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B I O C H E M I C A L INTERACTIONS INVOLVING PARASTIC CJavicens 

P U R P U R E A 

ABSTRACT 

A r t i f i c i a l inoculation of wheat, infected with the 

bunt f u n g u s Tilletia caries with Claviceps purpurea strain 

12/2 [ALK~] resulted in a dual infection of the host o v a r y . 

Spatial interaction between the two p a t h o g e n s during 

c o n c u r r e n t occupation of the ovary were studied by 

i m m u n o f l u o r e s c e n t m i c r o s c o p y , based on antibody raised 

against C. purpurea g l u c a n a s e . E x p e r i m e n t s on the 

s p e c i f i c i t y of this antibody showed no cross reaction with 

the m y c e l i u m of T . caries grown in axenic culture. Using 

this a p p a r e n t specificity the i n v e s t i g a t i o n s revealed 

p e n e t r a t i o n through the integument wall at the base of the 

o v a r y . W i t h i n 5 d a y s , T . caries t e l i o s p o r e s , at the base 

of the o v a r y , had been displaced in an acropetal direction 

by s p o r i n g , s p h a c e l i a l tissue of C, purpurea. E s t a b l i s h m e n t 

of the sphacelium was marked by copious honeydew e x u d a t i o n . 

At the f u n g a l - f u n g a l interface t e l i o s p o r e s were completely 

s u r r o u n d e d by Claviceps h y p h a e . Above and below this 

i n t e r f a c e , free t e l i o s p o r e s and h o m o g e n e o u s sphacelial 

tissue w e r e e v i d e n t . As growth and differentiation to 

sclerotial tissue o c c u r r e d , the bunted region became 

p u s h e d to the tip of the developing ergot, forming a cap 

of black t e l i o s p o r e s . 

During parasitic development on rye, a strain of 

Claviceps purpurea p r o d u c e d the primary pathway precursor 

d i m e t h y l a l i y l t r y p t o p h a n (DMAT) but no tetracyclic ergoline 

a l k a l o i d s . Incubation of fresh sclerotial tissue with 

r a d i o a c t i v e l y labelled primary pathway p r e c u r s o r s 

d e m o n s t r a t e d the b i o s y n t h e s i s of DMAT during the incubation 

period from tryptophan and m e v a l o n a t e . T h e r e was no 

c h r o m a t o g r a p h i c evidence of N-methyl DMAT the next 

i n t e r m e d i a t e in ergoline b i o s y n t h e s i s . T h i s was confirmed 

by a more sensitive approach in which it was found that 
1 4 C - m e t h y l methionine was not i n c o r p o r a t e d into any indolic 
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m e t a b o l i t e . T h u s the b i o s y n t h e t i c block was l o c a t e d beyond 

DFIAT at the step D M A T to N - m e t h y l D M A T . F u r t h e r 

inv/estigation into the o p e r a t i o n of l a t e r steps in the 

e r g o l i n e p a t h w a y w e r e e x p l o r e d by i n c u b a t i n g p a r a s i t i c 

t i s s u e w i t h 1 ^ C - a g r o c l a u i n e , p r e p a r e d b i o s y n t h e t i c a l l y by 

f e r m e n t a t i o n of C . fusiformis, and l y s e r g i c a c i d . A d d i t i o n 

of the a l k a l o i d i n t e r m e d i a t e s did n o t r e s u l t in p r o d u c t i o n 

of the e r g o l i n e a l k a l o i d s u s u a l l y formed by C . purpurea, 

but both p r o m o t e d the b i o s y n t h e s i s of a single p r o d u c t , 

novel in C . purpurea, i d e n t i f i e d as l y s e r g i c acid a m i d e . 

T h i s strain of C . purpurea t h e r e f o r e has p o t e n t i a l for 

e x p l o r i n g the c o n t r o l of the t r y p t o p h a n p r e n y l a t i o n step 

and p r o v i d e s new e v i d e n c e c o n c e r n i n g the role of l y s e r g i c 

acid a m i d e in the b i o s y n t h e s i s of the cyclic t r i p e p t i d e 

e r g o t a l k a l o i d s . P r e l i m i n a r y e x p e r i m e n t s s u g g e s t that at 

p h y s i o l o g i c a l c o n c e n t r a t i o n s p h o s p h a t e does not i n h i b i t 

the p r e n y l a t i o n s t e p . 

To c o m p a r e the r e l a t i v e t o x i c i t y of a l k a l o i d - f r e e ergot 

and e r g o t rich in e r g o t o x i n e , young lean and o b e s e m i c e 

w e r e fed diets c o n t a i n i n g e r g o t . A n i m a l s on d i e t s c o n t a i n i n g 

a l k a l o i d - f r e e e r g o t m a i n t a i n e d a normal g r o w t h r a t e when 

a 10% ergot diet was g i v e n . In c o n t r a s t m i c e c o n s u m i n g ergot 

rich in a l k a l o i d b e c a m e a n o r e x i c , and f u r t h e r a d m i n i s t r a t i o n 

of a diet c o n t a i n i n g 3% e r g o t was l e t h a l . 

A group of m y c o t o x i n s which are s t r u c t u a l l y r e l a t e d to 
the ergot a l k a l o i d s are the i n d o l e c o n t a i n i n g t r e m o r g e n s , 
the most p o t e n t of which is v e r r u c u l o g e n . TR-2 a s t r u c t u a l l y 
r e l a t e d d e r i v a t i v e of v e r r u c u l o g e n was s u c c e s s f u l l y i n c o r p o r a t e c 
into v e r r u c u l o g e n and f u m i t r e m o r g e n B by s u b m e r g e d culture 
of P . raistrickii . T h e finding that this t r e m o r g e n i c a l k a l o i d 
can be r e a d i l y p r e n y l a t e d and t h e r e f o r e act as an i n t e r m e d i a t e 
in the b i o s y n t h e s i s of v e r r u c u l o g e n is of some e c o l o g i c a l 
i n t e r e s t when c o n s i d e r i n g the p o s s i b l e role of s o i l - b o r n e 
f u n g i in " s t a g g e r s " s y n d r o m e s . 

T h e r e are u n d o u b t e d l y i d i o p a t h i c s y n d r o m e s a m o u n g s t 
l i v e s t o c k w h i c h o c c u r due to s y n e r g i s t i c e f f e c t s of exo-
m y c o t o x i n s . T r e m o r g e n i c s p e c i e s of Aspergillus and Penicillium 
c o m m o n l y m o u l d grain and grain p r o d u c t s . Poor s t o r a g e could 
e a s i l y have r e s u l t e d in the p r o l i f e r a t i o n of these u b i q u i t o u s , 
s a p r o p h y t i c m o u l d s on e r g o t i s e d g r a i n , the c o n s u m p t i o n of 
w h i c h m i g h t have r e s u l t e d in d o m i n a n t e x p r e s s i o n of the 
n e u r o l o g i c a l t o x i c i t y rather than the v a s o p r e s s o r type 
c h a r a c t o r i s t i c of e r g o t a l k a l o i d s . T h e r e f o r e a p o s s i b l e role 
for t r e m o r g e n i c m y c o t o x i n s in c o n v u l s i v e e r g o t i s m , the cause 
of which is still in d o u b t , is d i s c u s s e d . 



4. 

TABLE OF CONTENTS 

PAGE 

A b s t r a c t 2 

T a b l e of Contents 4 

Index of Figures 7 

Index of T a b l e s 9 

Index of Plates 10 

A c k n o w l e g e m e n t s 11 

1 . INTRODUCTION 12 

1.1 E r g o t fungi as plant p a t h o g e n s 12 

1.1.1 Life cycle 12 

1.1.2 Plant disease a e t i o l o g y 14 

1.1.3 Interaction between Claviceps 15 
ptirpureaand the common bunt 
fungus Tilletia caries. 

1.1.4 The role of fungal 8 - 1 - 3 , 18 
glucanases in plant p a t h o g e n i c i t y 

1.2 E r g o t a l k a l o i d s 23 

1.2.1 Chemistry 23 

1.2.2 B i o s y n t h e s i s 29 

1.2.3 Regulation and control of alkaloid 37 
biosynthesis 

1 1 3 . T o x i c i t y 40 

1.3.1 Ergotism and Nan 40 

1.3.2 Toxicity in livestock 42 

1 . 4 . T r e m o r g e n i c m y c o t o x i n s 45 

2. NATERIALS AND METHODS 51 

2.1.Growth and m a i n t e n a n c e ' o f fungi 51 

2.1.1 Ergot 51 

2.1.2 Penicillium spp. 52 

2 . 2 . G e n e r a l analytical m e t h o d s 53 

2.2.1 Detection and isolation of ergot 53 
alkaloids 

2.2.2 Layer chromatography (TLC and P L C ) 54 



5. 

2.2.3 High performance liquid 55 
chromatography (HPLC) 

2.2.4 C e n t r i f u g a t i o n 55 

2.2.5 D e t e c t i o n and assay of 56 
biosynthetically radiolabelled 
m e t a b o l i t e s 

2.3 Axenic culture of the common bunt 57 
fungus Tilletia caries 

2.4 3 - g l u c a n a s e activity of wheat ovary 65 
tissue infected with C . purpurea 
strain 12/2 and T, caries 

2.5 3 - g l u c a n a s e activity of T• caries 69 
grown in axenic culture 

2^6 I m m u n o f l u o r e s c e n t technique to 70 
study spatial interaction between 
C . pupurea and T . caries during 
concurrent parasitism of the host 
ovary 

2.7 D e t e c t i o n and promotion of ergot 77 
alkaloid b i o s y n t h e s i s in C . purpurea 
strain 12/2 [ALK~] 

2.8 B i o s y n t h e s i s of verruculogen 82 

2.8.1 Incorporation of radiolabelled TR-2 82 
into verruculogen and fumitremorgen 
B by P . raistrickii 

2.8.2 Incorporation of l l*C-proline into 88 
verruculogen related m e t a b o l i t e s 
of P . simplicissimum 

2.9 T o x i c i t y of ergot s c l e r o t i a gg 

2.9.1 Preliminary i n v e s t i g a t i o n into the '90 
effect on growth of young lean mice 
and young obese m i c e , resulting from 
the ingestion of s c l e r o t i a l tissue 
of C . purpurea 

2.9.2 Statistical a n a l y s i s 93 

3. R E S U L T S 94 

3.1 Growth of T . caries in axenic culture 94 

3.2 3 - g l u c a n a s e activity during the early 102 
stage of ovary infection 

3.3 3 - g l u c a n a s e activity of T . caries in 102 
axenic culture 

3.4 Spatial interaction between C, purpurea 107 
and T . caries during concurrent 
parasitism of wheat ovary tissue 

3.5 B i o s y n t h e s i s 119 



3.6.1 Incorporation of radiolabelled 
1 4 C - T R - 2 into verruculogen 
and fumitremorgen B by P . 
raistrickii 

3.6.2 Application of the f l u o r i m e t r i c 
assay to fumitremorgen B 

3.6.3 B i o s y n t h e t i c a l l y - r a d i o l a b e l l e d , 
verruculogen r e l a t e d , m e t a b o l i t e s 
of P . simplicissimum 

3.7 T o x i c i t y 

4. D I S C U S S I O N 

4.1 8 - g l u c a n a s e activity of T. caries 

4.2 Interaction between C, purpurea 
and T . caries in wheat ovary tissue 

4.3 Promotion of alkaloid biosynthesis 
in a Q\LK J C . purpurea mutant 

4.4 B i o s y n t h e s i s of verruculogen 

4.5 T o x i c i t y 

APPENDIX I 
T e c h n i q u e to reduce unwanted background 
f l u o r e s c e n c e in f l u o r e s c e n c e microscopy 

APPENDIX II 

P r e p a r a t i o n of plant tissue for 
f l u o r e s c e n c e m i c r o s c o p y 

APPENDIX III 

S t a t i s t i c a l analysis for the difference 
between two sample m e a n s 

5. R E F E R E N C E S 



INDEX OF FIGURES 'PAGE 

F i g . 1 Life cycle of ergot 13 

F i g . 2 Life cycle of bunt Tilletia caries 17 

F i g . 3 The t e t r a c y c l i c ergoline ring system 23 

F i g . 4 B i o s y n t h e t i c origin of the tetracyclic 32 
e r g o l i n e ring 

F i g . 5 R e l a t i o n s h i p s between clavine a l k a l o i d s 35 

F i g . 6 C h e m i c a l structure of t r e m o r g e n i c 47 
m y c o t o x i n s of the p a s p a l i n i n e group 

F i g . 7 S t r u c t u r e of verruculogen 48 

F i g . 8 C h e m i c a l structure of the f u m i t r e m o r g e n s 49 

F i g . 9 C h e m i c a l s t r u c t u r e of TR-2 49 

F i g . I D F o u r p o p u l a t i o n s of bunt t e l i o s p o r e s 58 
o b t a i n e d by centrifugation 

F i g . 1 1 D i a g r a m a t i c representation of l o n g i t u d i n a l 67 
section through a bunt infected ovary at 
"anthesis" 

F i g . 1 2 Elution of IgG fractions of 3 - 1 , 3 glucanase 72 
a n t i s e r u m fr.Dma D E A E - c e l l u l o s e column 

F i g . 1 3 R e s o l u t i o n of C - v e r r u c u l o g e n and l l fC- 85 
f u m i t r e m o r g e n B by HPLC 

F i g . 1 4 HPLC extract of fumitremorgen B l e f t in 87 
a q u e o u s solution for 6h; repurified by 
HPLC 

F i g . 1 5 R e s o l u t i o n of fumitremorgen B by HPLC 87 

F i g . 1 6 3 - g l u c a n a s e activity of control and 165 
i n f e c t e d o v a r i e s with increasing age 

F i g . 1 7 3 - g l u c a n a s e activity of control, 
" h e a l t h y b u n t e d " , and infected bunted 
o v a r i e s with increasing age of infection 

104 

F i g . 1 8 Time course of hydrolysis of S. sorghi 106 
glucan by dialysed extracts of T . caries 
tissue from axenic culture 

F i g . 1 9 D i a g r a m a t i c representation of a dual ^11 
i n f e c t e d wheat o v a r y , 6 days after 
i n o c u l a t i o n with C, purpurea 



8. 

F i g . 2 0 D i a g r a m a t i c representation of a 113 
l o n g i t u d i n a l section through a dual 
i n f e c t e d o v a r y , 10 days after 
i n o c u l a t i o n with C, purpurea 

F i g . 2 1 D i a g r a m representing sections of dual 123 
i n f e c t e d ovaries stained with (3-1,3 
g l u c a n a s e a n t i s e r u m , i n d i c a t i n g the 
a r e a s of the sections i l l u s t r a t e d in 
P l a t e 8 and 9 

F i g . 2 2 Incubation of fresh p a r a s i t i c tissue 1 2 6 
of C . purpurea strain 1 2 / 2 [ A L K " ] 
with C - m e t h y l m e t h i o n i n e . TLC 
a n a l y s i s 

F i g . 2 3 Incubation of fresh p a r a s i t i c tissue 130 
of C, purpurea strain 12/2 [ALK~] with 
1 ^ C - t r y p t o p h a n in the p r e s e n c e of O.OIM 
0.1M and 1.01*1 phosphate 

F i g . 2 4 E x c i t a t i o n and emission spectra for 136 
a c i d - t r e a t e d verruculogen and 
f u m i t r e m o r g e n B 

F i g . 2 5 G r o w t h curves for 3 groups of obese mice 140 
A & B o v e r the 50 day e x p e r i m e n t a l period 

F i g . 2 6 G r o w t h curves for 3 groups of lean mice 142 
A & B o v e r the 50 day e x p e r i m e n t a l period 

F i g . 2 7 Limitation o f , and p o t e n t i a l for, ergot 158 
a l k a l o i d b i o s y n t h e s i s in a m u t a n t strain 
of C . pur purea 

F i g . 2 8 B i o s y n t h e s i s of verruculogen 152 

Fig.29 S o m e biochemical i n t e r a c t i o n s involving 2.65 
p a r a s i t i c C . pur purea 



INDEX OF TABLES PAGE 

T A B L E . 1 Some proposed roles for 3-1-3 20 
glucanases 

T A B L E . 2 Naturally occurring lysergic 24 
acid derivatives o t h e r than 
p e p t i d e s 

T A B L E . 3 Cyclic tripeptide ergot alkaloids 25 

T A B L E . 4 A Clavine alkaloids 27 

T A B L E . 4 B 5 , 7 - s e c o e r g o l i n e s 28 

T A B L E . 5 P h a r m a c o l o g i c a l p r o p e r t i e s , p o i s o n o u s 30 
effects and theraputic uses of some 
ergot a l k a l o i d s 

T A B L E . 6 Summary of host r a n g e , d i s t r i b u t i o n , 44 
alkaloid c o n t e n t , m y c o t o x i c s t a t u s , 
and a n i m a l s affected by the more 
important ergot fungi 

T A B L E . 7 Phenotypes of T.caries isolated during 101 
axenic culture 

T A B L E . 8 B i o s y n t h e t i c p r o d u c t s from incorporation 127 
of p r e c u r s o r s or i n t e r m e d i a t e s 
a d m i n i s t e r e d to p a r a s i t i c tissue of 
C . purpurea strain 12/2 

T A B L E . 9 Regional distribution of DMAT in 129 
C . purpurea sclerotia of different 
ages 

T A B L E . 1 0 E f f e c t of phosphate concentration in the 132 
incubate on C . purpurea metabolism of 
p r e c u r s o r s to p r o d u c t s in the ergot 
alkaloid biosynthetic pathway 

T A B L E . 1 1 Incorporation of 1 , f C - T R - 2 into 134 
verruculogen and fumitremorgen B by 
P . raistrickii 

T A B L E . 1 2 Incorporation of 1 1 + C - p r o l i n e into 137 
verruculogen and related m e t a b o l i t e s 
produced by P . simplicissimum 

T A B L E . 1 3 Statistical analysis ; comparison 144 
between sample means for obese mice 

T A B L E . 1 4 Statistical analysis ; comparison 
between sample means for lean mice 

147 

T A B L E . 1 5 
A & B 

Food intake 149 



P L A T E . 1 

P L A T E . 2 

P L A T E . 3 

P L A T E . 4 

P L A T E . 5 

P L A T E . 6 

P L A T E . 7 

P L A T E . 8 

P L A T E . 9 

PLATE.10 

1 0 . 

INDEX OF PLATES PAGE 

T, caries i n c u b a t e d for 7 days on 
Medium TBI at 22 C and 15 C 

97 

T e l i o s p o r o g e n i c c o l o n i e s of T, caries 9 7 

I m m a t u r e , h y a l i n e t e l i o s p o r e s of T . caries g7 

G r o w t h of T, caries in axenic culture 97 
at 15°C 

G r o u t y of T . caries in axenic culture 100 
at 22 C ; c o n c u r r e n t pigment 
p roduction 

C h l a m y d o s p o r e production by T, caries at 100 
22 C 

S p e c i f i c i t y of a n t i - C l a v i c e p s - 3 - g l u c a n a s e ^16 
IgG to Claviceps mycelium from axenic 117 
culture 

L o n g i t u d i n a l section through a dual H Q 
i n f e c t e d o v a r y , 19 days after inoculation 
with C . pur purea 

L . S . through a dual infected o v a r y , 19 daysi21 
a f t e r inoculation with C . purpurea 

C o n i d i o s p o r e s of C . purpurea stained 124 
with a n t i - 3 - g l u c a n a s e serum 



A KNOWLEDGE MENTS 

I would like to thank the following p e o p l e for their 

help during the course of this w o r k . 

D r . P . G . M a n t l e , my s u p e r v i s o r , for his guidance and 

e n c o u r a g e m e n t throughout this w o r k , for his time and 

p a t i e n c e during the many d i s c u s s i o n s and for his 

c o n s t r u c t i v e criticism of the m a n u s c r i p t . 

D r . C . P o l l a r d , D r . G . Wilkin, and Stephen Johnstone for 

their advice on fluorescence m i c r o s c o p y t e c h n i q u e s . 

M r . G . M i l l h o u s e for the preparation of the black and 

white p l a t e s . 

W i l l i a m Hamilton for his advice on s t a t i s t i c a l analysi 

This work was p e r f o r m e d with the f i n a n c i a l support of 

R e s e a r c h S t u d e n t s h i p from the S c i e n c e and E n g i n e e r i n g 

R e s e a r c h C o u n c i l . 



1 . INTRODUCTION 

1.1 E r g o t fungi as plant p a t h o g e n s 

1.1.1 Life cycle 

The ergot fungi are plant p a r a s i t i c A s c o m y c e t e fungi 

i n d i g e n o u s to grasses and cereals in temporate a r e a s . 

T h e i r life cycle conforms to the generalised scheme (Fig.l). 

Ergot sclerotia germinate in the s o i l , in spring and 

early s u m m e r , to produce aerial s t r o m a t a . Numerous 

perithecia are embedded within the capitulum borne at the 

tip of each s t r o m a . This fruiting body is packed with 

many elongated asci each containing 8 a s c o s p o r e s . When ripe 

the asci burst, forcibly d i s c h a r g i n g a s c o s p o r e s from the 

p e r i t h e c i a . T h e free ascospores constitute the primary 

i n o c u l u m . If a s c o s p o r e s land on the stigma or within the 

open florets of a susceptible host they may germinate and 

produce hyphae capable of p e n e t r a t i n g the o v a r y . 

M i c r o s c o p i c a l o b s e r v a t i o n s reveal that invasion by 

p e n e t r a t i n g hyphae occurs directly through the surface of 

the ovary or by passage down the style towards the apex of 

the o v a r y . The ease of penetration via the style is 

facilitated by transmitting tissue evolved for invasion by 

the pollen tube (Luttrell, 1977; Shaw & M a n t l e , 1 9 8 0 ( a ) ) . 

T h e r e a f t e r the outer integument of the ovary is colonised 

followed by infection of the o v u l e . A p p r o x i m a t e l y 10 days 

after initial infection the ovary is totally replaced by 

fungal mycelium (the s p h a c e l i u m ) . This stage is 

c h a r a c t e r i s e d by profuse conidiation and secretion of a 

sticky exudate known as h o n e y d e w . Carried within the 

exudate are asexual conidia which provide the inoculum for 

the e p i d e m i c phase of the d i s e a s e . C o n t a c t between adjacent 

ears results in dissemination of the asexual spores and 

secondary infection may ensue. 

Three weeks after initial infection mycelial 

differentiation of sphacelial to sclerotial tissue is 

e v i d e n t . D i f f e r e n t i a t i o n within the sphacelium appears to 

be i n i t i a t e d in the proximal section of the t i s s u e , often 

at more than one l o c u s . C o n c u r r e n t l y honeydew release 
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s u b s i d e s . Sclerotial hyphae appear m o r p h o l o g i c a l l y 

d i f f e r e n t from adjacent sphacelial tissue having a short 

bulbous a p p e a r e n c e , frequent septa and a rich store of 

l i p i d . H o w e v e r in actively d i f f e r e n t i a t i n g tissue there 

does not appear to be a sharp boundary between s p h a c e l i a l 

and s c l e r o t i a l t i s s u e . As growth continues the sclerotium 

i n c r e a s e s in length and that which protrudes from the 

floret becomes h a r d e n e d . The distinct longitudinal 

a r r a n g e m e n t within the sclerotium could be a consequence of 

the p h y s i c a l , lateral constraint imposed by host glumes 

(Shaw & flantle, 1 9 8 0 ( b ) ) and the structure of the host 

rachilla (Luttrell, 1980). Hyphae proximal to the host 

i n t e r f a c e constitute the youngest fungal tissue which is 

continually displaced in an acropetal d i r e c t i o n . T h u s the 

earliest sphacelial tissue is typically borne at the tips 

of developing s c l e r o t i a . T h e s e youngest hyphae at the host-

parasite interface do not appear to be s c l e r o t i a l . The 

outer cortical layers become pigmented dark purple giving 

rise to the classic ergot a p p e a r e n c e . The sclerotium continues 

growing until the ear is mature often attaining a size 

greater than normal seeds (Swan, 1 9 8 0 ) . 

C o n t a c t with the host is broken before or during 

harvest when ergots are knocked from the f l o r e t s , falling 

to the ground where they overwinter and germinate.the 

following spring to continue the life c y c l e . 

This present study concerns some i n t e r a c t i o n s of 

p a r a s i t i c tissue and therefore includes special recognition 

of the p a r a s i t i c period in the life c y c l e . 

1.1.2 Plant disease aetiology 

A role for wild grasses in the recurrence of ergot 

contamination stems from two p o s s i b i l i t i e s ; the f i r s t , that 

sclerotia fall to the ground from the infected host 

i n f l o r e s c e n c e and o v e r w i n t e r , germinating the next year to 

continue their life cycle in a new s u s c e p t i b l e host. The 

second is that several early flowering arable g r a s s e s , 

s u s c e p t i b l e to infection by ergot, can provide a secondary 

inoculum at the time of flowering and thus are a p o t e n t i a l 

hazard when arable weeds surrounding cereal f i e l d s . 

Not all grasses infected with ergot can provide 



inoculum which will successfully infect w h e a t , rye or 

b a r l e y . T h i s may be a consequence of their flowering dates 

which may be too early or too late to provide viable 

inoculum coincident with the flowering of cereal c r o p s . 

M a n t l e & Shaw (1976) and Mantle et a l . ( 1 9 7 7 ( b ) ) demonstrated 

that in the Southern part of England blackgrass 

(A.lopecurus nyosuroides) constituted the most serious threat 

as a reservoir of i n o c u l u m , capable of infecting wheat crops. 

With the increasing use of m a l e - s t e r i l e cereal 

v a r i e t i e s in the d e v e l o p m e n t of Fx hybrids there is serious 

risk of ergot e p i d e m i c s . M a l e - s t e r i l e barley for example 

can remain susceptible to infection for a p p r o x i m a t e l y 3 

w e e k s . S u c c e s s i v e tillers also provide o v e r l a p p i n g 

g e n e r a t i o n s and thus a continuing supply of secondary 

inoculum (Wood & C o l e y - S m i t h , 1982). Infection of barley 

by barley strip m o s a i c v i r u s , which causes sterility in 

normal field barley c u l t i v a r s , results in prolonged 

opening of the floral cavity leading to increased risk of 

i n f e c t i o n by C . purpurea (Darlington et al. , 1 9 7 6 ) . 

1 . 1 . 3 Interaction between Claviceps pur purea and the 

common bunt fungus filletia caries. 

The occurence of viral infection and the p r e s e n c e of 

two or m o r e p a r a s i t i c fungi on the same plant is a common 

f e a t u r e a m o n g s t cereal c r o p s . For example wheat p l a n t s 

attacked by smut may also be infected by one or more of 

the r u s t s , mildew or leaf spotting f u n g i . However 

c o n c u r r e n t invasion of the host ovary by two p a r a s i t i c 

fungi a p p e a r s to be a less common p h e n o m e n o n . 

Hanna (1938) observed double i n f e c t i o n s of wheat 

with C. purpurea and the common bunt fungus T . c a r i e s ( D C ) 

T u l . in which bunt balls remained fused to the tip of the 

d e v e l o p i n g s c l e r o t i u m . Similar structures were o b s e r v e d 

in i n f l o r e s c e n c e s of T r i t i c a l e , c v . T r e m i n i l l o in Italy 

( A j r o l d i , 1 9 4 0 ) . E a r l i e r reports (Tulsane, 1853) also 

d e s c r i b e d similar structures inwhich completely developed 

rye grains survived invasion being supported by m a t u r e 

s c l e r o t i a ; such displaced grain can apparently remain 

viable (Mantle, 1 9 7 2 ) . 

All of these o b s e r v a t i o n s reinforce the point that 



ergot diseases usually involve d i s p l a c e m e n t activity by 

the invading f u n g u s , focused at the base of the o v a r y . 

T h e curious interaction between ergot and bunt provides 

an i n t e r e s t i n g model to examine the path of infection by 

invading Claviceps hyphae. During the formation of the bunt 

b a l l , anthers become trapped by the expanding ovary and 

stigma and style wither (Hansen, 1 9 5 9 ) , thus excluding one 

e s t a b l i s h e d path of entry (Shaw & M a n t l e , 1980 (a)) forcing 

the p a r a s i t e to enter by another r o u t e . 

The common w h e a t - b u n t fungus Tilletia caries belongs 

to the p l a n t p a r a s i t i c B a s i d i o m y c e t e s . A summary of the 

life cycle is given in (Fig.2). 

T h r e e distinct nuclear conditions in the life cycle 

of Tilletia spp. have been described; the s a p r o p h y t i c 

m o n o k a r y o n ; the p a t h o g e n i c dikaryon and the diploid 

teliospore (Dastur, 1921; H i r s c h h o r n , 1 9 4 5 ; H a n s e n , 1 9 5 9 ) . 

G e r m i n a t i o n of soil and seed borne c h l a m y d o s p o r e s or 

t e l i o s p o r e s appears to be a c t i v a t e d by low t e m p e r a t u r e s . 

The exact r e q u i r e m e n t s differ between p h y s i o l o g i c a l races 

(Lowther, 1 9 5 1 ; T r i o n e & C h i n g , 1971; T r i o n e , 1 9 7 3 ) . 

G e r m i n a t i o n of teliospores results in the production of a 

promyceliurn which in turn gives rise to a whorl of primary 

sporidia at its tip (Kollmorgen et al. 1 9 7 8 ) . C o m p a t i b l e 

sporidia fuse in p a i r s to initiate the b i n u c l e a t e 

p a r a s i t i c and t e l i o s p o r o g e n i c stage of the bunt fungi 

(Flor, 1 9 3 2 ; H o l t o n , 1941; Kollmorgen & T r i o n e , 1 9 8 0 ) . 

If primary sporidia do not fuse they p r o d u c e m o n o n u c l e a t e 

hyphae which are n o n - p a t h o g e n i c . 

Only b i n u c l e a t e hyphae are capable of infecting 

young wheat s e e d l i n g s . Invading hyphae enter directly 

through the outer sheath of the coleoptile (Swinburne, 1 9 6 0 ) 

and grow towards the terminal m e r i s t e m a t i c t i s s u e . The 

pathogen continues to grow vegetatively while host 

d e v e l o p m e n t p r o c e e d s , apparently just keeping pace with the 

a p e x . On emergence of the ears from the boot, the barely 

visible mycelium within the ovary tissue changes from a 

vegetative to a r e p r o d u c t i v e p h a s e , p r o d u c i n g m a s s e s of 

t e l i o s p o r e s , borne at the end of hyphal tips. Sporulation 

usually results in destruction and r e p l a c e m e n t of the 

central region of the ovary tissue.The outer regions of 
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the ovary d i f f e r e n t i a t e to form the c h a r a c t e r i s t i c bunt 

b a l l , a n a l o g o u s to a gall. Mature t e l i o s p o r e s are 

released from the bunt ball at harvest time as it crushes 

readily during t h r e s h i n g . The seed is thus contaminated 

and when sown is at risk from a further cycle of the 

p a t h o g e n . 

B e f o r e the introduction of seed treatment control 

m e a s u r e s (Holton & H e a l d , 1937; T r i o n e , 1 9 7 3 ) both the 

dwarf bunt fungus T. controversa(Kuhn) and T . caries 

caused e x t e n s i v e loss of grain in wheat growing areas of 

A m e r i c a , Canada and R u s s i a . Losses are still incurred 

despite seed control measures and breeding programmes to 

produce r e s i s t a n t cultivars (Fernandez et al. ,1978). 

T e l i o s p o r e g e r m i n a t i o n , promycelial o u t g r o w t h and 

formation of primary sporidia are possible focal points 

a t which to exert control (Trione, 1 9 7 3 ) . 

Until the end of the 60's culture techniques failed 

to provide stable filial cultures of the d i k a r y o t i c , 

p a t h o g e n i c m y c e l i u m . This restricted p h y s i o l o g i c a l and 

b i o c h e m i c a l studies of the pathogenic p h a s e . Although 

there has been m a r k e d d e v e l o p m e n t in isolation and 

s a p r o p h y t i c culture techniques (Trione & M e t z g e r , 1 9 6 2 ; 

T r i o n e , 1964; Chung & T r i o n e , 1967; Singh & T r i o n e , 1969; 

T r i o n e , 1972; 1 9 7 4 ) , there is still need for in vivo 

study of the p a t h o g e n . The p r e s e n t i n v e s t i g a t i o n s offer 

an a l t e r n a t i v e technique for study of the fungus in vivo. 

1.1.4 T h e role of fungal B-l-3 qlucanases in plant 

p a t h o g e n i c i t y 

3 - 1 - 3 glucanases are enzymes hydrolysing '8-1-3 

linked glucose polymers (glucans) which can occur as homo-

p o l y m e r s or in p o l y s a c c h a r i d e s of mixed linkage t y p e . 

Many organisms are found to p o s s e s s these e n z y m e s , for 

example a l g a e , f u n g i , b a c t e r i a , higher p l a n t s and primitive 

sea snails (Chesters et al., 1956; Huang & G i e s e , 1958; 

C u r r i e r , 1957; Reese & M a n d e l s , 1959; Moscatelli et al., 

1 9 6 1 ; l/illanueva et al., 1 9 7 6 ) . Considering the nature of 

the p r e s e n t s t u d y , this review will concern only the fungal 

6 - 1 - 3 g l u c a n a s e s . 

In fungi 8-1-3 clucanases have been found both 



e x t r a c e l l u l a r l y in culture filtrates (Dickerson et al*, 

1970); in some cases bound to extracellular glucan 

(Dickerson 4 B a k e r , 1979) and i n t r a c e l l u l a r l y associated 

with the cell wall or, as observed in y e a s t s , packaged 

in v e s i c l e s (Cortat et al., 1 9 7 2 ) . In contrast to 3-1-2 

and 3-1-4 glucanases which are adaptive or inducible the 

3 - 1 - 3 g l u c a n a s e s usually appear to be c o n s t i t u t i v e . They 

fall into two types according to their a c t i v i t y , endo-

h y d r o l y t i c (random-splitting) or exohydrolytic (endwise-

splitting )(Duncanet al., 1 9 5 9 ) . T h e i r roles within fungi 

appear to be n u m e r o u s and interrelated and it is difficult 

to assign their p r e s e n c e to one p a r t i c u l a r function in any 

one c e l l . I n v e s t i g a t i o n s reveal that different m o l e c u l a r 

forms of the enzymes exist concurrently as a family (Stone, 

1 9 5 7 ) the m e m b e r s of which have different affinities for 

natural s u b s t r a t e s and occur in different locations within 

the cell (Santos et al., 1979; N o t a r i o , 1 9 8 2 ) . Some of the 

p r o p o s e d roles are summarised in Table 1 . 

The role most commonly ascribed to 3-1-5 glucanase is 

in fungal hyphae m o r p h o g e n e s i s (Burnett, 1988). Hyphal walls 

consist of an intermeshed web of m i c r o f i b r i l s surrounded by 

an a m o r p h o u s m a t r i x . In filamentous fungi the m i c r o f i b r i l l a r 

p h a s e is composed of chitin or c e l l u l o s e ; in yeasts the 

3 - g l u c a n s are n o n - c e l l u l o s i c . The binding matrix consists 

of various p o l y s a c c h a r i d e s and p r o t e i n s . Systematic 

enzyme digestion techniques have shown that in the hyphal 

walls of Neurospora crassa, the i n n e r m o s t layer consists 

mainly of chitin m i c o f i b r i l s possibly mixed with p r o t e i n . 

E x t e r n a l to this is a thin layer of protein surrounded by 

another layer containing strands of glycoprotein r e t i c u l u m . 

The glucans reside in the o u t e r m o s t layer, (Hunsley & 

B u r n e t t , 1 9 7 0 ) . 

C o n s i d e r i n g this structure B a r t i n i c k i - G a r c i a (1973) 

has suggested that apical growth and branching in the 

f i l a m e n t o u s fungi involves a delicate balance between 

cell wall synthesis and d e g r a d a t i o n . Lytic enzymes 

(responsible for d e g r a d a t i o n ) are thought to be secreted 

into the wall where they attack the m i c r o f i b r i l l a r 

skeleton and create zones for the insertion of new wall 

m a t e r i a l . S y n t h e s i s i n g enzymes rebuild the m i c r o f i b r i l l a r 



TABLE 1. Some proposed roles for 3-1-3 glucanases 

ROLE REFERENCE 

l) M o r p h o g e n e s i s fungal - hyphal g r o w t h , branching 

yeast - cell wall e x p a n s i o n , 
budding 

Kritzman et al.(1978); D i c k e r s o n & 
P o l l a r d , (1982); Mahadevan & M a h a d k a r , ( l 9 7 0 ) 
F e v r e , (1977) 

Villanueva et a l . (1976) 

plants - cell plate formation in 
c y t o k i n e s i s 

F u l c h e r et al.(1976) 

2) Autolysis m o b i l i z a t i o n of c a r b o h y d r a t e 
reserves during periods of 
starvation 

3) Phenotypic resistance to amphotericin B methyl 
ester (AME) 

Santos et al. (1979); D i c k e r s o n et al.(1970) 

N o t a r i o , (1982) 

4) Fungal parasitism D i c k e r s o n et al.(1978); S h a w , (1979); 
D i c k e r s o n & P o l l a r d , (1982) 



network after new material has been i n s e r t e d . One set of 

o b s e r v a t i o n s to s u p p o r t this h y p o t h e s i s come from an 

i m m u n o f l u o r e s c e n c e study on l o c a l i z a t i o n of 3-1-3 

g l u c a n a s e in Sclerotium rolfsii hyphae conducted by 

Kritzman et a l . ( 1 9 7 8 ) . Activity was located at hyphal 

t i p s , clamp c o n n e c t i o n s , new septa and regions of lateral 

b r a n c h i n g . Their results i n d i c a t e d that the enzyme was 

p r e s e n t in the cell wall but in a m a s k e d (inactive) form, 

p o s s i b l y a s s o c i a t e d with the cell m e m b r a n e and only 

became active at the specific sites above when exposed to 

s u b s t r a t e . Fleet & P h a f f ( l 9 7 4 ) similarly isolated 3-1-3 

g l u c a n a s e s from the cell wall of yeasts and Uillanueva 

et a l . ( 1 9 7 6 ) considered 6-1-3 g l u c a n a s e s to be the main 

cell wall p l a s t i c i z i n g agents. 

