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SUMMARY 

In this report, the author summarized the biochemical 
characteristics of trichothecenes which are a chemically related 
group of fungal metabolites produced by various species of Fusarium, 
Myrothecium, Trichoderma, Cephalosporium, Verticimonosparium and 
Stachybotrys. They are cytotoxic to several kinds of animals and 
fungal cells and can induce skin inflammation, nausea, vomiting, 
diarrhea, leukopenia, destructio~ of bone marrow and haemorrhage in 
various organs of both human and animals. Biochemical studies on the 
mechanism of action revealed that trichothecenes are potent inhibi­
tors of protein and DNA synthesis especially in the eukaryotic cells. 
Binding to the eukaryotic polysomes and ribosomes and the subsequent 
inactivation of ribosomal cycle may be responsible for their inhibi­
tory effects to initiation and termination reactions . However, 
different types of trichothecenes were found to have different 
degree of toxicity between the in vivo and in vitro systems . Thus, 
lipophilicity of these toxins may have some influences on their 
cytoxic properties, and this membrane involvement may be related to 
their selectivity toward target organs in the whole animal. In addi­
tion, trichothecenes have been reported to react with the reactive 
SH-group of some enzymes through their epoxide ring at c12-c1 , 
thereby suggesting that this reactivity of the epoxide ring o~ tricho­
thecenes with SH-group of proteins may also be important in determi­
ning their biochemical effects . 

ln, lfl !Hlud ( trichothecenes) u1un~mrn"ffT'1Ruri LnPl"l'lfl L «n ,·nrn-it1 1 11UPI 

L~u Fusarium, Myrothecium, Trichoderma , cephalosporium, Verticimonosyorium 

LU:I:: Stachybotrys ffiw1ulht1.1£l" L;fll"J'l LHa-itf 1;fY~ftmnuti::lfi'.,,t1"'1Unll1nU'lUUii°Tl'lt'litff' 

L nfl l"Jfl'i'.itJU "J "ADflUUil ::tJtfiA-i't U" il'ltl.,.uff,t'l 1 tin ( 1) L ,fu tun'ltJq l"ltJ ilW'1 ?Jil uJ~n'l ua ::~~U 

D'lfl'l"JflUL5lllJttRUflLnfl~U l~un n-ii"J::fl'ltJLRll"~N'l"U" nitH~'l"U"DnLillJ lJ111 0~11~~D" ORu 
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~ D., ::1111tn" L~UD'H1'1"l n1 t Hfl~u H' D'1 L ~uu uil ::nu"~"N £11n~ JlfltJnPitiD"., ::1111<f.;.," Lil fl L ilDfl L ,;t1 

t11tt1°'J1t1'ltHilA Li1Dl'ltl'1'li'lflil" Li1ilfl'J'1" 
0 

ILil::fJ LitoAilil0~'1"il'ltJ'l::A'1" 1 L,;U O"S:: Ltn::il'1H'1"S 

LLa ::a11 ff' t1ilO'J'1nd'ntttJ~'1£1fl1'111 ilfltln ~hn "., ::1111tl-, ::<f '1tl LL a ::il'1'Jti1 t .i LL ti" \\O 1 ~ (Pl.,.,., "ff 1 ) 

ua:: 1 A'R\1'JUnt1A £>11'1 tJ"S'10lJ~'1 l:-,fl 1L<1 ::il'1n'1., u1uih:n ,.,~.,ff L nl'l'J'1n<f'1"S?it:t 1 n., lfl fHfuJ 

<f '1"Stltt 1 tl"S lfl 8!!t1J L~Uil'l"S Lfl£1tl-,:: urn sesqui terpene ua dh;,\fl"S lf'l-,"il.;.,"tJ., ::­

mmft'1u:tl•"11i11t1ff il trichothecene (2) ua::fJ epoxy ring ifA1u11u'"n c12-c13 tJ" 
<f'111'1"SflUU"ililn1fi\~u 4 tnn fl'111amtru::\1fl.,lfl.,"il.;," C-itlif 1) fiD T-2 toxin type (A), 

''Taumel getreide11 

Toxicosis 

Alimentary Toxic 

Aleukia 

Stachibotryotoxicosis 

Bean-hull Toxicosis 

Dendrodochiotoxicosis 

Moldy Corn Toxicosis 

Red-mold Toxicosis 

fl fl'ltl if u<1 ::ilfl -i' 
flfJ il '1 n.,., 

Siberia headaches, C,saubinetti 

man,horse,pig,fowl chills,nausea, 

vomiting 

USSR 

man,horse,pig 

Europe 

horse 

Japan 

horse 

Europe 

horse 

USA 

pig, cow 

Japan 

man,horse,pig,cow 

vomiting, F. sporotrichioides 

diarrhea,skin 

inflammation, 

leukopenia,angina 

shock,somatitis Stachybotrys stl'a 

dermal necrosis, 

leukopenia 

convulsion, F,solani,etc. 

cyclic movement 

skin inflamma- Dendrochium toxicum 

ti on 

emesis,hemorr- F.tricinctum 

hage,refusal 

of feed. 

vomiting, F .graminearum 

diarrhea,emesis, 

abortion 
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CH ~ II W" CH 
(A) 9 • 1 3 . II 

