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Identification and degradation characteristics of a zearalenone
degrading bacterium
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CHU Min'

Abstract: [Background] Zealenone (ZEN) is a mycotoxin with estrogen-like effect, which often
contaminates grains and feed, and threatens the health of animals and humans seriously. As an ideal method
to remove ZEN, the biological detoxification has been received with wide attentions. However, there are few
related degradation strains, which need to be further screened. [Objective] To clarify the biological
classification status of a ZEN-degrading bacterium and optimize the degradation conditions. [Methods] The
phylogenetic tree was constructed by 16S rRNA gene sequences. Optimization of culture conditions with
single factor analysis was carried out, and degradation kinetic of ZEN was analyzed. [Results] Based on
16S rRNA gene sequence similarities, the closest relative of WLB-29 was Stappia indica B106" (97.47%),
which suggested WLB-29 was a potential novel species of the genus Stappia (GenBank accession number
MT196321). Results of the optimization showed that the best conditions for strains to degrade ZEN were
followed: LB culture medium, 37 °C, pH 8.0, 2% inoculum and initial concentration of 10 mg/L ZEN. Under
the conditions, the degradation rate could reach 92.56% after cultured 144 hours. [Conclusion] The strain
WLB-29 could degrade ZEN. It provides a research basis for further analyzing the mechanism of ZEN

Microbiol. China

degradation by the strain, and utilization of the strain to ZEN detoxification in future.

Keywords: zearalenone, Stappia, degradation, condition optimization
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AER S AR PR 3B Ve — PR B A ZEN [EfdfE
MITERE, JFEFT T RS S LR e Pk ISR
PIHAA JE 22 ZEN FEARAILIR R B B A D BE L IR 142
P B2 LB T At R
1 kR T
1.1 LW EH

PR WLB-29 738 b M B pr 357, fRAf
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1.2 FEARAFIFUBERIEFE
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FRAE]; HEE(aakal), CHE(Eskal), FER Kt
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Als M OBESREEGRAEAYG 2216), FIGQITERHY
ABRAT]

E D AN R R4, Branson 23 )5 SR A
3% {L(HPLC), Agilent 23],

TWLEL RS SR A (g/L): Na,HPO4 2.44, KH,PO4
1.52, (NH4),SO40.50, MgS0O, 0.20, CaCl, 0.05,
Bl 20.00, pH 7.2,
1.3 HEHREIEFRE

AREEFITR R Z 5 10 mg/L ZEN By JeHLER
B HP-ARA LB B3 mbi b, 30 °C fEIRK S
3d, BT 4°CIA 17, &M WIRGERY RS
TR g/ L N7

PAR B — i J5 R 43R - Biolog Genll %
FEMR, PRECD R R B R ACH A5 AR, $ERD
#l| Biolog Genll %22 #, T 28 °C {HiRHEFF 48 h,
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o — R P A I O o
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R AR AT  TRAR T ER A PR DU 2 R S A A
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1IE. 519510 pumol/L)£% 1 uL, ddH,O 23 uL.
PCR S &4%: 94 °C 5 min; 94 °C 30 s, 54 °C
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P 2l A I, 3% b [ B R AE R
A B E AT
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FHIE ST IT 51 . PR T AT NI R4
KB M (Bootstrap Value=1 000)4#: % MEGA 7.0
B, AT WA SE IR TR AR WLB-29 B 432t
1.5 ZEN B HPLC ¥R g2 8942 %)
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AT, AN LS ZORBAX Eclipse
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MU MAT M BE B B v E A, 10 SR FE Al ZEN U
R 4 (mAU-S), F 50RO E ¢ (mg/L)
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1.6 &N A mAY AL EFN HPLC #)

B 1 mL & R, A SERFR Y B B 5 R 5
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Figure 1 The colony (A) and cell morphology (B) of
strain WLB-29 on LB medium agar
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78 Labrenzia salina Cs25" (LN794846)
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Labrenzia aggregata 1AM 12614 (AAUWO01000037)
Labrenzia marina mano 18" (AY628423)
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Labrenzia suaedae DSM 221537 (jgi.1107719)
Stappia taiwanensis CC-SPIO-10" (FR828537)
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99

