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Abstract - The infestation of many crops by fungi of the Fusarium genus has 
extensive economic consequences. This lecture will present an update of the 
progress achieved by the Canadian program aimed at an understanding of factors 
leading to the production of toxic secondary metabolites in nature and to the 
possible control of these materials. This brief report will concentrate on the 
biosynthetic diversity of common Fusarium species producing isoprenoids with 
biological activity. 

INTRODUCTION 

The pathogen ic  n a t u r e  o f  c e r t a i n  spec ies  o f  f u n g i  t o  p l a n t s  has been observed v i r t u a l l y  
s ince  t h e  beg inn ing  o f  a g r i c u l t u r e .  
t h e y  a r ?  ingested. 
Turkey X '  d isease k i l l e d  100,000 tu rkeys ,  14,000 duck l ings ,  and thousands o f  p a r t r i d g e  
and pheasant p o u l t s  i n  England. 
a s ickness  i n  horses c a l l e d  equine leuco-encephalomalacia (ELEM) i n  t h e  Un i ted  S ta tes  
( r e f .  1)  and a l i m e n t a r y  t o x i c  a l e u k i a  has been respons ib le  f o r  t h e  d i s t r e s s  and death  o f  
thousands o f  peop le  s i n c e  i t  was f i r s t  recorded i n  t h e  19th. c e n t u r y  ( r e f .  2 ) .  Al though 
these syndromes a r e  a l l  v e r y  d i f f e r e n t ,  t h e y  have one t h i n g  i n  common: t h e y  a r e  a l l  caused 
by mycotoxins. 

Mycotoxins a re  m e t a b o l i t e s  t h a t  a r e  produced b y  f u n g i  qrowing on cerea ls ,  nuts,  soybeans 
and seve ra l  o t h e r  c rops  i n c l u d i n g  apples. 
t r a c e d  t o  contaminated n u t s  f rom B r a z i l  and l e d  t o  t h e  d i scove ry  o f  a f l a t o x i n s  produced 
p r i m a r i l y  by A s p e r q i l l u s  f l a v u s  L i n k  and A. p a r a s i t i c u s  Speare. Equine 
leucoencephalomalacia i s  doub t less  caused by  t o x i n s  f rom Fusarium m o n i l i f o r m e  and 
a l i m e n t a r y  t o x i c  a l e u k i a  i s  t hough t  t o  be caused by  t h e  t r i cho thecene  mycotoxins.  
mycotoxin p roduc ing  f u n g i  grow on some o f  t h e  s t a p l e  foods  o f  bo th  humans and animals, 
bo th  popu la t i ons  a r e  a f f e c t e d  by  them. Also, p roduc ts  such as eggs, m i l k ,  d i a r y  p roduc ts  
and meat can be contaminated th rough  t h e  i n g e s t i o n  o f  feed c o n t a i n i n g  mycotoxins ( r e f .  2). 

Tox igen ic  Fusarium spec ies  a r e  now recogn ized t o  be a major  a g r i c u l t u r a l  problem. The 
ex tens i ve  research  c a r r i e d  o u t  over  t h e  pas t  two decades has revea led  a l a r g e  number o f  
t o x i c  Fusarium secondary m e t a b o l i t e s  and t h e i r  u b i q u i t o u s  na ture .  
i n c l u d e  bu teno l i de ,  moni l i f o r m i n ,  zearalenone, enn ia t i ns ,  fusar in -C and t h e  t r i cho thecenes  
( r e f .  3). The l a t t e r  compounds, e s p e c i a l l y  deoxyn iva leno l  (DON) and n i v a l e n o l  ( N I V ) ,  have 
been r e p o r t e d  as contaminants o f  c e r e a l s  wor ld-wide i n  China, Japan, Korea, Russia, 
Poland, Germany, t h e  UK, France, A u s t r a l i a ,  Canada and t h e  US ( r e f .  4) and rep resen t  
h e a l t h  hazards t o  bo th  animals and humans. 

I n  a s tudy  pub l i shed  i n  1986 ( r e f .  5)  Du th ie  and h i s  co l leagues examined 153 samples o f  
w i n t e r  wheat seed f rom Eastern  Canada and i d e n t i f i e d  f o u r t e e n  spec ies  o f  Fusar ium (Tab le  
1). O f  these F.qraminearum, culmorum, and t o  a l e s s e r  e x t e n t  avenaceum have been 
i m p l i c a t e d  i n  seed l i ng  b l i g h t ,  head b l i g h t  and r o o t  and crown r o t  inwheat.) 

