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PREFACE 

The idea of this book was born at the Seminar "Fusarium - Mycotoxins, Taxonomy, 

Pathogenicity", held at the Agricultural University of Warsaw, Poland, on September 8-10,1987. 

This book is the result of the effort and cooperation of 30 contributors from many disciplines. It 

contains actual basic and applied knowledge on Fusarium species, on their metabolites and 

taxonomy, in connection with pathogenicity to cereal plants and potato tubers. 

Veterinarians observe mycotoxicoses of livestock (like an estrogenic syndrome or emesis 

and refusal in swine) and, together with mycologists and chemists, try to elucidate which fungal 

metabolites are hazardous to animals, when present in feed. On the other hand, plant pathologists 

realize research on epidemics of diseases of plants, like Fusarium corn ear rot ("scab") and wheat 

head fusariosis ("head blight"), causing not only a serious reduction in grain yield, but also an 

accumulation of toxic metabolites in plant tissues. 

For several decades, but particularly during the last, maize, wheat, triticale and rye breeders 

have tried to create cultivars immune to infection by Fusaria. They all have one aim, to avoid 

infection of cereals with Fusaria, causing plant diseases, leading to contamination of grain with 

Fusaria metabolites, which may be toxic to animal and human. 

For scientists working on mycotoxicoses direct contact with farmers is very important, 

advising them on agricultural practice, the cultivars least susceptible to infection and other factors 

which may affect yield and seed quality. Many details concerning Fusaria, and presented at this 

seminar, have recently been published in a special issue of the journal "Mycotoxin Research". 

There are many groups working on Fusarium in different parts of the world. Their activity 

is reflected in the international newsletter "Fusarium Notes", published each year by the 

Fusarium Subcommittee of the International Society for Plant Pathology (ISPP). The Editor's 

intention was to give in this book information about as many scientific centers working on 

Fusarium, as possible, but particularly European scientists are represented (because the seminar 

was held in Europe). 

Over the last few years several books on Fusaria have been published and the intention of 

the Editor and Contributors was not to repeat problems presented in previous books, but to 

describe new aspects of research. 

The book is not divided into three individual parts, as its title may suggest, because many 

chapters deal with several problems and could be placed in different sections. So the chapters are 

ordered according to the main problems presented. At the beginning are chapters on mycotoxins 
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(and other metabolites), on their toxicity and metabolism in animals followed by papers dealing 

with taxonomic aspects and then problems of pathogenicity and breeding of resistant genotypes. 

Chapters on hyperparasitism of Fusaria on ergot fungi and on potato tubers are placed at the end 

of the book. 

The following are some short remarks by the Editor on particular groups of chapters. 

MYCOTOXINS 

The meaning of the name "mycotoxin" is still not unequivocal. Mycotoxins are not toxic to 

fungi, as one might suspect by analogy with names such as zootoxin and phytotoxin, if using the 

same linguistic convention. In phytopathology the name mycotoxin encompasses metabolites of 

fungi with phytotoxic, zootoxic and antibiotic activity. However, in animal sciences, in veterinary 

and in human medicine the word mycotoxin is used for fungal metabolites toxic to human and 

animal organisms. Bennet [Mycopathologia, 100 (1987) 3-5] recently suggested the following 

working definition: "Mycotoxins are natural products produced by fungi that evoke a toxic 

response when introduced in low concentration to higher vertebrates and other animals by a 

natural route. Some mycotoxins have multiple effects and may cause phytotoxic and antimicrobial 

syndromes in addition to animal toxicity". An example of this is T-2 toxin, exhibiting strong 

zootoxicity, phytotoxicity to many plants, particularly to seedlings, as well as antibacterial activity. 

The name fungal metabolite seems to be less confusing in interdisciplinary papers and discus-

sions. 

A comprehensive list of Fusarium metabolites and their properties has been prepared by 

R.F. Vesonder and P. Golinski in Chapter 1. Everybody using it should take into consideration 

that the actual name of the Fusarium species may be different from that used in the original paper, 

where data on isolation of a given compound for the first time are given. In many cases it is not 

possible to know the correct name of the species, because the original culture is no longer 

available. 

Data on zootoxicity of Fusarium metabolites are available in other books on mycotoxins 

and mycotoxicoses. In this book E.-L. Hintikka presents her observations on fish poisoning with 

trichothecene mycotoxins. On the other hand J. Bauer and M. Olsen wrote very useful reviews 

on the metabolism of the most important Fusarium mycotoxins in domestic animals. 

TAXONOMY 

We found the problem of Fusarium taxonomy is still not resolved satisfactorily, which has 

caused a lot of misunderstanding in the past. Classical examples are the names nivalenol and 

neosolaniol, formed from the names of species which really are not able to produce those 
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metabolites. It is true that the definition of Fusarium genus as well as some Fusarium species was 

not precise enough, but it is also really a kind of art and needs long experience. 

The situation in Fusarium species taxonomy and nomenclature is still not clear. H.I. 

Nirenberg prepared a chapter on taxonomy taking into consideration the fact that the contributors 

used in their chapters three taxonomic systems, namely those of Booth (1971), Gerlach and 

Nirenberg (1982) and Nelson, Toussoun and Marasas (1983). She presents comparison of existing 

works and some new findings as well as synoptic keys to the sections and to the species, listed on 

wheat, maize and potato. Information on how to culture and isolate Fusarium strains to avoid 

their degeneration, stimulated particularly by rich media, are also included. 

Since 1984 Fusarium nivale (and later other members of the section Arachnites) was 

excluded from the genus Fusarium and placed in Microdochium, as described in a separate chapter 

by W. Gams. 

"It is likely that the direction of taxonomy in the future will be towards fewer species than 

nine", suggested W.C. Snyder in the introduction to the book "Fusarium: Diseases, Biology and 

Taxonomy". The existing schoolsof Fusarium taxonomy will not agree with this statement. There 

is essential agreement between the three above-mentioned systems of taxonomy. The differences 

concern several species names as well as the existence of several rarely occurring, and not 

sufficiently documented, species. Numerous Fusarium species develop perfect stages of Gibbe-

rella and Nectria genera within Ascomycetes and some authors list such species using names 

according to perfect stages, others use only names of anamorphs. 

