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Screening and identification of T-2 toxin-degrading strains
from natural environment
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(1. Guangdong Provincial Key Laboratory of Aquatic Product Processing and Safety, Key Laboratory
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Abstract: [Objective] This study was to find the T-2 toxin-degrading strains, which were iso-
lated and identified from natural environment. [Methods] Fusarium producing T-2 toxin were
isolated from the samples of shrimp culture pond water, pond sediment and shrimp mixed feed,
respectively. When it was cultured in GYM medium for 14 days, the airborne bacteria in nature
environment were inoculated. The content of T-2 toxin was detected by LC-MS/MS at 28 day
in its cultivation. T-2 toxin-degrading strains were screened from the bacteria suspension in
which the content of T-2 toxin has obviously decreased with dilution spread method, plat
streaking method, Gram stain method and microscopic examination. And then the identifica-
tion and phylogenetic analysis of the screened strains were performed by 16S rRNA method.
The method was also used to validate the toxin-degrading capacities of the screened strains
respectively and the combined effect of them in different matrixes. [Results] Two T-2
toxin-degrading strains were screened out during the cultivation of five Fusarium strains
which were isolated as indicator bacteria from shrimp culture environment. The results of 16S
rRNA analysis showed that they were Pseudomonas geniculate and Staphylococcus nepalensis,
and their degradation rates to T-2 toxin were 90.9% and 85.5% respectively. But there was no
significant difference between the degradation effects of the two strains (P>0.05). In addition,
the combined effect was good but had no significant difference with the single strain’s degra-
dation effect (P>0.05). And the combined degradation effects were not much affected by dif-
ferent matrixes (P>0.05). [Conclusion] This new discovery established a basis for further as-
certaining T-2 toxin degrading genes and developing T-2 toxin degrading enzymes.

Keywords: T-2 toxin, Fusarium, Degrading strains
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SR TR TP fa F B E R Z —,

T-2 B RAE A HRA R R A A ) rh i
SREER, YEERRE, RNESIER, WRCE 6-7
AEEER ZE 200 °C TR . AR A
PR S BRI R T 1.0-2.0 mgkg T2 #H XK
8—10 Jil J5 H IR LU LT b | ™ EE 2245
R Ak DA% 55 7k L A s ot 2 2 d A B4 O
T-2 BERAPERGEARA LG BEE-, X4
YIRK T i K Z RS Mt A D, O H e e
PO SRR B A0S e I A BRI SR
T SSORT A A, e R A
FirLL, XURFRFEIRE ) T-2 B R AU AT REfHXT
WRRERG 2 A1 U B W iR, H T2 8K
A g iE o B R AL, X NS EERREAL Bl Rk
Mo P, XPERFRIEIASEE Y T-2 B3R MIFEAREAT
AR T X IR FRIE A G A B i, B R R UE A
f AN ] 20 (1 L IR

PRI B AN 27 07 R R B AN PO i, HL3
T A AR i LB R R R A YRR R
ARG E MBS OB AT P26 s
(Baccharis spp.)Befs T-2 1 R A LAY 3-OH T-2 1
3'-OH HT-2""" RAk HaEME, Young Z5"™% 91
X T TR G AR M AT VE R LG T-2 TE N R 4% Fh A
I AL G . (A ERTET T-2 R WHE
VIR A TR B ARCEAT R B, [ N PRI T TH B
HRA M,

ARSI % MATHRFRFE RS A B T2 B2 R
SRAOTE, LAHAE e 7 2 T A e RE R T-2
BER MR E, JFXEHS TS e . i
T-2 BERFMEFEILRATT & T-2 5 KA YRR R
AT LA

1 RS

1.1 &k
FETEHR A TR 20 R H VYT GBI PE A AR
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BEOGF R F7 58 377 A 37 FE b K A (Fs1102-1, Fs101-3),
F5 5 W T U8 KE S (Fw1101-7) Fi %) 8F V6 & 46 B
(Ff3102-4, Ff2101-1),
1.2 EFE
1.2.1 EFEEEFENA): HAM 10 g, FR
H3g A 5g BilR15-20g, ZEMK 1L,
1.2.2 BREEIERZEMHIESREFS): EAK 15 g
Lifle 20 g, BERR BT 1 g, REREEMIK 0.5 g, b
MRIANETY 0.3 g, FISIPEAR 0.1 g, HEAEER
0.2 g, EEMENEIE 39 g, ZZIBK 1L,
123 @BeESHEFEEGYMN": NHH,PO,
1g, KCI 0.2 g, MgSO47H,0 0.2 g, #i%ik¥ 10 g,
fEREE 5 g CuSO45H,O 0.005 g, ZnSO47H,0
0.01 g, 7K 1L,
1.3 FERAFNS5NEH