In both fungal and yeast s y s t e m s it is a p p a r e n t 

that to avoid s e l f - d e s t r u c t i o n , the cell must have 

s y s t e m s to control the activity of lytic enzymes associated 

w i t h the cell wall," particularly when they are no longer 

r e q u i r e d for g r o w t h . Cortat et a l . ( 1 9 7 2 ) observed their 

l o c a l i z a t i o n in c y t o p l a s m i c v e s i c l e s , Dickerson & Baker 

(1979) described the association of e x o - 3 - 1 - 3 glucanase 

with fungal 3 - g l u c a n s and Polacheck & R o s e n b e r g e r (1978) 

suggested the association of a u t o l y s i n s with lipid in 

hyphal walls of Aspergillus nidulans, all possible methods 

of i n a c t i v a t i o n or m a s k i n g . C a t a b o l i c repression regulates 

the production of some fungal g l u c a n a s e s (Santos et al., 

1 9 7 7 ) and this c o n t r o l , exerted by g l u c o s e , a p p e a r s to be 

at a p r e t r a n s l a t i o n a l level (Santos et a l . , 1 9 7 8 ) . However 

glucose repression which occurs in Penicillium italicum 

and Neurospora crassa does not occur in Trichoderma viride 

and Saccharomyces cerevisiae in which synthesis only takes 

p l a c e under c o n d i t i o n s of active growth in the presence of 

excess glucose (DelRay et al.,1979).Derepression of 3-1-3 

g l u c a n a s e s resulting in autolysis and m o b i l i z a t i o n of cell 

wall bound glucan (Santos et al. f1979) or hydrolysis of 

e x t r a c e l l u l a r p o l y s a c c h a r i d e (Dickerson et al,,1970) 

during p e r i o d s of starvation is t h e r e f o r e a major role 

for these lytic e n z y m e s . More r e c e n t l y evidence provided 

by Notario (1962) suggests that the disequilibrium between 



s y n t h e s i s of cell wall B-glucan and its breakdown by 

e n d o g e n o u s B - g l u c a n a s e s u n d e r l i e s the d e v e l o p m e n t of 

p h e n o t y p i c r e s i s t a n c e to a m p h o t e r i c i n B m e t h y l ester (AME) 

in Candida albicans. 

The i n v o l v e m e n t of (3-1-3 glucanases in fungal 

parasitism has been previously studied during the infection 

of rye and wheat by C. purpurea (Dickerson et a l . , 1 9 7 8 ; 

D i c k e r s o n & P o l l a r d , 1 9 8 2 ) . T h e s e i n v e s t i g a t i o n s suggest 

that the glucanases play a role in establishing p a r a s i t i c 

s p h a c e l i a l m y c e l i u m . The sphacelium develops despite 

minimum penetration into the host rachilla (Shaw, 1 9 7 9 ) . 

Study of i n f e c t e d ovaries indicated an absence of wound 

callose (3-1-3 g l u c a n ) which is naturally deposited by 

plants in response to wounding (Aist, 1 9 7 6 ) , suggesting 

that active 3 - 1 - 3 glucanases from the i n v a d i n g fungus 

were r e s p o n s i b l e for digesting wound callose and naturally 

occurring sieve callose as w e l l . Removal of callose would 

allow leakage of an u n i n t e r r u p t e d supply of nutrients to 

the developing fungal tissue (Dickerson et a l . , 1 9 7 8 ) . 

D i c k e r s o n & Pollard (1982) employed i m m u n o f l u o r e s c e n t 

t e c h n i q u e s to l o c a t e 3 - g l u c a n a s e in C, purpurea tissue 

during the p e r i o d , 4-35 days, after a r t i f i c a l inoculation 

of rye f l o r e t s . 3 - g l u c a n a s e , detected by a f l u o r e s c e n t 

a n t i b o d y t e c h n i q u e , was s p e c i f i c a l l y a s s o c i a t e d with areas 

of rapid growth; at the base of the developing sclerotium. 

and within c o n i d i o p h o r e s at the sphacelial s u r f a c e . 

I m m u n o f l u o r e s c e n t t e c h n i q u e s have p r e v i o u s l y been 

employed for the detection of fungal plant p a t h o g e n s 

(Holland & F u l c h e r , 1971; F u l c h e r & H o l l a n d , 1971; Fitzell 

et al., 1980; W a r n o c k , 1 9 7 3 ) , m i c r o s c o p y of cereal grains 

(Fulcher & W o n g , 1982) and storage p r o t e i n s (Craig et al., 

1 9 7 9 ) . Similar techniques have now been employed to study 

c o n c u r r e n t occupation of w h e a t ovary tissue by Tilletia 

caries and Claviceps purpurea• 



1.2 Ergot alkaloids 

1.2.1 Chemistry 

The ergot alkaloids are indole d e r i v a t i v e s mostly 

based on the tetracyclic ergoline ring system (Fig. 3). 

F i g . 3 The tetracyclic ergoline ring system 

They are divided according to their structure into 2 

basic groups (i) the clavine alkaloids (including the 

tricyclic c h a n o c l a v i n e s ) and (ii) the l y s e r g i c acid 

d e r i v a t i v e s . 

The first naturally occuring ergot alkaloids to be 

isolated from p a r a s i t i c tissue were shown to be amide 

(Table 2) or cyclic tripeptide (Table 3) derivatives of 

lysergic a c i d . In the simple amides the amide part is a 

small p e p t i d e or a simple alkylamide and their basicity 

results from the nitrogen in position 6. In the latter 

group the classic peptide ergot alkaloids are characterised 

by a m o d i f i e d tripeptide side chain containing L-proline 

and a a - h y d r o x y amino acid which forms a cyclol with 

v a l i n e , leucine or p h e n y l a l a n i n e . A g r o c l a v i n e , 

b i o s y n t h e t i c a l 1 y the first of the t e t r a c y c l i c clavine 



TABLE 2 Naturally occurring lysergic acid 
d e r i v a t i v e s other than p e p t i d e s 

ERG0N01/INE (ergobasine, 
e r g o m e t r i n e ) 

LYSERGIC ACID a-
HYDR OXYETHY LAMIDE 

LYSERGIC ACID AMIDE 

LYSERGIC ACID 

A 8 - 9 - L Y S E R G I C ACID 
(paspalic a c i d ) 

— H N 

C H 3 

C imiH 
i 
CH 2 OH 

C H 3 
i 

H N— CH—DH 

— NH 2 

— OH 

— OH A 9 1 0 double 
bond shifted 
to A 8 9 p o s i t i o 



TABLE 3. C y c l i c t r i p e p t i d e ergot a l k a l o i d s 

R A M I N O ACID A L K A L O I D a - h y d r o x y - L - a m i n o a c i d 1 . L - a m i n o a c i d 2. Proline 3. 

CH 

ru ^ H 3 

C H CH 3 

C H 2 C H 
C H 3 

CH 3 

CH C H 2 C H 3 

C H 3 

A l a n i n e 

V a l i n e 

L e u c i n e 

I s o l e u c i n e 

E r g o t a m i n e 
E r g o s i n e 

A l a n i n e 
A l a n i n e 

E r g o c r i s t i n e V a l i n e 
a - e r g o c r y p t i n e V a l i n e 
3 - e r g o c r y p t i n e V a l i n e 

E r g o c o r n i n e 
E r g o s t i n e 
E r g o h e x i n e 
E r g o h e p t i n e 

V a l i n e 
a-arninobutyric acid 
A l a n i n e 
V a l i n e 

P h e n y l a l a n i n e 
L e u c i n e 

P h e n y l a l a n i n e 
L e u c i n e 
I s o l e u c i n e 

V a l i n e 
P h e n y l a l a n i n e 
H o m o l e u c i n e 
H o m o l e u c i n e 

C H 2 C H 3 a - a m i n o b u t y r i c acid 



a l k a l o i d s , was first isolated from saprophytic culture of 

a Claviceps isolate by Abe (1951). A l k a l o i d s of this series 

include both A8-9 and A9-10 types with either methyl or 

h y d r o x y m e t h y l substitution at position 8 in the D ring 

(Table 4A). A structually related class is that of the 

6,7 s e c o e r g o l i n e s or c h a n o c l a v i n e s (Table 4 B ) . Ring D is 

not closed in the c h a n o c l a v i n e s and one of the stereo-

isomers p l a y s a vital i n t e r m e d i a r y role in the formation 

of the tetracyclic ring (ergoline n u c l e u s ) . 

Until 1960 ergot sclerotia were thought to be the 

sole source of lysergic acid d e r i v a t i v e s . This m o n o p o l y 

was eventually broken when l y s e r g i c acid a m i d e , 

i s o l y s e r g i c acid amide and c h a n o c l a v i n e were isolated 

from seeds of higher plants belonging to the 

Convolvulaceae family (Hofmann & T s c h e r t e r , 1 9 6 0 ) . The 

seeds of Ipomoea violaceae and Rivea corymbosa (belonging 

to the morning glory family) were used for their 

h a l l u c i n o g e n i c p r o p e r t i e s in the m a g i c drug "Ololiuqui" by 

Indians in Central A m e r i c a . F o l l o w i n g this discovery the 

search continued for a l t e r n a t i v e sources of the 

p h a r m a c o l o g i c a l l y active l y s e r g i c acid d e r i v a t i v e s . Further 

s u c c e s s has been achieved from other C o n v u l v u l a c e o u s plants 

and also from two endophytic C l a v i c i p i t a c e o u s fungi 

Balansia epichloe and B . henningsiana (Bacon, 1 9 8 1 ) . In 

contrast the clavine a l k a l o i d s have been found in several 

other f u n g i . F e s t u c l a v i n e , a g r o c l a v i n e , e l y m o c l a v i n e , 

chanoclavine and f u m i g a c l a v i n e s A,B and C were found in 

Aspergillus furnigatus (Spilsbury & W i l k i n s o n , 1 9 6 1 ) . 

The search was encouraged due to the diverse 

p h a r m a c o l o g i c a l activity and application of the ergot 

a l k a l o i d s . Of the p e p t i d e a l k a l o i d s only isomers of 

n a t u r a l D - l y s e r g i c acid have p h a r m a c o l o g i c a l i m p o r t a n c e 

and have names with the suffix " i n e " . D e r i v a t i v e s of 

D - i s o l y s e r g i c acid are essentially inactive and p o s s e s s 

the suffix " i n i n e " . The D ring formation is the major 

structual determinant for various e r g o p e p t i n e s . In 

b i o l o g i c a l l y active compounds the carboxyl function is 

equatorial to the 3 position in inactive forms it is in 

the a p o s i t i o n . The clavine a l k a l o i d s show n e g l i g i b l e 
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TABLE 4A Clavine alkaloids 

ERGOLINES ALKALOID 

AB-9 

A9-10 

A g r o c l a v i n e CH3 

E l y m o c l a v i n e CH2OH 

Lysergine 

L ysergol 

S etoclavine 

C H 3 

CH 2 OH 

C H 3 

Penniclavine CH2OH 

H 

H 

H 

H 

OH 

OH 

F e s t u c l a v i n e C H 3 

Fupii^aclavine H 
A 

F u m i g a c l a v i n e H 
Q 

H 

C H 3 

CH3 

C H 2 C 0 0 

HO-



T A B L E 4B 6 , 7 - S e c o e r g o l i m e s 

A L K A L O I D 

GHANOCL AV/ I N E - I 

C H A N O C L A V I N E - I I 

I S O C H A N O C L A V I N E - I 

N O R C H A N O C L A L / I N E - I 

N O R C H A N O C L A L / I N E - I I 



v a s o p r e s s o r or oxytoxic activity by comparison with the 

lysergic acid derivatives but a g r o c l a v i n e has been 

found to stimulate CNS activity in a n i m a l s . A summary 

(Table 5) illustrates the multiple action of some of the 

most p h a r m a c o l o g i c a l l y active lysergic acid and clavine 

alkaloids (taken from M a n t l e , 1 9 7 5 ) . 

1.2.2 B i o s y n t h e s i s 

E x t e n s i v e reviews have appeared throughout the 

course of studies on the biosynthesis of ergot a l k a l o i d s . 

Abstracts from these w o r k s , and the m o s t recent a d v a n c e s , 

have been compiled in two comprehensive surveys by 

Rehacek (1980) and Floss & Anderson (1980). 

(a) P r e c u r s o r s 

F o l l o w i n g the successful total s y n t h e s i s of l y s e r g i c 

acid (Kornfeld et a l . , 1954) attention was diverted 

towards elucidating the origin of the ergoline ring in 

n a t u r e . Seven d i f f e r e n t hypotheses were p r o p o s e d , all 

but one suggesting that the A and B rings originated 

from the indole ring system of t r y p t o p h a n . Mothes et al. 

(1958) proposed that condensation of tryptophan with a 5 

carbon isoprenoid unit resulted in the ergoline n u c l e u s . 

To d e m o n s t r a t e his hypothesis Mothes and his c o - w o r k e r s 

p e r f o r m e d the first tracer e x p e r i m e n t s on the 

b i o s y n t h e s i s of alkaloids in p a r a s i t i c t i s s u e , by 

injecting B- l l fC tryptophan into the internodes of infected 

rye p l a n t s . The label was incorporated into ergometrine 

via the l y s e r g i c acid part of the peptide m o i e t y . Groger 

et al. (1959) repeated the experiments reinforcing the 

evidence by obtaining a 0.15% i n c o r p o r a t i o n of tryptophan 

into e r g o k r y p t i n e under p a r a s i t i c c o n d i t i o n s . F o l l o w i n g 

this s u c c e s s they carried out the first feeding 

experiments with saprophytic cultures of Claviceps 

obtaining incorporations of up to 10-39% of 8— 

tryptophan into e l y m o c l a v i n e . From then on saprophytic 

culture of a l k a l o i d - p r o d u c i n g strains of Claviceps, 

which were isolated during the search for commercially 

useful s t r a i n s , beeame the standard system for b i o s y n t h e s i s 

studies. 



TABLE 5. P h a r m a c o l o g i c a l P r o p e r t i e s , Poisonous E f f e c t s and T h e r a p u t i c Uses of some Ergot A l k a l o i d s 

ALKALOID P H A R M A C O L O G I C A L SPECTRUM POISONOUS EFFECTS T H E R A P U T I C USES 

ERGOTAMINE GP 
ERGOTOXINE GP 

V A S O C O N S T R I C T I O N 
UTERINE CONTRACTION 
CENTRAL NERVOUS 
STIMULATION 
ADRENERGIC BLOCKING 
SEROTONONE ANTAGONISM 

P e r i p h e r a l vascular d i s t u r b a n c e MIGRAINE RELIEF 
Foetal distress ( E R G O T A M I N E ) 
Agalactia INHIBITION OF LACTATION 

S y m p a t h e t i c excitation ( E R G O C R Y P T I N E ) 

ERG OMETRINE UTERINE CONTRACTION 
SEROTONIN ANTAGONISM 

D-LYSERGIC ACID C.N.S STIMULATION 
H Y D R O X Y E T H Y L A M I D E UTERINE CONTRACTION 

Foetal distress 

Central excitation 

AS AN OXYTOCIC AT THE END 
OF 2ND STAGE OF CHILDBIRTH 
CONTROL OF P O S T - P A R T U M 
HAEMORRHAGE AND AN AID TO 
UTERINE INVOLUTION 

NONE 

D-LYSERGIC ACID 
AMIDE 
D-LYSERGIC ACID 
DIETHYLAMIDE 

C . N . S . S T I M U L A T I O N 
C . N . S . S T I M U L A T I O N 
SEROTONIN ANTAGONISM 

H a l l u c i n a t i o n s 
H a l l u c i n a t i o n s 

NONE 
SOME PSYCHOSES 

I-METHYL-D-
LYSERGIC ACID 
BUTANOLAMIDE 

AGR QCLAVINE 
ELYMOCLAVINE 

SEROTONIN ANTAGONISM 

C . N . S . STIMULATION 

D I H Y D R O E R G O S I N E WEAK 
D I H Y D R O C L A V I N E S 

Nausea 

Central excitation 
Agalactia 
Infertili ty 

None 

MIGRAINE P R O P H Y L A X I S : A S P E C T S 
OF C A R C I N O I D SYNDROME 
NONE 

NONE 

D - 6 - M E T H Y L C Y A N 0 -
M E T H Y L - E R G O L I N E HYPOTHALMIC STIMULATION None NONE 

OJ 
o 



Incorporation studies with tryptophan labelled in 

different p o s i t i o n s indicated that it was accepted 

i n t a c t (with exception of the carboxyl group and hydrogen 

at position 4 of t r y p t o p h a n ) as the central precursor of 

the ergoline n u c l e u s . Both D and L forms of tryptophan 

are i n c o r p o r a t e d into alkaloid but labelling experiments 

with D and DL isomers (Floss et al., 1 9 6 4 ) indicated that 

L - t r y p t o p h a n is the immediate precursor and the D form is 

presumably incorporated indirectly via i n d o l e pyruvate 

and L - t r y p t o p h a n . 

Formation of ring C (Fig. 3) involves an inversion 

of the configuration of the a carbon with retention of 

the original hydrogen attached to this carbon (Floss et 

a i . , 1 9 6 4 ) . 

Following the model proposed by Mothes et a l . ( 1 9 5 8 ) 

the next step was to find a suitable donor for a 5 carbon 

isoprenoid u n i t . Almost simultaneously three groups 

demonstrated the i n c o r p o r a t i o n of m e v a l o n a t e into ergot 

alkaloids with efficiencies of 9-23% (Groger et a l . , 1 9 6 0 ; 

Birch et a l . , 1 9 6 0 ; T a y l o r & R a m s t a d , 1 9 6 1 ) strongly 

suggesting a direct p r e c u r s o r r o l e . B a x t e r et a l . ( 1 9 6 1 ) 

established that the first carbon CI of m e v a l o n a t e was 

n o t i n c o r p o r a t e d and noticed that simultaneously fed 

isopentenyl- or y»T d i m e t h y l a l l y l - p y r o p h o s p h a t e decreased 

the i n c o r p o r a t i o n of m e v a l o n a t e - 2 - 1 ^ C . F u r t h e r P l i e n i n g e r ' 

group reported i n c o r p o r a t i o n of i s o p e n t e n y l p y r o p h o s p h a t e 

(IPPP) and d i m e t h y l a l l y l p y r o p h o s p h a t e (DMAPP) into 

alkaloids (despite the usual i m p e r m e a b i l i t y of cell 

m e m b r a n e s to p h o s p h a t e e s t e r s ) . It therefore appears that 

in the b i o s y n t h e s i s of ergot alkaloids m e v a l o n a t e is 

converted first to IPPP and then to DMAPP which provides 

the 5 carbon u n i t . The L- [ m e t h y l - ^ C , 3H] group from L-

[methyl- 1 C , 3 H ] m e t h i o n i n e fed to cultures of Claviceps 

was i n c o r p o r a t e d intact into alkaloid w i t h o u t change in 

the 3 H : l t t C ratio (Baxter et a l . , 1 9 6 4 ) , d e m o n s t r a t i n g 

m e t h i o n i n e s role as the donor of the [\l-methyl group at 

position 6. (Fig. 4) summarises the biogenic origin of 

the t e t r a c y c l i c ergoline r i n g . 

(b ) Assembly m e c h a n i s m s 



Fig* 4 B i o s y n t h e t i c o r i g i n of the t e t r a c y c l i c e r g o l i n e ring 

X H 

\ COC^H 
Y 

O H 

H O ' 

II-mevalonic o d d 

C H . 

N H 

elytaoclavine 

/ \ 
\ CH3-4- s — C H 2 ~ C H r q : H - C O O H 

\ J T 
NH2 

m e t h i o n i n e 

NH2 / 

C O O H 

L - t r y p t o p h a n 



It was evident that during the a s s e m b l y of the 

ergoline ring system tryptophan u n d e r w e n t 3 steps 

d e c a r b o x y l a t i o n , N - m e t h y l a t i o n and i s o p r e n y l a t i o n at position 

4 (Fig. 4). D e c a r b o x y l a t i o n was eliminated as the first step 

uhen two groups reported that neither t r y p t a m i n e (Baxter 

et a l . , 1 9 6 1 ; Floss & G r o g e r , 1 9 6 3 ) nor N - m e t h y l t r y p t a m i n e 

(Floss & G r o g e r , 1 9 6 3 ) were i n c o r p o r a t e d into a l k a l o i d . 

D o u b l e l a b e l l i n g e x p e r i m e n t s with N [side chain methyl 

3 H ] m e t h y l tryptophan showed that methyl tryptophan was de-

m e t h y l a t e d before i n c o r p o r a t i o n into d i m e t h y l a l l y l t r y p t o p h a n 

(DfflAT) (Floss & G r o g e r , 1 9 6 4 ) thus also eliminating N-

methylation as the first s t e p . D i r e c t i s o p r e n y l a t i o n of 

tryptophan r e m a i n e d as the m o s t likely first step to 

p r o d u c e 4 - d i m e t h y l a l l y l t r y p t o p h a n . S u p p o r t i n g this view 

DMAT was s u b s e q u e n t l y found to be an e f f i c i e n t intact 

precursor of the clavine alkaloids e l y m o c l a v i n e and 

agroclavine (Ueygand et a l . , 1 9 6 4 ) . In e x p e r i m e n t s 

exploring competition between DMAT and t r y p t o p h a n , DMAT was 

utilised less efficiently for the b i o s y n t h e s i s of clavines 

than t r y p t o p h a n (liJeygand et a l . , 1 9 6 4 ) but was found to be 

a better p r e c u r s o r of lysergic acid d e r i v a t i v e s than 

tryptophan in Claviceps paspali ( A g u r e l l , 1 9 6 6 ( a ) ) both sets 

of results s u g g e s t e d an i n t e r m e d i a r y role for D M A T . The 

compound was eventually i s o l a t e d from cultures of 

Claviceps fusiformis in which alkaloid s y n t h e s i s had been 

inhibited by the exclusion of oxygen (Robbers & F l o s s , 1 9 6 8 ) 

or addition of e t h i o n i n e , a m e t h i o n i n e a n t a g o n i s t , 

blocking N - m e t h y l a t i o n (Agurell & L i n d g r e n , 1 9 6 8 ) 

p r e v e n t i n g further ergoline ring f o r m a t i o n . Isolation of 

an enzyme (DMAT s y n t h e t a s e ) , from mycelium of Claviceps 

fusiformis, capable of catalysing the condensation of 

tryptophan with DMAPP to form D M A T , p r o v i d e d conclusive 

evidence that DMAT was the first i n t e r m e d i a t e in the ergoline 

alkaloid p a t h w a y (Heinstein et al., 1971; Lee et al., 1976) 

and that i s o p r e n y l a t i o n of tryptophan is the first 

p a t h w a y - s p e c i f i c reaction of ergoline b i o s y n t h e s i s . 

The oxidative biosynthetic sequence c h a n o c l a v i n e -*• 

a g r o c l a v i n e + e l y m o c l a v i n e •*• lysergic acid derivatives was 

established as the major pathway by tracer experiments 



(Agurell & J o h a n s s o n , 1964; Agurell & R a m s t a d , 1962; 

B a x t e r et a l . , 1 9 6 2 ) . At first the role of chanoclav/ine 

was confusing as it did not appear to be converted to 

a g r o c l a v i n e or elymoclavine in C . paspali (Agurell & 

R a m s t a d , 1 9 6 2 ) . F u r t h e r m o r e Mothes & W i n k l e r (1962) reported 

conversion of elymoclavine to chanoclavine suggesting a 

reverse of the proposed p a t h w a y . However \l oigt & Bornschein 

(1964) found that the addition of chanoclavine to ripening 

sclerotia of ergot s i g n i f i c a n t l y increased the e r g o t a m i n e 

and e r g o s i n i n e c o n t e n t . These contradictory results were 

resolved with the isolation of 4 chanoclavine i s o m e r s 

(Table 4 B ) only one of w h i c h , c h a n o c l a v i n e - I , is a direct 

i n t e r m e d i a t e to a g r o c l a v i n e resulting from D ring c l o s u r e . 

Further oxidation yields elymoclavine and lysergic a c i d . 

Several i n v e s t i g a t i o n s have implicated chanoclavine-I-

a l d e h y d e . a s an intermadiate in D ring closure (Floss et al., 

1 9 7 4 ) . In work with tritiated 17R [l7- 3H] and 17S [ l 7 - 3 H ] 

c h a n o c l a v i n e - I , fed to cultures of C . fusiformis, only half 

the r a d i o a c t i v i t y was detected in elymoclavine at C7 strongly 

suggesting that c h a n o c l a v i n e - I - a l d e h y d e is an i n t e r m e d i a t e 

(Hassam & F l o s s , 1 9 8 1 ) . Moreover Maier et al.(1980(a)(b)) 

isolated a mutant of C . purpurea strain Pepty 659, which was 

unable to biosynthesise lysergic acid derivatives but 

a c c u m u l a t e d chanoclavine-I and its corresponding a l d e h y d e . 

The i n t e r r e l a t i o n s h i p s among the clavine alkaloids are 

summarised in (Fig. 5). The dihydro derivatives are 

derived irreversibly from the corresponding A8-9 

u n s a t u r a t e d c l a v i n e s . Many other i n t e r a c t i o n s and 

r e l a t i o n s h i p s concerning the biogenic pathway chanoclavine-

I + a g r o c l a v i n e elymoclavine are cited in the l i t e r a t u r e ; 

the most comprehensive review is by Floss & Anderson (1980). 

(c) Origin of the lyserqyl moiety 

The sequence of events involving the conversion of 

e l y m o c l a v i n e to lysergic acid amide still remain u n c l e a r . 

Labelled paspalic acid (A8-9 lysergic acid) is i n c o r p o r a t e d 

into l y s e r g i c acid amide with an efficiency close to that 

of e l y m o c l a v i n e (Agurell, 1 9 6 6 ( b ) ; Ohashi et al., 1 9 7 0 ) . 

H o w e v e r p a s p a l i c acid can spontaneously isomerise to 
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l y s e r g i c acid (A9-10) in aqueous solution and the 

a d m i n i s t e r e d label could therefore have been converted to 

l y s e r g i c acid before i n c o r p o r a t i o n , so leaving the role of 

p a s p a l i c acid u n c e r t a i n . Incorporation of lysergic acid 

into naturally occuring lysergyl amides (Agurell, 1 9 6 6 ( c ) ) of 

C. paspali would involve activation of the carboxyl group 

most likely in the form of a c o e n z y m e - A - t h i o e s t e r . Maier 

et aim (1972) d e m o n s t r a t e d the formation of lysergyl-CoA in 

a cell-free extract of C. purpurea thus providing some 

s u p p o r t for this item in the ergot alkaloid p a t h w a y . A 

slightly different route has been found to operate in the 

formation of the d i h y d r o l y s e r g i c and peptide a l k a l o i d , 

d i h y d r o e r g o s i n e in the Sorghum ergot fungus Sphacelia 

sorghi (Barrow et al., 1 9 7 4 ) . One hydrogen from position 

5 of the double l a b e l l e d p r e c u r s o r [2-1,5-3H] m e v a l o n a t e 

was r e t a i n e d , ruling out the p o s s i b i l i t y that A 9 - 1 0 l y s e r g i c 

acid d e r i v a t i v e s are p r e c u r s o r s of d i h y d r o e r g o s i n e . R e -

l a b e l l e d f e s t u c l a v i n e , d i h y d r o e l y m o c l a v i n e and dihydro-

l y s e r g i c acid were i n c o r p o r a t e d with a p p r o x i m a t e l y 30$ 

e f f i c i e n c y into d i h y d r o e r g o s i n e but r a d i o l a b e l l e d 

a g r o c l a v i n e was barely incorporated.. These results indicate 

that the sequence from clavines to these peptide alkaloids 

takes p l a c e without activation of the carboxyl group by a 

double bond in ring D . Anderson et al.(1979) d e m o n s t r a t e d 

conversion of added d i h y d r o l y s e r g i c acid to dihydro-

e r g o t a m i n e by an e r g o t a m i n e producing strain of C. purpurea, 

a p p a r e n t l y therefore the activating enzymes and enzymes 

c a t a l y s i n g synthesis of the peptide m o i e t y can tolerate 

some degree of change in the basic lysergic acid s t r u c t u r e . 

N o n - p e p t i d e amides of lysergic acid found in ergot 

are e r g o m e t r i n e , l y s e r g i c acid a h y d r o x y e t h y l a m i d e 

(Arcamone et al., 1 9 6 1 ) and lysergic acid amide (Arcamone 

et al.f 1 9 6 1 ) . The simple a m i d e , l y s e r g i c acid a m i d e , occurs 

a p p a r e n t l y as a p r o d u c t of C. paspali but possibly only as 

an a r t e f a c t from s p o n t a n e o u s decomposition of l y s e r g i c acid 

a h y d r o x y e t h y l a m i d e (Floss & A n d e r s o n , 1 9 8 0 ) . 

(d) Peptide alkaloids 

Akin with the formation of the lysergyl moiety the 

formation of the p e p t i d e moiety of the cyclic tripeptide 



e r g o l i n e alkaloids has received a lot of a t t e n t i o n , but 

still remains u n c l e a r . The peptide alkaloids p o s s e s s a 

u n i q u e cyclol s t r u c t u r e . Feeding experiments reveal that 

p h e n y l a l a n i n e , p r o l i n e , v a l i n e , l e u c i n e , alanine and 

l y s e r g i c acid are specifically incorporated into the 

a p p r o p r i a t e parts of the corresponding part of the 

p e p t i d e a l k a l o i d s . Cyclol formation involves a conversion 

of an a - a m i n o acid into the corresponding a - h y d r o x y - a m i n o 

acid which in turn reacts with the carboxyl group of a 

c - t e r m i n a l p r o l i n e . The latter amino acid is part of a 

lactam ring with the second amino acid of the peptide 

m o i e t y . D i r e c t e d b i o s y n t h e s i s of new peptide alkaloids 

can be p r o m o t e d using analogues of one of the amino acids 

m a k i n g up the tripeptide side chain (Beacco et al1978; 

B l a n c h i et a l . , 1982; Atwell & M a n t l e , 1981; Crespi-

P e r e l l i n o et al., 1 9 8 1 ) . 

In vivo experiments with di and tripeptide p u t a t i v e 

i n t e r m e d i a t e s in cyclol formation indicate that they are 

h y d r o l y s e d prior to i n c o r p o r a t i o n into the peptide side 

chain (Groger & J o h n n e , 1 9 7 2 ) . Inhibitor e x p e r i m e n t s support 

the view that ergot p e p t i d e s are formed by a nonribosomal 

p r o c e s s and F l o s s ' s group suggest that the peptide moiety 

is built up on a m u l t i e n z y m e c o m p l e x , s i m i l a r to that 

which catalyses the synthesis of peptide a n t i b i o t i c s (Floss 

et al., 1 9 7 4 ) . There is also increasing evidence to suggest 

that the m u l t i e n z y m e complex is n o n - s p e c i f i c (Atwell & 

M a n t l e , 1 9 8 1 ) . 

1.2.3 R e g u l a t i o n and control of alkaloid b i o s y n t h e s i s -

the role of tryptophan 

W h i l s t the structure of the ergot a l k a l o i d s and the 

m e t a b o l i c p a t h w a y s involved in their biosynthesis have 

been studied in d e t a i l , less is known about the physiology 

and contrcl m e c h a n i s m s governing the formation of these 

s e c o n d a r y m e t a b o l i t e s in saprophytic or p a r a s i t i c t i s s u e . 

Research has centered on t r y p t o p h a n , the direct precursor 

of the ercoline ring; its s y n t h e s i s and p o t e n t i a l as an 

inducer or supressor of enzymes,directly catalysing steps 

in ergct alkaloid b i o s y n t h e s i s . 

MoThes et al,(1958) d e m o n s t r a t e d the i n c o r p o r a t i o n 



of tryptophan in ergometrine in p a r a s i t i c tissue of 

C . purpurea. S i n c e then its role as a central p r e c u r s o r 

of the e r g o l i n e ring system has been extensively exploited 

using l a b e l l i n g techniques to study b i o s y n t h e s i s and control 

m e c h a n i s m s (Floss & A n d e r s o n , 1 9 8 0 ) . T e u s c h e r (1964) was 

the first to observe a correlation between active uptake 

of tryptophan from media by saprophytic Claviceps mycelium 

and an i n c r e a s e in alkaloid yield; n o n - a l k a l o i d p r o d u c i n g 

strains appeared less capable of actively t r a n s p o r t i n g 

the amino a c i d . Several groups observed that addition of 

tryptophan early in the trophophase stimulated alkaloid 

b i o s y n t h e s i s (Floss & M o t h e s , 1964; Bu'Lock & B a r r , 1968; 

W i n i n g , 1970; R o b b e r s et a l . , 1 9 7 2 ) . 

Bu'Lock & Powell (1965) observed that excessive 

a c c u m u l a t i o n of tryptophan at the end of the growth phase 

effects the cell regulation p r e s u m a b l y by induction of 

various enzymes involved in synthesis of secondary 

m e t a b o l i t e s . D u r i n g the growth phase protein synthesis 

(tryptophan s y n t h e s i s ) is controlled by normal feedback 

m e c h a n i s m s of catabolic repression (Horowitz, 1965; 

M a r s h a l l et al1968). In saprophytic c u l t u r e s , when 

p h o s h a t e b e c o m e s l i m i t i n g , there is a d i s p r o p o r t i o n a t e 

i n c r e a s e in the tryptophan pool resulting from a change 

in the f e e d b a c k control m e c h a n i s m s (Robbers et al., 1 9 7 2 ) . 

T h u s the stimulation of alkaloid b i o s y n t h e s i s by tryptophan 

in sensiti.ve strains is thought to be caused by a 

triggering effect of the a c c u m u l a t i n g amino acid acting 

as an i n d u c e r , activating enzyme s y n t h e s i s . De novo protein 

s y n t h e s i s appears to be a r e q u i r e m e n t in alkaloid 

p r o d u c t i o n (Bu'Lock & B a r r , 1 9 6 8 ) , a l t h o u g h t i n h i b i t o r s 

such as c y c l o h e x a m i d e do not effect the formation of the 

peptide part of the ergotoxine alkaloids (Erge et al., 

1 9 7 2 ) . The induction effect can also be mimicked by non-

m e t a b o l i s a b l e analogues of t r y p t o p h a n , in some cases more 

e f f e c t i v e l y , t h i o t r y p t o p h a n for example (Krupinski et al., 

1 9 7 6 ) , and by tryptophan bioesters (Robbers et al., 1 9 8 2 ) . 

T h e other a l k a l o i d p r e c u r s o r s d i m e t h y l a l l y l p y r o p h o s p h a t e 

(via m e v a l o n a t e ) and methionine are i n e f f e c t i v e and are 

never rate l i m i t i n g . C o n s e q u e n t l y the induction and rate 

of alkaloid s y n t h e s i s is governed by the enzyme catalysing 



the first pathway specific step, i s o p r e n y l a t i o n of 

tryptophan to DMAT, namely DMAT s y n t h e t a s e (Heinstein et 

alm9 1 9 7 1 ; Lee et al., 1 9 7 6 ) . Levels of the enzyme in 

s a p r o p h y t i c culture are c o n c o m i t a n t with the rate and 

extent of alkaloid p r o d u c t i o n . Studies with tryptophan 

and n o n - m e t a b o l i s a b l e a n a l o g u e s show that increased 

alkaloid synthesis is m o r e directly r e l a t e d to i n c r e a s e d 

levels of DMAT synthetase rather than i n c r e a s e d tryptophan 

synthesis (Krupinski et al., 1 9 7 6 ) . M o r e o v e r the ability 

of exogenously supplied tryptophan and related analogues 

e.g. t h i o t r y p t o p h a n , to overcome o b s e r v e d phosphate 

inhibition of alkaloid synthesis (Robbers et al., 1 9 7 2 ) , 

is also more directly related to i n c r e a s e d de novo 

synthesis of DMAT s y n t h e t a s e (Krupinski et aim, 1 9 7 6 ) , 

rather than to overcoming any reduction in the free 

tryptophan pool due to reduced tryptophan s y n t h e s i s . In 

e r g o t , t r y p t o p h a n synthesis occurs via the normal 

i n t e r m e d i a t e s , c h o r i s m i c and a n t h r a n i l i c acids (Groger et 

a i m , 1 9 6 1 ) . 

A second m e c h a n i s m of control is e n d - p r o d u c t 

r e g u l a t i o n . In i n t a c t cells of Claviceps fusiformis strain 

SD 58, a g r o c l a v i n e and elymoclavine have been shown to 

i n h i b i t their own s y n t h e s i s . With the use of p r o t o p l a s t 

t e c h n i q u e s this control appears to be one of feedback 

inhibition rather than e n d - p r o d u c t r e p r e s s i o n of de novo 

synthesis (Cheng et aim, 1 9 8 0 ) . E l y m o c l a v i n e also inhibits 

c h a n o c l a v i n e - I - c y c l a s e (Erge et aim, 1 9 7 3 ) and a n t h r a n i l a t e 

s y n t h e t a s e , p r o v i d i n g at l e a s t some e v i d e n c e that DMAT 

synthetase is not the only key in r e g u l a t i o n of b i o s y n t h e s i s 

Many stages of alkaloid formation i n v o l v e enzymes that also 

p a r t i c i p a t e in other stages of cell m e t a b o l i s m . The 

m e t a b o l i c p a t h w a y s of histidine and t r y p t o h a n are involved 

in feedback inhibition and cross p a t h w a y regulation (Rehacek 

1 9 8 0 ) . Amitrol ( 3 - a m i n o - l , 2 , 4 - t r i a z o l ) can increase alkaloid 

yield when a d m i n i s t e r e d - early in f e r m e n t a t i o n to cultures 

of Cm purpurea and can partially reverse the depressing 

effect of p h o s p h a t e , in C. fusiformis SD 58, by increasing 

tryptophan synthesis (Schmauder et aim, 1 9 8 1 ) . 