More research and discussions are still necessary to elaborate a unified system of Fusarium 

nomenclature and taxonomy, to reduce synonyms like F. Moniliforme and F. vertcillioides and 

elucidate true teleomorph-anamorph relationships. The chapter of H.I. Nirenberg is one step in 

this direction. The Technical University of Denmark and other laboratories started research on 

the taxonomy and metabolite profile relationship in Fusarium and the new research offers 

promising results to solve some taxonomic questions, as discussed in a special chapter by U. 

Thrane. 

PATHOGENICITY 

Fusaria are pathogens of cereal plants at all stages of their development, from the first hours 

of kernel germination, to harvest time, including post-harvest decay of grains. This has been 

presented in several chapters on Fusarium species pathogenicity. In various regions of the world 

various species are prevalent as cereal pathogens. Contamination of cereal grains and other 

tissues with mycotoxins is related to ear diseases. In some regions with humid and warm climates, 

it is important to select or to create genotypes resistant to infection by Fusarium and accumulation 

of mycotoxins, mostly vomitoxin, in kernels of infected spikelets. This was found to be very 
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difficult. However, progress during the last decade is reviewed by A. Mesterhazy, of the Hunga-

rian center for breeding research in cereals. Particularly interesting are results concerning the 

relationship between resistance (or susceptibility) of flowering heads and resistance of seedlings 

of the same wheat genotype. As long as resistant varieties are not available on large scale, it is 

advisable to use agricultural practice to reduce infection rate; this is reviewed by A.H. Teich from 

the experience of Canadian Agriculture scientists. 

AreFusaria in some cases profitable in agricultural practice? It is possible to find the answer 

in fusarial hyperparasitism on ergot fungi, discussed by B.M. Cunfer. In some countries producing 

large amounts of potatoes the dry rot of potato tubers, caused by some Fusarium species, is 

economically important. The pathogens involved and the risk of infected tuber toxicity has been 

reviewed using results of research realized in Finland (E. Seppanen) and in Poland (J. Chelkow-

ski). 

At the end of the book a Glossary with short definitions and explanations of names used in 

individual chapters may help the reader to understand all questions of this interdisciplinary book. 

We hope that the book, covering as many aspects of Fusarium genus and fusarial diseases 

of cereals and potato tubers as possible, will be helpful to persons studying and teaching various 

disciplines, in which Fusaria and their metabolites play an important role. 

J. Chelkowski 
Editor 



Chapter 1 

METABOLITES OP FUSARIUM 

Ronald F. Vesonder and Piotr Golinski 

Fusarium ,  a  genu s containin g many common soi l  saprophyte s a s wel l  a s plan t 
pathogens ,  i s frequentl y foun d i n cerea l  grains .  Many specie s o f  Fusariu m 
produc e a  number  o f  secondar y metabolites ,  whic h elici t  physiologica l  an d 
pharmacologica l  response s i n plant s an d animals .  Recognize d response s are : 
Mycotoxicose s (hemorrhagi c diseases ,  alimentar y toxi c aleukia ,  estrogenism ,  an d 
ernesis-refusa l  response )  i n animal s an d humans o n ingestio n o f  grain s infecte d 
wit h Fusarium ;  phytotoxicose s o f  plants ;  an d initiatio n o f  th e sexua l  stag e i n 
some fungi . 

Mycotoxin s attaine d hig h researc h priorit y becaus e o f  th e effect s o f 
aflatoxin s i n turke y poult s an d thei r  extrem e carcinogenicity .  Th e most 
prevalen t  mycotoxin s produce d b y th e Fusari a ar e th e 12,13-epoxy-A9 -
trichothecenes .  Fusariu m spp .  elaborat e abou t  4 5 trichothecenes .  Thes e 
metabolite s ar e als o produce d b y specie s o f  Trichoderma ,  Trichothecium ,  an d 
Stachybotrys . 

Only th e trichothecene s T- 2 toxin ,  vomitoxi n (deoxynivalenol) , 
diacetoxyscirpenol ,  nivalenol ,  fusarenon-X ,  an d thei r  derivative s have ,  bee n 
isolate d fro m grain s molde d b y Fusarium .  However ,  many paper s i n th e 
literatur e describ e th e toxi c effect s o f  trichothecene s i n laborator y animals , 
and extrapolat e thes e biologica l  effect s t o man an d far m animals .  T- 2 toxi n i s 
associate d wit h letha l  toxicose s t o dair y cattle ,  an d vomitoxi n produce s a 
refusal-vomitin g phenomenon i n swine .  A n estrogeni c toxin ,  zearalenone ,  i s 
als o commonly foun d i n cor n infecte d wit h Fusariu m spp . 

Thi s chapte r  wil l  list ,  i n additio n t o th e trichothecenes ,  specifi c group s 
of  metabolite s fro m Fusarium ,  base d o n biologica l  activity .  Thes e group s are : 
Pigments ,  mycotoxins ,  antibiotics ,  phytotoxins ,  an d derivative s o f 
zearalenone .  A  miscellaneou s grou p wil l  includ e derivative s o f  di -  an d 
tri-terpenoids ,  alon g wit h variou s othe r  ring-structure d compounds whos e 
biologica l  activitie s hav e no t  bee n investigated .  Th e followin g microbia l 
product s ar e excluded :  Alicycli c compounds (steroid s an d gibberellins) , 
aliphati c an d relate d compounds (carboxyli c acids ,  carotenoids) ,  enzymes , 
simpl e nitroge n compounds. 

The compounds liste d i n eac h biologica l  categor y ar e alphabetize d an d wil l 
includ e structure ,  physicochemica l  data ,  th e referenc e sourc e o f  structure ,  an d 
biologica l  activity .  When a  compound possesse s variou s biologica l  activities , 
th e compound wil l  b e cross-indexed . 
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Ther e i s extensiv e literatur e o n Fusariu m metabolites ,  bu t  w e wil l  lis t 
onl y ke y references ,  wit h severa l  review s an d books .  Our  literatur e 
searc h include d Chemica l  Abstract s an d book s o n funga l  metabolite s (Turner , 
1971 ;  Turne r  an d Aldridge ,  1983 ;  Miller ,  1961 ;  Shibata ,  Natori ,  an d Udagawa, 
1964 ;  an d Korszybski ,  Kowszyk-Gindifer ,  an d Kurylowicz ,  1967) .  Beside s 
Fusarium ,  literatur e inquir y encompasse d th e perfec t  stat e names fo r  Fusarium , 
includin g Calonectria ,  Gibberella ,  Nectria ,  an d Hypomyces. 

