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Degradation of Steroidal Hormones by Salt-tolerant Altererythrobacter Strain

MH-BS : Degradation Characteristics, Metabolites and Its Immobilization

MA Cong'*, QIN Dan', SUN Qian', YU Chang-ping'*

(1. Key Laboratory of Urban Pollutant Conversion, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A steroidal hormone degrading bacterium, named MH-B5, was isolated from saline lagoon. Several steroidal hormones
including estrone, 17-B-estradiol, estriol and testosterone could be utilized as sole carbon source by strain MH-BS. Analysis of 16S
rRNA gene sequence showed that it belonged to genus Altererythrobacter. Growth of strain MH-BS was observed at salinities of 0-7%
and at pH of 5.5-9.0. The main degradation metabolites of testosterone by strain MH-B5 were identified as 4-androstenedione, 1-
dehydrotestosterone and androstadienedione using ultra performance liquid chromatography ( UPLC) coupled to quadrupole time-of-
flight mass spectrometry ( Q-TOF MS). Mono-carrier and multi-carrier cell immobilization techniques were successfully applied to this
steroid-degrading bacterium. Batch estrogen degradation study showed that immobilized strain MH-B5 could effectively degrade 2
mg-L ™" of 17B-estradiol and its metabolite estrone. The results mentioned above demonstrated the capability of MH-B5 to degrade both
estrogens and testosterone and the potential application of using immobilized MH-B5 cells in bioremediation of steroidal hormone
pollution in saline environment.

Key words : steroid hormone; testosterone; salt-tolerant; metabolites; immobilized bacteria
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SCR IR FF TR TR MR MH-BS X 288 [ B 32 1) o ik e
LA X S2 BRI 4 20 A AT D0 ] REARiM i
A2, i 45 10 MH-BS [f 5 A A E W RORE e fie i —
W, DU K #0358 2 [T B3R T G i g R A {1k 44
ARSZH.

1 #R5EFEZE

1.1 M

PRAR 285 R T B S K KR, SR ik
FH 216 L Kige SEmpRifgE K, WSCHR[17 ], 245
RIEFEHE EL, E2, E3, EE2 1 T 4350 H Sigma
N (AERESR T 99% ) 5 RS F= AR ERE & . R
fili ( 1-Dehydrotestosterone, DHT, 99% ) il 4-ff & —
filil ( 4-androstenedione, AD, 99% ) 43 %l Wy H Dr.
Ehrenstorfer 23 w5 5% 46 7 Bt H 32850 22 5% H 833 46
5.
1.2 EkREE
1.2.1 16S rRNA JEHFF 5387 S R G54 B WL

N 7% PCR ¥, ¥E @ 519 27F (5'-
AGAGTTTGATCMTGGCTCAG- 3') Fl 1492R ( 5'-
TACGGYTACCTTGTTACGACTT-3") ¥ 14 15 5] 1 ¥k
MH-B5 ) 16S rRNA J:[H 4 K ¥ 5. PCR JZ I 4%
4:94°C AN 10 min, 30 PMEHR (94°C 48 30 s,
55°CiB k 30 s, 72°C ZEH 90 ) , 2 72°C ZE i 10
min. TS FHI 13 A Y R 2 RHE A B
FIGEATIN . I 45 S AFE NCBI (http: www. ncbi.
nlm. nih. gov/BLAST) 47T blast ﬁ*ﬂ, I 38 1 A
DNAMAN ( Version 4. 0) X 4" 3 /3 51| Il GenBank
U % Bl Y F 9 BE AT X, SRS H R MEGA
(Version 6. 0) ### R 5t & B M.
1.2.2  pH 5EFEXFH K MH-BS 194 K5

FbR MH-BS # 7 T 216L 55 3% %, 30°C, 150
remin T PRGHEFR 24 h AENRFIE . o g
P45 10 3304, Bie 75 AN R 1 pH ISR B2 6 B 1
216L 553755 43 I HL 200 WL AS[a] 45 14 1 85 5% 3L i
T 96 fLb i, B L4 A 10 WL A9 MH-BS B Bk Fl
T B pH BB AR A B 3 ALPAT. SEK
Je ks 96 FLARAE 4 H A K th 28 473 ( FP-1100-
C, DB AAMRAR) 37C, e d, &
(] B 30 min Xt AEFL R EAT 600 nm T A 625 BE
oW T R G H B ARG R A, Rl 200
remin '), A4 A K LR, LA E MH-BS B b
1 pH FER A KVE . & &% pH M 4.5 ~ 10
PIBREE B 0.5 y— N Rlor B 3k 12 4 8 R 5

