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21 Fusarium
Alexopoulos (1996) Fusarium
Kingdom Fungi  Division Deuteromycota anamorph Division Ascomycota
Seifert (2000) Fusarium spp. Class Deuteromycetes
Class Hyphomycetes ~ anomorph Ascomycetes  Order Hypocreales
( saprobe )
Barron (1971 ) Fusarium
sporodochium phialide  (sporogenous cell)
vegetative hyphae conidiophore  conidiophore
phialide apical collarette phialospore 2
macrospore septate (elongate
cylindric) (curve) (boat-shaped) foot cell
phialide microspore septate
(ovoid) cylindric (spore halls)
, 1 phragmospore (macroconidium) boat-shaped
(hyaline) foot cell
Fusarium
(artificial media) 1-2
macrospore
(Gams et al., 1987)  Fusarium
(morphological
characteristics) macroconidia

Fusarium single conidia



conidium single genotype (mutation)
phenotypic variation

taxonomy single-spore method ~ hyphal tip method

(subculturing) (Nelson et al., 1983)

Nelson (1983) icroconidia acroconidia
aerial mycelium onophialides polyphialides microconidia
aerial mycelium macroconidia aerial mycelum  sporodochia
macroconidia sporodochia onophialides
macroconidia sporodochia central characteristic feature

sporodochia carnation leaf agar
10-14  macroconidia acroconidia
sporodochia sporodochia
microconidia ~ aerial mycelium microconidia 0-3 septate
macroconidia microconidia
microconidia chain  false head monaphialides
polyphialides polyphialides 1 (pore)
collarette
onophialide (septum) 2 polyphialide
Fusarium spp. onophialide
polyphialide polyphialide
Fusarium spp. macroconidia 1 '
(mutant)
polyphialide pionnotal mutants aerial mycelium
polyphialide chlamydospore
(induce) Potato dextrose agar
chlamydospore



Fusarium acroconidia  sporodochia
sporodochia ,
(pathogenic isolates) (virulence)
mutation sequence sporodochia
2 aerial mycelium acroconidia mycelial type
aerial mycelium macroconidia
pionnotal type  mycelial typew sclerotia, sporodochia ~ pigmentation
mutant macroconidia
pionnotal type macroconidia

onophialides
porodochial type macroconidia

Booth (1971 ) Fusarium 12 section 51

species Nelson (1983) Fusarium 12 section 46

species 1 (cultural
characteristics) macroconidia ~ sporodochia icroconidia  aerial mycelium (
1) conidiophores sporodochia — chlamydospores Fusarium

potato dextrose agar Slant ~ 10-14
conidia, conidiophore  chlamydosporeu carnation leaf agar ~ 10-14
icroconidia carnation leaf agar potato dextrose agar
Section Sporotrichiella  chlamydospore
chlamydospore

Fusarium  spp.
2 F. graminearum
apotrichothecene, 3-deoxysambucinol, calonectrin, Isotrichodermin,
dihydroxycalonectric aurofusarin -~ ( Greenhalgh et a/.,1988; Dvorska, 2000 )
Vorrucarins, roridins, satratoxins, baccharins fusarenone - X
Fusarium (Lesson et al., 1995 )



1 Fusarium

Section  Species

( Nelson et al., 1983)

Section
1 Eupionnotes

2. Spicariodes
3. Arachnites

Sporotnchiella
Roseum
Arthrosporiella
Gibbosum

8. Discolor
0. Lateritium
10. Liseola

11 Eleguns
12. Martiella and Ventricosum

Species
F. aguaeductuum F. merismoides
F. dimerum
F. decemcellulare
F. nivale F. poae
F. tricinctum
F. sporotrichioides F. chlamydosporum
F. graminum F. avenoceum
F. semitectum F. camptoceras
F. equiseti F. scirpi
F. acuminatum F. longipes
F. heterosporum F. reticulatum
F. sambicinum F. culmorum
F. graminearum F. crookwellense
F. lateritium
F. moniliforme F. proliferatum
F. subglutinans F. anthophilium
F. oxysporum
F. solani