E a r l y p h y s i o l o g i c a l studies have relied on the use 



of s a p r o p h y t i c culture which have been complemented by 

s o p h i s t i c a t e d purification techniques of cell free extracts 

and the advent of p r o t o p l a s t m o d e l s . The succession of 

changes revealed by these t e c h n i q u e s , both biochemical 

and m o r p h o l o g i c a l , h a v e to some extent been p a r a l l e l e d 

with those in Claviceps growing p a r a s i t i c a l l y (Mantle & 

N i s b e t , 1 9 7 6 ) . 

N a t u r a l l y occuring variants of Claviceps purpurea 

which fail to produce alkaloid during parasitism are r a r e . 

One such has been studied in some detail (Corbett et al., 

1 9 7 4 ) and its consistent failure to biosynthesise ergot 

a l k a l o i d s has recently (Atwell, 1 9 8 1 ) been explained by 

showing that only the tryptophan DMAT step o p e r a t e s . 

The aim of the present studies has been to explore further 

the p o t e n t i a l operation of later steps in the ergoline 

pathway in this unusual isolate of C. purpurea• 

1.3 T o x i c i t y 

1.3.1 E r g o t i s m and Man 

T h e interaction of ergot with man and its recognition 

as the causal agent of e r g o t i s m , was undoubtedly the 

g r e a t e s t factor p r o m o t i n g the discovery of the 

p h a r m a c o l o g i c a l l y active ergot a l k a l o i d s and c o m p r i s e s 

an i m p o r t a n t chapter in the evolution of modern p h a r m a c o l o g y . 

Ancient herbalists r e c o g n i s e d the oxytoxic p r o p e r t i e s of 

what m u s t have been contaminated grain and Korbet (1889), 

a great p r o t a g o n i s t in the search for historical r e f e r e n c e 

to e r g o t , w a s the first to argue that the grains,used and 

d e s c r i b e d in p r e s c r i p t i o n s , must have been e r g o t i s e d . To 

i l l u s t r a t e his argument he cited the writings of 

H i p p o c r a t e s (400-375 BC) in which coarsely ground barley 

is r e c o m m e n d e d for certain g y n a e c o l o g i c a l c o n d i t i o n s . No 

direct reference to the use of sclerotia appear until 

L o n c i e r , i n 1582,reported that blackened rye grains,eaten 

a l o n e , could increase c o n t r a c t i o n s during the later stages 

of c h i l d b i r t h . Despite these early a l l u s i o n s to the 

p h a r m a c o l o g i c a l p r o p e r t i e s of ergot it is more difficult 

to e s t a b l i s h whether ergot poisoning occured as a disease 

on an e p i d e m i c s c a l e , before the 10^'~l and 1 1 ^ century 

(Bove, 1 9 7 0 ) . It was not until this period that carefully 



d o c u m e n t e d descriptions of ergot poisoning a p p e a r e d . Many 

strange epidemics were described in which the c h a r a c t e r i s t i c 

symptom was blackening of the l i m b s , accompanied by a 

searing p a i n , the tissue became dry , black and in severe 

cases the m u m m i f i e d limbs separated from the body without 

l o s s of b l o o d . The cause u n k n o w n , the disease was thought 

of as a religious a f f l i c t i o n , a holy fire. V i c t i m s sought 

refuge in hospices or within holy communities; the 

f o u n d a t i o n in 1093 of the order of St. A n t h o n y , devoted 

to the care of the inflicted., i l l u s t r a t e s the p r e v e l a n c e 

of the disease during this p e r i o d . The relief gained 

a m o n g s t these more affluent c o m m u n i t i e s was p r o b a b l y real 

for the sufferers received a diet free from contaminated 

grain during their sojourn in c a r e . 

It was recognised early on that the disease p r o c e s s 

took more than one form and they occured in distinct 

g e o g r a p h i c a l r e g i o n s . To the east of the Rhine in Germany 

and Russia the victims displayed a convulsive form while 

to the west in F r a n c e only the necrotic (gangrenous) type 

was reported (Barger, 1 9 3 1 ) . B a r g e r attributed the convulsive 

form to a p r e d i s p o s i t i o n induced by h y p o v i t a m i n o s i s A, but 

there is still no conclusive evidence to explain the 

a p p a r e n t difference in the expression of ergot p o s i o n i n g 

in these two a d j a c e n t region's of E u r o p e . 

It has been argued more recently that the behaviour 

of girls in a Salem village in M a s s a c h u s e t t s , USA (1692), 

c o n d e m n e d for w i t c h c r a f t , was possibly caused by a 

c o n v u l s i v e form of ergotism (Caporael, 1976; M a t o s s i a n , 

1 9 8 2 ) , a l t h o u g h t this proposal has been questioned (Spanos 

& G o t t l i e b , 1 9 7 6 ) . 

O u t b r e a k s of ergotism are now rare, the m o s t recent 

e p i d e m i c s were reported in Russia 192 6, Ireland 1 9 2 9 , 

P o n t S t . E s p r i t , F r a n c e 1951 and Ethiopia 1978 (King, 

1 9 7 9 ) . The decline of epidemics in man has been due to 

a greater variation in diet, application of simple but 

e f f e c t i v e control m e a s u r e s during cultivation of 

s u s c e p t i b l e cereals and quality control measures imposing 

s t r i c t l i m i t s on the quantity of ergot present in g r a i n . 



1 . 3 . 2 . T o x i c i t y in livestock 

T h e reported p o i s o n i n g of man and livestock 

resulting from consumption of ergot is p r i m a r i l y attributed 

to the n a t u r a l l y occuring ergoline alkaloids elaborated 

during the growth of the p a r a s i t i c sclerotial tissue p r e s e n t 

on cereal or grass h o s t s . T h e mature p i e c t e n c h y m a t i c 

s c l e r o t i a l tissue p o s s e s s e s other p h a r m a c o l o g i c a l l y active 

s u b s t a n c e s (e.g. a m i n e s , such as histamine, t y r a m i n e , and 

a c e t y l c h o l i n e ) and it is not yet clear w h e t h e r clinical 

changes in animals subjected to ingestion of ergot 

sclerotia are exclusively due to action of the alkaloids 

or whether other chemical compounds synergise with their 

a c t i o n . A summary of the host r a n g e , alkaloid content and 

m y c o t o x i c s t a t u s of the m o r e important E r g o t fungi is 

given in Table 6. after Mantle (1977). 

T h e toxicity of the naturally occuning ergot 

a l k a l o i d s stems from their wide range of p h a r m a c o l o g i c a l 

a c t i v i t y . In controlled doses the alkaloids have extensive 

therapeutic use (Table 5), which can result in symptoms 

similar to those of p o i s o n i n g when taken in excess. T h e i r 

activity i n v o l v e s central n e r v o u s s t i m u l a t i o n , antagonism 

t o w a r d s a d r e n a l i n e and 5 - h y d r o x y t r y p t a m i n e (serotonin), 

and p e r i p h e r a l action expressed through stimulation of 

smooth m u s c l e ; uterine smooth m u s c l e , that of the arteriole 

walls or the s p h i n c t e r p u p i l l a e . For the definitive tome 

on the p h a r m a c o l o g y of ergot a l k a l o i d s , Berde & Schilde 

(1978) should be c o n s u l t e d . 

The m o s t recently observed p h y s i o l o g i c a l i n t e r a c t i o n s 

between a l k a l o i d s and animals concern disturbance of 

pituitary f u n c t i o n , m e d i a t e d through the h y p o t h a l a m u s . 

Mantle (1938) showed that p r e g n a n t m i c e , ingesting a diet 

containing sclerotia of C . fusiformis, failed to raise 

their l i t t e r s and the active principle was the clavine 

a l k a l o i d , a g r o c l a v i n e . Agroclavine when a d m i n i s t e r e d orally 

at n o n - t o x i c dosage was found to inhibit normal mammary 

hypertrop hy. 

The responses of animals to the ingestion of ergot 

sclerotia will depend on the amount eaten, the Claviceps 

s p . i n v o l v e d , the extent of absorption of toxin from the 
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TABLE 6. Summary of Host R a n g e , D i s t r i b u t i o n , Alkaloid C o n t e n t , M y c o t o x i c S t a t u s , and A n i m a l s 
Affected by the more Important E r g o t F u n g i . 

ERGOT 
FUNGUS 

HOST PLANT 
RANGE 

GEOGRAPHIC 
DISTRIBUTION 

A P P R O X . 
TOTAL 
ALKALOID 
CONTENT OF 
SCLEROTIA 
(*) 

PRINCIPAL 
ALKALOIDS 
COMMONLY 
PRESENT 

TYPES OF 
POISONING 

TOXIC 
RATING 
(-to + + +) 

ANIMALS 
AFFECTED 

C•pur purea Wide range 
of pasture 
grasses, 
w h e a t , rye, 
barley, and 
hybrids 

W o r l d w i d e , 
p a r t i c u l a r l y 
in temperate 
regions 

0.3 E r g o t a m i n e 
g r o u p , 
ergotoxine 
g r o u p , 
e r g o m e t r i n e 

(and i s o m e r s ) 

A n o r e x i a , 
l a m e n e s s , 
p e r i p h e r a l 
g a n g r e n e , 
rep roducti ve 
f a i l u r e , 
a g a l a c t i a , 
intestinal 
h a e m o r r h a g e 

+ + + H u m a n , 
cow, p i g , 
s h e e p , 
p o u l t r y , 
rat, 
mouse 

C.paspali Paspalum spp North and 
South A m e r i c a , 
Southern A f r i c a , 
A u s t r a l a s i a , 
Southern 
Europe 

0.003 L y s e r g i c acid 
a - h y d r o x y -
e t h y l a m i d e , 
l y s e r g i c acid 
amide 

A t a x i a , 
r e p r o d u c t i v e 
f a i l u r e , 
agalactia 

+ + Co w, 
s h e e p , 
h o r s e , 
rat, 
m o u s e 



C.fusiformis M i l l e t C e n t r a l A f r i c a 0,3 

C.gigantea M a i z e Mexico 0 . 0 3 

Sphacelia Sorghum N i g e r i a and 0.5 
sorghi B o t s w a n a , 

I n d i a ; 
p r o b a b l y 
a n o t h e r 
d i s t i n c t 
form 

C,sulcata Brachiaria C e n t r a l 
s p p . A f r i c a 

0.0 

A g r o c l a v i n e , 
e l y m o c l a v i n e , 
c h a n o c l a v i n e 

A c u t e 
C . N . S 
s t i m u l a t i o n , 
rep r o d u c t i v e 
f a i l u r e , 
a g a l a c t i a 

+ + P i g , r a t , 
m o u s e 

F e s t u c l a v i n e , N o n e 
p y r o c l a v i n e , r e p o r t e d 
c h a n o c l a v i n e 

D i h y d r o e r g o s i n e , 
f e s t u c l a v i v e , 
p y r o c l a v i n e , 
d i h y d r o -
e l y m o c l a v i n e 

N o n e 
r e p o r t e d 

N o n e N o n e 

A-



i n t e s t i n a l tract and the toxic factors p r e s e n t in the 

sclerotia (Whittemore et al., 1 9 7 6 ) . Clinical trials 

have also shown that some animal species are more 

s u s c e p t i b l e than o t h e r s . R e s u l t s from trials in which young 

pigs were fed diets containing sclerotia of C.purpurea 9 

s u g g e s t e d that alkaloids are not as toxic to the p i g , as for 

e x a m p l e , to the sheep (Friend & M a c l n t y r e , 1970; Bailey et 

a l . , 1 9 7 3 ; W h i t t e m o r e et al.r- 1 9 7 6 ; 1977; Greatorex & Mantle 

1 9 7 3 ) . 

Confirmation that the a l k a l o i d s are the actively 

toxic constituents of the s c l e r o t i a l tissue,usually involves 

oral a d m i n i s t r a t i o n of p u r i f i e d alkaloid isolated from the 

t i s s u e . The strain of C . pur purea which fails to elaborate 

ergoline alkaloids during parasitism (Corbett et al. 9 1 9 7 4 ) , 

used in the p r e s e n t studies for the investigation of its 

b i o s y n t h e t i c p o t e n t i a l , also p r o v i d e s p e r h a p s the best 

"control" m a t e r i a l for animal feeding e x p e r i m e n t s to 

determine effects of alkaloid containing e r g o t . C o n s e q u e n t l y 

opportunity has been taken also to explore this t o p i c , 

thereby expanding still further the range of research 

t e c h n i q u e s e x p e r i e n c e d during the course of these researches 

1.4 T r e m o r q e n i c m y c o t o x i n s 

A group of m y c o t o x i n s which are structually related to 

the ergot a l k a l o i d s are the i n d o l e - c o n t a i n i n g t r e m o r g e n s . 

These toxins are c h a r a c t e r i s e d by causing s p o n t a n e o u s 

t r e m o r , which in e x t r e m e cases results in c o n v u l s i o n s . 

S u b s t a n c e s which cause tremoring in animals are rare but it 

now clear that a group of at least 20 secondary m e t a b o l i t e s , 

isolated from at l e a s t 16 d i f f e r e n t fungi,have this 

p r o p e r t y . Since the d i s c o v e r y , in the BO's, that a wide 

range of common m o u l d s were capable of elaborating toxic 

m e t a b o l i t e s , fungal m e t a b o l i t e s have become i m p l i c a t e d 

in several hitherto i d i o p a t h i c s y n d r o m e s . Following this, 

the discovery in the 1 9 7 0 * s , of the tremorgenic toxins 

in m o u l d s which are known to be ubiquitous c o n t a m i n a n t s 

of grain and f o o d s t u f f s , opened yet another branch of the 

expanding field of m y c o t o x i n s and provided p o s s i b l e causal 

a g e n t s for some naturally occuring n e u r o l o g i c a l disorders 



for example staggers (Mantle 4 P e n n y , 1 9 8 1 ) . 

One species of ergot fungi ( C l a v i c e p s paspali) belongs 

to the group of t r e m o r g e n i c fungi and is unique in that it 

is the cause of the neurological disorder of c a t t l e , known 

as paspalum s t a g g e r s . The diagnostic f e a t u r e s of this 

disorder include t r e m o r s , h y p e r e x c i t a b i l i t y and ataxia 

which result from i n g e s t i o n , by the a f f e c t e d a n i m a l , 

of sclerotial tissue parasitising paspalum grass; Paspalum 

dilatatatum or P . distichum. Identification of the purified 

toxins (Fehr 4 A c k l i n , 1966; Cole et a l . , 1 9 7 7 ( a ) ; G a l l a g h e r 

et al,, 1980) and clinical feeding e x p e r i m e n t s in sheep 

and cattle (Mantle et al., 1 9 7 7 ( a ) ) d e m o n s t r a t e that the 

t r e m o r g e n s of the p a s a l i n i n e group (Fig. 6) cause the 

staggers c o n d i t i o n . 

The m o s t potent tremorgen to date, v e r r u c u l o g e n , was 

isolated from a strain of Penicillium verruculosum growing 

on p e a n u t s (Cole et al,, 1 9 7 2 ) . The toxin contains an 

indole m o i e t y ; 6 - 0 - m e t h y l i n d o l e , an i s o p r e n e unit and a 

d i k e t o p i p e r a z i n e ring system derived from tryptophan and 

p r o l i n e (Fig. 7) and is structually related to the 

f u m i t r e m o r g e n s (Fig. 8), isolated earlier from food-borne 

Aspergillus fumigatus (Yamazaki et al,, 1 9 7 1 ) . Oral 

a d m i n i s t r a t i o n of verruculogen to m i c e , caused tremor and 

c o n v u l s i o n s . Intraperitoneal' injection was 40 times more 

effective in producing tremors than oral a d m i n i s t r a t i o n 

(Cole et al,, 1 9 7 2 ) . 

During the structual determination of v e r r u c u l o g e n , 

Cole 4 Kirksey (1973) obtained a novel verruculogen-

derivative (TR-2) (Fig. 9) which d i s p l a y e d weaker t r e m o r g e n i c 

activity (Cole et al., 1 9 7 5 ) . This p r o d u c t was later 

reported to occur naturally in culture of P . verruculosum 

and A, fumigatus (Cole et al,, 1975; Cole et al., 1 9 7 7 ( b ) ) 

and as a product of hepatic metabolism of verruculogen in 

rats (Perera et al,, 1 9 8 2 ( a ) ) and sheep (Perera et al,,1982(b)) 

C o n s i d e r a t i o n of the structures of f u m i t r e m o r g e n B and TR-2 

(Perera et al,, 1 9 8 2 ( a ) ) and their p a r a l l e l e d isolation from 

Penicillium and Aspergillus spp. suggest a b i o s y n t h e t i c 

i n t e r r e l a t i o n s h i p with v e r r u c u l o g e n , as the e n d - p r o d u c t . 

Investigation of the b i o s y n t h e s i s of verruculogen by 
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a strain of P . simplicissimum and the optimisation of 

the i n c o r p o r a t i o n of radiolabelled p r e c u r s o r s , facilitated 

the p r o d u c t i o n of 1 ^ C - v e r r u c u l o g e n of high specific activity 

(Day & M a n t l e , 1 9 8 2 ) . This labelled toxin thus p r o v i d e s a 

valuable tool for the elucidation of p o s s i b l e biosynthetic 

i n t e r r e l a t i o n s h i p s amongst the 6-0-methyl indolic 

t r e m o r g e n s and has f a c i l i t a t e d studies of their m o d e of 

action and fate within a n i m a l s . 

In the present study the a v a i l a b l e 1 " C - v e r r u c u l o g e n has 

been used , after reduction to T R - 2 , to explore the role 

of the l a t t e r in verruculogen b i o s y n t h e s i s . 



2. MATERIALS AND METHODS 

2.1 Grou/th and m a i n t e n a n c e of fungi 

2.1.1 E r g o t 

(a) Origin of strains 

Claviceps purpurea: strain 12/2 was originally isolated 

in 1960 from a sclerotium collected from rye in Tarporley 

C h e s h i r e . S c l e r o t i a of this i s o l a t e produced on rye 

failed to b i o s y n t h e s i s e ergoline alkaloids during 

p a r a s i t i c d e v e l o p m e n t (Corbett et a l . , 1 9 7 4 ) . The isolate 

is therefore designated A L K ~ . 

Claviceps purpurea: strain 2 9 / 4 , an ergotoxine producing 

s t r a i n , was o r i g i n a l l y isolated from a sclerotium 

p a r a s i t i c on blackgrass (Nisbet, 1 9 7 5 ) . 

Claviceps fusiformis: was a derivative of the glucan 

a u t o l y s i n g strain 139/2/lG (Dickerson et a l . , 1 9 7 0 ) 

originally i s o l a t e d from a sclerotium p a r a s i t i c on 

bulrush m i l l e t (Szczyrbak, 1 9 7 2 ) . 

Sphacelia sorghi: strain AB2 as used by Atwell (1981), 

originally i s o l a t e d from Nigerian sorghum (Mantle, 1 9 6 8 ) . 

(b) C u l t u r e m a i n t e n a n c e 

C . purpurea sclerotia were surface sterilised in 0.1$ 

m e r c u r i c chloride for 5 m i n . , washed 3 times in distilled 

water and aseptically cut into s e g m e n t s . Sclerotial sections 

were plated out onto Medium T agar containing tetracycline 

(50 pg m l - 1 ) and incubated at 24°C. Pure cultures were 

o b t a i n e d by replating onto fresh Medium T and m a i n t a i n e d by 

s u b c u l t u r i n g every 21 d a y s . C u l t u r e s of C . fusiformis were 

grown at 27°C. 

(c) Preservation of inoculum 

L o n g - t e r m . Fresh honeydew was collected from rye and 

diluted with 10$ v/v g l y c e r o l / w a t e r . Diluted inoculum was 

d i s p e n s e d in 2 ml volumes into p o l y p r o p y l e n e a m p o u l e s , 

cooled to -20°C and stored on canes in liquid n i t r o g e n . 

M y c e l i a l - s p o r e s u s p e n s i o n s p r e p a r e d from agar slopes 



were c o n c e n t r a t e d by c e n t i f u g a t i o n , and r e s u s p e n d e d in 10% 

v/v glycerol/water before being cooled and stored as a b o v e . 

Slope cultures were covered with liquid paraffin (s.g. 

0 . 8 7 - 0 . 8 9 ) and stored at 22°C. 

S h o r t - t e r m . Collected honeydew was dispensed into 

p o l y p r o p y l e n e a m p o u l e s and stored for up to 14 days at 4°C. 

(d) Media 

Medium T (Mantle & T o n o l o , 1 9 6 8 ) 

s u c r o s e , IDOg ; L - a s p a r a g i n e , lOg ; C a ( N O 3 ) 2 . 4 H 2 0 , lg ; 

K H 2 P 0 4 , 0.25g ; MgSOi,. 7 H 2 0 , 0.25g ; KC1, 0.125g ; 

FeSOit. 7 H 2 0 , 0.033g ; Z n S O ^ ^ H z O , 0.027g ; L - c y s t e i n e 

h y d r o c h l o r i d e , O.Olg ; yeast e x t r a c t ( D i f c o ) , O.lg ; 

distilled water to one l i t r e , pH adjusted to pH 5.2 

with NaOH and sterilised at 15 p . s . i . for 20 m i n . . 

Solid media contained 2% a g a r . T e t r a c y c l i n e was sterilised 

by filtration through m i l l i p o r e membranes (pore size, 0.45 

lim) and added to media after a u t o c l a v i n g . 

(e) Growth of p a r a s i t i c tissue 

Svalof's Fourex rye (Swedish Seed A s s o c i a t i o n , Svalof 

S w e d e n ) was grown in open plots and under g r e e n h o u s e 

c o n d i t i o n s at Chelsea Physic G a r d e n , L o n d o n . In June 

anthesing ears were inoculated with a spore suspension 

(approx. 0.2 m l ) injected into the floral c a v i t i e s , above 

the o v a r y , with a hypodermic s y r i n g e . The inoculum was 

p r e p a r e d by diluting fresh honeydew collected from 

g r e e n h o u s e rye or preserved inoculum (section 2.1.1 (c) ), 

with w a t e r . P a r a s i t i c tissue was harvested 20-60 days after 

i n o c u l a t i o n . 

2.1.2 P e n i c i l l i u m s p p . 

Penicillium raistrickii:isolated from soil (Patterson 

et a l . , 1979) was obtained from the Central Veterinary 

Laboratory as potato dextrose agar (PDA) slope c u l t u r e s . 

Penicillium simplicissimum: as used by Day (1981) 

i s o l a t e d from New Zeland soil. 

(a) M a i n t e n a n c e of cultures 

Repeated subculturing of P . simplicissimum was found to 



have an adverse effect on its ability to p r o d u c e tremorgenic 

m y c o t o x i n s . T h e r e f o r e master cultures were m a i n t a i n e d as 

l y o p h y l i s e d conidia in sealed a m p o u l e s , stored at room 

t e m p e r a t u r e , as prepared by Day (1981). C u l t u r e s were 

prepared by adding sterile distilled water (approx. 0.2 m l ) 

to an ampoule and i n o c u l a t i n g slopes of PDA a g a r . Cultures 

were grown at 27°C for 7 days to provide a spore inoculum 

for liquid c u l t u r e s . 

P . raistrikii was m a i n t a i n e d on PDA slopes at 27°C. 

(b) Media 

Seed stage media 

Czapek Pox Broth (CD broth, u n s u p p l e m e n t e d ) 

Bapek Dox (Difco), 35g ; per litre distilled w a t e r . Sterilised 

at 15 p . s . i . for 20 m i n . . 

Production medium 

Qapek D o x / y e a s t extract broth (CD/YE 0.5$) 

Bapek Dox (Difco), 35g ; yeast extract (Difco), 5g ; per 

litre distilled w a t e r . S t e r i l i s e d at 15 p . s . i . for 20 m i n . . 

2.2 General a n a l y t i c a l m e t h o d s 

2.2.1 Detection and isolation of ergot a l k a l o i d s 

(a) C o l o r i m e t r i c assay 

Q u a n t i t a t i v e determination of total a l k a l o i d by 

c o l o r i m e t r i c a s s a y , was p e r f o r m e d directly on culture filtrate 

or on alkaloids from ether extracts p a r t i t i o n e d into aqueous 2 

w/v tartaric a c i d . A suitable dilution of culture filtrate 

(containing up to 50 pg ml 1 a l k a l o i d ) or 2% w/v tartaric 

e x t r a c t was m i x e d with twice its volume of Van Urk R e a g e n t 

( p - d i m e t h y l a m i n o b e n z a l d e h y d e , 0.625g; 65$ v /v H 2 S 0 * , 500 ml; 

5$ F e C l 3 . 6 H 2 0, 0.5 m l ) . After ID m i n . the a b s o r b a n c e of the 

resultant blue colour was determined at 570 nm in a Cecil CE 

292 U/V s p e c t r o p h o t o m e t e r . A b s o r b a n c e was compared with 

standard curves for a g r o c l a v i n e , ergotamine and lysergic 

acid amide in 2$ w/v tartaric acid in the range of 0-60 pg ml 

(b) Extraction of basic alkaloids from culture filtrate 

Culture filtrate was adjusted to pH 8-9 with 0.88 s.g. 



f\!Ht»OH solution and extracted with an equal volume of diethyl 

e t h e r . T h e ether was taken to dryness by rotary e v a p o r a t i o n . 

(c) E x t r a c t i o n of a l k a l o i d from sclerotia and mycelium 

(i) 3 a s i c a l k a l o i d s 

L y o p h i l i z e d mycelium or powdered sclerotia (l-2g) 

together w i t h N a H C 0 3 (0.3g) were mixed with a little water 

and e x t r a c t e d e x h a u s t i v e l y with diethyl ether (2x 100 m l ) 

for 2 h . E t h e r extracts were combined and taken to dryness 

in vacuo• 

(ii) A m p h o t e r i c alkaloids 

T i s s u e s rendered free of bases by the above p r o c e d u r e 

were further extracted for 2h with m e t h a n o l (2x 100 m l ) to 

remove a m p h o t e r i c a l k a l o i d s . The m e t h a n o l was e v a p o r a t e d , 

the residue taken up in 0.025N HC1 and applied to a column 

of Zeolite C225 ( 0 c a t i o n - e x c h a n g e r e s i n . Amphoteric 

a l k a l o i d s were d i s s o c i a t e d from the resin with 5N NHUOH 

and l y o p h i l i z e d . 

In some cases a m p h o t e r i c components were extracted from 

fresh s c l e r o t i a l tissue with w a t e r . Sclerotia (l-2g) were 

homogenised with H2O (100 m l ) in a S o r v a i l O m n i m i x . The 

resultant slurry was extracted for 2h and the aqueous phase 

was s e p a r a t e d from the tissue by c e n t r i f u g a t i o n (l5,000g) 

for 20 min at 4°C. Am p h o t e r i c alkaloids were extracted from 

the cell-free s u p e r n a t a n t by i o n - e x c h a n g e chromatography as 

a b o v e . 

All e t h e r extracts and l y o p h i l i s e d r e s i d u e s were stored 

in a d e s i c c a t o r , in the dark at 4°C. 

2.2.2 L a y e r c h r o m a t o g r a p h y (TLC and PLC) 

C r u d e p r e p a r a t i v e layer c h r o m a t o g r a p h y (PLC) of 

a l k a l o i d s was p e r f o r m e d on glass backed p l a t e s coated with 

a 1 mm layer of Silica gel G F 2 5 4 ( M e r c k ) . Plastic s h e e t s , 

coated with a 0.25 mm layer of Silica gel (Polygram Sil 

G / U i / 2 5 « + » C a m l a b ) , were used for thin layer (analytical) 

c h r o m a t o g r a p h y (TLC). Solvent systems for the separation of 

s p e c i f i c a l k a l o i d s are quoted in their r e s p e c t i v e 

e x p e r i m e n t a l s e c t i o n s . Alkaloids were recovered from the 

silica of both systems by elution with excess m e t h a n o l . 

Indole derivatives were tentatively l o c a t e d by their 



quenching of the f l u o r e s c e n t dye (254 n m ) or for fluorescent 

(A9-1D) a l k a l o i d s their blue fluorescence at 350 n m . Their 

presence was confirmed by spraying all,or part,of the 

resolved plate with Ehrlich's R e a g e n t (3% p - d i m e t h y l a m i n o -

b e n z a l d e h y d e in concentrated H C l ) . Areas corresponding to 

i n d o l e ergot alkaloids turned b l u e . 

2.2.3 High p e r f o r m a n c e liquid chromatography (HPLC) 

HPLC was p e r f o r m e d on reverse-phase silica (Ultresphere 

•DS; silica treated with o c t a d e c y l s i l a n e , 5 ym particle size), 

p r e - p a c k e d in a 1 x 25 cm c o l u m n . A high pressure pump 

(Model 1 1 0 A , Altex) (with a working p r e s s u r e range of 0-

5000 p . s . i . ) delivered solvent to the column at a rate of 

up to 10 ml min x . Samples for analysis were taken up in a 

methanol (AR) / d i s t i l l e d - d e i o n i s e d water solvent m i x t u r e 

having the sane ratio of m e t h a n o l / w a t e r as the degassed 

eluting s o l v e n t . S o l u t i o n s were filtered through a cellulose 

acetate filter (QE66 B . A . S . , 0.2 ym pore s i z e ) , supported 

in a B . A . 5 . m i c r o f i l t e r a s s e m b l y , by c e n t r i f u g a t i o n . 

Filtered s a m p l e s were injected into i n t e r c h a n g a b l e 250 yl 

(analytical scale) or 2000 yl (preparative scale) sample 

l o o p s , connected to a sample injection valve (Model 210 

A l t e x ) , w h i c h i n s e r t e d samples into the pre-column solvent 

f l o w . The main column was protected by a smaller pre-column 

similarly packed with U l t r a s p h e r e 0DS (5 y m ) . Column eluate 

was m o n i t o r e d a t 235 nm using a S p e c t r o p l u s s p e c t r o p h o t o m e t e r 

(M.S.E.). Retention times were recorded on a chart recorder 

(Fisons). Optimal separation of components under 

i n v e s t i g a t i o n was a c h i e v e d by altering the m e t h a n o l / w a t e r 

r a t i o . C o l l e c t e d f r a c t i o n s were taken to dryness by rotary 

evaporation followed by l y o p h i l i s a t i o n . 

2.2.4 C e n t r i f u q a t i o n 

C e n t r i f u g a t i o n was p e r f o r m e d in a Sorvall R C - 5 

S u p e r s p e e d c e n t r i f u g e . V a l u e s for relative centrifugal 

force (c) stated in the text are calculated as g max for 

each rotor size used. 



2.2.5 D e t e c t i o n and assay of b i o s y n t h e t i c a l l y radiolabelled 

m e t a b o l i t e s 

(a) T i s s u e oxidation 

Rapid determination of the amounts of label p r e s e n t in 

sclerotial tissue or fungal pellets was a c h i e v e d by 

oxidising lyophilized tissue (150 m g ) in a sample oxidiser 

(intertechnique Model 4 1 0 4 ) . . 1''COa released from the samples 

during oxidation was a u t o m a t i c a l l y absorbed into 15 ml of 

s c i n t i l l a n t (toluene / p h e n y l e t h y l a m i n e / m e t h a n o l / water 

4 : 3.3 : 2.2 : 0.5, by v o l u m e , and Butyl PBD (5-|4-

b i p h e n y l | - l - o x a - 3 , 4 d i a z o l e ) , 7 g L " 1 ) which was subsequently 

c o u n t e d . Overall efficiency of oxidation and scintillation 

was determined using tissue p a p e r i m p r e g n a t e d with 10 yl 
1 ^ C - n - h e x a d e c a n e r e f e r e n c e standard (specific activty 0.863 

x 1 0 6 dpm ml , Amersham I n t e r n a t i o n a l ) . 

(b) Liquid scintillation 

The a m o u n t of l l fC i n c o r p o r a t e d into crude and/or purified 

m e t a b o l i t e s was d e t e r m i n e d by liquid s c i n t i l l a t i o n . 

L a b e l l e d compounds taken up in m e t h a n o l , w e r e dissolved in 5 ml 

s c i n t i l l a n t (toluene, 1 l i t r e ; naphthalene, 50 g; Butyl PBD, 

6 g) and counted in a B e c k m a n (LS 230) l i q u i d scintillation 

c o u n t e r . I n a c c u r a c i e s in radiocounting due to quenching were 

c a l c u l a t e d using a known a m o u n t of 1J*C r e f e r e n c e standard 

in 5 ml of the above s c i n t i l l a n t 

(c) Low background counting 

R a d i o a c t i v i t i e s of purified compounds were m e a s u r e d by 

low background counting of dry r e s i d u e s , this allowed 

recovery of m e t a b o l i t e for further a n a l y s i s . Samples were 

taken up in a minimum a m o u n t of methanol (AR) and deposited 

onto p l a n c h e t t e s under a stream of warm a i r . P l a n c h e t t e s 

were counted for 1 m i n . p e r i o d s in a N u c l e a r Chicago low 

b a c k g r o u n d counter (Model C 1 5 5 ) , operated at 2,100 \I. A 

voltage plateau was constructed by i n c r e a s i n g the voltage 

across the inert gas (2% isobutane / 98% helium v/v) filling 

the counting chamber, in i n c r e m e n t s of 200 V, while 

counting 5 yl 1 ''C-n-hexadecane reference s t a n d a r d . Counts 

were recorded and an optimum operation voltage (2,100 \l) 



was determined giving a counting efficiency of 1 1 . 4 $ . 

Quenching factors for dry deposites were calculated with 

the same amount of standard spiked with 50 mg l y s e r g i c 

acid a m i d e or H P L C - p u r e v e r r u c u l o g e n . 

2.3 flxenic culture of the common bunt fungus Tilletia caries 

Axenic culture of T, caries was developed using the basic 

scheme employed by Kienholtz & Heald (1930). Their technique 

was divided into two steps (i) germination of teliospores 

on an inert n o n - n u t r i e n t medium and (ii) transfer of the 

germinated spores onto a nutrient medium to m a i n t a i n growth. 

T r a n s f e r of germinating spores ( from germination p l a t e s ) 

and developing colonies to fresh m a i n t e n a n c e medium was 

facilitated by growing the fungus on s e m i - p e r m e a b l e membranes 

laid on a g a r . 

(a) Isolation of T . caries 

T e l i o s p o r e s of T, caries were isolated from developing 

b u n t e d - o v a r i e s of spring wheat, 100-150 days after s o w i n g . 

Infected o v a r i e s , c h a r a c t e r i s t i c a l l y bright green in colour, 

were d i s s e c t e d from host florets, surface sterilised in 

0.1$ w/v m e r c u r i c chloride for 3 m i n . , washed and aseptically 

h a l v e d . Black t e l i o s p o r e s were scooped from the central 

region and r e s u s p e n d e d in sterile distilled w a t e r , to use 

as an i n o c u l u m . 

A s e p t i c isolation was only successful from young bunted-

o v a r i e s still completely enclosed within the glumes and 

p a l e a . Isolation from p o s t - h a r v e s t ears resulted in b a c t e r i a l , 

yeast and fungal c o n t a m i n a t i o n , becoming evident during the 

germination phase (section 2.3 (e)). B a c t e r i a l contamination 

was reduced by suspending t e l i o s p o r e s in distilled water 

containing a n t i b i o t i c s (penicillin G, 5 mg 100 ml 1 and 

streptomycin s u l p h a t e , 5 mg 100 for 30 m i n . and 

washing by centrifugation in w a t e r . T h i s of course did not 

eliminate the fungal contamination and so the following 

m e t h o d to prepare aseptic i n o c u l u m , from p o s t - h a r v e s t ears, 

was d e v e l o p e d . 

D r i e d , surface sterilised sori were crushed in a pestle 

and mortar to separate the spores from wall m a t e r i a l . 



R e l e a s e d t e l i o s p o r e s were suspended in a minimum volume 

of 30/6 w/v sterile sucrose and i n t r o d u c e d onto the top 

of a sucrose gradient consisting of 3 zones of increasing 

c o n c e n t r a t i o n (30/6 w/v s u c r o s e , 20 ml; 40/6 w/v s u c r o s e , 

10 m l ; 45^ w/v s u c r o s e , 10 m l ) . Gradients were prepared 

from sterile sucrose solutions in a sterile 50 ml 

centrifuge t u b e . The loaded g r a d i e n t was spun at 15,000 rpm 

(27,000 g) for lh at 4°C. T e l i o s p o r e s were separated into 

4 p o p u l a t i o n s (Fig. 1 0 ) . 
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F i g . 10 Four p o p u l a t i o n s of bunt t e l i o s p o r e s 

obtained by centrifugation 

Each spore p o p u l a t i o n was r e c e n t r i f u g e d , as a b o v e , in 

20 ml (sterile) of the sucrose concentration above the 

i n t e r f a c e at which it was b u o y a n t . An aliquot of spores 

from each resultant p e l l e t was examined m i c r o s c o p i c a l l y , 

the remainder of the p e l l e t being resuspended in sterile 

distilled water containing a n t i b i o t i c s (penicillin G 

100 pg ml 1 and streptomycin s u l p h a t e , 100 pg ml"* 1) and 

mixed v i g o r o u s l y in a vortex for 30 m i n . to eliminate 

bacteria remaining on the r e t i c u l a t i o n s of the spore w a l l s . 

