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CHAPTER I

INTRODUCT I ON

SPORE GERMINATI ON 1:~: FUNGI

The e x t e n s i v e l l t e r a t u r e p e r  t a i n i n g t o t h e g e r m i

n a t i o n o f f u n g a l s p o r e s ha s be e n r e v i e w d b y 3 nu mb e r o f

a u t h o r s R e c e n t r e v i e w s o f t h i s s u b j e c t i n c l u d e t h o s e o f

W o l f and Wolf (1947), Hawker (1950), Gottlieb 1950, 1964 . . . I

L i l l y a nd B a r n e t t ( 1 9 5 1 ) , Co c h r a n e ( 1 9 5 8 , 1 9 6 0 ) , A l l e n

( 1 9 0 5 ) , S us s ma n ( 1 9 6 5 ) , S us s ma n a nd H a l v o r s o n ( 1 9 6 6 ) , a nd

s e v e r a l p a p e r s i n M a d e l i n ( 1 9 6 6 ) Two r e c e n t r e v i e w s o n

g e r m i n a t i o n o f u r e d o s p o r e s a r e a i s o o f i n t e r e s t [ S t a p l e s
.n

a nd W y nn, 1 9 6 5 ; S ha w, 196 Other revi ew s o f o l d e r work

o r o f l e s s g e n e r a l i n t e r e s t a r e c i t e d i n S u s s ma n ' 5 p a p e r

( S u s s ma n , 1 9 6 5 ) O n l y s e l e c t e d a s p e c t s r e l e v a n t t o t h e

prob lem under i n ve s t i g a t i o n w i l l be pres en ted h e r e

A spore i s d e f i n e d , i n a genera l sense, as any

o ne c e 1 l e d r e p r o d u c t i v e s t r u c t u r e i n t h e c r y p t o g a ms

(Sussman, 1965) Ho w e v e r , i n f u n g i , s p o r e s u s u a l l y a r e

d e f i n e d as b e i n g u n i - o r m u l t i c e l i u l a r p r o p a g u l e s c o n -

t a i n i n g o ne o r mo r e n u c l e i ( H i c k m a n , 1 9 b 5 ; A l e x o p o u l o s

1962)
A f  t e r s p o r u l a t i o n o c c u r s , t h e c e l l s o f t h e f u n g u s `z

w h i c h be c o me s p o r e s no l o n g e r e n g a g e i n a c t i v e s y n t h e s i s

1



Z
o f c e l l m a t e r i a l a n d u s u a l l y show muc h r e d u c e d m e t a b o l i c

Do r ma nc y i s t h e na me g i v e n t h i s r e s t i n g s t a g ea c t i v i t v

G e r m i n a t i o n c o m p r i s e s t h e p r o c e s s e s a n d c h a n g e s

o c c u r r i n g d u r i n g t h e r e s u m p t i o n o f t h e m e t a b o l i s m a nd

g r o w t h o f a s p o r e a n d i t s t r a n s f o r m a t i o n t o a m o r p h o l o g i
\

c a l l y d i f f e r e n t S t r u c t u r e , a h y p h a The appearance o f

t h i s h y p h a o r ge r m t u b e i s t h e common C r i t e r i o n b y w h i c h

g e n m i n a t i o n i s d e f i n e d ( A l l e n , 1 9 6 5 ; Sus s ma n 1965) Th i s

c onven t i on w i l l be fo l l ow ed i n the pres en t communi cation

Dur i ng t h i s t r a n s i t i o n a s h i f  t o f m etabo l i c p a t t e r n and

a c t i v i t y f r o m t h a t c h a r a c e t e r i s t i c o f s p o r e s t o t h a t

c h a r a c t e r i s t i c o f m y c e l i a o c c u r s { Y a n a g i t a 19 5 7

W. Coc hrane, Q ;  g . , 1903 b ; C a l t r i d e r and G o t t l i e b

3 ; G o t t l i e b , 1 9 6 4 ; A l l e n , 1 9 6 I n mo s t s p o r e s r e s

p i r a t o r y m e t a b o l i s m i s v e r y lo w a nd t r e a t m e n t s w h i c h

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

t i o n N e t t i n g mo s t s p o r e s l e a d s t o l i t t l e o r no i n c r e a s e

i n oxygen uptak e un les s ger m in a t i on ensues F o r e x a m p l e

when t h e s p o r e s o f A s p e r g i l l u s n i g e r v a n T i e g h e m ( Y a n a g i t a

1 9 5 7 ) , R h i z u u u s a r r h i z u s F i s c h e r (W e be r a n d Oga wa , 1 9 6 5 )

or s e ve ra l o t h e r fun g i r e q u i r i n g e xt e r n a l s ub s t ra t es f o r

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

c r e a s e i n t h e r a t e o f o x y g e n u p t a k e a nd no g e r m i n a t i o n

n

( A l l e n , 1 9 6 5 ) C o n v e r s e l y , e x p o s i n g t h e s p o r e s o f o b i i

g a t e p a r a s i t e s , w h i c h g e r m i n a t e a t t h e e x p e n s e o f t h e i r

r e s e r ve s , t o a p r o p e r l y humid atmosphere or to f r e e w a t e r
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3
Ze ads t o a r a p i d i n c r e a s e i n t h e r a t e o f r e s p i r a t i o n

( W i l l i a m s a n d A l l e n , q u o t e d i n A l l e n , 1 9 6 5 ) .

S t i m u l a t i o n Q i g e r m i n a t  i o n

A number. of envi ron m enta l f acto rs have been shewn

a f f e c t t h e r a t e o f g e r m i n a t i o n o f f u n g a l s p o r e s[ O The

e f f e c t s o f these f  ac t o rs , which l n c l ud e low tem pera tu re

h i g h tem per a tu re , l i g h t , a l t e r n a t e w et t i ng and d r y l n g ,

h y d r o g e n i o n c o n c e n t r a t i o n , o x y g e n , c a r b o n d i o x i d e s e l f

i n h i b i t o r s , c a r b o n a n d n i t r o g e n sour_ ce 5, a; 1d o t h e r s , ha v e

be e n a d e q u a t e l y d i s c u s s e d 1 n t h e r e f e r e n c e s c i t e d a b o v e

I w i l l t r e a t o n l y f  a c t o r s d i r e c t l y r e l a t e d t o my s t u d i e s

n a m e l y , h i g h t e m p e r a t u r e s , s e l f - i n h i b i t o r s n u t r i e n t s , a nd

carbon d i o xl d e

These f acto rs have been di s c us s ed i n s e ve ra l o f t h e

r e v i e w s ( S u s s ma n , 1 9 6 5 ; A l l e n , 1 9 6 5 ; Sus s ma nmo s t r e c e n t

a nd Ha l v e r s o n  , 1 9 6 6 )

He a t s h o c k

For a h i s t o r y o f the use o f heat shock i n germina

t i o n s t u d i e s s e e Sus s ma n (1 9 6 5 2 9 3 9 - 9 4 0 ) Obs erva t i ons

th a t s p o r e s o f f u n g i g e r m i n a t e d b e s t a f  t e r t h e p a s s a g e

t h r o u g h t h e i n t e s t i n e s o f wa rm b l o o d e d a n i m a l s we r e t h e

bas i s f o r gues sing th a t r e l a t i v e l y h i gh tem peratu res o f

the body might be re s p on s i b l e f o r s t i m u l a t i n g germ ina t i on

The s e i d e a s we r e t e s t e d ( w e l s f o r d , 1 9 0 7 ; F r a s e r 1907)
b y g e r m i n a t i n g a s c o s p o r e s a t 3 8 °C Soon af  te r t h i s Dodge

( 1 9 1 2 ) s u c c e e d e d i n S t i m u l a t i n t h e e r m i n a t i o n o fg g

a s c o s p o r e s o f s e v e r a l s p e c i e s b y s h o r  t ( S - 3 0 m i n u t e s ]

1



4
e x p o s u r e t o t e m p e r a t u r e s w e l l a b o v e b o d y t e m p e r a t u r e

5 5 ° C - 7 5 ° C S i n c e t h a t t i m e a n u mb e r o f As c o my c e t e s h a v e

be e n s ho wn t o p r o d u c e a g c o s p o r e s w h i c h a r e a b l e t o be h e a t

a c t i v a t e d T h i s h e a t - a c t i v a b i l i t y a p p e a r s t o be o f g e n e r a l

i g n i f i c a n c e amo ng c o p r o p h i l o u s As c o my c e f e s b u t r a r es
o u t

s i de t h a t group Re c e nt l y , how ever, s e ve r a l papers (Sommer

and Ha l bs gu t h , 1957; Ha lbs gu th and Rudo lph , 1959; Rudo lph

1960 a; L i l l y , B a r n e t t , and Kraus e , 1962) suggest t h a t t h e

s p o r a n g i o s p o r e s o f P hy c o my c e s b l a k e s l é e a n u s B u r g e f f " r g :

s p o n d t o g e n u i n e h e a t a c t i v a t i o n " ( S u s s ma n , 1 9 6 5 ) .