1 Fusarium moniliforme
(Gibberella fujikurol) Booth 11971,
A. ascospores; B. icroconidia and conidiophores;
¢. macroconidia and conidiophores



2 Fusarium species

T-2 toxin
Ht-2 toxin

Monoacetoxyscirpenol (MAS)
Diacetoxyscirpenol ( DAS )

1) F. anthophlilum

[aS]

) F. avenaceum

) F. crookwellene

w

4)F. culmorum

5)F. diamini
6)F. equiseti

7 ) F. fujikuroi
8)F. graminearum
9)F. moliniforme
10 ) F. napiform

11 ) F. nivale

12) F. nygamai

13) F. oxysporum
14 ) F. poae

15 ) F. proliferatum
16 ) F. roseum

17 ) F. sacchari
18) F. sambucinum
19) F. solani

20 ) F. sporotrichoides
21 ) F. subglutinans
22 ) F. sulphureum

23 F. tricinctum

24y F. verticilliodes

Nivalenol ( NIV )
Deoxynivalenol ( DON )
Zearalenone
Fusarochromanone
Fumonisin

Moniliform

Fusarin C
Fusaproliferin ( FP )
Wanmannin

Butenolide (BUT )
Sambucinol, Sambucoin

3-acetyldeoxynivalenol ADON )



)

15)
16)
17)
18)
19)
)

20 )F.sporotrichoides

F
F
F. fujikuro
F

F. anthophhlum

F. avenaceum

. crookwellene

F
F. culmorum

. diamini

. equiseti

. graminearum
. moliniforme
F. napiform

. Nivale

F

F. nygamai
F. oxysporum
F

proliferatum

roseum

F.

F.

F. saccharl
F. sambuclnum
F.s

F. subglutinans

2 ) F. sulphureum

3)F. tricinctum

4 ) F. verticilliodes

)
22)
23)

)

Fusarium species

)

Nelson ef a/. (1992).

Thrane (1988).

Greenhalgh ef al. (1988); Thrane (1988).

Greenhalgh ef al. (1988); Lacey (1988); Sniders (1988);

Thrane and Lund (1988); Thrane (1988).

Nelson et al. (1992).

Mirocha et al. (1988); Rabie let al. (1982); Thrane (1988).

Ledoux et al. (1995).

Pathre et al. (1986); Greenhalgh et a/.(1988); Mirocha et al.(1989):
Betina (1984); Sniders (1998); Thrane (1988).

Steyn and Vleggaar (1988); Smith and Sonsadias (1993);
Vesonder and Golinski (1989); Rabie et a/.(1982); Betina (1984).
Nelson et al. (1992).

Betina (1984); Smith and Moss (1985).

Thiel and Marasas (1992).

Mirocha et al. (1988); Thrane (1989); Rabie et al. (1982); Betina (1984).

Leeson et al. (1995); Joffe and Yagen (1978); Thrane and Lund (1988);
Thrane (1988).

Nagaraj (1994); Ross et al. (1990); Rabie et al. (1982).

Thrane (1988); Speers et al.(1977); Betina (1984).

Thrane (1989).

Mirocha et al. (1988),

Thrane (1989).

Greenhalgh et al.(1988); Leeson et al.(1995); Joffe and Yagen (1978);
Betina (1984); Thrane (1988); Thrane and Lund (1988).

Hong anf Ji-lun (1988).

Leeson et al. (1995); Speers et al.(1978).
Leeson et al. (199

Thrane (1989).

