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Toxicity and mechanism of Fumonisins
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Abstract: Fumonisins are one kind of mycotoxin,mainly produced by Fusarium vertieilliodes and Fu-

sarium proliferatum. Crops contamination by Fumonisins is worldwide, especially for maize and maize

products. Currently, Fumonisin B, (FB,) is the main species among discovered Fumonisins with the largest

toxicity. This paper briefly describes the chemical structure of Fumonisins, toxigenic strains and metabo-

lism in animals, with the focuses on toxicity and mechanism. Discussion and outlook on how to reduce harm

of Fumonisins to humans and animals are also presented.
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PR B B 5 R 22 4 v Y 0 SRR B 32 1A
TR E . ARBFFEAHT IR DR B AW Rk
A EAME TR R R B AR G A LR

1 RS R Y 2R

L1 fZEMR

T2 H AR S 15 3 FOR Bz Kl a9 AR B R
EZJE FB, JFB, il FB;, HA5f WL 17,

IREL T R b GRS A 2 3 T 7K X
FasE . 100 "C R 30 min WA REBIR H A . K5
B TR Jm 23 2% 25 T8 = IR MR I 2+ {FL LK g 7= 90 47
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, COCH,CHCH,COOH

H,C

KA.
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TEBER . WA, 4B R J) B (Fusarium antho phi-
Lum) FEE IR T J& (Fusarium napi forme) . 46 J&
MR8 T (F. anthophilum) A {4k T B (F. oxys-
porum) VL S 3L 45 M J& (Alternaria alternatafs ply-
copersict) FFWHEE A AR D TR FR L H X 28 ™ B T XF
AT S HL T i 0 75 Y R A /N
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Fig. 1
1.3 KREERENWENHR S
R T 25 AE S W R PN 18 TR A 2R ARG S AT
AW R AR . Shephard 2557 45 K BUI i v 5
Tl 7.5 mg/kg MY CARic iy FB, KW . 24
h J5 & B N AR IE YN 6620, Rk 3200, JiF
ok 10 7 B RN 2T 40 A A AR A (<1000
FHAE LR C FRid 4 FB, . & bR IiC 9 LT &3
AR SR N AR VB A LA N S AR D
i H 246 K 2 8bnic 9 02 K & A FBy JR Ak,
Shephard 25" fiff 5% & B, 45 K B % 6 ik i 4t FB,
Jei» HZEAE Al N A W) F B FB, R B K f B
FB, (PHFB,) D) J ff i 9 % 2 3B (AP . Fodor
EU Ry 5 & B B FB R BRI lcR Ry
AVo JEBRBER A 1201 FB #4k K APy, 3. 90 5%
fbk PHFB, ; 26 b 19 PHFBI 5 47%., AP, 5
12% 51 H & /N se L FB, .

Structure of Fumonisins
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2.1 #HEH

2.1.1 xtamewzisr MREV.RSHEXGRE
% | S i 1 5T ARCAE L RE R R BN 2, i i
JC B PE RSB PE R Az 3 2 I | R B RR 14 | ()
i A 51 HE g — se AR b PR, 7S, N
15 L 1 K AR E R R B N R R R s A Y
I 1 5T R ARAE 22 61t AN T G 2 AR 5 TR ER AT
AES Dh il 2 B A 2 . AR o ol 3R A R AT R
TR K BLRE % 10 i J5 A A 22 4 B B 1) A R
Kwon %5l i 5 KGRI AR 3 d R BRE TS
0.4 mg/kg 8% 0.8 mg/kg FEH FB,, & K 3|
12 KRB & IR BUAR T 5 A 350 B i I 25 2> . i
— AR A AN AE 3 d R T ES 8
mg/kgfy FB, , A K FH 12 K LI FB, fghs i i
I 57 B L H S A K FBy 9 K ARG 1 5 5 %
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1%

F & FB, (0.8 mg/kg) I, 78 K fixi v A7 & B FBy
0 AT BE R R R T EA A IR U I 22 ELAR X 4> R
KN, Kovacic 5 BEge 281 X B 12 4 1
i 1 B R R 100 mg/kg 87 10 mg/kg FB, Y4
B BB A% I 27 B f0 R 5T A 3G N IR S IR M A 2k
I o G0 A ZK L 8 B A4 L 0 10 AR RE AR Y B R
Gbore 21 43 M £ 0.2,5.0,10. 0 F1 15. 0 mg/kg
FB, (1) F} 0 W T 05 i A7 4% 6 S RIS &
5.0 mg/kg B E F A FB, J5, fE6% 0 % o
T LBk T 6 A 2 M £ 5 3 DX 3 R e K 95 P L 10
WY EE b A 5. 0 mg/kg B0 & & & FB, T #E
25 EATHE A A4 BN S AFR R R .
2.1.2 Az mieidimaEn KBRS
PR B R W] FB, X 40 M AIK 25 . B 5 v 5 AL B[R]
WRE M A R M s Y R A . 100
pmol/L (#) FB, Ab ¥\ 28 #it 25 B 41 Jifg 783 40 e SH-
SY5Y.48 h J5 WL %< B FB, f8 K Ik 40 Ml 1 2E A7 B
F175 B A 200 pmol/L ) FB, AbBE 24 h, IF %A &
X A M A #E . 50 pmol/L Y FB, b3
KB BB I R An M A, 8 d JE 2% B 40 st T
17 FEUAR [A) o B ) FB, A BEAR [ O 4 i 6 d, 5 %) R
AAH E, & LA Y A A RE O IR kR AR
B2 TR A A 2 A it FB, A B (R
FMO RNy A2 U-118MG 1 i T £ 4 fd 974 48
> KB GT1-7 & Fe M4 i > K B Co 1l i 5 £ 4
Ji 93 4 > N2 SH-SY5Y i 22 B 41 i 983 48 >,
L NS SH-SYSY it 28 BF 41 Jifd 8 200 fifd A 2
U-118MG i 5 S5 -1 200 it 988 40 I\ A bl 228 458 S5 41 e
XF FBy 1 U8 LR 28 T 4 i

