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Progressin bio-degradation of mycotoxin zearalenone

Shunyi Li, Qiuxiang Yu, La Xiang, Yuling Zhou, and Guimin Zhang

Hubei Collaborative Innovation Center for Green Transformation of Bio-Resources, College of Life Sciences, Hubei University, Wuhan
430062, Hubei, China

Abstract: Zearalenone (ZEN) and its derivatives are non-steroidal estrogenic mycotoxins mainly produced by Fusarium
species. They are widely distributed in grain feeds originated from maize, barley, wheat and sorghum, causing serious harm to
animal and human health. Currently, there is a pressing need of an efficient technology for ZEN degradation and
detoxification. Because traditional physical and chemical methods could not effectively detoxify ZEN in grains, and might
also affect the grain nutrients and food taste, and even result in secondary pollution, the biological technologies are devel oped
to detoxify ZEN and its derivatives. In this paper, we reviewed the structure of ZEN and its derivatives, the fungi and bacteria
species with ability of degradation of ZEN. In addition, the characterization, protein sequences and conformation of currently
identified ZEN degrading enzymes, the only solved ZHD structure from Clonostachys rose were analyzed and compared, and
the enzymes heterologous expression and application were also reviewed. This review will provide reference for reducing the
cost of ZEN degrading enzymes by biological technologies such as enzyme engineering and fermentation engineering.
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SR A i, DUMES R TE P, Btk
N

ZEN &AM FK . AN mREE A
Tk sh e, 3 BBk 2 R v Ak
SRR EARXT ARG, /NERUFT AR LDso > 20 000 mg/kg
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Table 1 The structure of zearalenone and its
derivatives
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o n] DL Bt & 2% A (Ochratoxin A) 25 HiAth
WRER, W LTk AL # . 2010 45
Vekiru 25Ok 25 0 % W BE R A ZEN B PLBREAT T
W5t . i1 LC-MS/IMS, LC-DAD il NMR %
AT EIESE T ZEN K H AR 1 . 45 RAiE ]
ZEN [N BRI K%, RSN BRI A RE S
M R 2R E S, FrABCA Rk, Senpaeioyy
T s 22 B Rk R CLYOL ZE ¥ ZEN R85
FeFErp LW, 96 h )5 ZEN By EER#ik 96.79%,
ZEN f¥RFE kR lf () 3.893 mg/L &4 0.125 mglL,
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LA X ZEN BRI 73 R 5158 . Zheng
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(1x10® CFU/mL) 48 h fE ¥ & B W b vk & H
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ZINHEREAR ZEN 192525 1 o Lel 5\ S |
KB YRR S A SR IR IR A ) 36 A
WA, LA AT 5 AN TR RE R AR TR I s 75 5L v 50%
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ANSBO1G. 2016 4Eak A 45PN 135 475 5555
S X - R AR O A B — R T R 2 AT B
Fu2-3, EMEHEH ZEN FEMACE, 6 h Xt
ZEN BT ER R IE 95%LL | FUAT i BEE 1o P Fh 7
24 ZEN Bidg. —Iemid YrEye AR ZEN, 4
SRR, HOEH M L 0.79-62.82 pmol /L,
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b, BEFEMR TR ZEN M, K2 4d)E, &
Kerft ZEN RERRAIE 68%—759%% , — 23 o i 5 it
YER. Zhao ZEPUHEE I 27 Rl 4 s e £ 4y vh i
WEF| 3 MRAERE M ZEN BYFLFFE , 48 h XA Y
ZEN JE 18R 2k 45%. 35 2 i R il LA AR ZEN
KA M, s 12 F02 (a5
VSN AR E ) (GB2760-2014) H st hfv 25 4=
B2, HC A EA IR AR 0 P A B R LU o BT BE A
FUFEA HE . IR 2 i LUE B 2R 3 4
HERZ | A ZEN G5B RSCR 10 25 AR T, Al
SRR TR . A ZE AT T 5 25 2R TR 2
B HBOK P RRNA IR, 451 A R L AR ZEN 1Y)
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ZEN [ figh T 10 45 b R Joic B R g O AL, LA R
TR, JFR ZEN REfERZE AR ZEN B
KR

