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Resear ch Advancesin Enzymatic Detoxification of Deoxynivalenol
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(Institute of Cereal and Oil Science and Technology, Academy of National Food and
Strategic Reserves Administration, Beijing 100037, China)

Abstract: Deoxynivalenol (DON) is a toxic secondary metabolite produced by Fusarium spp. that mainly
contaminates wheat, corn, and other food crops, and has posed serious threats to food safety. Currently,
enzymatic detoxification of DON shows promising application prospects. This paper provided an overview
of the latest domestic and international research on the types of biotransformation enzymes, degradation
mechanisms, structural features, detoxification enzyme mining strategies, and molecular modifications of DON.
Additionally, the paper explored research trends in molecular design of mycotoxin detoxification enzymes
assisted by artificial intelligence, which aimed to provide a reference for the development of
bio-detoxification technology of DON in food and feed.
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W 4 JE Sk ) B M5 B2 ( Deoxynivalenol,
DON ), N &Mt %, 20 4 70 4F/Q0H
Yoshizawal "% A5 Yt ) /N 22 S5 232 W) 12 i b o0 8
IR, DON EZ G Tk INEEREIEY,
JEE SN . TDRE R Y R T, AL
TEEMNE RGN, %EE RIS T
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THAL RIS MR, 51 K N2 20 Bl fo 328 Js I s
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FI5 YR AL A AR 5 R DON ¥5 Y i 4776,
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Fig.l Thetargetsfor detoxification of DON and the structures of metabolites
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1.1 Cl12-C13 fifih&E ik

DON i ¥ & fk J2& 8 2 25 34 %0 1k 2 hi %
C12-C13 AEEHHTH, ERREREY LA A
Jii 4805 B Gk T M EE ( DOM-1),  H Al 22 2 Fif
SNPGRS T B IZ IR B E AR
{H DON #| DOM-1 By BEHLHI A TERE , JCHE i
HEEASWARPE ML E . Gao PN i
/3 B 5 7R 7 [G ( Sackia sp. )D-G6 Y1) DON
AL DOM-1, &%tk 2 A DON LI HE
e 13 134, KA E A RSB R ¥R g
Kt DON, KBB4 H A AT RefeE i, TIT
P e oK 125 ( Aspergillus oryzae ) As-W6 H?
FRI A 7 1 ) 22 Rk DON F0 J i R i it 60%,
LR A P ) AR 43 BT i Ry 282.2, HEIN AT B
DON PR SEFT I AE U AN PR 38, (HIA AR AIE L g
5 i 2 DON it 8 Ak 1) S e .

1.2 C3IfuEpESHMREK

C3 A LJEFE DON [ C3 i F2 I S AL hL i
£, B HUREE ™) 3-Bi££-DON ( 3-keto-DON ),
BE# ok Z HA DON S ALRE 1 R Y vl
BRI E , L2 e T A AT e A 1 I 1 S 1A
2400 o Hel 125 A ¥ 42 2 2. Jifd 7( Sphingomonas sp. )
S3-4 th R — I L i AKRI8A L[, 787
R P fre i W e — A AT PR R 1) S N AR &R v, TN
DON 4k )y 3-keto-DON., Qinl"" 145 DA fiif £ 13 1
B ANSP101 % Jiii—Fh DON fift 5 fili— i S il
DDH, 77 W Wi 2 HY T 5l — S i o 55 &0 52 14
(8 S AR 2 ] 54K 3-keto-DON,,

C3 i Z=m A9k &4 DON ) C3 fifsts:
WAL S A i 3-5E A4 46-DON (3-epi-DON), H-7E
2015 4F, Hel™'2%5 IR 7 (G 14 17-2-E-8 & B
2 PR, 43 BA I MERER (PQQ ) KA
Jit & DepA F1id A4 TI(NADPH)HCR Y 7
i35 5 DepB. JLF- AT, He 25" s AR
K D6-9 B It %5 3 455 DON FHtkim
FEH, 40k A B QDDH | i i i R
AKRI13B2 il AKR6D1, & H A Hil PQQ A
NADPH 1 Jz I 1k & Al fi f& DON #% 1k Ny
3-epi-DON,

A, DON 7y —#p b fb &4 F C7. C8.
C9 7, ZRARHEH] 2020 4EAH LI, Hul"M&E N
M AE T B 10 & — B ( Glyoxalase I, SPG ) AJ 4
1k DON kA= it i, ¥ C8 BRI #45] C7,
FERE XU N C9-C10 ## 3] C8-C9, SPG TEE: Ik
TRk E 4 KGR )R, BEBE MK DON |, 3-Ac-DON
il 15-Ac-DON #4t.}y 2 #41&-DON (iso-DON ),
1.3 ZE

