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Isolation and identification of a T-2 toxin-producing Fusarium poae
strain and studies on its culture conditions
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Abstract: [Objective] To select and identify an endophytic fungus isolated from wheat head collected
from a Kashin-Beck disease area of Qinghai province, and study its influences of culture conditions on
the production of T-2 toxin. [Methods] Primary selection of toxin-producing strain was using
embryonic bud inhibition and yeast fungistatic tests on all isolated strains. Strain re-selection was
carried out by TLC and HPLC assay to check the extract of the strain. Strain 5-5m-1 was identified
based on its colonial and microscopic morphological characters and ITS sequencing. The optimization
of culture condition for T-2 toxin production was investigated by single factor experiments and
orthogonal design method. [Results] The morphological characters of the strain 5-5m-1 were similar to
that of Fusarium poae. The ITS sequencing showed that the sequence of strain 5-5m-1 had high
similarity to that of the strain F. poae. The optimal culture conditions of the strain to produce T-2 toxin
were corn solid medium, alternative illumination with 25 °C during the day and 15 °C at night.
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[Conclusion] Strain 5-5m-1 was identified as Fusarium poae. Culture conditions have great influence
on its ability to produce T-2 toxin. The results will provide important references for further studies on
the mechanism of T-2 toxin production and the measure to prevent mycotoxin contamination.
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Table 1 Factors and levels for orthogonal design

K il S e
Level Tem(lzeg;lture Lumination Medium
1 23/15 SR BN
2 25/15 JEHEACHRE PAP/S
3 27/15 LRI UNY

x2 EXRRITERERKTEER

Table 2 Factors and levels for orthogonal design

KA JGHR iR AE
Level pH Lumination Medium
1 5 BEEEIEHE N
2 6 TSR 4]

3 7 BRI L
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Table 3 The results of embryo inhibition and yeast
inhibition

bk i RN RS MEEERZ
Strains Embryonic bud Fungistatic zone diameter
inhibition rate (%) (mm)
5-5m-0 17.16+2.14 12.1+1.2
5-5m-1 65.78+1.98 20.0+0.9
5-5m-2 46.17+2.01 18.3+1.5
5-5m-3 62.48+1.87 0
5-5m-4 23.34+£1.59 18.1+0.9
5-5m-5 43.074£2.36 0
5-5m-6 48.914£2.25 0
5-5m-7 52.25+1.85 1.2+0.5
5-F-1 59.95+2.43 0
5-F-2 57.10+2.88 0
5-F-3 48.31+3.01 0
5-F-4 37.13+£1.77 2.3+0.9

1 5-5m-1 &R EFRMA400x)
Figure 1 Phenomenon of colony and conidia of the strain 5-5m-1 (400x)

W A: WVEIEN; B: 44T

Note: A: The front of colony; B: Conidia.
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TESEI ORGSR, T2 B bR b Wik ]
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2.6.1 EEMNERIEFZFGTEHKSERZNZM
ME 5 BRI 1, MSIEEALT 25 °C A, ﬁ%fﬁ

o B IR B (R B NG N . 7SI T ik 6 /\?Eﬁkﬁi
T, AR IR AR 2. H,
TRACIETE HIRN 25 °C IRIRN 15 °C BB ™ %
F, M 10.393 7 mg/kg.

2.6.2 BHEXBEREFREZGTERTTRNENE:
ML 6 FTLAE Y, /T 21 K7™ T-2 B2 1 st Fifips (a3
KG21% 21 dJ 7wtV Eag ingt7e 25 d ik B,
J9.193 2 mg/kg. LG Sk A 35 B[R] 1R 45
25d.

99 Fusarium sambucinum (KC899115)
| Fusarium sambucinum (KC899116)

96| Gibberella (AB289548)
Fusarium graminearum (KC577195)

Fusarium sp. (DQ459872)
99 \— Fusarium pseudograminearum (JF739304)
Fusarium sp. (JQ083431)

Fusarium poae (AF414967)
Fusarium poae (JN942836)

Fusarium poae (GU480959)
Fusarium poae (AY188915)

Fusarium poae (AF414968)
] 9815-5m-1 (KJ755667)

42

62 38

99

77

| Fusarium sambucinum (X65477)
100! Fusarium sambucinum (X65479)

0.005

2 BT ITS EEFIHE R B
Figure 2 A Neighbor-Joining phylogenetic tree based on ITS sequence
VE: 55 S AR E IR GenBank 3% 55 70 30 m LI ARERIESE 1 000 JOREE]—BIJLE; b RZBEERE 0.5%
R8I 22 5.
Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the
percentage of occurrence in 1 000 boot-straped trees. The scale bar means 0.5% sequence difference.