·H 8 ... t.... (8) 1 i 
R5-' 7 'il O 0 · · ·• R 

11 I •••• •4 2 i 4 ~H - ••. 

en3~1.)~-- ;• ~ R II O R 132 CH3 / R2 
II en3~~ • ,, 

0' •"2 Cc> en2 -- , ... /. (D) CH3 •• I CH •. 
o--3-R-H-o Cll3 • OCOCllaCHCllJ 

II 

Rl R2 RJ R4 R5 

(A) Tr ic ho thecene H II H H H 

Trichodermol (ror-ldin C) H 011 H II H 

Tr ichodermin H OAc II H H 

Dihydrotrichothecene H 011 II H OH 

Verrucarol II OH 011 II H 

Scirpentri.ol 011 OH 011 II H 

T-2 tetraol 011 011 011 H 011 

Monoacetoxyscirpenol 011 011 OAc II II 

Diacetoxyscirpenol 011 OAc OAc II II 

8(-llydroxy-diacetoxyscirpenol 011 OAc OAc II OH 
(Neosolaniol) 

Monoacetylneoeolaniol OH OAc OAc H OAc 

711.-llydroxyd iace toxysc 1 rpenol 011 OAc OAc OH II 

7,8(-Dihydroxydiacetoxysci~penol 011 OAc OAc 011 OH 

T-2 toxin OH OAc OAc II OCOCH2CH(CH3) 2 
IIT- 2 toxin OH OH OAc II OCtx:H2CH (CllJ) 2 
Acetyl T-2 toxin OAc OAc OAc II OCOCH2Cll(CH 3) 2 

(B) Nivalenol OH 011 OH 011 

Monoacetylnivalenol(fuearenon-X) 011 OAc OH OH 

Diace tylnivalenol OH OAc OAc Olt 

Deoxynivalenol OH II 011 OH 

Monoace tyldeoxynivalenol OAc H OH OH 

Trichothecin H OCOCH•C~CllJ H II 

R 

(C) Verrucarin A 

• Roridin A 

Satratoxin H 

Vertiaporin 

(D) Crotocin OCOCH• CHCH 3 

°ltJ~ 1 ijA, 1R,'3if..j','3tlil\1il,, lt1, 1n fH!u.f~ L nfl lu rl,,tltf,~ ( 20) 
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nivalenol type (B) , macrocyclic type (C) ua:: type D L~U crotocin ~~fJ 

epoxide ffA'iuml~ff c7-c8 (1) '11nn1i;inu1q'tlift10~§11ifhtl't1ilfliHtuJ~Ofl~'N 1 flffnflot>n 

l .. I .Y ~ I f' d ., l!!'r J - ., ,Y ~ .- lfl!!'r I t'I ., I 111 flfliltiftlt'lflilrN tilJTlD1fi1"2flfl'l Vfla~ntJnU'tl LnflnUtll'ftiflllLil ZflU flD ~nW'{ULLi~~HI l'fl'1U~ fill 

L'lfil~tui::tJU't11~L~Uil1M'li ua::L'lfaalui::tJUn'liff;'l~L~f'I L ~ilfl (3) D1n'liLLilZttU'lOfffi'ltiLM~'ld 

fl~'lVntJAUtJo~i~ft M~n alkylating agent L~u mitomycin C M~o nitrogen mustard 

( 4) UDn'11nd' Lff o;lnu1 tu cul tu red cells ttu-l., ff'lsninuuC~n'li1Lu~~•'llD~ ltJ, lA-il'• 1rn:: 

1na~11::L~~lA (s.s) tJ'tlfl'l111d''1::n~1.n~n1iflnu'l'tl'l~"•Lflfi'llD~Nani::nu M~DfiW1lD~lnilflo­

fuJ ~~dL~ofl'1::1ft'tli'lun~nalnn1iDonq'tlif~n~ff'lifluLM~.,dlui::fttJl11La~a 

n1iuu6~n.,ia~Lfli'l::HltliAu 

Mins'lu'11nn'liflnu1~~uluu'1~uuuafl~LHL~u.;., ff'l,~u trichothecenes Li.'Jua.,, 

Aun~11fl£Jq't1iffiu8~n1iif~Lfl"21::HltliAu11D~ eukarybtic cells ff1uui~ff~f'I ua::1fluLn~'l:: 

Du1~U~'1::£1NaAnL~aafln;i~uJ~~• "~o metabolically active 1~u 1'l!aalui::uu't1'1~1Au 

o.,".,, ua::1~aalui::uuL~flLaoAt1D~fluua::afl~· uDn'11nd~£Jq't1ifuuO~n.,,a~Lfl,1::ttltJ,~uluRn 

ua ::tt•n L «o,1ua ::flOIPlf!nft'lU 

lull 19sa-19s9 Ueno uil::Rru:: ;f~1i.'Juun~nV'lfl'l01fl..;71.,,~~u l~flnu1ua::-,1u~.,u 