Our  searc h indicate d tha t  some compounds wer e liste d unde r  mor e tha n on e 
name;  thes e ar e als o reported .  We wer e greatl y aide d b y us e o f  th e Dictionar y 
of  th e Fung i  (Ainswort h 1971) .  A s on e woul d expect ,  a  number  o f  toxin s wer e 
reporte d fo r  whic h structur e ha s no t  ye t  bee n determined . 

GENERAL REFERENCES 

Ainsworth ,  G .  C .  1971 .  Ainswort h 
and Bisby' s dictionar y o f  th e fungi , 
6t h ed .  Commonwealth Mycol .  Inst . 
Kew,  Surrey ,  England .  663 . 
Brian ,  P .  W.  1951 .  Antibiotic s 
produce d b y fungi .  Bot .  Rev .  17 : 
357-430 . 
Broadbent ,  D .  1966 .  Antibiotic s 
produce d b y fungi .  Bot .  Rev .  32 : 
219-242 . 
Korzybski ,  T. ,  Z .  Kowszyk-Gindifer , 
and W.  Kurylowicz .  1967 .  Anti -
biotics ,  origin ,  nature ,  an d prop -
erties .  Vol .  II ,  p .  1310-1325 , 
1402 .  Pergamo n Press ,  London . 
The Merc k Index .  1983 .  10t h ed . 
Merck &  Co. ,  Rahway,  Ne w Jersey . 
1463 p . 

10 

Miller ,  M.  W.  1951 .  Th e Pfize r 
handbook o f  microbia l  metabolites . 
McGraw-Hil l  Boo k Co. ,  Ne w York . 
722 p . 
Scott ,  P .  M.  an d E .  Somers .  1969 . 
Biologicall y activ e compounds fro m 
fiel d fungi .  J .  Agric .  Foo d Chem. 
17:430-436 . 
Shibata ,  S. ,  S .  Nator i  an d S .  Udagawa. 
1964 .  Lis t  o f  funga l  products . 
Charle s C .  Thomas,  Springfield , 
Illinois .  17 0 p . 
Turner ,  W.  B .  1971 .  Funga l 
metabolites .  Academi c Press .  Ne w 
York .  44 6 p . 
Turner ,  W.  B .  an d D .  C .  Aldridge . 
1983 .  Funga l  metabolite s II . 
Academic Press ,  Ne w York .  63 1 p . 

PIGMENTS (1-30 ) 

ANHYDROFUSARUBIN. 

m.p.  195-19 8 C .  \ 

C.  ,-R .  S)c MW 28 8 l b 1 2 6 
295 ,  -460 , 

2.  AUROFUSARIN. 

Yello w prisms ,  m.p .  >32 0 C  d 
500 ,  535 ,  ̂ 58 5 nm.  Insecticida l 
activit y agains t  Calliphor a 
erythrocephala . 

CH3Q 

Source 
#47.  Reference : 

O O H 

Fusariu m solan i  strai n 
[1] 

C30H18°12 m 5 7° 

^dioxane 0i1<3 o c - ~__ 

CH30 

Source :  Fusariu m culmorum ,  F . 
graminearu m CMI  89367 . 
References :  [2-5 ] 
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AVENACEIN Y  (Antibioti c Y , BOSTRYCOIDIN. 

Lateropyrone) . C. ^H J X MW 

318 m.p. 281-282 C. UV 

242 ,  265 ,  278 ,  347 , XCH30H 
max 

365 n m (e - ,  4.23 ,  4.13 , mol. 
4.09 ,  3.98 ,  4.02 ,  respectively) . 
Antibioti c propertie s fo r 
Staphy1ococcu s aureu s 20 9 P 
(MI C 0.3 7 an d 5.4 5 jug/m l  a t  p H 
6. 2 an d 7.4 ,  respectively) .  Dos e 
level s o f  0. 5 t o 20 0 u g o f 
Avenacei n Y  pe r  eg g wa s nontoxi c 
t o chicke n embryo ;  3T 3 mouse cell s 
were no t  affecte d a t  a  leve l  o f 
5 pg/ml . 

Source :  Fusariu m avenaceu m 
(Fries )  Sacc . 
References :  [6 ,  7 ] 

BIKAVERIN,  LYCOPERSIN,  PASSIFLORIN , 
MYCOGONIN (lOH-Benzo[b]xanthene -
7,10,12-trione-6,11-dihydroxy -
3,8-dimethoxy-l-methyl) . 
ConHiyl 0o MW 38 2 Re d crystals , 

m.p.  322-32 4 C  d .  X ^ ^ 254 , ^ max ' 
278 ,  51 8 nm.  Vacuolatio n factor , 
agin g factor ;  activ e agains t 
Leishmani a brasiliensis ,  0.1 5 
pg/ml . 

CH,0 OCH, 

Source :  Gibberell a fujikuro i 
NRRL 2633 ,  Bria n 917 ,  an d 
Fusariu m oxysporum . 
References :  [8-11 ] 

C-cH.-NO c MW 28 5 
lb 11 b 

Red plates ,  m.p .  243-24 4 C . 
xEtOH 2 5 1 3 2 Q 4 ? 5 4 9 7 5 2 5 ^ ^ 
max 

LD p̂.  mice ,  i.p. ,  s.c ,  o r  pe r  o s 

>250 mg/k g fo r  2-2 1 days .  Inhibit s 
acid-fast ,  gram-positive ,  an d gram -
negativ e organisms . 

OH 
CH3Q 

Source :  Fusariu m oxysporu m (£ . 
bostrycoides) ,  F .  solani . 
References :  [12-14 ] 

C28H22°1 0 CEPHALOCHROMIN. 

MW 51 8 Orang e crystals ,  m.p . 

>300 C  d .  X  232 ,  270 ,  295 , max 
330 ,  41 5 nm.  [a ]  +  523 ° 

(CHC13) , Activ e agains t 

Staphylococcu s aureu s a t  a  con -
centratio n o f  1  ppm. 

OH OH 

Source :  Nectri a flavo-viride s 
(Fusariu m melanochlorum) . 
Reference :  [15 ] 

O-DEMETHYLANHYDROFUSARUBIN. 