HAMRERW REHR AN EERAKE
. [ Domijan 551 B 58 FB, Xf 7% 4 2 £k #f
25 U M A Pk S e B L BB, RE A M4 0T 4 i
ARG ZRAMRBBLEWEEGEE. W FB Al
B TR V] REAAE IR G BT
2.2 HYHNBRENSERMEN

Hal . A RREH R REEMN R FLE DT
FB, X JH B R0 i s AR . R RS B M i e
(0,15,50 i1 150 mg/kg FB, , M3 4 J&) F B, iT K
FUE R R S0 R AR F KRB &, 5 X
FB, M 2 L I & s A8 BRI % & (=15
mg/ kg, WEVE=50 mg/kg) 23 i ALK BL Y B E 45
i o AL 35 41 M 38 A AR PR 40 A AR bR AR T, N AR
FB, &4 150 mg/kg B, A 23 X E 7= £ 2R 1 L 9
S R BRG RANMH A R IRAE IR S AR AR

(AN R I i X YN SR VN DR
J& s BEAE TR 9 il K Bl 1A TR U 240 Jf SR S AT
U 200 B 1 2 Ak o B R o A B 5 — BRI AT
B RS (0.5 mg/kg. 7 DRI FB, B85 W T
Wb bR A e T i 7= AR . Grenier 285 BF 58 K
fit )5 FB, CHEB, ) XF A7 5% I #0AT JE /9 25 78 % 3R
HFEB, ¥&A 52T A 8 3 W B2 i 0P
el fizp 4 B 98 I« X B R FBy . 2 Y A8 T R e
FB, B 5% .

TR VIR W AL R s e R SR
FB, Alif & 0k 5 2 s ¥ JE . Gelderblom %87 fiff
T FB, Xt K B BDIX B8 PEEE 1, 45 R 22 10,
BREMEE S 50 mg/kg FB, (43 >90%) i) 1A kB,
26 MAEIBE T KRBT 45 Fischer 344/N/Netr
KEKW (2 4 R E & FB, (50 mg/kg Lh ) % 47
I B = R (TR N7 a = R | A0
WFR R KM SRR RSB R ALEE
SR IR A o R R R DX RE T A 4
S R AR H B 2R 48 A K B bR A A 2 i e/
Z W = I (Sa/So) WWAHSEAT 1 4 . 45 R L B8 I
& X BRI IR Sa/So Al M TR L X, iR IR
Sa/So HAHTE i AR K X 25 5 A K 36 W] 5 PE xR 5
PR O S T v X RN 25 R S B
RIREAEY A, S RBW ARG EERAITRRE B L
BEEmEENERENRZ —.
2.3 HYrEESHE

R TR R AEHFH W0 9% R G0, 18 1 S 4
il BEAR S W 0 A B e D Re . (1 s W) 2958 1 e g IS
FEA LR KR B BN FF . Qureshi UV HFSE T
PR H TR 2R 0 A X I R L 20 Y 52 e, 45 R R
FB, (10~100 pg/kg, AL 3 4 h) GEAE 5| A A1 X E b
Y M T S ARk L 77 A ZE A (] I I 0 3 AR T 4 i
T o 7 AR T BE A A o I AR A0 M 1 B 2 O AR
N5 | 7S £ G T oV 11 8 38 188 . L A5 45 XY,
NS FB, Ay HOMRL RS 2 A RIES 3R 4 i i B
0.5 mL BB W0 v TS 7 d J5 & BL.FB, R Xt
B 3 308 8 E PR A 7 A A o S 3 R X R
I J2E VLA

REWR WAL F B AWM PR G, Stock-
mann-Juvala % B 100 pmol/L 4k #2844 58 41
ML, &I FB, sl TR K Mg H+FRiE
2 1S 0 T X AR 5 A0 i v HG At PR B 2R A1 T

SR 3k K WK 5 TR R AT RE X N S VR TE Y fe

B PE. Devriendt 25 ffi F 5 N B M i F5 L 09T 4%
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VE IR BB R, BF 5% 1 IR BB, % A 9% R 51 5%
i), 5 5 4 B0, BBy B AE (8 i b JAt 52t 338 400 JHa 11 Ty B 32
E I A S S AR TR G =R N | N5 e £ 0 1Y 5
T 9 2 40 1 I 4 D B
2.4 HEEFH