5); Speers et al.(1973); Betina (1984); Thrane (1988).

il
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Norred (1993) F. moniliforme
fumonisin BL (FBL) 6.4 gmkg com F. nygamai FBL
7,000 ppm F. moniliforme MRC 826 20 13
FBL >179 mglkg FBL
FBL
chromatographic

Smith (1985)
Fusarium
F. sporotrichiella alimentary toxic aleukia
endemic osteoathritis 1 Kaschin-Beck
Fusarium Fusarium Zearalenone
Oestrogenic syndrome USDA (1990)
fumonisin leukoencephalomalacia porcine pulmonary
edema hepatocarcinogenic liver tumor Bermudez (1995)
fumonisin

Norred (1993) F. moniliforme culture material
5 2% 6 agglutinin
peritoneal  macrophages FBL 0.5 pg/ml
cytotoxicity blebbing, nuclear disintegration cytolytic
factor FBL

Chu (1995) Leghorn ,
F. oxysporum culture material 0 50% F. equiseti culture meterial 4%
TD-inducing agent tetramethylthiuram disulfide  (Thiram) 35 ppm
F. oxysporum Leghom Thiram
17% Leghom
tibial dyscondroplasia interdigital cutaneous
response to phytohemgglutinin-P cel-
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mediated cutaneous response to phytohemagglutinin-P tibial
dyschondroplasia

dyschondroplasia Chu (1996) tibial dyschondroplasia
cultural materials ~ F. oxysporum 0%, 30% 50%
2 tibial
dyschondroplasia 1 ) 23 4  glucosamine
10%, 33% 5% galactosamine 9% 13% 48%
glucosamine galactosamine plasma glycosaminoglycans
(GAGs) proteoglycan  proteoglycan
, extracellular matrix ~ growth plate count lope  connective tissue
serum  GAGs tibial

dyschondroplasia
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2.2 Fumonisin
Leeson (1995) fumonisins
' Fusarium moniliforme fumonisin BL (FB1)
F.moniliforme fumonisin
leucoencephalomalacia porcine pulmonary edema
fumonisin fumonisin
sphingolipid sphinganine sphingosine
sphingolipid
fumonisin (strongly polar compound)
1 acetonitrile-water — methanol
hydrolysis 6 MHCI  0.052 M
KOH tricarballylic acid (1, 2, 3-propanetricarboxylic acid)  fumonisin
Fumonisin AL A2 Bl B2 B3 B4
( 2) FBL ' fumonisin FB2
Fumonisin Fusarium moniliforme
F. proliferatum (Ross et a.A992),  F. anthophilum, F.
diamini, F. napiforme (Nelson et al.,1992) Alternaria spp.
(Chen et al., 1992)

Wang (1991) FBL
biosynthesis  sphingolipids ~ sphingosine poiyhydric alcohol moiety
FBL complex amino alcohol sphingosine

sphingolipid ( 3) sphingosine endoplasmic reticulum
palmitoyl-CoA serine 3-ketosphinganine
reduce sphinganine sphingosine ceramide
free fatty acid ~ acyl-CoA  sphingosine  glycolipid
ceramine sugar residue glycoshingolipid glycolipid

sphingosine-fatty acid combination
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COCH

HOOC

0] R2 OH CH,
HKC/\/V\/W\/\/\N
CH, OI CH, R, NHR,
M
O
\//

Fumonisin R r2 3
Bl OH OH H
B2 H OH H
B3 OH H H
B4 H H H
Al OH OH CH2CO
A2 H OH ch2o
2 (back bone) fumonisin

fumonisin (Leeson ef a/,,1995)
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OR OH OH
/\/WVW\/\N CH,
Fumonisin Bl
CH, OR CH, OH +NH,
OR OH OH
/\/\/\/V\/\/\/\/\/ s
Fumonisin B2
CH3 OR CH3 +\H,
OH
CH,OF
Sphingosine
+NH3
OH
/\/W\/\/\/\/\/ Rk
Sphinganine
H,
R = o}
HOOC
COOH
3 fumonisins BL B2, sphingosine  sphinganine

(Leeson et al., 1995)



Palmitoyl-CoA+Serine

3-Ketosphinganine

3-KETOSPHINGANINE
REDUCTASE

Sphinganine

N-ACYL+

TRANSFERASE

Acly-CoA

SPHINGANINE

REDUCTASE

Dihydroceramide

N-ACYL
v TRANSFERASE
Ceramide
« %

(sphingosine + fatty acid) / \

Sphingosine

CoA
Choline one or more
Phosphate sugar residues
Sphingomyelins Glycosphingolipids
(turnover)