A n t i b i o t i c s were removed by centrifugal washing and the 

r e s u l t a n t pellets were used to inoculate germination p l a t e s . 



S a m p l e s from all p o p u l a t i o n s were inoculated onto Medium 

T31 and i n c u b a t e d for 1 - 2 days at a range of t e m p e r a t u r e s 

to reveal any c o n t a m i n a t i n g b a c t e r i a . 

Population A (Fig. 1 0 ) was the only contaminated fraction; 

b a c t e r i a l growth w a s evident after 12h at 37°C. Fu n g a l 

c o n t a m i n a t i o n was e v i d e n t on Medium TBI plates of population 

A, i n c u b a t e d at 22°C for 4 d a y s . The fungi appeared as fine 

white m y c e l i u m growing at a rate of 4.5 mm per day, easily 

d i s t i n g u i s h a b l e from the slow growing T . caries (1.4 mm per 

d a y ) . T h e r e f o r e for routine i s o l a t i o n s only spores from 

r e g i o n s B,C and D w e r e u s e d . 

(b) Germination media 

(i) 2% u/v water a g a r , pH 6.5 (Singh & T r i o n e , 1 9 6 9 ) 

20 g B a c t o - a g a r (Difco) per litre distilled water 

adjusted to pH 6.5 with IN NaOH prior to a u t o c l a v i n g . 

S t e r i l i s e d at 1 5 p . s . i . for 20 m i n . . 

(ii) 2$ w/v water a g a r , pH 6.5 containing p e n i c i l l i n G and 

s t r e p t o m y c i n s u l p h a t e (Trione, 1 9 7 3 ) 

The 2% water a g a r was p r e p a r e d as a b o v e . After cooling 

heat labile a n t i b i o t i c s , penicillin G (5 mg 100 m l " 1 ) 

and streptomycin sulphate (5 mg 100 m l " 1 ) were added 

a s s o l u t i o n s s t e r i l i s e d by m i l l i p o r e filtration (pore 

size 0.45 y m ) . 

Cooled media was poured into sterile petri dishes and 

stored at 4°C until r e q u i r e d . 

(c) Maintenance medium 

Medium TBI (modified Medium T (Mantle & T o n o l o , 1 9 6 8 ) , 

adapted for the o r g a n i c and inorganic 

n u t r i t i o n a l r e q u i r e m e n t s (Chung & T r i o n e , 1967) 

of T . caries) 

s u c r o s e , 50g ; L - a s p a r a g i n e , lOg ; C a ( N O 3 ) 2 . 4 H 2 0 , 0.05g ; 

KH 2P0it, 0.25g ; MgSD.,. 7 H 2 0 , 0.25g ; KC1, 0.125g ; F e S D * . 

7 H 2 0 , 0.033g ; Z n S 0 i t . 7 H 2 0 , 0.027g ; L-cysteine h y d r o c h l o r i d e , 

O.Glg ; per litre distilled water adjusted to pH 6.5 with 

IN N a O H . S t e r i l i s e d for 20 m i n . at 15 p . s . i . . A stock 

solution of thiamin HC1 (vitamin Bl) (100 mg 100 m l " 1 distilled 



w a t e r ) was s t e r i l i s e d separately at 110°C for 20 min.; 

1 ml was added to the cooled components above to give a 

final thiamin concentration of 100 yg l i t r e " 1 . Solid 

media c o n t a i n e d 20 g of B a c t o - a g a r (Difco). 

(d) S e m i - p e r m e a b l e m e m b r a n e s 

S e m i - p e r m e a b l e m e m b r a n e ( C u p r o p h a n - T e c h n i c o n ) discs 

(6 cm d i a m . ) were boiled in two changes of distilled 

water for 30 m i n . . Individual softened discs were placed 

between two m o i s t e n e d filter p a p e r s , stacked and autoclaved 

at 15 p . s . i . for 30 m i n . . S t e r i l i s e d m e m b r a n e s were 

a s e p t i c a l l y introduced onto plates of medium TBI and 

allowed to dry o v e r n i g h t at room t e m p e r a t u r e , before 

i n o c u l a t i o n . 

(e) G e r m i n a t i o n 

O b s e r v a t i o n s m a d e by several workers indicate that 

t e l i o s p o r e s either fail to g e r m i n a t e , or produce pro-

mycelia which continue to grow across the agar surface 

without forming primary sporidia (Lowther, 1950; T r i o n e , 

1 9 7 3 ) , when incubated on agar containing nigh c o n c e n t r a t i o n s 

(0.1M) of a nutrient carbon source e.g. sucrose or g l u c o s e , 

or when suspended on a thin layer of water on the agar 

surface (Keinholtz & H e a l d , 1930; W o o d b u r y & S t a h m a n n , 1 9 7 0 ) . 

Since conjugation between c o m p a t i b l e (+ and Kollmorgen 

& T r i o n e , 1 9 8 0 ) primary sporidia is n e c e s s a r y to infect 

host s e e d l i n g s , a n o n - n u t r i e n t medium was used for 

germination (Flor, 1932; K e n d r i c k , 1957; T r i o n e , 1 9 6 4 ; 1 9 7 4 ) . 

A suspension of t e l i o s p o r e s (section 2.3 (a)) was 

i n o c u l a t e d onto s e m i - p e r m e a b l e m e m b r a n e s laid on germination 

m e d i u m . The film of inoculum was allowed to dry on the 

m e m b r a n e for 2h at room t e m p e r a t u r e , the plates were then 

in cubat ed at 1 5 C (Lo wther, 1 9 5 0 ) . The germination phase 

was considered complete when primary sporidia formation 

c o m m e n c e d . 



(f) S p o r i d i a l mating and colony m a i n t e n a n c e 

S e m i - p e r m e a b l e m e m b r a n e s supporting primary sporidia 

were a s e p t i c a l l y t r a n s f e r e d to plates of Medium TBI and 

i n c u b a t e d at 15°C or 22°C, to allow conjugation between 

c o m p a t i b l e primary s p o r i d i a . C o n c u r r e n t l y , conjugation 

o c c u r r e d between filiform and lunate secondary sporidia 

d e v e l o p e d from unfused m o n o s p o r i d i a (Holton, 1953; 

Kollnorgen et al., 1 9 7 8 ) . 

G e r m i n a t i o n of fused ( b i n u c l e a t e ) s p o r i d i a , and 

of n o n - f u s e d (mononucleate) s p o r i d i a , resulted in hyphal 

c o l o n i e s with a variety of phenotypic and genotypic 

c h a r a c t e r i s t i c s . C o l o n i e s were subcultured onto fresh 

Medium TBI every 21 days at 22°C and every 28 days at 

15°C. 

(g) C y t o l o g i c a l i n v e s t i g a t i o n 

(i) G e n e r a l stains for l i g h t m i c r o s c o p y 

C y t o p l a s m 

Cotton blue in l a c t o p h e n o l was used to detect the 

cytoplasm of hyphae grown in axenic c u l t u r e , by flooding 

•culture p l a t e s with the s t a i n . Air dried slide samples 

were first cleared in l a c t o p h e n o l blue for 5 m i n . and then 

stained with cotton blue in l a c t o p h e n o l on a hot 

p l a t e for 2 m i n . . E x c e s s stain was removed with 

l a c t o p h e n o l followed by mounting in g l y c e r o l . Cytoplasm 

stained b l u e . This staining procedure was routinely 

employed to examine c o l e o p t i l e , pericarp and ovary tissue 

of wheat infected with T . caries. 

Lioid 

M y c e l i a l lipid was stained using saturated Sudan III 

in l a c t o p h e n o l . Samples were processed as for cotton 

blue in l a c t o p h e n o l . Lipid stained r e d . 
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(ii) N u c l e a r staining for light m i c r o s c o p y 

A film of hyphae was prepar ed from young mycelia of 

T . caries by cutting m e m b r a n e squares (approx. 1 c m 2 ) from 

c u l t u r e s . The mycelium was t r a n s f e r r e d onto the slide by 

gently pressing the m e m b r a n e , m y c e l i a l side down, onto the 

g l a s s . The m e m b r a n e "cover" was gently peeled away leaving 

tissue adhering to the s l i d e . 

O l d e r tissue was lifted from the s e m i - p e r m e a b l e 

m e m b r a n e s and briefly homogenised in a glass homogeniser 

with a l i t t l e d i s t i l l e d w a t e r , to f r a g m e n t the h y p h a e . 

A thin film of hyphal fragments was spread onto the slide 

with a l o o p . S a m p l e s were air dried at 37°C then stained 

using one of the G i e m s a p r o c e d u r e s b e l o w . 

method (a) (modified from T r i o n e , 1 9 7 4 ) 

G i e m s a s t a i n , 1.6 g; g l y c e r o l , 100 ml and m e t h a n o l , 

100 ml were stirred in a stoppered bottle for several hours 

(BDH C h e m i c a l s L t d . , 1 9 6 9 ) . 

T h e stain was used within 24 h o u r s . 

1 . T i s s u e was fixed in methanol for 20 m i n . 

2. d e h y d r a t e d in 

(a) 50$ ethanol for 10 sec 

(b) 75$ " " " 

(c) 95$ " " " 

rinsed in 100$ ethanol 



3. i m m e r s e d in diethyl ether for 10 m i n . at 22°C, rinsed 

in 100? ethanol 

4. r e h y d r a t e d in 

(a) 95? ethanol for 10 sec 

(b) 75? " « » 

(c) 50? " " » 

rinsed twice in distilled water 

5. h y d r o l y s e d in 

(a) 2N HC1 at 22 C for 10 m i n . , rinsed in 

d i s t i l l e d water 

(b) 2N HC1 at 60°C for 5 m i n . 

6. washed thoroughly in 0.07M NaKHPOi* b u f f e r , pH 7.2 

7 . treated with fresh Giemsa stain (10 d r o p s ) for 15 m i n . 

8 . rinsed in distilled water to remove excess stain 

9 . blotted and m o u n t e d in A q u a m o u n t (BDH L t d . ) 

The second method was d e v e l o p e d ( b y trial and error) to 

i m p r o v e lipid e x t r a c t i o n , intensify h y d r o l y s i s of DNA and 

R N A , and enhance stain penetration using a m o d i f i e d Giemsa 

s t a i n . 

m e t h o d (b) (modified from G r a y , 1977; T r i o n e , 1974; 1 9 8 0 ) 

M o d i f i e d G i e m s a R - 6 6 was p r e p a r e d by adding and m i x i n g 

the i n g r e d i e n t s in the order b e l o w . 

d i m e t h y l s u l p h o x i d e (DMS0); N,(\l-dimethylf o r m a m i d e ; Giemsa R-66 

(BDH L t d . ) ; 0.07M KHaPOi*, pH 6.5; in a ratio of 1 : 1 : 2 : 4 v/v.. 

1 . T i s s u e was dehydrated m e t h o d (a) 2. 

2 . i m m e r s e d in 

(a) 100? e t h a n o l / d i e t h y l ether 1:1 v/v for 8 

m i n . 

(b) c h l o r o f o r m / m e t h a n o l " " V 4 

m i n . 

(c) 100? ethanol/ether " " " 

3. fixed in S i n g l e t o n ' s F i x a t i v e for 4 m i n . 

(glacial acetic a c i d ; l a c t i c acid; 100? ethanol; 1:1:6 v/v) 

4 . r e h y d r a t e d method (a) 4. 

5. h y d r o l y s e d in 2N HC1 at 25°C for 30 m i n . 

6. washed in 

(a) d i s t i l l e d water for 10 m i n . 



(b) 0.071*1 KH2PO4 b u f f e r , pH 6.5 for 20 m i n . 

7. stained with modified Giemsa stain R - 6 6 (10 d r o p s ) for 

15 m i n . 

8. rinsed in distilled water 

9. blotted and mounted in D e p e x (BDH L t d . ) 

Nuclei stained deep p u r p l e - v i o l e t a g a i n s t grey c y t o p l a s m . 

(iii) N u c l e a r staining for fluorescence m i c r o s c o p y 

Vital staining with acridine orange was used to locate 

n u c l e i by f l u o r e s c e n c e microscopy (modified from R o b b i n s & 

M a r c u s , 1 9 6 3 ) . 

A stock solution of acridine orange (AO) was prepared 

by adding acridine orange (Sigma), 1 mg to 100 ml phosphate-

buffered saline (PBS) (0.1M sodium p h o s p h a t e buffer, pH 7.2 

containing 0.85% w/v N a C l ) . The stock solution was diluted 

as required with 0.01M PBS in a ratio of 1 ; 1 0 6 . 

Young T . caries mycelium was washed from m e m b r a n e s with 

0.01M P B S , or o l d e r colonies were homogenised with BPS as 

described in section (ii). The hyphal suspension (0.1 ml) 

was added to AO/O.OIM PBS, 1 : 1 0 6 (l ml) in a reaction tube 

and i n c u b a t e d at 22°C for 1 m i n . . Cells were harvested by 

centrifugation in a bench c e n t r i f u g e for 1 m i n . . An aliquot 

from the p e l l e t was resuspended in a drop of O.OIM PBS on a 

s l i d e . S p e c i m e n s were immediately excited by epi-illumination 

from a HBO 200 Ui/4 high pressure mercury vapour lamp in a 

Polyvar m i c r o s c o p e . An i n c i d e n t light exciter filter (455 nm 

- 490 nm) and a 500 nm dichroic mirror p r o v i d e d a narrow 

band of i l l u m i n a t i o n from 450-500 n m . Slides were viewed 

through a 515 nm b a r r i e r - f i l t e r in conjunction with low 

power o b j e c t i v e s . 

(iv) M i c r o s c o p y 

A Leitz Ortholux microscope was used for light 

m i c r o s c o p y . S p e c i m e n s were observed with both bright field and 

positive phase contrast o p t i c s . F l u o r e s c e n c e m i c r o s c o p y was 

p e r f o r m e d with a Polyvar m i c r o s c o p e as described in section 

(iii). 
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2.4 8 - q l u c a n a s e activity of wheat ovary tissue infected 

with Claviceps purpurea strain 12/2 and Tilletia caries. 

(a) Growth and inoculation of host plants 

(i) Wheat 

D r e s s e d seed of winter w h e a t , cv. H u n t s m a n , was sown in 

open p l o t s at Chelsea Physic G a r d e n , L o n d o n . Ears were 

i n o c u l a t e d at anthesis (day 0) with a spore s u s p e n s i o n . 

(0.2 m l per f l o r e t ) of C . purpurea strain 1 2 / 2 , prepared 

by diluting honeydew collected from r y e . Control ears were 

i n o c u l a t e d with water alone. 

(ii) B u n t e d - w h e a t 

W h e a t infected with the bunt fungus T . caries was 

p r o d u c e d by crushing bunt balls (ex c v . H o b b i t ; RHM Research 

L t d . ) , m i x i n g them with undressed seed of c v . Huntsman and 

sowing in rows at Chelsea Physic G a r d e n , L o n d o n , i n January 

(1980 and 1 9 8 1 ) . Bunted ears were i n o c u l a t e d with C. purpurea 

as a b o v e , but p a r t i c u l a r l y avoiding damage to the young bunt 

ball ( F i g . 1 1 ), and controls were injected with w a t e r . 

Bunted f l o r e t s do not a n t h e s i s and thus inoculation with 

C . purpurea at a stage equivalent to a n t h e s i s was judged 

by r e f e r e n c e to plants within the crop that had escaped 

T . caries i n f e c t i o n . 

(b) Preparation of ovary tissue 

Ears r e p r e s e n t a t i v e of all treatments were collected 

at a n t h e s i s (or e q u i v a l e n t ) and at i n t e r v a l s (0,4,7,10,12, 

and 15 days) t h e r e a f t e r . Ovaries were carefully dissected 

from the f l o r e t s , batched according to treatment and 

w e i g h e d (fresh w e i g h t ) . Since the water content of healthy 

and infected ovaries changes with increasing age, tissue 

was f r e e z e - d r i e d and stored at 4°C in sealed ampoules until 

weighed a m o u n t s were e x t r a c t e d . 

(c) Crude enzyme extraction 

F r e e z e - d r i e d tissue (50-150 m g ) was m a c e r a t e d in a 

pestle and m o r t a r with 0.011*1 acetate b u f f e r , pH 5.2 (1:10 

w / v ) over ice and allowed to extract in the mortar for l h . 

The e x t r a c t was centrifuged at 15,000 rpm (27,000 g ) for 
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F i g . 11 D i a g r a m a t i c representation of l o n g i t u d i n a l 

section through a bunt infected ovary at 

" anthesis " . As the bunt ball develops the 

stigma shrivels and the anthers become 

trapped thus the florets do not a n t h e s e . 

T h e time for inoculation with C . purpurea 

was therefore judged by reference to 

non-bunted c o n t r o l s . 

an trapped a 

bo bunted ov 

fi filament 

9 glume 

lm 1 emma 

lo lodicule 

pa pal ea 

r rachilla 

St stigma 



67. 

DAY .0 



30 m i n . and the r e s u l t a n t supernatant dialysed a g a i n s t four 

changes of the 0.01M acetate buffer (4 x 500 m l ) for 2 4 h . 

All extraction steps were performed at 4°C. The dialysate 

was f r e e z e - d r i e d o v e r n i g h t and assayed the next d a y . 

(d) Preparation of s u b s t r a t e 

3-1-3 glucan was p r o d u c e d in submerged culture using 

the sorghum ergot f u n g u s Sphacelia sorghi strain AB2 (Atwell, 

1 9 8 1 ) . A seed flask (500 m l ) containing Medium T (100 m l ) 

was i n o c u l a t e d with a suspension of hyphal fragments and 

conidia from a 7 day slope c u l t u r e . Inoculated flasks were 

incubated on a rotary shaker (200 rpm ; 10 cm eccentric throw) 

at 27 0 . Aft er 5 days the whole seed flask content was 

h o m o g e n i s e d a s e p t i c a l l y in an Omnimixer for 10 sec and a 10% 

(v/v) t r a n s f e r made into each production flask (500 m l ) 

containing Medium T (100 m l ) and i n c u b a t e d on a rotary 

shaker at 27°C for a further 5 days. The contents of 4 

production flasks were mixed with an equal volume of distilled 

water and centrifuged at 10,000 rpm (16,000 g) for 20 m i n . 

at 4°C to remove cellular d e b r i s . The s u p e r n a t a n t was m i x e d 

with 2 v o l u m e s of cold absolute ethanol to p r e c i p i t a t e 

p o l y s a c c h a r i d e . The p r e c i p i t a t e was r e s u s p e n d e d in water 

and r e p r e c i p i t a t e d with e t h a n o l . The p u r i f i e d p o l y s a c c h a r i d e 

was dissolved in the m i n i m u m volume of water and the final 

g e l a t i n o u s suspension boiled for 10 m i n . , cooled and 

dialysed a g a i n s t 3 c h a n g e s of distilled water (500 m l ) for 

4 8 h . P u r i f i e d glucan was p r e c i p i t a t e d from the dialysate 

using ethanol and dried to constant w e i g h t at 60°C (yield 

59 g). T h i s m a t e r i a l was used as a substrate for assaying 

3 - g l u c a n a s e activity of tissue e x t r a c t s . The glucan was 

ground to a very fine p o w d e r in a quartz pestle and m o r t a r . 

Unless the glucan is finely ground it cannot be completely 

r e d i s s o l v e d later in buffer and p a r t i c l e s will i n t e r f e r with 

the colour reaction p r o d u c e d by the chromagen ABTS in the 

glucose o x i d a s e a s s a y . The fine powder (10 m g ) was 

r e s u s p e n d e d in 0.01M a c e t a t e buffer, pH 5.2 (0.5 m l ) over-

n i g h t . At intervals t h r o u g h o u t the first hour the m i x t u r e 

was v i g o r o u s l y stirred using a w h i r l i m i x . 



(e) 8-glucan assay of tissue extracts 

(i) Incubation 

The whole f r e e z e - d r i e d crude enzyme extract from 

w e i g h e d amounts of ovary tissue (section 2.4 (c)) was 

r e s u s p e n d e d in O.OIM acetate b u f f e r , pH 5.2 (l m l ) and 

m i x e d at 4°C with p u r i f i e d solubilised glucan (10 mg in 

0.5 ml b u f f e r ) . The mixture was then incubated at 30°C for 

1 6 h . S a m p l e a l i q u o t s (duplicate, 0.1 m l ) , taken at intervals 

during the incubation p e r i o d , were immediately boiled for 

3 m i n . to stop h y d r o l y s i s , c o o l e d , made up to 1 ml with 

distilled water and assayed for g l u c o s e . 

(ii) G l u c o s e oxidase assay 

Liberation of glucose was determined using the Fleming 

& P e g l e r method (1963) adapted by Dickerson & Pollard 

(1982). 

G l u c o s e oxidase reagent (glucose o x i d a s e , 6 mg; 

p e r o x i d a s e , 1 m g ; ABTS (2,2-azino- di[3 - e t h y l b e n z t h i a z o l i n e -

s u l p h o n a t e ] ) , 10 m g ; in 40 ml 0.5M Tris-HCl b u f f e r , pH 7.0), 

2 m l , was added to the 1 ml of incubation sample (above). 

Incubation of the reaction m i x t u r e at 22°C ±1°C for 20 m i n . 

resulted in a green c o l o u r , which was stable for a further 

20 m i n . , the extinction of which was measured at 420 n m . 

The c o n c e n t r a t i o n of glucose was determined from a standard 

curve for glucose in the range 0-50 yg m l - 1 . E x t i n c t i o n 

values were corrected for 100 mg of dry t i s s u e , for each 

t r e a t m e n t . 

2.5 B-qlucanase activity of Tilletia caries grown in axenic 

culture 

(a) Preparation and determination of 8 - g l u c a n a s e activity 

Three distinct types of colony (cream/white, white/ 

b l a c k - s p o r i n g and black-sporing (section 3.1 (c) ) were 

assayed for S - g l u c a n a s e a c t i v i t y , generally as described 

above for wheat ovary tissue. 

C o l o n i e s , 1 - 2 m o n t h s o l d , of each m o r p h o l o g i c a l type 

were lifted from the surface of the semi-permeable 

m e m b r a n e s , snap-frozen in liquid nitrogen (-196°c) and 

l y o o h i l i s e d . Dried material was weighed and stored in a 



d e s i c c a t o r at 4°C. A crude enzyme extract was prepared and 

a s s a y e d , the glucose released being determined by the 

glucose o x i d a s e method and extinction values corrected for 

50 mg of dry t i s s u e . 

(b) C h r o m a t o g r a p h y of the p r o d u c t s of h y d r o l y s i s 

The p r o d u c t s of enzyme h y d r o l y s i s were tentatively 

i d e n t i f i e d by T L C . At intervals during the incubation period 

incubate samples (10 p i ) were spotted onto cellulose backed 

TLC p l a t e s (0.1 mm l a y e r , Polygram CEL 300 U\y25£» C a m l a b ) 

using m i c r o p i p e t t e s and c h r o m a t o g r a p h e d a g a i n s t standards 

of glucose and g e n t i o b i o s e (50 pg in 10 p i ) . E n z y m e activity 

was stopped by adding 0.01M m e r c u r i c chloride (10 p i ) to 

each sample i m m e d i a t e l y a f t e r it was applied to the 

c h r o m a t o g r a m . P l a t e s were resolved in n - p r o p a n o l / ethyl 

a c e t a t e / water (7:2:1). Sugars were located by briefly 

immersing dried plates in aniline hydrogen p t h a l a t e reagent 

(Shaw, 1 9 7 9 ) . After heating for 5 m i n . at 110°C, sugars 

appeared as brown s p o t s . 

2.6 I m m u n o f l u o r e s c e n t t e c h n i q u e s to study spatial interaction 

between Claviceps pur purea and Tilletia caries during 

c o n c u r r e n t parasitism of the host ovary 

T h e i m m u n o f l u o r e s c e n t t e c h n i q u e s used to investigate 

the interaction between C . purpurea and T, caries during 

c o n c u r r e n t occupation of wheat ovary tissue were based on 

the use of a n t i b o d i e s raised a g a i n s t purified f3-glucanase 

isolated from a x e n i c culture of C . purpurea. E s s e n t i a l l y 

the same i m m u n o f l u o r e s c e n t a n t i b o d y t e c h n i q u e s , using 

3 - g l u c a n a s e I g G , were successful in locating (3-glucanase 

in C . purpurea strain 6,during its in vivo development on 

rye (Dickerson & P o l l a r d , 1 9 8 2 ) . 

The a n t i - B - g l u c a n a s e serum used throughout these studies 

was purified from crude antiserum kindly prepared by 

D r . C. Pollard as described for the rye e x p e r i m e n t s 

(Dickerson & P o l l a r d , 1 9 8 2 ) . 

(a) Preparation of control n o n - i m m u n e serum 

Control n o n - i m m u n e serum was prepared from blood taken 

from 15 week old, Old English x Californian r a b b i t s . 



A n i m a l s were ble .d from the ear and the c o l l e c t e d blood 

( a p p r o x . 30 m l ) was clotted by i n c u b a t i o n at 37°C for 2 h . 

C l o t t e d b l o o d w a s stored o v e r n i g h t at 4°C, c o a g u l a t e d cells 

w e r e s e p a r a t e d from the serum by c e n t r i f u g a t i o n at 

(25,000 g) for 45 m i n . at 4°C. T h e clear serum was d i v i d e d 

into 2 ml a l i q u o t s , frozen r a p i d l y over a p r o p a n o l / s o l i d C 0 2 

m i x t u r e and stored at -20°C. 

(b) P u r i f i c a t i o n of i m m u n o g l o b u l i n G (igG) f r a c t i o n from 

serum on D E A E - c e l l u l o s e (Dickerson & P o l l a r d , 1 9 8 2 ) 

P r e - s w o l l e n D E A E - c e l l u l o s e (Whatman DE 52) was 

s u s p e n d e d in 20 fold excess of 5% w/v KH 2P0if and d e g a s s e d 

u n d e r v a c u u m . T h e d e g a s s e d slurry was e x t e n s i v e l y 

e q u i l i b r i a t e by w a s h i n g in 6 equal volumes of the r u n n i n g 

b u f f e r (10 m n p o t a s s i u m p h o s p h a t e b u f f e r , pH 7.8) until 

the pH remained c o n s t a n t . A 5 m l c o l u m n , 4 x 1.2 cm, was 

p o u r e d from the gel s u s p e n s i o n , allowed to s e t t l e and then 

w a s h e d with 2 c o l u m n v o l u m e s of running b u f f e r to c o m p l e t e 

e q u i l i b r i a t i o n a t 4°C. Crude serum ( a n t i - B - g l u c a n a s e serum 

or c o n t r o l n o n - i m m u n e s e r u m ) was thawed slowly then 

d i a l y s e d a g a i n s t running buffer (3 x 500 m l ) for 3 6 h . , at 

4°C. T h e d i a l y s a t e was i n t r o d u c e d on to the column and 

the IgG f r a c t i o n s w e r e eluted with 2 column v o l u m e s of 

10 mM p o t a s s i u m p h o s p h a t e b u f f e r , pH 7.8 c o n t a i n i n g 

50 mM N a C l . E l u a t e f r a c t i o n s (l m l ) were c o l l e c t e d and 

m o n i t o r e d s p e c t r o p h o t o m e t r i c a l l y at 280 n m , to d e t e r m i n e 

t h e i r p r o t e i n c o n t e n t . V a l u e s for each f r a c t i o n were 

d e t e r m i n e d from a s t a n d a r d curve of 0-3 mg m l " 1 bovine 

serum a l b u m i n (BSA, S i g m a ) in the same elution buffer 

(Warburg & C h r i s t i a n , 1 5 4 2 ) . S p e c t r o p h o t o m e t r y was 

p e r f o r m e d in a C a r y 2 1 0 , split beam s p e c t r o p h o t o m e t e r , 

at 22°C. 

Two p e a k s (Fig. 1 2 ) were p r o d u c e d from the 2 elution 

s t e p s . C o l l e c t e d s a m p l e s (l m l ) ^ c o n t a i n i n g IgG were 

b a t c h e d t o g e t h e r a c c o r d i n g to their c o r r e s p o n d i n g p e a k , 

the c o n c e n t r a t i o n of IMaCl was a d j u s t e d to 0.151*1 (0.85% 

w / v ) and N a N 3 was a d d e d to the p u r i f i e d serum to a 

c o n c e n t r a t i o n of 0.01% w/v before storage at 4°C. 

I m m u n o g l o b u l i n f r a c t i o n , IgG 1 (Fig. 1 2 ) was the serum 

f r a c t i o n r o u t i n e l y used as a n t i - B - g l u c a n a s e serum in 
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1 Q * 1 2 Elution of IgG fractions of 6 - 1 , 3 - g l u c a n a s e antiserum from a D E A E - e e l 1 u l o s e column 



i m m u n o f l u o r e s c e n t staining p r o c e d u r e s . 

(c) Specificity of the 6-glucanase antiserum 

The specificity of the antiserum to other enzymes 

i s o l a t e d from C . purpurea and their complementary s e r a , 

was determined using m i c r o p r e c i p i t i n tests with 

undiluted sera and sera diluted with p h o s p h a t e - b u f f e r e d 

saline (PBS) (0.031*1 sodium phosphate b u f f e r , pH 7.2 

containing 0.85% w/v/ N a C l ) by i m m u n o d i f f u s i o n on agar 

p l a t e s . D i c k e r s o n & Pollard (1982) showed that there was 

no cross reaction between 8-glucanase and undiluted anti-

{3-glucosi dase serum or pure 6 - g l u c o s i d a s e and undiluted 

a n t i - 8 - g l u c a n a s e s e r u m . The diffusion plates also 

confirmed the strong binding of the commercially p r e p a r e d 

f l u o r e s c e i n conjugated IgG fraction of goat a n t i - r a b b i t 

IgG to the a n t i - 6 - g l u c a n a s e s e r u m . H o w e v e r in order to use 

the antiserum as a tool to distinguish between C . purpurea 

and T . caries mycelia in dual infected wheat o v a r i e s , it 

was necessary to test whether the antiserum cross reacted 

w i t h m y c e l i a l tissue of T.caries. C• purpurea, C. fusiformi, 

and T. caries were grown in axenic culture to provide mycel 

for a n t i b o d y / w h o l e tissue binding s t u d i e s . 

(i) Submerqed culture of C.purpurea strain 12/2 and C . 

fusiformis strain 139/2/lG 

Flasks containing Medium T (100 m l ) were i n o c u l a t e d 

w i t h 1 ml of a m y c e l i a l - s p o r e suspension (approx. I D 5 

spores m l " 1 sterile w a t e r ) , prepared from 14 day old slopes 

of C . purpurea strain 12/2 or C . fusiformis strain 139/2/lG 

I n o c u l a t e d flasks were incubated on a rotary shaker (200 

r p m ; 10 cm eccentric t h r o w ) at 24°C for C . purpurea or 

27°C for C fusiformis. Mycelial samples were a s e p t i c a l l y 

withdrawn from flasks at 7, 14 and 21 days, washed by 

f i l t r a t i o n and r e s u s p e n d e d in sterile distilled w a t e r . 

(ii) Surface cultures of T caries 

T. caries mycelium was grown on cuprophan m e m b r a n e s 

supported by Medium T B I , as previously described in 

section (2.3). 

(iii) Slide p r e p a r a t i o n 

A c i o - w a s n e d slides were coated with a film of protein 



(1.5? D i f c o gelatine solution containing 0.02? colourless 

e t h y l m e r c u r i t h i o s a l i c y l a t e (Thimersol; S i g m a ) ). Two drops 

of m y c e l i a l suspension of C . purpurea or C . fusiformis, or 

m y c e l i u m , was placed onto the partially set protein at 

either end of the slide and allowed to dry on a hot p l a t e . 

(d) Indirect staining techniques with f l u o r e s c e n t a n t i b o d i e 

Two f l u o r o c h r o m e s , fluorescein i s o t h i o c y a n a t e (FITC) 

and tetramethyl rhodamine i s o t h i o c y a n a t e (RITC), 

c o n j u g a t e d with the IgG fraction of a n t i - r a b b i t sera, were 

used in the i n d i r e c t staining p r o c e d u r e s m o d i f i e d from the 

standard s a n d w i c h t e c h n i q u e s (Goldman, 1958; N a i r n , 1 9 7 5 ) . 

To reduce n o n - s p e c i f i c binding of r a b b i t - a n t i - g l u c a n a s e 

serum to n o n - s p e c i f i c protein on the fungal mycelium an 

unrelated i m m u n o g l o b u l i n bovine IgG was used as a masking 

c o u n t e r s t a i n , prior to antibody treatment (Appendix I). 

(i) Sera and conjugated f l u o r o c h r o m e s 

Bovine IgG (Sigma) : 1.5 mg bovine IgG was solubilised 

a square ( a p p r o x . 1 c m 3 ) of m e m b r a n e coated with T, caries 

in 10 ml PBS containing 0.1? NaN 3 

and stored in 1 ml aliquots at 4°C 

It was used u n d i l u t e d as a 

c o u n t e r s t a i n . 

A n t i - B - g l u c a n a s e 

serum in PBS used at a working dilution of 1 : 4 , 

a n t i s e r u m / P B S (equivalent to a 

1:20 dilution of original anti-

serum ). 

Control n o n - i m m u n e 

serum in PBS as for a n t i s e r u m . 

Goat a n t i - r a b b i t 

/FITC (Miles) a n t i - r a b b i t IgG raised in goat 

conjugated with F I T C , used at a 

working dilution of 1:4, FITC/ 

PBS (manufactures r e c o m m e n d a t i o n ) 

kept at -20°C and rapidly thawed 

on d e m a n d . 



Porcine anti-rabbit/ 

RITC (Dako) : a n t i - r a b b i t IgG raised in pigs 

conjugated with R I T C , used at a 

working dilution of 1:20 RITC/ 

PBS (as recommended by D a k o ) . 

Stored at -20°C, prepared as 

above on d e m a n d . 

(ii) General staining procedure 

1 . S p e c i m e n s were first fixed in 90% v/v ethanol for 30 m i n . , 

washed in PBS for 1 - 2 m i n . then air dried. 

2. Washed slides were placed flat in a humid chamber; 

m y c e l i a was covered with 200 pi bovine IgG in PBS, and 

i n c u b a t e d for 30 m i n . 

3. Slides were washed in 3 changes of PBS for 15 m i n . , 

rinsed in distilled w a t e r , air dried and returned to the 

humid c h a m b e r . 

4 . One end of the slide was covered with 200 yl purified 

a n t i - B - g l u c a n a s e serum in PBS, the other with the same 

volume of control n o n - i m m u n e s e r u m . Slides were 

i n c u b a t e d for 30-40 m i n . . 

5. Step 3 repeated 

6. Slides were again returned to the humid chamber and 

covered with 200 yl of goat a n t i - r a b b i t / F I T C or porcine 

a n t i - r a b b i t / R I T C , and incubated for a further 45 m i n . . 

7 . Slides were washed in 4 changes of PBS for 20 m i n . , 

rinsed in distilled water and air dried. 

8. S p e c i m e n s were mounted in 10 yl 90% v/v glycerol in PBS, 

covered with size 0 cover slips and sealed with cellulose 

lacquer. 

All staining operations were carried out at 22°C ± 1°C, 

slid e s labelled with F I T C / a n t i - s e r u m were incubated in the 

d a r k . 

(e) Staining infected plant m a t e r i a l 

A bunted crop of winter wheat cv. Huntsman was grown in 

open plots and inoculated with C . pur purea strain 1 2 / 2 , 



using the protocol described in section (2.4 (ii)). Each 

i n o c u l a t e d ear was capped with a p e r f o r a t e d plastic bag 

to p r e v e n t bird d a m a g e . 

(i) S a m p l i n g 

B u n t e d ears were harvested at i n t e r v a l s after infection 

(4,7,9,13 and 28 d a y s ) . Individual florets were removed from 

the ears, glumes and palea were carefully dissected away to 

expose bunt balls i n f e c t e d or uninfected by C . purpurea. 

Ergotised or n o n - e r g o t i s e d bunt balls were batched in 

cooled a m p o u l e s (-70°C) and "snap-frozen" at -180°C to-196°C 

by plunging ampoules into d i c h l o r o d i f l u o r o m e t h a n e (Freon) 

over liquid n i t r o g e n , to m i n i m i s e the formation of intra-

cellular ice c r y s t a l s . Frozen specimens were stored at -70°C 

until s e c t i o n e d . 

(ii) S e c t i o n i n g 

F r o z e n ovaries were m o u n t e d h o r i z o n t a l l y on a bead of 

freezing T i s s u e - T e k II c r y o e m b e d d i n g medium (Miles) spotted 

at the c e n t r e of a cryotome chuck. E x c e s s Tissue-Tek II 

surrounding the ovary was cut away using a warmed razor blade 

to ensure even sectioning and to p r e s e r v e the knife e d g e . 

L o n g i t u d i n a l sections of ovary tissue were cut in a cryostat 

chamber (Bright Instrument C o m p a n y , Model O T F / A S / M / V ) 

using a steel m i c r o t o m e k n i f e . Both chamber and knife were 

m a i n t a i n e d at -30°C. Serial r i b b o n s , of 2-3 s e c t i o n s , 10 ym or 

15ym t h i c k , were transferred fromthe knife onto each end of 

an a c i d - w a s h e d slide and air d r i e d . 