The b r e a k i n g o f t h e d o r ma n c y o f Ne u r o s n o r a

t e t r a s p e r m a S h e a r a nd Do dge a s c o s p o r e s r e s u l t s i n a 20

to 30- f o l d i nc r eas e i n t h e i r r e s p i r a t o r y r a t e (Goddard

1 9 3 5 ; 1 9 3 9 ) Since the ascos pores germ ina te on endogenous

m e ta b o l i te s (Sussman, 19§ 4), a change i n p e r m e a b i l i t y to

n u t r i e n t s i s p r o b a b l y n o t t h e e x p l a n a t i o n o f t h e e f f e c t o f

h e a t F u r  t h e r mo r e , p e r m e a b i l i t y t o a n i n c r e a s e i n o x y g e n

(Goddard , 1939) or  w a t e r (L ingappa and Sussman, 1959] can

be r u l e d o u t Sus s ma n ( 1 9 6 5 ) i n d i c a t e s t h a t p e r m e a b i l i t y

d i f f e r e n c e s between dormant and a c t i va t e d ascospores do

oc c ur bu t are pr ob ab l y o f sec ondary impor tance Th e y

f o l l o w , r a t h e r than indu c e , the i n i t i a l steps i n the

a c t i v a t i o n proc es s " (Sussman, 1965).

S e v e r a l m e t a b o l i c e x p l a n a t i o n s f o r h e a t a c t i v a t i o n

o f a s c o s p o r e s ha v e be e n p r o p o s e d Go d da r d a nd S m i t h ( 1 9 3 8 )

s u g g e s t e d t h a t a m e t a b o l i c b l o c k c a u s e d b y t h e l a c k o f

p y r u v i c c a r b o x y l a s e was r e s p o n s i b l e f o r t h e d o r ma n t s t a t e



S

B u t S u s s ma n , D i s t l e r , a nd K r a k o w ( 1 9 5 6 ) d e t e r m i n e d t h a t

p y r u v i c c a r b o x y l a s e was p r e s e n t i n d o r m a n t , a c t i v a t e d , a nd

g e r m i n a t i n g s p o r e s a n d c o n c l u d e d t h a t t h e a c t i v i t y o f t h e

e nzy me i n d o r ma n t s p o r e s was s u f f i c i e n t t o a c c o u n t

t h e o b s e r v e d r a t e s o f Ca r b o n d i o x i d e p r o d u c t i o n i n

Y a t e d s p o r e s .

f u r

a c t i

F i f  t e e n p e r c e n t o f t h e d r y w e i g h t o f an a s c o s p o r e

i s t re ha lo s e a n o n - r e d u c i n g d i s a c c h a r i d e , b u t l i p i d s a r e

1 "  t h e S o l e e n e r g y s o u r c e d u r i n g t h e d o r ma n t p e r i o d Dur i ng

h e a t a c t i v a t i o n and be fo re p r o t r u s i o n o f the germ tube

t r e h a l o s e a p p e a r s t o be t h e p r i n c i p a l e n e r g y s o u r c e

( L i n g a p p a a nd S u s s ma n , 1 9 5 9 ; Sus s ma n a n d L i n g a p p a , 1 9 5 9 )

I t ha s b e e n p r o p o s e d t h a t h e a t a c t i v a t i o n mas' i n v o l v e t h e

b r i n g i n g t o g e t h e r o f t r e h a l a s e a nd i t s s u b s t r a t e ( H i l l and

Sussman, 1964) bu t " t h e r é s t r a i n t upon the breakdown o f

t r e h a l o s e i n t h e d o r ma n t a s c o s p o r e S t i l l a w a i t s

d a t i o n " ( B u d d , S u s s ma n , a nd E i l e r s 1 9 6 6 ) .

c l u c i

Re mo v a l o f s e l f - i n h i b i t o r s

S e l f - i n h i b i t i o n can be sus pec ted when spores a t

h i g h c o n c e n t r a t i o n s w i l l n o t g e r m i n a t e b u t w i l l do s o
\

u n d e r i d e n t i c a l c o n d i t i o n s a t a l e s s e r C o n c e n t r a t i o n

(Cochrane , 1958; A l l e n , 1965] Spores o f s e ve ra l sapro

p h y t i c a n d p a r a s i t i c s p e c i e s ha v e be e n s ho wn t o c a r r v

subs tanc es which w i l l i n h i b i t the ger m i na t i on o f spores o f

t h e same s p e c i e s ( S h e p h e r d a n d M a n d r y k , 1 9 6 2 ; R i c h a r d s o n

a n d T h o r n , 1 9 6 2 ) , r e l a t e d s p e c i e s ( C a r l i l e a n d S e l l i n
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1 9 6 3 ) , a n d e v e n u n r e l a t e d g e n e r a . ( Ha y e r , H

b y A l l e n , 1 9 6 5 ) .

196 2 , c i t e d

In h i b i t o r s appear to be wides pread i n the

u r e d o s p o r e s o f t h e r u s t f u n g i a n d t o be p r e s e n t 1n many

o t h e r g r o u p s ( A l l e n , 1 9 6 5 ) , b u t " e n d o g e n o u s C h e m i c a l s

h a v i n g t h e p r o p e r  t i e s o f t h e b i o l o g i c a l i n h i b i t o r h a v e

t o be i d e n t i f i e d " ( S t a p l e s a n d W y nn, 1 9 6 5 )y e t

S e i f - i n h i b i t o r s can r e a d i l y be washed from t h e

s p o r e s a nd t h i s may a l l o w g e r m i n a t i o n t o o c c u r ( B e l l and

D a l y , 1 9 6 2 ; P a r k a nd R o b i n s o n , 1 9 6 4 ; A l l e n 1965) S e l f

i n h i b i t i o n may a l s o be o v e r c o me w i t h o u t r e mo v a l o f

i n h i b i t o r s by lo w c o n c e n t r a t i o n s o f c e r  t a i n C h e mi c a l

subs tances which thergby ac t as germ ina t i on s t im u la n t s

The h i g h e r s t r a i g h t c h a i n a l d e h y d e s a nd a l c o h o l s h a v e be e n

s ho wn t o be e f f e c t i v e as g e r m i n a t i o n s t i m u l a n t s i n

u r e d o s p o r e s o f t h e r u s t f G e r mi n a t i o r z s t i m u l a n t su n g i

ha v e be e n i s o l a t e d f r o m t h e 5 o r e s a n d i n c l u d e C o u ma r i n sp

p h e n o l s , a n d o t h e r s u b s t a n c e s w h i c h seem t o be d i s t i n c t

f r o m n u t r i e n t s s i n c e t h e y i n c l u d e s u b s t a n c e s w h i c h a r e

m e t a b o l i c p o i s o n s ( A l l e n , 1 9 6 5 ) E n d o g e no u s S t i m u l a t o r s

o f g e r m i n a t i o n e x i s t i n a t l e a s t some s p o r e s t h a t p r o d u c e

s e l f - i n h i b i t o r s ( V a n S u me r c , 5 ; g . , 1 9 5 ? ) .

N u t r i e n t s

Some s p o r e s a r e a b l e t o g e r m i n a t e w i t h n o t h i n g mo r e

t h a n a renew al o f  w a t e r s upp l y Uredos pores are an ex

a mp l e O t h e r s p o r e s s u c h as t h e a s c o s p o r e s o f Ne u r o s p o r a

do no t r e q u i r e an exogenous sourc e o f n u t r i e n t s bu t w i l l
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i n de i on i z ed water a f  te r be ing heat shockedg e r m i n a t e

r

(Sussman , 1954)

The s p o r e s o f s e v e r a l s p e c i e s o f f u n g i w i l l n o t

g e r m i n a t e i n d i s t i l l e d w a t e r b u t seem t o r e q u i r e o n l y a n

e x o g e n o u s s o u r c e o f n u t r i e n t s f o r ma x i mum g e r m i n a t i o n .