X . pathways considered to be blocked by fumonising

4 sphingolipid
(Leeson et &, 1995)

fumonisins.
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( ceramide ) sugar residue  sphingomyelin (  phosphosphingolipid
fatty acid, phosphate, choline  sphingosine ) ceramide
CDP-choline  phosphatidylcholine - sphingolipids(phosphosphingolipids
glycosphingolipids) (cell membrane
integrity), (intercellular - communication) contact and
physiological activity sphingolipids
glycosphingolipid galactosyl-ceramide myelin
oligodendrocytes  Schwann cell (central and peripheral
nervous system) sphinganine  sphingosine-N-
acyltransferases ( 4) fumonisin
long-chain (sphingoid) base Substrate  (transition state

product analogs)  sphingosine ~ sphinganine-N-acetyltransferase

. F. moliniforme culture
material (FMC)

FMC fumonisin FMC
fumonisin-producing F. moniliforme fungi strain 5
(Weibking et al., 1993) organic solvent (acetone:
chloroform ~ 75:25) solvent solid residue
solvent
FBL FMC 2 mglgm (0.2%)
FMC
FMC 10% FBL 02% FMC
unknown Fusarium metabolites FMC confounding
effect  (Weibking ef al, 1993)  Norred (1993 )  unidentified cytotoxic
water soluble metabolites ~ F. moliniforme culture
FMC
Prathapkumar (1997) 2

black sticky diarrhea
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10% 20%
peripheral congestion

FBL 85 mgkg

aflatoxin BL 0.1 mg/kg F. moniliforme
FBL FBL 85 mgkg 1 15

4 2 6

FBL 8 16 mglkg 12

30 1 24

1= Fusarium '
Fusarium spp.
tibial dyschondroplasia (Waiser étal., 1980)
(Leeson et al., 985) Fusarium moniliforme

100mg | kgfeed (Ledoux et al, 1992)

Jordan (199) Fusarium - moniliforme
fusarochomanone (TDP,) 20 ppm leg deformities
tibial dyschondroplasia oniliformin 100 ppm
acute myocardial necrosis
fumonisin 250 ppm '

Brown (1992) F. moniliforme
FBL 300 mgkg feed 2 1%
30% multifoci hepatic necrosis, hiliary hyperplasia, muscle
necrosis, intestinal globlet cell hyperplasia ~ ricket  Ledoux (1992)
2 FBL 0 100 200 300 400 mglkg feed

thymic cortical atrophy, multifocal hepatic necrosis,

biliary hyperplasia ricket FBL 200 300 ppm FBL
serum calcium, cholesterol, aspatate aminotransferase Weibking
(1993) 1 FCM  FBL 525 ppm 3
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FBL 450 525 ppm
mean cell hemoglobin concentrations (MCHC)
FCM 225 ppm FBL
(isolated foci of hepatic necrosis)
(moderate diffuse hepatocellular hyperplasia)

(biliary hyperplasia) FBL  serum free
sphinganine level sphinganine:sphingosine ratio
fumonisin sphingolipid
biosynthesis ~ Weibking (1993) FBL FMC
15 ppm
Javed (1993) FBL (pure)
125-274 ppm 14 dose-responsive clinical sign
1 FBL
FB2 F. proliferatum culture material [
(acute death) spiking mortality syndrome F
proliferatum culture material ~ FB1.FB2 oniliformin ~ Henry Wyatt (1994)
FBL 1

FBI 0 20 40 80 ppm il

liver lipid FBI liver
sphinganine spinganine / sphingosine ratio
FBL 80 ppm performance
Espada (1994) FBL
3 2 pure FBL 10 mg kg
feed 6 6
5 2 2
Fusarium moniliforme culture material FBL 30

mg/kg feed 2 FBL 300 mglkg feed 8
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triglycerides, uric acid alkaline phosphatase
gamma glutamyl transferase, aspartate aminotransferase, lactate dehydrogenase,
creatine kinase cholesterol pure FBL (10 mglkg)
FBL FMC ( 30 mg/kg feed) Espada (1997)
plasma protein  coagulation modification
prothrombin  time plasma
fibrinogen ( FBL 30 mgkg feed  FMC) antithrombin |l
activity serum albumin serum  globulin
FMC 5
hemeostasis serum  protein
pure FBL (10 mg/kg) FBL FMC (30 mg/kg feed)
hemeostasis -~ serum protein