FREERREE 0 ~ 9% Y[, B 1. 0% S — AR 43 Bz, 3
10 4.
1.3 BRI bT

WRIEF/K 28 0. 45 pum JEREE IR KIS 15 . B
— BRI HYI(E2 | E3 | EE2 8 T) 733 I A BRI K
FECHI 2R B 2 mg - L™ 0 AR T 7K 2 ] et i 36 4%
FrEE. 3B 200 mL BRI K 2K [T RS8R 1 5 kit
PSSR SRR R PRI IR Dy (H 0.1,
30°C , 150 r-min "' GFAEEFR O, 3.6, 9, 12, 24
h A ZEOBZE UG R . [ AR )
L 58 S 38 v 25 ] 7 A Bl A AR 8 TR R A
REMER AU Do (H A 0. 1.

Rt T S T I 3R 3R R T R 0O A 34X
(' high performance liquid chromatography, HPLC,
UitiMate 3000, 5& #2220 m] ) #EAT E R0 (3
R C18 £ (3.050 mm, 2.2 wm, Thermo) , 4 JE Uk
T AR NI S AH : A A OK B AR SN 5 T
0.5 mL-min~"; 6 B e L RE . B A #0465 L 451
22% FF 2 min, 55 3 min B 42% , FE AL RF
1. Smin, % 7min BT+ 45% 55 8 min BT+ 55%
#F50.5 min,kﬂj.vk 8.7 min IHREE 22%.
1.4 SEERCH 8 03 B 05 2

HEUR B T SEU0 45 11 N B A i 28 4k 3 S
) H # & W AH 4 3 (ultra performance  liquid
chromatography , UPLC ) 5% BX P4 2% FT & A7 i) 8] 5T i
(quadrupole time-of-flight mass spectrometry, Q-TOF-
MS) 3 drxs T A Bk f e o #r. Gl
SRR = B Bk MH-BS XF T (O FAf R 1%

8 15 JE T A €633 ( Ultimate3000, Waters, USA)
W J Waters C18 #3:( Acquity UPLC BEH C18, 2.1 x
100 mm, 1.7 pm) ,## 0.5 mL-min ", i shAH%E
FHAAH:3% WK, BAH: HEE X HARKE S Ry
A ) AT o 8. HR IR IO A TRAT I ] 53
(microTOF-Q 1II , Bruker, Germany) 7E 1F &5 £ =X
TN HEANE L 3 kY, R AE i 10 eV. X 52
il 8 2601 2% it 7 W) FA) s E R i, ) Altererythrobacter
sp. MH-B5 BEf# T (1479 LA S R ffam 1.
1.5 [k
L5.1 SR

FE PR MH-BS H M 3 KT 5 B9 216 L B R 3k
HF30°C | 150 remin ' AR IRG HFRAR R R 2
XFECI, IR B 45 T WO A 2= 50 mL B0
9000 r-min~", 4C &> 10 min, 7k FIEHR G CH
K Hi o I A B, 1 .
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1.5.2 AR eIk

B — AR E AU E M ] = SRR R AR N
(B A BRI 8 k2 WSk [ 18 ] [ g 4k
AR YA S TR B TS R S 5 T R
SRR AL , 7 KU 5 20 bR RS Y [ SE Ak
AT N1 em x 1 em,FJEER 0.3 em B
RAEI. A5 TC K AR S M ) 42 11 2 [
A=)
1.5.3 S AHIKEEMTE

S5 WA T 78 Ak D7 ¥ R 3 AR B (polyvinyl
alcohol, PVA) | i 3 R &M ( sodium alginate, SA)
10 - (Kaolin ) /5 Ay 81 7 AL U2k Wy 48044, B AR &
TES IR 19]. B AR Pk 5 R B 78
MRS Z 5 T IR - A 1 W b S IR BUBE I /N

BR.H A5 5 J0 T K AR TR B TR ] A S R
JNER.

