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T5 5 ug/mL ZEN £33 5% 48 h, MAEHE 534 93.54%. %2 16S tDNA R E MG, 432 AT IAE B AR 2T G ARUEAT 4
T, FRTEERERRE Y R AT AR, REGERIT T-R OBk Ao kst R it L R AT AR B e R IGHOR. 4R
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Screening and Identification of Zearalenone-Degrading Bacteria and

Preliminary Extraction of Zearalenone-Degrading Enzyme

LIU Chen, XIE Yanli’, CAO Rongyao, CHENG Sizhong
(College of Food Science and Engineering, Henan University of Technology, Henan Key Laboratory of Cereal and Oil
Food Safety Inspection and Control of Henan Province, Zhengzhou 450001, China)

Abstract: A zearalenone (ZEN)-degrading bacterial strain was screened from soil using the enrichment culture method. ZEN was coated
onto an inorganic salt medium as the sole carbon source in the initial screening, and the degradation rate of ZEN in the fermentation broth of the
strain was used as the evaluation index in the second screening. The strain with the highest degradation rate was named A./woffi.Haut. 1, which
showed a degradation rate of 93.54% after co-incubation with 5 pg/mL ZEN in the fermentation broth for 48 h at 37 ‘C. The strain was
identified through 16S rDNA gene sequencing analysis, physiological and biochemical experiments, and observation of colony morphology,
followed by the preliminary localization of its degradation active substances. Finally, the effectiveness of the tannic acid-polyethylene glycol and
salt precipitation methods for crude ZEN-degrading enzyme extraction in cell-free supernatant was tested. A./woffi. Haut.1 was identified as a
strain of Acinetobacter Iwoffii. The highest ZEN-degradation rate of A.lwoffi. Haut.1 in cell-free supernatant was 82.31%, which decreased to
20.10%, 41.67%, and 18.68% after treatment with heat, protease K, and protease K+SDS, respectively, thus indicating that extracellular
enzymes were the main degradation active substances. The degradation rate of the crude enzyme solution extracted using 15 mg/mL of tannic
acid and 10 mg/mL of polyethylene glycol solution was 64.33%, and that using salt precipitation with 60% ammonium sulfate was only 20.30%.
Therefore, the tannic acid-polyethylene glycol method was highly effective for the extraction of degradation enzymes. This study provides a
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research basis for investigating the bacterial degradation mechanism of ZEN and a new research material for ZEN biodegradation.

Key words: zearalenone; Acinetobacter Iwoffii; degradation enzymes
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SHE, REERAPRI AR ey S, kBRI
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FE— PR AN PRSP AT e, AU R S
TRFEFR R, & ORISR, WA RE
BHEMCED R EER R A PR —
PO AT M 2R, BRI EEN, Hbed
PRI A PR A ] AR P SR 85 3, TR ltee E A1,
X7 B AR R R e, R nT i),
SRR B MR T R A K
IERE A T AR T AR R L B R, TR
FEAE BT B N B RSN BRI =4
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IR 4N 2.44 o/L, BRIREE0.20 /L, TR EL 0.50 g/L,
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1.2.1 ZEN #9407 %

FEfh ZEN 3RFEES S P i EUs R EER
S I = @ E R e D A L o
ZORABX Ecliupse Plus 95A C18 (4.6x250 mm, 5 pm);
WEhAE: OK:HEE=20:80); J#i#: 1.0 mL/min; -
35°C; HEFEE: 20 uL; EAMEIEE: B 236 nm.
c,-C

0

D= x100%

KF:

D——ZEN #I&fa s, %;

Cyp—= e FBLH ZEN #93RZ, pg/mL;

C——Tf#)E ZEN JRZ, pg/mL.
122 ZEN F&f& A k4 5k

A58 I SRAE 1R 38R i, FRE 10 g BE 5 THET I b,
B 90 mL TR AEEEER/K, 37 CHEEEIRY 3 h, HUH
JEH#E 30 min. L 1 mL _EiE# T 10 pg/mL ZEN ()
Wik E et WET 37 'C. 160 v/min (IIEIR
SR AR5 FE 48 ho WREX 100 uL 10 pg/mL ZEN ¥
MEBETCHLEE TR, fFFiE R T 5, U 100 pL &
R G RIBIR B B R LRI, E S
HEFRAAY 37 CIERSSTR, WEAKEN. FHEK
ORI HEE SRS LB Bk R b, RIZALAE
BTk