A maximum p e r m i s s i b l e  concen t ra t i on  o f  0.3 mg/kg i n  f i n a l  p roduc ts  d e r i v e d  f rom uncleaned 
O n t a r i o  s o f t  w h i t e  w i n t e r  wheat and des t i ned  f o r  human consumption was in t roduced  i n  1982 
by Hea l th  and Wel fa re  Canada. T h i s  l e v e l  has s ince  been increased t o  2 mg/kg i n  uncleaned 
wheat, based on es t ima ted  losses  d u r i n g  f u r t h e r  p rocess ing  and r e v i s e d  t o x i c o l o g i c a l  data.  

These p l a n t  pathogens o f t e n  produce m e t a b o l i t e s  when 
I n  1960, Several  examples i n  r e c e n t  h i s t o r y  exemp l i f y  t h i s  p roper t y .  

I n  t h e  mid 1930's and l a t e  1970's t h e r e  were ou tbreaks  o f  

The Turkey X '  d isease ou tbreak  i n  England was 

Since 

These m e t a b o l i t e s  

1339 
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TABLE 1. Percentages o f  w i n t e r  wheat seed samples w i t h  one 
o r  more seeds i n f e s t e d  by species o f  Fusarium 

Species 1983 1984 1983 1984 1983 1984 Samples 
On ta r io1  O n t a r i o  Quebec Mar i t imes A l l  

- F. 
F. 
T; 
F. 
r; 
F. 
T; - - F. - F. 
- F. - F. 
- F. - F. 
- F. 

avenaceum 
graminearum 
culmorum 
sambuc i num 
pOae 
s p o r o t r i  ch i o 
t r i c i n c t u m  
acuminatum 
equi  s e t i  
semi tectum 
OxYsporum 
s o l a n i  
mon i l i f o rme  
merismoides 

i d e s  - 

13 
27 
0 
7 

60 
47 
0 
0 

13 
0 

25 
41 

3 
0 

72 
44 

3 
22 
38 
0 

38 
3 

38 
0 

38 
36 
17 

2 
57 
55 
0 

10 
55 
0 

31 
0 

26 
2 

25 
71 
25 
0 

63 
79 

8 
54 
88 

4 
75 

8 
13 
0 

98 
64 
19 
43 
93 

100 
24 
64 
88 
0 

29 
5 

21 
0 

86 48.8 
100 51.2 

0 13.6 
0 12.3 

100 72.2 
57 67.3 
0 8.0 
0 25.3 

14 59.3 
0 0.6 

14 35.2 
0 3.7 

43 24.1 
0 1.2 

Fusarium spec ies (> l )  73 100 88 100 100 100 94.4 
Number o f  samples 15 32 4 25 32 7 153.0 

1CSGA = Canadian Seed Growers' Associat ion:  o t h e r  f rom Research S t a t i o n s  
Mar i t imes = New Brunswick and Pr ince  Edward I s land :  50 seeds p e r  sample 
were examined i n  1983, 100 seeds i n  1984. 

DON was f i r s t  i s o l a t e d  from contaminated b a r l e y  i n  Japan ( r e f .  9), and l a t e r  i t  was found 
i n  the  U.S.A. i n  corn t h a t  had caused emesis (ref .10).  The i d e n t i f i c a t i o n  o f  DON as t h e  
causa t i ve  agent respons ib le  f o r  feed r e f u s a l  i n  swine created a demand f o r  m a t e r i a l  i n  
o r d e r  t o  c a r r y  o u t  animal f eed ing  t r i a l s  and t o x i c o l o g i c a l  s tud ies.  Several  procedures 
have been employed t o  achieve t h i s  goal. They i n c l u d e  t h e  i n f e c t i o n  o f  f i e l d  corn us ing  
t o o t h p i c k s  i n o c u l a t e d  w i t h  Fusarium raminearum ( r e f s .  5,6) and t h e  use o f  c u l t u r e s  on 
s o l i d  ma t r i ces  such as r i c e  and c r a ? w e f s . 7 , 8 ) .  These methods, however, r e q u i r e  
ex tens i ve  clean-up o f  t he  crude e x t r a c t  due t o  t h e  l a r g e  amounts o f  co -ex t rac tan t  present.  
On t h e  o t h e r  hand, t h e  use o f  l i q u i d  c u l t u r e s  o f f e r s  an advantage f o r  t h e  p roduc t i on  o f  
secondary metabol i tes,  i n  t h a t  t h e  crude e x t r a c t  i s  more e a s i l y  p u r i f i e d  and t h e  
procedures may be c a r r i e d  o u t  on a l a r g e  scale. 
predominant ly  produce ace ty la ted  t r ichothecenes,  which, i n  t h e  case o f  Fusarium 

<ead i l y  p u r i f i e d  than DON. 