R R 2R X B W) B A7 AE 2E B B PE. Francis
ZEBU A 10.0,20. 0 mg/kg FB, FIAF FB, 4k
AR 14 d, BRI A B /8 1 AE R A G L
DA JTT 2t 5 6T HERE L Jb 35 AR L AFL O R 5 | ke R B B
AR P54k, Ewuola 45 & 0. 13,5.0,7.5
M 10.0 mg/kg FB, 1kl 4a 752 1 G IR S
Xof i B A B RE 0 B R R L 45 SR R B I SRR PR
() A Zh M A0 A= 77 RE 1 B 25 FB, & B (0 38 0 i B 2
TR R A0 R B FB, A 0 8 n i 3
B #E FB, i5%) 7.5 #1 10. 0 mg/kg B, %2 4L 57 5| ™
A E L RWITE 7.5 mg/kg FB, /KFF il F2 i . ]
B AR ARG A 5 110 A= B i
2.5 HEYEH

RO RL A —E MY, T T
(1 IE B A A D Rk L 51 R AT W 40 MR R PR T
Doehlert 28 58 & B, AR D 1 R A 52 i) £ K Ff
T K 2 AR AT DUS I K R b R e O A
AT ) E K B G AR 4 42 £ . Desjardins 257 3@ i3
PRAMSS K B AR B TR R AR 5 IS FORAN 25, a4l 25
LB A REAE N — R H T REAEM . Abbas
AU TR AR Ih B 3R U TR PR R (Solanum nigrum
L. 13 i 5y I
Lo iy b 2218 . n] S BOE W 0 i OB A B A K 32
F P H ST, Kritzinger 257 5% 4R 5 5 2 X
4G IR PERT & B, FB, Al i 3 B0 A4 R T
K B MR ZE M A K L nT S BORR 25 2 4 v 40 i A o R
Y. 5B TUNEL 3o fl DNA F Bifb o0 #r, &
AR B AR 51 R oK R R HDLRE T L P 2 A LA
TR A 2 PR ) I AN R AR T

3 IRE R BEERE LT

H Al 0 TR B 3R 5 P 09 4 BL B R 58 42
) Y B A DG AR B R B M AR T AL B A BF 5
E—2iik.
3.1 REEEMEEEFGERBHIRE

FB, B—MBA MmN RS R B
| 5 ¥ & 8 5 2 (Sphingosine, SO) fl & M &85 &
B (Shpinganine , SA) AR AR ALL . 11 85 Jif 288 I 41 A 240 g
JREFN G AR 1 5 AL Y i 24 Gy VR D B A e e A

B¢ B (Datura stramonium

M AR A AL . Wang S0V 000 FB, 3l 58
G 7 AT P22 U N-2 T A B Tl 4L 2 AR 2
BT DR AR S BOM 28 3 2 T A= 0 IR A ) 36
S5 R 0 /D RN B S R 2R A ) B R PR
T E AR NAT S5 shaE A DT 2028 240 A R i) 3
P, Wang 5% 7E 4 R FB, 52 m A M T 40 i &
HL-7702 40 i J& 393 04 73 5 L) s 2 B A A [) e 12
FAS [F] 4 BRI (8] R L FBy B8 % & 3N cyclin E 3%
ik, BERER P21 Wik, BHIRIEE T LUE o B
F2 WA A 440 B A I TR T I TR e E ) e B B 2
Z ARG WL ) — N fE B T . Stevens ZEM %} Caco-2
YA ST R IA R« FB, 38 o 410 i 85 A5 2 09 & Bl
R 45 Wi 2% T e Z5 AL, AT S B bl 248 kAR AR
Myburg 25 58 2 58 A JE SNO B4 9 40 M iE 55
FB, &8 i 20 A 72 13 M A6 T R 3K 38 % 175 3 40 i 4t
T-.HY5 FB, WEA KR RN E (4,8 pmol/LAk
PR 24 b B, 4 A IR 25 A SR B, th B N Y
AT /MR A I IS e =R (16
pmol/L Ab ¥R 24 1) B, 40 A 25 Hh B0 Ik B 4, % ik
& 0 IR BE A F8 7R £ 5 DR A O 0 M AR T At T
RV B FBy 51 & 40 M58 T A LT, 1T IR B8 2 e vk B
ShEAN AT MHLH . BFREERLFB, 51 /N
JHBE M R W R B A e A R R EEIRA
REAE M 2 2195 B 2% J B FBy X /N B 35 1 0%
PRES B J5 - Sharma %0 iR 18, FB, 8% 5/ K
JHE 4 i P 40 M PR 7 Bl 983 SR A I F- TN Fa K35, /)
AN B> TNFe 8 0 g8 TNFR1 3 TNFR2
B FB, 5] 0 2 Pk S Ry B AR /D BRUAR P Gk 2
TNFq I, RN 17 /N B FEE s  , #E t
FLfth I, Sharma S F 58 T HAL K [F H 1245 5 A
T 25 R R B> TNFa (170 BRLCTKO) Hh
CD95-ligand (Fasl.) . TRAIL F1 F JiF{g 5 o T
FADD ., TRADD # caspase 8 I FRIA B E ST
WT BN A SR g B 1 TKO AL/ RO T 51 i
JFF 25 2 AR W 5 i SO PE . O SRV R 9E R B FB,
fiE 175 3 00 T 200 MR IR 3 R R A RR R 7 AL 2R
LA R HL S R R DL S AR L P ATP ik B 9 B 2 5t
f o AH JF AN 23 5] R 41 M PN 5 B R — S A AR K
kA E A, RFORIE T LR R H,O, & —
M+rEENVREIHE FB, 8E/EHMIES S 1.
ZE L TR AR 5 AT LA G| R R 2 A =L
Wi 2481 A Ak, 2 B0l B R T s A T H B IR S W R
5| 0 e o T B A T i AL b T g — 2 IR AT