W e aifh B R — Rk R LB ARG IRk
H1, F 160 v/min. 37 ‘CHEIEKEEFE 48 h, 15 3I415;
TR R BER . FEBUR I 950 uL T B0, I
50 uL 100 pg/mL ZEN F&K, W)€ 30 s IRAH5], f#
Befifeth 2 ZEN BIZ9REEE R 5 ng/mL, LATGEIEFR
55 ZEN JRATERZ A IR B 20 CE TR A
RRRR AR ESSE, 24N 37 'C. 150 t/min, 48 h, 3
HPATIESS . B 3 AR A AR, IR 2
min, F2% FEKH, BRR ST EHCE T AR
WApRe B 37 CHEIRZIEWRT, WL 1 mL FEEE R
FRAWD, W HERS 1 min, F 0.22 um B HURHERLRTJE,
FINERE A, 3 S RORAR L A g A . e
BitfiR e B R I 444 A.bwoffi. Haut. 1 -

1.2.3 ZEN MR A #rag e

TEA AN % 5€ : 1 A.Iwoffi. Haut. 1 7F LB
PR ERIZk, BB T 37 C TR 9% 24 ho ML TE
A . BV EETE, WRER A b, I TE
2GR, TR RER TSR B A . [
T HEET I A.lwoffi. Haut. 1 (45532, M TA
FRRIER N F, T 37 CHiFF 48 h, MIEHE.
EhIE. MR, VP, W|WESEEGAE 12 FpA AL fads, W
FHLRLE R,

16S tDNA %58 4 A.Iwoffi. Haut. 1 HRRRIZE 505
R —EE, AikiEFRIE, SRR DNA BHTHEL
Sy, BA R TI . DPAS R T AU
NCBI #f P b7 LU 34T, Eoxst o bt R s
fdTH Mega BATHE RGR B M o
1.2.4 ZEN &AM IEM ZEN 693) /) ¥ £,

HY MR AR B 950 ul 5 50 ul 100 pg/mL ) ZEN
B, RNMAERRN I mL, BFRLWEN S pgmL. B
A 5T 160 t/min, 37 ‘CH;FE, 7-AI#E Ohy 6h, 12h,
24h. 36h. 48h. 60h. 72 hill"E ZEN &M%,
1.2.5 ZEN MR kIR ZEN 7E YR 74

WK R BERAE 4 'C. 8000 r/min .0 10 min,
BB E ) EIERCT 10 mL B0, E 4 Cuk
FERORAT, TR DTHE AT K B8 5 IR B RR £h il

(PBS) MWEUTIEMIR)E, FR-fEH PBS 2 H &,
AR B R VK b, BT RS P
TEas N, HH 3s, [AIBE 3's, RF4E 15 min, SRS 12000
r/min A% 250 20 min, HCEIERA 0.22 pm ffhsERS
TCR PSS R E R A R . 2 AIEL S mL &
TEWGHEAT 121 C IR NAALHE 20 min, HI#540FE4 1,
IINEAR K, IKEEANS mgmL, HIFSAFA 2,
BN 5 mg A K A10.05 g SDS {544 3, FF
XA E 950 L BRbE FIEWR BRI B SREU AN
AbFRAE 1. 2. 3 550 L ZEN SR FRAERE T K
10 mL &0, BiEiR 30 s, {f ZEN 249K 4 5 pg/mL.
SRR E TR AL, 55772 B8 150 r/min. 37 C.
48h, 3 HPATSESR . RIVEEHE, WE .
1.2.6 ZEN 4 B AR 4 iR B 69 A0 5 8 3R

HF35W 100 mL TRepr, R &4F F2212m
NWFBE 5 R IR ¥, IR B RN 60%, TN
4 “CYKFIER, 12000 r/min V%250 10 min 3R75EE A
VUME. VITEEHAMAE 5 mL BER (PB) 22 (20
mmol/L, pH 7.3) 1, B/5, #EitH 3 ku HIiZEHTEE 4 C
N 24 h, S NZETRK . BOETIE IR S 950 uL
50 uL ZEN B #2AAERE T KEM 10 mL &0
o, JERR 30s, {f ZEN Z9KIEN 5 pg/mL. XM 48 h
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Je, WE PR

