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Abstract: [Background] The synthetic progestin levonorgestrel has attracted wide attention
due to its endocrine-disrupting effects. Microorganisms demonstrate extensive potential in
pollutant degradation and environmental remediation. However, the characteristics and
mechanisms of levonorgestrel degradation by microorganisms remain poorly understood.
[Objective] To isolate an efficient levonorgestrel-degrading strain and explore its degradation
mechanism for the remediation of levonorgestrel pollution. [Methods] We isolated a strain
capable of efficiently degrading levonorgestrel from aquaculture wastewater and identified the
strain based on its morphological, physiological, and biochemical characteristics and the 16S
rRNA gene sequence. The degradation characteristics of the strain for levonorgestrel were
investigated by whole genome analysis, degradation kinetics, and analysis of the degradation
product spectrum. [Results] Gordonia sp. H52 was isolated, which had 99.0% homology of the
16S rRNA gene sequence compared with Gordonia cholesterolivorans Chol-3. This strain
completely removed 0.5 mg/L levonorgestrel within 18 h. Liquid chromatography-tandem mass
spectrometry revealed that Gordonia sp. H52 produced five metabolites during the degradation
process of levonorgestrel, primarily through the cleavage of the side chain and hydroxy group.
Furthermore, the strain facilitated the removal of various synthetic progestins in water,
increasing the removal rates of levonorgestrel from 0% to 91.06%, acetylene norethindrone
from 37% to 100%, and gestodene from 0% to 88.87%. [Conclusion] Gordonia sp. H52
demonstrates high degradation efficiency for levonorgestrel. This study provides valuable
microbial resources and theoretical references for the treatment and remediation of water
contamination caused by synthetic progestins.

Keywords: synthetic progestin; levonorgestrel; Gordonia sp. H52; degradation characteristics
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3 A R 2T R R AR R, IR T A R i TR
R 2 et 23 ) 0 ok A AR P, A 20 i 22
AR BT IR I T SRR AR

ARG B XoF 2 B 2 e A TR PP B = |
FRRFETEAN T MR AR, DASREE R K e Fs
B O 20 v A T B R T RE TR AR, IR SE A XF
WMREI TS, A5G FEGsh 177 . AP
FT7 W 53 AT TR AR5 T8 R 1) g A 2 6 S L R i
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Oasis HLB cartridges [##H % B/ (60 mg,
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1.3 EFE

TOHLER R IR BLM MH WA . [ AR R 2y
Z: BROSCHR[18]BC i
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1.5 AREZHERRENEE

HETREE . AAFER 16S rRNA
FLRF 4 53 B v AR HEA T 455 . BT MH
PR B S B LB T Pk HS2 BT VR K/ . B,
P HGMBRHE . R T 32 T bk
HS2 (IR ARSEH, o 3 ) F B X B 4 i
FrWgg . W22 SCER[19]f6 H] HBI B RE 2
FF IR A= Ak 000 G 647 AR A AL 2 B

{#i F| FastPure gDNA Mini Columns III T
PRI ME HS2 BIEH 4] DNA. fEHEIY
27F/1492R ¥R BRIK 16S rRNA JEH, Hik
PCR S WA F A 640 2 BROCHR[20], DU ial4h
f# Fl BLAST 5 NCBI #2247 HLXt, I8 ]
Clustal F2)7 5 PRI X) 55, f#H Kimura

WIS EE A A LR . 7E MEGA 7.0 H1,
SR . R AIR R IR T A R 45
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Xof RECZE RIS X B, v 2 v B B e ke
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Wi, 28 °C. 180 r/min 3555, 4rHIFE 0. 2. 4. 6.
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148 h £ C4E 3 1 1 mL gL TR R S 122 0
Mr, RIEHISCEE 160y 30 mL BE&LE TR 8]~ 4) 437 o

Kok it 20 3 R ol A T SR TR O R S TR A T
WRIZE I, REBURE TR AE0E T, 24
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b TR (5% 3 VR A SPE /R G & i T,
IECKE . SR R A EEdE 1:2:1 BB AR IR
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1.7 EREMTH
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i F§ lllumina HiSeq *F & #4700 % . F HLEHE
{1 FH SPAdes v3.10.1 JEA7T41 %, FF7 e (32 HE fff
M Prodigal I, JF7E eggNOG-mapper Fi
BlastKOALA #E77 7 % .