L~Uflru::uin.;1 nivalenol ua:: fusarenon-x ;f~1i.'Julnilfln"ui type B 01'1111,nuuO~n.,, 

a~Lfli'l::Hltl,AuluL'lfillL~flLaoflUfl~t1o~ni::~1u Ehrlich ascites tumor cells ua::L~a; 

tJD~M~ mouse(7,a,9) uRlUff'l1l'l"2nuu8~n'liif~Lfl,.,::HltliAu11o~uuflflL~V Ro11.,lull fl . fl.1972 

Ohtusubo ua::Rru:: (10) 1Af1~'1u-l1 fusarenon-x uu6~n1ia~Lfl,'l::HltJ,Autu,::v::L~11;u 

(initiation step) Mi~'1'lniiu Ueno ua::Rru:: ( 11-12) lfli°'tl;n.,iflnu'l 1#11 LA1JLLa::tttJ.;., 

if1,Aul't1,lfla~uJ n nOft rJq'tlifuuO~n.,,a~ Hl'11::HltJiO!u~~lu L'lfaaua:: cell free system 

( 
J ..I I 11 11 I .1 ., /J .Y 

fl1i1~'t1 2) ~~'1'lnn1iLtl~VlJL~VUf11tlil~fl'l11JLtl1JtlUtlil~ff1iAU110flft'l~ 1 't10l11J'linvuv~n1ili~-

L fl":l1 ::HltliAu lA' soY, lun1'1't1111•rn~tf trnoi1tJlfi.j.,a.,,;:iu l'tli lflatuJ type C fJq'tlifi.nnflqfl lu 

n1iuuli~n1-,~~ Lf'l'11 ::'11tJiAu Ldn'tl'in'li'tlflffDtJlAul1i\'l!aaAff~f1!1~ftD~ (intact M-10 whole 

cells) ~n~a~11'llftu~ type A ua:: type B fl111a;Au 'lf~Ai~nuR1111L~uffu'lln~1'tlilfln­

tuiifffJRDRA{tifrnn~ ua:: cultured cells (P11"J1~ff 3) LLa:: 1dn 11l"luu LffUtJi!A"Jlfl-,~OI;.,~ 

Ui1ZftMWiiPi't11~ LR£1ntJf}'t1ttliNU'l'1flttluu~a ::nillflLLfffl~ l-l'lufl1i'l~ff 2 Lli'I:: 3 '1:: u'fu 1A'-l1flCUU1J­

iJ'Pilun'liti ::a'lv1 fflU lm.Ju ( lipophil ici ty) t1n~ lt1i lfl o§Jt~fiu1PllJ!1l'lnAon1"J L tiuf'luua ::n'lino~ 
qt1ifuun~n1~«~ Lf'I..,., ::'1ltJiAutu 1'l!a.r ~~D'l'1'1::Diiu1v 1A'-l1 l t1, lRaifuJ fff1f}rust11ufia ::a1utu l'lltiu 

lft~ D'l'1'1ZN'lULrlnL'lfilillflRn~'l ~~£Jqnt111nn~1 nJ1~li~ft111LrloLll~UtJLffUtJNl'ln1itlflilD~fll~ 

'11nn-1"Jttt whole cell nu cell free system tun'liMnu'ln.,.,.r~ Lfli1::ttltli~u ltii u1u 

~'l 1'tli lf'lllfufitJ'l~n0AD'l'1't1"! 1'1 Lfln~i.J L'lfaa'L nAn1i Llli1uuulla~ 'if~'1:: LOflNilO"J ::tlURDn'l,~AiJ11ua:: 
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n~ s lAu~ , "·"·-n·"· 2527 

A 

B 

c 

n1~Lu,uuL~uuq~~uun~n1~~~LH~1~Hlu~Au~E~ '~~1~aguJ 

nOfl~1~ 1 (11 - 12) 

T-2 toxin 

HT-2 toxin 

* ID50 (µg/ml) in protein synthesis 

Rabbit reticulocy~e 1\lmor cells Rat liver 

Whole-cell Cell-free Whole-cell Cell - free 

0.03 0.15 5 

0,03 

Diacetoxyscirpenol 0,03 5.0 0 ,035 > so 
(DS) 

Neosolaniol 0 , 25 

7- Hydroxy-DS 0,3 

7,8-Dihydroxy- DS 0,6 

Nivalenol 3.0 

Pusarenon-X 0 , 25 

Diacetylnivalenol 0. 10 

Tetraacetylniva- ?> 10 

lenol 

Dehydronivalenol(Rd)2.0 

Dehydronivalenol- > 10 

monoacetate (Re) 

Trichothecin 0.15 

Trichothecolon 20 

Dihydronivalenol 3.0 

Verrucarin A 0.015 

Roridin A 0.006 

o.s 
0.2 

6. 0 

0. 35 

20 

8.0 

8,0 
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Pl'l 'n"fl a fl'l"J\ll~UU\ffuuRtiU~ZNi'ln'l"g,;~u'l~D" lt1ilfln!ud' (a, 5 ,s) 

LOSO Skin rn
50 

(µg/ml)MED(µg/mO 
lnil ... a!uJ mice chick embryo inflamma- Tettahymena HeLa cei'l s 

mg/kg i.p. µg/egg tion (µg) EYrifotmia 

(A) T-2 toxin 5,2 0,07 0 . 2 o.os 0.01 

HT-2 toxin 9 , 0 0,5 0,2 o.s 
Diacetoxyscirpenol 23 0,09 0. 2 o.os 
Neosolaniol 14,S s.o 1 o.s 