I n  l i q u i d  cu l tu res ,  Fusarium f u n g i  

raminearum and culmorum, i s  an advantage s ince  3-acetyldeoxynivalenol(ADON) i s  more 

Deoxynivalenol 

Fig.  1. S t r u c t u r e  o f  DON 1 

TABLE 2. Economic and h e a l t h  impact o f  mycotoxin 
contaminat ion i n  Canada 

$ M i l l i o n s j Y r  
Losses t o  g r a i n  and animal p roduc t i on  176.060 
M u l t i p l i e r  e f f e c t  on o t h e r  i n d u s t r i e s  352.120 
C hemi ca 1 ana 1 yses 2.000 
Human i l l n e s s  and medical  t rea tmen t  1 .ooo 
Regulatory  expenses (AgCan, H&W Can) 0.150 
Research 1.500 

T o t a l  est imated l o s s  $ 533.830 M / Y r  
-I____ 

The cond i t i ons  f o r  l i q u i d  c u l t u r e s  o f  Fusarium roseum (ATCC 28114) (now r e c l a s s i f i e d  as L 
graminearum) ( r e f .  12) t o  produce ADON were es tab l i shed  i n  ou r  l a b o r a t o r i e s  ( r e f .  ll), and 
t h e  process scaled-up i n i t i a l l y  t o  70 l i t r e  batches i n  s t i l l  c u l t u r e  ( r e f .  12). 
l a t e r  found t h e  culmorum ( C M I  14764) produced h i g h e r  y i e l d s  o f  3-acetyl-DON i n  s t i r r e d  
j a r  fermentors and t h i s  species has been adopted i n  c u r r e n t  work f o r  batches o f  up t o  150 
l i t r e s .  
I n  t h e  i n i t i a l  phase (0-36 hr) ,  r a p i d  growth occurs and the  n i t r o g e n  con ten t  (NHq), i s  
reduced t o  zero. 
fermentat ion proceeds. 
t r i cho thecene  p roduc t i on  i n  t h i s  s t r a i n .  
f o rma t ion  o f  ADON commenced, reaching a maximum (710 mg/L) a f t e r  7 days a t  ?8%. 
a d d i t i o n  t o  ADON 1, severa l  minor  me tabo l i t es  i n c l u d i n g  cu lmor in  4, d ihyd roxyca lonec t r i n  
(DHCAL) and sambucinol 3 (Fig.  3)  were produced i n  amounts va ry ing  f rom 20 t o  200 mg/L. 

I t  was 

The k i n e t i c s  o f  t h e  l a r g e  s c a l e  process w i t h  L culmorum are shown i n  F igu re  2. 

Dur ing t h i s  pe r iod  b u t e n o l i d e  2 i s  produced, b u t  disappears as t h e  

I n  

The NHq l e v e l  i s  t h e  n u t r i e n t  l i m i t a t i o n  r e q u i r e d  t o  induce 
Fo l l ow ing  t h e  disappearance o f  NH t h e  
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Fig. 2. Mycotoxin production and 
n u t r i e n t  supply i n  a 10 L s t i r r e d  
j a r  fermentation o f  culmorum 
HLX 1503 
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Fig. 3. Some secondary metabol i tes i s o l a t e d  from the 
fermentation o f  Fusarium culmorum and graminearum 

The Canadian Mycotoxin Program i s  based on a systematic study o f  t ox igen ic  Fusaria species 
w i t h  poss ib le  impacts on the a r i c u l t u r e  i ndus t r y  w i t h  the goal o f  i d e n t i f y i n g  t o x i c  
ma te r ia l s  produced by these fungi  t h a t  pose th rea ts  t o  human and animal sa fe ty  and t o  
develop technology t o  f a c i l i t a t e  the breeding o f  Fusarium-resistant germplasm o f  wheat and 
corn i n  an attempt t o  e l im ina te  t h i s  problem. 

