much better than the others, while the degradation rate of 174-E2 reached 71% after 7 days of
incubation. There was also less toxic than E2 degradation products E1 and E3 generation, where the total estrogen removal rate
was 56.8%. The metabolism was inhibited significantly, with the increase in the substrate concentration strain growth. The
orthogonal test showed that the influencing factors on the degradation ability of the strain were ranked in the order ofsubstrate
concentration > temperature > (pH value, indicating all significant effects. The optimal degradation conditions were achieved
for the strain, including the temperature 35°C, pH 7, and substrate concentration of 5 mg/L. Consequently, the degradation rate
of 174-E2 reached 97.09% by the strain after being cultured for 7 days under optimum conditions. This finding can provide
high-quality strain resources for the microbial degradation of SEs in complex substrate environments. Anyway, the effective
way can be widely expected for the estrogen pollution remediation in methane irrigated soil.

Keywords: degradation; microorganism; 174-estradiol (178-E2); Hyphomicrobium sp.; degrading bacteria; soil pollution
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