i (1999) FBL
1 FBL 0 50 100 200 mg FBl/kg feed
3 E. coli 4.6 X 106
2 60 120 180 180
200 mg FBLKkg feed
2 4
1 0.5 m 2 3
7 2
200 mg FBL/kg feed 3
mitogen cell proliferation [in vivo) FBL
200 mg/kg feed [in vitro) cell FBL 25 jag/ml cell
proliferation FBL (immunosuppres
Sion) 200 mg FBl/kg feed FBL
immune function sphingolipid biosynthesis
depletion complex sphingolipids free sphinganine sphingosine

sphingolipid - synthesis FBL cell proliferation
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sphingolipid breakdown product anti-proliferative tumor-suppressor lipids
humoral cell -mediated immune responses

FBL 5 ( 0.1-10
mglkg) FBL
FBL (stressor)
FBL
(1995) FBL  chondrocytes
epiphyseal growth plate viability
chondrocyte FBL 24 half lethal concentration ~ FBL 250
FBL 25 pm fumonisin
55 110 ppm
bone malformation FBL

skeletal problem
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2.3 ®19W# Moniliformin a8

7 .*_V /‘,

Moniliformin - (Sodium or potassium salt of 1-hydroxyl-cyclobut-1-
ene-3, 4-dione) plant growth regulator phytotoxin
F. moniliforme F. acuminatum F. avenaceum F. concolor F. equiseti F. oxyspcrum
F. proliforatum  F. semitectum (Rabie et al,1982)  Moniliformin

fumonisin
moniliformin F. proliferatum culture material moniliformin 21 ppm
40% 16 ppm (Javed et a., 1993
Burmeister (1979 F. moniliforme NRRL 6322
moniliformin -~ 600 mg/ .
LD50 28 pig/ 54 mglkg bw. 1
Allen (1981) Fusarium
moniliforme strain NRRL 6322 (M) 816 64 mglkg feed 12
M 16 mglkg feed M 64 mglkg feed
3 10 M 64 mglkg feed
LD50 7 pure moniliformin
1.38% 0.35 mglkg bw. 65
tachynea
Kriek (1977) moniliformin
(energy-
driven  transmenbrane transport) (disturbance)

(intracellular osmoregulation) (severe
intracellular edema) Thiel (1978) moniliformin mitochondrial
pyruvate  ce- ketoglutarate oxidations reduction of oxidative phosphoeylation
( adenosine triphosphate production) moniliformin pyruvate
dehydrogenase enzyme complex Gatheriole (1986) moniliformin

isolated bovine pyruvate dehydrogenase complex (PDH) thiamine
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pyrophosphate cofactor ~ PDH PDH molecular basis
additive synergistic interaction oniliformin -~ anti-thiamine factor
electrocardiography acute cardiotropic effect
oniliformin 3 pentobarbital sodium
40 mgkg bw oniliformin 1 mgkg bw
electrocardiogram 50 3 17
oniliformin 50 moniilformin bradycardia
15 P-R, QT STinterval
50 lliformin

(cardiac failure) (Nagaraj, 1995)

Ledoux (1995) 1 2
Fusarium fujikuroi  M-1214  cuiture material (MCM) 0
024 048 072 096 144 192 240  2.83% 02550 75 100 150 200
250 300 mg kg feed MCM 200 250
300 mg/kg feed MCM 100 mg /kg feed

' MCM 50 mg /kg feed
MCM 100 mg /kg feed
(cardiomegaiy with dilation of the right ventricle) MCM
75 200 mg /kg feed
(large and variably shaped cardiomyocyte nuclei)
(generalized loss of cardiomyocyte cross striation)