e

Jto
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3.2 REEEXMEXNHHNF N

S AV R 48 LA ALE 1 32 45 R A R 1A
PR IS PR A a0 3 Pk 4 B O JE (reactive oxygen
species, ROS) f= A= i 2, A AL 2 8 H A AL W 19 3
AR R TR W NS = &4
it . Ae i A Ak f & 4B ROS S Ak A= i B
ROS 5 4= ¥y I (4 Wl B 16 R 52 14 R OC 1) 22 S 1 F1
g 117 PR 1) A0 e R A% IR 45 K 43— 1) Jot & A B ot o AR Ak
T R 5 3 S Ak 72 ) (Lipid PerOxide, LPO) ,
AT e 248 L 52 14 3 0 R o M R A s IR A
A M 45 kg R T RE A B AE . Yin NS 1~ 10
mmol/L ) FB, kb ¥ & & 59 @ J5 X5 1 2. &K W
FB, #2514/ A2 8E T i 2 b R 19 T8 6L
fnpe T 5 g BTk 4 Ak B R R AR B % AN
FB, s 7 4 75 40 J B5E (8] 49 3 S, 38 0 1 JEE 1Y) i
P T U5 T 4 AL N A AR M M. Abel
Gelderblom"**! 3 32 ¢ B A T HF 38 562 A6 DA o o 4R
RN & FBy 3 AR FH A — A HL ] B AN 2 0 — 1Y
YERIALHI . Domijan %1 #F 5% & #. FB, BEH% n K
B P B O 5 e 400 P A N 26 SH-SYSY i 28 B 241 fitd I8
248 L v 3% P S B A i R T R RO A 5 7
FB, 4b 2 A I f ot 4 it & 3 FB, WA 2022 g it
SUR = (YRR N P (E RN N R R S =
PN EA N S FBy 5]k 40 i B 1 o AH OC 15
T2 B8 A o e T L A4 D[] )7 3 P AR 3 2 o 3G
AW H IR EE A AR B O AL 45 BE B A AR .
AN R B 58 45 R R W L R BT i AR Ak R 2 FBy #E AR
FH —Bh 25 5L i A AR BLE Y, Xing 450
I B FB) Reifs S iG M ™ W)  A  TE M )
16 FB, i 24 M A0 -3 8 vh 4y 8O0 A A, — 7 T
REWZ 12 JF nH SRR Dy BB 2K AL 50 — Jr I RE 12 1 K 4
M 1) A2 X O R SEFE T 5 R RO T O Y A i BE
AL R AL TR A
3.3 MEIEKERESY I HEM

Domijan 2" B 5% FB, X K R F B E B KRR
20 RN 2 B 28 B 20 R 10 3 1 a5 A B L FB, 1Y
20 5 P A e R R S AR L K 2 B R R AR AR D
B % (200 pmol/L. 4b B 24 W) S 55F . X ¥ FB,
g 3 2R AR T R BE h 2 G TG B, T 3L
SRR LU SR B 98/ )N 52 ) 4 A A WP WA FH L 440 B 1)
F AR Ak T M A W ) RN A AR ST T R s
B o SR A I P S 3N (FL 20 L PN 1 5 T M A
O IR B et g T 0 R Sz o HG S o S 0 ]
B A2 10 P 807 0 1 38 I T RO AR () — S AR

BT 5 | 7S 25 I TR 25 i % 484 5 3 W] 40k A ) g o
fer e BB, 51 401 25 1 04 1 AL
3.4 FFEfEEMN

R B ZR 0] A 2 T 5 Rl ) 400 A A P S O
PERIEE PEAT O L 3 T A HT AL R ol = TR 55 1 9 IE
35+ AR T 2R BN O R B T8 AR B A U )
Bondy 451 45 ¢ & 464 1 /N AR IR & 0,5, 50 il
150 mg/kg FB, ByEY) 26 J& Ot 9 2% 5 /0 RO XS
A7 1A% T ) 1 TRAR SRR dh D LSRRI 2 R
Foft 9 /0 B P B 9 R R ML VR 2 S T T
072 AR 22 B SORF TR B R AR AL TR AL
il .