ﬁr Stappia indica B106" (EU726271)
WLB-29 (MT196321)

Stappia stellulata DSM 5886" (AUIM01000013)
Polymorphum gilvum SL0O03B-26A1T (CP002568)
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—
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2 H# WLB-29 9 16S rRNA ERFFH R4 4 B i

Figure 2 The phylogenetic tree of strain WLB-29 based on 16S rRNA gene sequences

e 55 PSR B GenBank #5543 30 s ERYECFIURITIE 1 000 (R B LB LA, AR RZEEAER 0.5%m)F
G| 2 5

Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the
percentage of occurrence in 1 000 boot-straped trees. The scale bar means 0.5% sequence difference
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Figure 3 HPLC chromatogram of the ZEN under different . L - N .
concentrations A 7%, Hit, EEREE kA LB H5 555kt
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The concentration of ZEN (mg/L)
N 5 S BEHRE KA1 ZEN BEREE M %0
4 ZEN RIFR/MERZ Figure 5 Effect of culture media on the growth and
Figure 4 The standard curve of ZEN degradation rate of ZEN
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232 EMEXREKERR ZEN BRI
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V& fi B 7T, 1E 20-37 °C N, BEHEXT ZEN AR

== Degradation rate
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70t I
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6 EMEXEMEKT ZEN BRI EZN
Figure 6 Effect of inoculation amount on the growth and
degradation rate of ZEN

Degradation rate
- OD()()U
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W
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Temperature (°C)

B 7 EFREMNEKRER ZEN EREHERN N
Figure 7 Effect of culture temperature on the growth
and degradation rate of ZEN

HEEE FEMRAE R ODgoo HEIMTHG AN FEfos A KR
JEIX[H], 37 °C KiFRAF Rtk ZEN MR, M
RN 55.74%; HiREAGRLTHSZ 42 °C B,
ZEN FEfRRg s TR, Bk, RSl ks
K 37 °C 555
2.3.4 EFEAE pH EX EKFERR ZEN 895200

BE 37 5106 pH (B TR R WLB-29 4= K il ZEN
(R e AR 28 R i) DL 1] 8 #E S5 R B R 1 ODgoo 1
L0 iR pH HE TUAHE, PIiR pH EHEK,
FRAR ) ODgoo (EBE/IN . SRTT XS ZEN 1) A fife %
LR FRELMWI LG pH (E2IEASE, B pH 3N,
ZEN R 0z i K, 76 pH {50 8.0 B T #E
Xf ZEN MREff S fermy , MR ATk )] 75.80%,
2.3.5 ZEN REX B ZEN BI5200

WK 9 iR, Hitk WLB-29 194 KA1 ZEN fy
FEfRsz ZEN WRIEM B, b, it
H ZEN Wk BERG ORI, RV Hh 1 A ) A L e 2
TRE#FE, XATRES ZEN XFE bk WLB-29 4l A
FERIVEMA . RN, ZEN (MRRIERZ R+
ZEN WREEINR A2 m AR B, 2Rt ZEN
WAL 6 mg/L B AR IEMERSCREAL; M KT
8 mg/L W HFEFFRCRI B, (AR hns o
Herhr ZEN ¥ B I [ 2 G A W i
2.4 B ZEN BIFERRE N ZF

RPLACE 2505, B 1] ZEN Z9REEh
10 mg/L [ LB MR, TRIBIERI R 2%, #

== Degradation rate
100 [ —— OD(,(,O 3.0

Degradation rate (%)
i
S

5 7. 7.5
pH value

8 pH EXEMEKIN ZEN [FEMEIZM
Figure 8 Effect of pH value on the growth and the
degradation rate of ZEN
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Degradation rate (%)
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The concentration of ZEN (mg/L)

9 R[El ZEN RE X Eik WLB-29 B4 K FNBEARN
ES AL

Figure 9 Effects of ZEN concentration on the growth of
WLB-29 and the degradation of ZEN
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PRIPRAZRN 8 h J5 E AXTEON , K W% 48 h 5 & di ik A
FaEl; Bk WLB-29 X} ZEN A4 R A 1 bifi 5 44
RIPRA ARG AR, T ELS A BRI ] SR OC 2R, FE
fiff ok FRAE PR HE AR E WS TTRI X ZEN HE1T A L
Rfir, BEIR 2 144 h IR 05 R AT Ik B 92.56%.