VWDI1A,??=200 nm(DACHEM32\I\NDATA\ZHANGLERN2011063000017.D)
)

F =
600 2
N

500 /

- 400

< L

£ 300
200}

100} A )

0 L L
6.0 6.5 7.0 7.5 8.0 8.5 9.0 95 100 105

¢ (min)

7.742

8.624
10.758

3 T2 FEEMRR HPLC EiE
Figure 3 HPLC chromatogram of T-2 toxin standard
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F VWDIA,??=200 nm(D:\CHEM32\1\DATA\ZHANGLEI\2011063000020.D)
o~
800
700
600F <
- E g o~
< 500F g &=
g D Ag o~
400FE o /A2 =N
o <
S =N
300 :—'7 n / o 3
200F 4 g Q =2
E ) 3 s =
100 = S 2
0 . .

6.0 6.5 7.0 7.5 8.0

85 9.0 9.5 10.0 105

t (min)

4 $RIBE 5-5m-1 HHR4EI HPLC Ei%
Figure 4 HPLC chromatogram of the extract of 5-5m-1 strain

—— Constant temperature
10 | —&— Variable temperature

T-2 toxin yield (mg/kg)

0 I L I L 1
19 21 23 25 27 29
Temperature (°C)
5 IBHEEXN T2 EEZTENTIE

Figure 5 The effect of culture temperatures on the yield of
T-2 toxin

12

—
(=]

T-2 toxin yield (mg/kg)

17 19 21 23 25 27 29
Culture time (d)
6 IEFEEN T2 HEFENEMN

Figure 6 The effect of the culture time on the yield of
T-2 toxin

263 EXREERMEMST: WK 4T UE
KRR R, LR IRE RO IR A
WAL FIT AR SR, R SR 3 B  X™ f F) 5 il
K, REDERE AT 5N o ARPE WS 7 T-2
FERAS N A2B2CL, Bl HIE 25 °C/H&k
15°C, JE/MEAc#E(12 h), FRREFRHEE,

2.6.4 FEERMBIKIEFEUHTREKTSZAIZNG:
ME 7HTLIEH, M 100 r/min FFLEF] 160 r/min,
W TEMER "B AW, X" 8%1%
160 r/min 5/ FikFIH K 0.634 2 mg/L, @221
) 180 r/min A BRI AME, W22AEK 5 8 m i
L AN —E, e 160 r/min B, FEE "
N

2.6.5 #1iA pH MiRIKIEFZLGTERTSEZNT
ma: M 8 ATLIE i, ekl pH 5.0 AT, T2
FHENRERE N 0406 8 mg/L, K pH By,
BRI R B LT ETE pH 6.0 20F FikF)
K, S 1.748 5 g/100 mL., B 224 K A= 1 Fe b
WIh pH AR

2.6.6 WIREFEHMEZMN: TS TUEH,
WIth pH MM 225K, YRR =B RN, AR
S IEAR TR NFERE SRS JERESCHEE | pH
5.0 HISAEA R FIRIARE SR 5 R 5-5m-1 Rk
A T2 HE,
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x4 EXTHEEER
Table 4 The results of the orthogonal test

K Z Factor

pusEiRsy
Treatment number A RS B G C Higrkk BER I
Temperature (°C) Lumination Medium Yield of T-2 toxin (mg/kg)
1 1 1 3 8.167 2+0.324 6
2 2 1 2 14.519 5+0.561 2
3 3 1 1 9.211 6+0.423 6
4 1 2 2 7.203 8+0.403 6
5 2 2 3 10.422 1+0.224 6
6 3 2 1 16.892 5+0.241 7
7 1 3 1 10.106 2+0.301 9
8 2 3 2 9.262 0+0.285 2
9 3 3 3 7.601 8+0.339 7
Ki 8.492 4 10.632 8 12.070 1
K> 11.401 2 11.506 1 10.328 4
Ks 11.2353 8.990 0 8.730 4
R 2.899 8 2.606 1 3.3397 Rc>Ra>Rs

TE: K FOREERIE 1 KF 3 BRI R T HEL Koy Ko fRSEE. R: SRR MR AT SE2EKF 2 2%

Note: K; means the average of 3 test results at level 1 of each factor. K,, K3 and so on. R: The difference between the best and worst levels of

each factor (the same as follows).