HRE5S

2.1 bk 16S tRNA ¥ 51 43-#7

P HER M MH-BS 1 16S rRNA FE[E )5 )5 ik
ATIRTEE T (1) . GenBank YA E TSN
JQ723700. [A] GenBank %5 K] 3 4 4 7 [A] Lk L
POR T U I P S T = Y e
Altererythrobacter xinjiangensis S3-63"°" f{] 16S rRNA
ML BE 5 ¥, N 96.63% . [F] I i ¥ 45 S 5 EZ
biocloud " 3T, B Rk MH-BS 5388 54T
Ja e 13 A ARy A S R B AR BLRE S
93.0% ~96.3%.

b

e 41

naE=

2

iphingomonas sp. KC8 [DQ066438]
Altererythrobacter indicus MSSRF26T [DQ399262)

0.02

44

33

Altererythrobacter marensis MSW-14T [FM177586]
Altererythrobacter ishigakiensis IPCCMB0017T [AB363004]

58

Alterervthrobacter marinus H327 [EUT26272]

42

Altererythrobacter sp. MH-BS [JQ723700]

99

100

Altererythrobacter xinjiangensis $3-637 [HM028673]
9| & Alterervthrobacter dongtanensis IM2TT [GU166344]
Altererythrobacter troitsensis KMM 60427 [AY676115)
Alterervthrobacter atlanticus 26DY 36T [KC018454]

e

Buttiawxella sp. S19-1 [HQ662633]

Vibriosp. H5 [HQ663851]

ZIEFHI5] H NCBI SR

1  ETF 168 rRNA F 5Bk Altererythrobacter sp. MH-B5 R % & B 1 ( $B1E:%)

Fig. 1

2.2 pH FIEREEX; MH-BS B kR A A4 K500
[ER5S Altererythrobacter sp. MH-B5 e A [6) %77
A pH ZAF T RYA K M2 (K 2) B, H pH i 3%
J S8, 75 pH 5.5 ~9. 0 5 B TT LA K

Phylogenetic tree of Altererythrobacter sp. MH-B5 based on 16S rRNA using the neighbor-joining method

JRERE K FEHR R pH 6.0 ~ 8.5 LN, XM
ATPLIE R AR, HA KRR 24 h iE AT E
A K.

kS Altererythrobacter sp. MH-BS AR W) 1E

TERI UG pH 5.5 W, 28 3 RO B I ) A9 SE ) SREERRRE ST A AR I 2R (1 3) o, HER i
1.0
® 45 w 5 © 55 <& 6 ® 65 o 7
A 75 w 8 O 85 + 9 A 95 @ 10
0.8
R g £ SRR o o
ol : % o g
3 = "Wt
S
04
» Bhcobesmmmmoossssptlonmneosonmmasssssmusaassons oo gomseesse it ¢
---- A R KRy CRRy m (x> vl v}
0 L . . L
0 20 40 60 80 100

t/h

B 2 &%k Altererythrobacter sp. MH-BS ZEARRACHE pH &4 THIEK &

Fig. 2 Effect of pH on the growth of Altererythrobacter sp. MH-B5
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ZYHE IE0 ~T% JLE N AT AR K. RN
6% ~T% W, FHHRZ T 24 h 3R WG fefs 24 K,

0.5
O 0% V1% ® 2% A 3% O 4%

S 6% B 7% X 8% + 9%
04|
03 F

S

0.2+

T %
0.1% SO Ay

1

0 20 40

60 80 100

t/h

3 H%k Altererythrobacter sp. MH-B5S TEARIREIAEEHKGTHERK ML
Fig. 3  Effect of salinity on the growth of Altererythrobacter sp. MH-B5

2.3 MH-B5 [0S S 1A BER e 4

Altererythrobacter sp. MH-B5 288 855 3¢ J5 4570
EEH B2 E3 | EE2 AT BTCH BRI T AR
RESISEm. SCEnah R (K 4) 3R, Altererythrobacter
sp. MH-B5 XFHEMER T MR AMER R 2., E3 LI
E2 W14 B A B AR AR BE T, T AT
B R IR R BE2 JCREMRRE ). S AR v R
2 e W] AR Ak,

Altererythrobacter sp. MH-B5 Xt E2 B9 [ fif 45
W 4(a) B, ZEAE 3 h BFFF 2 mg-L™",200
mL PRI IR R Y B2 58 2 B, 5 It IR B I i
PRF PRI T B2 M™% E1. E1 B9k
JRE Wit B INF 1) F) 3B 85 17 ARG, 75 24 h B g 4
A