3 AIWEL 20 mL JEAHAE_EIEWET 50 mL [R50V
oINS SR EE e 24 5. 104 150 20
mg/mL, JAHENR 2 min, FHEHREL2 h, 4000 r/min
A0 10 mins BU_IER 950 uL 5 50 pL ZEN FF %
FRETRE T KB 10 mL B0, Jigin 30 s, ff ZEN
KIRFEN 5 pg/mL. N 48 h i, IERERR, WhE
T BRI I B A B T IRV e B
SRIGT AN 64 8. 10+ 12, 14 mg/mL R FEHE
W, IWIEYRY 2 min, FHEIREC2 h, 4000 r/min A%
B0 10 min. BB 950 uL 5 50 pL ZEN Ff & bpifE
WETKFEM 10 mL E0EH, Jighn 30s, ff ZEN 4
WREN 5 pg/mL. [ 48 h 5, WIEREMRE, HiER
L TR - A R B A B E
1.2.7 HIEAE

S%H Origin 2021 AT/ Hr

2 HERS5D

2.1 ZEN F¥ff Btk ey i
R 1 SERETERERHIER ZEN BEIH

Table 1 Isolation of ZEN degrading strains from different

samples
H %% AR TR 1%
LC-2020-1 40.32+£2.52
LC-2020-3 56.49+2.65
LC-2020-6 20.10£1.15
A.lwoffi. Haut.1 =~ 93.54+1.52
LC-2020-13 33.214+2.08
LC-2020-14 43.43+1.53
40 - »
— P
3/ (& J5
30+
=)
iﬂa 251 ZEN
= 20r Ve
# 15+
= o10f
5+
ok —J : A .
0 5 10 15 20
HH &I 1) / min

1 A Iwoffi. Haut. 1 &A% ZEN B/ HY HPLC faitkxfth ]
Fig.1 HPLC chromatographic contrast of A.lwoffi.Haut.1
before and after degradation of ZEN

XF 14 A LSRR R HEAT I, WITHAS 2] 14 BREPR,
FITE ZEN NME—BriEnEs i K, S 2 6
PRIRRR, PIFEMARREFRIE ) ZEN. Horh TR 44 7 fH

76

M/ LT B Alwoffi. Haut. 1 P i 2K 3]
93.54%, HAMBEHKRFEMEME 1 Prox. 1A
A.lwoffi.Haut.1 F#f# ZEN ff] HPLC iExt b,
1 7501, %Pk S ZEN $L[E55 9% 48 h 5, ZEN 1&(5.21
min) BEFFK. Btk W& A lwoffi Haut. 1 AT 545
I FE o

22 ZEN [EMthuy %%

Wk 2 Fizr, A.dwoffi. Haut.1 15 LB ¥57%3E F AR
AR 24 h INWTETEAS: WIETEAR 2R84 (KM, 2
GORORAR, WIEEEAANE K A, 22 R h4h
FONATER, ERMEET, 28R, FEASITE
TEAS o K FH 2 Pl 4 181 A & AR A0 SN 45 R R
A.woffi. Haut. 1 BeERIFIRIEBE, HARMEPEREE. )
BiRE . HEEEE. AHE. (LAYE. RERERI A NI,
LA RS . IR EREJF SIS . VP SE56 . MR 52
B AN SIS A ATE . 5 & IS B A B AR ALRFAE
ML BEAR 00,

X} A.lwoffi. Haut.1 1¥] 16S rDNA R 7 HI3EHTH
4, FPAnE 3 Brnas K49 1300 bp, W7, KR
HR45 SRAE NCBI %4 ik 4T BLAST Z3#frEUxT,
SERER, ZESE RS ET 16S rDNA £
FFHIFBARE A 99.90%. HIFE 4 Fizn, REEK B M
A & RSB ER— 733 b i A A
FEAE AT 16S tDNA ik K] /7 51 43 A v] 4] 28 %
A.lwoffi.Haut. 1 J9E KA B -

i
% \\\,
/

B2 A Iwoffi. Haut. 1 NBETERASREZREEIER
Fig.2 Colony morphology and Gram staining of A.lwoffi.Haut.1
M 1 2