DON Ptk &4 C3 B C15 fi 2 HEAE LBt
FeREHEVE ] T SR A 2 C3 5 C15 A il
3-Ac-DON &}, 15-Ac-DON, Kimura! >/ )\ R 25 5
JIEH R T —FaefEfk DON ZBEL iy st
H-3-0-Z B4R B (Tril01), KT EH R
J& , Tril01 AT LATE S WEAme A FHBI K DON 44k
3-Ac-DON, Liu"®%:5# 58 A~ 8 kT ( Acinetobacter
pittii )S12 sk 41 ¥ 437 , & P DLKO06_RS13370
It ) LRSS RS M ] %1k 3-Ac-DON.,
14 HEEWL

DON WAL 248 C3 AR HAE IR 1 R -
M B MR T2 B8 ( UDP  glucosyl-transferases,
UGTs ) YEH T ##i #3552 2 DON 1 C3 {7,
H: B, DON-#j B+ ( Deoxynivalenol 3-glucoside,
D3G ), it B Z AP B AL EI X DON [ i 55
X, ERGEREA D3G HALIIEER UGTs #3k
IR T ALY o ok U5 T 40 R T Y R A A R R Tl
DOGT1M 1 YA HAT I B A A M . B 2%
H TR & BUOR IR /N (194 W TaUGT6!'™ | —
T A 55 Y AR W) T BradiSg03300 %145 1y ] 4
DON #:4t°4 D3G.
15 HfRA

Cl6 fRIEAL TS Cl16 o I BL 2 Wy mE I
FIALAE K 16-HDON, HETA 1 FAHCHRIA ,
Tto %144 33 4+t 4% 4 WX AL B ( Sphingomonas sp. )
KSM1 R4 SC RS T e M e b, %55 th 3 4%
25 DON FIEAL SN A SCHERE, 4370 20 it €
2 P450 21 DdnA . B F MR IGES TRH RHCH Y
BRAEAEE 1 Kdx DA AR RS [ 2Fe-2S | A
1 KAR, =g [ i 2 5 41k 52 0 7] Kr DON
4k 16-HDON ,DON 4 i H ik fk 248 C12-C13
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SRS E A D H KSR L B B L T S5 A e
JIKRAEHEZE 45 2F i DON-GSH., Wang!?145 MK it
B 22 B 5L DR 20 A2 08 O e B AT IV H IR SR e B il
Fhb7, ZEHES IR DON Y C12-C13 FR4A A,
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M. HEIXT DON A B AL B3 b 3 AL 4y
o H BRAR AL, B R A Al S —FE R B A HL ]
Warth!??145 % 325 DON 4b B % /)N ¢ ] 46300 3] 95 Fof
T PR ERILHE ), IS5 T e ) T M - 3 - R A A
it 4805 TR Bl 0 R - 15- B R £ . (HE R H AT A
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Fig.2 Schematic diagram of traditional gene mining strategy and novel gene mining strategy
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A T 2 5L R AL )7 51 B iR 1 A B R 2R ORN 4y
Br, FIHZFAYE B F A T H, A
AR R B, TN OGS A e S A1), O S g
WEFE R I RE, B RBOR AL YRGS . He!'
SEFErL 2 5 AFEE SO DON i 7 Bk R 42 4 T
1B, FIH B R 2 fnie sg 2 22 by, 456 4
A0 i e B A A A REYE DU 42 98 AH DG OC
SRR DR 4 A, Hul" V45 0 B0 R R R AR R 4
8T, MWARAE R 4t —Fh & BB (SPG) fig
W41k DON #:4kH is0-3A-DON, Qin V4 H7;
FZEAT I SCK6 #KAUEE , KIE—Fh Yl
o R 5 A AL W) B BsDyP, % B fiE % [A] i [ fie
AFB1 ., EAFGEMEI (ZEN ) A1 DON, T4k,
BB TR W 8 T A i S A 0 AU 5 A
R, RITEAZ AR SR BRI, B SR
HERA . SCU AR L O R R R AR A, BT
P b PR 2 40 5 TSR Bl i S5 A8 A8 S Rl
4, i DON i 4 figt 25 i A A7 i B L 17 3 JE R o

3 METERIAKERSHES TS

A= Wyt oy o R ) TR ROR T B
h el i A R R 2, T3] B R 1 A e ) M
R HESE (AnF 3). DON fiff B il 5 1) it 5 5%
FETDUASTT I TR I A DR ST AR, X
W ARG A SR MR A T e, BB AT AP v i
A AP s 51 AT AR E A SRR I &
FERGR AL, A et L 2 s R mg o> 1R
LA A, IR pH R A2 B, 5k fi 2
R B IS NP s T R Rl T H S Ak Bt
I A 2 MR 0, DA T DR R 4 T A 5 Pl 1) 3
PRI R, S v AL BRI AN [ 5 B A% 1
TS 52 1 o

pHIKH 1
)
AR X sty RN I\ morsmsem g
e‘%’ ~~
iy AL

Fererer \ Sy
1 ) ~ 1}
Tk 1494 Tl

Rl RO

B3 HEERSZLEYESFTHE
Fig.3 Molecular modification of mycotoxin biological enzymes
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