R h i z o p u s a r r h i z u s S p o r a n g i o s p o r e s g e r m i n a t e m a x i m a l l y i n

a mecf ium C o n t a i n i n g p h o s p h a t e a nd p o t a s s i u m o r s o d i u m

p l u s s u g a r s s u c h as g l u c o s e o r f r u c t o s e ( E ku nS a y o a n d

C a r l i l e , 1 9 6 4 ) The s p o r e s o f R h i z o p u s a r r h i z u s (W e be r

a nd Oga wa , 1 9 6 5 ) a nd R h i z o p u s s f o l o n i f e r L i n d (W e be r

1 9 6 2 ] a r e s t r o n g l y s t i m u l a t e d b y L - p r o l i n e When

p h o s p h a t e i s p r e 5 e n t s e v e r a l o t h e r a mi n o a c i d s be c o me

s t i m u l a t o r y (W e be r a nd Oga wa , 1 9 6 5 ) The c o n i d x a o f

A s p e r g i l l u s n i g e r a r e a l s o s t r o n g l y s t i m u l a t e d by L

p r o l i n e b u t t h i s r e q u i r e m e n t c a n bc r e p l a c e d b y a l a n l n e

( Y a n a g i t a , 1 9 5 ? ; M i l l e r , 1 9 6 2 ) .

M a c r o c o n i d i a o f F u s a r i u m s o l a n i f p h a s e o l i

( B u c k . ) S n y d e r a n d Ha ns o n r e q u i r e f o r g e r m i n a t i o n a

c a r b o n s o u r c e i n t h e f o r m o f s u g a r s , a n i t r o g e n s o u r c e

an& a f  a c t o r p r e s e n t i n y e a s t e x t r a c t The yeas t e xt r a c t

f a c t o r was f u l l y r e p l a c e d b y e t h a n o l o r a c e t o i n , p a r  t l a l l y

r e p l a c e d b y a c e t a l d e h y d e o r p a r  t i a l l y r e p l a c e d b y any

o f s e v e r a l a mi n o a c i d s A c e t a t e d i d n o t r e p l a c e t h e

f ac to r ( J . C. Coc hrane, gg  g . , 1963; V. W. Cochrane

g . , 1963 av C).
P r e s e n c e o f c a r b o n d i o x i d e

W i t h s e v e r a l t y p e s o f s p o r e t h e p r e s e n c e o f C a r b o n

l
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d i o x i d e i s a n i mp o r  t a n t f  a c t o r i n t h e a b i l i t y t o g e r m i n a t e

( H a f i z a n d N i e d e r p r u e m , 1 9 6 3 ; S t a p l e s a nd W e i n s t e i n , 1 9 5 9 ;

V a k i l , R a g h a v e n d r a , a n d B h a t t a c h a r y y a , 1 9 6 1 ) The

e v i d e n c e t h a t c a r b o n d i o x i d e i s n e c e s s a r y f o r t h e g e r m-

i n a t i o n o f some f u n g u s s p o r e s ha s be e n r e v i e w e d [ L i l l y a n d

B a r n e t t , 1 9 5 1 , c h a p t e r 1 6 ; S u s s ma n , 1 9 6 5 ) Y a n a g i t a ha s

d e m o n s t r a t e d t h e ne e d f o r c a r b o n d i o x i d e i n t h e g e r m i n a t i o n

o f the c o n id i a o f A s p e r g i i l u s n i g e r ( Y a n a g i t a , 19 5 7

1 9 6 4 ) a nd ha s n o t e d t h e d i f f i c u l t y i n r e m o v i n g t h i s ga s

I t i s po s s i b l e th a t a requ i rem ent i s genera l bu t the

complete removal o f the gas i s d i f f i c u l t t o a c c o mp l  i s h

i t a r e s p i r a t o r y p r o d u c t ( S u s s ma n , 1 9 6 5 )s i n c e 1 5

THE BIOLOGY OF PHYCOMYCES BLAKESLEEANUS

N a t u r a l h i s t o r y

The n a t u r a l h a b i t a t f o r Phycomyces blak es leeanus

seems t o be dung O f t h e 50 s t r a i n s o f P b l a k e s l e e a n u s

a s s e mb l e d b y B e n j a m i n a nd H e s s e l t i n e ( 1 9 5 9 ) t h e r e we r e

o n l y 12 f o r w h i c h t h e l s o l a t i o n d a t a we r e kno wn E l e v e n

o f thes e o r i g i n a t e d from dung l e a s t one o f which wasa t

f r o m r a b b i t d u n g , a n d o ne was a c o n t a m i n a n t

I t a h e t e r o t h a l l i c s p e c i e s1 i s a nd r e p r o d u c e s

b a s i c a l l y l i k e t h e b l a c k b r e a d m o l d , R h i z o p u s s t o l o n i f e r .

D u r i n g s e x u a l r e p r o d u c t i o n t h e c a l i p e r - l i k e s u s p e n s o r s ,

p r o v i d e d w i t h c h a r a c t e r i s t i c b l a c k , h o r n - l i k e p r o  j e c t i o n s

h o l d t h e zy g o s p o r e b e t w e e n t h e m.
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The as exua l s por es , o r s por ang i os po res , a re4

produc ed i n a sporangium at the t i p o f a p o s i t i v e l y pho to

t r o p h i c sporang iophorc which i s l a r g e r and lon ger than

t h o s e o f a n y o t h e r kno wn f u n g i ( B e n j a m i n a n d H e s s e l t i n o

1 9 5 9 )

C l a s s i f i c a t i o n

P hy c o my c e s b e l o n g s i n t h e f  a mi l y M u c o r a c e a e , a n d

a l t h o u g h a s e x u a l l y mo r e s i m i l a r t o Muc o r t h a n a n y o t h e r

i s t h o u g h t t o be " a ge n u s w i t h o u t a n y kno wn c l o s eg e n u s

r e l a t i v e s i n t h e f  a m i l y " ( B e n j a m i n a n d H e s s e l t i n e , 1 9 5 9 )

The s p e c i e s P hy c o my c e s b l a k e s l e e a n u s B u r g e f f was d e s c r i b e d

i n 19 2 5

Cyto l ogy

R e c e n t c y t o l o g i c a l s t u d i e s a r e t h o s e o f Ro b i n o w

( 1 9 5 7 ) a n d Ha r m ( 1 9 5 7 ) The n u c l e i o f Phycomyces are

ve r y smal l and resemble thos e o f o t he r Muc oral es Germ

i n a t i o n i s a c c o mp a n i e d b y c l o s e r p a c k i n g o f t h e C h r o m a t i n

a nd t h e e me r ge n c e o f a c l e a r c u t n u c l e o l u s ( R o b i n o w 1957)
N u t r i t i o n

P hy c o my c e s b l a k e s l e e a n u s i s o ne o f s e v e r a l s p e c i e s

o f fu n g i which r e q u i r e th i am ine f o r grow th ( L i l l y and

B a r n e t t , 1 9 5 1 ; C o c h r a n e , 1 9 5 8 ) B e c a u s e o f t h i s t o t a l

d e f i c i e n c y i n a b i l i t y t o s y n t he s i ze th i am ine the members

o f t h i s g e n u s ha v e b e e n us e d as t h i a m i n e a s s a y o r g a n i s m s

( L i l l y a n d B a r n e t t , 1 9 5 1 ; B e n j a m i n a n d H e s s e l t i n e , 1 9 5 9 ) .

S u f f i c i e n t t h i a m i n c i s s a i d t o be s t o r e d b y t h c s p o r e s t o

p e r m i t g e r m i n a t i o n ( H a w k e r , 1 9 5 0 : 2 2 8 )

n
1
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S e v e r a l p a p e r s ha v e be e n Co n c c r n e é w i t h n i t r o g e n

a n d c a r b o n n u t r i t i o n o f P hy c o my c e s b l a k e s l e e a f mh s An

e a r l y paper on n i t r o g e n metabol i sm was th a t o f Sc hopfe r

(1937) B u r k h o l d e r a n d M c v e i g h ( 1 9 4 0 ) d i r e c t e d t h e i r

a t t e n t i o n t o w a r d o b t a i n i n g o p t i mu m c o n d i t i o n s f o r t h e

grow th o f Pycomyces blak es leeanus L e o n i a n a n d L i l l y

( 1 9 4 0 ) s t u d i e d t h e g r o w t h r e q u i r e m e n t s o f s e v e r a l t h i s

mi n e r e q u i r i n g f u n g i Th e y i n d i c a t e t h a t a c e t i c , l a c t i c

s u c c i n i c , g l u t a r i c , f u m a r i c , t a r  t a r i c , a n d c i t r i c ac iés

i n c r e a s e t h e g r o w t h o f P hy c o my c e s b l a k e s l e e a n u s when

a d de d t o a n u t r i e n t s o l u t i o n C o n t a i n i n g 2 5% d e x t r o s e