T-2 # A5G0 (Enzo, USA, 4l = 98%);
H B (— G o g ati, R DU AORE Ak 22 S A R
A, 4 =99.9%); L R%E(Sigma-Aldrich); #H4f
JK(Arium 611VF); HARYh E = sr#r et .
RN TSQ Quantum Access, T Thermo
Scientific 2y #l; A AT Autoscience; TR iE
PRI T Heidolph 28 w5 BLOMLIE T g5t
Bleg U gs ] AWAUE T Organomation Assici-
ates, Jnc 2\ F o
1.4 FRFEIMNEPRARENTSIESR
1.4.1  BEEFREMH PRI B B0 BRI T A
GYM ¥igedk, THFRAAT 25 °COLMEESR 12 h,
6 °C EEERESE 12 h, R T 14 d,
142 T2 FHEWMSEN: HEHSATAH: I
10 mL B, #7710 min, A 10 mL R4
fis 477 20 min, 4 000 r/min 20> 5 min, B FVER,
BEEERR 3K, &I LB, 60 °C NoWT 5 H
ImL B B +5 mmol/L 2 MR 4% I& W (3+7;
VAV)H0.1%H IRE i, 1 0.22 pm JEME

A% 4 1 8 3% A : Hypersii GOLD
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(150 mmx*2.1 mm, 5 pm, Thermo Scientific); sl
AH: A: HEE, B: 5 mmol/L LFREZVER(0.1%H IR);
R 10 pL; £k EDMCEEES: 1.0 mm; #FE
B 10.0 ul/s; WRUEMREL: 1 500 pL; whyeiAs:
1500 pL; WKBEBE: 100.00 pL/s, Figdaisi=:
ESI(+); WiZsgeriE: 4 500 V; $5ES7: 25 au;
HBNAE: 5 au; BAERE: 270 °C; hiff#E:
1.5 mTorr,
1.5 T2 SZEMEBENS B ST

W5 I NS ) 7 B T AR R R R 1.4.1
Tk s IR & 28 d. MR R R IRAY TR
HATRRAY ST B R AR .

FPRERTRIETR 30 s Jo il A BERREE R 107" -107
) TR AR RV o 0 S| LA R BE AR BV 100 L
T FS F1 NA VA I, ¥5 %M, NA FA
30 °C+1 °C #5557 48 h, FS AR 26 °C+1 °C £55F
72 h JE S AR AN SRR R TR B ARG R
WRIFIEE . Kb, i, R REA RN
PAERTE, 'S Jo F = Bl Rk R, K1 f3
BT 30 °Cx1 °C HieAi PR E 48 ho H 22 (K
JeagiiUigs, ik b iAWk o g
IRETE R o SRJ5 0 VITEK 2 35 2% [G B 40 1 4
TERIATAAFRRIE 8T
1.6 16S rRNA #J PCR ¥ 1&F1F5IN E

PCR 5| ¥ % H (+) 27F: 5-AGAGTTTG

ATCMTGGCTCAg-3'; ) 1 492 R:
5'-GGTTACCTTGTTACGACTT-3', PCR J Hifk

Z (50 pL) & : DNA #iM#g 2 pL; Eubac27F
(20 umol/L) 1 pL; Eubacl 492R (20 umol/L) 1 puL;
10xPCR buffer 5 pL; Tag DNA Polymerase
(5 U/uL) 0.3 puL; dNTPs (Each 10.0 mmol/L) 1 puL;
Mg®" (2.5 mmol/L) 4 uL; ddH,O 35.7 uL, PCR #"
Ha2%1F: 94 °C 5 min; 94 °C 50 s, 52 °C 50 s, 72 °C
60 s, 3t 30 MEFR; 72 °C 10 min, 540 5
AR B 2 W) 58

pms

M55t BLAST £ GenBank+EMBL+
DDBJ+PDB 3 A 7 o i 17 [) U5 4 b 1Y,
MEGA 4.0 4T R G LB W4T,

1.7 D EBEKERE T2 SHREHWIE

A3 BB P AR B4R 27 5 ng T-2 B
ARG H, 30 °Cx1 °C ¥59% 72 h J5
LC-MS/MS Kl i8R & . SR 5K ik 1 )
A4 AR R A0 P = B v, RS iy s o
R R OR B GHER A REACR