(B) Nivalenol 4.1 4.0 10 10 0.2 

Fusarenon-X 3.3 2,6 1 5 0,1 

Diacetylnivalenol 9,6 1.9 1 1 0.1 

Deoxynivalenol 70 5 

(C) Verrucarin A 1.5 (i.v) o.os 0.001 

Roridin A 1.0 Ci. v) o.os 
Vertisporin 0.001 

(D) Crotocin 700 (i. v) 10 

LD ; Lethal dose 

ID ; Inhibitory dase 

MED ; Minimum effective dose 

it~rniun'lii!lnti'l~'l lni lfln!uJ· a'uti"n'litl" Lfl"J'l z'11llilrufli zu z ini tia ti on, 

H~u termination ~u lAnun;nu'l~'litfli 2 n~u i!lnH'llflUn'l"J~fl poly­

tu HeLa cells (1a) u~zthur (14-15) lflt1D'lffUH~nff~.,tum11zflL'!firn" 

elongation 

some profiles 
I 

UPI n1~"n"Ll'li'lz"ll.liAu~u ribosome ~zu~tuafi'lM~D" polyribosome .,;u polysome 

initiation inhibitor ~zLl.lduu polysome . t'1\t1u monosome uaz ribosomal 

subunits D~'l""JIAL~• tu~ruzfl elongation uaz/H;n termination inhibitor ~z 

ffuti"n~"Jft"Lfl"J'lZ"ll.l,Au lAufl polyribosome ff"A"itfi'l~D~LH0DUL~U ~'ln1ufl 2 ~"Uitfl" 
polysome profiles ~u"nai~n.,,i"Lfl"J'lZHll.l"Jlru~nffuti";'u trichodermin uaz 

verrucarin A ft~; L.,u~.,. trichodermin a'uti"n'lia" \fl'j'l z.,"lu.,Ofu~., zu z elongation 



ni111i 1nlh1'111u1 

o~ s lau~ 1 u.ft.-D.ft. 2521 

A B c 

Migration~ 

'ltJfl 2 uUtl\1 pol·ysome profiles 110\!fluA'fhA'i'u trichodermin (B) 

ua~ verrucarin A (C) ~~u 1tJ 2A i~u control culture 

"~o termination ~~u verrucarin A vuli"~~~u:initiation ua~~1nn1.,~nti1ln.,lA­

~fuJ~OAA1\! i 5n 14 ~OA lAu~ad n;l~u1u1~nuu\!~1~1"~1doonlA'1~u 2 n~u A1u.,~u: 

1JD\!1Jll~un1~#"1A~1~HltJ~Mufiu1~uAa~~OA1tJ~un~u (A1~1"ff 4) ov1"l.,~A1u1do Staf­

ford ua~ McLaughlin ( 1 4) lA°~mn iAu lAU ttu-11 trichodermin vuli\!01.,a\! lA.,1 ~.,' 

ltJ~Mulu~~u ~ termination 1A~n~1ff., :u: elongation 

turl 1s?4 Ueno Uil :Acu~ ( 1 s) 1~~nti1na 1 nn1.,vlllf\!n1~A'" lfl.,1 ~.iltJ.,"uttu.;1 
trichodermin u1u1.,n~unu so S ribosome110\!l~A1aoAUA\!1Jo\!n~~~1uua~110\! HeLa 

cells lA'ou1"~ t1"11cudf ribosome in1~nu mRNA i~u polyribosorne ua: i~u free 

Initiation 

Scirpentriol 

15-acetoxyscirpendiol 

Diacetoxyscirpenol 

Verrucarin A 

T-2 toxin 

Nivalenol 

Fusarenon-X 

Calonectrin 

Elongation or Termination · 

Trichodermin 

Trichodermol 

Crotocol 

Trichothecolone 

Crotocin 

Trichothecin 

Verrucarol 

15-Desacetylcalonectrin 
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ao S monosome 1111v~unulu-,~uvo" 60 S ribosome subunit 

60 S ribosomal subunit 1~ ~ou,luO 1975 Matsumoto UR:: Ueno (11) ~u.;, T-2 
" , ., , .. '., toxin uR:: fusarenon-X nif,u,-,n~unu ribosome ~o"l~RRVo"AU)'I~ 1111nunu • 

(A,-,,"f{ 5) 

Particles 

Microsomes 

Polysomes 

Ribosomes 

60 S subunit 

40 S subunit 

3 H-Fusarenon-X bound 
µg/A260 

0.53 

0 . 33 

0 , 31 

0,02 

o.os 

111,,,"~ 6 uif111"1'11,uis.illua-,::H.;1"1'11'1.uif'1u1-,ntunT1~unu ribosome vo" 

1n,ll'l8iuJnn111~1" , ~"~nH,l111vn,,lJA trichodermin A~lllDA,nA~vnuuu111i"" nuqn~01'1 

l1u8" 1ouifvuuR::iru8"n,.,a" Lfl'11 ::i1lu-,Ofu ~"Nfrn1-,PlnH11u:ff1" tJ u1u.;11n., 1PliHfuJ ~hulH~flvu 