4zt ®

IR B 2R 15 YR B A LA ik 1) — b 2 52
U B R A i — 2B 2R FOE W) O] BE BUE
7 DR = B/ R DNE SO /9 SR SN U R o a8
AR T 2R AT 51 B 4 I 1 S A A A R K e
W &3l W B B R AR 35 4 - S Y U P
EIRAE . HEFET Y kA AR B R B PR AL
M ARG, ETRIBEERTAMEE ML
HL IR T 2001 AFHIE TR B B R AR S IR R
sty AR BR AR 1 L L RE A 2 1 R R R R f R Bk B R
B(MRIEHN 1 ~50 mg/kg. ZEE M T H 2
mg/kg o R IBEA E HR A 2H SR BT AR 2 2
B AN A B A L KT R Wil E T SC R bR,
WER SR M H R K Z|ARN 2 pe/ke.
FEE MY E R (FDAME X PR D HEER
B REN 1 meg/kg, BRI FE K CRINT) (E K
TET O ) R L B T A4 5 K Al it ) S ) R A o o 251
2.1 0.4 mg/kgt ™. YT, 32 B B
P2 09 07 R R AR B A SR PR R R A L
oK LB 1 it 2 5 W £ i mRDRE B R . R 4R
LR BB A8 T 2 7 o T B LT 7 s e Ak
T AT 5T PR A T 4R LA = (D E T
Lanubile %1 % B, 75 F K Bk FUKF i th o K 7] B
DR 20 7 41K T 58 IR Bk T 5 T I 3 A 3R KA LAY AE 22
S+ PRI T L3 Ao o5 738 Ao, AR 10 i AT B 32 1y
PU L A AR e 1 Al 2 T D AR S TR R X R OK 1
e o (20 ) PR A= 9 35 DR TR o K e il PR 5 A )
B sl A f3 A 7 A DR ) K I 9 T 4]
R B2 5 e B BOK R AR R v A )
WY AK A FB L s R R T R X B e
(3 T O 2 400 o) e 0 T A A ™ AR T TR BE T Y
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{0 0 SRR s ) L X A7 i (995 B . ASBIE S 2 AE B
8 0 PR AR A ) B T T T L A T — e
RU R Z AR BB L RTINS
00 A A o 3 iR X AR T TR AR AR AL ER A F 5 L
— 2 R W] G2 PR A P LB O By G A8 3 B it P
MR TR IR o T 5 T A TC 2 B0 DR R e 280 14 7 15 ok Tk
R AR T T RO AR AR B ™ G e

Ersdd

(1]

(2]

(3]

(4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

Shin J,Kim ], Malapi-Wight M, et al. Protein phosphatase 2A
regulatory subunits perform distinct functional roles in the
maize pathogen Fusarium werticillioides [ J]. Molecular Plant
Pathology.2013,14(5) ;518-529.
Grenier B, Bracarense A F L,Schwartz H E, et al. The low in-
testinal and hepatic toxicity of hydrolyzed fumonisin By corre-
lates with its inability to alter the metabolism of sphingolipids
[J]. Biochemical Pharmacology.2012,83(10):1465-1473.
AR RO AR AR, S5 IR T R R E R [T, B
B0 PR IR 2012(5)  56-57.
Pan D C,Li J G.Qian G L, et al. Fumonisin and toxicity [J].
Shanghai Animal Husbandry and Veterinary Communications,
2012(5) :56-57. (in Chinese)
Laurent D,Platzer N,Kohler F, et al. Macrofusin and micromo-
nilin; Two new mycotoxins isolated from corn infected by Fu-
sarium monili forme []J]. Microbiol Aliment Nutr,1989,7(3)
9-16.
Voss K R R. Fumonisin toxicity and mechanism of action: O-
verview and current perspectives [ J]. Food Safety,2013,1(1):
50-69.
XN FE mEe KRSEEMVRER [J]. 2R R E,
2009(24):11397-11399.
Liu SY,Yang M H. Research progress on fumonisins [J]. An-
hui Agricultural Sciences,2009(24):11397-11399. (in Chinese)
E8 ¥ Pt - P N A g L AR N B R CE/ LD/
AT MR AL (D], PEAERMABR R 2 . A AR AR
2014,42(1) .78-82.88.
Guo Y D,Liu Y R,Yuan Y H,et al. Fumonisins contamination
in major food products and its dietary risk assessment in China
[J]. Journal of Northwest A&.F University: Natural Science E-
dition,2014,42(1) :78-82,88. (in Chinese)
Domijan A. Fumonisin B; : A neurotoxic mycotoxin [ J]. Arhiv
Za Higijenu Rada 1 Toksikologiju.2012.63(4) :531-544.
Shephard G S, Thiel P G,Sydenham E W. Determination of fu-
monisin B; in plasma and urine by high-performance liquid
chromatography [ J]. Journal of Chromatography, 1992, 574
(2):299-304.
Shephard G S, Thiel P G,Sydenham E W,et al. Fate of a sin-
gle dose of *C-Labelled fumonisin By in vervet monkeys [J].
Natural Toxins,1995,3(3) :145-150.
Fodor J, Balogh K, Weber M, et al. Absorption, distribution

and elimination of fumonisin B(1) metabolites in weaned pig-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

lets [J]. Food Additives and Contaminants Part a Chemistry
Analysis Control Exposure & Risk Assessment,2008,25(1) ;
88-96.

G BRE A AR R TR AR TS (). Bk
Tl ,2007(20) :55-57.