It has been ca lcu lated t h a t  the cumulative costs o f  mycotoxin e f f e c t s  i n  Canada alone i s  
i n  the order of $500 M i l l i o n  as o u t l i n e d  i n  Table 2 ( r e f .  6). 

An idea o f  the v a r i e t y  o f  secondary metabol i tes produced may be seen from Figure 4 which 
d isp lays a GC/MS p l o t  o f  a crude fungal  e x t r a c t  o f  Fusarium araminearum. 

This p r o f i l e  o f  secondary metabol i tes var ies w i t h  the s t r a i n  o f  fungus. 
t ox igen ic  p o t e n t i a l  o f  s t r a i n s  i s o l a t e d  from d i f f e r e n t  l oca t i ons  var ies enormously. 
study recen t l y  completed i n  t h e  A g r i c u l t u r e  Canada labo ra to r ies  i n  Ottawa i n  c o l l a b o r a t i o n  
w i t h  a group from the Jiangsu Academy o f  A g r i c u l t u r a l  Sciences, M i l l e r  and co-workers 
( r e f .  13) have surveyed the mycotoxins produced by 43 s t r a i n s  o f  t h ree  d i f f e r e n t  species (L crookwel lense, f-, culmorum and L graminearum) f i n d i n g  some remarkable d i f f e rences  
even between s t r a i n s  o f  c lose geographic o r i g ins .  

One o f  the most i n t e r e s t i n g  f i nd ings  i n  t h i s  study o f  these species i s  the v a r i a b i l i t y  i n  
tox igen ic  p o t e n t i a l  from s t r a i n s  i s o l a t e d  from d i f f e r e n t  l oca t i ons  ( re f .  14). 
v a r i a b i l i t y  i n  the production o f  mycotoxins by d i f f e r e n t  s t r a i n s  o f  t he  same species has 
major t o x i c o l o g i c a l  impl icat ions.  

There i s  a need f o r  t he  i n v e s t i g a t i o n  o f  metabol i tes t h a t  occur i n  minor amounts i n  these 
fungi  as w e l l  as a need t o  prov ide adequate amounts o f  the i n a c t i v e  species f o r  
syne rg i s t i c  studies. This has been a major focus o f  t he  chemical aspects o f  t h i s  program. 
I n  doing so many new compounds have been i s o l a t e d  t h a t  are s t r u c t u r a l l y  s i g n i f i c a n t  as 
w e l l  as being o f  g rea t  b iosyn the t i c  i n t e r e s t .  
presented. 

Thus, the 
I n  a 

This  

Some o f  these observations are now 
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F. GRAMINEARUM 

C* 
294 

Fig. 4. GS/MS P r o f i l e  o f  Crude Fungal 
E x t r a c t  o f  graminearum 

MODIFIED TRlCHODlENOlDS 

The t r i cho thecene  mycotoxins a r e  we1 1 desc r ibed  and t h e i r  b i o s y n t h e s i s  f rom t r i c h o d i e n e  5 
w e l l  es tab l i shed .  
i d e n t i f i e d  d u r i n g  o u r  work and t h a t  descr ibed by  others.  
i d e n t i f i e d  so f a r  f rom v a r i o u s  Fusarium species. 
o f  t h e  t r i c h o d i e n e  cyc loses  p resen t  i n  these species. 

However, i t  i s  i n t e r e s t i n g  t o  examine t h e  s t r u c t u r e s  o f  o t h e r  m a t e r i a l s  
F i g u r e  5 shows s t r u c t u r e s  

These compounds r e v e a l  t h e  v e r s a t i l i t y  

The exac t  p recu rso r  t o  t h e  c y c l i s a t i o n  r o u t e s  i s  u n c e r t a i n  b u t  r e c e n t  work by  McCormick 
( r e f ,  1 5 )  us ing  mutants o f  
t r i c h o d i e n e s  which a r e  a t  l e a s t  chemica l l y  reasonab le  p recu rso rs  t o  t h e  compounds shown 
(Fig.  6). 

s p o r o t r i c h i o i d e s  has enabled t h e  i s o l a t i o n  o f  oxygenated 