[FE, A3 ARt segm kA4 12 h A1 144 h
(1) & ARG T HPLC Rl ekl DA 11, fEl 11
I, STEMAER 12 h JFABERAIE, 144010
R ZEN JUF-58 2R, {BILTE HPLC
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Figure 11 Kinetic curve of ZEN degradation by strain
WLB-29
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Figure 11 Difference at HPLC chromatogram of
fermentation liquid after the strain cultured for 12 h and
144 h
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3 wWE4R

Tiif b BT AT i 22 R R i A AILAL &, el 2
TEAL TA BTG KA B b 26 B 2 O, [ o
TE £ R ER A5G vh 43 1 1 K 2 T KA & W e i
BT ZEAIE T, AR A R B 4 R oy s
B —#kHAT ZEN FEfRRETI EFE WLB-29, £24)
T2 e S il R bk Stappia indica B106"
FARIPES R, TFSIALEE R 97.47%, BIEHEE
TR T 85 R (Stappia) ETERT A . R i 38
KW (Stappia stellulatum)VERizJ& LT, &H
SETEWF I VR IR R AR I R A W b o B AR
i, IR BRI R (Agrobacterium), 7454
RIEARNT T (Agrobacterium stellulatum), T 1998 4
T HT A R T T T G R (Stappia), BT
%JE B 3 AR i R B (Stappia
stellulatum)FEN BEFE W% [CTH (Stappia indica) sy
B HVETE, A TS [CE (Stappia taiwanensis)
385 E P E S R A, R UL R bk IR R
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W RHZFE MR ZEN S0 0010, TEREFR 5
A ZEN, %R R LB Bt
37 °C ¥53%. pH 8.0, 2%JEFhF1 ZEN ¥) Uik i
10 mg/L, 537 144 h J5, ZEN BRI 5 nl
ik 92.56%. £ ZEN [ 8 1wt 58 b i R 30,
AR ZEN (3 R RE A A R AR ROIRAS
1 5 & B [R] St O &R, RV R itk AP AR
FRET 1, HLFRARRE R W B TR, ST XmTE
ZEN B8 55 D BE B 1 A RRAS IO X vy
2, MEWHZ R ZEN 35505 0 (A 19 7 A= i
f AT G, T ELZ B O heoE , HARFE LA AT
it — 2B o B AR

IR R, BRRE AT LR A Z 808 i T £ ok
T EE TR A A B . Kamimura™ % PUAR 55 56 J&
DERER ZEN FAb FOKRTREMGIN 4-B-D- AT
(R, 1 HIE AT IFEIE R a-Fl B- T K AR B M
SRR A . Ao AR R i b2 B
13— PRAEA %M ZEN (OANSIFFE, iR
B SRR L B R SRR R B R BRI, ARAR T
Thiol-Redoxin i %&b PIRLL5Y, FHER T %4 53
FERRE S AT B AR 0 i R AL B T, 5
H ZEN WAL A, S E A5 B
b JE r i T R ek 3 RGBS B RAT
(B ZEN BB, MBI R 1.0x10" 4~/mL B}
W R AT IS 98.5% . ANffFsT e, Mk SRk K
12 h 1 144 h (L ERA L, 144 h (& BER H ZEN
JUF5E 4k %, {BHAE HPLC #6:01l 1.0, 3.0, 4.0,
7.3, 7.7 min 1, AT YEE I BIGIN, ®IPHE
Witk kXt ZEN [REAR 84 A e MRS, JFE
T 2R G, HHCHER AL & ) 2R 2
AR — LI
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