2 HR

21 MBEENSBESIFE

TE H A A1 BA GRS 58 37 % S 5140 B 201 5
Pk 9l 761 5 )8 B Bk (Fs1102-1, Fw1101-7, Fs101-3,
Ff3102-4, FR2101-1) = F 3 14 d 5, &
LC-MS/MS JF a5 R R T-2 K74,
QLR R 28 d Ji, Fs1102-1, Fwll01-7,
Fs101-3, Ff2101-1 haER S @& i b= 2T
st R (A 1),

28 d 77 g RO TR R e ] 0 A A
i R T E SR IR AR FS PR A5 3R,
TR H A A0 R AR AR S BL(R 1) ARIE GB/T
4789.2-2008'", & I B i - M 2k B B U5 B AE
30-300 CFU Jiufs. Jo& iEmvR A M A4k
7S ME, MR GB/T 4789.2-20101%, FS K553t
A B HCF A rh B TR BT TR AT O BT
(10-150) A B R A TAE i 1) S L AR

SRJG 4 = BRI R 2R, AR R VR S Ok
AL IMER . HEXR ., BSRIE. &UES
BRI A S TE . WigB6 .. Wik IE R B
225 VRIS . MR . ARSETE AR
Fwl102-1 ¥5RMhr#5158] 4 PRFAwE, M
Fs101-3 775 %] 6 #£, Fw1101-7 5 Ff2101-1 %41
=Rl 7 905 -2 ) Y 7 S S Ry AN R
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D110 - m/z=215.20-215.20 RT:0.4[151 -10.00 D2 5 p/2=215.20-215.20 RT:0.44 - 10.00
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5§ | 5
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e ¥F 2
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Z 2 "
0wk %9 8.35 20 L

I | | [l 2.10
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5 10 5
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Bl 11 - m/z=215.20-215.20 RT:0.47 - 10.00 E2 HJ1892 - m/z= 215.20-215.20 RT:
F: +c ESISRM ms2 484.200 [ 169.195...  F:+c ESI SRM ms2 484.200 [ 169.195 ...
™ RT: 5.47 100 L 5.20

Z 80 [ Z 8L

Z C Z C

8 i 2 B

£ 60 [ E 60

s f =z | 411|| 6.88
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I jh 8.32 C
0 [ Lt de NL“ L‘m“‘l.,u.h 0 L
5 10 5
¢ (min) ¢ (min)
F1 std2 - m/z=215.20-215.20 RT: F2 §td0 - m/z= 215.20-215.20 RT:
F: +c¢ ESI SRM ms2 484.200[169.195...  F:+c ESI SRM ms2 484.200 [ 169.195 ...
100 L RT: 5.35 100 7.89
: : RT: 5.24
2 80 [ 2 80 [
& i & I
8 i 2 I
g 60 L £ 60
[} F [0} L
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S 40| 5 40
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0 [ 2:39| R Y‘QI\A,JL.MMM4 | 0 [
5
t (min) ¢ (min)

1 FEE” T2 FREFRHERNEFRE
Fig.1 Ion chromatograms of T-2 toxin-producing Fusarium suspension samples
7 A: Fs1102-1; B: Fw1101-7; C: Fs101-3; D: Ff3102-4; E: F2101-1; F1: A3UEA; F2: a5 AIXTER. 12 BEIRAHA] 14 d; 2: KEFRista] 28 d.
Note: A: Fs1102-1; B: Fwl1101-7; C: Fs101-3; D: Ff3102-4; E: Ff2101-1; F1: Standard solution; F2: Blank control. 1: Culture
time: 14 d; 2: Culture time: 28 d.
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Table 1 The content of bacteria and Fusarium in samples

FEh g E2iils) kSN
Sample marks Bacteria (CFU/mL) Fusarium (CFU/mL)
Fw1102-1 9.25x10° 4.35x10°
Fs101-3 2.85x107 1.39x10°
Fw1101-7 1.22x10° 6.44x10
Ff2101-1 4.22x10° 795%10"

