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Screening of toxin production influence factors of Fusarium graminearum

with predictive microbiology method
XU De-yue* , WANG Wei, CHEN Xi-ping, et al ( Institute of Nutrition and Food Safety, China Center for Disease
Control and Prevention ,Beijing 100021 ,China)

Abstract: Objective To screen key factors affecting toxin production of Fusarium graminearum (F. graminea-
rum) with predictive microbiology for prediction of toxin production under different natural conditions. Methods The
L18-Hunter and Plackett-Burman (PB) models were developed based on wheat kernals, corn flakes, and rice inoculated
with F. graminearum to screen the important factors ( temperature , ventilatory capacity ,water content,pH value , illumina-
tion, the amount and ingredients of the medium, and incubation time) which may affect the toxin production of F. gra-
minearum. Results The results of L18-Hunter model showed that only 3-acetyl-deoxynivalenol (3-A-DON) , 15-aetyl-
deoxynivalenol (15-A-DON) and total toxins produced by strain 3. 4522 were statistically significant. The coefficients of
the regression equations indicated that water content and incubation time were the key factors affecting the production of
3-A-DON, 15-A-DON and total toxins by F. graminearum strain 3. 4522. While the results of Plackett-Burman model de-
signed on the basis of L18-Hunter results showed that the absolute concentration of doxynivalenol (DON) and the total
toxins, logarithm concentration of DON , zearalenone (ZEN) ,DON and its derivatives,type B trichothecenes,and the total
toxins were statistically significant( P =0. 0345,0. 0148 ,0. 0022 ,0. 0029 ,0. 0068 ,0. 0067 ,and 0. 0006 ) , respectively. The
R of the models were 0. 8124 ,0. 8616 ,0. 9287 ,0. 9216 ,0. 8945 ,0. 8951 ,and 0. 9543 , respectively. The coefficients of the
regression equations showed that incubation time , temperature , and initial pH value of the matrix were the key factors for
toxin production of F. graminearum strain 3. 4522. Conclusion Incubation time,water content within a certain range (20 —
50% ) ,temperature ,and initial pH value of culture base are the key factors affecting toxins production of F. graminearum.
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1.2 EEBELRA AL (Class 1T Type
A2, & [# Labconco Corporation /A ) , B [# &7 £ 46
(MIR-253, HA SANYO Electronic Co, Ltd) , & &
K #% ( MLS-3750, H 48 SANYO Electronic Co,
Ltd) , M4 ( AX120, 5 [H CARBOLITF A ) , 6 1R
A48 (HPG-280B, M R I AR B HL 7 42 R HF B
Hl) AU A% (T25, [ IKA AR, WAL (£
Organomation associates /A 7)) , ACQUITY TM Ultra
Performance LC 43 & ¥ 0 fll Quattro premier XE =
DY R e H B3 A (38 [E Waters 24 W ), My-
cosep226 R Z Ijfigit bt (3¢ E ROMER A +]) , 5
R - HAHE - TR EE SR AL (PDA, Jb o =25 RHE
FELF]) , HEE (95 E Dikma 28 A, @4k | 20
(& [H Fisher 23 Al A i540) | R ( 3E[E Fluka A A,
GyHT4l) .

1.3 A*%E%& 0.01 mol/L pH 7.4 K #mkh
( phosphate buffer solution,PBS) 2% i , % SCHik[ 8 ]
FURBCE ; OHE - KW (84:16,v/v) ;40% H FE/K
VS5 10 B LA BE R AR MEART & .50 pg/mL ZEN
NG 103.7 pg/mL T-2 3R SE A WA FH 56
&l SUPELCO 2> 5,100 pg/mL fit %055 Ji 4 7] 1 M
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DON-3-# %j B4 1F ( DON-3-glucoside , DON-3-G ) Z,
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100. 9 pg/mL =5 Ji& # JJ & 4% BE ( nivelonol , NIV ) £
JiE % W, 101.6 wg/mL HT-2 # £ & M5 I8 .
102. 2 pg/mL e B ] R 1A BE ( diacetoxyscir-
penol ,DAS) Z if % W . 102. 1 pg/mL Ff JJ 1 Bi-X
(Fusarenon X ,FX) LN %W ( 9 ROMER A H])
I3 I B — e ALY 10 Fh BB 7 & ARG A T
10 mL FE O Z I, F 40% 1 H ISR 5 0 E 45 &
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£ 1 L18-Hunter SLE0 T KA PSS