(&3 A /woffi. Haut. 1 16S rDNA PCR FZ4JJEE 5k
Fig.3 A.lwoffi.Haut.1 strain 16S rDNA PCR product
electrophoresis
JE: M A EZ|THRA A 5000, 3000, 2000. 1000. 750.
500. 250. 100 bp.
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9 NR 134684.1 Acinetobacter seifertii strain LUH 1472 16S ribosomal RNA partial sequence

NR 116039.1 Acinetobacter oleivorans strain DR1 16S ribosomal RNA partial sequence
NR 113343.1 Acinetobacter calcoaceticus strain JCM 6842 16S ribosomal RNA partial sequence

KT997473.1 Acinetobacter dispersus strain ANC 4105 168 ribosomal RNA gene partial
KT997474.1 Acinetobacter modestus strain NIPH 236 16S ribosomal RNA gene partial sequence

NR 116845.1 Acinetobacter baumannii strain CIP 70.34 16S ribosomal RNA partial sequence

KT997477.1 Acinetobacter vivianii strain NIPH 2168 16S ribosomal RNA gene partial sequence

KT997472.1 Acinetobacter courvalinii strain ANC 3623 168 ribosomal RNA gene partial sequence

1

KT997475.1 Acinetobacter proteolyticus strain NIPH 809 16S ribosomal RNA gene partial sequence
NR 145841.1 Acinetobacter movanagherensis strain Movanagher 4 16S ribosomal RNA gene partial sequence

[KJ531441.1:13-1335 Acinetobacter Iwoffii strain|lz4b 16S ribosomal RNA gene partial sequence

100

0.00

MH119669.1:1-1321 Acinetobacter guillouiae strain JZ RK-34 16S ribosomal RNA gene partial

El 4 A Iwoffi. Haut. 1 IRSK L B
Fig.4 Phylogenetic tree of A.lwoffi.Haut.1

2.3 ZEN [ R PR P& fF ZEN 8y 3 7 i 2%

EH AL S 0] ki, BEAG I TR] (R 389 00, B R R BRI ZEN
FREARRANBE K, 1E 24 h 5}, FREZRATL 83.99%,
7E 36+ 48. 60 1 72 h I}, ZEN BEARZE S5 90.46%.
93.54%- 94.06%7H1 94.56%, 736 h ZJ5, F&fEFER
TETE 90%LA o RIk, HefE M [AM 36 ho

100

80 -

60 -

40t

PR/ %

0 L L 1

0 10 20 30 40 50 60 70

S SIES ] / h
[ 5 A /woffi. Haut. 1 B&fR ZEN RIENH1HRER
Fig.5 Kinetic curve of ZEN degradation by A.lwoffi.Haut.1

24 ZEN [ v PR P i 8 1 40 09 AL

FHEE 5 mT51, REGHEFE 48 h J&, Alwoffi. Haut.
PRV I AR 2R 93.54%, [T B 45 HA B o2 g
IER S REBUORT L SR ECINT ZEN [R50 50
82.31%- 21.33%FHl 6.67%. i+ IC4HMD IS T Inh

CRbFRZH 1D BREEE K (W32 2) FIEE Al K+SDS
AP CAbEEEH 3). I 5 AT, ARERZH 1. 2 F0 3 XY
ZEN [ HIN 20.10%- 41.67%F1 18.68%. FiH.
S B — RN SEAOAT BT, AR A R TR
IEWCT ZEN RN 95.60%F1 68.93%, Ll
E B K AE AEF K+SDS LB, _is s it
NEE, HEWTREARTE Y A . AR LA
UL, A.lwoffi. Haut. 1 WS IT - 28 FR2E T 4H
H BB . I VARG T AR AL S, R
AL TR DRIAET TR AR 35 ) R A

VI EE AR W EIAS SR R B, R RA
—E TR AAEE S o Bk BRI B 15 I ST

?f—‘_l:;
100
REERAT:
RbER2: R ARGK
80 RbF3: 7R ABEK+SDS
NS
Qr 60 -
£
% 40+
m
N
20+

B R RN MMIRE R4l REMD RS
E 6 A Iwoffi.Haut. 1 FIEIR. 3EFH LER. EER. AR
BUMIFIALEELE 1, 2. 3 X ZEN HOP&RRE
Fig.6 A. loffi.Haut.1, culture supernatant, suspension,

intracellular extract and treatment groups 1, 2 and 3 to the
degradation rate of ZEN

2.5 ZEN [ i v Pk P i e 6 RELAR L

ERYTEAE R 60% R R B TIE AR B B 3
ZEN [l & i DB e R LR ™ 8, PRIEE A
20.30%.