(iii) Staining procedure 

The staining protocol was essentially the same as that 

for m y c e l i a l cross-reaction s t u d i e s . H o w e v e r , s e c t i o n e d ovary 

tissue d e m o n s t r a t e d bright yellow a u t o f l u o r e s c e n c e when 

i l l u m i n a t e d over the w a v e l e n g t h range from 455-490 nm, for 

F I T C . B r i g h t red a u t o f l u o r e s c e n c e occurred when the 

section was i l l u m i n a t e d with green light (540-580 nm) for 

selective observation of RITC (Appendix i). Pollard & 

Dickerson (1983) s u c c e s s f u l l y quenched a u t o f l u o r e s c e n c e of 

rye tissue infected with C. purpurea using 0.03$ w/v 

m e t h y l e n e blue in 0.11*1 sodium borate b u f f e r , pH 8.0, 



w i t h o u t reduction in the intensity of specific fluorescein 

s t a i n i n g . T h e staining procedure for ovary sections was 

therefore m o d i f i e d to introduce c o u n t e r s t a i n i n g after 

l a b e l l e d - a n t i b o d y t r e a t m e n t . 

1 . - 7 . section (2.6 (d) (ii) ). 

8. A n t i b o d y treated sections were c o u n t e r s t a i n e d with 0.03$ 

UJ/V m e t h y l e n e blue in O.IM sodium borate b u f f e r , pH 8.0, 

for 3 m i n . , washed in distilled water for 5 m i n . , a i r 

dried and mounted in 25 yl 90$ v/v glycerol in P B S . 

(f) F l u o r e s c e n c e microscopy 

S p e c i m e n s were studied by epi-illumination using a 

P o l y v a r f l u o r e s c e n c e m i c r o s c o p e . High energy incident 

illumination was supplied by a high p r e s s u r e mercury vapour 

lamp (HBO 200 lii/4). The blue light m o d u l e Bi, consisting of 

an i n c i d e n t l i g h t filter 455-490 nm, and a 500 nm dichroic 

i n t e r f e r e n c e m i r r o r , w a s used to i l l u m i n a t e FITC stained 

s p e c i m e n s . A 515 nm barrier-filter was used for v i e w i n g . 

RITC s t a i n e d specimens were viewed through a 590 nm barrier-

f i l t e r , a f t e r illumination with green light (module Gi),an 

i n c i d e n t - l i g h t f i l t e r , 546/10 nm and a 580 nm dichroic 

m i r r o r . Low p o w e r o b j e c t i v e s (4x, lOx and 40x) with a 3x 

eyepiece w e r e used to scan s e c t i o n s . P h o t o m i c r o g r a p h s 

were taken using a lOx eyepiece with a Polyvar a u t o m a t i c 

m i n i a t u r e c a m e r a , using 35 mm E k t a c h r o m e ASA 400, slide 

f i l m . 

2.7 D e t e c t i o n and p r o m o t i o n of ergot alkaloid b i o s y n t h e s i s 

in Claviceps purpurea strain 12/2 (ALK ) 

(a) R a d i o i s o t o p e s 

The f o l l o w i n g labelled putative p r e c u r s o r s were products 

of Amersham I n t e r n a t i o n a l . 

D L - f 2 - l l f C ] m e v a l o n i c acid lactone (specific activity 

18 mCi rnrnol 1 ) 

L - [ m e t h y l - 1 ^ C ] m e t h i o n i n e (specific activity 60.2 mCi 

mmol 1 ) 

L - [ m e t h y l e n e - 1 T ] tryptophan (specific activity 58.2 



mCi m m o l 1 ) 

r e f e r e n c e standard 1 ^ C - n - h e x a d e c a n e (specific activity 

0 . 8 6 3 x 1 0 s dpm m l ' 1 ) 

(b) Preparation of 1 h C - a g r o c l a v i n e 

E r l e n m e y e r flasks (500 m l ) containing Medium T (100 ml) 

were i n o c u l a t e d with a 5% v/v transfer from a 7 day seed 

flask of C . fusiformis strain 1 3 9 / 2 / l G . The mycelium was 

d i s p e r s e d by agitation and then allowed to float to form 

a surface culture which was incubated stationary at 27°C. 

After 6 days a m i x t u r e of DL- m e v a l o n i c acid (25 y C i , 

p r e p a r e d by evaporating the benzene carrier and taking up 

the l a c t o n e in water as the sodium salt by n e u t r a l i s i n g with 

N N a O H ) and L - [ m e t h y l - 1 ^ c j m e t h i o n i n e (25 u C i in aqueous 

s o l u t i o n ) was i n j e c t e d into the medium beneath the m y c e l i a l 

mat with a hypodermic syringe and mixed by gentle rotation 

of the f l a s k . C u l t u r e s were i n c u b a t e d for a further 9 days 

at 27°C. Alkaloid p r o d u c t i o n was m o n i t o r e d c o l o r i m e t r i c a l l y 

(section 2.2.1 (a)) at 7 and IB d a y s . 

C l a v i n e alkaloids were e x t r a c t e d from the culture filtrate 

(section 2.2.1 (b)) and resolved by PLC in c h l o r o f o r m / m e t h a n o l 

/ammonia (95:7:5). S u b s e q u e n t a u t o r a d i o g r a p h y of the resolved 

plate revealed i n c o r p o r a t i o n of l l fC into one p r i n c i p a l 

p r o d u c t c o - c h r o m a t o g r a p h i n g with authentic a g r o c l a v i n e . 

R a d i o l a b e l l e d a g r o c l a v i n e was p u r i f i e d by recrystaJlisation 

from peitroleum ether (b.p. 100-120°C) to a constant specific 

activity (19.96 y C i mmol x ) . The purified p r o d u c t was 

stored in a covered d e s i c c a t o r . a t 4°C. 

(c) G r o w t h and p r e p a r a t i o n of p a r a s i t i c tissue 

P a r a s i t i c tissue was grown on Svalof's Fourex rye in 

open plots as d e s c r i b e d in section (2.1.1 (e)). Actively 

growing sclerotia were h a r v e s t e d , at various stages of 

d e v e l o p m e n t , f r o m inoculated e a r s . The tissue was washed 

and s e c t i o n e d ; the youngest (proximal) and o l d e s t (distal) 

3 mm of tissue was d i s c a r d e d . The remaining tissue from 

the m i d d l e of the sclerotia was briefly m a c e r a t e d in a 

S o r v a l l Omnimixer and distributed evenly to a series of 

E r l e n m e y e r flasks (250 m l ) containing glucose + 50 jjg ml 

t e t r a c y c l i n e (40 m l ) . When a s s e s s i n g the b i o s y n t h e t i c 



activity of the sclerotium of different ages the above 

p r o c e d u r e was repeated on each dissected region (the 

proximal 3 m m , the m i d d l e , and the distal 3 m m ) of the 

e r g o t s . 

(d) Incubation of fresh p a r a s i t i c tissue 

(i) with p r i m a r y and i n t e r m e d i a t e p r e c u r s o r s 

primary p r e c u r s o r s : L - [ m e t h y l - 1 t r y p t o p h a n ; 

D L - [ 2 - l l f C ] m e v a l o n a t e ; 

L - [ m e t h y l - 1 m e t h i o n i n e (supplied as 

a sterile solution from Amersham Int.) 

i n t e r m e d i a t e p r e c u r s o r s : 1 ''C-agroclavine 

l y s e r g i c acid (not r a d i o l a b e l l e d ) 

(Before a d m i n i s t r a t i o n to sclerotial p r e p a r a t i o n s purified 
1 ^ C - a g r o c l a v i n e and l y s e r g i c acid were d i s s o l v e d in 0.1M 

H2SCU and O.IM HC1 r e s p e c t i v e l y , and a d j u s t e d to pH 6.0 

with N a O H ) 

Labelled p r e c u r s o r s were introduced into their r e s p e c t i v e 

flasks with a h y p o d e r m i c syringe ( 1 ^ C - a g r o c l a v i n e and 

lysergic acid were sterilised by m i l l i p o r e f i l t r a t i o n , pore 

size 0.45 ym,on i n j e c t i o n ) . Sclerotial p r e p a r a t i o n s were 

incubated at 24°C on a rotary shaker (200 r e v . min"" 1; 10 cm 

eccentric t h r o w ) in the dark for 24h (primary p r e c u r s o r s ) 

or 48h (intermediate p r e c u r s o r s ) . B a c t e r i a l counts were made 

before addition of the label and after s u b s e q u e n t incubation 

at 24°C to assess the ability of t e t r a c y c l i n e to supress 

bacterial growth during the incubation p e r i o d . 

(ii) with primary or i n t e r m e d i a t e p r e c u r s o r s in the p r e s e n c e 

of p h o s p h a t e 

Macerated sclerotial tissue (section (c)) was incubated 

with labelled primary p r e c u r s o r , L - [ m e t h y l e n e - 1 ^ C ] -

tryptophan (4.5 yCi per f l a s k ) and the clavine i n t e r m e d i a t e 

a g r o c l a v i n e (2 mg per flask) (not r a d i o l a b e l l e d ) , in the 

presence of a series of p h o s p h a t e c o n c e n t r a t i o n s . Tissue 

and label was distributed evenly to a s e r i e s of flasks 

(250 m l ) containing 40 ml of incubation buffer (2 mM g l u c o s e , 

10 ml + 0 . 0 1 M , 0.1M or 1.0M potassium p h o s p h a t e b u f f e r , 30 

m l ) . In the control flasks distilled water was substituted 



for p h o s p h a t e b u f f e r . Tissue was i n c u b a t e d at 24°C as a b o v e . 

S c l e r o t i a l tissue was separated from the incubation fluid 

by centrifugation at 15,000rpm (27,000 g) for 15 m i n . , 

and washed to removed u n a b s o r b e d p r e c u r s o r . Tissue and 

s u p e r n a t a n t s were stored as l y o p h i l i s e d r e s i d u e s at 4°C, 

in the d a r k . 

(e) Tissue o x i d a t i o n 

Rapid d e t e r m i n a t i o n of the amounts of label p r e s e n t in 

the tissue p r i o r to e x t r a c t i o n , and r e t a i n e d in the tissue 

after solvent e x t r a c t i o n , was achieved by o x i d i s i n g a 

fraction (150 m g ) of the l y o p h i l i s e d t i s s u e , in a tissue 

oxidiser.( section 2.2.5 (a)). 

(f) Alkaloid extraction 

Basic a l k a l o i d s were extracted from l y o p h i l i s e d tissue 

by the standard e t h e r / t a r t a r i c acid p r o c e d u r e (section 2.2.1 

(c)). E x t r a c t s were combined and taken to dryness in vacuo. 

T i s s u e rendered free of bases was further extracted with 

m e t h a n o l (section 2.2.1 (c)). The m e t h a n o l was evporated 

off and the residue taken up in Q.025N HC1 before 

applying to a column of Ze'olite C225 ( H + ) cation exchange 

r e s i n . A m p h o t e r i c a l k a l o i d s were d i s s o c i a t e d from the resin 

with 5N NH4OH and l y o p h i l i s e d . All ether e x t r a c t s and 

l y o p h i l i s e d a m p h o t e r i c residues, were stored at 4°C'in the 

dark until a n a l y s e d . 

(g) Separation of 1 4 C - l a b e l l e d alkaloid c o m p o n e n t s 

(i) A m p h o t e r i c 

Amphoteric c o m p o n e n t s were separated by PLC and TLC 

by developing c h r o m a t o g r a m s twice in c h l o r o f o r m / m e t h a n o l / 

ammonia (80:20:6), a g a i n s t m a r k e r s of a u t h e n t i c tryptophan 

(TRP) and d i m e t h y l a l l y l t r y p t o p h a n (DMAT). Resolved p l a t e s , 

were a u t o r a d i o g r a p h e d for 4-7 days to l o c a t e r a d i o l a b e l . 

Indole derivatives were located by shield spraying a part 

of each p l a t e with Ehrlich's R e a g e n t . U n s p r a y e d regions 

c o r r e s p o n d i n g to DMAT were eluted with e x c e s s m e t h a n o l 

and taken to d r y n e s s . The r e s i d u e s were s u b j e c t e d to 

p r e p a r a t i v e HPLC (section 2 . 2 . 3 ) , using m e t h a n o l / w a t e r 

(5:1) and eluted fractions c o l l e c t e d . 



(ii) B a s i c a l k a l o i d s 

S e p a r a t i o n of basic a l k a l o i d s was p e r f o r m e d by PLC in 

e t h y l a c e t a t e / d i m e t h y l f o r m a m i d e / e t h a n o l (13:1.9:0.1) and 

on TLC in a less p o l a r m i x t u r e of the same solvents 

(26:2:0.1) against m a r k e r s of a u t h e n t i c a g r o c l a v i n e , 

e r g o n e t r i n e , ergosine and e r g o k r y p t i n e . Resolved p l a t e s 

were o b s e r v e d under U/V 350 nm and shield sprayed with 

Ehrlich's R e a g e n t , to t e n t a t i v e l y locate f l u o r e s c e n t indole 

a l k a l o i d s . U n s p r a y e d r e g i o n s , emitting blue fluorescence 

at 350 n m , i n d i c a t i v e of (A9-10) indole alkaloids and 

turning blue on spraying with Ehrlich's R e a g e n t , were 

further r e s o l v e d on TLC using c h l o r o f o r m / m e t h a n o l (4:1) 

a g a i n s t a u t h e n t i c l y s e r g i c acid d e r i v a t i v e s ; lysergic a c i d , 

i s o l y s e r g i c a c i d , l y s e r g i c acid amide and lysergic acid a-

hydroxy ethyl a m i d e . This gave optimum resolution of the 

p r i n c i p a l alkaloid at Rf - 0 . 5 . 

Resolved plates were a u t o r a d i o g r a p h e d for 4-7 days 

using p r e f o g g e d (Laskey & M i l l s , 1 9 7 5 ) Fuji Saftey 5 
o

 1 1 4 

X - r a y f i l m , at -70 C. The strip c o r r e s p o n d i n g to C-

alkaloid was eluted with excess m e t h a n o l , until no 

quenching of the f l u o r e s c e n t (254 nm) dye in the silica was 

seen u n d e r U/lI e x c i t a t i o n . 

(h) M e a s u r e m e n t of r a d i o a c t i v i t y 

T h e HPLC eluate containing DMAT and the isolated basic 

alkaloid were taken to dryness on p l a n c h e t t e s and counted 

in a N u c l e a r Chicago low background counter (section 

2.2.5 (c)). The counting e f f i c i e n c y and i n a c c u r a c i e s due 

to quenching were calculated using 5 yl 1 k C - n - h e x a d e c a n e 

standard spiked with 50 yg l y s e r g i c a c i d . 

(i) Mass s p e c t r o m e t r y 

A l k a l o i d s were taken up from the p l a n c h e t t e s in 

m e t h a n o l and analysed by electron impact mass s p e c t r o m e t r y 

(j. S i l t o n , Chemistry D e p a r t m e n t I . C . ) . 
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2 . 8 . 1 Incorporation of radiolabelled TR-2 into verruculoqen 

and f u m i t r e m o r q e n 8 by Penicillium raistrickii 

(a) Preparation of l t lC-TR-2 

1 1 +C-TR-2 was prepared' by catalytic hydrogenation of 
1 ^C-verruculogen by D r . K.P.L/.C. P e r e r a . 1 ** C - v e r r u c u l o g e n 

(specific activity 5.89 x 1 0 6 y C i m m o l " 1 ; 780 y g ) , 

p r e p a r e d b i o s y n t h e t i c a l l y radiolabelled from 1 1 + C - p r o l i n e 

and 2 - 1 ^ C - m e v a l o n i c acid (Day & Mantle, 1 9 8 2 ) , was 

subjected to catalytic hydrogenation in absolute ethanol 

o v e r a palladium carbon catalyst for 25 m i n . at a t m o s p h e r i c 

p r e s s u r e , a m o d i f i c a t i o n of the m e t h o d previously described 

(Perera et al1982 (a ) )J **C-TR-2 was isolated by p r e p a r a t i v e 

H P L C with a m e t h a n o l / w a t e r (5:1) solvent m i x t u r e ; eluates 

w e r e m o n i t o r e d s p e c t r o p h o t o m e t r i c a l l y by Ll/V a b s o r b a n c e at 

235 n m . Peaks occuring at a retention time of 5.5 m i n . , 

c o r r e s p o n d i n g to a u t h e n t i c T R - 2 , were collected and taken 

to dryness in vacuo. The purity of isolated toxin was 

confirmed by electron impact mass s p e c t r o m e t r y . 

(b) A d m i n i s t r a t i o n of l l fC-TR-2 to submerged cultures of 

P.raistrickii. 

Seed s t a g e m y c e l i u m was p r o d u c e d in a 5DD ml baffled 

E r l e n m e y e r flask containing 10D ml Czapek D o x / y e a s t extract 

b r o t h , pH 5.8, i n o c u l a t e d with dry conidia from a P . 

raistrickii PDA slope c u l t u r e . The seed flask was i n c u b a t e d 

at 27°C on a rotary shaker (200 r e v . min 1 ; 10 cm e c c e n t r i c 

t h r o w ) for 2 5 h . 

Production medium (100 ml^Oapek Dox b r o t h , s u p p l e m e n t e d 

w i t h yeast extract (0.5$ w / v ) ), in an unbaffled 500 ml 

E r l e n m e y e r flask was i n o c u l a t e d with a 10$ v/v transfer 

from the 25h seed stage f l a s k , and incubated as a b o v e . 

A f t e r 7h, 1 I fC-TR-2 (1.32 x 1 0 s dpm), dissolved in ethanol 

(200 y l ) and diluted with water (1.8 ml), was injected 

into the c u l t u r e . The amount of radioactivity a d m i n i s t e r e d 

to the culture was checked by counting an aliquot (100 y l ) 

of dissolved l l fC-TR-2 in aqueous s c i n t i l l a n t (toluene/ 

p h e n l y l e t h y i a m i n e / m e t h a n o l / w a t e r 4 : 3 . 3 : 2 . 2 : 0 . 5 , by volume 

and Butyl P S D , 7 g L " 1 ) in a liquid scintillation c o u n t e r . 

F c l l o u i h g incubation for a further 60h the mycelium and 



medium were separated by f i l t r a t i o n . The washed mycelium 

and culture filtrate were l y o p h i l i s e d . 

(c) M e a s u r e m e n t of isotope i n c o r p o r a t i o n 

The total radioactivity remaining in the culture 

f i l t r a t e and that i n c o r p o r a t e d into the mycelium was 

d e t e r m i n e d by tissue o x i d a t i o n . A fraction (ixo) of the 

culture f i l t r a t e , dissolved in m e t h a n o l , was impregnated 

onto t i s s u e p a p e r and oxidised along with 50 mg of 

mycelium from both control and fed flasks as described in 

section (2.2.5 (a)). The same procedure was repeated 

a f t e r e x t r a c t i o n of mycelium to d e t e r m i n e the extraction 

eff i c i e n c y . 

(d) E x t r a c t i o n of c e l l - a s s o c i a t e d i n d o l i c secondary 

m e t a b o l i t e s 

Dry mycelium was extracted first with c h l o r o f o r m / a c e t o n e 

(100 m l ) (1:1 v/v) for -24h. The solvent was decanted off 

and retained while the mycelium was r e - e x t r a c t e d with 

m e t h a n o l (100 m l ) for l h . Combined m y c e l i a l extracts were 

taken to d r y n e s s in vacuo. The dry residue was redissolved 

in m e t h a n o l (5 m l ) , and an aliquot dissolved in s c i n t i l l a n t 

(toluene, 1 l i t r e ; n a p t h a l e n e , 50 g; Butyl PBD, 6 g) was 

counted by liquid scintillation to determine its total 

r a d i o a c t i v i t y . The remaining extract was resolved by PLC 

using c h l o r o f o r m / a c e t o n e (93:7) as a developing s o l v e n t , 

a g a i n s t a u t h e n t i c v e r r u c u l o g e n , f u m i t r e m o r g e n B and T R - 2 . 

Two r e g i o n s , corresponding to verruculogen + fumitremorgen 

B (Rf 0 . 3 5 ; ratio 4:1 F i g . 13) and TR-2 (Rf 0.18) were 

t e n t a t i v e l y located by shield spraying the plate with 

50% ethanolic HaSO^ followed by heating (Day et al., 1 9 8 0 ) . 

U n s p r a y e d r e g i o n s c o r r e s p o n d i n g to the revealed m e t a b o l i t e s 

were eluted with c h l o r o f o r m / a c e t o n e (l:l) (verruculogen + 

f u m i t r e m o r g e n B ) or methanol (TR-2) and then taken to 

dryness in vacuo. The TR-2 component was further resolved 

on TLC in c h l o r o f o r m / a c e t o n e (80:20), a g a i n s t authentic 

TR-2 (Rf 0 . 2 5 ) . The resolved plate was a u t o r a d i o g r a p h e d 

to locate r a d i o a c t i v i t y . 



(e) F l u o r o m e t r i c assay for combined verruculogen + 

f u m i t r e m o r g e n B 

Q u a n t i t a t i v e d e t e r m i n a t i o n of isolated verruculogen + 

f u m i t r e m o r g e n 3 was measured by s p e c t r o f l u r i m e t r i c assay 

(Day et al.9 1980). Combined verruculogen + fumitremorgen 

B was taken up in ethanol (100 m l ) and a 1 ml volume was 

diluted in a series of t h r e e , 10-fold d i l u t i o n s . 3 ml 

a l i q u o t s of each d i l u t i o n , plus an ethanol blank (3 m l ) , 

were m i x e d with 0.2 ml of concentrated HaSOi*. Samples 

were i n c u b a t e d in P y r e x t u b e s , sealed with t e f l o n - l i n e d 

caps to p r e v e n t l o s s by e v a p o r a t i o n , at 70°C for 40 m i n . . 

All tubes were then cooled immediately to room t e m p e r a t u r e . 

The fluorescence intensity of each dilution was m e a s u r e d 

a g a i n s t a blank at the optimal excitation and emission 

w a v e l e n g t h s (370 nm and 450 nm r e s p e c t i v e l y ) in a Farrand 

F o c i S p e c t r o p h o t o m e t e r Mark I employing a X e n o n - a r c light 

s o u r c e . F l u o r e s c e n c e intensity was converted to concentration 

of verruculogen + f u m i t r e m o r g e n B (yg ml 1 assay s o l u t i o n ) 

by reference to a f l u o r e s c e n c e calibration curve of 0.1-

1.0 yg of verruculogen + fumitremorgen B m l " 1 . 

(f) HPLC 

In order to determine the incorporation of 1 1 +C-label 

i n t o each i n d i v i d u a l toxin it was necessary to separate 

and purify the two c o - c h r o m a t o g r a p h i n g c o m p o n e n t s . 

C o m b i n e d verruculogen + f u m i t r e m o r g e n B were separated 

and purified by p r e p a r a t i v e H P L C , using m e t h a n o l / w a t e r 

(5:1) and (4:1) (Eig. 1 3 ) . In the process of obtaining pure 

f u m i t r e m o r g e n B it became apparent that it was 

s p o n t a n e o u s l y , though slowly, oxidised to verruculogen 

when left in an a q u e o u s e n v i r o n m e n t (Fig. 1 4 ) . To p r e v e n t 

this occurring HPLC eluates were lyophilised immediately 

after collection and stored et 4°C,(Fig. 1 5 ) . l t +C-TR-2 

label recovered from TLC was similarly purified by HPLC 

in a (5:1) m e t h a n o l / w a t e r solvent system and taken to 

d r y n e s s . 

(g) R a d i o a c t i v i t y of purified toxins 

Half the purified verruculogen and fumitremorgen B , 

and all the TR-2 was taken up in methanol and deposited 



85. 

V 

inject 

X X 
10 15 

1 
20 

Fig. 

E l u t i o n time (min) 

13 R e s o l u t i o n of
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C - v e r r u c u l o g e n and
 1 1 +

C-
f umi t r e m o r q e n B by HPLC on UI t rasfhere-ODS , (5 y ) . 
T o x i n s eluted with M e O H / w a t e r (5:1) at a flow rate 
of 2.4 ml min 1 (column 250mm x 1 0 m m ) . 
R a t i o of 1 U C - v e r r u c u l o g e n to 1 u C - f u m i t r e m o r g e n B 
(V/FB ; 4 : 1 ) . 
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F i g . 14 HPLC extract of f u m i t r e m o r g e n B (FB) left in 
a q u e o u s solution for 6 h . R e - p u r i f i e d by HPLC 
on U l t r a s p h e r e - O D S (5 y ) (250mm x 10mm c o l u m n ) 
L i q u i d phase M e O H / w a t e r 4:1 v/v ; Flow rate 
3.0 ml m i n " 1 . 

F i g . 15 R e s o l u t i o n of f u m i t r e m o r g e n B (FB) by HPLC on 
U l t r a s p h e r e - O D S (5 y ) ; L i q u i d _ p h a s e M e O H / w a t e r 
4:1 v / v , Flow rate 3.0 ml m i n " 1 . 
** T h e f u m i t r e m o r g e n had been stored as a 

l y o p h i l i s e d r e s i d u e . 
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on p l a n c h e t t e s . Dry deposit s were counted in a Nuclear 

Chicago low background counter with reference to standard 
1 * C - n - h e x a d e c a n e . 

(h) Application of the fluorimetric assay to fumitremorgen B 

HPLC pure fumitremorgen B, isolated from control cultures 

of P . raistrickii was used to assess the p o s s i b l e application 

of the f l u o r i m e t r i c assay to fumitremorgen B a l o n e . An 

e t h a n o l i c solution of fumitremorgen B was treated with 

c o n c e n t r a t e d H 2 S O 4 , using optimal assay c o n d i t i o n s , as 

described in section (2.8.1 (e)). The f l u o r e s c e n c e 

character of the a c i d - t r e a t e d toxin was analysed in a 

F a r r a n d Foci S p e c t r o p h o t o m e t e r . The solution was scanned over 

a w a v e l e n g t h range 2DD-B7D nm to determine the wavelength 

p r o d u c i n g optimal excitation and again over the same 

w a v e l e n g t h range to determine the optimal emission w a v e l e n g t h . 

The resulting excitation and emission spectra i n d i c a t e d that 

the s p e c t r o f l u o r i m e t r i c assay could be used to determine the 

amount of purified fumitremorgen B . a l o m e . Fia 24 

2.8.2 Incorporation of l t f C - p r o l i n e into verruculoqen related 

m e t a b o l i t e s of P . simplicissimum 

L-^U- 1^CJ p r o l i n e (specific activity 105 yCi m m o l " 1 ) 

was fed to young s u b m e r g e d c u l t u r e s of P . simplicissimum. 

Seed and production flasks were set up using essentially 

the same protocol as described for P . raistrickii (section 

2.8.1 (b)), except that a 5? v/v transfer of 18h seed 

mycelium was used to inoculate production m e d i u m . Label 

(7.5 y C i ; L - [ U - 1 I + C ] proline in 2% aqueous e t h a n o l ) was fed 

to the production medium in 2 s t a g e s . 4 yCi were* fed after 

24h incubation at 27°C, followed by 3.5 yCi after 60h. 

C u l t u r e s were i n c u b a t e d for 7 days, toxin was then extracted 

from the harvested mycelium with c h l o r o f o r m / a c e t o n e (l:l) 

as described for P . raistrickii (section 2.8.1 (d)). 

Dried extracts were dissolved in chloroform and 

applied to PLC p l a t e s as a c o n t i n u o u s band using an Agla 

m i c r o m e t e r syringe attached to a Burkard a p p l i c a t o r to 

p r o d u c e a straight o r i g i n . A u t h e n t i c verruculogen + 



f u m i t r e m o r g e n 8 was spotted at the origin as a m a r k e r . 

R e s o l v e d p l a t e s (chloroform/acetone 93:7) were 

a u t o r a d i o g r a p h e d for 7 days. This revealed incorporation 

of a c t i v i t y into verruculogen + fumitremorgen B in 

a c c o r d a n c e with Day et al (1980), but also into 4,more 

polar p r o d u c t s . The plate was dissected into 3 regions A,B 

and C; region C corresponding to verruculogen + 

f u m i t r e m o r g e n 8 (Rf 0 . 3 5 ) , region B to one band (Rf 0.18) 

and region A composed of three unk'nojun products (Rf's 0.094, 

0.065 and 0 . 0 3 5 ) . M a t e r i a l was eluted (chloroform/acetone 

1 : 1 ) from the regions and taken to dryness by rotary 

e v a p o r a t i o n . Dried residues were taken up in 1000 yl of 

m e t h a n o l / w a t e r (5:1), filtered and purified by HPLC in 

m e t h a n o l / w a t e r (5:1). Authentic v e r r u c u l o g e n , 

f u m i t r e m o r g e n B and TR-2 were also run on the column as 

m a r k e r s . A l i q u o t s (200 y l ) of each dissolved residue 

were run on the column against the appropriate m a r k e r . 

S u b s e q u e n t aliquots (200 y l ) were then spiked with authentic 

v e r r u c u l o g e n , f u m i t r e m o r g e n B or TR-2 and run on the column 

to help i d e n t i f y s p e c i f i c p e a k s . Peak retention times and 

h e i g h t s were recorded on a chart recorder (Fisons). 

R e m a i n i n g extract was similarly separated and f r a c t i o n s 

c o l l e c t e d . R a d i o a c t i v i t y in each fraction was m e a s u r e d by 

d i s s o l v i n g dried column eluates in methanol (200 y l ) 

f o l l o w e d by s c i n t i l l a n t (5 m l ; t o l u e n e , 1 litre; 

naphthalene, 50 g; B u t y l PBD, 6 g) and counting in a liquid 

s c i n t i l l a t i o n c o u n t e r . HPLC traces of region-B (Rf 0.18), 

r e v e a l e d a peak with retention time corresponding to 

a u t h e n t i c T R - 2 . On spiking subsequent injection samples 

of region B with a u t h e n t i c T R - 2 , the peak tentatively 

i d e n t i f i e d as T R - 2 , increased in h e i g h t . Not enough 

p u r i f i e d toxin was recovered from the HPLC eluate to carry 

out further a n a l y s i s . 
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2.9 T o x i c i t y of ergot sclerotia 

2.9.1 A preliminary i n v e s t i g a t i o n into the effects on 

growth of young lean mice and young obese m i c e , 

resulting from the ingestion of s c l e r o t i a l tissue 

of Claviceps purpurea. 

The c o n s e q u e n c e s of ingesting sclerotia of Claviceps 

s p p . depends on a combination of f a c t o r s , the concentration 

and combination of toxic factors present in the tissue 

c o n s u m e d , the amount of tissue c o n s u m e d , and the species of 

a n i m a l which has consumed the feed (section 1 . 3 . 2 ) . The 

toxic factors can vary between the Claviceps s p p . and 

within batches of sclerotia of the same s p e c i e s . An 

e x p e r i m e n t was designed to i n v e s t i g a t e the tolerance of 

y o u n g , w e a n e d , lean and obese mice to a diet containing 

s c l e r o t i a l tissue from 2 strains of C. purpurea, one rich 

in alkaloid (29/4 [ A L K + ] ) , the other devoid of alkaloid 

(12/2 [ALK"J). The change in w e i g h t of each genotype of 

m o u s e was m o n i t o r e d throughout the 50 day experimental 

period as a reflection of their d e v e l o p m e n t , while they 

were presented with the e r g o t i s e d d i e t s . 

In p r e v i o u s studies on pigs (liihittemore et al., 1975; 

W h i t t e m o r e et al., 1977) ergot sclerotia seemed to contain 

an u n p a l a t a b l e f a c t o r , and some symptoms of ergot ingestion 

were therefore attributed to reduced feed i n t a k e , resulting 

in suboptimal g r o w t h , rather than to some directly toxic 

component of the s c l e r o t i a . To reduce the p o s s i b i l i t y of 

rejection of the diet due to u n p a l a t a b i l i t y obese mice 

were chosen for their voracious feeding h a b i t s . It was 

hoped that innated hyperphagia would cause them to eat 

an ergotised diet regardless of its p a l a t a b i l i t y . 

(a) Ergot sclerotia 

Sclerotia of C. purpurea strain 12/2 were harvested in 

1 9 7 7 and 1981 from wheat (cv.Huntsman) d e l i b e r a t e l y 

i n f e c t e d with the f u n g u s . The sclerotia were air dried and 

stored in the dark until required for the e x p e r i m e n t . 

An alkaloid assay (section 2.2.1 (a)) p e r f o r m e d on the 

t i s s u e confirmed that 12/2 sclerotial tissue was devoid 

of tetracyclic ergoline a l k a l o i d s (Corbett et al., 1 9 7 4 ) . 



Sclerotia of C . purpurea strain 29/4 were harvested from 

d e l i b e r a t e l y infected rye in 1981 and 1 9 8 2 . Alkaloid assay 

showed that the sclerotia contained alkaloid (0.27 % w / w ) . 

C h r o m a t o g r a p h i c analysis (section 2.2.2) showed that the 

major c o m p o n e n t was ergotoxin but minor a m o u n t s of e r g o s i n e , 

e r g o t a m i n e , and traces of e r g o m e t r i n e , e r g o m e t r i n i n e , 

e r g o s i n i n e , ergotaminine and ergotinine were d e t e c t e d . 

(b) S e l e c t i o n and weighing of experimental animals 

Young lean (heterozygous ob/+) and obese (homozygous 

ob/ob) mice were selected from the Imperial College c o l o n y . 

The young pups were s e p a r a t e d from their m o t h e r s just 

after weaning when they were 21-25 days o l d . The w e a n l i n g s 

were p r o v i s i o n a l l y divided into two groups according to 

their obese or lean a p p e a r e n c e , and kept in two large 

c a g e s . Obese mice could only be tentatively i d e n t i f i e d by 

a slight thickening around the n e c k . T h i s was by no m e a n s 

a foolproof method of i d e n t i f i c a t i o n and in some cases the 

mice turned out not to be o b e s e , failing to deposit f a t . 

In the ob/ob mouse excess fat begins to a c c u m u l a t e from 

a p p r o x i m a t e l y 12 days of age (Thurlby & T r a y h u r n , 1 9 7 8 ) . 

Lin et al. (l977a)found that the food intake during the 

suckling period and up to 28 days of age is no greater 

than in lean s i b l i n g s . Thus overt signs of fat deposit s 

are barely detectable until 28-35 d a y s . 

Both obese and lean w e a n l i n g s were p r e s e n t e d with an 

ad libitum control diet for the first day while they 

became a c c u s t o m e d to separation from their m o t h e r s . On the 

second day the mice within the two main groups were weighed 

then separated and placed in individual n u m b e r e d cages with 

blotting paper sheets provided as bedding m a t e r i a l . 

T h r o u g h o u t the i n v e s t i g a t i o n animals were kept at 23°C ± 1°C 

with a 12h light/l2h dark c y c l e . 

The m e a n weight of each mouse was m e a s u r e d each day 

using a S a r t o r i u s balance (Model 1213 MP, with a universal 

p r o g r a m m e r unit Model 7042) programmed to calculate the 

mean w e i g h t from 5 i n d e p e n d e n t m e a s u r e m e n t s . Thus each 

weight was a mean of 5 r e a d i n g s . Mice and food were 

weighed on this balance t h r o u g h o u t the experimental p e r i o d . 



(c) Preparation and p r e s e n t a t i o n of food 

Mouse breeder diet pellets (Beta diets N o . 3, standard 

breeder diet; B . P . N u t r i t i o n ) were m i l l e d to a fine powder 

to p r o v i d e food for all control animals and the basic 

component for the two experimental d i e t s . E x p e r i m e n t a l 

diets containing a p e r c e n t a g e of [ALK +] or [ALK~] sclerotial 

tissue were prepared by incorporating a known percentage 

of pre-milled sclerotial tissue with the breeder diet and 

remilling t o g e t h e r . By this method the sclerotial tissue 

was i n d i s t i n g u i s h a b l e from milled breeder m e a l . 

C o n t a m i n a t e d feed was prepared not more than a week before 

presentation and was stored at .4°C in the dark to maintain 

stability of the a l k a l o i d s . Food was presented to each m o u s e , 

once a day, in a petri dish l i d . The milled meal was 

m o i s t e n e d with water to m i n i m i s e scattering and to 

facilitate q u a n t i t a t i v e estimation of uneaten f o o d . Care 

was taken to remove faeces from the dishes to eliminate 

ambiguous r e s u l t s . A plentiful supply of fresh water was 

m a i n t a i n e d t h r o u g h o u t the experimental period.in drop 

b o t t l e s . For the first seven days all experimental animals 

(lean and o b e s e ) were presented with control diet, starting 

with 2 g per mouse per day, increasing to 5 g per m o u s e per 

day to maintain a steady increase in body w e i g h t . On day 8 

the two main g r o u p s , obese and l e a n , were randomly'sub-

divided into 3 groups of 6 i n d i v i d u a l l y caged a n i m a l s , one 

group was designated as the c o n t r o l , the other two were the 

experimental groups [ALK~] and [ALK +] . The number of each 

cage was recorded and the groups remained unaltered 

t h r o u g h o u t the i n v e s t i g a t i o n . E x p e r i m e n t a l diets were 

presented from day 8 onwards in the normal m a n n e r . 

E x p e r i m e n t I 

The effect of e r q o t i s e d diets* on the growth of obese mice 

Food was presented once a day to each m o u s e . The quantity 

of food p r e s e n t e d daily throughout the experimental period 

was equated with the consumption of the control diet by 

the r e s p e c t i v e obese controls..The diet was sufficient to 

ensure an increase in weight but m a i n t a i n e d a degree of 

hunger within the obese m i c e . 



C o n t r o l s were fed a diet of milled breeder p e l l e t s . 