8"n1-,ifo L1'1'1'l::.ilui«u1A'~if1u1-,n~unu ribosome 1u~::truti" activity vo" peptidyl 
tranf erase lA' 

!SJ:'"'' .... , ... 1 ., lj ~ 'l ., .. .,. 
"l1nNan1"JnOH1n"t10A11U'1~R1 t11 Hfl\UnR nn1ivuv"n1i~"Ll'l"j1::'t'I ui~U 111111"1110 

lu4 fio ln-,lflaiui "l::lu~unu ribosome UR::iun1u active center vo" peptidyl 

transferase ffoJuu ribosome n"i i,.; activity a111a" UR:: lut'futi"n1·ul" Ll'l.,, ::~;lu-,«uff 

-,::v:: initiation H=io t ermination ulll'lui1"l~uuv"1Jn~l111wnu.;, 1n-,lfl8ifua ul'iR::nn111 

10-i ::ilu ribosome ~h"nuoJ-i" 1-, ~"iiuO"nT·ul'" Lfl'11 ::H'lu-,orulu-, ::v ::ff Pi,"nu Wei uR:: 

McLaughlin (1a) l~utuofl"inau,vl-1 2 uuu fin 

1. ln-,lflil~uJ ul'in::n01111n,::nu ribosome LDtt-i::u-i"vru::lu ribosome Gycle 

uhdu 11lu tnn initiation inhibi tot•'i.J:: Ln'l ::nu ribosome luvru::fl ribosome 1~u Ln,:: 

nu mRNA 1lfu initiation complex uhdu lunilllihtfo.;, conformation vo" ribosome 

luu~R ::Cu 'lln"n-iiif" Lfl4n ::1i"hl<JliluuAn~-i"nun"i li1 ribosome binding cons tan ts 

ln., lflil~uJ· uPla ::nil,,~-i"nu 



111il111111111,llU'\ 
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• 

~,,,"fi s uJlfu11 \ flt1tJfl"nua-11n"Jfl 'lun,.,~tJ ribosome n11qti~u118" L Du-ffuu usi:: 

u11C~n,,a"Lfl,,::Jlui~u (1s,1a) 

% Inhibition 

3 H -Trichodermin Peptidyl in vivo protein in vivo 
site of 
action binding transferase synthesis 

Control 

Trichodermin (100) 

Trichothecin 100 

Scirpentriol 104 

15-Acetoxyscirpendiol 97 

Crotocin 79 

Diacetoxyscirpenol 78 

Verrucarin A 66 

Trichodermol 49 

Calonectrin 30 

Trichothecolone 28 

15-Desacetylcalonectrin 17 

9,10- Dihydrotrichodermin14 

Verrucarol 11 

9,10-Dihydrotrichodermol 6 

4-Epitrichodermol 

Trichodermone 

Crotocol 

3 

2 

' -7 

5 µg/ml 20 µg/ml 1 µg/ml 10 µg/ml 

100 

88 

92 

91 

81 

66 

74 

58 

27 

7 

·12 

1 

2 

19 

3 

2 

0 

2 

100 

93 

97 

95 

89 

78 

85 

70 

60 

17 

32 

3 

10 

33 

13 

7 

1 

6 

100 

so 
94 

89 

91 

89 

96 

77 

60 

52 

26 

29 

0 

32 

0 

0 

0 

21 

100 •• t • 

93 E/T 
98 E/T 

98 I 

99 I 

98 E/T 

100 I 

100 I 

87 E/T 

79 I 

77 E/T 

71 E/T 

35 

37 E/T 

48 

0 

17 

51 E/T 

I = initiation step, E = elongation step, T = termination step. 

2. 1t1ilfla~uJ· tJntfO" Ln,::nu ribosome 1fl\~,nu11'-l, ribosome ~::D~'lu,::u:: 

'l~ uA~::i11n~un,,t1;\1,U~D\1LDunuJ peptidyl transferase 1~Lu~,::LdD ribosome n~ 

'lutJ,\1"J::u::'lu ribosome cycle uhdu Ltfu termination inhibitor -oJ:: Ln,::ntJ ribo­

some 1~~n,::u:: uA~::.,tJn~uL~unuJ peptidyl transferase LQ~,::Ldn ribosome n~'lu 

i::u:: termination ' e Ltl,UU 
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• 
n,., IJ'uO"n,.,a" Lfl'11 ::\in.,910'11'1.CHifl 

lft'O~AmnNn!lt>\1l,,.,1t'll!!luJ ,:ntn'1ut.i8'1n1'1R\1 Lfl"n ::.f DNA Lrn:: RNA. ft'ltJ L tiutl'u 
... ' "' ~, ' uAunun'l1,,"nH1n,.,a\1Lfl'11::" u'1~u Ueno un::flN:: (9-11) '11U\1,IJ'l1 nivalenol, 

f N -11 ' ' • usarenon-X un:: diacetoxyscirpenol a1u1'1nuuu\1n1'1a\1Lfl'11::" DNA t1D'1L'i!nau::L'1" 

un:: -HeLa 1fi' uA10q,,if1inun-l1n1'1UtJ8\1n1'1R\1 Lfl'11 ::'111hllu ~'lU Ehrlich ascites 