4 ; o - . e N . BRI (pg/kg)
TS WE(C) KAER(%)  pH  EEFEEE(d)  ESRE EERE R
3-A-DON  15-A-DON  #HE ik
1 18 50 9.0 42 &5 ok EEDLR 0.5 0.7 1211.2
2 35 20 4.5 42 i3] VAN ] 0.8 0.8 10.2
35 50 4.5 42 i Fok HImEsC R 187.9 1355.9 5 868.2
4 18 50 9.0 4 HE N IR 0.0 0.0 1.3
5 35 20 9.0 4 R FAK LR 0.6 0.0 1.1
6 35 50 9.0 4 e N EGOEIR 1.2 0.3 13.5
7 18 20 4.5 42 e INE EELIR 0.0 0.0 0.0
8 18 50 4.5 4 ] N SRR 0.0 2.5 3.4
9 35 20 9.0 42 e INEE ARG 0.0 0.0 3.5
10 18 20 4.5 4 e KAk ELLBRR 0.0 0.0 0.0
11 18 50 4.5 42 i Bk LB 46.7 813.7 1581.2
12 35 20 4.5 4 HE Ak ELDLH 0.8 0.1 1.7
13 18 20 9.0 4 PR A BIRE R 0.0 0.0 0.7
14 18 20 9.0 42 i Ek O EZOEM 0.0 0.0 2.8
15 35 50 4.5 4 IR AR ESDLH 0.9 0.0 1.2
16 18 20 4.5 4 e A BIREREE 0.0 0.0 0.0
17 35 50 9.0 42 5 oKk LR 97.7 746. 6 2749. 8
18 35 50 9.0 42 ] ok WIESsCE 125.0 610.6 2892.5

0.1, BIRGE 12 h 88— OEIRET I 36 W HOGATBEES 55 3590 10 cm (907 B BT 2. IR G I T3 T 04T 853600, B R B & — ik , B4
RSB UAAITA | min; 3. BEEOGRURRE RN 9250 1 8155 559 11 R BRARRREE 42 52 G IR, %8 2 B IS JR 48 AN S 90 J 1 15 72 ) A A ATl
2% 4. B & HH Jy DON NIV .ZEN 3-A-DON ,15-A-DON DON-3-G \DAS HT-2 T2 Fll FX 10 F JI &R 2 H; 5. B E K F—RE P T
FE o =0. 05 JKCOP BRI A 250G Soi b8 LI E R BRI A 2R B G 238 U HAb R E K51

% 2 Placket-Burman SZ565 3511

Shas  RE(C) KAEE(%) WIRpHE  HRIE () HRER ()
1 35 90 9.0 49 150
2 20 90 45 49 150
3 20 50 9.0 4 150
4 3 50 45 49 100
5 20 90 4.5 4 150
6 20 50 9.0 4 100
7 20 50 45 49 100
8 35 50 4.5 4 150
9 35 90 45 4 100
10 3 90 9.0 4 100
11 20 90 9.0 49 100
12 35 50 9.0 49 150
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2.1 LI18-Hunter &3t 2302 % X 3 thARSHE )
WrERE B E R EAT T 2080, 5 o =0.05 fR
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P g R BRI R DL 45 SR8 G i (B
P{EZF5140. 0425 .0.011 8 F10.040 1), #i %I R* 43
514 0.802 0.0.863 0 1 0.805 4, £ W #H &= &
80.20% .86.30% F11 80. 54% HY 7% 543 A 13 44 T #i
BRI IRLE Ko B i W0 hn pH (E  BE 3R] GBS
B IR FDE X 7 AT R S — A e
JUAS, 75 B S8 S A 19.80%  13.70% #i
19. 46 % W28 SEANRE 2B RV e, LAY = B 51
B BHPESEJE 0L 1, X bk [ml 05 R 2R B0aE AT 3k
K, 25 L F W, 75 1T RE 52 R 45 9k T B 7 7 AR
B KRG PG pH (H KGR R] Gl AR R
Sy JEHREE T AN UK S B (P AE S5
470.029 3 .0.007 4 F10.018 9) FIIEFEAF ] (P {8 4
514 °0.0302.0.007 4 #10.0189)2 MHTEFHS
TR B RS2 AR T 3. 4522 7™ 3-A-DON
15-A-DON J 10 g3 S 1 SRR+