T2 EFKF2101-1-5 5 W101-7-7 B4 (LAF1E

Table 2 Biochemical characteristics of F2101-1-5 and W101-7-7

T H Test items F2101-1-5 W101-7-7 TiiH Test items F2101-1-5 W101-7-7
TN IR TN 28 P - D e + - JiE - -
Alanine-phenylalanine-proline Sucrose
aromatic amine enzymes
5 S5 AE R - - D-BE& A - -
Adonitol D-tagatose
M e B i i - + D- A - -
Pyrrole alkyl aromatic amine en- D-trehalose
zymes
L-Bil iz - - FriERER (4) - +
L-arab alcohol Citrate (Na)
D-£F4E — - + A Rk - *
D-cellobiose Malonate
B-FFLBl H Tt - - 5-Fii- A A W - -
B-Galactosidase 5-Ketone-glycosidase
H,S 74 - - FLRRER ™ Bk + -
Hydrogen sulfide Lactate production base
B-N- L Pt A A M 1 il - - N-ZBt-B-F F L= - -

B-N-acetyl glycosidase enzymes N-acetyl-B-galactose

ammonia enzyme

A e - - BRIHRRER + -
Glutamine aromatic amine en- Succinic acid salt produc-
zymes tion base
D-#ij % b - + o- T - +
D-glucose o-Glucose
V- AR + - o-EFLE TG - -
v-Glutamine transferase o-Galactosidase
A T - - WEmR + +
Glucose fermentation Phosphatase
- g T + + Rk LR ity - -
B-Glycosidase enzymes Amino acetic acid en-

Zyme aromatic amine
D-Z 2 h - + B A RRIOR - -
D-maltose Ornithine decarboxylase
D-H FEE - + PR - -
D-mannitol Lysine decarboxylase
D-H E& - + HAMIFIL - -
D-mannose Histidine assimilation

http://journals.im.ac.cn/wswxtbcn
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. (E:3%)
B- AT - + | COURMARATE - -
B-Glycosidase wood
-7 S et - — | pMIAIME AR - -
B-Enzyme alanine aromatic amine i B-Glucuronidase
L2 s Ml + -  0/129 it - -
L-proline aromatic amine enzymes 0/129 tolerance
W R BR 5 e It - - AR H A R-KE R - -
Tyrosine enzyme aromatic amine L
! Glutamic

LA - +
Old sugar

[ + -
Esterase

R E Tl - -

Urease

D-1l1 A4 - +
D-sorbitol

acid-glycine-arginine

' aromatic amine enzymes

| LR L - -
' L-malate assimilation

{ ELLMAN - -

| LFLRR AR - -
i L-lactic acid salt of as-
' similation

BT 4 DHERL T T2 R G EYEL, TR
—IEFRAAMET, 4 DS TR AR AR A
X ATREEA T-2 RERIEMRE IR, B Bk
P00 AR LA R F2101-1-5 FIW101-7-7
T-2 # XM . 1 VITEK 2 3522 [RBAMEANF
FE RN AP B R AE ALRRIE DR 2,
2.2 16S rRNA S4ER

P11 3] 16S rRNA F Bt 45 F2101-1-5 4
KJFFM 1419 bp, W101-7-7 4 1 424 bp, [A] 5
e 2E %, F2101-1-5 TRk -5 25 4 20
(Pseudomonas geniculata) ) # 2L £ & 100%,
W101-7-7 BEHE5 Je 1A /R # 2B (Staphylococcus
nepalensis) W FIRITE R 99.929%, R4 A B W4
Preg A iE 2,
2.3 [MESHEHWIE

BB B Bk E A T2 B R AMER RS
50 BZH TNAR 25 35 TR AT LA, AR TR X
T-2 R M A REARSOR 5 P AR RIS VE T8

[ A PR 7 25 3 T P AR & B EE R X L AT
ZERFN, AR F2101-1-5 1 W101-7-7 Y94 B4
PR T2 BERIERT), (HMFH2ERIFARE
(P>0.05). PATARRIB B VERIXT 2 = B 52 T-2
TR MR RA BRI ROR, 5k E R E
T T2 HEBWHE, BREERASRESARE
(P>0.05) o AN [R) FE o Xof 3K A 02 52 R K
(P>0.05)(% 3).
3 it