0. 2 5 % ammo ni um n i t r a t e as t h e o n l y s o u r c e o f n i t r o g e n

t h l a m i n e a nd a g a r Two v i e w s a r e e n t e r  t a i n e d Con

c er n i ng the f u n c t i o n o f such orga n i c ac i ds The

a c i d s a r e v a l u a b l e i n m a i n t a i n i n g t h e pH o f t h e me d l u m a t

f  a v o r a b l e l e v e l s , a n d [ I ] t h e a c i d s a r e p r e c u r s o r s o f

v a r i o u s k e t o - a c i d s f r o m w h i c h f u n g i f o r m p r i m a r y a mi n o

a c i d s ( L i l l y , 19 A l t h o u g h t h e r e i s e v i d e n c e f o r

o t h po i n t s o f view ( L i l l y , 195 9), the work o f F r i e n d

Goodwin, and G r i f f i t h s (1955) s t r o n g l y suggests

Phycomyces blak es leeanus the r o l e o f the orga n i c

t h a t f o r

ac ids i s

o t h e r t h a n t h a t o f b u f f e r s

S e v e r a l p a p e r s h a v e be e n c o n c e r n e d w i t h t h e e f f e c t

o f a c e t a t e o n t h e g r o w t h o f P hy c o my c e s R o b b i n s , K a v a n a g h

a nd K a v a n a g h ( 1 9 4 2 ) i n d i c a t e t h a t a l t h o u g h a c e t a t e

m a r k e d 1 y ° a { f e c t e d g e r m i n a t i o n oi " s p o r a n g i o s p n r e s o f

P hy c o my c e s b l a k e s l c e a n u s i t s e f f e c t o n g r o w t h was s l i g h t

\
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R o b b i n s u s e d a s p a r a g i n e a t Z g / 1 as t h e s o l e n i t r o g e n

As ha s be e n i n d i c a t e d a b o v e a c e t a t e w i i l Ca us es o u r c e

a n i n c r e a s e i n g r o w t h l f a n ammo ni um s a l t i s p r e s e n t

e o n i a n a n d L i l l y , 1 9 4 0 ; L i l l y , e 1960)
Phycomyces has been shown to be ab le to use ac e t a t e a s t h e

s o l e S o u r c e o f c a r b o n ( S c h o p f q r a nd G r o b , 19 5 2 L i u y
B a r n e t t , a n d K r a u s e , l 9 6 0 ; L i l l y a nd B a r n e t t , 1 9 6 1 ) .

Ho w e v e r , t h e r a t e o f g r o w t h a nd t h e w e i g h t o f t h e

my c e l i u m p r o d u c e d o n a c e t a t e - c a r b o n we r e l e s s t h a n o n

g l u c o s e - c a r b o n ( L i l l y a nd B a r n e t t , 1 9 6 1 ) .

S v o r e g e r m i n a t i o n r i d me t a b o l i s m

A r e l a t i v e l y l a r g e nu mb e r o f p a p e r s h a v e b e e n

p u b l i s h e d o n t h e g e r m i n a t i o n o f t h e s p o r a n g i o s p o r e s o f

Phycomvces The m a j o r i t y o f t h e s e p a p e r s a r e r e l a t e d t o

t h e h e a t a c t i v a t i o n o f t h e s p o r e s S e v e r a l , h o w e v e r ,

are concerned w i th chem ica l a c t i v a t i o n

Heat a c t i v a t i o n

R o b b i n s a n d a s s o c i a t e s d e m o n s t r a t e d t h a t h e a t

w o u l d s t i m u l a t e t h e g e r m i n a t i o n o f t h e a s e x u a l s p o r e s o f

P hy c o my c e s b l a k e s l e e a n u s ( R o b b i n s , . , 1 9 4 2 ) Re

c e n t l y a n u mb e r o f Ge r ma n w o r k e r s ha v e i n v e s t i g a t e d t h e

me c h a n i s m o f h e a t a c t i v a t i o n (S o mme r a n d H a l b s g u t h , 19 57

Halbs gu th and Rudo lph , 1959; Rudo lph , 1960 a, b 1 9 6 1 a

b

Rudolph (1960 a) repor  ted th a t the Q07 f o r dormant
4 .

a me d i u m c o n s i s t i n g _ o f g l u c o s e , a s p a r a g i n e ,s p o r e s i n

t h i a m i n e , a n d i n o r g a n i c i o n s was 1 . 9 2 T 0 . 2 3 a n d was
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w hr a i s e d t o 1 1 . 5 9 ' I 1 . 2 5 a f  t e r h e a t t r e a t m e n t Rude

( 1 9 6 0 b ) i n d i c a t e d t h a t v a r i a t i o n s s u c h as a d i f f e r e n c e

o f 2 ° C i n t h e t e m p e r a t u r e u s e d i n a c t i v a t i n g s p o r e s

caused wide va r i a t i o n s i n the perc entage o f ger m in a t i on

Other c o n d i t i o n s such as va r i a t i o n s i n the amount o f

l i g h t and de n s i t y o f the spore sus pension be f o r e the

heat t rea t m ent a f f e c t e d the a b i l i t y o f the spores to

t o l e r a t e l o n g e x p o s u r e s t o 5 0 ° C t e m p e r a t u r e s

A n o t h e r p a p e r ( R u d o l p h , 1 9 6 1 a ) s ho we d t h a t h e a t

i n g s p o r e s t o 5 0 °C f o r 3 m i n u t e s c a u s e d t h e r e l e a s e o f

e t h a n o l a n d a c e t a l d e h y d e i n t o t h e n u t r i e n t s o l u t i o n .

S p o r e g e r m i n a t i o n was s t r o n g l y a c t i v a t e d b y a n e x t r a c t

w h i c h was o b t a i n e d i n g o o d q u a n t i t y f r o m h e a t t r e a t e d

s p o r e s ( R u d o l p h , 1 9 6 1 b ) .

The use o f i n h i b i t o r s

I n h i b i t o r s a r e s u b s t a n c e s w h i c h " p o i s o n " e nzy me s

a n d t h u s d e c r e a s e t h e r a t e o f b i o c h e m i c a l r e a c t i o n s .

Ma ny n o n s p e c i f i c e nzy me i n h i b i t o r s s u c h a s h e a v y m e t a l s

a n d a c i d s , s u c h as t r i c h l o a c e t i c a c i d , i n a c t i v a t e a l i

p r o t e i n s a n d t h e r e f o r e a r e n o t u s e f u l i n d e l i n e a t i n g

m etab o l i c pathways U s e f u l e n zy me i n h i b i t o r s a r e s p e c i

f i c i n t h e i r a c t i o n s ; they i n h i b i t on l y a few enzymes

The i d e a l i n h i b i t o r i n h i b i t s on l y one enzyme I f i d e a l

i n h i b i t o r s were a va i l a b l e one Could measure the r a t e o f

a b ioc hem ic a l r e a c t i o n i n the pres enc e and absence o f an

i n h i b i t o r s p e c i f i c i n i t s a c t i o n tow ard some I fe n z y m e

a slow er r a t e o f b i oc hem ic a l r e a c t i o n was observed i n the
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p r e s e n c e o f t h e i n h i b i t o r t h a n i n i t s a b s e n c e o ne c o u l d

say t h a t a c er  ta i n enzyme was prob ab l y pre s e n t i n the

e x p e r i m e n t a l C e l l s a n d t h a t m e t a b o l i c p a t h w a y s i n which
0 - .

the enzyme was a member were a l s o pres en t

M e t a b o l i c i n h i b i t o r s ha v e be e n us e d i n s p o r e

g e r m i n a t i o n a n d r e s p i r a t i o n e x p e r i m e n t s whe n s p o r e s w i l l

n o t g e r m i n a t e i n t h e p r e s e n c e o f c e r  t a i n i n h i b i t o r s i t i s

e v i d e n c e t h a t e nzy me s c h a r a c t e r i s t i c o f c e r  t a i n p a t h w a y s

o f me t a b o l i s m a r e i mp o r  t a n t i n t h e a b i l i t y o f t h e spore

I f one i s i n t e r e s t e d i n knowing whicht o g e r m i n a t e

r e s p i r a t o r y p a t h w a y s a r e a c t i v e d u r i n g a ny s t a g e o f

d e v e l o p m e n t , he c a n a d d a s p e c i f i c i n h i b i t o r t o spores

an ap p r o p r i a t e medium and measure the changer e s p 1 r 1 n g l n

i n r a t e o f o x y g e n u p t a k e A d e c r e a s e i n t h e r a t e o f

o x y g e n u p t a k e i n s p o r e s w i t h t h e i n h i b i t o r p r e s e n t

i n d i c a t e s t h a t a c e r  t a i n e n zy me i s a c t i v e i n u n t r e a t e d

spores

Two Common i n h i b i t o r s o f t h e g l y c o l y t i c s e q u e n c e

are i o d oa c e t i c ac i d and sodium f l u o r i d e Io do a c e t i c ac i d

i s kno w t o i n h i b i t ma ny e nzy me s b u t g l y c e r a l d c h y d e - 3

p h o s p h a t e d e h y d r o g e n a s e i s mo s t s e n s i t i v e

mo s t s e n s i t i v e t o s o d i u m f l u o r i d e .