Trichothecenes Sambucinoi 2 
Sambucinic acid 

Trichodiene 5 - Sambucoin 

11-epiapotrichothecene 

Fig. 5. Trichodienoids frun Fusarim species 

Trichodiene 5 - 

R, Rz 
H H 

aOH H 

'? Z H  

Fig. 6 W i f i e d  trichathecenes acarmlated 
bYLm mtrichioides nutants. 
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Sambucinol 3 rep resen ts  an i n t e r e s t i n g  case: Mohr and Tann ( r e f .  16) i n  t h e i r  f i r s t  
d e s c r i p t i o n  o f  t h e  compound suggested two p o s s i b l e  spec ies  t h a t  a r e  doub t less  d e r i v e d  f rom 
t r i c h o d i e n e  b i o s y n t h e t i c  r o u t e s  t o  t h i s  ske le ton  16 (Fig.  7). 
view t h e  k e t a l  fo rmat ion  r o u t e  v i a  t h e  unsa tu ra ted  ke tone 6 i s  most a t t r a c t i v e .  
p r e l  i m i n a r y  computa t iona l  work f rom t h i s  l a b o r a t o r y  suppor ts  t h i s  v iew ( r e f .  17). 

Examinat ion o f  t h e  p l e t h o r a  o f  compounds formed by t h e  Fusarium spec ies  s t u d i e d  i n  ou r  
l a b o r a t o r i e s  r e v e a l s  t h e  scope o f  t h e  oxygenat ion r o u t e s  and t h e  s i t e s  o f  oxygenat ion  a r e  
c l o s e l y  r e l a t e d  t o  t h e  spec ies  be ing  examined, thus  
observed t o  p r o v i d e  oxygenat ion  a t  t h e  t r i cho thecene  C-4 p o s i t i o n ,  whereas L 
s p o r o t r i c h i o i d e s  produce C-3.4 dioxygenated species. 

Re tu rn ing  t o  t h e  t r i c h o d i e n e  c y c l i s a t i o n  process, an i n t e r e s t i n g  exper iment has r e c e n t l y  
been completed by  Savard and Greenhalgh ( r e f .  18) where t h e  s te reochemica l  s e n s i t i v i t y  o f  
t h e  cyc lase  system has been probed b y  use o f  t h e  t r i c h o d i e n e  s te reo isomer  bazzanene 1 
which on feed ing  t o  c u l t u r e s  o f  culmorum p rov ides  analogs o f  t h e  apot r i cho thecene 
system such as 8 demonst ra t ing  t h e  a d a p t a b i l i t y  o f  t h e  oxacyclases t o  unna tu ra l  subs t ra tes  
(Fig.  8). 

From a chemical  p o i n t  o f  
Some 

graminearum and L culmorum a r e  n o t  

H I 6 - 

Sambucinol 3 - 
Fig. 7. Poss ib le  r o u t e s  f o r  t h e  fo rma t ion  

o f  sambucinol 

Trichodiene 5 - 

F. SPOROTRICHIOIDES 
MOSS MEDIUM 

3 DAYS. 25OC 

FERMENTATION 
500ml INOCULUM, 125L FILTERED H,O 

25L MOSS MEDIUM 
3 DAYS, 27'C, pH 4.0 

pH ADJUSTED TO 8.3 i FILTERED BROTH 

Bazzanene 7 - 
I CRUDEFUNGAL EXTRACT 

117.44p 
1 I 
I 

Fig .  9. Fermenta t ion  procedure  o f  
- F. s p o r o t r i c h i o i d e s  DOAM 165006 

Q+ - 8 

Fig .  8. C y c l i z a t i o n  o f  T r i chod iene  and Bazzanene 

FUSARIUM SPOROTRICHIOIDES 

F. s p o r o t r i c h i o i d e s  i s  a s o i l  microorganism o c c u r r i n g  on a v a r i e t y  o f  p lan ts ,  ma in l y  
ce rea l  g r a i n s  and grasses, U n l i k e  o t h e r  spec ies  o f  Fusarium, which p r o l i f e r a t e  i n  warm 
c l imates ,  t h i s  spec ies  t h r i v e s  i n  coo l  tempera ture  reg ions  o f  t h e  w o r l d  such as Canada, 
t h e  no r the rn  USA, Japan, n o r t h e r n  Europe and t h e  USSR. I n f e s t a t i o n  o f  g r a i n  by t h e  
organism u s u a l l y  occu rs  when i t  i s  l e f t  i n  t h e  f i e l d s  i n  autumn under wet c o n d i t i o n s  o r  
overw in te red  under  snow ( re fs .  4.19). 
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1Y.I RECONSTRUCTED ION CHROYITOGRAY (RCI 