C14H10° 6 ^ ^ 2 7 4 P u r P l e 

needles ,  m.p .  202-20 4 C . 

237 ,  285 ,  353 ,  49 2 sh ,  54 6 nm. 

xEt.O H 
max 
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HO 

Source :  Gibberell a fujikuro i 
ACC 917 .  Reference :  [16 ] 

2,3-DIHYDRO-5,8-DIHYDROXY-6 -
METHOXY-2-ITCDROXYMETHOXY-3 (2 '  -
HYDROXYPROPYL)  -1,4-NAPHTHAL -
ENEDIONE.  C 1 5 Hl g 0 7 MW 31 0 

Ligh t  re d crystals ,  m.p .  13 5 C . 
EtOH 2 1 3 2 4 4 2 7 ? 3 Q 3 s h 

Amax 
391 ,  40 0 s h n m ( E 3.98 , 

4.21 ,  3.83 ,  3.64 ,  3.88 ,  3.83 , 
respectively) . 

Source :  Fusariu m solani . 
Reference :  [18 ] 

10.  4a,10a-DIHYDROFUSARUBIN S [rel -
(3R,4aR,10aR)-5,10-dioxo-3,4,4a , 
5,10,10a-hexahydro-7-methoxy-3 -
methy1-3,6,9-trihydroxy-lH -
naphth o [2,3- c 3  pyran] . 
C-icH^CL ,  MW 30 8 m.p .  153 -15 1 6 7  9 n 

154 C .  [a]p U +  145. 4 (acetone ) 
EtOH 2 7 3 3 0 Q 

max ' ' 
391 n m ( E n  4.17 ,  4.30 , mol. 
3.87 ,  3.71 ,  3.94 ,  respectively) . 

OH 

CH30 

Source :  Fusariu m solani . 
Reference :  [17 ] 

4a,10a-DIHYDROFUSARUBINS [rel -
(3R,4aR,10aS)-5,10-dioxo-3,4,4a , 
5,10,10a-hexahydro-7-methoxy-3 -
methyl-3,6,9-trihydroxy-lH -
naphth o {2,3- c 3  pyran] . 
C 1 C H 1 C 0 _ MW 308 m . p . 1 1 7 -15 16 7 9 0 

118 C. [a.]^u + 2 3 . 3 ° (acetone) 
EtOH 2 4 3 2 7 3 
max r i i t 

391 nm (e -, 4 . 1 5 , 3 . 8 9 , mol. 

3 . 7 0 , 3 . 9 6 , r e s p e c t i v e l y ) . 

OH 

CH,0 

Source :  Fusariu m solani . 
Reference :  [18 ] 

11.  2,3-DIHYDRO-5-HYDROXY-4-HYDROXY -
METHYL-8-METOXYNAPHTHO [1,2-b ] 
FURAN-6,9-DIONE . C15H14° 6 
MW 29 0 Re d crystals ,  m.p .  202 -

203 C .  x j ^ H 223 ,  297 ,  485 , 

502 ,  53 8 n m ( e ,  4.06 ,  3.62 , mol. 
3.50 ,  3.47 ,  3.17 ,  respectively) , 

CH30 

Source :  Fusariu m monilifonne . 
Reference :  [17 ] 

12.  5,8-DIHYDROXY-2-METHOXY-6 -
HYDROXYMETHYL-7-(2'-HYDROXYPROPYL)  -
1,4-NAPHTHALENEDIONE. 
C15 H16° 7 ̂ ^ 3 ° 8 R e d c r Y s t a l s ' 



m.p. 206-212 C d. \ j ^ H 227, 
306, 452 sh, 482, 509, 546 run 
(e -, 4.38, 3.87, 3.56, mol. ' ' 
3.76, 3.80, 3.59, respect ively) , 

CH,0 

Source :  Fusariu m solani . 
Reference :  [17 ] 

13.  O-ETHYLDIHYDROFUSARUBIN. C17 H20° 7 
MW 336 .  Thi s pigmen t  may b e a 
laborator y artifact . 

pCH2CH3 

'  CH3 
CH30 

Source :  Fusariu m solan i  P P 96 . 
Reference : [19 ] 

14 .  O-ETHYLFUSARUBIN.  C ^ H ^ C ^ 
MW 334 .  Thi s pigmen t  may b e a 
laborator y artifact . 

CH30 

OH O 

Source :  Fusariu m solan i  P P 90 . 
Reference :  [20 ] 

15.  FUSAROSKYRIN (4,4',5,5',8,8' -
Hexahydroxy-2,2'-dimethoxy-7 ,  7 '  -
dimethyl-1, 1 *-dianthraquinone) . 
C32 H22°1 2 ̂  5 9 8 R e d c r Y s t a l s ' 

m.p.  >30 0 C .  A 0 1 0 1 3 256 ,  276 , ^ max 
305-310 ,  50 5 nm.  Caus e o f  "purpl e 
speck "  diseas e o f  soybean . 

16. 

Source :  Fusariu m sp . 
Reference :  [21 ] 

FUSARUBIN,  OXYJAVANICIN. 
C15 H14° 7 m 3 0 6 R e d P r i s m s ' 
m.p.  21 8 C  d .  X^01! 303 ,  50 5 nm. 

c max 
Inhibit s Staphylococcus .  Phytotoxi c LD. t o tomat o cutting s (4 0 jug/ml ) 
Botryti s allii ,  2  ug/ml . 
Inhibit s anaerobi c decarboxylatio n 
of  pyruvate ,  3 0 jug/ml ;  oxidativ e 
decarboxylatio n o f  a-ketoglutarate , 
77 jug/ml . 

CH30 

'5 0 

Source :  Fusariu m javanicum , 
F.  solani . 
References :  [22 ,  23 ] 

17 .  FUSCOFUSARIN. C30 H20°1 1 m 5 5 6 

Brown powder ,  m.p .  >30 0 C . 
kEtOH 225 ,  281 ,  346 ,  40 5 nm. 