E n o l a s e i s

M a l o n i c a c i d a nd f l u o r o a c e t a t e a r e t r i c a r b o x y l i c

a c i d  c y c l e i n h i b i t o r s and are r e l a t i v e l y s p e c i f i c 1 n

t h e i r ac t i on s F l u o r o a c c t a t e i s a p p a r e n t l y s i m i l a r

enough to ac e ta te to s u b s t i t u t e f o r i t i n the a c t i v a t i n g

a nd c o n d e n s i n g e n zy me s y s t e ms b u t i s no t an ac c ep tab le
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s u bs t r a t e fo r .  fu r  the r re a c t i o n s and thus jams the c y c l e

M a l o n a t e i s t h e c l a s s i c a l i n h i b i t o r o f s u c c i n i c d e h y d r o

genase

S e v e r a l i n h i b i t o r s i n t e r f e r e w i t h n o r ma l f u n c t i o n i n g

o f t h e r e s p i r a t o r y C h a i n C y a n i d e a nd a z i d e a r e c l a s s i

C a l i n h i b i t o r s o f C y t o c h r o me o x i d a s e Ant im vc in A b loc k s

t h e t r a n s f e r o f e l e c t r o n s b e t w e e n c v t o c h r o m e s b a n d
C

D i n i t r o p h e n o l i s a n i n h i b i t o r w h i c h p r e v e n t s t h e c o u p l i n g

be t w e e n t h e c a r r i e r m o l e c u l e a d e n o s i n e d i p h o s p h a t e a n d t h e

e nzy me s t r a n s p o f  t i n g t h e h i g h e n e r g y p h o s p h a t e b o n d s

C o n s e q u e n t l y , e n e r g y l i b e r a t e d i n o x i d a t i o n i s l o s tI . [ O

t h e c e l ] I n h l b i t o r s s u c h as d i n i t r o p h e n o ] a nd C o u ma r i n

a r e kno wn as u n c o u p l e r s Th i s d i s c u s s i on o f i n h i b l t o r s

1s ba s e d o n m a t e m a l f o u n d i n t h e t e x t s b y M a h l e r

Co r de s ( 1 9 6 6 ) a nd B e a v e r s ( 1 9 0 1 ) .

a nd

E f f e c t g f i n h 1 b i t o r 5 o n h e a t a c t i v a t b d s p o r e s

2 , 4 - D i n i t r o p h e n o l ha s be e n us e d t o s t u d y t h e e f f e c t

o f hea t a c t i v a t i o n R u d o l p h ( 1 9 6 0 a ) r e p o r  t e d t h a t w i t h

heat a c t i va t e d spores (3  m i nu tes a t 50"C) d i n i t r é p h e n o l

1O'5M inc reas ed r e s p i r a t i o n up tot w e e n 0 . 5 a nd 2 . 2

130% o f c o n t r o l v a l u e s b u t t h a t h i g h e r p e r c e n t a g e s i n

h i b i t e d i t G e r m i n a t i o n o f s p o r e s was d e c r e a s e d s l i g h t l y

by lo w c o n c e n t r a t i o n s { 3 . 3 x 1 o ' 5 M ) b u t was ma r k e d l y

dec reased by c o nc en t r a t i o ns o f 5 x 10'5and h i g he r D i n i

ZS x 1 0 ' s h a d no e f f e c t o n a n a e r o b i ct r o p h e n o l a t 1

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

\
I



I S
x 1 0 ` 5 a n d 1 o " ' M ) d e c r e a s e d p r o d u c t i o n f o r t h e f i r s tS

h o u r t h e n i n c r e a s e d p r o d u c t i o n f o r t h e t h i r d h o u r

I o d o a c e t a t e z t 2 . 6 9 x 1 0 ` 8 ha d l i t t l e e f f e c t
o n

carbon d i o xi d e ou t pu t o r oxygen uptak e i n spores a c t i

va ted by he at i n g t o 54°C f o r 3 minutes bu t i t d i d

ac e ta l dehyde pr o d u c t i o n (Rudo lph , 1961 a ) .

i n h i b i t

R u d o l p h ( 1 9 6 0 a ) s ho we d t h a t a t pH 4 . 1 5 s o d i u m

f l u o r i d e was s t r o n g l y i n h i b i t o r y t o o x y g e n u p t a k e b y h e a t

t r e a t e d s p o r e s s u s p e n d e d i n s t a n d a r d me d i a i n t h e p r e s e n c e

o f e i t h e r g l u c o s e o r a mmo ni um a c e t a t e A d d i t i o n o f

sodium f l u o r i d e a t pH 4 . 1 8 i n h i b i t e d b y f i f  t y p e r C e n t

the r i s e i n r e s p i r a t o r y r a t e i n i t i a t e d by heat t r e a t m e n t

A t o t h e r pH v a l u e s d i f f e r e n t l e v e l s o f t h e p o i s o n we r e

ne e d e d f o r t h e same e f f e c t The r e s p i r a t o r y q u o t i e n t

(RQ) was g r e a t l y i n c r e a s e d b y t h e a d d i t i o n o f s o d i u m

f l u o r i d e a t 0 . 0 1 M t o h e a t a c t i v a t e d s p o r e s r e s p l r i n g i n

media Conta i n i ng gluc os e S o d i u m f l u o r i d e u n e x p e c t e d l y

i n c r e a s e d t h e o u t p u t o f c a r b o n d i o x i d e u n d e r a n a e r o b i c

condi t  ions He a t t r e a t m e n t c o mb i n e d w i t h U. U1 M s o d i u m

f l u o r i d e i n c r e a s e d a c e t a l d e h y d e e x c r e t i o n a b o v e t h e

a mo un t e x c r e t e d a f  t e r h e a t t r e a t m e n t a l o n e ( R u d o l p h , 1 9 6 0
\

b

Flu or oa c e ta te a t 5 x 10`5M s t r o n g l y i n h i b i t e d

ge r m t u b e f o r m a t i o n o f h e a t a c t i v a t e d s p o r e s A t 0 . 0 1 M

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

e x c r e t i o n o f a c e t a l d e h y d e Malon i c ac i d a t 0.G1M i n h i b

i t e d ger m i na t i on c om ple te l y (Rudo lph , 1961 a)
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Chemical A c t i v a t i o n

H y p o x a n t h i n e a c c e l e r a t e d b o t h s p o r e g e r m i n a t i o n

a nd e a r l y g r o w t h o f P hy c o my c e s b l a k e s l e e a n u s I t s a c t i o n

c o u 1 d be p a r  t i a l l y r e p l a c e d b y g u a n i n e ( R o l i b i n s 19 4 0

1 9 4 1 , 1 9 4 3 ; R o b b i n s a nd Ha mn e r , 1 9 4 0 : R o b b i n s a nd

K a v a n a g h , 19 4 2 a , b ; R o b b i n s , g g g . , 19 42

a nd S c h m i t t , 1 9 é 5 ; R a t h e r , l 9 5 & ] .