L (2000)
Li (1999) fumonisin lliformin
oniliformin 75 100 mglkg feed E. coll
oniliformin ... mg/kg feed
cell proliferation in
Vivo in vitro lymphocyte
proliferation moniliformin



moniliformin ... mg/kg feed
moniliformin performance
75 mg/kg feed

immune response

25
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24 Trichothecenes
Trichothecenes (TCT) Fusarium Sp.
100 TCT 2 acrocyclic nonmacrocyclic
acrocyclicTCT ( verrucarins, roridins, satratoxin baccharins)
non-macrocyclic 2 type A
T-2toxin HT-2toxin  diacetoxyscirpenol(DAS) type B
fusarenone-X, deoxynivalenol (DON) nivalenol (NIV) (Leeson et al., 1995)
trichothecenes epoxide ring !
(Hoerr,1997)
, TCT (protein
synthesis) DNAtr  RNA - TCT
lymphoid and erythroid cell (extensive
Necrosis)
circumscribed proliferative yellowish
caseous plagues hard palate

(bursa of fabricious)
(Leeson et al., 1995)

TCT  tetracycline sesquiterpene nucleus
with a characteristic epoxide ring (Hoerr,1997) 12, 13-epoxytrichothecene skeleton

: trichothecens side
chain skeleton T-2 toxin, HT-2
toxin, 15-monoacetoxyscirpenol (15-MAS) Fusarium spp.
trichothecenes 2 TCT 2

acrocyclic ring C4  C-15 macrocyclic TCT ~ ester  ether-ester
bridge C4  CI15 non-macrocyclic TCT nng  (Leeson et

al, 1995)
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5 trichothecenes type A ( Leeson et aiA995 )
Compound R. R.
T.. toxin OCOCH. ocochZh (ch3
HT-2 toxin OH ocochXh (chd
Neosolaniol (NEO) OCOCH. OH
. -Acetylneosolaniol (. -AC-NEO) OCOCH. OCOCH.
4-Deacetylneosolaniol (4-DN) OH OH
4, 15-Diacetoxyscirpenol (DAS) OCOCH: H
15-Monoacatoxyscirpenol (15-MAS)  OH H



UCH,

(o]
5
OH H ‘

trichothecenes type B (Leeson et al., 1995)

Compound R. R.
Nivalenol (NIV) H OH
4-Acetylnivaleriol (Fusarenone-X) OH OCOCH
Deoxynivalenol (DON) OH H

3-Acetyldeoxynivaleno! (3-Ac-DON) OCOCHs H
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TCT thin layer chromatography
macrocyclic TCT v non-macrocyclic TCT
non-macrocyclic TCT typeA  type B type B TCT
conjugated carbonyl group C8 type A type A TCT

T-2 toxin (3 cc -hydroxy-4(3, 15-diacetoxy-8 cc -isovaleroxy-12, 13-
epoxytrichothec-9-ene) and their derivative ~ scirpene group ~ scirpentriol, mono-,

d-, tri-acetoxyscirpenols type A TCT T-2 toxin, HT-2 toxin
DAS type BTCT fusarenone - X, DON NIV macrocyclic
TCT verrucarins, rorid, satrotoxins ~ baccharins
TCT 1
metaholism
T-2 toxin DON  T-2 toxin
DON : T-2 toxin
metabolite 4
24 T-2 toxin
T-2 toxin
metabolite
c I
24 48 (Chi et
a., 1978)
TCT functional
molecules and subcellular organelles
DNA  RNA
protein and  acromolecular synthesis enzyme activity
immune function DNA replication phase ( phase)
translation initiation elongation termination

, trichothecenes
2 initiation inhibitors scirpentriol,  T-2 toxin, DAS
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NIV, 4-Ac-NIV, HT-2 toxin  fusarenone - X elangation
termination trichodermin, crotocin, DON  verrucarol
ribosomal enzyme peptidyl transferase integral pat 60 ribosomal

subunit (Leeson et al.,, 1995)

T-2 toxin 0.2 mglkg 42 9

lipid peroxidation activity glutathione redox

system ( reduced and oxidised glutathione activity glutathione

peroxidase) alondialdehyde
RBC hemolysate malondialdehyde

reduced glutathione content RBC hemolysate oxidised glutathione
content activity  glutathione peroxidase