Oldham ua::f\N:: (19) tm-11 T-2 toxin 1rn:: T-2 tetraol ~a1u1'1llUU6\1n1'1a\1 Lfl'11 ::'1 

DNA tin" human fibroblastlft'' ~1nn1.,AnH1Nat1D\1fl1'1RHL"a,dAnLnu;Juu DNA poly-

h d k t 1 ' .IS ' .Y , ' merase, thymidineua:: t ymi ylate inase tttJ'l, ufJNaifuu\1n1.,n1\11Ut1D\1LDU~uuL"a, 

dLatJ ~"~'"'au.;, NAn'1::'1UtlD\1fl1'1~HADn1'1R\1Lfl'11::H DNA D1~~::L~u1u1AU'11\1DDU L~U 

D1~ Lih.1 Ltt'1, ::a,.,fht 1uuu8\1n1'1R\1 Lfl'11 ::'1 L nu;Juufk1 Lt1UADfi1'1ff\1 Lfl'11 ::i; DNA nti1" 1'1~A1lJ 

Ueno (20) t1u·h ., ::P!UtJD\1 TOP Ui'l:: TTP 'if" Lt1UOl1'1~\1AUtlD\1fi,.,ft\1 Lf\'11 ::'1 DNA ~"ifUL\a:: 

On1'1~\1tlD\1 DNA nnudu 'l tu L'ilniif'f1A'-¥u 1t\'11fl!lfud' iif"iYtH' u1u-l1a1'1f:IH rna1d'n1~ 1u'1lJfl'lU 

n,.,,,;\11Ut1D\1Lnu;JuJ ligase ~Lt1u1; 

unn~1ndlfi'O~i'tmnufjnshnt1n\1 ln.,lfliifud' fin DNA ~\1tn'1A'1\1un::tn'1unu t1u,;1 

a1.,fhut"~1J,,;t.;' DNA uAn.«n (21) lun'i1'1 Lnfln1.,mnutluq un L-i'u crotocin (20) ua:: 

fusarenon-X (22) ~\1t1lJ~1n;tir Salmonella typh1murium TA 100 mnv'1uq"1Fi un:: 
ft .t I • 11 I I • I 

uqnonnu::L'1\1P11u1n (2a) uAnU1\1l'1nP11u Oldham ua::flN:: (1s) ~U'l1 T-2 ua:: T-2 

tetraol ifou'i t.;' Lnfln1'1a" Lfl'11 ::J DNA JlAuuuuNu tu Ldn Li1nt1D\1flu ;f"iftH' u1u-l1 lt1., lflofuu 
n1~0qn~n;a1u DNA 

<1;w;unT1i'1Lfl'11::'1 ~NA t1u Stafford mi:: McLaughlin (14) tnn'1 tricho­

dermin a1u1'1lllfuO"n1'1a\1Lfl'1,::H· RNA tuflflAL;· u,l Ueno LLn::flN:: tit.ii, nivalenoi", 

fusarenon-X uA:: diacetoxyscirpenol t1ulsla,u1.,nuu8'1n1'1N\1Lfl'11::'1 RNA tu ascites 

tumor cell s (11), protozoa (5) ua:: cultured cells (10) ~,nn1'1AnH,,:nu1lu 
,~ •• ' ' M'1 .,. ' N , RNA .. . . L'ilAA~U"~ u'1,flD'l1a1'1L"a1UllJuNaADfl1'1~\1Lt'1'11::" "'1D activity !ID\1 DNA-depen-

dent RNA polymerase (20) uw Pi''1du~'i~u~"°'1".;1n1.,uurf"n1'1a\1 LP1'11::J RNA ffttutu 

flaAduJ,~::L~uNan1'1nEut1n'11n.,1flafua flf1Ann1.,a"L".,1::'1lu.,Auu1nn-l1 (14) 

lull fl. rt. 1975 Ueno i.ui:: Matsumoto (24) l~f.1nH1Niln'1::tmt1n\1tt1'1;fttln.,·· 

l~afuJ ADfl1'1'1,\11UtlD\1LDU;fuuu1~UQfl 1flU~Q1'11::nJ1"d"t1'lnfffJ thiol (SH) group auff 

active center L~u creatinine phosphokinase , lactate dehydrogenase u~:: 

alcohol dehydrogenase ua::~u-11 T-2 toxin, fusarenon-X Uil~ neosolaniol a1"1'1n 



' "')"l'lHil"'l1 llHJl'ti1iVIU"'l 
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iJun\'.Jfll"a'Vl~'31U'llfl\'J L 8'!..J'ifua_i\ 11~1d1 ~ trf a incubate flu L tJ'U<iuJn'aurf~:: LPi11 SUbS tra te U.11: 

~onno-.i'!n~olA"no-.NmUIBUifnu alcohol dehydrogenase flU mo-.i'!M fusarenon-Xl'f~Au•on 

;-rnnuiiuwn•w-l•~""''wn 1Antti'Ciii gel-filtration wuch .i-,-.i'!m1-,m-.~;Junu 'auiln11l..i'tu 

iiR'>>a•u 4: 1 (4 1u '"~"'.tla•111~iRii'11HI ,;,, 1 lu "'~"""" '"uilm.i) rnwifnu alcohol 

dehydrogenase d!l thiol group "~~•wuw as n~u """ii"~ 4 n~u l'fa-,uo'>~'ll;tJfin~n•nu 