B 6 AT, BEE BT IR RN, Bt
JEJG ) IO ZEN [PIBEfREANT T B, ik
915 mg/mL B, iGN 12.33%, FHEZ
Ja PR R IR AR 208 . S5 IR ULRH, BTIREN 15
mg/mL I, ST PR ITE S e 4

BT PTIERS, 18 B 15 mg/mL, JLiERH
ANFIR IR O B AT Bl 6 mlAn, 4R
TRERBRIE A 10 mg/mL N, g G IR
RN 64.33%, ZJEMHERERA, BRI T 7
SRR . NI R R TR TR
TR YEIAT B B R T P T 4 R
PEHL, SR BN, MR R UER 5 S EIRIIE,
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HEHERCOR, BIREPES 2, TR0
A E T EARGER L A, IF BB 2 ik
93.50%. AHFFLE RN, IR VTR B G
A.dwoffi. Haut.1 FEfREBEIINE, BIHRHB TR
REVTVEVETR I el , 4T IR SN 15 mg/mL, K4
TR EE N 10 mg/mL B, AET IR AR 1
W, BEEWREEHR, ISR TRRINSR, VP
HEWT A, B8 & R PRI P Tk K 805 i o e il ) e i
R BVERIKREE / (mg/mL)

6 8 10 12 14
70 [ T T T T T
° 60
ti 50
¥ 40 - RO R E
& 30 L
&
E 20t
10 -
% 5 10 15 20
FH T / (mg/mL)
B 7 TRIBRTREUEESTRBZ R RKERTEL
TEIRAIPE R

Fig.7 Degradation rate of supernatant after precipitation with
different tannin concentration and resolution with different
polyethylene glycol solution concentration

3 Wit

Fx EE XS BR i H ) —BRxt ZEN BRI
FIA 85.77%MBE MRS A BT I, BTy —
PRAAUERD 2T B, BRIAR AR R U L3S ZEN [
filt 09 95.60%F1 68.93%, A FLARAFHIBEMAT ZEN
B by 93.54%, FEMRACRET, It HAZRRRI)
TCAHE IR R AR 82.31%, UERA HIGTRH Ha s i
TR BRI, B R T 5 0 R e 4 .
AR AN E B AR 2 A SRR
11, BNHEA ERIAEARE P, It HEm
AR SBT3, EAEANE
KANHFRZ . BORLBR T REBSIEAT H R RIRE 164
TR A, 3BT LA A [ R, 3G 324
RENEAE — Mot A2 K B A B M i BR i 1 5 v A
o

4 5

AT FTARAF & RANBIAT B9 TR AR A
HIZEPI SR 1B IR FER R}, EAHT FE RO RStk L
TATTRFRE — 20 Bt = HEAT G5 K 5 8 TR T,
FF HS B R A Y BEAT 20 B AT LUK A R EAT
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AR T

4.1 ABIFFEH AT EE AT« VB RH 7T A 135
FE fl o 07 26 H — MR BB S v P R ZEN ) TR PR
A.lwoffi.Haut.1, Z&IEA HHAELLEER 16S rDNA
U N IABIAF 1

42 ZHEFRAE pH 7.2 1) LB 157754 37 °C 1150 r/min
B35 48 hJa, XWIEHRIEN 5 pg/mL (1) ZEN FfifR
N 93.54%.

43 BERRIBEMRE R A SLI a5 SRR, AR b
TERE A BORMIBEARACR, @ JeAn AL i
P AR K FIE AR K+SDS, oA L5 b
ZEN Re/I TR, 45358, iRt ZEN
SV TR SR a2 AR AN .

44 FHHTR L ENEMEE TR AL LIS
BT AR (I ROIREL, S5 RERR, 60%RERELYTTE
REIEA, ZEN FBAEEN 20.30%, HREHAEHE
(BB D o B TR 15 mg/mL, 4 RHA
TR 10 mg/mL B, $ERCICR AT, $EBUH L
TEHR RN 64.33%. TR AFEH, AIRetik—E
RISV, ARSI IO B B 1) b
SRR S TCaM ISP MRRAH LI T — 2 M F

B
A LK
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