AT A SRR TP B Btk T-2 TR
Ve ta, YA RAFRERERCR, BIRG/ER S MTH
PRELAE AR JC 0 225 5, U I WG TRk (B BE TG
IMRIREEEAE R, WICHS B E R o ZEAS IR L rh ik
BRSO AR WA B2 5, RUMEX” T-2
B 7 B PR SCHE SR IO E B, DA 25 SR s
L], PR EE B E T T2 R, W
AT IR P A B B R S ERREIRARICR .
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F2101-1-5 )
Pseudomonas geniculata ATCC 19374" (AB021404)
A Pseudomonas hibiscicola ATCC 19867" (AB021405)
Pseudomonas beteli ATCC 19861" (AB021406)
Stenotrophomonas maltophilia ATCC 13637" (AB008509)
Stenotrophomonas pavanii ICB 89" (FJ748683)
Stenotrophomonas chelatiphaga LPM-5" (EU573216)
Stenotrophomonas terrae R-32768" (AM403589)
Stenotrophomonas koreensis TR6-017 (AB166885)
Stenotrophomonas ginsengisoli DCY01"(DQ109037)
,7 Stenotrophomonas rhizophila e-p10™ (AJ293463)
Stenotrophomonas panacihumi MK06" (GQ885627)
| Xanthomonas gardneri ATCC 19865" (AEQX01000446)
| Xanthomonas cynarae CFBP 4188 (AF208315)

0.002

Staphylococcus succinus subsp. succinus AMG-D1T (AF004220)
Staphylococcus succinus subsp. casei SB72"(AJ320272)

r Staphylococcus equorum subsp. equorum ATCC 439587 (AB009939)
L Staphylococcus equorum subsp. linens RP29" (AF527483)

Staphylococcus xylosus ATCC 299717(D83374)
ﬂtaphyk}coccus saprophyticus subsp. saprophyticus ATCC 153057 (AP008934)
Staphylococcus saprophyticus subsp. bovis GTC 843" (AB233327)
Staphylococcus arlettae ATCC 43957 (AB009933)
—|j$taphylococcus gallinarum ATCC 355397 (D83366)
Staphylococcus kloosii ATCC 43959" (AB009940)

,—W101-7-7
Staphylococcus nepalensis CW1"(AJ517414)

|: Staphylococcus cohnii subsp. urealyticus ATCC 49330" (AB009936)
Staphylococcus cohnii subsp. cohnii ATCC 299747 (D83361)
,— Staphylococcus haemolyticus ATCC 29970" (L37600)
Staphylococcus lugdunensis ATCC 43809" (AB009941)

os)

0.002

B2 ET 16S rRNA FHIMAK A ER
Fig.2 Phylogenetic tree based on the 16S rRNA sequence of isolate strains

2013, Vol.40, No.6

Note: A: F2101-1-5; B: W101-7-7.

FLHBE R WY AE YRR AR 2 32 BT
Kl BCHRIERY ALY H 1 R L 3 2
FiRAE e . A At B e I R R L 2 T By
0 5 5 R 2R A0 AR ) e i ML BRAUT 5 32 2 D g
FAL AR BSOC R = 20, bRk
VERL . BREEARAERT . R EAL . KA LT |
KB A B A A4 2O e L P AR L
R, ARGESR, SNSRI R S R
B[R] A B PR 7 & 1Y) Pseudomonas sp. ZEA-1,
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ok ik L TR B R R K TR 1) BB 2 40 o A T
ZEA NtlR, W& Pseudomonas sp.
ZEA-1 PHAERIBERIVERL, JT4E g s Fh Y 2k
e T ok P, ARBFSE & SPTRR R T-2 5
KRR, Yynl A 2Rk, Horb a6l e
T-2 %?Hﬁél@%ﬂﬁﬁ@ﬂa’ﬁ@ﬁ' T-2 # & AR R,
W bR N BOWTE, P UL IZ R BT
g iﬁ%’%{ﬁtﬁza%ﬂﬁﬂ/'\ ] BE 2 1 i 2
IR ) e R WAL, A T R R 3 e R I ) A,
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x3 DBEERI T2 SREME
Table 3 The degradation effect of T-2 toxin by isolated strains
I rRE IR LHRBE CP PR ER) W fig R
Bacteria marks Initial concentration (pg/L) Final concentration (ug/L) (x+s) Degradation ratio (%)
Control 5 4.4480+0.0255 13.3

F2101-1-5 5 0.4285+0.0015 90.9
W101-7-7 5 0.8270+0.0125 85.5

3.731% — 100.0
F2101-1-5 2.269° 0.6550-£0.0204 71.1
Wl(ff_7_7 1.520° - 100.0

3.383¢ 0.5860+0.0306 82.7

W= SRR Fs1102-1 PREEdE3E0; O Fwl101-7 PR 5350 S Fs101-3 PR35 & FR2101-1 PoHE53E.
Note: —: Non-detected; * Fs1102-1 culture medium; ®: Fw1101-7 culture medium; : Fs101-3 culture medium; % Ff2101-1 culture
medium.
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