2.2 PBEAZHBLER(K3) XNAFWIIH
3.4522 PEREM 1A 5 BRIEAT O 22 00, S SRR
i o =0.05 FRifE, 20 L {2 DON ¥ JBE 2 XA |
DON ¥ B X 5U{E \ZEN ¥ XU \DON K H AT A
Yy BE B X A B 2K B 6 25 T Ak W v v
BRME T 2 SRV 3 A X (KR 55 BT AR TR 4L 2
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RAG 222 L (P {H5 514 0.034 5,0.002 2,
0.0029.0. 006 8 .0.0067 .0. 014 8 F10.0006) ,F %! R
34 0. 812 4 .0.928 7.0.921 6.0.894 5.0.895 1,
0.861 6 A1 0.954 3, £ B & K /” & 81.24% .
92.87% . 92.16% . 89.45% . 89.51% . 86.16% #I
95. 43% ()78 543 A FE B RY (R B UK 70 % & BT iR
pH {8 3EFR 0 AL FIE IR B X 5 A it —A>
LA, IR B S AR b o 18.76% 7. 13%
7.84% .10.55% .10.49% 13. 84% Fl4. 57% A~

IR R, N AR [EE O R R B AT B A
B S5 R R W] TE VT G852 AR A Hi T TR R AU
Koy E g WG pH AE 53R I [ A FR 5 55 5 4>

R, 8% 37 B[] 2 5 i R 45 ik 0 1R 3. 4522 77
DON {5 F (P =0.006 0) ; %} DON X 54 {i 1fij
T, KRR (] AR R 5 e R A ik ) B 3. 4522 7
DON [ CHE R - (P {43124 0. 000 2 F10.0212) 5
X ZEN \DON K HLATT A v FEE X BUU(E B 2 vty 160
BEI AL A YU BE XA (LA 10 Fh i R B vk 4
XHET 5, K 5B R R A4 T 14 3. 4522 77 1
R HEZR B OCHE R (P B 43024 0.000 2,0.000 6,
0.000 6 F10.001 8) ; X 10 Fl 7 2 & X BUE T 75
BR SR (] A1 0] 4f pH (B2 52 W R 43 Hik 7T 1R B A
3.4522 77 10 FpEE R S8 1 L T (P <0.000 1
M P=0.0334),

F3  PBBAMYUS ML

‘ o ERAT
S il /M: Wi {h% ff% DON DON ZEN DON FHAT B KM o YRV

() Ha pH  HEI(d) Fa(g)

gRHE PR MBI MR KRV i A

1 33 09 9.0 49 150 75771 2.88 1.44 2.94 2.95 917.07 2.96
2 18 0.9 45 49 150  560.78 276 3.66 2.95 2.96 5 508. 40 3.74
3 18 0.5 9.0 4 150 16,60  1.22  -0.21 1.56 1.56 36.52 1.56
4 33 05 45 49 100 110477  3.04 3.73 3.18 3.20 6 896. 17 3.84
5 18 0.9 45 4 150  48.46  1.69 0.72 2.00 2.03 111.37 2.05
6 18 05 9.0 4 100 1641  1.22 0.44 1.38 1.38 27.05 1.43
7 18 05 45 49 100 644.25 2.8l 3.41 3.40 3.40 5 069. 87 3.70
8 35 05 45 4 150 5421 173 0.84 2.02 2.02 110.91 2.04
9 33 0.9 45 4 100 5680  1.75 0.61 2.14 2.14 140. 82 2.15
10 3 09 9.0 4 100 8107  1.91 0.52 2.12 2.13 137.97 2.14
11 18 09 9.0 49 100 12139 2.08 3.27 2.37 2.39 2091.87 3.32
12 33 05 9.0 49 150 1769.14  3.25 3.07 3.45 3.46 4092.87 3.61

T AR R A KU (A pg/ke) , X ERERR AR XA

3 3 it

T A P — 1T 2 B geit
SN FHI MR 1B 242 B, o0 I 37 5%
A T (3l A= 2 A TR S A AR A — A T
AR AR B T Al R R AR
Py E B R 4, 7E £ A A SR HE A ok
A AR,