R o b b i n s

S o d i u m a nd p o t a s s i u m a c e t a t e s ha v e be e n s ho wn t o

be s p o r e g e r m i n a t i o n f  a c t o r s as w e l l as S t i m u l a t o r s

g r o w t h ( R o b b i n s , i a l . , 1 9 4 2 ; Sommer a n d H a l b s g u t h

o f

7 ; L i l l y , B a r n e t t , a n d K r a u s e , 1 9 6 0 , 19 6 2 S t i m u

l a t i o n o f g e r m i n a t i o n ha s be e n e f f e c t e d b y O. 1 N o r g a n i c

a c i d s , s u r f  a c e a c t i v e m a t e r i a l s a n d bv U. 1 M ammo ni um

a c e t a t e (S o mme r a n d H a l b s g u t h , 1 9 5 7 ) Sommer a nd

H a l b s g u t h ( 1 9 5 7 ) n o t i c e d t h a t a d e f i n e d me di um c o n t a i n i n g

g l u c o s e , p o t a s s i u m p h o s p h a t e , a nd a s p a r a g i n c ,

h e a t e d t o 1 1 U°C i n a n a u t o c l a v e , ha d a ma r k e d

af  te r be lng

s t i m u

l a t o r y e f f e c t o n g e r m i n a t i o n B r i n c k m a n n ( 1 9 6 0 )

f o u n d t h a t a l t h o u g h s e v e r a l b r e a k d o w n p r o d u c t s we r e

f o r me d u n d e r t h e s e c o n d i t i o n s t h e o n l y o ne w i t h s t r o n g
CEI

g e r m i n a t i o n p r o m o t i n g p r o p e r  t i e s was a c e t a t e

B r i n c k ma n n ( 1 9 6 0 ) ha s n o t e d t h a t some m a t e r i a l s

s t i m u l a t e d g e r m i n a t i o n o n l y a f  t e r t h e s p o r e s ha v e be e n

h e a t e d ( l a c t i c a c i d , o x a l u a c e t i c a c i d , s u c c i n i c a c i d

d i h y d r o x y a c e t o n e , p y r u v i c a c i d ] w h i l e o t h e r s s t i m u l a t e d

g e r m i n a t i o n w i t h o u t h e a t t r e a t m e n t [ a c e t i c a c i d , p r o p i o n i c
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a c i d , b u t y r i c a c i d , g l y o x y l i c ac i d ) Sommer a n d H a l b s g u t h

(1959) repor  ted t h a t ac e ta l dehyde had no e f f e c t o n g e r m i

Brinckmann (1960) i n d i c a t e d th a t i t had somen a t i o n

e f f e c t w h i l e R u d o l p h ( 1 9 6 0 a , 1 9 6 1 b ) r e p o r  t e d a s t r o n g

s t i m u l a t i o n

B o r c h e r  t ' s p a p e r ( 1 9 6 2 ) i s r e l e v a n t t o t h e r e s e a r c h

repor  ted i n t h i s paper He r e p o r  t e d t h a t p r e t r e a t m e n t b y

0 I M a mmo ni um a c e t a t e , 0 , 0 1 M p o t a s s i u m p r o p i o n a t e o r

0 . 0 0 l M p o t a s s i u m g l y o x a l a t e s t i m u l a t e d g e r m i n a t i o n a t a

h i g h r a t e T h i s a c t i v a t i o n was d e p e n d e n t u p o n t h e t e m

p e r a t u r e a n d d u r a t i o n o f a c t i o n o f t h e a c t i v a t i n g

s u b s t a n c e , a nd i n C o n t r a s t t o h e a t a c t i v a t i o n ( H a l b s g u t h

a nd R u d o l p h , 1 9 5 9 ) , was i r r e v e r s i b l e A f  t e r a c e t a t e

a c t i v a t i o n a s m a l l v a c u o l e f o r me d w i t h i n t h e s p o r e

" s m a l l v a c u o l e " was f o r me d u n d e r o t h e r c o n d i t i o n s

T h i s

such as

soaking the spores i n water A c e t a t e a c t i v a t i o n i n

C o n t r a s t t o n o t r e a t m e n t o r h e a t a c t i v a t i o n ma de t h e

s p o r e s s e n s i t i v e t o t h e e f f e c t o f he a v v me t a l i o n s .

B o r c h e r  t t e s t e d t h e e f f e c t o f a c e t a t e o n r e s p i r a t i o n b y

u s i n g ma n o me t r i c me t h o d s He r e p o r  t e d t h a t a f  t e r 15

mi n u t e s o x y g e n u p t a k e ha d i n c r e a s e d f i f  t e e n t i me s I f

the a c t i v a t e d s p o r e s we r e r e mo v e & a nd p l a c e d i n w a t e r

t h e r a t e d e c r e a é e d t o t h e l e v e l o f u n a c t i v a t e d s p o r e s

The r e s p i r a t o r y q u o t i e n t d u r i n g t h e f i r s t fe w m i n u t e s

a f  t e r a c e t a t e a c t i v a t i o n was be t w e e n 4 a nd 5 b u t s o o n

d ro p p e d t o 1 I f the oxygen pres s ure was low , t h i s h i g h

RQ r e ma i n e d l o n g e r Borcher t (1962) conc luded t h a t
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a c e t a t e s e r v e d t h e s p o r e a s a r e s p i r a b l e s u b s t r a t e a n d

t h a t i t p r o b a b l y a l s o s t i m u l a t e d t h e c a t a b o l i s m o f t h e

re s e rve m a t er i a l s o f the spore G l y o x y l a t e a t a c o n

c e n t r a t i b n of` 0.002554 s t im u la te d the breakdown o f Spore

r e s e r v e m a t e r i a l s b u t w a s t o x i c a t a c o n c e n t r a t  i o n o f

0 . 0 0 5 M

Rudolph (1960 a) showed th a t sodium f l u o r i d e

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

o r a m m o n i u m a c e t a t e

R a t i o n a l e a n q p u r p o s e

The c a r b o n o f b o t h a c e t a t e a nd g l u c o s e c a n be

o x i d i z e d b y t h e c i t r i c a c i d c y c l e i n f u n g i (@»8

Niederpruem , 1965) Mycei ium o f Q. bl ak es leeanus grown

i n a g l u c o s e , a c e t a t e , ammo ni um s u l f  a t e me di um o x i d i z e s

a c e t a t e by way o f t h e t r i c a b o x y l i c a c i d ( TCA) c y c l e

[Gang1off, 1962) S i n c e a c e t y l COA i s a n i n t e r m e d i a t e

i n the o xi d a t i o n o f bo th gluc os e and ac e t a te i t i s sur

p r i s i n g t h a t g l u c o s e w h i c h i s a go o d s o u r c e o f c a r b o n

mo s t f u n g i ( C o c h r a n e , 1 9 5 8 ] i s n o t a d e q u a t e f o r t h e

g e r m i n a t i o n o f t h e s p o r a n g i o s p o r e s o f Q. b l a k c s l o e a n u s

f o r

A t l e a s t t wo p o s s i b i l i t i e s a r e e v i d e n t ( 1 ) A

b loc k may e x i s t i n t h e u s u a l p a t h w a y s o f g l u c o s e me t a b o

l i s r n t h u s ma k i n g g l u c o s e u n a v a i l a b l e as a n a d e q u a t e e n e r g y

a s o u r c e o f i n t e r m e d i a t e s f o r s y n t h e s i s o fs o u r c e o r a s

ma c r o m o l e c u l e s d u r i n g g e r m i n a t i o n ( 2 ) G l u c o s e may be

o x i d i z e d t h r o u g h n o r ma l p a t h w a y s a n d may be a d e q u a t e as a n

e n e r g y s o u r c e a nd f o r i n t e r m e d i a t e s b u t a c e t a t e ma v be
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a s t i m u l a t o r o f ` g e r m i n a t i o n , i t s f u n c t i o nn e c e s s a r y a s

b e i n g u n r e l a t e d t o e n e r g y m e t a b o l i s m ( e . g

i n a c t i v a t o r o f a s e l f - i n h i b i t o r ) .

a s a n

The p u r p o s e o f t h e r e s e a r c h r e p o r  t e d h e r e was t o

i n v e s t i g a t e some a s p e c t s o f g l u c o s e a n d a c e t a t e me t a b o -

l i s m i n P hy c o my c e s a n d , i n p a r  t i c u l a r , t h e p o s s i b i l i t y o f

a b l o c k o f g l y c o l y t i c me t a b o l i s m Ln s p o r a n g i o s p o r e s .

Some r e l e v a n t q u e s t i o n s t o t h e p r o b l e m se e me d t o be

t h e f o l l o w i n g

1 ) Does a c e t a t e a s Co mp a r e d t o g l u c o s e , s t i m u l a t e

germ ina t i on i n spores o f s t r a l n ATCC 8743b(-} o f P

b l a k e s l e e a n u s ?

Z Does a c e t a t e s t i m u l a t e r e s p i r a t i o n i n s p o r e s

and i s ac e ta te i t s e l f o xi d i z e d r a p i d l y ?

3 ) Nh a t a f f e c t do r e s p i r a t o r y i n h i b i t o r s ha v e o n

t h e r a t e o f oxygen uptak e w i th ac e t a te as s u b s t r a t e as

com a r e d w i t h l u c o s e as s u b s t r a t e ? Do 5 o r e s a n dp g p

my c e l i u m r e a c t S i m i l a r i l y ?

4 ) W hat e f f e c t do e s t h e p r e s e n c e o f a c e t a t e h a v e

o n t h e r a t e o f o x i d a t i o n o f g l u c o s e a n d e n d o g e n o u s

m a t e r i a l ?