Source :  Fusariu m culmorum . 
Reference : [24 ] 

ISOMARTICIN.  C. 0 H1 C0 Q MW 37 6 
18 1 6 y 

Brown prisms ,  m.p .  168-16 9 C . 
[a]^ 5 +  26 °  (CHC1 3) . 

xEtOH 2 2 7 3 Q 6 4 9 7 ^ ^ phyto -
max 2 

toxi c t o tomat o cuttings ,  8  ug/g . 
1)0 RQ B o t r y t i s alli i  Munn,  >50 0 
ug/ml .  Inhibit s Bacillu s 
subtilis ,  7  ug/ml .  Inhibit s 
anaerobi c decarboxylatio n o f 
pyruvate ,  24 8 ug/ml ;  oxidativ e 
decarboxylatio n o f  ct-ketogluta -
rate ,  75 0 jug/ml . 

OH 
COOH 

Source :  Fusariu m marti i  var . 
pisi .  References : [23 ,  25 ] 

JAVANICIN,  SOLANIONE (5,8 -
Dihydroxy-6-methoxy-2-methyl -
3,2'-oxo-propyl-1,4 -
naphthaquinone) .  C .  ̂ H -  X) f i 

MW 29 0 Re d crystals ,  m.p .  20 8 

C d XCHC13 3 0 7 5 1 0 ^  Anti _ 
max 

bioti c fo r  gram-positiv e an d 
acid-fas t  microorganisms .  LD , 50 
mice ,  i.p .  >50 0 mg/kg .  Phyto -
toxi c t o tomat o cuttings ,  6 0 
ug/ml .  Inhibit s anaerobi c de -
carboxylatio n o f  pyruvate ,  2 9 
ug/ml ;  oxidativ e decarboyxla -
tio n o f  a-ketoglutarate ,  8 7 
ug/ml .  Insecticida l  activit y 
agains t  Calliphor a 
erythrocephala . 

20. 

OH 

OH 

Source :  Fusariu m javanicum , 
F_. solani . 
References :  [1 ,  22 ,  23 ,  26 ] 

MARTICIN. C18 H16° 9 m 3 7 6 

Dark re d needles ,  m.p .  200-20 1 C . 
[a]^ 5 +  132 °  (CHC1 3) . 

AEtOH 2  3 Q 5 4 9 ? 
max 

Phytotoxi c t o tomat o cuttings , 
8 pg/g .  L D ™ Botryti s alli i 

Munn,  >50 0 pg/ml .  Inhibit s 
Bacillu s subtilis ,  7  ug/ml . 
Inhibit s anaeorbi c decarboxylatio n 
of  pyruvate ,  24 8 jug/ml ;  oxidativ e 
decarboxylatio n o f  a-ketoglutarate , 
750 yug/ml . 

OH 
COOH 

Source :  Fusariu m marti i  var .  pisi . 
References :  [23 ,  25 ] 

21 .  8-O-METHYLBOSTRYCOIDIN. 

MW 29 9 m.p .  215-21 6 C . 
C16 H13 N 05 

X 247.5 , max 
318 ,  48 0 n m ( e ,  4.5 ,  3.92 , '  mol .  ' r 

3.83 ,  respectively) ;  X CH30H(H+) 

( e !  4 , mol. 227 ,  262 ,  310 ,  51 0 n m 
4.20 ,  3.88 ,  3.73 ,  respectively ) 
xCH3OH(OH-)  2  3  5 4 6 

max 
(e mol  4#44 '  3 ' 82'  4 , ° ' 
respectively) . 

32, 
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22. 

23. 

OCH3 O 

Source :  Fusariu m moniliform e 
MRC 602 ,  F .  moniliform e var . 
subglutinan s MRC 604 . 
Reference :  [27 ] 

C16H16°7 8-OMETHYLFUSARUBIN, 

MW 320 m.p . 138-139 C. \ 
r max 

2 8 2 . 5 , 484, 510, 550 sh nm 

226, 

d mol. 4 . 4 8 , 4 . 0 5 , 3 . 8 3 , 3 . 8 0 , 

3 . 4 9 , r e s p e c t i v e l y ) . 

OH O 

CH30 

O C H , 0 

Source :  Fusariu m moniliform e 
MRC 602 ,  F_. moniliform e var . 
subglutinan s MRC 604 . 
Reference :  [27 ] 

C16H16°6 8-O-METHYLJAVANICIN 

MW 304, m.p . 197-198 C. A 

226, 2 8 2 . 5 , 482, 510, 550 sh 
nm (e mol. 4 . 5 6 , 4 . 0 4 , 3 . 8 0 , 

3 . 7 5 , 3 . 8 0 , r e s p e c t i v e l y ) . 

OH 
CH30. 

OCH3O 

Source :  Fusariu m moniliform e 
MRC 602 .  Reference :  [27 ] 

24.  8-OMETHYLSOLANIOL. C16 H18° 6 
MW 30 6 m.p .  152-15 4 C .  A 

226 ,  285 ,  476 ,  51 0 s h n m 
(£ mol  4 # 4 9 '  4 - 0 2 5 '  3 ' 8 2 ' 
3 . 6 9 , 

CH30N 

respec t ive ly) . 

OH O 

AA vc OCH3 0 

y C H 2 " 

CH3 

OH 
| - C - C H 3 
1 H 

Source: Fusarium moniliforme 
MRC 602 .  Reference :  [27 ] 

) 

XCHC13 

2 5 . NORBIKAVERIN. C ^ H Og MW 368 

m.p . >350 C d 

320, 515 , 550 nm. 

CHoO 

r 1 J ^ J 253 , 273 , max 

OH 

Source :  Gibberell a fujikuro i 
ACC 917 .  Reference :  [11 ] 

C.  .H ,  <0C MW 27 6 14 I z b 

26.  NORJAVANICIN (5,8-Dihydroxy-6 -
methoxy-3-2'-oxopropyl-1,4 -
naphthaquinone) . 

Red needles ,  m.p .  200-20 4 C .  Phyto -
toxi c t o tomat o cuttings ,  9 0 ug/ml . 
LDc:n /  Botr yt:i - s alli i  Munn,  1 0 /ug/ml . 

Inhibit s Bacillu s subtilis ,  1  jug/ml . 
Inhibit s anaerobi c decarboxylatio n 
of  pyruvate ,  3  ug/ml ;  oxidativ e 
decarboxylatio n o f  a-ketoglutarate , 
31 ug/ml . 