Jin H T,Chen D F,Li S Y. The research of fumonisin toxicity
[JJ. Feed Industry,2007(20) :55-57. (in Chinese)
Gelineau-Van Waes J, Voss K A,Stevens V L.,et al. Maternal
fumonisin exposure as a risk factor for neural tube defects
[J]. Advances in Food and Nutrition Research,2009,56;145-
181.

Kwon O S,Schmued L C,Slikker W. Fumonisin By in develo-
ping rats alters brain sphinganine levels and myelination [J].
Neurotoxicology,1997,18(2) :571-579.

Kwon O S, Sandberg ] A, Slikker W. Effects of fumonisin B,
treatment on blood-brain barrier transfer in developing rats
[J]. Neurotoxicology and Tteratology,1997,19(2) :151-155.
Kovacic S,Pepeljnjak S,Petrinec Z,et al. Fumonisin B neuro-
toxicity in young carp (Cyprinus carpio L.) [J]. Arhiv Za
Higijenu Rada I Toksikologiju.2009,60(4) :419-426.

Gbore F A. Brain and hypophyseal acetylcholinesterase activi-
ty of pubertal boars fed dietary fumonisin B; []J]. Journal of
Animal Physiology and Animal Nutrition,2010,94(5) :el23-
el29.

Stockmann-Juvala H,Mikkola J,Naarala J,et al. Oxidative st-
ress induced by fumonisin B; in continuous human and rodent
neural cell cultures [J]. Free Radical Research,2004,38(9):
933-942.

Domijan A, Abramov A Y. Fumonisin B; inhibits mitochondri-
al respiration and deregulates calcium homeostasis: Implica-
tion to mechanism of cell toxicity [ J]. International Journal of
Biochemistry &. Cell Biology,2011,43(6) :897-904.
Osuchowski M F,Sharma R P. Fumonisin B induces necrotic
cell death in BV-2 cells and murine cultured astrocytes and is
antiproliferative in BV-2 cells while N2A cells and primary
cortical neurons are resistant [ J]. Neurotoxicology, 2005, 26
(6):981-992.

Galvano F,Campisi A,Russo A, et al. DNA damage in astro-
cytes exposed to fumonisin By [J]. Neurochemical Research,
2002,27(4) :345-351.

Stockmann-Juvala H, Naarala J, Loikkanen J,et al. Fumonisin
Bi-induced apoptosis in neuroblastoma, glioblastoma and hy-
pothalamic cell lines [J]. Toxicology, 2006, 225 (2/3) ; 234~
241.

Domijan A M, Kovac S, Abramov A Y. Impact of fumonisin
B on glutamate toxicity and low magnesium-induced seizure
activity in neuronal primary culture [ J]. Neuroscience, 2012,
202:10-16.

Voss K A,Chamberlain W J,Bacon C W,et al. A preliminary
investigation on renal and hepatic toxicity in rats fed purified
fumonisin B; [J]. Natural Toxins,1993,1(4):222-228.

Harrison L. R,Colvin B M, Greene J T,et al. Pulmonary ede-



168

P A e MR K 0 AR

544

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

ma and hydrothorax in swine produced by fumonisin By, a
toxic metabolite of Fusarium monili forme [ ]J]. Journal of
Veterinary Diagnostic Investigation,1990,2(3) :217-221.
Bouhet S,Oswald I P. The intestine as a possible target for fu-
monisin toxicity [J]. Molecular Nutrition & Food Research,
2007,51(8):925-931.

Gelderblom W C,Kriek N P,Marasas W F,et al. Toxicity and
carcinogenicity of the Fusarium monili forme metabolite, fu-
monisin By, in rats [J]. Carcinogenesis, 1991, 12(7); 1247-
1251.

Li Y C,Ledoux D R,Bermudez A J.et al. Effects of fumonisin
B; on selected immune responses in broiler chicks [ J]. Poultry
Science,1999,78(9) :1275-1282.

Yoshizawa T A, Yamashita Luo Y. Fumonisin occurrence in
corn from high-and low-risk areas for human esophageal canc-
er in China [J]. Applied and Environmental Microbiology.
1994(5) :1626-1629.

B X T M, E AR AR R S R X ANREIR B R R
A BR A M AR/ M R B R [T Ak
BF5%.2001(6) :365-367.

Qiu M F,Liu X M,Wang Y H,et al. Survey on the fumonisins
intake and the urinary Sa/So ratio of people suffered from a
high incidence of esophageal cancer [J]. Journal of Hygiene
Research,2001(6) :365-367. (in Chinese)

Qureshi M A, Hagler W M ]. Effect of fumonisin B, exposure
on chicken macrophage functions in witro [ J]. Poultry Sci-
ence,1992(1) :104-112.

Stockmann-Juvala H, Alenius H.Savolainen K. Effects of fu-
monisin By on the expression of cytokines and chemokines in
human dendritic cells [ J]. Food and Chemical Toxicology.
2008,46(5) :1444-1451.

Devriendt B, Gallois M, Verdonck F,et al. The food contami-
nant fumonisin B; reduces the maturation of porcine CD11R1
(+) intestinal antigen presenting cells and antigen-specific
immune responses,leading to a prolonged intestinal ETEC in-
fection [J]. Veterinary Research,2009(4) ;404.