OF THE CRUDE FUNGAL EXlRACT 

Fig. 10. RIC o f  crude fungal  e x t r a c t  
from Fusarium s p o r o t r i  ch i  oides 
(DOAM 165006) 

A 
1.2 TOXIN 9 

WMBUCIWL 

4.DEACETOXV T.2 TOXIN 1 0 - 

Fig, 11 Sane netabolites of F.somtrichioides 

The q u a n t i t y  and type of tr ichothecenes and o the r  secondary metabol i tes seem t o  vary 
between s t r a i n s  o f  However i n  many s t r a i n s  t h a t  have been widely  
studied, T-2 tox in ,  2 i s  the most abundant and the most t o x i c  o f  the tr ichothecenes 
produced. 
wide range o f  symptoms associated w i t h  t r ichothecene poisoning i n  experimental animals. 
As a powerful dermal t o x i n  T-2 a lso causes l o c a l i z e d  i r r i t a t i o n ,  inf lammation and 
h i s topa tho log i ca l  lesions. 

sporot r ich io ides.  

Crude e x t r a c t s  conta in ing T-2 t o x i n  i s o l a t e d  from Fusarium cu l tu res  produce a 

We have performed l a r g e  scale fermentations o f  t h i s  species (Fig. 9)  i n  order t o  examine 
the v a r i e t y  o f  metabol i tes produced, 
fungal e x t r a c t  (Fig, 10) shows the  great  v a r i e t y  o f  ma te r ia l s  obta inable by t h i s  route. 
To date, t h i s  work has produced a number o f  new tr ichothecene-derived compounds lo t o  15 
(Fig. l l ) ( r e f .  20). 

A reconstructed i o n  chromatograph o f  the crude 
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O f  p a r t i c u l a r  i n t e r e s t  a r e  t h e  compounds marked SP-16 and SP-18 on t h e  chromatogram. 
t u r n s  o u t  t h a t  these a r e  nove l  sesqui terpenes, l6, 11 and t h e  analog 18 has a l s o  been 
de tec ted  v e r y  r e c e n t l y  (Fig.  12). B i o s y n t h e t i c a l l y ,  t hese  m a t e r i a l s  r e p r e s e n t  a nove l  
i soprene s k e l e t a l  f o rma t ion  r o u t e  i n  which oxygen i s  i nvo l ved .  
knowledge, t h i s  i s  a new mode o f  i sop reno id  s k e l e t a l  cons t ruc t i on .  I n t e r e s t i n g l y ,  t hese  
compounds appe,ar t o  occu r  i n  o t h e r  spec ies  o f  Fusarium even when t h e  i sop reno id  pathway 
does n o t  produce o t h e r  compounds. 
occur  i s  based on t h e  cu lmor in  ske le ton  4. 
a v a r i e t y  o f  spec ies  (Fig.  13) and severa l  o t h e r s  a r e  i n  hand a l though  t h e  f i n a l  
s t r u c t u r e s  a r e  y e t  t o  be determined. 

It 

To t h e  b e s t  o f  ou r  

Another s e r i e s  o f  v e r s a t i l e  i sop reno ids  t h a t  appear t o  
To d a t e  f o u r  analogs have been i d e n t i f i e d  f rom 

57% OH on 
OH 

Fig 12. Novel sesquiterpnes fm Fusariun 

R l  Rz R3 R4 

+ = O H  OH n H - on on OH n 
OH on n on 
c== OH n H 

- F. culmorum, compactum, crookwel lense, 
- F. s p o r o t r i c h i o i d e s ,  graminearum 

Fig.  13 Culmorin D e r i v a t i v e s  i s o l a t e d  f rom 

II 

F i n a l l y  i t  i s  o f  i n t e r e s t  t o  r e p o r t  some r e c e n t  obse rva t i ons  on t h e  t o x i c  e f f e c t s  o f  
deoxyn iva leno l  1. Al though t h i s  m a t e r i a l  i s  a ma jor  t o x i c  i n g r e d i e n t  o f  i n f e c t e d  crops, 
i t  does n o t  appear t o  be t h e  s o l e  t o x i c  agent  ( r e f .  21) and much e f f o r t  has been expended 
i n  ou r  l a b o r a t o r i e s  i n  a t tempts  t o  i d e n t i f y  o t h e r  t o x i c  ma te r ia l s .  
w i t h  t h e  Un i ted  S ta tes  Department o f  A g r i c u l t u r e  l a b o r a t o r i e s ,  and A g r i c u l t u r e  Canada i t  
has been observed t h a t  a m i x t u r e  o f  DON 1 w i th  t h e  sambucinol 3 o r  cu lumor in  4 l eads  t o  
enhanced t o x i c i t y  towards c a t e r p i l l a r s  (Tab le  3) ( r e f .  22). 

