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Isolation and degradation characteristics of deoxynivalenol degrading strain A4

YU Yangguang'?, HU Jungiang*®, WANG Gang'?, GAO Hongxia’, QIU Han>*, ZHANG Yuhang’, LIU Xin"? SHI Jianrong"?,

XU Jianhong"**

(1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China; 2.Jiangsu Key Laboratory for Food Quality
and Safety—State Key Laboratory Cultivation Base, Ministry of Science and Technology / Key Laboratory for Control Technology and
Standard for Agro—product Safety and Quality, Ministry of Agriculture and Rural Affairs/Collaborative Innovation Center for Modern Grain
Circulation and Safety, Nanjing 210014, China; 3. College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)
Abstract: The purpose of this study was to isolate deoxynivalenol (DON) degrading strain and to evaluate its degradation characteristics
and mechanism, so as to provide strain resources for the detoxification of DON-contaminated grains and feeds. Soil samples were collected
from wheat fields contaminated with gibberella, and DON degrading bacteria were isolated through enrichment culture; they were identified

by morphology and 16S rDNA, gyrB gene sequence. Liquid Chromatography—Tandem Mass Spectrometry and nuclear magnetic resonance
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were used to identify degradation products, determine degradation pathways, and understand the detoxification mechanisms. The

differences between degrading bacteria A4 and DON degrading bacteria A8 and A16 were compared by analyzing strain growth and
degradation characteristics, and intergenomic differences. The degradation rate for the DON degrading bacteria, A4, was reported to be 9.7
pg - mL™" which increased by more than 97% within 10 h. A4 was identified as Devosia sp., that produces 3—keto—DON in the process of
degrading DON, thus reducing toxicity. A4 had an optimal growth temperature of 35 °C and an optimal NaCl concentration of 2%. lts heat
resistance and salt tolerance were found to be better than those of strains A8 and A16. To degrade DON, A4 requires an optimum pH and
temperature of 8.0 and 35 °C, respectively. In terms of degradation characteristics, A4 had highter rate than A8 and A16. Comparison
between the average nucleotide similarity (ANI) analyses of the three strains showed that the ANI between A4, and A8 and A16 were
81.54% and 77.87%, respectively. The ANI was lower by 95%, indicating that A4 was genetically different from the other two strains,
implying it belongs to a different strain. This study has thus screened a novel DON detoxification strain, with good stress resistance, and

provides new degrading bacteria resources for DON pollution control.

Keywords : deoxynivalenol; Devosia sp.; degradation characteristic; genomic difference analysis
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enaceum) % 15k )1 B (Fusarium briar) #1725 J5 5 71
(Fusarium snow rot) S5t JJ 7™ A=, MR A BRI &
i R R R R

DON 46 it 2y FLEEHIRES A, 70 1208 CisHaO,
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JE4250.8 pe-kg o RlidhAh N4 28 8 (HTA
X EEETT)BURE 76 5 678 1 /N2 K v, DON (46
KN 58.74%, Hbr % H 4.60%, F-3 58N 317 pg-
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B 2R 175 YR B0 HE 17 40, & B DON #E bk 2%

51.8%. i 2 43 AT VLI 9L 3 IR 1% % R e /N2 R

I R A3 AT I O, R RS 5 A R il T TR R G /N7 i 2
SRR,

DON 7EI pH Fl &5 RS N AN G i IR, PRtk
fif 25 B £ b F0 R H 9 DON 75 4 — B2 0 5% 4 4
FUS A R A A O = R S SR G RDEHR
FREETC k5 G AP0 R, S B S A U ) B T A
Mo WANG S5 IE T —#k X DON . 3-Z lt-DON Fl
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2.1 BEFENHIESEE
2.1.1 DON FEff BRI & R 500

LA DON g ME— i 5 & SR B SRR MR 1T, A 45 i
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Figure 1 HPLC profile of DON degradation by A4
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Figure 2 Morphological colony of A4 cultured on LB solid medium
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Figure 3 Scanning electron microscopy (SEM) images of A4
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Devosia LMHK s Root685" (LMHK01000002)
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—_—