Ak, AN NCBI %l b R 2k A 25 [ %
R MM E )P, i BLAST #f45
PR H52 MR P A0 B2 7 EeXs, ik i v FE 1Y
25 [o P 2R A R A
1.8 IMFKMAPEE HS2 & R RERE
;MHEF

DL 20 mL WFREEKAE R SEER AR, 8 S0
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R, WM B 51 4 25 il CORTECS C18
Column (2.1 mmx150 mm, 1.6 pum) {34, i N
0.32 mL/min, #3IAHR 0.1%0) H B2 K F 0,
FEWR A 40 °C, 6 BEH ]2 28 min, BN
£ 1 BRI SR ] 22 5 W (multiple
reaction monitoring, MRM)#& =, , Jf3 1 ESI+E
IRHATE 1
1.10 PEREFD T E

5 FH DU AR AT AT B R BT RS AL ) ACQUITY
UPLC 5 Xevo G2 QTOF MS #i& Bk RS kA7
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TPs) i T 50 Al % 5 o W AH 63 2 2 il
ACQUITY UPLC BEH, 1.7 pmx2.1 mmx50 mm

R, Wi 0.3 mL/min, WiBHAE N 0.1%A9H
BRAK R Z I, FEWR A 40 °C, BAEEPENL A 28 min
(£ 2)o WA 0.1%MHERRAKMNE . i
sk F MSEFIMR (R 3), Horh a7 R (i
BT AR ES TR R ) A BRI S R
FRFFAT ARG 1 A B A R Rl FE B & MS REE, &
S BRAT IR BE A4 B8 7 AN S BB 5 1

R 1 EPREZEREMNK &Rt
Table 1 Chromatographic conditions for levonorgestrel
concentration testing

Time Flow rate 0.1% aqueous Acetonitrile
(min) (mL/min) formic acid (%) (%)

Initial 0.32 60 40

15 0.32 40 60

25 0.32 20 80

28 0.32 60 40

R2 BEEBAYRNE GRS YG
Table 2 Chromatographic conditions for the detection
of degradation products

Time Flow rate 0.1% aqueous Acetonitrile
(min) (mL/min) formic acid (%) (%)

Initial 0.3 95 5

15 0.3 80 20

25 0.3 60 40

28 0.3 95 5

30 0.3 95 5

R3 PEBRSEYEN ISR E Y
Table 3 Mass spectrometry conditions for the
detection of degradation products

Lonization mode ESI+ ESI-
Scan time (s) 0.1 0.1
Capillary voltage (kV) 2.13 1.67
Sampling cone (V) 40 40
Extraction cone (V) 4 4
Source temp (°C) 100 100
Desolvation temperature (°C) 250 250
Desolvation gas (L/h) 600 600
Cone gas (L/h) 50 50

Mass range (IM/z) 50—-100 50—-100
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2.1 EH H52 METESEIERE WIFIE

S E MBS, NIRRT
A e Jon 20 s A i Re I bk H52, &
6, MIZEHRIE T Z MR, AiRER
s EFVARERER 16S rRNA N ARG AT
BT W 1A FR, £ MH RBEfREE SR 1,
Rk H52 MR S A 6, BB, Kb,
N TCARVT , KN 2-3 mm, B 2% [C YL 8 5 PHM:
TEEGTHUEE TOWEE, AR 2 ER(E 1B), #F—
A fd ] HBI BEAE 27 A0 1 A A aan] & i A7 AR 2
AAST BT, ZE AR PTTEE H52 Re R ek A
EFEVE AR IEEAT AR, S A L AL E R H R
58 RS PR £ (5 4) o 2L T 1 428 bp 1 16S IRNA
HHERGE KGR, FEE HS52 5 Gordonia
cholesterolivorans Chol-3 FAIELEE A 99.0%. AH
KA LI H52 HJE T Gordonia (& 2).

i F MH A B 32 3% Gordonia sp. H52
AR AHESEAT T, RBZE7E 8 h A
PR, 2920 h BEARRES], £FE S BUAE KA
TE(E 3)o Jm 2ot 98 e — #5315 h BRI AE
R
2.2 EFk HS2 X2 RIE Z &R sh 115