These obse rva t i ons  open t h e  impor tan t  ques t i on  o f  t h e  s y n e r g i s t i c  e f f e c t s  o f  a l l  o f  t h e  
supposedly i n a c t i v e  m e t a b o l i t e s  produced by  t h e  t o x i g e n i c  f u n g i  descr ibed. Our ongoing 
work i s  e x p l o r i n g  t h i s  problem. 

I have a t tempted i n  t h e  l i m i t e d  t i m e  a v a i l a b l e  t o  g i v e  you a snapshot o f  some o f  t h e  
i n t e r e s t i n g  and b i o l o g i c a l l y  a c t i v e  compounds a v a i l a b l e  f rom Fusarium spec ies  o f  key 
i n t e r e s t  t o  t h e  Canadian mycotox in  program b u t  w i t h  world-wide t o x i c o l o g i c a l  
cons ide ra t i ons .  

I n  a j o i n t  program 

TABLE 3. 
and i n  combinat ions a t  n a t u r a l l y  o c c u r r i n g  leve lsavb a f t e r  7 days. 

I n t e r a c t i o n s  o f  Fusarium qraminearum m e t a b o l i t e s  i n d i v i d u a l l y  

firlkdti.t x t i  Spcdaprrro jiiigipcrdu 

Conipound. hlortality ( "U)O Wt. (rngp Monallty (TO) Wt. Inig) 

Control 0.0 42.1 i 3.0 0.0 43 .8  f 3.4 
1)Olri 5.6 19.6 1 8.6 7.7 6.4 z 0.4 
( I l l .  2.6 06.9 t 3.3 8.6 35.7 k 3.2 
DllCAL 2.7 50.7 2 2.4 1.8 30.x 2 2.7 
S A M  2.6 59.6 t 14.1 2.9 39.4 ?J 2 . 5  
D O N  2- CLII. 56.8. 12.6 t 2.4. -. '1 . I 4 . 3  = 0.4 
I I O N  t D H C A L  6 I .5*  15.1 f 1.9. 29.3. 4.5 t 0.6' 
D O N  + S A M  36.1. 21.4 2 5.2' 2.9 3.7 z 0.5 
All 12.5 16.4 t- 7.1'  67.5' 4,s 2 1.0' 

* DO". 2 5  p d g :  CLL. 10 p g i g ;  DHCAL and S A M .  I pg'g. 
Valucs for combinations of  chcmicals I'o1lowc.d b) an "*" indicarc a signiticani interaction at p . 0.05 lor 

' DON = deoxyni\ denol: CUL = culmorin; DtiCAL = 7.8-hydroi)calonectrin: SAX1 = sanibucinol. 
I( hlonality is bawd on cu 40 insects pcr  chcmical/comhination, Weights are means = standard error+ 0 1  

chi square analysis (nionnlil!,) or factorial analysis (wcights) (Anonymous. 1985). 

surb ivors. 



1346 J. W. APSIMON ef a/. 

Acknowledgement 

The work descr ibed i n  t h i s  p resen ta t i on  i s  obv ious l y  t h e  r e s u l t  o f  a m u l t i - d i s c i p l i n a r y  
e f f o r t .  Besides t h e  authors noted, we a l s o  thank our  co-workers i d e n t i f i e d  i n  t h e  
references quoted. 
Engineer ing Research Counci l  o f  Canada (NSERCC), Ca r le ton  U n i v e r s i t y ,  and A g r i c u l t u r e  
Canada i n  t h e  form o f  research g ran ts  and studentships.  

' 

F i n a n c i a l  suppor t  has been prov ided by the  Na tu ra l  Sciences and 

1. 

2. 
3. 

4. 

5. 
6. 
7. 

8. 

9. 