CH3O 

Source :  Fusariu m marti i  var . 
pis i  M 808 ,  F .  solan i  M 898 . 
References :  [23 ,  28 ] 



27.  NOVARUBIN. 

28. 

C15 H14° 7 m 3 ° 6 29. 
Red crystals ,  m.p .  16 2 C .  Phyto -
toxi c t o tomat o cuttings ,  3 5 ug/ml . 
L D™ Botryti s alli i  Munn,  5  ug/ml . 

Inhibit s Bacillu s subtilis ,  0. 5 
ug/ml .  Inhibit s anaerobi c decarb -
oxylatio n o f  pyruvat e 4  ug/ml ; 
oxidativ e decarboxylatio n o f 
a-ketoglutarate ,  3 1 ug/ml . 

CH30 

Source :  Fusariu m marti i 
var .  pis i  M 808 ,  F .  solan i  M 898 . 
Reference :  [23 ] 

RUBROFUSARIN (5,6-Dihydroxy -
8-methoxy-2-methy1-benzochromen -

C15 H12° 5 m 2 7 2 4-on e 

Orange-re d needles ,  m. p 

210-21 1 C .  X E t 0 H 225. 5 max 
278 ,  327 ,  344 ,  41 0 nm. 

CH3O 

Source :  Fusariu m culmorum , 
F_. graminearum ,  Gibberell a zeae . 
References :  [2 ,  29-33 ] 

30. 

SOLANIOL (5,8-Dihydroxy -
3-  (2'-hydroxypropyl)-6 -
methoxy-2-methyl-l,4 -
naphthaquinone) . 

MW 29 2 Dar k re d needles ,  m.p .  190 -

194 C  d . 

..dioxan e 

C15H16° 6 

[a] 2 5 +  122 °  (CH 3OH), 

max 
556 nm. 

CH30 

227 ,  304 ,  472 ,  500 , 

Source :  Fusariu m solani . 
Reference : [34 ] 

2,5,8-TRIHYDROXY-6-METHOXY-3 -
(2'-OXO-PROPYL)-1,4-NAPHTHAQUINONE . 

C14 H12° 7 m 2 9 2 R e d c r Y s t a l s ' 

m.p.  231-23 4 C .  X E t 0 H 212 ,  238 , ^ max 
261 ,  320 ,  470 ,  490 ,  52 0 n m 
( emol 4 - 2 2 ' 4 - 1 4 f 4 ' 0 7 ' 3 # 8 8 ' 
3.84, 3.82, 3.66, respec t ive ly) . 

OH O 

CH3O 

OH 

Source :  Fusariu m solani . 
Reference :  [35 ] 

REFERENCES 

1.  N .  Claydon ,  J .  F .  Grove ,  an d M.  Pople ,  J .  Invertebr .  Pathol. ,  3 0 (1977 ) 
216 

2.  J .  N .  Ashley ,  B .  C .  Hobbs ,  an d H .  Raistrick ,  Biochem .  J. ,  3 1 (1937 )  38 5 

3.  P .  M.  Bake r  an d J .  C .  Roberts ,  J .  Chem.  Soc .  C ,  (1966 )  223 4 

4.  J .  S .  Gray ,  G .  C .  J .  Martin ,  an d W.  Ribgy ,  J .  Chem.  Soc .  C ,  (1967 )  258 0 

5.  S .  Shibata ,  E .  Morishita ,  T .  Takeda ,  an d K .  Sakata ,  Tetrahedro n Lett. , 
(1966 )  485 5 



9 

6.  P .  Golinski ,  S .  Wnuk,  J .  Chelkowski ,  A .  Visconti ,  an d M.  Schollenberger , 
Appl .  Environ .  Microbiol. ,  5 1 (1986 )  74 3 

7.  C .  Gorst-Allman ,  P .  va n Rooyen ,  S .  Wnuk,  P .  Golinski ,  an d J .  Chelkowski ,  £5 . 
Afr .  J .  Chem. ,  3 9 (1986 )  11 6 

8.  J .  Balan ,  J .  Fuska ,  I .  Kuhr ,  an d V .  Kuhrova ,  Foli a Microbiol .  (Prague) ,  1 5 
(1970 )  47 9 

9.  J .  J .  d e Boer ,  D .  Bright ,  G .  Dallinga ,  an d T .  G.  Hewitt ,  J .  Chem.  Soc .  C , 
(1971 )  278 8 

10.  D .  Brewer ,  G .  P .  Arsenault ,  J .  L .  C .  Wright ,  an d L .  C .  Vining ,  J . 
Antiobiot. ,  2 6 (1973 )  77 8 

11.  D .  Kjaer ,  A.  Kjaer ,  C .  Pedersen ,  J .  D .  Bu'Lock ,  an d J .  R .  Smith ,  J .  Chem. 
Soc.  C ,  (1971 )  279 2 