5) Does g l u c o s e ha v e a n e f f e c t o n t h e r a t e o f

a c e t a t e o x i d a t i o n a n d t h e r a t e o f o x i d a t i o n o f e n d o g e n o u s

m a t e r i a l ?

6 Do e s a c e t a t e c h a n g e t h e C6 / C ] r a t i o o f g l u c o s e

m e t a b o l i s m i n s p o r e s ? The a n s we r t o t h i s q u e s t i o n s h o u l d

i n d i c a t e s o m e t h i n g a b o u t w h i c h p a t h w a y s o f g l u c o s e
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o x i d a t i o n a r e i mp o r  t a n t i n  X h e p r e s e n c e o f a c e t a t e a n d

i n i t s absence

7 I s t h e TCA c y c l e i mp o r  t a n t i n t h e m e t a b o l i s m

o f g l u c o s e i n s p o r e s a nd my c e l i u m a n d do e s a c e t a t e h a v e

a n e f f e c t o n t h e a mo u n t o f g l u c o s e c a r b o n e n t e r i n g t h e

c y c l e ? S e v e r a l a mi n o a c i d s c l o s e l y r e l a t e d t o t h e TCA

c y c l e were i s o l a t e d a f  te r i n c u b a t i o n o f mycel ium and

spores w i t h un i fo rm l y~ 14 C- l ab e l ed gluc os e t o see i f

ca rbon from gluc os e were e n t e r i n g the c y c l e .

The f o l l o w i n g pa g e s g i v e t h e r e s u l t s o f a n a t t e m p t

answer the prec e d ing ques t i onst o

v

x .



CHAPTER I I

GERMI NATI ON OF SPORES

M a t e r i a l s a nd M e t h o d s

The s t r a i n o f Phyggmyces blak es leeanus used was

o b t a i n e d f r o m t h e A m e r i c a n Ty pe C u l t u r e C o l l e c t i o n

No B7 4 3 b ) The me t h o d s us e d t o c u l t u r e t h i s o r g a

n i s m a nd me a s u r e S p o r e g e r m i n a t i o n we r e e é s c n t i a l l y t h o s e

o f L i l l y , B a r n e t t , a nd K r a u s e ( 1 9 0 2 ) .

A s e x u a l s p o r e s we r e o b t a i n e d from c u l t u r e s grown on

50 ml o f a medium Co ns i s t i ng o f 2 25 g mal t agar (D i f Co}

0 . 2 5 g y e a s t e xt r a c t {D i f Co) and 50 ml o f water i n l i t e r

E r l e n me y e r f l a s k s The s e C u l t u r e s we r e +i nc uba ted a t 21

l ° C a nd r e c e i v e d 12 h o u r s o f l i g h t d a i l y The spores were
c o l l e c t e d b y a d d i n g SO ml o f s t e r i l e d i s t i l l e d w a t e r t o

c u l t u r e s b e t w e e n t wo a nd t h r e e we e ks o l d Af  t e r the water

was a d d e d t h e c u l t u r e s we r e s w i r l e d t o d i s l o d g e t h e

A S t e r i l e " r u b b e r p o l i c e m a ns p o r e s " o f  t e n was us e d t o

from the in s i d e w a l l s o f the f l as k ss c r a p e s p o r e s The

s p o r e s u s p e n s i o n was p o u r e d t h r o u g h f o u r l a y e r s o f c h e e s e

c l o t h t o r e mo v e m y c e l i a l f r a g m e n t s t h e s p o r e s we r e s e d i

mented by c e n t r i f u g a t i o n , washed tw i c e w i t h d i s t i l l e d

w a te r , and resuspended i n l ml o f phosphate b u f f e r o f the

pH and c o n c en t r a t i o n s t a t e d be low .

2 1
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F o r s p o r e g e r m i n a t i o n s t u d i e s 1 2 5 m1 s c r e w - C a p p e d

E r l e n me y e r f l a s k s we r e u s e d E a c h c o n t a i n e d Z0 ml o f

medium Media were s t e r i l i z e d by au t o c l a vi n g 15 minu tes

r 121° N u t r i e n t s and i n h i b i t o r s were s t e r i l i z e d

s e p a r a t e l y f r o m p h o s p h a t e b u f f e r

S p o r e g e r m i n a t i o n s t u d i e s we r e do ne u s i n g a p o t a s

s i u m p h o s p h a t e b u f f e r o f L i l l y 9 6 2 ) , o r a 0 . 0 6 ' / M

S o r e n s e n p h o s p h a t e b u f f e r o f pH S ( G o r  t n e r a nd Go r  t n e r

1949) G l u c o s e was u s e d a t 10 g / 1 a nd p o t a s s i u m a c e t a t e

0 . 7 2 g / 1 ( L i l l y E  Q ~ 19 6 2 A b o u t 5% o f t h e nu mb e r

o f spores i n one c l l l t u r e (3 x 107 spores as e s t i m a t e d b y

us e o f a h e mo c y t o me t e r ) we r e i n o c u l a t e d i n t o e a c h f l a s k

i n d u p l i c a t e a t 2 ] T 1 °C b e f o r e b e i n ga nd we r e i n c u b a t e d

c o u n t e d A f  t e r a n i n c u b a t i o n p e r i o d o f 48 h o u r s I ml o f

t h e s p o r e s u s p e n s i o n was r e mo v e d a nd p i p e t t e d i n t o a

p e t r i d i s h c o n t a i n i n g a t h i n l a y e r o f 2% w a t e r a g a r .

50 nun

A l l

the germinated and nongermina ted spores seen i n I 0

random f i e l d s o f the Compound mic roscope (100 x) were

Counted and the perc en tage o f spores t h a t had produced

g e r m t u b e s was c a l c u l a t e d For most exper im ents a spore

was c o n s i d e r e d g e r m i n a t e d i f a ge r m t u b e was o b v i o u s

Dur i ng some e a r l y wor k , p a r  t i c u l a r l y w i th hea ted spores

i t was d i f f i c u l t t o d e m o n s t r a t e a d i f f e r e n c e b e t w e e n

d i f f e r e n t t r e a t m e n t s by t h i s c r i t e r i o n Ho w e v e r , w i t h

some t r e a t m e n t s s p o r e s w e l l i n g was o b v i o u s l y g r e a t e r t h a n

w i t h o t he rs F o r o ne e x p e r i m e n t s p o r e s w e l l i n g was u s e d

a parameter showing the e f f e c t o f d i f f e r e n t t rea tm e ntsa s
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A s p o r e was c o n s i d e r e d s w o l l e n i f i t s s m a l l e s t d i a m e t e r

as l a r g e a s , o r l a r g e r t h a n , t h e l a r g e s t d i a m e t e r o fw a s

a n u n t r e a t e d s p o r e [ a b o u t 12 p )

To d e t e r m i n e t h e e f f e c t o f lo w c a r b o n d i o x i d e p r e s

s u r e , t h e u s u a l p r o t o c o l was f o l l o w e d e x c e p t t h a t s m a l l

o p e n v i a l s c o n t a i n i n g 5 ml o f 20% KOH we r e h u n g by

n i c h r o m e w i r e i n s i d e t h e 12 5 ml C u l t u r e v e s s e l s .

H e a t - t r e a t e d s p o r e s we r e p r e p a r e d b y p l a c i n g a t u b e

o f f r e s h l y h a r v e s t e d s p o r e s i n a w a t e r b a t h a t 5 0 °C

3 m i n u t e s .

f o r

S i n c e p r e l i m i n a r y e x p e r i m e n t s s ho we d t h a t w e l ] -

c l e a n e d g l a s s w a r e was n e c e s s a r y f o r h i g h g e r m i n a t i o n r a t e s

a l l g l a s s w a r e was wa s h e d , s o a ke d i n C h r o mi c a c i d , r i n s e d

r e p e a t e d l y w i t h t a p w a t e r a n d f i n a l l y w i t h d i s t l l l e d w a t e r

A n i t r o g e n s o u r c e was n o t i n c l u d e d i n a n y me d i a i n

w h l c h s p o r e g e r m i n a t i o n was t e s t e d ; t h e me d i a we r e t h u s

inc om ple te and growth beyond germ tube fo rm a t i on d i d no t

o c c u r

R e s u l t s

T a b l e 1 s u mma r i ze s t h e d a t a o b t a i n e d f r o m a n

e x p e r i m e n t d e s i g n e d t o t e s t t h e e f f e c t o f a c e t a t e , g l u c o s e

a nd a lo w c a r b o n d i o x i d e p r e s s u r e o n s p o r e g e r m i n a t i o n

Media c o n t a i n i n g on l y gl ucos e a t 10 g / 1 as exp er i m en ta l

va r i a b l e d i d no t s t i m u l a t e germ ina t i on w h i l e spores i n

those c o n t a i n i n g ac e ta te a t 0.72 g / 1 germinated a t a h i g h

No d i f f e r e n c e was n o t e d b e t w e e n t h e e f f e c t o fr a t e

a c e t a t e a nd t h e e f f e c t o f a c o m b i n a t i o n o f g l u c o s e a nd
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TAB LE 1

The p e r c e n t a g e o f g e r m i n a t i o n o f P hy c o my c e s b l a k e s l e e a n u s
s p o r e s o c c u r r i n g i n i n c o m p l e t e meo.1a a f  t e r 48 "nours 1 nc u»
b a t i o n w i t h o r w i t h o u t c a r b o n d i o x i d e a b s o r p t i o n b y 20%
p o t a s s i u m h y d r o x i d e . A l l me d i a a r e i n d u p l i c a t e a n d a r e
b u f f e r e d a t pH 5 w i t h 0 . 0 6 7 M p o t a s s i u m p h o s p h a t e b u f f e r .