REFERENCES 

C.W. Hesse l t i ne  and M.A. Mehlman, Mycotoxins: I n  Human and Animal Heal th,  
J.V. R i d r i c k s  (Ed.), Pathotox Pub, Inc., I l l i n o i s  (1978). Diagnosis  o f  Mycotoxicoses, 
J.L. Richard, J.R. Thurston (Eds.), Mar t inus N i j h o f f  Publ ishers,  Boston (1986). 
J.E. Smith and M.O. Moss, Mycotoxins, Wi ley,  Toronto (1985). 
W.F.O. Marasas, P.E. Nelson and T.A. Toussoun, Tox igenic  Fusarium Species: 
I d e n t i t y  and Mycotoxicoloqy, The Pennsylvannia S t a t e  U n i v e r s i t y  Press, 
U n i v e r s i t y  Park (1984). 
A.Z. Jof f ,  Fusarium Species, T h e i r  B io logy  and Toxicoloqy. Wi ley- In tersc ience,  
New York (1986). 
J.A. Duthie, R. H a l l  and A.V. Assel in .  Can. J. P l a n t  Pathol .  8, 282 (1986). 
We thank D r .  L. Trenholm o f  A g r i c u l t u r e  Canada f o r  permiss ion t o  use t h i s  data. 
P.M. Scott ,  P.Y. Lau, and S.R. Kanhere. J. Assoc. O f f .  Anal. Chem. 64, 
1364-1370 (1981). 
H.L. Trenholm, W.P. Cochrane, H. Cohen, J.I .  E l l i o t ,  E.R. Farnworth, O.W. Fr iend, 
R.M.G. Hamilton, J.F. Standish and B.K. Thompson. J. Assoc. O f f .  Anal. Chem. 66, 
92-97 (1983). ._ . , . . - . , - 
N. Morooka, N. U r a t s u j i ,  T. Yoshizawa, and A. Yamamoto. J. Food. Hyq. Sci. Jpn. 13, 
368-375 (1972). 

10. R.F. Vesonder, A. Ciegler ,  and A.H. Jenson. 
11. J.D. M i l l e r ,  A. Tay lo r  and R. Greenhalgh. 
12. R. Greenhalgh, A.W. Hanson, 3.0. M i l l e r  and A. Tay lor ,  J. Aqr ic .  Food Chem. 2, 
13. J.D. M i l l e r ,  R. Greenhalgh, Yu Zhong Wang and Ming Lu. - submit ted.  
14. R. Greenhalgh, B.A. B lackwel l ,  J.R.J. Pare, J.D. M i l l e r ,  D. Levandier, R.M. Meier, 

A. Tay lo r  and J.W. ApSimon. Mycotoxins and Phycotoxins, Eds., P.S. Steyn and 
R. Vleggar. E l s e v i e r  Publ ishers,  Amsterdam. 137-152 (1986). 

15. S.P. McCormick, S.L. Tay lor ,  R.D. P l a t t n e r  and M.N. Bernard. Appl. and Env. 
M i c r o b i o l .  2 (9), 2195 (1989). 

16. P. Mohr, Ch. Tamm, W. Zurcher and M. Zehnder. 
17. T.L. C o l l i e r  and J.W. ApSimon.- unpubl ished data. 

Appl. M ic rob io l .  26, 1008-1010 (1973). 
Can. J. M ic rob io l .  29, 1171-1178 (1983). 

945-948 (1984). 

Helv. Chim. Acta. 67, 406-412 (1984). 

18. M.E. Savard, B.A. B lackwe l l  and R.'Greenhalgh. 
19. R. Greenhalgh, B.A. B lackwel l ,  M.E. Savard, J.D. M i l l e r  and A. Tay lor .  

20. R. Greenhalgh, D. F ie lde r ,  L.A. Morr ison, J.P. Charland, B.A. B lackwel l ,  

J. Nat. Prod. - i n  press. 

J. Aqr ic.  Food Chem. 36, 216-219 (1988). 

M.E. Savard and J.W. ApSimon. J. Aqr ic.  Food Chem. 37, 699-705 (1989). 
R. Greenhalgh, D.A. F ie lde r ,  L.A. Morr ison, i .P .  Charland, B.A. B lackwel l ,  
J.D. M i l l e r ,  M.E. Savard and J.W. ApSimon. 
Proceedings o f  t he  7th.  

Animal Sci .  66, 1149-1154 (1986). 

Mycotoxins and Phycotoxins '88". 
IUPAC Symposium, Tokyo, Japan, E l sev ie r ,  223-232 (1988). 

21. B.C. Foster,  H.L. Trenholm, D.W. Fr iend, B.K. Thompson, and K.E. Ha r t i n .  Can. J. 

22. P.F. Dowd, J.D. M i l l e r  and R. Greenhalgh. Mycologia 81 616-650 (1989). 