Francis A,Gbore T J O M, Gabriel-Ajobiewe R A O G. Evalu-
ation of the reproductive toxicity of dietary fumonisin By in
rats [J]. Jordan Journal of Biological Sciences,2012,5(3);
183-190.

Ewuola E O.Egbunike G N. Effects of dietary fumonisin B; on
the onset of puberty,semen quality, fertility rates and testicu-
lar morphology in male rabbits [J]. Reproduction, 2010, 139
(2):439-445.

Doehlert D C,Knutson C A, Vesonder R F. Phytotoxic effects
of fumonisin B; on maize seedling growth [J]. Mycopatholo-
gla,1994,127(2) :117-121.

Desjardins A E,Plattner R D, Nelsen T C,et al. Genetic anal-
ysis of fumonisin production and virulence of Gibberella fu-
jikuroi mating population A ( Fusarium monili forme) on
maize (Zea mays) seedlings []J]. Applied and Environmental

Microbiology,1995,61(1) : 79-86.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[51]

Abbas H K,Shier W T,Seo J A,et al. Phytotoxicity and cyto-
toxicity of the fumonisin C and P series of mycotoxins from
Fusarium spp. fungi [J]. Toxicon,1998.36(12):2033-2037.
Kritzinger Q, Aveling T,van der Merwe C F. Phytotoxic effe-
cts of fumonisin B; on cowpea seed [ ]J]. Phytoparasitica,
2006,34(2) :178-186.

F O AR T R T 0L R T R A I B T 0 A N A
WF5E (D] Ml k4, 2011,

Fang C. Cell biological analysis of FB;-induced programmed
cell death in Arabidopsis thaliana [ D]. Guangzhou: Zhong-
shan University,2011. (in Chinese)

Wang E,Norred W P,Bacon C W, et al. Inhibition of sphingo-
lipid biosynthesis by fumonisins. Implications for diseases as-
sociated with Fusarium monili forme [J]. The Journal of Bio-
logical Chemistry,1991(22) :14486-14490.

Wang S,Liu S, Yang L, et al. Effect of fumonisin B-1 on the
cell cycle of normal human liver cells [J]. Molecular Medicine
Reports,2013,7(6) :1970-1976.

Stevens V L, Tang J. Fumonisin Bj-induced sphingolipid de-
pletion inhibits vitamin uptake via the glycosylphosphatidyli-
nositol-anchored folate receptor [ J]. Journal of Biological
Chemistry,1997.,272(29) :18020-18025.

Myburg R B, Needhi N,Chuturgoon A A. The ultrastructural
effects and immunolocalisation of fumonisin By on cultured oe-
sophageal cancer cells (SNO) []]. South African Journal of
Science,2009,105(5/6) :217-222.

Sharma R P,Dugyala R R, Voss K A. Demonstration of in-si-
tu apoptosis in mouse liver and kidney after short-term re-
peated exposure to fumonisin B; [J]. Journal of Comparative
Pathology,1997,117(4) :371-381.

Sharma R P,Bhandari N, He Q R, et al. Decreased fumonisin
hepatotoxicity in mice with a targeted deletion of tumor necro-
sis factor receptor [J]. Toxicology,2001,159(1/2):69-79.
Sharma R P,He Q R,Johnson V J,et al. Increased expression
of CDY5-ligand and other apoptotic signaling factors by fumo-
nisin B-1, a hepatotoxic mycotoxin, in livers of mice lacking
tumor necrosis factor alpha [J]. Cytokine, 2003, 24 (5) ; 226-
236.

Yin J,Smith M J,Eppley R M, et al. Effects of fumonisin B,
on lipid peroxidation in membranes [ J]. Biochimica et Bio-
physica Acta,1998,1371(1):134-142.

Abel S, Gelderblom W C A. Oxidative damage and fumonisin
Bi-induced toxicity in primary rat hepatocytes and rat liver in
vivo [J7. Toxicology.1998.,131(2/3):121-131.

Domijan A, Zeljezic D, Milic M, et al. Fumonisin B, : Oxidative
status and DNA damage in rats [ J]. Toxicology, 2007, 232
(3):163-169.

Xing F,Li Z,Sun A, et al. Reactive oxygen species promote
chloroplast dysfunction and salicylic acid accumulation in fu-
monisin Bi-induced cell death [J]. Febs Letters, 2013, 587
(14):2164-2172.

(F#4% 176 7))



176

P A e MR K 0 AR

544

[20]

[21]

[22]

(23]

[24]

George T,Wen Q,Griffiths R,et al. Human Pifl helicase un-
winds synthetic DNA structures resembling stalled DNA rep-
lication forks [ J]. Nucleic Acids Research, 2009, 37 (19);
6491-6502.

Sanders C. Human Pifl helicase is a G-quadruplex DNA-bind-
ing protein with G-quadruplex DNA-unwinding activity [J].
Biochem J,2010,430:119-128.

Snow B E,Mateyak M, Paderova J,et al. Murine Pifl interacts
with telomerase and is dispensable for telomere function in vi-
vo [J]. Molecular and Cellular Biology. 2007, 27 (3):1017-
1026.