WK 4 FiR, 525 A BRALG 22 Heik 22 i
WA L, S0 AT ) A i 2 B Tk 3 S 2 BRI
X 3¢ B S B0 2] ) 22 Wit A2 T 2k AR )
Feffo i, JEEW MR nT L2 AT, T A7
FEW SR B, R EEFRES 6 h e KRR I

o 1T IB) Bk B B R 4 I A i T £ AR
fif 3 12 S EOM RGBT 2 . ARYE TR PR HS2 £
WA 2 s 22 B i B0 12 S8, mT DL IR L
N R —R B )2 R
2.3 Btk H52 MR BUE 2 BR Y (8] 7= 4

et PO AT A T B (1) J5T 135 SR 3 £ v [

1 E# H52 WESERESA)F 2 RFHE®B)
Figure 1 Colony morphology (A) and microscopic
characteristics (B) of strain H52.

F 4 Bk HS2 FWEIRE LAFE
Table 4 Physiological and biochemical characteristics
of strain H52

Item Result
Nitrate broth medium +
Starch +

Simmons citrate agar -
Voges-Proskauer test

Glucose

Mannitol -
Lysozyme broth medium -
Motility test medium -
Gelatin

3% Catalase

+: Positive; —: Negative.
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2 E#kH52 ETF 16S rRNA EEFIN ARG A BN

5 d 25 A7 %) GenBank & 55 ;

O SEALBRIERIEUE D A FEAE s AR/ L 0.05 D9 R R B e
Figure 2 Phylogenetic tree of strain H52 based on 16S rRNA gene sequence. GenBank accession numbers
of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar 0.005 means

the nucleotide substitution rate of 0.005.

Py v ae , AR €5 5 v %) O/ 78 5 8] (retention
time, RT)FI5T %o 3R 15 19 B 116 B 5 50008 12 91
PR HEAL G P AR UPE EA T EE X, I DA A
HS52 FUIIAZE B A2 8 14 % BEZE XG4 v
[E] P A T HERR T 2 , TE DR H52 BEAR O T 3
PAFT 5 PP HOE AR S R (A 5). H
w, TP2. TP3. TP4. TP5 il TP7 [ fFiff Ht ly

A3 R 293.191 43, 315.232 9, 297.224 37,

299.238 2 1 311.201 3, 4544354 Cy1H,40

C21H300;. CaiHpsO. C21H300 Fil CyHp60,, #H
N7 () B5 I ] 4350 A 11,700 6. 13.159 7.

13.157 7. 11.867 2 F1 11.699 9 min. i i 4544
A3 AT ) ) B AZ S R ARG e HE, R TR BER
HS52 {CREAEMIEE I R i A Bt 22 i
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Figure 3 Growth curve of Gordonia sp. H52 in
Mueller-Hinton Broth medium.

4 Gordonia sp. H52 %t Z£ JRi& Z2 B aY P& R 5
pakal:::f >

Figure 4 Degradation kinetics curve of levonorgestrel
by Gordonia sp. H52.
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Figure 5 Mass spectrum of the key intermediates of levonorgestrel degraded by Gordonia sp. H52. Triangle
markers represent products. Circular markers represent ions fragments of the products.
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2.4 Ek HS2 [ERAREZEBEEE
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Table 5 Steroid hormone degradation genes present in Gordonia sp. H52

Enzyme name

Gene acronym Gene ID  Query cover (%) Identity (%)

3-oxosteroid-A'-dehydrogenase
3-ketosteroid-9-alpha-monooxygenase oxygenase subunit
3-ketosteroid-9-alpha-hydroxylase reductase subunit

4,5-9,10-diseco-3-hydroxy-5,9,17-trioxoandrosta-1(10),2-diene-

4-oate hydrolase

Short chain dehydrogenase
Flavin-binding monooxygenase
2,3-dihydroxybiphenyl-1,2-dioxygenase
4-hydroxy-2-oxohexanoate aldolase

kstD 888422 99 62.734
kshA 888268 98 59.211
kshB 887315 95 51.744
hasD 887378 99 31.818
hsd17b14 57576279 80 32.068
at1g12200 57579121 97 33.846
hsaC 57575651 94 37.966
hsaF 888387 96 48.943
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Figure 6 Prediction of the degradation pathway of levonorgestrel by Gordonia sp. H52. Single arrows
indicate one-step reactions, with the degradation reaction type above the arrow and gene abbreviations
involved in the degradation pathway below the arrow. Solid arrows represent products are detected, while

dashed arrows represent products are undetected.
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