SH-reagents 1; ~.du~c;;r"~"~1tJ~• 111~1R~~u;_a,u-,-.~;Junu thiol (SH)groupl'la~l'f 

active center :iJa• 1auilml.1~ ~na•~;rul'f epoxide residue 1'fw'it111u• c12-c
13 

:iJa•iiu 
il'Jf'f P'J ""1"" "i • "' 1 ' 1 o 1twn~~"""' wi'lnM• HJ human fibroblast u•-i11u•• T-2 toxin """ T-2 tetraol uaoU'l'>fil 

iiuil~n••VJi~•iarn~ 'auil"J~u 1 1'11u acid phosphatase' e-gl ucuronidase' 5 1.-mononu­

cleotidase, ATPase, alkaline phosphatase """ y-glutamyltranspeptidase (19) 

••nn••l'fwu~•1'1,1R6lluJ iil•u1•n1no:nu reactive SH group tu1auiluuVJ~a 

ltJ•~ud ,,;t»fi~a~iru~•unn~u•~u••:n"''"iil'iA~u•ntun•-.~•:a5u-,ufil~na1n:iJa•1M,1A5lluJ 
• - -b - • ,, 'ltJ " .. _,, •• - ".,, - ' ~t!fll"'.l Lfr1::-:nu rl osome uii!::t1tJU\'Jnl4iti\'J Lfl··a-1::tt1 "!ilf'IU 11\1t1ru:.:unfl-ia\'J1.1tjrifll:tlf1UE:JQ 

~ruiiluu~rlu 1 ~a•a••wu1,,,1"5llu.i 

111,1R5'1uJ iil•u••nffu8•n••~••R•<:M polysaccharides tuOii!; (15), 

n1•ir•L'1•>:M1'1Juuua:n••G"llu11~ phosphate tu1tJ•lR"' Tetrahymena pyriformis 

1 A u.iN :::e:11"l1'3vf 2 u'&f t•P.'I' ML ~URd11J Lt1'lnV:1-,,'flf.l\'.J 1 'tl"'; LR il'ifuJ uP1'a :::'lfQ., 'tun1"1U°118\'Jfll""Ji''1 LA".JI :::iii' 

1tJ,~utu t'li•lil """'" cell free system •'lnNan-,,i!lnM> 111~•d f'lm1llu~• l'll•LAiillu.i 

a1~'1 :::fJN~m1 t M'n1'1t11\'J'1U'IJ'.fl'3 L dm!J L 'll'aa' L iililfl1"'.i L tJ~UtJUth~\'.i Uia :::n~ 1. n LMa
1

1d'£rl"I>~::: L fiu,.Uf.h7ftu 

n••in"""~~•• ,d,,1;~uiil••wun~uff111~ul.i' 

Ueno """"ru" (2s,27) 1.iflnM>n'l-.n•:•·rnua:n1•ti'ua'lU'lla• T-2 toxin """ 

fusarenon~X luM~~u~n~ wu~1 Ma\'J~1naA fusarenon-X L~,t~~•HU\'JuN~ ~·~~u~:n~:::­

.-,uluii~wu 1" a'i 'la mi'~''" 1~-, """ 25)1. •:11nt!uaan iunuilii1>11-i:tJ>viu 24 /, 1,,. '"'" 
ll">'ln!J;-,a-,.,w~aamnlluifaiil•••if l\'a nivalenol d-.uii1li1 T-2 toxin ",;"l!m•ua:mJ!'iu­

~n"> 1~u~•~tl•n tl">1n!J~' a••WM~:n"'"''u1tJu~;ru .i-,u lA """ ailI •~u1Au-inu uR••11n 

~uaan1tJnu~•••"'"'~ud<ulM'Ji;l~a•">flaanu1d11u~-,,~u HT-2 toxin ua:1dal.i~nu'lt#u1~uiu 

;fu"\! a1u1;;, fusarenon-X """ T-2 toxin ~"l!fl deacetylate l'IR'iLt11.;~>1 c4 1~u 1au­

;r"J esterase l'la\iiu microsomal fraction """'tJduultJ1~u nivalenol """ HT-2 

toxin ~•ua'inu (2a) ~~·•11nt!uaan1tJnuif~a··""""~·~··•~altJ n~lu1ul'I 3 
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T-2 to<>n CH ;Ct)~ ~ H 

3 -. • • H 

H , ,.0 /3 ~-OH 
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0 OAc CH3 H' 

CHm~ OH H · 3 l ·-
Fusarenon-X 0• ':/• -- OH 

8 •• 
o 7 : -.. 4 

~H ~H CH
3 

•• ,.·,. 0Ac 
I 2 H 
OH 
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Deacetylation 1la•11'1.,1Rlil!mi' '" microsomal fraction 

'UilflZJ'lfld~ttu~1lutiruRu -J'l ttei:: n"'li:;w'1u fffi tf'.luofluJ esterase ifai;"Jf:I twriiaufiu 