The other groups were fed [ALK~J or [ALK +] diets at 

i n c r e a s i n g concentrations and in total amounts indicated 

in F i g . 26B (section 3 . 7 ) . The ergotised diets were 

a d m i n i s t e r e d for 19 d a y s . The animals were then given an 

ad libitum control diet which was presented in a milled 

form in the same way as the experimental d i e t s . This was 

p a r t i c u l a r l y necessary where mice from the £ A L K + ] group 

were very weak towards the end of the 19 day period and 

seemed u n a b l e to gnaw whole p e l l e t s . The weight of each 

mouse was measured d a i l y , along with the food u n e a t e n . 

E x p e r i m e n t 2 

The e f f e c t of a contaminated diet on the growth of lean 

m i c e . 

The p r o t o c o l of experiment I was repeated on lean mice 

except that during the 19 day e x p e r i m e n t a l period the initial 

5$ [ALK +] ergotised diet was barely tolerated and therefore 

had to be reduced to 3$ (Fig. 2 7 B ) . 

2.9.2 S t a t i s t i c a l a n a l y s i s 

Collated data for the mean weights of mice from each 

group were subjected to s t a t i s t i c a l a n a l y s i s . The s i g n i f i c a n c e 

of any d i f f e r e n c e between either of the two experimental 

treatment means and the control was tested by subjecting 

pairs of values from a given day to the student n t " test 

for unpaired data (Appendix III). The results are given in 

Table 13 and Table 14 (section 3 . 7 ) . Thus for a given day 

the sample mean for the obese or l e a n , [ALK ] or [ALK +] 

t r e a t m e n t s were tested for s i g n i f i c a n c e a g a i n s t the m e a n s 

of their respective genotype control m e a n . Anomalies 

occuiring in the results are possibly due to the small sample 

s i z e . 



3.RESULTS 

3.1 Growth of Tilletia caries in axenic culture 

(a) Isolation 

B a c t e r i a l , yeast and fungal contaminants could be 

e l i m i n a t e d from t e l i o s p o r e i n o c u l u m , i s o l a t e d from bunt 

balls gathered at normal harvest time, by zonal 

c e n t r i f u g a t i o n in sterile sucrose (section 2.3 (a)). The 

fungal c o n t a m i n a n t isolated was identified as Verticillium 

s p . , easily d i s t i n g u i s h a b l e from T . caries at 15°C and 22°C 

by its faster growth rate and white f i l a m e n t o u s colony 

a p p e a r a n c e . The size of T7. caries t e l i o s p o r e s separated 

by zonal c e n t r i f u g a t i o n , varied from 14-20 ym in diameter 

in a g r e e m e n t with o b s e r v a t i o n s by T r i o n e (1974). 

(b) G e r m i n a t i o n 

T e l i o s p o r e s i n c u b a t e d on s e m i - p e r m e a b l e m e m b r a n e s 

supported by 2% water agar, pH 6.5 commenced germination 

within 60-72h at 15°C. G e r m i n a t i o n was not s y n c h r o n o u s 

t h r o u g h o u t the c u l t u r e . Normal germination events o c c u n e d . 

A single p r o m y c e l i u m , 4-5 ym in d i a m e t e r , emerged and grew 

to 20-60 y m . Annular septa were clearly visible along the 

evacuated region of the p r o m y c e l i u m , proximal to the s p o r e , 

occuitiLng every 10-11 y m . The p r o m y c e l i a l tip containing 

the cytoplasm becomes shortly bifurcated and p r o d u c e s on 

average 8 filiform p r i m a r y sporidia in a w h o r l . 

D e v e l o p m e n t of primary sporidia at the distal end of the 

germ tube confirmed that the spores were sexual t e l i o s p o r e s 

not asexual c h l a m y d o s p o r e s (Holton, 1941; K e n d r i c k , 1 9 5 7 ; 

T r i o n e & M e t z g e r , 1 9 6 2 ) . 

A t t e m p t s to produce p r i m a r y sporidia in cultures grown 

on 2% water agar containing a n t i b i o t i c s f a i l e d . Instead 

promycelia continued to grow across the plate ; the 

protoplasm was confined to the first 15-20 ym of the hyphal 

t i p , the proximal portion being devoid of p r o t o p l a s m i c 

m a t e r i a l . 



(c) G r o w t h of T m caries on nutr,ient media 

A f t e r the germination phase germinated t e l i o s p o r e s of 

T. caries were aseptically transfered to m a i n t e n a n c e 

m e d i u m , Medium T B I , and incubated at 15°C or 22°C. Isolates 

(grown for 1 week at both 15°C and 22°C) appeared mainly 

as small dense beige or cream colonies (Plate l ) . However 

within a further 7 days colonies grown at different 

t e m p e r a t u r e s had d e v e l o p e d d i s t i n g u i s h i n g f e a t u r e s . 

At 15°C a few c o l o n i e s appeared to stop radial growth 

two w e e k s after transfer and instead began to produce a mass 

of black r e t i c u l a t e t e l i o s p o r e s . Mature t e l i o s p o r o g e n i c 

colonies had i r r e g u l a r margins and elevation with a black, 

waxy surface (Plate 2 ) . Only hyphae in c o n t a c t with the 

s e m i - p e r m e a b l e m e m b r a n e remained w h i t e . I m m a t u r e , sporing 

colonies were composed of a hyphal m a t r i x bearing s m o o t h , 

hyaline, bulbous swelling at the hyphal t i p s . A 

t r a n s l u c e n t area was distinct at the m a r g i n of these 

colonies c o r r e s p o n d i n g to hyaline s p o r e s , surrounding a 

central dome of hyphae bearing older p i g m e n t e d , reticulate 

teliospores (Plate 3 ) . The hyphae in both m a t u r e and 

immature t e l i o s p o r o g e n i c colonies a p p a r e n t l y only 

r e p r e s e n t e d a small fraction of the total colony m a s s . Spore 

appeared to adhere to one another w i t h o u t i n t e r c o n n e c t i n g 

h y p h a e , a feature c o n s i s t e n t with the a p p e a r e n c e of 

t e l i o s p o r e s in bunt b a l l s . 

T e l i o s p o r e s isolated from m a t u r e colonies germinated 

normally as described in section (3.1 (b)). H y a l i n e spores 

from I m m a t u r e c o l o n i e s failed to germinate on 2% water 

agar at 15°C. 

Oc c a s i o n a l l y t e l i o s p o r e s were p r o d u c e d randomly on 

the surface of older beige coloured c o l o n i e s . W h e r e a s the 

m a j o r i t y of colonies at 15°C had beige or cream convoluted 

surfaces and were irregular in margin and grew slowly 

(0.3 mm per day), some colonies were composed of two 

hyphal t y p e s . One was thick (3-4 ym in d i a m e t e r ) and highly 

tranched from beige r e g i o n s , the other was white and thinner 

(1-2 ym in d i a m e t e r ) and grew over the thicker type (Plate 

4). In contrast T. caries colonies at 22°C grew at a faster 

rate (1.4 mm per d a y ) . Convoluted cream colonies were 
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PLATE 1. Tilletia caries incubated for 7 days on 

Medium TBI at 22°C (5) and 15°C (6) 

C o l o n i e s appear mainly as small d e n s e , 

beige or cream c o l o n i e s . 

PLATE 2. T e l i o s p o r o g e n i c colonies of Tilletia caries 

Some c o l o n i e s of Tilletia caries, i n c u b a t e d 

at 15°C appeared to stop radial growth and 

produce a mass of black r e t i c u l a t e 

t e l i o s p o r e s (10). 

PLATE 3. I m m a t u r e , hyaline t e l i o s p o r e s of Tilletia 
caries. 

A t r a n s l e u c e n t area of hyaline spores was 

evident around the margin of t e l i o s p o r o g e n i c 

colonies at 15°C. 

PLATE 4. Growth of T. caries in axenic culture at 15°C. 

Two hyphal types were evident at 15°C. Older 

colonies were composed of a highly b r a n c h e d 

f o r m , 3-4 ym in diameter, which became over-

grown with finer (1-2 ym d i a m . ) , w h i t e , aerial 

h y p h a e . 
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rapidly overgrown with fine white aerial hyphae (Plate 5), 

1 - 2 ym in d i a m e t e r , c h a r a c t e r i s t i c of m o n o n u c l e a t e colonies 

(Trione, 1 9 7 4 ) . C o n c u r r e n t with the formation of aerial 

hyphae a brown, w a t e r - s o l u b l e , p i g m e n t was produced 

which diffused through the s e m i - p e r m e a b l e m e m b r a n e into 

the agar (Plate 5). C o l o n i e s producing p i g m e n t at 22°C 

were aseptically t r a n s f e r e d , . o n a s e m i - p e r m e a b l e m e m b r a n e , 

to fresh Medium TBI at 15°C. These colonies s u b s e q u e n t l y 

failed to produce p i g m e n t at 15°C. S i m i l a r l y cream colonies 

transfered from 15°C to 22°C initiated f i n e , white hyphal 

growth and concurrently produced p i g m e n t . T h e r e f o r e it 

appears that pigment production was d e p e n d e n t on t e m p e r a t u r e . 

C o n t i n u e d growth at 22°C resulted in production of thick-

walled asexual c h l a m y d o s p o r e s on the central elevations of 

colonies (Plate 6). C h l a m y d o s p o r e s were distinct from 

t e l i o s p o r e s in that they failed to p r o d u c e primary sporidia 

on germination but p r o d u c e d secondary sporidia borne on 

s t e r i g m a t a . Thus c o l o n i e s of T . caries were divided into 5 

distinct p h e n o t y p e s (Table 7). 

(d) The nuclear status of T . caries in axenic culture 

N u c l e i of p r o m y c e l i a and primary sporidia were readily 

stained by both H C l / G i e m s a p r o c e d u r e s ; 4-B. c o m p a c t nuclei 

were clearly visible in promycelia prior to p r i m a r y 

sporidia f o r m a t i o n . As filiform sporidia developed at the 

p r o m y c e l i a l tip the nuclei became p r o g r e s s i v e l y m o r e 

d i f f i c u l t to see. Single nuclei per cell were stained in 

fine (1-2 ym d i a m e t e r ) hyphae isolated from culture p l a t e s 

confirming their m o n o k a r y o t i c s t a t u s . H o w e v e r the Giemsa 

stain failed to p e n e t r a t e thick (3-4 ym d i a m e t e r ) hyphae 

and thus their nuclear status remains u n c l e a r . S i m i l a r 

results were observed for p r o m y c e l i a l and m o n o k a r y o t i c 

hyphae stained with a c r i d i n e orange., and observed by 

f l u o r e s c e n c e m i c r o s c o p y . Secondary l u n a t e basidia formed 

directly from the p r o m y c e l i a without prior primary sporidia 

p r o d u c t i o n , each p o s s e s s e d eight nuclei clearly visible as 

y e l l o w - g r e e n compact b o d i e s . 
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PLATE 5. Growth of T . caries in axenic culture at 22°C; 
c o n c u r r e n t pigment p r o d u c t i o n . 

C o v o l u t e d cream colonies became overgrown with 

f i n e , w h i t e , aerial h y p h a e , 1 - 2 ym in diameter 

c h a r a c t e r i s t i c of m o n o n u c l e a t e h y p h a e . 

C o n c u r r e n t with formation of aerial hyphae a 

brown w a t e r - s o l u b l e pigment was p r o d u c e d . 

PLATE 6. C h l a m y d o s p o r e production by T . caries at 22°C. 

Contin u e d growth at 22°C resulted in production 

of thick-walled c h l a m y d o s p o r e s on the central 

elevations of c o l o n i e s . 
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TABLE 7. Phenotypes of Tilletia caries isolated during axenic culture 

PHENOTYPE PRINCIPAL 
MORPHOLOGICAL CHARACTERS 

APPEARED AFTER INCUBATION 
AT TEMERATURE 

PLATE No 

1 CREAM 

2 CREAM/WHITE 

d e n s e , c o n v o l u t e d , irregular 
in margin and elevation 

in part as for (l), overgrown 
with fine white aerial hyphae 

15°C and 22°C 

15°C and 22°C 

3 WHITE/BLACK' 
SPORING 

t e l i o s p o r o g e n i c colonies 
composed of immature (hyaline) 
and mature (black) spores 

15 C ONLY 

4 BLACK/SPORING p r e c o c i o u s t e l i o s p o r o g e n i c 
colonies composed of mature 
(black) sexual spores 

15 0 ONLY 

5 WHITE/BROWN white colonies with irregular 
m a r g i n s producing asexual thick 
walled c h l a m y d o s p o r e s 

22°C 



3.2 6 - q l u c a n a s e activity during the early stage of ovary 

infection 

(a) 8 - g l u c a n a s e activity of extracts from healthy ovaries 

and o v a r i e s infected with Claviceps purpurea 

Healthy and infected ovary tissue of the winter wheat 

c v . H u n t s m a n , s a m p l e d at various stages after i n o c u l a t i o n , 

hydrolysed Sphacelia sorghi g l u c a n . Over the first 4 days 

B - g l u c a n a s e activity was similar and p r o m i n e n t in control 

and infected ovaries but by 7 days their activities were 

d i v e r g i n g , the greater occuicing in infected tissue (Fig. 1 6 ) . 

As both tissues grew so the glucanase activities i n c r e a s e d . 

Honeydew release commenced 8-10 days after i n o c u l a t i o n . 

The apparent temporary deceleration in glucanase activity 

after onset of honeydew exudation m i g h t be due to the fact 

that glucanase activity is leached out in the honeydew 

(Nisbet, 1975; S h a w , 1 9 7 9 ) . 

(b) B - g l u c a n a s e activity in bunt infected o v a r i e s , with 

and without Claviceps pur purea 

At anthesis (day 0) the glucanase activity of bunted 

ovary tissue is much greater than that of control ovary 

tissue (Fig. 1 7 ) . 7 days later this activity had declined 

to that of the control ovary tissue thereafter retaining 

a p p r o x i m a t e l y this a c t i v i t y . In contrast, colonisation 

of bunted ovaries by C. purpurea imposes an acceleration o f . 

glucanase activity similar to that seen when it is the sole 

ovary pathogen (Fig. 1 6 ) . T h u s where bunted ovaries are to 

be infected later with C . pur purea it seems that two peaks 

of glucanase a c t i v i t y , corresponding to the p r o m i n e n t 

p e r i o d s of mycelial g r o w t h / s p o r u l a t i o n of each p a t h o g e n , 

can be observed separated by about 2 w e e k s . 

3.3 B - q l u c a n a s e activity of Tilletia caries in axenic culture 

Growth of T . caries at 15°C and 22°C resulted in colonies 

of 5 d i s t i n c t p h e n o t y p i c lines (section 3.1 (c)), 3 of which 

were tested for their ability to hydrolyse Sphacelia sorghi 

g l u c a n . Clear evidence of glucanase activity was obtained 

for each p h e n o t y p i c line (Fig. 1 8 ) . W h e r e a s the results" 

cannot support a differentiation between the rate of 

glucanase activity in each type of tissue, the relatively 
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F i g . IB Time course of hydrolysis of S . sorghi glucan by dialysed extracts of 

T. caries tissue from axenic c u l t u r e . 

( — O ) cre a m / w h i t e colonies 22°C 

( # ) b l a c k / s p o r i n g colonies 15°C 

( — ® ) white/black sporing colonies 15°C 
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high yields of glucose during the first 40 m i n . of 

i n c u b a t i o n p a r t i c u l a r l y from the black colonies but also 

from the white/black type are consistent with p r o m i n e n t 

activity being a s s o c i a t e d with s p o r u l a t i o n . This agrees 

with the o b s e r v e d high activity in p o t e n t i a l bunt balls 

at about the time of a n t h e s i s (Fig. 1 7 ) . 

C h r o m a t o g r a p h y of the reaction p r o d u c t s during and at 

the end of the 16h i n c u b a t i o n , indicate that glucose was 

the only p r o d u c t of h y d r o l y s i s . Since no gentiobiose 

(3-1-6 l i n k e d d i s s a c h a r i d e ) was detected the extracts 

appeared to p o s s e s s 8-1-6 glucosidase activity as w e l l . 

3.4 Spatial i n t e r a c t i o n between Claviceps pur purea and 

Tilletia caries during concurrent parasitism of 

wheat ovary tissue 

Bunted w h e a t p l a n t s were identified by c h a r a c t e r i s t i c s 

p r e v i o u s l y d e s c r i b e d by Hansen (1959) after ears had 

emerged from the boot r 98-150 days after sowing in open 

g r o u n d . E m e r g e n t ears were c h a r a c t e r i s t i c a l l y bluish-

green in c o l o u r . Individual florets were more bulbous 

than their non - bunted healthy c o u n t e r p a r t s , giving the 

ear a t h i c k e r stunted a p p e a r e n c e . A n u m b e r of plants bore 

partially bunted ears composed of bunted florets towards 

the base of the ear below non-bunted o v a r i e s in terminal 

f l o r e t s . I n t e g u m e n t s of young infected o v a r i e s were bright 

green, surrounding a core of translucent and/or black 

teliospores visible on d i s s e c t i o n . Crushing the bunt ball 

released t r i m e t h y l a m i n e p r o d u c i n g the "fishy" odor 

a s s o c i a t e d with stinking s m u t . As ears developed infected 

ovaries became more swollen due to further sporulation of 

T. caries within the central region. The remaining nucellus 

layer within the ovary was eventually d i s p l a c e d , leaving 

host ovary i n t e g u m e n t s directly adjacent to t e l i o s p o r e s , 

forming a s o r u s . In p a r t i a l l y bunted seeds teliospores 

can be confined to the p a r e n c h y m a t o u s layer below the 

outer epidermis of the ovary wall (Hansen, 1959; S w i n b u r n e , 

1 9 6 0 ) . In such cases the ovule remains i n t a c t within the 
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embryo s a c . The nucellus tissue d e g e n e r a t e s to accommodate 

endosperm tissue of the developing s e e d . Rapid swelling of 

the ovary caused a n t h e r s to become trapped between the 

ovary and lemma or p a l e a , preventing a n t h e s i s . Bunted florets 

were t h e r e f o r e inoculated when control florets anthesed 

(Fig. 11 section 2 . 4 ) . 

W i t h i n 6 days of inoculation with C . purpurea white 

mycelium was seen growing superficially at the base of the 

bunt ball and upwards along the furrow region (Fig. 1 9 ) . 

Honeydew production commenced slightly earlier than in 

c o n t r o l , non-bunted ears around 7-8 days after i n o c u l a t i o n . 

In comparison with honeydew produced from florets singly 

infected with C . purpurea, honeydew r e l e a s e d from bunted 

ovaries infected with C. purpurea, a p p e a r e d dark brown 

instead of the usual virtually c o l o u r l e s s e x u d a t e . No 

t e l i o s p o r e s were evident on m i c r o s c o p i c e x a m i n a t i o n , thus 

the colour could not be attributed to t e l i o s p o r e s carried 

out with the sugary e x u d a t e . 

L o n g i t u d i n a l s e c t i o n s through the dual infected ovaries 

at 7,10,13 and 19 days after i n o c u l a t i o n , counter stained 

with m e t h y l e n e blue,were viewed by l i g h t m i c r o s c o p y . 7-10 

days a f t e r inoculation pockets of c o n i d a t i o n (PC) were 

visible within the area of sphacelial f r u c t i f i c a t i o n (Fig. 

20). S c l e r o t i a l tissue was evi'dent after 13 days, 

d i f f e r e n t i a t i n g below the "sphacelial cap" in contact with 

bunted tissue being displaced in an a c r o p e t a l d i r e c t i o n . 

3-4 weeks after inoculation C . purpurea was forming a 

typical p u r p l e ergot sclerotium though bearing an 

u n c h a r a c t e r i s t i c cap of black t e l i o s p o r e s . 

(a) Specificity of a n t i - C l a v i c e p s B - g l u c a n a s e IgG to 

Claviceps mycelia from axenic culture 

A n t i - C l a v i c e p s B - g l u c a n a s e IgG was seen to bind 

s p e c i f i c a l l y to w a l l - a s s o c i a t e d g l u c a n a s e of C . pur purea 

and C . fusiformis but not to T. caries. S p e c i f i c binding 

of the antiserum in comparison to n o n - i m m u n e serum is 

i l l u s t r a t e d in Plate 7A and Plate 7B. For mycelium stained 

with antiserum (Plate 7A) areas of c o n c e n t r a t e d fluorescence 

are seen to be a s s o c i a t e d with hyphal tips and surrounding 
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LEGEND ( F i g s 1 9 - 2 1 and P l a t e s 7 - 1 0 ) 

AS a n n u l a r septa 

C c o n i d i a 

Cm Claviceps m y c e l i a 

CP Clav iceps pur purea 

f f u r r o w 

fi f i l a m e n t 

FI F u n g a l / f u n g a l i n t e r f a c e 

g g l u m e 

hd h o n e y d e w 

H I host i n t e g u m e n t 

I Claviceps/host i n t e r f a c e 

lm l e m m a 

lo l o d i c u l e 

pa p a l e a 

PC p o c k e t of c o n i d a t i o n 

r r a c h i l l a 

5c s c l e r o t i a l t i s s u e ( C l a v i c e p s ) 

Sp s p h a c e l i a l t i s s u e ( C l a v i c e p s ) 

1 t e l i o s p o r e s 

TC Tilletia caries 

bo B u n t e d ovary 

PC p o c k e t of c o n i d a t i o n 
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F i g . 1 9 . D i a g r a m a t i c r e p r e s e n t a t i o n of a dual 
infected wheat ovary 6 days after 
i n o c u l a t i o n with C» purpurea• 

W h i t e mycelium was evident growing 

s u p e r f i c i a l l y at the base of the bunt 

ball and upwards along the f u r r o w . 
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F i g . 2 0 . D i a g r a m a t i c r e p r e s e n t a t i o n of a l o n g i t u d i n a l 
section through a dual infected o v a r y , 10 
days after inoculation with C . purpurea• 

P o c k e t s of conidation were clearly visible 

within the s p h a c e l i a l f r u c t i f i c a t i o n . The 

b u n t t e l i o s p o r e s were borne at the tip of 

the developing e r g o t . 
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developing c o n i d i a . Annular septa, =10 ym a p a r t , are clearly 

visible along the hyphae (5-6 urn in d i a m e t e r ) . Mycelium from 

the same culture stained with non-immune serum (Plate 7B) 

did not display the same intensity of f l u o r e s c e n c e . The 

p h o t o m i c r o g r a p h illustrates the faint a u t o f l u o r e s c e n c e , 

displayed by the fungal hyphae,which has been artificially 

i n t e n s i f i e d by doubling the exposure time to 8 s e c . 

A n t i - C l a v i c e p s 8 - g l u c a n a s e IgG failed to bind to hyphae 

of T . caries (Plate 70). In order to obtain any sort of 

p i c t u r e , t h e image p r o d u c e d by faint a u t o f l u o r e s c e n c e of 

T. caries hyphae had to be i n t e n s i f i e d by prolonging the 

exposure to 30 s e c . 

(b) A p p l i c a t i o n of the i m m u n o f l u o r e s c e n c e staining 

t e c h n i q u e to whole tissue binding studies 

F a i l u r e of the a n t i - 8 - g l u c a n a s e serum to cross react 

with T . caries and its relative specificity towards 8-

glucanase of C. purpurea allowed application of antiserum 

staining t e c h n i q u e s to distinguish between C . purpurea 

and T. caries p a r a s i t i s i n g the same host o v a r y . 

Owing to the h e t e r o g e n e o u s structure of bunt balls it 

proved d i f f i c u l t to section bunted ovaries during the early 

stages of infection by C . purpurea. H o w e v e r development of 

sphacelial tissue within 13 days of inoculation provided a 

m a s s of denseLy packed cells which facilitated s e c t i o n i n g . 

At this s t a g e the bunted t i s s u e , surrounded by host ovary 

i n t e g u m e n t s , was clearly separated from host rachilla by 

an i n t e r p o s e d area of developing sphacelial tissue 

displaying a bright specific i m m u n o f l u o r e s c e n c e . Localised 

areas of i n t e n s e i m m u n o f l u o r e s c e n c e appeared at the base 

of the developing sclerotium adjacent to the host-fungal 

i n t e r f a c e . S i m i l a r l y a second band of intense immuno-

f l u o r e s c e n c e was visible in the sphacelial cap tissue, 

parallel to the fungal-fungal i n t e r f a c e , at the tip of the 

developing ergot (Plate 8). The thin band of yellow auto-

f l u o r e s c e n c e is possibly host ovary integument remaining 

as the d i s p l a c e d sorus w a l l . T e l i o s p o r e s are seen packed 

within this i n t e g u m e n t . 

Further sections taken at the 19 day stage were counter-
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PLATE 7. S p e c i f i c i t y of anti-CIaviceps-(3-glucanase 
IgG to Claviceps mycelium from axenic c u l t u r e . 

A Mycelium from a 14 day shake culture of 

C. purpurea stained with Bovine IgG 

A n t i - 3 - g l u c a n a s e 

FITC 

E x p o s u r e 4 sec 

Scale bar= 20 um 

Areas of concentrated f l u o r e s c e n c e are seen 

to be associated with hyphal t i p s , s e p t a , 

and surrounding developing c o n i d i a . 

B Mycelium from a 14 day shake culture of 

C . purpurea stained with Bovine IgG 

N o n - i m m u n e serum 

FITC 

E x p o s u r e 8 sec 

Scale bar= 20 urn 

Mycelium displayed only faint a u t o f l u o r e s c e n c e 

which was accentuated by p r o l o n g i n g the exposure 

to 8 s e c . 
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PLATE 7C A n t i - C I a v i c e p s - 8 - g l u c a n a s e f a i l e d to c r o s s -

r e a c t w i t h T. caries m y c e l i u m from a x e n i c 

c u l t u r e . To a c c e n t u a t e the f a i n t a u t o -

f l u o r e s c e n c e the e x p o s u r e t i m e w a s 

p r o l o n g e d to 30 s e c . 
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PLATE 8 . L o n g i t u d i n a l s e c t i o n t h r o u g h a d u a l 
i n f e c t e d o v a r y , 19 d a y s a f t e r 
i n o c u l a t i o n w i t h C . purpurea. 

s t a i n e d w i t h B o v i n e IgG 

f\nt±-Claviceps-8-glucanase IgG 

FITC 

E x p o s u r e 1 s e c 

S c a l e b a r = 50 ym 

A b a n d of i n t e n s e f l u o r e s c e n c e w a s v i s i b l e in 

s p h a c e l i a l t i s s u e p a r a l l e l to t h e f u n g a l -

f u n g a l i n t e r f a c e . T h e thin b a n d of y e l l o w 

a u t o f l u o r e s c e n c e is p o s s i b l y h o s t o v a r y 

i n t e g u m e n t . HI 



stained with m e t h y l e n e blue in borate buffer to quench 

host a u t o f l u o r e s c e n c e (Plate 9 ) . The a p p r o x i m a t e areas of 

the sections depicted in the p h o t o m i c r o g r a p h s are 

i l l u s t r a t e d in F i g . 2 1 . A u t o f l u o r e s c e n c e of the host 

i n t e g u m e n t was q u e n c h e d , providing clear localisation of 

the band of 3 - g l u c a n a s e activity adjacent to displaced 

T. caries t i s s u e . 

(c) I m m u n o f l u o r e s c e n c e staining of C. purpurea c o n i d i o s p o r e s 

C o n i d i o s p o r e s isolated from 14 day slope cultures of 

C . purpurea and extracted from freshly collected honeydew 

from e r g o t i s e d rye, were stained using the a n t i - 3 - g l u c a n a s e 

staining p r o t o c o l . On viewing the stained p r e p a r a t i o n s 

there was a m a r k e d difference between c o n i d i o s p o r e s 

i s o l a t e d from the two s o u r c e s . C o n i d i o s p o r e s from axenic 

c u l t u r e p o s s e s s e d an intense corona of f l u o r e s c e n c e 

a s s o c i a t e d with the spore wall (Plate I D A ) . In contrast 

honeydew s p o r e s had little f l u o r e s c e n c e associated with 

the walls (Plate 1 0 B ) . Preliminary germination studies 

indicated that c o n i d i o s p o r e s from honeydew germinated earlier 

than those from axenic c u l t u r e . 

3.5 B i o s y n t h e s i s 

(a) Incubation of fresh p a r a s i t i c tissue of C. purpurea 

strain 12/2 [ALK-] with primary biosynthetic p r e c u r s o r s 

The f i r s t step of the ergot alkaloid biosynthetic 

p a t h w a y was explored by i n c u b a t i n g fresh tissue of p a r t i a l l y 

developed ergot sclerotia with r a d i o a c t i v e primary 

p r e c u r s o r s ; t r y p t o p h a n , m e t h i o n i n e and m e v a l o n i c a c i d . The 

r e s u l t s , s u m m a r i s e d in Table 8, demonstrate conclusively that 

d i m e t h y l a l l y l t r y p t o p h a n (DMAT) was biosynthesised during 

the i n c u b a t i o n p e r i o d . R a d i o l a b e l was not detected in any 

c h r o m a t o g r a p h i c region in which C . purpurea alkaloids are 

n o r m a l l y f o u n d nor was there any evidence of ergot alkaloids 

having been p r e s e n t in the tissue prior to i n c u b a t i o n . 

C o n s e q u e n t l y further fresh ergot tissue was analysed using 

TLC anc HPLC systems selecting for a m p h o t e r i c indole 

d e r i v a t i v e s ; trace amounts of DMAT were d e t e c t e d . It was 
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PLATE 9 . L . S . t h r o u g h a dual infected ovary,19 days 
after inoculation with C . purpurea. 

stained with Bovine IgG 

Pnti-Clav iceps -8-gl ucanase 

FITC 

counter stained with 0.3% w/v 
methylene blue in borate buffer 

A u t o f l u o r e s c e n c e of host i n t e g u m e n t s was quenched 

by counterstaining with m e t h y l e n e blue in borate 

buffer, this provided clear l o c a l i s a t i o n of the 

band of 8 - g l u c a n a s e activity adjacent to 

displaced T . caries t i s s u e . 
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PLATE 9. 
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F i g . 21 Diagram r e p r e s e n t i n g s e c t i o n s of dual 
infected ovaries stained with 3-1,3-
glucanase a n t i s e r u m , indicating the 
areas of the sections i l l u s t r a t e d in 
Plates 8 and 9. 
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P L A T E 1 0 . C o n i d i o s p o r e s of Claviceps pur purea s t a i n e d w i t h a n t i - B - g l u c a n a s e s e r u m . 

A C o n i d i o s p o r e s , i s o l a t e d f r o m 14 day s l o p e 

c u l t u r e of C. purpurea, p o s s e s s e d an 

i n t e n s e c o r o n a of f l u o r e s c e n c e a s s o c i a t e d 

w i t h the s p o r e w a l l . 

E x p o s u r e 4 sec 

H o n e y d e w c o n i d i o s p o r e s s h o w e d l i t t l e 

f l u o r e s c e n c e a s s o c i a t e d w i t h t h e s p o r e w a l l 

S c a l e b a r = 5 uhl 

E x p o s u r e sec 

r\j 
-O 



clear t h e r e f o r e not only that this strain of C . purpurea 

p r o d u c e s small amounts of DMAT' during p a r a s i t i c growth, 

but that its biosynthesis can be demonstrated even more 

clearly by giving radiolabelled precursors (tryptophan 

and/or m e v a l o n i c a c i d ) . Accumulation only of 1 4 C - D M A T in 

this e x p e r i m e n t demonstrated a biosynthetic block beyond 

D M A T . Since the next step in the biosynthetic pathway 

involves N - m e t h y l a t i o n of DMAT by S-adenosyl m e t h i o n i n e , 

the operation of this step was tested by incubating 

sclerotial tissue with 1 1 + C - m e t h y l m e t h i o n i n e . Co-

c h r o m a t o g r a p h y of tissue extract with authentic N-methyl 

DMAT showed no evidence of this i n t e r m e d i a t e in the tissue 

capable of producing DMAT and no radioactivity in the 

c o r r e s p o n d i n g region of the a u t o r a d i o g r a p h e d chromatograms(Fig 

T h e s e results confirmed that there was a biosynthetic 

block located at the DMAT —| N-methyl DMAT step. 

(b) Incubation of parasitic tissue with i n t e r m e d i a t e s in 

alkaloid b i o s y n t h e s i s 

The question therefore arose as to the extent to 

which s u b s e q u e n t steps in the typical ergoline biosynthetic 

pathway would function given appropriate s u b s t r a t e s which 

were known to occur further along the p a t h w a y . T h e r e f o r e 

similar p a r a s i t i c tissue was incubated with either the 

clavine a l k a l o i d intermediate a g r o c l a v i n e , specially 

prepared b i o s y n t h e t i c a l l y - r a d i o l a b e l l e d with 1 ^ C or non-

r a d i o l a b e l l e d lysergic a c i d . 1 T - a g r o c l a v i n e was taken 

up (9.1%) by the tissue from the incubation fluid (Table 8), 

and a p p r o x i m a t e l y one half of the absorbed a g r o c l a v i n e was 

detected in ergot alkaloid b a s e s . The administered label 

accounted for most of the detected alkaloid but a new 

blue f l u o r e s c e n t (350 nm) spot was evident at an Rf value 

(Rf 0.027; ethyl a c e t a t e / d i m e t h y l f o r m a m i d e / e t h a n o l 13:1.9: 

0.1) lower than that of all tripeptide ergot a l k a l o i d s . 

C o - c h r o m a t o g r a p h y in 3 solvent systems (ethyl acetate/ 

d i m e t h y l f o r m a m i d e / e t h a n o l , 1 3 : 1 . 9 : 0 . 1 ; c h l o r o f o r m / m e t h a n o l 

/ a m m o n i a , 80:20:6 ; c h l o r o f o r m / m e t h a n o l , 4:1) with authentic 

f l u o r e s c e n t (A9-10) alkaloids (section 2.7 (g)), some 

having c h r o m a t o g r a p h i c m o b i l i t y similar to the new alkaloid 

m e t a b o l i t e (lysergic acid, Rf 0.1 ; i s o l y s e r g i c a c i d , 



F i g . 22 I n c u b a t i o n of f r e s h p a r a s i t i c t i s s u e of C . 

purpurea s t r a i n 1 2 / 2 [ALK'j w i t h 1 < 4 C - m e t h y l 

m e t h i o n i n e . TLC a n a l y s i s ( c h l o r o f o r m / m e t h a n o l / 

a m m o n i a , 8 0 : 2 0 : 6 ) a n d a u t o r a d i o g r a p h y of 

a m p h o t e r i c e x t r a c t s . 

T h e r e w a s no e v i d e n c e of 1 J 4 C - N - m e t h y l D M A T ; 

< i n d i c a t e s e x p e c t e d p o s i t i o n 



TABLE 8. B i o s y n t h e t i c p r o d u c t s from i n c o r p o r a t i o n of p r e c u r s o r s or i n t e r m e d i a t e s a d m i n i s t e r e d 
to p a r a s i t i c tissue of Claviceps purpurea strain 12/2 

Dry 
weight (g) 
of ergot 
tissue 

Precursor added Specific 
activity 
of p r e c u r s o r 
(• yCi m m o l " 1 ) 

$(and a m o u n t ) of 
m e t a b o l i z a b l e 
radiolabel taken 
up and retained 
by ergot tissue 

1 T - m e t a b o l i tes 
detected by 
a u t o r a d i o g r a p h y 

1 t|C-D(YlAT 1 4 C - e r g o t 
a l k a l o i d s 

C a l c u l a t e d 
yield of 
l y s e r g i c 
acid amide 

1. 53 

1.07 

1.99 

6 . 0 8 

3.98 

L - l l f C - t r y p t o p h a n 58.2 x 1 0 3 

3 uCi 

DL-2- 1 "C-mevalonate 18 x 1 0 3 

10 uCi 

1 T - m e t h y l -
m e t h i o n i n e 5 yCi 
1 4 C - a g r o c l a v i n e 

0.57 yCi 

56.7 x 1 0 3 

19.96 

lysergic acid 2 mg 
(not r a d i o l a b e l l e d ) 

61$ (1.83 y C i ) 

7.4$ (0.74 y C i ) 

82.3$ (4.12 y C i ) 

9.1$ (0.052 y C i ) 
(lysergic 
acid amide 
4.8$ 
a g r o c l a v i n e 
9 5 . 2 $ ) 

(lysergic 
acid amide 
> 90$ ; 
not radio-
l a b e l l e d ) 

45 y g 

188 yg 



Rf 0.46 ; lysergic acid amide, Rf 0.35 ; lysergic acid 

a - h y d r o x y e t h y l a m i d e , Rf 0.43 ; c h l o r o f o r m / m e t h a n o l 4:1) 

i n d i c a t e d that it was lysergic acid amide (LA A ) . 

A u t o r a d i o g r a p h y of the chromatogram showed that the LAA 

was r a d i o l a b e l l e d (2,718 dpm, counted from half of the 

isolated L A A ) . The specific activity was assumed to be 

essentially the same as the agroclavine from which it 

must q u a n t i t a t i v e l y have been formed (specific activity 

19.96 u C i m m o l " 1 ) . Thus a yield of =£ 45 yg was c a l c u l a t e d . 

The identity of the m e t a b o l i t e was confirmed by 

electron impact mass s p e c t r o m e t r y . An important ion m/z 

267 ( m + ) (shown by all f l u o r e s c e n t (A9-10) lysergic acid 

d e r i v a t i v e s as a p r o m i n e n t f r a g m e n t ) was the ion of 

highest m a s s and the fragmentation pattern of this spectrum 

c o n f o r m e d with the mass spectrum of authentic L A A . From this 

and the c h r o m a t o g r p h i c evidence it was concluded that LAA 

had been formed from agroclavine during incubation of the 

s c l e r o t i a l tissue. In a separate experiment l y s e r g i c acid 

was also converted to LAA as the sole alkaloid p r o d u c t 

(Table 8 ) . 