= B ——T-2 toxin yield 12 _
% 0.6 —=—Biomass 1.4 3
§a5 128
204 105
> 08 3
%03 0.6 £
bt 04 2
Y 0.2 02
0.1 0

100 120 140 160 180

Rotational speeds (r/min)

200

B7 EREERM T2 SHZ"E2MEKEY ST
Figure 7 The effect of rotational speeds on the yield of T-2
toxin and biomass
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0.45 ——T-2 toxin yield 120
| -=— Biomass 11.8
%Qm 4ﬁ€
£ 035 };g
5 0.30} o=
>\ 1 . SN
= 025} 10.8 &
% s
£ 020} 10.6 &
a {0.4 &
= L
0.15 loa
0.10 : : : : : 0
3 4 5 6 7 8 9

Initial pH
8 IEFENA pH X T2 SRFEMEKEYEN
A1)
Figure 8 The effect of initial pH of fermentation medium
on the yield of T-2 toxin and biomass
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Table S The results of the orthogonal test

Z Factor

JUSEES
Treatment number ApH B %EE ¢ i%%g . ﬁﬁ?xé
Lumination Medium Yield of T-2 toxin (mg/L)
1 1 1 3 1.417 2+0.021 1
2 1 2 1 4.681 2+0.032 6
3 1 3 2 0.959 0+0.013 6
4 2 1 2 0.464 5+0.025 3
5 2 2 3 0.051 1+0.010 2
6 2 3 1 0.550 7+0.030 1
7 3 1 1 0.081 2+0.015 2
8 3 2 2 0.160 1+0.016 6
9 3 3 3 0.273 6+0.021 9
Ki 23525 0.654 3 1.771 0
K 0.355 4 1.630 8 0.5279
K3 0.1717 0.594 4 0.580 6
R 2.180 8 1.036 4 1.243 1 Ra>Rc>Rp
3 it K B BRI TR TR R I A RORRE R 177 A, IR

WAt A A Bk B N AR VR A e vl DL T
PLRLR, H7 AR Y PR R R A — R AT
YePEZ RN EM . —E ZHERMPFFTRM,
g AT L 2R R, Hirp RO TR
fi . PRI RE R AR DR E . PumfE Ry
A FIB S, HumfiEER A G T2 5.
HT-2 #%; PumfEaR B WiEMAST S E
J B (DON) A 85 3 ) TS B (NTV) 2018 e
BEFEX A B ERAEEH, FRIEMHagthi
Mk, A ZREUE . SO E e E . R
TR R )7 R AL E IR . IR AR
82 Z AT ML R R . — SRS AR A
FHALTE =8 o AT W TE A FL TR BT 1) a7 5 2 1
HIRIE 40%-50%, WA 3—7 °CPY, [EIForaE g
PR =240 00 B LE AR R 80%—100% . WL 7 °C 45
HFEP” T2 B E, HAE 520 °C B r=#6E I bfiR
B ETRI R BRI A P s W, ik
BRI R A R R R A R . AR A A
W . pH9.0. 12hJEHEAEH, 25°C, HEFF 10d. 4
BEARSEPHRIE , BrE 45 (pH>7.0)BA A il — 4k

UHRTEAR IR TS, RAE S )™ T2 B %R,
PREESEPI E T — bR LI 1 10 B P T R R
Ak 8—25 °C [a1FG 12 h A8 BTG IR 0] SRS |
AR 5 0 L B A B R A G 9% 28 do it
A2 2 ) BTG YT X B /N 32 5 TR A A
T-2 HREFEREMIE, I Y& R A
PSRRI AL T-2 BRSP4 . AR &
£ pH 5.0 Jo 78 S5 #RA F) T 2 16 B 6 1T AT AR
5-5m-1 774 T-2 T2 o AT WA [ A e = 5 %
S AFEASRAAIR], - [FI R TR R AN [R5 2R R B i 4%
AT REAFAE 22 57 o 2 T IAPE 5-5m-1 FEWRIASSE 572 5%
TR R R DT REIAEE SRR, XA Re2 R
JERRE SRS, SRR R A AR
FHEEYHIRE . AT HSIE N5y
BRI, ABAE FARE FEI & B ARAE B 3R
ERREE R R . BB EPB N R BN B
ARG T-2 BRI R, BE
KIGFEHEAT RE A R TR 4 T-2 358 K,
X FORIX AT 7 7= d RS AR ARy, e
&HIN T AEAE A
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