12.  M.  A .  Hamilton ,  M.  S .  Knorr ,  F .  A.  Cajori ,  Antiobiot .  Chemother. ,  3  (1953 ) 
853 

13.  F .  A.  Cajori ,  T .  T .  Otani ,  an d M.  A .  Hamilton ,  J .  Biol .  Chem. ,  20 8 (1954 ) 
107 

14.  G.  P .  Arsenault ,  Tetrahedro n Lett. ,  (1965 )  403 3 

15.  S .  T .  Care y an d M.  S .  R .  Nair ,  Lloydia ,  3 8 (1975 )  44 8 

16.  B .  E .  Cross ,  P .  L .  Myers ,  an d G.  R .  B .  Webster ,  J .  Chem.  Soc .  C ,  (1970 )  93 0 

17.  J .  H .  Tatum ,  R .  A .  Baker ,  an d R .  E .  Berry ,  Phytochemistry ,  2 4 (1985 )  301 9 

18.  I .  Kurobane ,  L .  Vining ,  A.  G .  Mclnnes ,  an d D .  G.  Smith ,  Can .  J .  Chem. ,  5 6 
(1978 )  159 3 

19.  I .  Kurobane ,  L .  Vining ,  A.  G .  Mclnnes ,  an d N .  Gerber ,  J .  Antibiot. ,  3 3 
(1980 )  137 6 

20.  N .  Gerbe r  an d M.  S .  Ammar,  J .  Antibiot. ,  3 2 (1979 )  68 5 

21.  S .  Fujise ,  S .  Hishida ,  M.  Shibata ,  an d S .  Matsueda ,  Chem.  Ind. ,  (1961 )  175 4 

22.  H .  R .  V .  Arnstei n an d A.  H .  Cook ,  J .  Chem.  Soc.,  (1947 )  102 1 

23.  H .  Ker n an d S .  Naef-Roth ,  Phytopathol .  Z., 6 0 (1967 )  31 6 

24.  T .  Takeda ,  E .  Morishita ,  an d S .  Shibata ,  Chem.  Pharm .  Bull. ,  1 6 (1968 )  221 3 

25.  H .  Ker n an d S .  Naef-Roth ,  Phytopathol .  Z., 5 3 (1965 )  4 5 

26.  H .  R .  V .  Arnstein ,  A .  H .  Cook ,  an d M.  S .  Lacey ,  Nature ,  15 7 (1946 )  33 3 

27.  P .  S .  Steyn ,  P .  L .  Wessels ,  an d W.  F .  O .  Marasas ,  Tetrahedron ,  3 5 (1979 ) 
1551 

28.  W.  S .  Chilton ,  J .  Org .  Chem. ,  3 3 (1968 )  429 9 

29.  R .  P .  Mul l  an d F .  F .  Nord ,  Arch .  Biochem .  Biophys. ,  4  (1944 )  41 9 

30.  H .  Tanak a an d T .  Tamura ,  Tetrahedro n Lett. ,  (1961 )  15 1 

31.  G.  H .  Stout ,  D .  L .  Dreyer ,  L .  H .  Jensen ,  Chem.  Ind. ,  (1961 )  28 9 

32.  G.  H .  Stou t  an d L .  H .  Jensen ,  Act a Crystallogr. ,  1 5 (1962 )  45 1 

33.  H .  Tanak a an d T .  Tamura ,  Agric .  Biol .  Chem. ,  2 6 (1962 )  76 7 

34.  G.  P .  Arsenault ,  Tetrahedron ,  2 4 (1968 )  474 5 

35.  J .  H .  Tatum ,  R .  A .  Baker ,  an d R .  E .  Berry ,  Phytochemistry ,  2 6 (1987 )  79 5 



10 

ANTIBIOTIC S (1-16 ) 

1.  ANTIBIOTI C LL-Z127 2 a . 
C23 H31°3 C1 M W 3 9 °  m # P"  7 2 # 5 _ 

73 C . X 228 ,  293 ,  34 5 nm. 
max 

Anti-Tetrahymen a pyriformi s 
activity . 

ANTIBIOTI C LL-Z127 2 6 . 
C23 H 0  C l  MW 40 6 m.p . 

129.5-130. 5 C .  [a] 2 5 +  6 ° 

(CH^OH).  X  231 ,  293 ,  34 6 
3 max 

nm.  Anti-Tetrahymen a pyriformi s 
activity . 

Source :  Fusariu m sp . 
Reference :  [1 ] 

2.  ANTIBIOTI C LL-Z127 2 $ . 
C23H32° 3 m 3 5 6 m # P '  9 7 , 5 C " 
X 223 ,  23 3 sh ,  297 ,  34 0 nm. max 

Source :  Fusariu m sp . 
Reference :  [1 ] 

ANTIBIOTI C LL-Z127 2 e . 
C23 H32° 4 M W 3 7 2 m # P*  1 7 1 ' 5 " 
172. 5 C .  [a] 2 5 +  6 °  (CH 3OH). 

X 223 ,  23 3 sh ,  295 ,  34 0 s h 
max 

nm.  Anti-Tetrahymen a pyriformi s 
activity . 

Source :  Fusariu m sp . 
Reference :  [1 ] 

3.  ANTIBIOTI C LL-Z127 2 y  ASCOCHLORIN. 
C23 H29°4 C1 m 4 ° 4 m* P'  1 7 2 ~ 
173 C .  [a] 2 5 -31 °  (CH 3OH). 

X 230 ,  293 ,  34 7 nm.  Anti -max 
Tetrahymen a pyriformi s activity . 

0 O H CH 3 CH, 
H- C 

Source :  Fusariu m sp . 
Reference :  [1 ] 

Source :  Fusariu m sp . 
Reference :  [1 ] 

ANTIBIOTI C LL-Z127 2 £ . 
C25 H31°6 C1 M W 4 6 2 '  m ' P# 1 5 6 ' 5 ~ 
157 C .  [a] 2 5 -15 °  (CH 3OH). 

X 239 ,  293 ,  34 7 nm.  Anti -max 

Tetrahymen a pyriformi s activity . 

OH CH 3 CH 3 
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Source :  Fusariu m sp . 
Reference :  [1 ] 

CYCLODEPSIPEPTIDE COMPLEX (CDPC) . 

MW Formul a 

1-leucin e 62.3 7 88 7 C
4 5 H 7 3

N
7

0
1 1 

Isoleucin e 30.6 9 88 7 C^H^N-CX.. . 
4b IS I 1 1 

Valin e .9 3 87 3 C 4 4 H7 1 N7 Ou 

m.p.  206-20 8 C  (fo r  CDPC) .  CDPC 
inhibit s germinatio n o f  PeniciIliu m 
digitatu m conidi a wit h swellin g o f 
conidi a u p t o 1 0 diameter s mor e 
tha n conidi a incubate d i n a  con -
tro l  media . 

CH3CH(CH2)9CH3 

CH-CH2-CO-D-a|lo-Thr-i-Ala-D-Ala-L-Gln 

.  ENNIATI N B ,  LATERITII N II . 
C33 H57 N3° 9 m 6 3 9 m* P'  1 7 4 " 
176 C .  [a]^ 1 -108 °  (CHC1 3) . 

Inhibit s Mycobacteriu m phlei , 
3 jag/ml;Mycobacteriu m paratubercul -
osis ,  5  /ig/ml .  Activit y agains t 
bacteri a an d phytopathogeni c fung i 
weaker  tha n Enniati n A . 