B<: cjb@im.ac.cn

491




492 ISSN 1000-3061 CN 11-1998/Q A:# T #&2%4k Chin JBiotech

#2 TEZENKEEE
Table2 Main strainswith capability of ZEN degradation

Microorganism Capability of ZEN degradation References
Fungi  Aspergillus niger FS10 60.1% of 29 pg/mL ZEN was degraded in 48 h [26]
Clonostachys catenulatum AN 169 100% degraded in 24 h [27]
Clonostachys rosea AN 154 50% degraded in 2 d, 80%—90% degraded in 8 d [27]
Clonostachys rose |FO 7063 Cleavage ZEN to a non-estrogenic compound [28]
Gliocladium roseum 80%—-90% was degraded [29]
Mucor banieri 30% was degraded [30]
Candida utilis CLY01 96.79% of 3.893 mg/L was degraded in 96 h [16]
Rhizopus stol onifer, Rhizopus oryzae, 100% was degraded [31]
Rhizopus microsporus
Rhodococcus pyridinivorans K404, K408  87.21% and 80.33% of 2 ppm was degraded [32]
Saccharomyces cerevisiae Adsorb at a first state, and later 100% of 2.75 pg/mL [17-18]
was degraded in 48 h
Sreptomyces rimosus K145, K189 99% of 1 pg/mL was degraded in 5d [33]
Thamnidium elegans 60% was degraded [30]
Trichoderma aggressivum AN 171 50% degraded in 6 d, 80%—90% degraded in 8 d [27]
Trichosporon mycotoxinivorans 100% of 10 pg/mL was degraded in 24 h [14-15]
Bacteria Acinetobacter sp. SM04 100% of 20 pg/mL was degraded in 12 h [34]
Bacillus amyloliguefaciens 93.92% of 10 ng/mL was degraded in 8 h [20]
Bacillus licheniformis 21-2 100% degraded from 5 pg/mL ZEN in 72 h [35]
Bacillus licheniformis CK1 95.8% of 2 ppm was degraded in 36 h [36]
Bacillus natto CICC2464 Adsorb at a first state, and 100% of 20 pg/mL was [37]
degraded in 24 h
Bacillus stratosphericus T246 100% of 15 pg/mL was degraded in 6 h [38]
Bacillus subtilis 168 81% of 20 pg/L was degraded in 24 h [37]
Bacillus subilis 373-2, 411-1 100% of 15 pg/mL was degraded in 8 and 6 h [39]
Bacillus subilis ANSB01G 88.65% was degraded [19]
Bacillus subtilis BF-B-3 62.48% of 20 ug/mL was degraded in 4 d [40]
Bacillus pumilusT-420 100% of 15 pg/mL was degraded in 9 h [38]
Lactobacillus plantarum 45% of 0.1 pg/mL was degraded in 48 h [25]
Lactobacillus plantarum MONO3 78% of 50 pg/mL was degraded in 24 h [41]
Pseudomonas alcaliphila TH-C1 68% of 2 pg/mL was degraded in 72 h [42]
Pseudomonas citronelloli ASAG16 91.59% of 20 pg/mL was degraded in 6 d [43]
Pseudomonas otitidisTH-N1 59% of 2 ng/mL was degraded in 72 h [44]
Pseudomonas plecoglossicida TH-L1 57% of 2 ng/mL was degraded in 72 h [42]

Nate: Strains with underlines are probiotics listed in China National Standard of Food Additives (GB2760-2014)!%!.

3 ZEN BfEm % 3

IREEXT ZEN JEEE AU ) O ORI
HEYIRE AR WK iR B A AL ZEN, AT SR L4 4
FEEE AR Ry JoBE 1 /N AR . 280 ZEN i e
SEEBEIIFFE AR IE . 2002 4 Takahashi-Ando
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21481 IR 21 Kl 7 25 Clonostachys rosea IFO 7063
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(R85 R H 5 F: 19 C. rosea IFO 7063 H B T —Fil
Bl K R ZHDA0L, I T 3/ 2 LR vk SL 7
G, AR SR T T P e b T i e Y SR A
zhd101, 37 2451 % £} Schizosaccharomyces pombe
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AR ATH Escherichia coli 535k, FKikHrs
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A ELHESE X, 2005 4 Utermark 251975 30 524
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FIAN 17117 5 —2H ZEN REfgG e 264 A5k
PRERFEAIL, 47 F 29k 28 kDa, ZEEMR )74
JEMERT 95.8%, Horp WOLXP2 Al AN 169 . WOM1M6
AN 154 BA—3%0Y)74], J&T ZHD101 1y
JEFEE M .

HEAEA 53 32 55 — S AN S AT 7 Acinetobacter sp.

SMO04 (1) GBEUUA4 J& 53 #h—Fi ZEN R, 2011 4
Yu 2B e B 1T LIXE ZEN R, 2012 4E,
Yu S S SO ZEN A B AR S
1YW (Peroxiredoxin, EC 1.11.1.15), flifi]5ck&
T b SE ALY R IR AE R AT R s R A . B
PRI R, o S ALY e AL S AR A
THA ZEN BiapdOeR , (B2l S & A-7E ] g
S 2 BEEAE B FRDRE R A R A

Q8NKBO (Clonostachys rosea IFO 7063)

0.1

-l AOAONIXBUT7T (Bionectria ochroleuca)
C9EIK3 (Bionectria ochroleuca)
G9C2T3 (Bionectria ochroleuca)
A0A0231YGT (Clonostachys rosea f. rosea)
AOA0231Y G2 (Clonostachys rosea f. rosea)
{ AO0AO023IYH9 (Clonostachys rosea f. rosea)
| WOLXP2 (Clonostachys rosea f. catenulata)
AN169 (Clonostachys catenulatum AN169)
ANI171 (Trichoderma aggressivum AN171)
1 WOMIMS6 (Trichoderma aggressivun)
WOMI93 (Bionectria ochroleuca)
—I AN134 (Clonostachys rosea AN154)
K1WVXO0 (Marssonina brunnea f. sp. multigermtubi)y
G8EUU4 (Acinetobacter sp. SM04)
QIK8MI (Neurospora crassa)
A4UUQI1 (Magnaporthe grisea)
— — AOAOC2IUP2 (Sporothrix brasiliensis 5110)
L AOAOF2L.S72 (Sporothrix schenckii 109918)