. .
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Figure 4 Phylogenetic tree of A4 based on 16S rRNA gene sequences
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L— Devosia chinhatensis strain DSM 24953(KJ941046)
Devosia riboflavina strain DSM 7230(KJ941047)

[Pelagibacterium halotolerans strain ANSP101(CP053086)

100t Pelagibacterium halotolerans B2 strain CGMCC 1.7692(KJ941049)
Paradevosia shaoguanensis strain J5-3(KJ941045)

Devosia insulae strain DSM 17955(KJ941048)

Mesorhizobium ciceri strain R30(MT237322)
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0.50

Mesorhizobium sp. M6A.T.Cr.TU.016.01.1.1(CP034452)
Pannonibacter phragmitetus BB (CP032312)
74 Polymorphum gilvum SL003B-26A1(CP002568)
Polymorphum gilvum SL003B-26A1(CP002568)
Devosia sp. D6-9(CP045919)
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Figure 5 Phylogenetic tree of A4 based on the gyrB gene sequences
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Figure 6 The DON standard curve

2.1.4 FEfE W50 Hr

i 2of LC-MS/MS A5l B2 it 7= ) 1 o3 1, WKL 7
Fios A WA E B AT BB L ((M+H]) A
295.12, 5 DON [ 4rF1t (296.32) M 2ZE S5 T-.

I P A 1 % e 15 ASORS: 00 2% i 7 9, 'H-NMR

R Isotopic ions

g CisH 50

1 1511186

5100 ¢

=

Z 8 Ff

=

Z 60t

5

< 40 |

2

= 20

= 285 290 295 300 305
JEfr bt m/z

7 DON BEfE =48 LC-MS/MS [ i
Figure 7 LC-MS/MS spectrum of DON degradation
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&2 DONFEFEF=#H 'H-NMR 1 "C-NMR BUE A #4R
Table 2 "H-NMR and "C—-NMR assignments for
3-keto—DON in CDCl;

(DAL PCAbEALRS

HAL AR

Position 3(PC)/x107 3('H) /=107

1

2 80.3 3.52(s)

3 212.2

4 49.6 2.29(d,J=19.5 Hz)
3.13(d,J=19.5 Hz)

5 46.5

6 52.7

7 74.2 4.91(d,J=1.3 Hz)

7-OH 3.81(d,J=1.5 Hz)

8 199.4

9 136.8

10 137.8 6.55(dd, J=6.0,1.5 Hz)

11 70.6 4.57(d, J=6.0 Hz)

12 64.5

13 48.0 3.23(d,J=4.2 Hz)
3.36(d,J=4.2 Hz)

14 14.0 1.34(3H,s)

15 62.1 3.75(d,J=11.6 Hz)
3.91(d,J=11.6 Hz)

16 15.4 1.90(3H,s)
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Figure 8 'H-NMR spectrum (600 MHz) of DON degradation
product in CDCl3
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Figure 9 "C—NMR spectrum (150 MHz) of DON degradation
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Figure 10 Growth curve of A4, A8 and A16 cultured in
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Figure 11 Effects of different temperatures on the growth of A4,A8 and A16
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20r a4 20ras a 20r ., A16
£ il T
15¢ a 15F ¢ L 15¢
g b 5 —+ s ¢
S ¢ g g
i 1.0} d B 1.0F i 1.0
R e R d R
= B £ d
0.5F 0.5r 0.5}F
f : e
e
olbe=o 0 |—:E| e 0 e [~
0 05 10 15 20 25 0 05 10 15 20 25 0 05 1.0 15 20 25
NaCl# J%£NaCl concentration/% NaCl# & NaCl concentration/%

NaCli# £ NaCl concentration/%

B 13 AE NaCliREXT A4 ASFAA16 & KA E
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Figure 14 DON degradation curves by A4,A8,and A16
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Figure 15 Effects of different temperatures on DON degradation of A4, A8 and A16
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