Rawal P, Kummarasetti V B R. Ravindran J, et al. Genome-
wide prediction of G4 DNA as regulatory motifs: Role in
Escherichia coli global regulation [ J]. Genome Research,
2006,16(5) :644-655.

Johnson J E,Smith J S.Kozak M L,et al. In vivo veritas; U-
sing yeast to probe the biological functions of G-quadruplexes
[J7. Biochimie.2008,90(8) :1250-1263.

Singleton M R, Scaife S,Raven N D, et al. Crystallization and

preliminary X-ray analysis of RecG,a replication-fork reversal

[26]

[27]

[28]

[29]

[30]

helicase from Thermotoga maritima complexed with a three-
way DNA junction [J]. Acta Crystallographica Section D: Bi-
ological Crystallography,2001,57(11):1695-1696.

Bailey S,Eliason W K, Steitz T A. The crystal structure of the
Thermus aquaticus DnaB helicase monomer [ J]. Nucleic
Acids Research,2007,35(14) :4728-4736.

Fan L,Fuss ] O,Cheng Q J,et al. XPD helicase structures and
activities: Insights into the cancer and aging phenotypes from
XPD mutations [ J]. Cell,2008,133(5) : 789-800.

Dou S X,Wang P Y,Xu H Q,et al. The DNA binding proper-
ties of the Escherichia coli RecQ helicase [ J]. Journal of Bio-
logical Chemistry,2004,279(8):6354-6363.

Xi X G,Deprez E. Monitoring helicase-catalyzed DNA unwin-
ding by fluorescence anisotropy and fluorescence cross-corre-
lation spectroscopy [J]. Methods,2010,51(3) :289-294.
Zhang X D.Dou S X, Xie P,et al. RecQ helicase-catalyzed DNA
unwinding detected by fluorescence resonance energy transfer
[J]. Acta Biochimica et Biophysica Sinica, 2005,37(9):593-
600.

(E#E% 161 70)

[18]

[19]

[20]

JAFRAE T B TTC B SRS P A I I 6 AT 5 [, B3R
Bl2F2A,1996,16(4) :400-405.

Zhou C S,Yin J. A method for measurement of TTC-dehydro-
genase activity [ J]. Acta Scientiae Circumstantiae, 1996, 16
(4):400-405. (in Chinese)

Frf R IR A, AR W] Pk TTC- i &R A I ik a2 Wi ok
AR EYTEYE [J]. BT .2012.32(3) :93-96.

Qi L Q,Wang X J,Zhan D M. Study on determination of bio-
film activity in BAF by TTC-dehydrogenase assay [J]. Mod-
ern Chemical Industry,2012,32(3):93-96. (in Chinese)

JA WAk A VR B, 4. MBR 5 U8 B R E

[21]

R (1], A EERAR L . 2006(12) - 31-33.

Zhou H,Zuo Y S,Zhao H Y.et al. Improvement of determina-
tion on sludge dehydrogenase activity in MBR [J]. China En-
vironmental Protection Industry, 2006 (12): 31-33. (in Chi-
nese)

BOARAL AT MR O AL W B TTC-I & BE I 5 Jr 5 1Y
Hetk (1. BR85 R 244, 2011, 33(3) : 321-328.

Huang C H,Zheng Z L., Mei C Y, et al. The optimization of
TTC-dehydrogenase assay in Cordyceps militaris [ J]. Journal
of Environmental Entomology.2011,33(3) :321-328. (in Chi-

nese)

(E#% 168 7))

[52]

Bondy G,Mehta R, Caldwell D, et al. Effects of long term ex-
posure to the mycotoxin fumonisin By in p53 heterozygous and
p53 homozygous transgenic mice [ J]. Food and Chemical Tox-
icology,2012,50(10) : 3604-3613.

TR Pl T A T R A SR EALR R LT A
Bha#,2011(3) :311-316.

Zhang Y P. The research advance of biosynthesis and regula-
tion mechanism on Fusarium mycotoxins [ ]J]. Chinese Bulle-
tin of Life Sciences,2011(3):311-316. (in Chinese)

Lanubile A, Bernardi J, Marocco A, et al. Differential activa-
tion of defense genes and enzymes in maize genotypes with
contrasting levels of resistance to Fusarium wverticillioides
[J]. Environmental and Experimental Botany, 2012, 78. 39-
46.

[56]

e BERSRE R R, A5 AR T R A W B BURIRE A 04 B 5%
PEJR [0 v B Rl A 402, 2013(7) : 119-123.

Xu J,Wu S L.,Chang X J,et al. The research progress of fu-
sarium toxin biosynthesis and degradation [ J]. Journal of the
Chinese Cereals and Oils Association, 2013 (7):119-123. (in
Chinese)

SRR SRS, EHA I L 1 BRI T AR R R RS
VAR EER  ar RSE [T . VE AU RMRB R 22 ik F AR
Bl AR . 2013,41(7) :150-156.

Ye H C,Lai X W,Wang Y L,et al. Isolation and identification
of a Streptomyces strain capable of inhibiting growth and fu-
monisin production of mycotoxigenic Fusarium species [ J].
Journal of Northwest A&F University: Natural Science Edi-
tion,2013,41(7) :150-156. (in Chinese)