(c) B i o s y n t h e t i c a b i l i t y of sclerotial tissue of different 

age 

S i n c e ergot sclerotia grow a c r o p e t a l l y , the youngest 

tissue will be found at the point of attachment with the 

host (Shaw & M a n t l e , 1980( b). Division of developing ergots 

of varying age (from two consecutive years' crops) into 

the y o u n g e s t (proximal 3 m m ) older (middle) and oldest 

(distal 3 m m ) tissue (Table 9), was designed to seek the 

region and stage at which DMAT synthesis occurred in vivo. 

DM AT was never found in the youngest (proximal 3 m m ) 

t i s s u e . The central part of the sclerotia contained DMAT 

after 3 weeks p a r a s i t i c growth in 1981 and 4i' weeks in 

1 9 8 2 , but although quantitative d e t e r m i n a t i o n s were not 

m a d e , there were only at the most trace amounts in 

relation to the normal yield of ergot alkaloids in 

typical C . purpurea sclerotia (0.2-0.4?). DMAT was not 

found in the distal part of the s c l e r o t i a , this region 

being composed largely of the shrivelled remains of the 

sphacelial f r u c t i f i c a t i o n . 



TABLE 9. Regional d i s t r i b u t i o n of d i m e t h y l a l l y l t r y p t o p h a n 

(DMAT) in C . purpurea sclerotia of d i f f e r e n t ages 

DMAT D E T E C T E D 

D a y s a f t e r Region of s c l e r o t i a l tissue 

P r o x i m a l 3 mm Middle D i s t a l 3 mm 
1 9 8 1 / 1 9 8 2 1981 1982 1 9 8 1 / 1 9 8 2 

20 - NT 

23 + NT 

26 + NT 

27 NT -

29 NT -

31 NT -

32 + NT 

35 + + + + 
40 + + 

NT = not tested 

(d) I n c u b a t i o n of fresh p a r a s i t i c tissue of C . purpurea 

strain 12/2 Calk"] with p r i m a r y or i n t e r m e d i a t e 

p r e c u r s o r s of ergot a l k a l o i d s in the p r e s e n c e of 

added p h o s p h a t e 

F r e s h sclerotial tissue known to b i o s y n t h e s i s e b o t h 

DMAT from e x o g e n o u s l y supplied tryptophan and LAA from 

a d m i n i s t e r e d a g r o c l a v i n e , was i n c u b a t e d with p h o s p h a t e 

b u f f e r , of various c o n c e n t r a t i o n (0.01M, 0 . 1 M , 1 M ) , to 

i n v e s t i g a t e the i n f l u e n c e of p h o s p h a t e on these two 

s e c t i o n s of the a l k a l o i d b i o s y n t h e t i c p a t h w a y . Auto-

r a d i o g r a p h y (Fig . 23 ) of the resolved a l k a l o i d 

e x t r a c t s from each incubation with 1 ̂ C - t r yptophan at 

d i f f e r e n t p h o s p h a t e c o n c e n t r a t i o n s y r e v e a l e d that only 

high (molar) p h o s p h a t e i n h i b i t e d DMAT s y n t h e s i s , 

a l t h o u g h the same c o n c e n t r a t i o n did not affect the 

c o n v e r s i o n of a g r o c l a v i n e to LAA in h o m o l o g o u s tissue 

(Table 1 0 ) . 
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Fig. 23 Incubation of fresh parasitic tissue of C. purpurea strain 12/2 [ALK-] with 

14C-tryptophan in the presence of O.OIM, O.IM and 1.0M phosphate. TLC analysis 

(chloroform/meth a nol/ammonia, 80 : 20 : 6) and autoradiography of amphoteric extracts . 
f----' 
eN 
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TABLE 1 0 . Effect of phosphate concentration in the 
incubate on C. purpurea m e t a b o l i s m of p r e c u r s o r s 
to p r o d u c t s in the ergot alkaloid b i o s y n t h e t i c 
pathway 

Dry Molar Precursor added Specific 
w e i g h t ( g ) concentration activity of 
of ergot of p h o s p h a t e p r e c u r s o r 
t i s s u e buffer (yCi m m o l " 1 ) 

1 . 85 0 L - l l f C - t r y p t o p h a n ( 4 . 5yCi) 54. 68x 1 0 3 

2. 32 0. 01 L - l l f C - t r y p t o p h a n ( 4 . 5yCi) 54. 68x 1 0 3 

2. 11 0. 1 L - l l + C - t r y p t o p h a n ( 4 . 5yCi) 54. 68x 1 0 3 

2 . 36 1. 0 L - 1 ^ C - t r y p t o p h a n ( 4 . 5yCi) 54. 68x 1 0 3 

3. 50 0 a g r o c l a v i n e (2 m g ) -

3. 20 0. 01 a g r o c l a v i n e (2 m g ) -

3. 36 0. 1 a g r o c l a v i n e (2 m g ) -

3. 55 1 . 0 a g r o c l a v i n e (2 mg) -



$(and a m o u n t ) of 
radiolabel taken 
up and retained 
by ergot tissue 

principal anabolic 
products in 
alkaloid 
b i o s y n t h e s i s 

Conversion of 
precursor to 
product {%) 

28.59 (l.29uCi) 

21.26 (•.96yCi) 

26.58 (l.20yCi) 

43.95 (l.98yCi) 

R C - D M A T (13, 566 dpm) 

R C - D M A T (42,147 dpm) 

l # 

0.14 

0.43 

0.24 C-DMAT (23,465 dpm) 

none 

lysergic acid a m i d e ( l 2 8 y g ) 0.06 

lysergic acid a m i d e ( l O O y g ) 0.05 

lysergic acid a m i d e ( l 5 2 y g ) 0.07 

lysergic acid a m i d e ( 8 0 y g ) 0.04 
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3.6.1 Incorporation of r a d i o l a b e l l e d l t fC-TR-2 into 

verruculoqen and f u m i t r e m o r q e n B by P . raistrickii 

T i s s u e oxidation of culture filtrate and mycelium 

from a submerged culture of P . raistrickii fed with 
1 ^ C - T R - 2 showed that 48.7% of the a d m i n i s t e r e d 

r a d i o a c t i v i y remained in the culture f i l t r a t e , the 

remaining half (50.8% c a l c u l a t e d from a subsequent 

o x i d a t i o n test) was taken up by the fungus during the 60h 

incubation p e r i o d . PLC of the mycelial extract revealed a 

p r i n c i p a l band, c o - c h r o m a t o g r a p h i n g with authentic 

v e r r u c u l o g e n + fumitremorgen B , at Rf 0 . 3 5 . S u b s e q u e n t l y 

the total weight (8.5 m g ) of material eluted from this 

band was determined by s p e c t r o f l u o r i m e t r i c a s s a y . A more 

polar substance was also visible on the resolved plate at 

Rf 0.18, corresponding to T R - 2 . A u t o r a d i o g r a p h y of the 

p l a t e showed regions of r a d i o a c t i v i t y corresponding to the 

v e r r u c u l o g e n and TR-2 b a n d s . To determine the amount of 

i n c o r p o r a t i o n into each 1 ^ C - l a b e l l e d p r o d u c t , m e t a b o l i t e s 

were further isolated and p u r i f i e d by H P L C . Purification 

of the more polar band gave l l f C - T R - 2 , having an activity 

of 3.2 x 1 0 3 dpm (equivalent to 2.4% of the TR-2 fed, 

p r e s u m a b l y u n m e t a b o l i s e d ) . Preparative HPLC of the 

p r i n c i p a l band resolved two p r o d u c t s verruculogen and 

f u m i t r e m o r g e n B, p r e s e n t in a ratio of 4 : l ( F i g . 13 

section 2.8.1 (d)). H P L C - p u r e material of each toxin was 

found to be clearly r a d i o l a b e l l e d . Application of the 

s p e c t r o f l u o r i m e t r i c assay allowed q u a n t i t a t i v e 

determination of verruculogen and fumitremorgen B 

separately (Table 1 1 ) . The efficiency of the HPLC step 

was found to be 70% for verruculogen and 48% for 

f u m i t r e m o r g e n B calculated from the results of the assay 

of the separate p r o d u c t s , and of combined verruculogen 

+ fumitremorgen B eluted from P L C . In spite of the 

i n e v i t a b l e losses of products during purification the 

r a d i o a c t i v i t y m e a s u r e d in v e r r u c u l o g e n , by low back-

ground c o u n t i n g , corresponded to 27% of the l l fC-TR-2 

taken up by the m y c e l i u m . T h i s could be increased to 

an estimated 35% when taking into account losses due to 

p u r i f i c a t i o n . The results summarised in Table 11 show 



TABLE 1 1 . Incorporation of l l fC-TR-2 into verruculogen 
and f. umitremorgen B by Penicillium raistrickii 

A m o u n t of 1 4 C - T R - 2 fed 

Mycelial dry w e i g h t after incubation 
with labelled p r e c u r s o r s for 60h 

R a d i o a c t i v i t y remaining in culture 
filtrate 

R a d i o a c t i v i t y remaining in mycelium 
after solvent extraction 

R a d i o a c t i v i t y in combined m y c e l i a l 
extracts 

Total verruculogen and 
fumitremorgen B recovered 
after PLC 

A m o u n t of H P L C - p u r i f i e d 
verruculogen 

A m o u n t of H P L C - p u r i f i e d 
fumitremorgen B 

E f f i c i e n c y of i n c o r p o r a t i o n of the 
1 4 C - T R - 2 taken up by the mycelium into 
purified verruculogen and 
fumitremorgen B (combined) 

1.32 x 1 0 s dpm 
(-50 y g ) 

1.1 g 

6.4 x 10" dpm 
(48.7$ of 
activity fed) 

2.1 x 1 0 3 dpm 
(1.5$ of 
activity fed) 

6.7 x 10" dpm 
(50.8$ of 
activity fed) 

8.5 mg 

5.2 mg 
(1.8 x 10" dpm) 

0. 8 mg 
(1.6 x 1 0 3 dpm) 

29.9$ 



the extent of isotope incorporation into verruculogen 

and fumitremorgen B . 

3.6.2 Application of the f l u o r i m e t r i c assay to 

fumitremorqen B . 

The resulting excitation and emission spectra for 

a c i d - t r e a t e d fumitremorgen B indicated an optimal 

excitation w a v e l e n g t h , 3 7 0 n m , p r o d u c i n g optimal f l u o r e s c e n c e 

emission at 450 n m , identical to v e r r u c u l o g e n (Fig. 24). 

The f l u o r e s c e n c e intensity of the s t r u c t u a l l y related 

m e t a b o l i t e was equal to that p r o d u c e d by pure acid-

treated verruculogen on an equimolar b a s i s . 

3.6.3 B i o s y n t h e t i c a l l y - r a d i o l a b e l l e d , v e r r u c u l o q e n -

related m e t a b o l i t e s of P . simplicissimum 

A u t o r a d i o g r a p h y of PLC resolved m e t a b o l i t e s extracted 

from P . simplicissimum fed with l i f C - p r o l i n e (section 2.8.2) 

revealed that the label was not only i n c o r p o r a t e d into 

verruculogen but also into 4,more polar p r o d u c t s . The 

amount of label i n c o r p o r a t e d into the i s o l a t e d p r o d u c t s 

is shown in Table 1 2 . The identity of one 1 4 C - l a b e l l e d 

p r o d u c t with a c h r o m a t o g r a p h i c m o b i l i t y (Rf 0.18 in 

c h l o r o f o r m / m e t h a n o l 9 3 : 7 ) c o r r e s p o n d i n g to that of authentic 

T R - 2 , and having similar f l u o r e s c e n c e c h a r a c t e r i s t i c s , was 

shown also by c o - c h r o m a t o g r a p h y using HPLC to be t R - 2 ; the 

m e t a b o l i t e (retention time 5.5 m i n . ; m e t h a n o l / w a t e r 3:1, 

solvent flow rate 2.5 ml m i n " 1 ) when spiked with authentic 

TR-2 showed increased peak h e i g h t . The small amounts of 

material precluded further a n a l y s i s . 

It is concluded that there is strong evidence to 

suggest that TR-2 is a normal minor m e t a b o l i t e of P . 

simplicissimum and that further e x p l o r a t i o n of the trace 

amounts of other m e t a b o l i t e s m i g h t reveal otherwise 

u n r e c o g n i s e d i n t e r m e d i a t e s of verruculogen b i o s y n t h e s i s . 
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TABLE 1 2 . Incorporation o f 1 4 C - p r o l i n e into verruculogen 
and related m e t a b o l i t e s produced by 
Penicillium simplicissimum 

A m o u n t of l i f C - p r o l i n e fed 

R a d i o a c t i v i t y detected in HPLC-
p u r i f i e d verruculogen (Rf 0 . 3 5 ) 

R a d i o a c t i v i t y detected in HPLC-
p u r i f i e d TR-2 (Rf 0.18) 

R a d i o a c t i v i t y detected in 
u n i d e n t i f i e d p r o d u c t s 

(Rf 0 . 0 9 5 ) 
(Rf 0 . 0 6 5 ) combined 
(Rf 0 . 0 3 5 ) 

1.65 x 1 0 7 

( - 8 y g ) 
dpm 

11,896 dpm 
(0.07? of 
activity fed) 

7, 792 dpm 
(0.05? of 
activity fed) 

5,966 dpm 
(0.04? of 
activity fed) 



3.7 T o x i c i t y 

E x p e r i m e n t I 

The effect of erqotised diets on the growth of young obese 

mice 

The growth curves for all 3 obese groups , c o n t r o l , 

[ALK~] and [ALK +] are shown in F i g . 25A and F i g . 25B 

i n d i c a t e s the amount of meal (g) presented per day and 

the p e r c e n t a g e of sclerotial tissue contaminating the 

meal for the experimental d i e t s . The results indicate 

that it was possible to increase to 10$ the proportion 

of a l k a l o i d - f r e e ergot within 11 days of commencing the 

[ALK ] d i e t , without any apparent adverse effect on the 

a n i m a l s . At the 10$ level the mice were consuming daily 

550 mg of ergot and this did not appear to affect their 

a p p e t i t e . C o n s e q u e n t l y up to 20 days there appears to be 

no s i g n i f i c a n t d i f f e r e n c e (P< 0.02 Table 13) between the 

weights of control and QaLK~J animals and this situation 

held up to and including 26 days in spite of further 

increase in the ergot component to 12 per c e n t . T r a n s f e r 

to an ad libitum control diet on day 27, resulted in a 

more s i g n i f i c a n t deviation in growth rate of controls 

and fALK ] . T h i s is an i n e v i t a b l e consequence of the 

slightly l a r g e r control animals exploiting an ad libitum 

diet but this temporary d i f f e r e n c e between the two groups 

was quickly eliminated t h e r e a f t e r . 

In c o n t r a s t within 3 days of presenting a diet 

containing 5$ [ALK +] ergot to obese mice there was a 

s i g n i f i c a n t decrease in their growth rate compared to 

the c o n t r o l s . The significance was increased to a level 

of P< 0.0001 by day 19 (Table 13).At this stage the amount 

of fungal tissue consumed by each mouse was 385 mg per day 

(= - 1.04 mg a l k a l o i d ) and the mice appeared n e r v o u s , 

hyperactive and drank more water that either controls or 

[ALK"] g r o u p s . Five days (day 21) after increasing the 

[ALK +] diet to 7 per cent w/w the first death o c c u r e d . 

The m o u s e weighed 12.1 g at d e a t h . It had lost weight 

during the 2 days before death. It was anorexic and had 

dull eyes, some loss of hair and displayed p r o m i n e n t 

arching of the spine. Death appeared to be the consequence 
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F i g . 25 A and B 

A G r o w t h c u r v e s for the 3 g r o u p s of o b e s e ( o b / o b ) m i c e o v e r the 50 day 
e x p e r i m e n t a l p e r i o d 

n i n d i c a t e s death of m i c e 

B A m o u n t of food p r e s e n t e d p e r day and the p e r c e n t a g e of s c l e r o t i a l t i s s u e 

ALK 

A L K + 

CONTROL 
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141. 



F i g . 26 A and • 

A G r o w t h c u r v e s for the 3 g r o u p s of lean (ob/+) m i c e o v e r the 50 day 
e x p e r i m e n t a l p e r i o d 

M i n d i c a t e s death of m i c e 

B A m o u n t of food p r e s e n t e d p e r day and the p e r c e n t a g e of s c l e r o t i a l t i s s u e 

4 -

ALK 

C O N T R O L 

ALK 
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TABLE 1 3 . S t a t i s t i c a l a n a l y s i s ; Comparison between sample 
means for obese (ob/ob) mice 

CONTROL v [ALK +] 

Day d.f. t s.e signi fi cance 

9 6 1. 556 .1707 n. s. 

10 7 2. 769 .0277 n. s. 

11 8 2. 826 .0223 n. s. 

12 9 2.887 .0180 

16 8 3. 832 .0050 N A 

19 8. 7.810 .0001 A A A A 

20 8 7.100 .0001 A A A a 

23 4 11.615 .0003 N A A A 

24 5 12.282 .0001 A A A N 

25 5 1 3 . 721 .0000 A A A A 

26 4 12.652 .0002 A A A N 

27 5 1 3 . 721 .003 N A % 

30 3 6. 558 .0072 A A A 

31 3 6. 425 .0076 A A A 

32 3 6.258 .0082 A A A 

33 4 5.541 .0052 A A A 

34 4 5.206 .0065 A A A 

37 3 5. 390 .0125 A A 

44 3 5.181 .0140 A A 

50 ' 3 4. 348 .0225 a 

d.f degrees of freedom 
t c a l c u l a t e d value 
s.e s t a n d a r d error 

n.s.= not significant 
0.02= 98% * 
0.01= 99% ** 

0.002= 99.8% *** 
0.0001=<99.8% **** 



TABLE 1 3 . S t a t i s t i c a l a n a l y s i s ; Comparison between 
c o n t d . sample m e a n s for o b e s e ( o b / o b ) m i c e 

CONTROL v r A L K ~ ] 

Day d.f. t s. e. s i g n i f i c a n c e 

9 4 -2.474 .0686 n. s. 

ID 7 1 . 1 9 5 .2712 n. s. 

11 7 - .298 . 7747 n. s. 

12 7 - .659 . 5250 n. s. 

16 8 1.390 .2019 n. s. 

19 6 3.075 .0218 n. s. 

20 8 1.919 .0913 n . s. 

23 8 3.106 .0145 x 

24 5 1.042 .3450 n. s. 

25 7 3.240 .0143 x X 

26 6 2 . 717 .0348 n. s. 

30 8 3. 704 .0060 X X 

31 8 4. 657 .0016 X X X 

32 8 4.372 .0024 X X 

33 6 3.454 .0136 

37 7 3. 414 .0112 

44 5 2. 982 .0307 n. s. 

50 5 3. 046 . 0286 n. s 



of e x t e n s i v e internal h a e m o r r h a g e . Two more mice died 

within 3 days (day 23). These mice weighed 11.7 g and 

11.8 g at death and showed similar symptoms to the first 

dead m o u s e . One of the mice had a necrotic ring near 

the tip of the tail, a feature of classic peripheral 

g a n g r e n o u s e r g o t i s m . At the end of the 50 day period 

control m i c e had attained weights of 50-65 g. These were 

closely p a r a l l e l e d by the [ALK~J group having weights of 

45-55 q. H o w e v e r by day 50 the survivors of the [ALK +J 

group were only just beginning to approach control w e i g h t s . 

E x p e r i m e n t 2 

T h e effect of erqotised diets on the growth of young lean 

mice 

The growth curves in F i g . 26A show clearly that the 

growth of lean mice,fed a diet containing [ALK ] ergot, 

coincided closely with that of the control group. 

T h r o u g h o u t the experimental period there was no significant 

d i f f e r e n c e (P< 0.02 ; Table 1 4 ) between the weight of control 

and [ALK J m i c e . T h e s e mice tolerated a diet containing up 

-co 12% of [ALK~] ergot (660 m g ) , w i t h o u t any apparent e f f e c t . 

T h e i r b e h a v i o u r did not differ from the control a n i m a l s . 

Lean i n d i v i d u a l s given [ALK J diet seemed to find it 

u n p a l a t a b l e at f i r s t . These mice failed to gain weight on 

a 5 per c e n t w/w [ALK ] diet. Their behaviour was erratic; 

sometimes they were hyperactive and at other l i s t l e s s . 

Mice i n g e s t i n g [ALK ] ergot drank more water than those 

fed control diet. Although the mice consumed 80-90% of their 

food they failed to put on w e i g h t . On day 19 the percentage 

of ergot was reduced to 3%, hopefully to allow for a weight 

gain. This had little effect; by 23 days the mice 

appeared anorexic having a mean weight of 11.5 ± 1.5 g in 

comparison to control weights of 15.5 ± 3 g. By the time 

the toxic diet was reduced to 3% ergot there was already 

a s i g n i f i c a n t d i f f e r e n c e (P< 0 . 0 0 0 1 ) between [ALK +] and 

c o n t r o l s . D e a t h s occurred on days 24 and 31. The second 

death occurred after 3 days on ad libitum diet, evidently 

the damage incurred by prolonged ingestion of [A L K ] ergot 

uas i r r e v e r s i b l e . After 50 days lean control and [ALK~J 

r,ic= reached weights between 28-38 g, just over half the 
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TABLE 1 4 . Statistical a n a l y s i s ; Comparison between sample 
m e a n s for lean (ob/+) mice 

CONTROL v [ALK +] 

Day d.f t s.e s i g n i f i c a n c e 

9 9 4.434 .0016 * 

10 9 3. 688 .050 n. s. 

11 9 4.721 .011 ft 

12 9 6.070 .0002 ft ft ft ft 

15 6 3.312 .0162 ft 

15 8 3.343 .0102 ft 

19 7 3.208 .0149 ft 

20 9 10.356 .0000 ft ft- ft ft 

23 8 11.869 .0000 ft ft ft ft 

24 ' 8 10.624 .0000 ft- ft ft ft 

25 6 10.698 .0000 ft ft ft ft 

26 7 13.351 .0000 ft- ft ft ft 

27 8 11.184 .0000 ft ft ft ft 

30 7 8.741 .0001 ' 

31 5 7. 778 .0006 ft ft- ft ft 

32 4 6.350 .0032 ft- ft 

33 5 6.240 .0015 ft ft 

37 3 3.400 .0424 n. s. 

44 5 5.150 .036 n. s. 

50 6 6.561 .0006 ft- ft- ft ft-



TABLE 1 4 . Statistical a n a l y s i s ; Comparisom between 
c o n t d . m e a n s for lean (ob/+) mice 

CONTROL v [ALK~] 

Day d.f. t s.e s i g n i f i c a n c e 

9 6 .040 .9692 n. s. 

10 8 . 436 . 6746 n . s. 

11 9 .062 .9522 n. s. 

12 9 .490 . 6360 n. s 

16 8 1.055 .3221 n. s. 

19 9 -.914 . 3845 n . s. 

20 9 1.021 . 3337 n . s. 

23 8 2.228 .0565 n. s. 

24 9 1.909 .0886 n . s. 

25 9 2.549 .0313 n. s. 

26 8 2.876 .0206 n . s. 

30 9 2.263 . 0499 n. s. 

31 9 2.462 .0361 n . s. 

32 9 3.878 .0370 n. s. 

33 9 1.993 .0774 n . s. 

37 8 2. 674 .0282 n. s. 

44 9 2.604 .0760 n . s. 

50 9 2.843 .0193 a 



w e i g h t of the genetically obese counterparts in experiment I. 

It was noticeable (Table 15 A and B ) towards the end 

of the experimental diet period for both lean and obese 

[ALK'] groups that i n d i v i d u a l s fluctuated in their food 

i n t a k e , one day they would eat most of the ergotised diet 

and the next day rejected much more of i t . 



1 4 9 . 

TABLE 1 5 . FOOD INTAKE 

A. LEAN MICE B . OBESE MICE 

DAY D 
FL eaten % eaten 

control ALK" A L K + 
control ALK" ALK 

1 100 100 100 100 100 100 
2 100 100 100 100 100 100 
3 100 100 100 100 10 0 100 
4 100 100 100 100 100 100 
5 100 100 100 100 100 100 
6 100 100 100 100 100 100 
7 100 100 100 100 100 100 
8+ 100 100 100 100 100 100 
9 100 100 100 100 100 100 
10 98.3 92.5 84.5 100 97.7 86.2 
11 99.0 95.0 94.0 100 96.2 96.7 
12 91. 2 100 98.4 100 100 97.0 
1 3 86. 4 100 79.3 100 100 86.4 
14 100 84.0 82.4 100 88.4 84.2 
1 5 100 94.2 87.6 100 97.5 89.3 
16 100 82. 6 93.8 100 98. 6 89.1 
1 7 88. 5 9 5 . 3 . 88.7 100 100 9 0 . 6 
IB 100 97.5 87.6 100 99. 6 85.8 
19 79.0 97.5 80.9 100 100 88. 4 
20 100 100 90.0 100 100 76.9 
21 100 98. 6 84.9 100 100 8 2 . 6 
22 100 92.9 82.9 100 100 84.0 
23 100 100 83.9 100 99. 5 78.4 
24 100 99.0 90.4 100 98.4 85.1 
25 100 100 78.6 100 85.1 92. 7 
26 100 98.2 86.8 100 97.8 92.0 

t i n d i c a t e s the day on which the experimental diets 
were first a d m i n i s t e r e d 



4 . DISCUSSION 

4.1 B - g l u c a n a s e activity of Tilletia caries 

Increase in 3 - g l u c a n a s e a c t i v i t y during the development 

of C . purpurea in w h e a t ovary tissue has been described by 

Shaw (1979). In contrast 3 - g l u c a n a s e activity in bunted 

ovary tissue was higher than controls at anthesis but 

t h e r e a f t e r declined to control levels within a w e e k . It was 

also evident that 3 - g l u c a n a s e activity was higher in 

sporulating mycelium than in vegetative mycelium of T . caries 

from axenic c u l t u r e . These results suggest that 3 - g l u c a n a s e 

activity in T . caries is closely associated with the process 

of t e l i o s p o r o g e n e s i s . Similar hydrolytic enzyme activity 

was detected during sporulation of Ustilago sclaminea in 

sugar cane (Trione, 1980),but a role for 3 - g l u c a n a s e in 

teliospore formation has not been p r o v e d . 

T h e teliospore wall consists of three major l a y e r s . 

T h e i n n e r is a sheath which is composed primarily of pectic 

material which i n c o r p o r a t e s h e m i c e l l u l o s e , including callose 

(3-1-3 g l u c a n ) , and l i p i d s . The next layer is the reticulum 

containing pectic m a t e r i a l s , h e m i c e l l u l o s e s , p r o t e i n , melanin 

pigments and l i p i d . T h e outer coat or endospore layer is 

m a i n l y chitinous but includes h e m i c e l l u l o s e s (Graham, 1 9 6 0 ) . 

R e t i c u l a r patterns are c h a r a c t e r i s t i c of t e l i o s p o r e s of T . 

caries , and their initials are evident early on in the spore 

d e v e l o p m e n t as i n d e n t a t i o n s in the cell wall. In the 

reticulated r e g i o n s , irregular areas of cell m e m b r a n e are 

e v i d e n t which s u g g e s t that m a t e r i a l s are being deposited 

through the membrane more rapidly at these sites (liieber 4 

H e s s , 1 9 7 4 ) . It may be that it is during this period of 

rapid deposition of material that 3 - g l u c a n a s e ( s ) play an 

active role in p l a s t i c i s i n g the cell w a l l . A l t e r n a t i v e l y 

3 - g l u c a n a s e s may play a role during germination and thus 

there is need to p a c k a g e endogenous supplies of enzyme 

within the spore u a i i 

T . caries spores do not require an exogenous supply of 

nutrients during g e r m i n a t i o n , thus energy and biosynthetic 

p r e c u r s o r s are supplied by m o b i l i s a t i o n of reserves within 

the spore cytoplasm for promycelial d e v e l o p m e n t . 



Such a mechanism is employed by Phytophthora s p p . , 

w h i c h contain 6-glucan as a m a j o r reserve carbohydrate 

in the spore cytoplasm (Zevenhuizen & Bartnickii - G a r c i a , 

1 9 7 0 ; liiang & B a r t n i c k i - G a r c i a , 1 9 8 2 ) . During vegetative 

d e v e l o p m e n t large reserves of 3-glucan are synthesised 

which are carried over to the s p o r a n g i u m . On germination 

endogenous B - g l u c a n a s e activity m o b i l i s e s the reserves 

( M e n y o n g a & T s a o , 1 9 6 6 ) . 

D i s s o l u t i o n of the spore wall and germ tube growth 

a p p e a r to occur at the same time in activated spores of 

T. caries (liieber & H e s s , 1 9 7 4 ) . Signs of new wall 

formation o c c u r at the apex of the developing germ tube, 

shortly after germination has been i n i t i a t e d . Cytoplasmic 

vesicles arrange themselves at the tip of the developing 

h y p h a e in a m a n n e r similar to that described by Grove & 

B r a c k e r (1970) for other f u n g i . The germination of a 

s p o r a n g i o s p o r e of Mucor rouxii is an example of a 2 stage 

germination process common in fungal spores including 

t h o s e of Tilletia (Bartnicki-Garcia et al., 1 9 6 8 ) . Prior 

to germ tube e m e r g e n c e the ellipsoidal spore u n d e r g o e s 

an initial growth phase where the spore becomes a germ 

s p h e r e , this is not only a " s w e l l i n g " process but a period 

of active wall d e p o s i t i o n . In the second stage the germ 

sphere p r o d u c e s germ tubes. 

A l t h o u g h there is no critical kinetic information on 

the p r o d u c t i o n of the w a l l - s y n t h e s i s i n g enzymes during 

spore germination of M . rouxii, the finding that germinating 

s p o r e s grow and synthesise glucosamine p o l y m e r s 

e x p o n e n t i a l l y indicates that cell-wall synthesising enzymes 

m u s t be p r o d u c e d in a parallel exponential fashion during 

g e r m i n a t i o n . An initial supply of wall synthesising enzymes, 

if p r e s e n t , might i n i t i a t e the development of the germ 

sphere but might not sustain the exponential rate of wall 

formation in the emerging p r o m y c e l i u m . Inhibitors of protein 

s y n t h e s i s can block s p o r a n g i o s p o r e germination completely 

(Orlowski & S y p h e r d , 1978). Thus although de novo protein 

s y n t h e s i s may not be necessary at the very early stages of 

p r o m y c e l i a l development in T. caries when p r o m y c e l i a l wall 

formation occurs beneath the confines of the spore wall, 

initiation of de novo protein synthesis may be required 



to keep up u/ith the exponential growth of the promycelium 

once it has emerged from the t e l i o s p o r e . 

In the p r e s e n t studies Tilletia m y c e l i u m , p o s s e s s i n g 

(3-glucanase a c t i v i t y , failed to cross react with anti-

Claviceps-&-glucanase, suggesting a p h y l o g e n e t i c difference 

between the structures of the (3-glucanases in these two 

f u n g i . T h i s failure to cross react has provided the basis 

for the use of a n t i - C l a v i c e p s - B - g l u c a n a s e serum in the 

i m m u n o f l u o r e s c e n c e investigation of the interaction 

between C . purpurea and T. caries in wheat ovary t i s s u e . 

4.2 I n t e r a c t i o n between Claviceps purpurea and Tilletia 

caries in wheat ovary tissue 

The p r e s e n c e of T. caries in wheat ovary tissue did 

not p r e v e n t further infection by Claviceps purpurea strain 

1 2 / 2 . D u r i n g the development of bunted ovaries the host 

stigma s h r i v e l s , therefore eliminating an established 

route of entry for C . purpurea (Shaw & M a n t l e , 1 9 8 0 ( a ) ; 

L u t t r e l l , 1 9 8 0 ) . Infection by C . purpurea was therefore 

of n e c e s s i t y d i r e c t e d towards the base of the bunt 

i n f e c t e d o v a r y . Thus it is m o r e evident in the interaction 

between C . purpurea and T. caries that invasion by C . 

purpurea is essentially a d i s p l a c e m e n t phenomenon rather 

than the r e p l a c e m e n t phenomenon which c h a r a c t e r i s e s C . 

purpurea p a r a s i t i s m of healthy o v a r i e s . Attack at the 

ovary base i n i t i a t e s an immediate link with the host 

n u t r i e n t s u p p l y , r e p l a c e m e n t of ex isting tissue is not 

essential to e s t a b l i s h m e n t but a consequence of acropetal 

d e v e l o p m e n t . F i e l d o b s e r v a t i o n s indicate that establishment 

of the sphacelium and subsequent differentiation to 

sclerotial tissue is more rapid in bunted rather than non-

b u n t e d o v a r i e s . Thus bunted o v a r i e s appear to p r e s e n t less 

of a barrier towards infection and sclerotial d e v e l o p m e n t 

than healthy o v a r i e s . 

During the interaction of C.purpurea and 71. caries, 

C . purpurea B - g l u c a n a s e , located by the fluorescent 

a n t i b o d y , was specifically located at the base of the 

sclerotium at the host-parasite interface and around the 

p e r i p h e r y of the sphacelium in a c c o r d a n c e with the 

o b s e r v a t i o n s of D i c k e r s o n & Pollard (1982). Intense activity 



was also observed in an area adjacent to the fungal-

fungal i n t e r f a c e at the tip of the developing e r g o t . 

C . purpurea therefore appeared to be displacing the 

r e s i d e n t bunted tissue in an acropetal d i r e c t i o n , by 

a c t i v e hyphal g r o w t h . 

A n t i - C I a v i c e p s - B - g l u c a n a s e was used to study C . 

purpurea in axenic c u l t u r e . Specific f l u o r e s c e n c e was 

located at the hyphal a p i c e s , branching p o i n t s , septa 

and r e g i o n s of spore d e v e l o p m e n t . These o b s e r v a t i o n s 

t h e r e f o r e c o m p l i m e n t observations from p r e v i o u s studies 

(Kritzman et a l . , 1978) and support the proposal that 

8 - g l u c a n a s e s play a m a j o r role in hyphal m o r p h o g e n e s i s 

in the f i l a m e n t o u s f u n g i . 

P r e v i o u s w o r k e r s have described the difficulty in 

o b s e r v i n g the host infection p r o c e s s of the common bunt 

f u n g u s T, caries (Churchward, 1940; H a n s e n , 1959; 

S w i n b u r n e , 1 9 6 0 ) . D i k a r y o t i c infection hyphae are thought 

to p e n e t r a t e between the cells of the c o l e o p t i l e e p i d e r m i s , 

rarely through cell l u m e n , and grow t o w a r d s the 

m e r i s t e m a t i c i n i t i a l s (Swinburne, 1 9 6 0 ) . Hyphal growth 

within the plant has been divided into a series of phases 

(Hansen, 1959; S w i n b u r n e , 1 9 6 0 ) specifying the location 

of the fungus at p a r t i c u l a r stages of host d e v e l o p m e n t . 

H o w e v e r the exact path of infection and d e v e l o p m e n t of 

•this pathogen which seems exceptionally economic in 

a c h i e v i n g its objective of reaching and staying with the 

host a p e x , s t i l l remains o b s c u r e . 

Cell wall growth in hyphae of T. caries growing on 

agar media is m u c h faster than expansion of the c y t o p l a s m , 

thus cytoplasm is confined to the growing tip beyond a 

s e r i e s of evacuated hyphal cells, sealed by annular septa 

(Dastur, 1921; T r i o n e , 1 9 6 4 ) . C h u r c h w a r d (1940) argued 

that it is the occurrence of this growth phenomenon during 

host infection that makes it difficult to visualise the 

h y p h a e by c o n v e n t i o n a l staining t e c h n i q u e s which usually 

f o c u s on the c y t o p l a s m . He suggested that evacuated hyphal 

cells become sealed off by host tissue and are eventually 

d i g e s t e d , thus leaving only the actively growing tip to 

be s o u g h t by s t a i n i n g . T h i s form of p e r p e t u a t e d promycelial 



growth was observed in cultures of T. caries germinated 

in the p r e s e n c e of a n t i b i o t i c s . Under normal germination 

conditions promycelia give rise to p r i m a r y s p o r i d i a , but 

on a n t i b i o t i c media primary sporidia p r o d u c t i o n failed to 

o c c u r . A similar pattern of distorted p r o m y c e l i a l 

d e v e l o p m e n t was observed by Kollmorgen & Jones (1975); 

germ tubes failed to develop primary spori.dia in the 

p r e s e n c e of Streptomyces spp and s u p e r n a t a n t s from 

Streptomyces c u l t u r e s . Thus a n t i b i o t i c s produced by soil-

borne m i c r o - o r g a n i s m s appear to have i n h i b i t o r y effects on 

p r i m a r y sporidial formation by Tilletia caries. 

Considering the specific nature of i m m u n o f l u o r e s c e n t 

t e c h n i q u e s and their recent application in plant 

p a t h o l o g y , it is suggested that the p r e s e n t researches 

have showed that they would provide an i n v a l u a b l e tool in 

clarifying the sequence of events during host infection 

by T. caries, the activity of the "latent" fungus within 

host m e r i s t e m a t i c t i s s u e , and the phase of accelerated 

pathogen growth in the o v a r y . 