CH3 

CH(CH3)2 CH(CH3)2 I CH(CH3)2 

CH 3-N-CH-CO-0-CH-CO-N-CH-CO 

OC-CH-O-CO-CH-N-CO-CH-0 

(CH3)2CH (CH3)2CH (CH3)2CH 

CH3 

Source :  Fusariu m sp .  ET H 436 3 an d 
ETH 1574 .  References :  [5-7 ] 

L, 10. 
-CO-R-o-Th r 

Source :  Fusariu m roseu m NRRL 622 7 
F.  tricinctu m NRRL 3510 . 
References :  [  2 ,  3 ] 

ENNIATI N A ,  LATERITII N I . 
C , X , N , O n MW 681 m.p. 36 63 3 9 i n 
122 C [a]*8 -91.9° (CHC13). 

Active against gram-positive, 
gram-negative and ac id- fas t 
bac te r ia . Inh ib i t s phyto-
pathogenic fungi. 

CH?CHo CHoCHo 
I , , C H 3 I 3 

C H - C H 3 CH(CH3)2 \ C H - C H 3 

C H , - N - C H - C O - 0 - C H - C O - N - C H - C O 

1 1 . 

CH(CH3)2 

O C - C H - O - C O - C H - N - C O - C H - O 
I I I , 
| CH 3 CH(CH3)2 

C H - C H 3 
I 
CH2CH3 

Source : Fusarium s p . ETH 1 5 2 3 / 8 . 
Re fe r ences : [4 ,5] 

ENNIATIN C. 

m.p . 123 C. 

C24H42N2°6 m 4 5 4 

[ a ] ^ 2 - 8 3 ° (CHC13), 

CH(CH3)2 

CH2 CH(CH3)2 

C H 3 - N - C H - C O - 0 - C H - C O 

H C - C O - 0 - C H - C O - N - C H 3 

CH2 CH(CH3)2 

CH(CH3)2 

Source :  Fusariu m sp . 
Reference :  [8 ] 

EQUISETIN,  N-METHYLTETRAMIC ACID . 
C22 H31 N° 4 m 3 7 3 m - p "  6 5 C * 

Eto H 2 3 5 2 5 0 2 9 2 ^ ^ Activ e 
max 

agains t  grarn-positive ,  an d acid-fas t 
bacteri a an d Neisseri a perflava . 
Letha l  dos e t o mice ,  i.p. ,  6 3 mg/kg . 

I~==\ C15H2; 

HOCH^N^° 
CH, 
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Source :  Fusariu m eguiset i 
NRRL 5537 .  References :  [9 ,  15 ] 

12.  LYCOMARASMIN. C9H15 N3° 7 M W 2 7 7 

r i 2 0
 AO° [aJD -42 

I n h i b i t s 

m.p. 227-229 C d . 

t o - 4 8 ° (H20, pH 7) 

Lactobacillu s casei .  Tomat o 
wiltin g toxin . 

O O 
I I  I I 

HO-C-CH-NH-CH CH-C-OH 

I I 
HO-C-CH2 NH-CH2-C-NH2 

I I  I I 
o o 

Source :  Fusariu m lycopersici . 
References :  [10-13 ] 

13.  PHYTOTOXINS (Dehydrofusari c acid , 
Fusari c acid) . 

14.  PIGMENTS (Avenacei n Y ,  Bikaverin , 
Bostrycoidin ,  Cephalchromin , 
Fusarubin ,  Isomarticin ,  Javanicin , 
Marticin ,  Novarubin ,  Norjavanicin , 
Qxyjavanicin) . 

15.  RAMIHYPHINS.  MW 119 2 Daltons , 
Whit e amorphou s compound. 

CH3OH 210 nm.  Activ e agains t 

pathogeni c an d saprophyti c fungi . 
Stimulate s branchin g o f  hypha e 
at  subfungistati c concentrations . 

STRUCTURE UNKNOWN 

Source :  Fusariu m sp .  S-435 . 
Reference :  [14 ] 
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TRICHOTHECENES (1-48 ) 

Calonectri n Derivative s (1-5 ) 

CALONECTRIN (3a,15-Diacetoxy -
12,13-epoxytrichothec-9-ene) . 
C1 QHo c O.  M W 35 0 Prisms , 

97 n 
m.p.  83-8 5 C .  [a ] ^ +  14.6 ° 
(CHCl ^ 

O 
II 

O-C-CH3 

Source :  Calonectri a nivalis , 
Fusariu m nival e CMI  1476 4 i s F_. 
culmoru m (referenc e 42 ,  pag e 7 ) . 
Reference :  [1 ] 

DEACETYLCALONECTRIN (3a-Acetoxy -
15-hydroxy-12,13-epoxytrichothec -

C17 H24° 5 M W 3 0 8 P r i s m s / 
184-18 6 C .  [ a ] ^ 7 +  11.2 ° 

9-en e 

m.p 

(CHC1 

CH, 
O 
II 

O-C-CH3 

CH3 

CH?-OH 

Source :  Calonectri a nivalis , 
Fusariu m nival e CMI  1476 4 i s F . 
culmoru m (referenc e 42 ,  pag e 7 ) , 
F.  roseu m ATC C 28114 . 
References :  [1 ,  3 ] 

3.  7a,8a-DIHYDROXYCALONECTRIN (3a,15 -
Diacetoxy-7a,8a-dihydroxy-12,13 -
trichothec-9-ene) .  C i g H JDQ M W 38 2 

m.p.  190.5-191. 5 C .  [ a ] ^ 6 , 8 +  7.13° . 

CH 

HO 

HO 

O 
II 

-O-C-CH, 

CH, 

CH2-0-C-CH3 
II 
O 

Source :  Fusariu m roseu m ATC C 28114 . 
Reference :  [2 ] 

7-HYDROXYCALONECTRIN.  C 1 9 H2 6 0 7 

MW 366 m.p. 174-175 C. [a]jf"2 -14.3°. 

CH3 v 

O 
II 

- O - C - C H 3 

HO I CH3 

C H 2 - 0 - C - C H 3 
II 
O 

Source:  Fusariu m roseu m ATCC 28114 . 
Reference :  [3 ] 

8-HYDROXYCALONECTRIN.  C-  QHocO-7 

19 2 6 7 
MW 36 6 m.p .  168-17 0 C .  M^ 1 * 3 "6.67 ° 

O 
C H 3 v ^ ^ O v 

^ o 
H O ^ ^ T N ^ -

O-C-CH, 

r 
CH3 

CH0-O-C-CH 3 
II 
O 

Source :  Fusariu m roseu m ATC C 28114 . 
Reference :  [3 ] 