T-2 toxin oxidative effect

glutathione redox system
(Mezes et al., 199)

Wyatt (1973) T-2 toxin 0124,
16 |uglg 1 3
4. 16 piglg feed conversion ratio
(Relative weight)
liver

hematoma
hemoglobin, total serum protein, total serum cholesterol, total serum
lipid, plasma glucose, plasma uric acid acid phosphatase

T-2 toxin aspartate amino
transaminase, alanine aminotransaminase lactate dehydrogenase uric
acid  alkaline phosphatase (Pearson,1978) prothrombin
time T-2 toxin coagulation factor VII, prothrombin

fibrinogen (Doerr et &/.,1974)
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TCT 3 T-2 toxin

(necrosis)
1 3 T-2toxin (0124, 16 ppm)
(dose-
related fashion) 4 ppm
liver hematoma
4 ppm 1
caseous Yellow-white plague
lingual papillae 3

(Lesson et al., 1995)

T-2 toxin pyknotic nuclei  lymphoid follicles
T-2 toxin . ppm 12 (Kubena et
al., 1990) T-2 toxin 25 mgkg  DAS 2.7 mglkg 7
; T-2 toxin
medulla DAS
cortex medulla follicular
epithelium follicle cortex medulla
erythroid and granulocytic regions :
24 T-2 toxin DAS
portal (superficial epithelium)
(mucosal fold)
12-24 ramus
barb ridge (Hoerr et a/.,1981) T-2 toxin 1530mgkg  DAS 2.5
35 mgkg 7 2
(hematopoietic
tissue) (Hortt et &/.,19820,c)
T-2 toxin lymphocytic hematopoietic

DAS



3 trichothecenes (Leeson et a/.,1995)

(L)
T-2 toxin 4 3
4 1
4 3
hepatic hematoma
16 3 Bursa of Fabricious
04 7
3
8-16
4-10 3 oral meiosis
50-300 3 nematocrit lymphoid atrophy
DAS 5 3
3
4-16 3
TAS 48 3
MAS 2-5 3
STO 2-4 3
DON 187 4
116 5
16 3

DAS = diacetoxyscirpinol, TAS = acetoxyscirpinol, MAS =monoacetoxyscirpinol

STO = scirpinol, DON = deoxynivalenol
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Hoerr (1992a) 7
17 " Fusarium culture material 1 5 10%  T-2 toxin
5ppm NEO 0.5 ppm fungal metabolite
fungal culture 17
lymphocytic and hematopoietic hepatobiliary,

gastroenteric mucosa, feather epidermis  renal tubular epithelium

5% fungal culture material

Trichothecenes type B

DON zearalenone, aflatoxin
DON , (Hoerr, 1997) 1 DON 70 mglkg
oral LD50 140 mgkg (Moran et al., 1982)
Kubena (1985) Leghom DON 09 18mg
N GID
absolute  relative weight
hemoglobin ~ hematocrit 28 35
DON Huff
(1981) DON (140 -1120 mglkg)
14
ecchymotic hemorrhage visceral gout

DON
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2.5 ' Fusarium

TCT  fumonisin moniliformin Fusarium

spp. fusarochomanone ( FC ) fusaric acid
zearalenone (ZEA) 4 7
FC F. equiseti FC dyschondroplasia
Walser (1982)
F. roseum “Graminearum” Osteochondrosis  proximal tibiotarsi
TDP-1 Pathre (1986) chemical structure
fusarochromanone Fusarium chromanone ring

Fusaric acid (5-butylpicolinicacid; 5-butly pyridine-2-carboxylic

acid)  phytotoxin fusaric acid
1 F. moniliforme, F. oxysporum, F. sacchari, F. solani F. verticillioides
(Thrane, 1989) fusaric acid dopamine-p-hydroxylase  Chu et a/.,1993; Oguba
etal, 1994 . ' fusaric acid 03 7 150 400 ppm
. cell-mediated immune response
phytohemagglutinin-p 1-150 ppm (Chu et al., 1993) , fusaric
cid Fusarium  tOXIn
moniliformin, FC, fumonisin, TCT (Leeson et al,, 1995)