4.3 Promotion of alkaloid b i o s y n t h e s i s in a [ALK~] Claviceps 

pur purea m u t a n t 

M u t a n t s d e f i c i e n t in a particular b i o s y n t h e t i c enzyme 

have p r o v e d to be useful for i n v e s t i g a t i n g biosynthetic 

p a t h w a y s of secondary m e t a b o l i t e s and the promotion of 

novel e n d - p r o d u c t s by m i c r o - o r g a n i s m s . The technique has 

been most successfully applied in the field of antibiotics 

(Queener et al., 1978; Lancini et al., 1 9 7 8 ) but was also 

used to good effect in exploring aflatoxin biosynthesis in 

Aspergillus parasiticus (Singh & H s i e h , 1 9 7 7 ) . Recently 

Maier et al. (1980a; 1980b) reported the selection of a 

C. purpurea m u t a n t to examine the b i o s y n t h e s i s of ergot 

a l k a l o i d s in s a p r o p h y t i c c u l t u r e . V a r i a n t s of C. purpurea, 

which fail to p r o d u c e alkaloids during p a r a s i t i s m , but 

which are otherwise typical C. purpurea, are r a r e . Using 

one such strain (designated 1 2 / 2 ) which has consistently 

failed to elaborate alkaloids while p a r a s i t i s i n g rye and 

w h e a t , Atwell (1981) found that the first p a t h w a y - s p e c i f i c 



step in ergot a l k a l o i d b i o s y n t h e s i s , isoprenylation of 

t r y p t o p h a n to D M A T , was f u n c t i o n a l . Accumulation of D M A T , 

a l b e i t in trace amounts suggested that a biosynthetic 

block was located immediately beyond this step. T h e s e 

results have been confirmed in the p r e s e n t study. F u r t h e r , 

s p e c i f i c testing for the next p a t h w a y - s p e c i f i c step 

( m e t h y l a t i o n ) , using 1 ^ C - l a b e l l e d m e t h i o n i n e donor, showed 

c o n v i n c i n g l y that l\i-methylation did not o c c u r . Thus it is 

c o n c l u d e d that this m u t a n t strain of C. purpurea is 

s p e c i f i c a l l y d e f e c t i v e in the i\l-methyl transferase which is 

a n a l o g o u s to that recently detected in C. fusiformis 

(Otsuka et al., 1 9 8 0 ) . Incidentally this result p r o v i d e s 

in vivo e v i d e n c e supporting the proposal of Otsuka et al. 

(1979) that prenylation of tryptophan p r e c e d e s IM-

m e t h y l a t i o n . N - m e t h y l transferase always catalyses the 

second step in ergot alkaloid b i o s y n t h e s i s , its a p p a r e n t 

i n a c t i v i t y within the m u t a n t p a r a s i t i c tissue can neither 

be an expression of conventional e n d - p r o d u c t inhibition 

m e c h a n i s m s , seen to operate on DMAT s y n t h e t a s e in C. 

fusiformis (Cheng et al. , 1 9 8 0 ) , n o r of repression since 

there are no accumulated e n d - p r o d u c t s . T h i s leaves genetic 

c h a n g e as the m o s t l i k e l y c a u s e . 

The finding that DMAT synthetase activity was restricted 

to maturing sclerotial tissue which had probably ceased 

cell d i v i s i o n , differs a little from p r e v i o u s studies on 

C. pur pur ea strain 29/4 (FJisbet, 1975) in which ergot 

a l k a l o i d s were detected in young sclerotial tissue located 

i n ' t h e p r o x i m a l 3 mm of the ergots. H o w e v e r both these 

o b s e r v a t i o n s conform to the general p r i n c i p l e that fungal 

s e c o n d a r y m e t a b o l i t e s are b i o s y n t h e s i s e d in an i d i o p h a s e 

f o l l o w i n g replicatory growth in the t r o p h o p h a s e (Bu'Lock 

& B a r r , 1 9 7 4 ) . 

Conversion of both agroclavine and lysergic acid to 

l y s e r g i c acid amide (LAA) indicated that steps further on 

in the b i o s y n t h e t i c pathway could o p e r a t e when a p p r o p r i a t e 

s u b s t r a t e s were p r o v i d e d . It was however suprising that the 

expected cyclic t r i p e p t i d e ergot a l k a l o i d s , the classic 

e n d - p r o d u c t s for C.purpurea, were not elaborated by 

a g r o c l a v i n e treated t i s s u e . The [ALK ] strain of C. purpurea 



is t h e r e f o r e unique in this r e s p e c t . T h i s suggests that 

t h e r e is an additional mutation affecting the multi-

e n z y m e complex considered to be responsible for 

b i o s y n t h e s i s of the cyclic tripeptide moiety of ergot 

a l k a l o i d s (Floss & A n d e r s o n , 1 9 7 4 ) . Thus a biosynthetic 

s c h e m e has been c o n s t r u c t e d (Fig. 27) which indicates 

s t e p s o p e r a t i n g n o r m a l l y and those p e r f o r m e d by the double 

m u t a n t only on incubation with appropriate s u b s t r a t e s . 

The metabolism of the i n t e r m e d i a t e clavine alkaloid 

and l y s e r g i c acid to the same e n d - p r o d u c t , l y s e r g i c acid 

a m i d e presents a novel b i o s y n t h e s i s for C. purpurea 

(Floss & A n d e r s o n , 1 9 8 0 ) . At first sight this may imply 

that LAA is a natural i n t e r m e d i a t e in the b i o s y n t h e s i s of 

c y c l i c t r i p e p t i d e ergot a l k a l o i d s . H o w e v e r there is strong 

e v i d e n c e from p r e v i o u s 15f\J studies with C . purpurea, that 

the l y s e r g y l amide nitrogen in the ergotoxine group of 

a l k a l o i d s is derived not from (amide- 1 5I\)) l y s e r g i c acid, 

but from the amino nitrogen of valine (Maier et al., 1 9 7 1 ) , 

or of alanine in the ergotamine group. D u r i n g i n v e s t i g a t i o n s 

into the derivation of the side chain of simple lysergic 

acid d e r i v a t i v e s from C . paspali Agurell (1966(d)) found that 

n e i t h e r l y s e r g i c acid amide nor i o s l y s e r g i c acid amide 

were p r e c u r s o r s of lysergic acid a - h y d r o x y e t h y l a m i d e . 

C a s t a g n o l i fet al. (1970) showed that although the 1S(M from 

from L-[U X 1*C, 1 5 n J alanine was i n c o r p o r a t e d into the amide 

nitrogen of lysergic acid a - h y d r o x y e t h y l a m i d e by C . paspali, 

enhanced 15l\l/1!tC ratio of the product implied that the 

i n c o r p o r a t i o n was i n d i r e c t . The same organism incorporated 

l y s e r g y l - 2 - 1 ^ C - a l a n i n e into e r g o m e t r i n e . It was therefore 

proposed that the side chain was derived from pyruvate and 

a m m o n i a . Thus even for short chain lysergic acid derivatives 

LAA does not appear to be an i n t e r m e d i a t e . The isolation 

of LAA from submerged cultures of C . paspali (Arcamone et 

aim, 1 9 6 1 ) has since been regarded as a consequence of 

catabolism of l y s e r g i c acid a - h y d r o x y e t h y l a m i d e (Kleinerova 

4 K y b a i , 1 9 7 3 ) . F u r t h e r studies are needed to establish 

u h e t h e r production of LAA in the m u t a n t results from direct 

a m i d a t i o n of lysergic acid or from degradation of a 

t r a n s i e n t product of higher m a s s . 
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Maier et al. (1980b) reported the axenic culture 

b i o s y n t h e s i s of cyclic tripeptide alkaloids by a C . 

purpurea m u t a n t having a m e t a b o l i c block beyond chanoclavine-

I - a l d e h y d e (Maier et al., 1 9 8 0 a ) . This "idiotroph" produced 

the same a l k a l o i d s , e r g o m e t r i n e and ergotoxine a l k a l o i d s , 

as the p a r e n t strain when fed a g r o c l a v i n e , elymoclavine 

and l y s e r g i c a c i d . Thus uptake of exogenously supplied 

substrates and access to the appropriate sub-cellular 

c o m p a r t m e n t s of convential alkaloid biosynthesis can occur 

in whole cell p r e p a r a t i o n s . It was concluded that the use 

of whole cell p r e p a r a t i o n s should not have limited access 

of exogenously supplied substrates to sub-cellular 

c o m p a r t m e n t s in C,purpurea 12/2 sclerotial tissue; the 

finding of LAA as end-product is therefore not only novel 

but g e n u i n e . 

Investigation into the control of alkaloid b i o s y n t h e s i s 

in axenic culture has shown that high levels of i n o r g a n i c 

phosphate have an inhibitory effect on alkaloid p r o d u c t i o n . 

This i n h i b i t i o n can be o v e r c o m e by addition of tryptophan 

or an u n m e t a b o l i s e d a n a l o g u e of t r y p t o p h a n , thiotryptophan 

(Robbers et al., 1 9 7 2 ; K r u p i n s k i et al., 1 9 7 6 ) . W h e t h e r 

i n o r g a n i c p h o s p h a t e directly inhibits the biosynthesis of 

t r y p t o p h a n ; lowering endogenous trigger levels of 

tryptophan , or whether it inhibits or represses DMAT 

s y n t h e t a s e remains u n c l e a r . However work on three enzymes 

involved in tryptophan b i o s y n t h e s i s (phospho-2-keto-3-deoxy-

heptonate aldolase ; a n t h r a n i l a t e synthase and tryptophan 

s y n t h a s e ) and also on DMAT s y n t h e t a s e , has shown that 

enhancement of ergot alkaloid production in culture by 

tryptophan and t h i o t r y p t o p h a n , in both normal and " high 

phosphate" cultural c o n d i t i o n s , is more directly related 

to DMAT s y n t h e t a s e activity than to regulation of 

tryptophan b i o s y n t h e s i s (Krupinski et al., 1 9 7 6 ) . 

T h i o t r y p t o p h a n and tryptophan generally appear to induce 

de novo synthesis of DMAT s y n t h e t a s e . How then does 

p h o s p h a t e inhibition o p e r a t e , directly on DMAT synthetase 

or indirectly by inhibiting tryptophan synthesis lowering 

the tryptophan p o o l } a n d p r e v e n t i n g induction of DMAT 

synthetase ? Incubation of [ALK~] C. pur purea sclerotial 



tissue in the p r e s e n c e of various concentrations of phosphate 

showed that DMflT synthetase only failed to operate in the 

p r e s e n c e of l.OM p h o s p h a t e , which must be regarded as grossly 

n o n - p h y s i o l o g i c a l . This implies that DMAT synthetase is 

i n s e n s i t i v e to phosphate under normal p a r a s i t i c c o n d i t i o n s . 

F u r t h e r , the metabolism of a g r o c l a v i n e to lysergic acid a m i d e , 

even in m o l a r p h o s p h a t e , indicates that phosphate control 

of alkaloid biosynthesis is not m e d i a t e d through the enzymes 

i n v o l v e d in this sequence of b i o s y n t h e t i c steps e i t h e r . 

A c c u m u l a t i o n of only trace amounts of DMAT in fresh parasitic 

t i s s u e of this m u t a n t under normal c i r c u m s t a n c e s , suggests 

that DP1AT synthetase and/or its s u b s t r a t e s (perhaps more 

l i k e l y the l a t t e r ) is under tight m e t a b o l i c control which 

does not require ergoline e n d - p r o d u c t feedback r e g u l a t i o n . 

T h e naturally occurring double m u t a n t of C . purpurea 

p r o v i d e s a unique model for the i n v e s t i g a t i o n of control 

m e c h a n i s m s r e g u l a t i n g the first r a t e - l i m i t i n g step in 

ergoline b i o s y n t h e s i s , namely i s o p r e n y l a t i o n of tryptophan 

to D M A T . Investigation concerning the incorporation of 

N - m e t h y l DMAT and/or N-methyl c h a n o c l a v i n e s could reveal 

the e x a c t position and extent of the biosynthetic b l o c k , 

although the difficulty in producing and isolating 

s u f f i c i e n t amounts of the c h a n o c l a v i n e s for radiolabelling 

studies would be a limiting f a c t o r . The strains a p p a r e n t 

i n a b i l i t y to elaborate peptide a l k a l o i d s , forming LAA 

instead when given appropriate s u b s t r a t e s , also p r o v i d e s 

a model for i n v e s t i g a t i n g the origin of the amide nitrogen 

in the simple l y s e r g y l d e r i v a t i v e s . T r a c e amounts of 

exogenousiy supplied intermediate p r e c u r s o r s are unlikely 

to cause end-product inhibition of o p e r a t i o n a l biosynthetic 

steps along the ergoline p a t h w a y , therefore this technique 

is useful for i n v e s t i g a t i n g the m e c h a n i s m s of promoted 

b i o s y n t h e s i s within p a r a s i t i c tissue of C . purpurea strain 

1 2 / 2 . F u r t h e r , application of cell-free extract and p r o t o p l a s t 

t e c h n i q u e s could elucidate the enzymic capacity of this s t r a i n . 

D e s p i t e the absence of alkaloid production the mutant 

strain was capable of p a r a s i t i s i n g a susceptible host, either 

w h e a t or rye, and also of displacing T . caries in competitive 

i n f e c t i c n of wneat ovary t i s s u e . F a i l u r e to produce ergot 



1 6 1 . 

a l k a l o i d therefore does not appear to impair the ability 

of the fungus as a pathogen or impose any ecological 

d i s a d v a n t a g e . T h i s tends to conflict with the view that 

s e c o n d a r y m e t a b o l i t e s are p r o d u c e d to relieve the fungus 

of an e m b a r r a s s m e n t of excess primary m e t a b o l i t e s which, 

if allowed to a c c u m u l a t e , m i g h t shut off primary pathways 

by feedback regulation (Bu'Lock & B a r r , 1 9 7 4 ) . At least 

alkaloid b i o s y n t h e s i s does not seem to be necessary for 

this p a r t i c u l a r o r g a n i s m . 

4.4 B i o s y n t h e s i s of verruculoqen 

A l t h o u g h radiolabelling techniques have been used to 

e s t a b l i s h the biosynthetic origin of the verruculogen 

m o l e c u l e (Day & M a n t l e , 1 9 8 2 ) nothing is known about 

i n t e r m e d i a t e steps involved in the biosynthesis of this 

p o t e n t t r e m o r g e n i c mycotoxin (Yamazaki, 1 9 8 0 ) . In some 

species of Penicillium and Aspergillus the structually 

related t r e m o r g e n i c m y c o t o x i n s , verruculogen and 

f u m i t r e m o r g e n B a p p e a r as c o - m e t a b o l i t e s (Mantle & P e n n y , 

1981; Patterson et al., 1 9 8 1 ) . A third structually 

related t r e m o r g e n i c m e t a b o l i t e TR-2 has also been isolated 

as a m i n o r p r o d u c t of A. fumigatus (Cole et al., 1 9 7 7 ( b ) ) . 

T h e s t r u c t u a l s i m i l a r i t i e s between verruculogen and TR-2 

s u g g e s t e d a possible biosynthetic i n t e r r e l a t i o n s h i p 

between the two m e t a b o l i t e s . 

Now l l fC-TR-2 has been s u c c e s s f u l l y i n c o r p o r a t e d into 

v e r r u c u l o g e n and fumitremorgen B by submerged culture of 

P . raistrickii. D u r i n g the estimation of tremorgen yield 

the s p e c t r o f l u o r i m e t r i c assay technique developed by 

Day et al. (1980) for quantitative estimation of v e r r u c u l o g e n , 

was shown to be valid also for estimating fumitremorgen B. 

T h e f l u o r e s c e n c e c h a r a c t e r i s t i c s of acid-treated 

f u m i t r e m o r g e n B are equivalent to verruculogen on an 

e q u i m o l a r b a s i s . Separation of the two t r e m o r g e n s proved 

to be difficult due to the unusually low yield of 

f u m i t r e m o r g e n E and its spontaneous conversion to 

v e r r u c u l o g e n in water in the p r e s e n c e of o x y g e n . It was 

t h e r e f o r e a p p a r e n t that fumitremorgen B could not only be 

derivec directly (enzynically) from TR-2 but also in turn 



could be spontaneously converted to v e r r u c u l o g e n . This 

does not necessarily imply that all verruculogen is an 

a r t e f a c t soley derived by s p o n t a n e o u s oxidation of 

fumitremorgen B , but it may not all be entirely derived 

from fungal b i o s y n t h e s i s . A scheme summarising the 

c o n c l u s i o n s of the present studies with respect to the 

b i o s y n t h e s i s of verruculogen in P . raistrickii is given 

the following s c h e m e . 

P r o l i n e 
T r y p t o p h a n 
M e t h i o n i n e 
M e v a l o n a t e 

*C5 unit 
derived from 
m e v a l o n a t e 

+ C5 
TR-2 VERRUCULOGEN 

+ 0 

+ C 5 

FUMITREMORGEN B 

Fig 28. B i o s y n t h e s i s of verruculogen 



T h e capacity for p r e n y l a t i o n of the indolic-N of TR-2 

by the f u n g u s to give v e r r u c u l o g e n appears to be the 

reverse of the mechanism which o c c u r s in the hepatic 

m e t a b o l i s m of verruculogen in the rat (Perera et al., 

1 9 8 2 a ) and in the sheep (Perera et al., 1982b).in which 

TR-2 has been detected as the principal metabolite 

e l i m i n a t e d in the b i l e . 

So far TR-2 has only been reported as a minor 

m e t a b o l i t e of A. fumigatus (Cole et a l . , 1 9 7 7 ) and it 

has not been c o n c l u s i v e l y e s t a b l i s h e d whether or not it 

is a normal m e t a b o l i t e of P . raistrickii. However trace 

a m o u n t s of a l l f C - p r o l i n e derived m e t a b o l i t e , which co-

c h r o m a t o g r a p h e d (HPLC) with TR-2 and showed similar 

f l u o r e s c e n c e c h a r a c t e r i s t i c s , were detected in P . 

simplicissimum cultures during elaboration of both 

v e r r u c u l o g e n and fumitremorgen B . Further work is needed 

to e s t a b l i s h the exact nature of this p o s s i b l e i n t e r m e d i a t e 

and to d e t e r m i n e whether TR-2 is a vital i n t e r m e d i a t e in 

verruculogen b i o s y n t h e s i s . 

The finding that the t r e m o r g e n i c a l k a l o i d TR-2 is an 

i n t e r m e d i a t e in the b i o s y n t h e s i s of verruculogen is of 

some ecological i n t e r e s t . If the m e t a b o l i t e is readily 

p r e n y l a t e d by certain soil-borne fungi to form verruculogen 

and t h e n , f o l l o w i n g ingestion during g r a z i n g , readily 

d e p r e n y l a t e d by hepatic enzymes in ruminants and excreted 

via faeces there is a p o t e n t i a l closed m e t a b o l i c cycle of 

t r e m o r g e n i c toxin. 

Since this p r e s e n t study is p r i n c i p a l l y concerned with 

i n t e r a c t i o n s of p a r a s i t i c C . purpurea it is interesting 

to consider a p o s s i b l e role for t r e m o r g e n i c m y c o t o x i n s 

in c o n v u l s i v e ergotism the cause of which is in doubt 

since ergot alkaloids do not cause c o n v u l s i o n s . T h e r e are 

u n d o u b t e d l y idiopathic syndromes amongst livestock which 

occur due to synergistic effects of e x o - m y c o t o x i n s . 

T r e m o r g e n i c species of Aspergillus and Penicillium 

commonly mould grain and grain p r o d u c t s and for example 

have been s p e c i f i c a l l y isolated from cereals during 

storage (Hou et al., 1 9 7 1 ) . Similarly damp ergot will 

support the growth of saprophytic m o u l d s . Thus poor 

storage of cereal grain during the past could easily 



have resulted in p r o l i f e r a t i o n of these u b i q u i t o u s , 

s a p r o p h y t i c , f o o d c o n t a m i n a t i n g m o u l d s on ergotised grain, 

the c o n s u m p t i o n of which might have resulted in a 

d o m i n a n t expression of a n e u r o l o g i c a l toxicity rather than 

the v a s o p r e s s o r type characteristic of ergot a l k a l o i d s . 

Several tremorgenic m y c o t o x i n s exhibit much more potent 

b i o l o g i c a l activity than ergot a l k a l o i d s . 

4.5 T o x i c i t y 

The ingestion of sclerotial tissue of [ALK~J C . 

purpurea, w h i c h is naturally devoid of a l k a l o i d , by 

young o b e s e and young lean mice did not significantly 

i m p a i r t h e i r growth when substituting for 10% of their 

d i e t . In contrast a diet containing a l k a l o i d - r i c h ergot 

was t o x i c , causing severe reduction or cessation of 

growth even when the sclerotial element comprised only 

3% of the e x p e r i m e n t a l d i e t . When the p e r c e n t a g e of 

a l k a l o i d - r i c h sclerotial tissue was i n c r e a s e d to 5%, 

c o n t i n u e d c o n s u m p t i o n resulted in death of several 

e x p e r i m e n t a l a n i m a l s . Suprisingly this is the first 

p r o p e r l y controlled investigation of the s i g n i f i c a n c e 

of a l k a l o i d in ergot toxicity and results strongly indicate 

that the p r i n c i p a l toxic agent in sclerotial tissue is the 

a l k a l o i d . F u r t h e r , [^ALK~J ergot did not appear to be 

u n p a l a t a b l e at the dosage u s e d . However at c o n c e n t r a t i o n s 

much exceeding 10%, [ALK~] ergot was d e l e t e r i o u s to test 

animals but it is not clear whether this is a toxicity 

due to some p h a r m a c o l o g i c a l l y active substance or purely 

an u n p a l a t a b i l i t y factor. 

A scheme illustrating some biochemical interactions 

involving p a r a s i t i c Claviceps pupurea is presented in 

F i g . 29. 



F i g . 29 Some Biochemical Interactions Involving P a r a s i t i c Claviceps purpurea 
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APPENDIX II 

T e c h n i q u e s to reduce unwanted background f l u o r e s c e n c e in 

f l u o r e s c e n c e m i c r o s c o p y 

It is rare to obtain a f l u o r e s c e n c e image w h e r e the 

background is c o m p l e t e l y b l a c k . The image commonly shows 

3 l e v e l s of b r i g h t n e s s ; background glow contributed by 

a u t o f l u o r e s c e n c e and light scatter from optical e l e m e n t s , 

immersion m e d i a and f i l t e r s ; diffuse a u t o f l u o r e s c e n c e of 

tissue; and clear specific i m m u n o f l u o r e s c e n c e . The back-

ground l e v e l can be reduced by a p p r o p r i a t e filters and the 

specific i m m u n o f l u o r e s c e n c e is a function of the binding 

titer and l a b e l l i n g e f f i c i e n c i e s of conjugated f l u o r o c h r o m e s , 

both of which can be c o n t r o l l e d . H o w e v e r f l u o r e s c e n c e 

i n v o l v i n g the b i o l o g i c a l m a t e r i a l , which can effectively 

i n t e r f e r e with the recognition of specific f l u o r e s c e n c e , 

can be caused by 3 e f f e c t s , a u t o f l u o r e s c e n c e , cross-

r e a c t i o n s and n o n - s p e c i f i c s t a i n i n g . 

(a) A u t o f l u o r e s c e n c e 

U n s t a i n e d fresh specimens of m i c r o - o r g a n i s m s , or tissue 

s e c t i o n s , show a u t o f l u o r e s c e n c e upon excitation with 

u l t r a v i o l e t , blue or green l i g h t . A u t o f l u o r e s c e n c e can be 

p r o d u c e d after histological p r e p a r a t i o n of the t i s s u e . 

F a i n t a u t o f l u o r e s c e n c e can be eliminated by careful 

selection of barrier f i l t e r s . Fungi display faint yellow-

green or n e g l i g i b l e f l u o r e s c e n c e (Sonea & de R e p e n t i g n y , 

1 9 6 0 ) which does not interfere with specific s t a i n i n g . 

Plant t i s s u e , h o w e v e r , d e m o n s t r a t e s a u t o f l u o r e s c e n c e 

( Choo & H o l l a n d , 1970; P a t o n , 1964; Barlow et al., 1973; 

Knox, 1 9 7 1 ; Fulcher & W o n g , 1982) under both blue and green 

l i g h t , which can mask specific f l u o r e s c e n c e . With the 

advent of i n c i d e n t - l i g h t m i c r o s c o p y ( e p i - i l l u m i n a t i o n ) 

thicker sections can be viewed with greater clarity but 

produce greater a u t o f l u o r e s c e n c e . In contrast thin 

sections n e c e s s a r y to obtain high clarity with the older 

m e t h o d of t r a n s m i t t e d - l i g h t m i c r o s c o p y , show less 

a u t o f l u o r e s c e n c e . Thus techniques to quench a u t o f l u o r e s c e n c e 

by c o u n t e r s t a i n i n g with f l u o r o c h r o m e s (Bohloo & S c h m i d t , 



1 9 6 8 ) or dyes (Pollard & D i c k e r s o n , 1 9 8 3 ) have been 

d e v e l o p e d . 

(b) C r o s s - r e a c t i o n s 

Improved fractionation and p u r i f i c a t i o n of antigens 

used to raise a n t i b o d i e s and i m m u n o g l o b u l i n fractions from 

antisera have been successfully developed to reduce cross-

reaction between labelled antisera and a n t i g e n s found in 

the o r g a n i s m s , other than those under i n v e s t i g a t i o n 

(Nairn, 1 9 7 6 ) . 

(c) N o n - s p e c i f i c staining 

N o n - s p e c i f i c staining is d i s t i n g u i s h a b l e from auto-

f l u o r e s c e n c e in that it only appears after incubation 

of the specimen with labelled a n t i s e r a . N o n - s p e c i f i c and. 

s p e c i f i c a n t i b o d y - a n t i g e n reactions are governed largely 

by the same short-range forces which govern any protein-

protein i n t e r a c t i o n . The extent to which cells 

take up label n o n - s p e c i f i c a l l y is dependent on the tissue 

i n v o l v e d , and the s e c t i o n i n g , preparation and incubation 

c o n d i t i o n s (Goldman, 1 9 6 8 ) . Non-specific staining was 

o r i g i n a l l y attributed to a hypothetical c o m m o n , widely 

distributed a n t i g e n . Investigation by H u g h e s (1958).and 

M a y e r s b a c h & S c h u b e r t (1960) on the staining of tissue 

sections under different c o n d i t i o n s , and by G o l d s t e i n et 

al.(1961) on the staining p r o p e r t i e s of f r a c t i o n a t e d 

c o n j u g a t e s , has established that n o n - s p e c i f i c reactions 

are due to a charge e f f e c t . P o s i t i v e l y charged protein in the 

tissue i n t e r a c t s with negatively c h a r g e d , labelled and 

u n l a b e l l e d , serum p r o t e i n s . Labelling with f l u o r o c h r o m e s , 

for example FITC, t e n d s to i n c r e a s e the relative negativity 

of the serum protein (Goldstein et al., 1961) by blocking 

some native amino acid g r o u p s . T h e r e f o r e n o n - s p e c i f i c 

binding tends to be greater with conjugated sera used in 

"sandwich" staining t e c h n i q u e s . Several methods have been 

developed to reduce this p h e n o m e n o n . 

(i) D E A E - c e l l u l o s e p u r i f i c a t i o n 

T h e titration behaviour of amino acid residues which 



r e a c t with the f l u o r o c h r o m e will be c h a n g e d and any i o n i z a b l e 

group in the f l u o r o c h r o m e m o l e c u l e may c o n t r i b u t e to the 

n e t c h a r g e of the c o n j u g a t e d m o l e c u l e . T h i s n e t c h a r g e of 

the c o n j u g a t e d p r o t e i n is an i m p o r t a n t f a c t o r d e t e r m i n i n g 

the "elution c o n d i t i o n s r e q u i r e d for p u r i f i c a t i o n by ion-

e x c h a n g e c h r o m a t o g r a p h y . By a d j u s t i n g the pH of the r u n n i n g 

b u f f e r , as the pH r e a c h e s the i s o e l e c t r i c p o i n t of the 

c c n j u o a t e d p r o t e i n c o m p l e x the net charge b e c o m e s zero and 

the c o m p l e x is released from the m a t r i x . 

(ii) S e r u m - t i t r e 

If a n t i s e r a p o s s e s s a h i g h s p e c i f i c i t y they can be 

d i l u t e d to a c o n c e n t r a t i o n w h e r e a n t i g e n / a n t i b o d y c o m p l e x e s 

a r e s t a b l e but n o n - s p e c i f i c s t a i n i n g is e x t i n g u i s h e d . 

(iii) C o n t r o l of pH 

W a s h i n g the tissue s e c t i o n with a l k a l i b u f f e r (pH 7 - 8 ) , 

t h u s r e d u c i n g the charge d u r i n g s t a i n i n g , r e s u l t s 

in more s p e c i f i c a t t r a c t i o n between n e g a t i v e l y c h a r g e d 

serum and p o s i t i v e p r o t e i n ( M a y e r s b a c h & S c h u b e r t , 1 9 6 0 ) . 

H o w e v e r a l t e r i n g the pH m a y e f f e c t the f l u o r e s c e n c e 

i n t e n s i t y by c a u s i n g d i s s o c i a t i o n of the f l u o r o c h r o m e / 

a n t i b o d y c o m p l e x . 

(iv) C o u n t e r s t a i n i n g 

C o u n t e r s t a i n i n g w i t h n o n - s p e c i f i c dyes can be used 

if it is p o s s i b l e to find the a p p r o p r i a t e c o n c e n t r a t i o n 

at which the c o u n t e r s t a i n s w a m p s the n o n - s p e c i f i c 

f l u o r e s c e n c e b u t n o t the s p e c i f i c e l e m e n t . S i n c e the non-

s p e c i f i c and s p e c i f i c f l u o r e s c e n c e are u s u a l l y p r o d u c e d 

by the same f l u o r o c h r o m e , s e l e c t i o n is d i f f i c u l t . In the 

p r e s e n t s t u d y an i m m u n o g l o b u l i n (bovine I g G ) , u n r e l a t e d 

to a n t i s e r a and c o n j u g a t e d i m m u n o g l o b u l i n , was used to 

e x t i n g u i s h n o n - s p e c i f i c f l u o r e s c e n c e in m y c e l i a and 

t i s s u e p r e p a r a t i o n of C . purpurea and T . caries. The 

D E A E - c e l l u l o s e p u r i f i e d b o v i n e IgG was a d m i n i s t e r e d b e f o r e 

s t a i n i n g with a n t i - C l a v i c e p s - B - g l u c a n a s e serum to mask 

n o n - s p e c i f i c s i t e s by b i n d i n g to the t i s s u e . 



APPENDIX II 

P r e p a r a t i o n of plant tissue for f l u o r e s c e n c e m i c r o s c o p y 

The choice of histological method for preparing 

specimens for i m m u n o f l u o r e s c e n t staining is limited by 

the need to prevent denaturation of the a n t i g e n . Some 

antigens are sufficiently r e s i s t a n t to denaturation to 

p e r m i t f i x a t i o n , d e h y d r a t i o n , clearing and embedding 

by classical methods developed for light m i c r o s c o p y . 

Fixation m e t h o d s include the use of formalin (Procknow 

et aim, 1 9 6 2 ) , alcohol ( S a i n t e - M a r i e , 1 9 6 2 ) and heat 

f i x a t i o n , followed by embedding in paraffin wax. W i t h 

many tissues it is uncertain how effectively a n t i g e n i c i t y 

is p r e s e r v e d during p r o l o n g e d fixation and e m b e d d i n g , 

therefore negative i m m u n o f l u o r e s c e n c e staining r e s u l t s 

obtained from paraffin sections should not be accepted as 

a definite failure to cross-react with the tissue. 

Fixation in certain solvents may cause distortion of the 

tissue due to extraction of reserves (e.g. lipid) 

(Fulcher & W o n g , 1 9 8 2 ) . T e c h n i q u e s developed for transmission 

e l e c t r o n - m i c r o s c o p y have been s u c c e s s f u l l y applied to 

i n v e s t i g a t e pathogen m o r p h o l o g y and infection p r o c e s s e s s 

(Holland & F u l c h e r , 1 9 7 1 ; Craig et al.,1979). 

H o w e v e r the choice of method will depend on the tissue as 

well as the a n t i g e n . 

At the time when n o n - b u n t e d wheat florets a n t h e s e , bunt 

balls are composed of a m a s s of t e l i o s p o r e s held within the 

displaced ovary p e r i c a r p . A t t e m p t s were made to develop 

a method to fix and embed u n i n f e c t e d and ergotised bunt balls 

for sectioning without denaturing the 3 - g l u c a n a s e of 

Cm purpurea and m a i n t a i n i n g the i n t e g r i t y of the s t r u c t u r e . 

(i) Impregnation with gelatine (modified from B u r k h o l d e r 

et aim, 1961) 

F r e s h ovaries were fixed in 90% v/v e t h a n o l / p h o s p h a t e -

buffered saline (PBS) (0.031*1 sodium p h o s p h a t e b u f f e r , pH 

7.2, containing 0.85% w/v N a C l ) for 2h and i m p r e g n a t e d with 

1.0% v/v gelatine (10 g Difco gelatine in 100 ml P B S ) 

o v e r n i g h t at 37°C. E x c e s s gelatine was trimmed from the 



block which was frozen in a m i x t u r e of p r o p a n o l - 2 - o l / 

solid CO2 before sectioning in a c r y o s t a t with a steel 

k n i f e at -20°C. G e l a t i n e was found to be too viscous to 

totally i m p r e g n a t e the tissue and did n o t permit thin 

s e c t i o n i n g without tearing lesioned a r e a s . 

(ii) Rapid dehydration with 2 , 2 - d i m e t h o x y p r o p a n e (DMP), 

(Postek & T u c k e r , 1 9 7 5 ; Lin et al., 1 9 7 7 ( b ) ) followed 

by impregnation with paraffin wax containing 

p l a s t i c i s e r s . 

Fresh ovaries were fixed in a p a r a f o r m a l d e h y d e and 

g l u t a r a l d e h y d e mixture for 2h under vacuum at room 

t e m p e r a t u r e (5 g p a r a f o r m a l d e h y d e were dissolved in 100 ml 

d i s t i l l e d water by heating for 20 m i n . . The solution was 

c l a r i f i e d while still warm by adding 6 drops of IN N a O H . 

5 ml of p r e p a r e d p a r a f o r m a l d e h y d e were added to 10 ml of 

8$ w/ v g l u t a r a l d e h y d e + 5 m l of 0.031*1 sodium p h o s p h a t e 

b u f f e r , pH 7.2). F i x a t i v e was replaced with PBS by 

washing tissue with PBS and 3 changes of distilled w a t e r . 

A f t e r rinsing the final water was decanted off and replaced 

by a c o n t i n u o u s stream of a c i d i f i e d DI*1P (prepared by 

adding 1 drop of c o n c e n t r a t e d HC1 to 100 ml D M P ) . 

D e h y d r a t i o n was considered complete when no further cooling 

was e v i d e n t . Excess DMP was decanted off and replaced by 

a c e t o n e . 

D e h y d r a t e d s p e c i m e n s were embedded in H i s t o p l a s t 

(Shanon) (melting point 50°C) o v e r n i g h t at 55°C. S e c t i o n s , 

10 ym or 15 ym thick were cut in a cryotome as a b o v e , at 

-20°C. Paraffin was removed with xylol before tissue was 

taken :through to water via 95$, 75$, 50$ w/v ethanol/PBS 

each for 5 m i n . R e h y d r a t e d sections were ready for 

s t a i n i n g . Wax embedding gave rise to p r o b l e m s in tissue 

c o h e r e n c e . Pericarp i n t e g u m e n t s remained intact forming 

an arc around torrr s p h a c e l i a l / t e l i o s p o r e a r e a s . Removal 

of the H i s t o p l a s t with xylol resulted in loss of free 

t e l i o s p o r e s from displaced bunt r e g i o n s . 

liiith the failure of the 3 embedding methods a b o v e , 

a t t e m p t s were made to section fresh u n f i x e d tissue in a 

c r y s o t a t . By m a i n t a i n i n g a constant t e m p e r a t u r e of -3Q°C, 



171. 

r e p r o d u c i b l e cutting of thin sections (10 pm or 15 p m ) 

was achieved . This method was only successful with older 

tissue sampled 9, 13 and 28 days after i n o c u l a t i o n , where 

s p h a c e l i a l tissue or sclerotial tissue was well e s t a b l i s h e d . 

In early samples,4 and 7 days o l d , sphacelial growth was 

l o c a l i s e d at the base of the ovary only, the difference 

in hydration between the sphacelial tissue and T . caries 

t e l i o s p o r e s resulted in a clean lesion between the two 

fungal t i s s u e s . 
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APPENDIX III 

S t a t i s t i c a l a n a l y s i s for the difference between two 

sample means 

A n a l y s i s of data from the ergot sclerotia toxicity 

e x p e r i m e n t s on m i c e (section 3.7) was p e r f o r m e d on the 

Imperial C o l l e g e computer using the statistical 

MINITAB p r o g r a m . The individual mouse weights for each 

day and t r e a t m e n t were stored and the data for the two 

p o p u l a t i o n s was recalled for "t" t e s t i n g . The program 

command assumed that the two sample means were from 

u n p a i r e d s a m p l e s , where the population variance for 

each sample was assumed to be u n e q u a l . 

The c o m p u t e r p r i n t - o u t gave 

N o . of i n d i v i d u a l s = ni n 2 

m e a n s = x 2 

s t a n d a r d deviation = Si s 2 

a p p r o x . d e g r e e s of freedom = d.f 

The a p p r o x i m a t e degrees of freedom (d.f) were calculated 

by the formula 

a p p r o x d.f = 

sf 

• n p + ( 

2 2 
S S „ 

/  1 t % 
( n

2 ) + ( n *
5 

n 1 n a 

(ni-1) (n 2-l ) 

t is given by the formula 

t = 
X L - X 2 

si si 

W h e r e the two population variances are assumed to be unequal 



The calculated t was compared with the student "t" values 

for the stated p r o b a b i l i t y P (Paker, 1976; Ryan et al., 

1 9 6 7 ) . 
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