Altererythrobacter sp. MH-BS X E3 [6)#£ H A5 [%
fiRRES) [ &1 4 (b) ] TEREMESZHHT 8 h IR X E3 Y
BRI, 2 )5 B i R R 52, 24 h I £ BR AL
FIK100% . 24 B b Jo HAl = Py gk i 2. %
FXE T B R AR RS OE3 261,24 b Z AT 2
mg-L™",200 mL BRiEKIER P T 5E 2Rk
2.4 BAMk MH-BS X T R 5

4 Altererythrobacter sp. MH-BS % =& 2
mg-L™" T Ay BRI 7K 5 57 5 b, 5 IR 4% K (150
r-min~", 30°C ) ¥53% 6 h J5 AL A4 UPLC-Q/TOF-
MS K, KB 4 R SO 5 prs. ARE SEER A
7 DB A it 4 DR P I 1) AR AR B - HE DU AR At o
Yyl 53 5k . ADD, DHT, AD Hl T iX 4 Fp#) i
(E1).

W /mg-L™!

& 4 Altererythrobacter sp. MH-B5 318 I 2 B 8 2= A P& i ih &
Fig. 4 Biodegradation of common steroid hormones by Altererythrobacter sp. MH-BS

2.5 AV ESAR N

IO7 P 2 45 28k M R B — A 1 b 7 0 1 ) )
Altererythrobacter sp. MH-B5 [ %€ 463 A= ¥y Fiok, I
S P AN [+ A B [ 2 AR TR AR W ORES E2 Y

fRRE S, LU0 45 2L B Altererythrobacter sp. MH-B5
2o AL S TR T LUK e B2 X AR = 4
EL.

S AT 72 AR A ) R 6 il 2 1) 552 36 45
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R 1 M Altererythrobacter sp. MH-B5 F&fi T HIX i 7=
Table 1 Proposed metabolites of testosterone biodegradation by Aliererythrobacter sp. MH-BS

e ty/min HEW 1K HEW =4 m/z

1 4.6 CioHy 0, ADD 285.2
2 5.1 CioHy60, DHT 287.0
3 5.3 CioHy60, AD 287.2
4 5.6 CioHy0, T 289.2

(b) m. 307.166 +MS, 4.7 min
“ H
o 285.184 591.341

ADD l 344,147
— TR | _ll ni Ll . l .
100 600
J
m. 309.182 +MS, 5.2 min
‘ i 287.201
173.082 | 393290 448,186 595.370
_ AD . . J.HII. T VP o o A & , _
600
2672607182 #MS, 5.4 min
‘@ﬂ. 173.082 250,178
149034 T T 393296 448.184
271.105 l
e e Aol ..l L. .l PR P T MDA |
600
¢ 239.21‘,&“"% +MS, 5.7 min
173,081
149 025 383
T ,2507, 261,134 344,145 383.168
L i il I- lad

1 UU 600
milz

(a) BIEREFI(b) B
B 5 T B&EfEF=% LC-Q/TOF-MS kE}l%%@ & F0 R L

Fig. 5 Extracted ion and mass chromatograms obtained by LC-Q/TOF-MS analysis of testosterone biodegradation

RANE 6(a) 7R, 7E0 ~8 h i Firh B2 MeEk s R T 11.5%.

2.16 mg-L™'BEE 0. 122 mg-L ™", 2[5 %Kik 94.3% | B — FRAAR [ R AT A RN B2 1 R i 4
24 h P E2 EBEFE 100% . [ fE A 2] E1 (B 6(b)]Bn72 h N E2 Bioe 4. W2
P HOUREETE 8 h iR RN E 2O FRE,24 h 2 PR E] E1. 0 ~8 h i F v SC 50 41 5 % I 4l x)
WY Altererythrobacter sp. MH-BS & #IKEE  F2 IEBRRIHIN 27.5% F120.6% ; 8 ~72 h 5%
YR e 4 25k, 25 I IRAL R B2 MRE RAlh Y B2 RBRFEE LT 2 5w R, R
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(a) HAHHE

—8— E2
—— El
—X— %[
L L ﬁ_
30 40 50

t/

(b) B ik

2.0

e i /mg L1
=

0.5

0

0 20 40 60
t/h

B 6 Altererythrobacter sp. MH-BS [ETE L& W BRIXT E2 HOFE AR B 2k
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