1 ZEN MBS AR GA BN (BB S % UniProt 2 PDB ¥#EE 1 #Y ID)
Fig. 1 Neighbor-joining phylogenetic tree of ZEN degradation enzyme. The enzyme codes are the ID in Uniprot or

PDB databases.
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oAl ok U5 19 ZEN  FE A Tl AR RO R
Magnaporthe grisea i) A4UUQ1 (Uniprot) . #%#
PA BTSN T Marssonina brunnea f. sp. multigermtubi
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BRI AR, FEBHBLRLA 25 52 IERfA Y . 2) T
SIREE A LA T PG 0] 1 25 78 I
Y1 ZEN i 3 ANEEEAULAHER SR A 21X A
25 9CH . Trpl83 J& ZEN ML A M E BN M, 24
Trp183 %75 K Ala, Hisaf Phe if, BEIGMETEk .
Leu33, Val153, Met154, Val158, Leul35, Phe221,
Pro128. 11e191 il Pro192 2 4 B MR (1) 5% 5 Je
VB, W SR A RS s . 3)
FIEPEHO Ser102-His242-Glul26 2H i ik
R (B 2), Serl02 }2IEM) O I F1E KR
Y ZEN NERIR It C I, M5
R IK A SN o 55 4 A BA R X2 B 0E AT T — BRI
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2 PyMOL 27RHK ZHD 5/&¥) ZEN EE MK R X
£y (PDB ID 3WZM)

Fig. 2 Structure of ZHD and ZEN complex (PDB 1D
3WZM) using program PyMOL.
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Fig. 3 Toplogy diagrams of ZHD and ao/B-hydrolase
fold enzymes.

5 ZEN BEEHRELRE

HI T RAR ZEN [ A Tl ) 7 B s MR, X
X LEREAY SR R ARIA L T ZEN R R R AR G A

&: 010-64807509
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b, BTG FE N BRI B AR X ZEN B RFfRRE ST, 45
REINIZIL B FRIBKTHE I T 29 20 £, 28 C
48 h 5% 37 C 8 h HEAESE & MR R 3 h 2 pg/mL
) ZEN, H g Py rh e sl £ g-ZOL ., 2005 4§,
Higa-Nishiyama 21504 zhd101 5 55 54 3 11 4
o e L Rl A, A S AR KRR R
hFik, REA MMM ZEN HZ, HIEEM AN
K] ZEN BEARIGTE . [ Py i i 250 ok 21
2 B 25 b v 3] ZEN-jjm JLPRIELE E. coli il
B R RE GS115 A3 ISR IR, KIGHT i ik i
FIEWAE 3 h NRESEEREMWRE R 1 pg/mL 1)
ZEN 2100 e Rt e LW 5 O h A RERE
A H 1 ng/mL g ZENU®Y i) atie s ok 2r
i h ks dhy-6 5K, J7E P. pastoris
GS115 Wi 2RIk, Kl LI 4 h ReREf R
1.6 pg/mL f¥) ZEN . 55 zhd101 B R AH HE X, ZEN-jjm
FERFN Zlhy-6 J R () () 5 = ik 98%. 2015 4,
F RS 29 N ARWE T hy-6 FH %Kk
R B A R R R R S I R E R
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Table3 Theorigin, heterologous expression and properties of main ZEN hydrolases

Name Microorganism Host cell Properties References
Zhd101 Clonostachys rosea E. coli BL21 (DE3) 100% of 2 ng/mL ZEN was detoxifiedin 1 h [62]
S cerevisae 75% of ZEN was detoxifiedin 4 d [62]
P. pastorisGS115  90% of 10 pg/mL ZEN was degraded in 12 min by [61]
recombinant ZHD
L. reuteri ZEN concentration decreased from 4.5 mg/L to [63]
0.03mg/L in14h
ZEN-jjm Gliocladiumroseum E. coli BL21 (DE3) 100% of 1 pg/mL ZEN was detoxified in 3 h [57]
P. pastorisGS115  100% of 1 pg/mL ZEN was detoxified in 9 h [58]
ZLHY-6 Gliocladium roseum P. pastorisGS115  100% of 1.6 pg/mL ZEN was detoxifiedin 4 h [59]
(31535)
Zearalenone Pseudomonas putida E. coli BL21 (DE3) 100% of 100 ng/mL ZEN was detoxified in 12 h [64]
lactonase ZEA-1
Peroxiredoxin  Acinetobacter sp. SM04 E. coli BL21 (DE3) 90% of 1 000 ng/mL ZEN was detoxified in 6 h with [46]
additional of 0.09% of H,O,
S cerevisae 57.5% of 20 pg/mL ZEN was detoxified in 12 h [65]
INVScl

J TR ZHD101 Wy A, Fef Rt
zhd101 L[5 (GenBank No. AB076037.1) #4171
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