T L18-Hunter BRI X 2 AR 48 )T 0 ™
BERRTY 1 AR (RS HRJIIE 3. 4522) A & L, %
—PEEERE R AR T 3. 4521 o X, H 7 AN
FHUA 2 A B, H I T ZE T HoAh (938 T
R, s SIS S B TIREE , DAV TR 23 i T
FPERER B R 2. AR R L18-Hunter #5550 [y 52 46 4%
JEAE KGR OGBS A3 2R B R
WS B 5, HK A3 2k 20% B 7= 2 AR /b sl A
EAREEE IR F 22 L18-Hunter #5834y P

B RAT ik T T TR B 3. 4522 SMSEIR R BR LIRS ik ]
TR 5 2 AE R BB (1) T K S BE 5T, LAHTYR L18-Hunter
BT IR 45 o BRI el | $e sk o & i, Bl
Som BEFRFLASY 6 RRAEXT PR R R A S 3 Y 2
A EPRIREE K3 WIS pH (E 35 5% B[]
I b XEFRERAE N A AR B R AR N, i
17 PB BiRUA 5%, 7F L18-Hunter #5854 v | KL 7K 3
iR R R G 0 TR R ) OCHE - T AE PB S A
B TS K 4 & RO Y L18-Hunter 33111
20% F1 50% P #E 5] 50% F1 90% , F F I K 43 %
TR R £, 2R FUK & E e —
BBl N3G s, B 2™ St 2 0, T 2588 4 — s 3
I, B R i AN Rl BB K o n 3 g
A3 YA K o3 B i I T — g 7K, RS T TR
AERK ARKAR PR EEEA A8, Hitk
FERK oy SR AE—E L (20% ~50% ) 2 50
TR AT, HAE PB AR E M
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PCB153 %% INS-1 ZHfa s 1HE1E B R Hl -

TR R, TR 2 E R e T &

W E.BE Fir2,2,4,4,5,5- NEBKE(PCB153) MHASMEFRES B 40k (INS-1) 40 35 PEAVE FH
M, A3k PCBI153 #% 3 HIEH(1.3.6 pmol/L) , —HI H: VX ( DMSO) NI % IR 2H | Ye 7 INS-1 40Jifg 24 h
Jo , K 4n A S R T I M4 (ROS) 7K 3 Caspase 3 Fll Caspase 12 ZR A T-AH G LR IR AKF, ER 3,
6 wmol/L PCB153 |45 ZH 4N 77 1% K 43 5 H7 (80.9 +8.7)% F1(42.2 +4.3)% , 5 LA KA FRHE(P <
0.05) ;3 wmol/L PCBI153 &4 ROS #(9.2 £0.4) JHT-%4(30.7 £3.4) % ,6 wmol/L PCB153 |4l ROS Ky
(13.7+1.6) JAT-FR N (40.4 +1.3) % , 5GHHIBL LA, ROS /K F-FZIMEIA T RBEII(P <0.05) ; 5%F B b,
3 wmol/L PCB153 7|54 Caspase 3 & 3.6 wmol/L PCB153 &4 Caspase 12 F£[H F 5K FEHA WM (P <0.05) ,
it PCBI153 F[i55 INS-1 48 T, S LR P I {5 5@ 1 1T 82 5 PCB153 Xf INS-1 0 iy s E A .

KT 2,24 4,55 - IR (PCB153) ;INS-1 40f; 40 T iH MR

hE %S R181.274 XHEFRER . A XEHES: 1001-0580(2013)01-0076-03

Toxic effect and its mechanism of PCB153 on INS-1 cells

HE Ping* ,RUAN Xiao-qian, DING Jing-ying, et al ( * Municipal Key Discipline and Specialties for Occupational and
Environmental Health, School of Health Management, Hangzhou Normal University, Hangzhou, Zhejiang Province
310036, China)

Abstract: Objective To assess the toxic effect and its mechanism of 2,2",4,4" 5 5'-hexachlorobiphenyl (PCB153)
on pancreatic B-cell line(INS-1) cells. Methods INS-1 cells were exposed to PCB153(1,3,and 6 wmol/L) in vitro.
Dimethyl sulfoxide( DMSO) was used as solvent control. After 24 hours, the rate of cellular survivors, percentage of
apoptosis, intracellular reactive oxygen species( ROS) level,and expression levels of caspase 3 and caspase 12 genes were
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