ZEA phenolic resorcyclic acid lactone
estrogen metabolite  F.roseum  F. crookwellense (LOpeZ et al, 1997) ZEA

ZEA 1-5 ppm vulvovaginitis
ZEA 300 ppm ! performance
ZEA 10-800 ppm 1 il
, 69
ZEA 50-800 ppm performance parameter, relative

organ weights  blood parameter (Lesson et al., 1995)



4 Fusarium spp.
(Lesson et al., 1995)

Fusarochromanone  F. equslti Dyschondroplastic lesion
proximal - physis long bone
tibiotarsi

Fusaric acid F. monlliforme cell-mediated immunity

Moniliformin F. moniliforme

Zearaienone F. graminearum Hypertrophy oviduct

(800 ppm)
7 fusarochromanone, fusaric acid oniliformin

(Lesson et al.,1995)

H,=C
NH,-C " —-CH, /l >

CH, CH, HOOC
OH Fusaric acid
Fusarochromanone
(0] (0]
N 4 Moniliformin

H OR R= NaorK
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2.6 Fusarium

Aurofusarin (dimeric naphthoquinone aurofusarin) (pigment)
F. graminearum  Dvorska (2000) . ' Kotic aurofusarin
N
180 F. graminearum 3%
aurofusarin 880 mglkg ! organoleptic
(soften) (dark-
clay) pH 6.52 £0.06 1
! aurofusarin

alanine, valine, leucine, lysine, glutamic acid
glycine alanine, valine, leucine, lysine phenylalanine

lonovtt (2000) T-2 toxin aurofusarin  ZEA
(physiological-biochemical process)
280 aurofusarin (culture) ZEA 1.6 mg/kg feed
T-2 toxin 8 mglkg feed 30 4 3
activity  superoxide dismutase (SOD), catalase, glutathione peroxidase, gluthatione
reductase, glutathione transferase, restored glutathione (GSH),  elondialdehyde (MDA)
Vitamin A, E C
initiation of peroxidation processes  vitamin status  activate antioxidant enzymes

Sakhatsky (2000) Fusarium  ycotoxin
(T-2 toxin ZEA  aurofusarin)
bactericidal
activity  blood serum globulin immunoglobulins concentration
1 T-2 toxin . ppm zearalenone 16
ppm aurofusarin - 264 ppm 1

immunodeficiency Fusarium
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2.1 (Interactions) '

biotransformation
addition, synergism, potentiation ~ antagonism (Leeson et al.,, 1995)

Huff (1981)
aflatoxin 2.5 ppm T-2 toxin 4 ppm
mean corpuscular volume (MCV)
potassium T-2 toxin
. ppm aflatoxin 3.5 ppm body weight gain aflatoxin T2
toxin z body weight gain
(Kubena et al., 1990)

Kubena (1989) T-2 toxin 4
ppm | ochratoxin A 2 ppm
body weight gain, MCV, serum protein  lactate dehydrogenase activity
serum calcium  gamma glutamyl transferase serum triglyceride

Kubena (1987) DON 16
ppm pure T-2 toxin 4 ppm

Nagaraj (1994)  F. proliferatum M 7176 culture
meterial (FPC) lliformin 37 ppm ~ FBL 14 ppm hydrolyzed FBL 475
ppm 2 FPC 30%
hydropericardium
FPC selenium (Se)

thiamine (B1) FPC 30% (weight gain)
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Se 5mglkg FPC
30% FPC 0% +Se 5
mg/kg vitamin Bl 25 mglkg (antagonist) FPC
hydropericardium 30% FPC 30% FPC + 5 mglkg Se
FPC oniliformin - 102 ppm FBL 37 ppm
hydrolyzed FBL 112 ppm ! 36% vitamin E
! FPC  Se FPC
vitamin  BL 10 mglkg
FPC vitamin Bl 50 mglkg cardiotoxicity !

F. proliferatum M 7176
anit-thiamine factor
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