(20,2s) """"'nno-.~n~••U~UIJ<~vuno-.1'1;","""~1au;luuli•• deacetylate T-2 toxin 

1 M' tt1u HT-2 toxintl":irnn.;., "tu~Ufl":i ::~,uff n1"5V1~\l1u11u" t DU-HaU'~\'Jfi£tri ":i fl\100\111'1 1,;'ur: @t1.1Au 

""" """Id c~,.,,.!l 7) """ 1!la uJ•fou 1fiuuffu1u .. .:o:u-lu~""""n""~"" tJ-.•ni:r» 1uii'ull •au-,,... ···1. ·~ .. ' .. '. -ytl!JU')fl't'Jilifl ":iEJ'{IGl\'U.1'1 ~Aun ii 1J'l1J U&l::: li'1llEJ\'J !'t'llle!IWIU '.i'.l\1U9HlfA'1'3'iiJ'1fl'Vi'IJ, 1'1W1ld'l t'IJ~tleJ\11.I 

Lvu~uU111nn~1lu1R~\1 10 l~'l 

Microsomal deacetylation """ T-2 toxin 1ua-Ju~".:,. 1 (20) 

HT-2 toxin formed 

µ mole/mg protein/10 min 

human rat rabbit 

Liver 331 31 3401 

Kidneys 1 1571 

Spleen 1 73 

Brain 10 25 

Serum 0 
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0 ,. ·- OH ,• 3 

CH - •• 4 
I 2 Cl! • • OAc 

OAc 3 H' 

H H 
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CH3 ••• H ;CQ
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CH 4 

3)'1(' o ' 2 .• . oa 
. CH

3 
0 OAc C:H3 H 

Ii 

c113~~0 H H 

~ o~'-. ~-~--~,.-011 Hivalenol 

: I •• · - •• i Oil 

Clim: O II · 3 1 .. 

Fusarenon-X 0' "l· -- Oii 
8 ,. 

0 I : '••, 4 
OH ~H c11 3 '/ OAc 

011 <f"2CH3 H'' 

OH 
I 2 11 
OH 

Deacetylation ~o~ln~lA~tuJ lu microsomal fraction 

JI• I 't ., ., I .,., .!I ' JI O t' l'f ., 
uon~1nun~u•1~uAUftu •• u~z n~zA1v n~lDUDVU esterase uo~fl•VlH~ounu 

(20,29) uaz~1nn1~"ntt1ltl1VUL~vun1~n;~,u~o~lou;fvJ~~z deacetylate T-2 toxin 

t"i~u HT-2 toxintl~1nni1 tuAun~zA1vlJn1~n;~,u~o~iou;fvu~~ff~A ~o~a~u1 lAu~ AUAu 

uaz AUH~ (Pl1~1~~ 1) uAzidoitl1vui~vunuluuAAzo-lv1z~o~n~zA1v tl~1nn~1 lu~ulJLou­

~vuu1n~~A ~o~a~u1 1;u~ lA u1u uaz uuo~ A1UA;~u ~~unn~1~~1nH~ fl~u~1 lu~uo~O 

Lou~vuu1nni1tulnn~ 1d in1 

Microsomal deacetylation ~o~ T- 2 toxin 1uo-ltnzA1~ 'l (20) 

HT-2 toxin formed 

µ mole/mg protein/10 min 

human rat rabbit 

Liver 331 31 3401 

Kidneys 1 1571 

Spleen 1 73 

Brain 10 25 

Serum 0 
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mlll:u! 

q1nNan1iAnu1n1~f~1flnfl~nA1~~1~Au n1lJni1un~naln"o~n1iLnARt:f1.lo~if1iRu 

lnilfl~tuI ffnAoL~aafluu~A~DV1~i~flL~~ L~U L~aalui~uun1~L~Uo1H1i ua~i~uun1iif;1~ 

L~fl L_ilofl .;, Li1u Lt1i1~if1ifh.tmilltfltJuulJ~n1ia~ Lfli1~.t DNA ua~ltJiRulu L~aa· d~unalnn1i 

fftJ8~n1iA~Lfli1~ttltJiAudu it1tJl~.;, it1iflu~unultJiAu (~~01qq~unun~ thiol (SH)lu 

ltJiAu) "o~ 80 ;S ribosome ua~n1l~n1in1~1u"o~Lounvs.i peptidyl transferase 

aAn~ uonq1ntfq1nn1iAnu1ffwu.;1 lnilflatuI u~a~~Oflfln~nm"u~a~a1vlul"uulAA1~nu 

nNa~on1iuuB~n1iA~Lfli1~.t'luiAuluL~a; ua~lu cell free system A1~nu n;t"Rfl-l1 

lnilflfi~uJ 01qn;tJijn~v1nuLdoL~an ~~01qq~n;lJn1i~flfuua~n1iu;1~1"0~ precursor 

"o~ DNA ua~ltJiAuafla~ tu"ru~tfun~nv1~1ifA~~n;a~Anu1n~tJlifi'"'"o~1nilfla~uJnuLdoL~aa 
- rl '"'l ,"IS(/ .. l"· • l .I ua~"u~un1iLUA1uoaifu"o~if1inttn~llu UL~aa n~ L"oq~ flni1un~na nn1ioonqnnua~f1~1u 
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