Me d i a P e r c e n t a g e g e r m i n a t i o n + SD

B u f f e r 0

G l u c o s e
10 g / 1 0

Glucose 10 g / 1
& KOH 0

A c e t a t e
0.  72 p / 1 +9 1 O 1 3

A c e t a t e
a KOH

O 72 g / 1
+92 7 3 Z

Glucose 10 g/ 1
Ac e ta te 0.72 g / 1 +89 6 4 3

G l u c o s e
A c e t a t e
& KOH

10 g/ 1
0.72 v/ 1o

+90 Z 1 5
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Low carbon d i o xi d e p a r  t i a l p res s ure seemed t oa c e t a t e

h a v e no e f f e c t o n t h e r a t e o f s p o r e g e r m i n a t i o n r e g a r d l e s s

o f t h e s u b s t r a t e

R a d i n ( 1 9 5 2 ) r e p o r  t e d t h a t o ( - l i p o i c a c i d was a n

a c e t a t e r e p l a c i n g f a c t o r f o r a s p e c i e s o f C o r y n e b a c t e r i u m

When I tes 'ted ¢ { - l i p o i c ac i d f o r i t s a b i l i t y to s t i m u l a t e

g e r m i n a t i o n i n P hy c o my c e s b l a k e s l e e a n u s s p o r e s , h o w e v e r ,

i t Sho we d no e f f e c t o n n o n h e a t e d s p o r e s i n c u b a t e d w i t h

g lu c os e , py r u va t e or a c e t a t e

S e v e r a l o t h e r f  a c t o r s we r e t e s t e d f o r t h e i r e f f e c t

o n g e r m i n a t i o n , i n e x p e r i m e n t s o f a p r e l i m i n a r y n a t u r e

He a t t r e a t i n g i n b u f f e r a l o n e d i d n o t p r o d u c e g e r m i n a t i o n

P y r u v a t e a t 0 . 0 1 M se e me d t o be e f f e c t i v e as a g e r m i n a t i o n

s t i m u l a n t w i t h h e a t e d s p o r e s b u t n o t w i t h n o n h e a t e d o n e s .

C o u ma r i n ( 1 o ' 4 : ~ | ) , Z , 4 ~ d i n i t r o p h e n o 1 ( 1 o ' 4 M ) , a nd s o d i u m

f l u o r i d e ( 1 o ' 3 M ) h a d l i t t l e o r no e f f e c t o n h e a t e d o r n o n

h e a t e d s p o r e s i n t h e p r e s e n c e o f g l u c o s e o r a c e t a t e a t

5 Malon i c ac i d a t 0.01M i n h i b i t e d bo t h s w e l l i n g and

germ tube fo rm at i o n o f bo th hea t r  t r ea t ed spores and non-

hea ted spores i n the pres enc e o f bo th gluc os e and ac e t a t e

F l u o r o a c e t a t e a t 0. 01 51 was a l m o s t as p o t e n t as m a l o n i c a c i d

an i n h i b i t o r o f ger m i na t i on o f ac e t a te t r e a t e d spores bu ta s

seemed to have l i t t l e e f f e c t w i t h gl uc os e t r e a t e d spores

t h a t h a d b e e n h e a t e d S o d i u m C y a n i d e a t 0 . 0 0 1 M was mo de r

a t e l y i n h i b i t o r y t o h e a t - t r e a t e d spores i n the pres enc e o f

gl uc os e but was s t r o n g l y i n h i b i t o r y t o ac e t a t e t r e a t e d

s p o r e s
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whe n s p o r e s w e l l i n g was us e d t h e f o rC r i t e r i o na s

g e r m i n a t i o n t r e a t m e n t w i t h g l u c o s e ac e ta te , and gluc os e

p l us ac e t a t e gave the r e s u l t s shown i n T a b l e >
r.. G l u c o s e

h a d l i t t l e o r n o e f f e c t spore s w e l l i n g , ac e t a te waso n

h i g h l y e f f e c t i v e , a n d g l u c o s e p l u s a c e t a t e was e v e n mo r e

e f f e c t i v e t h a n a c e t a t e a l o n e The d i f f e r e n c e b e t w e e n t h e

e f f e c t s o f a c e t a t e , a nd g l u c o s e p l u s a c e t a t e was s i g n i

f i c a n t ( r u : 0 5
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TAB LE 2

Sw e l l i ng o f Phycomyces blak es leeanus spores produc ed by
g lu c os e , a c e t a t e , ana. gl uc os e pj.us ac e t a t e . Spares are
suspended i n d u p l i c a t e i n media b u f f e r e d a t pH 5.8 w i t h

po tass i um phosphate b u f f e r .

Media P e r c e n t a g e s w e l l e d f SD

G l u c o s e 0 3 0 . 8+

A c e t a t e O 4 z

G l u c o s e + A c e t a t e s t8 6 Z 1



CHAPTER I I  I

RESPIRATORY METABOLISM

Since ac e t a te was shown t o be e f f e c t i v e i n st im u

l a t i n g s p o r e g e r m i n a t i o n , i t was o f i n t e r e s t t o d e t e r m i n e

i t s e f f e c t o n t h e r e s p i r a t o r y r a t e a n d t o c o mp a r e i t s

e f f e c t w i t h t h a t o f g l u c o s e b o t h o n s p o r e s a n d my c e l i u m

I n h i b i t o r s tu d i es were a l s o i n i t i a t e d as they seemed to

o f f e r promise o f showing d i f f e r e n c e s between ac e t a te

g l u c o s e me t a b o l  i s m I f t h e r e a r e c h a n g e s i n m e t a b o l i c

p a t h w a y s d u r i n g d e v e l o p m e n t f r o m s p o r e t o m y c e l i u m ,

i n h i b i t o r s s h o u l d be u s e f u l i n i n v e s t i g a t i n g t h e s e c h a ng e s

R u d o l p h ( 1 9 6 0 a , b ; 1 9 6 1 a ) us e d r e s p i r a t o r y i n h i b i t o r s

t o study t h e r e s p i r a t o r y b e h a v i o r o f h e a t - t r e a t e d s p o r e s

M a t e r i a l s a n d M e t h o d s

P hy c o my c e s s p o r e s we r e g r o w n a nd c o l l e c t e d b v e s s e n

t i a l l y the same methods as g i ve n i n Chapte r I I The

s p o r e s f r o m o ne C u l t u r e f l a s k we r e us e d f o r t w o W a r b u r g

f l a s k s S p o r e s f r o m s e v e r a l c u l t u r e f l a s k s we r e p o o l e d

b e f o r e b e i n g wa s he d b y c e n t r i f u g a t i o n No s p ec ia l at tem pt

was ma de t o p r e v e n t b a c t e r i a i c o n t a m i n a t i o n s i n c e t h e

e x p e r i m e n t s we r e o f r e l a t i v e l y s h o r  t d u r a t i o n .

Re s p i ra t o r y ra t e s were measured a t h o u r l y i n t e r v a l s

a t 2 5 ° b y s t a n d a r d ma n o m e t r i c t e c h n i q u e s ( U m b r e i t , B u r r i s

23
a
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a n d S t a u f f e r , 1 9 5 7 ) o r f o r i n t e r v a l s o f u p t o 10 m i n u t e s

b y t h e o x y g e n p o l a r o g r a p h i c me t h o d d e s c r i b e d b y P a c k e r

( 1 9 6 4 ) W hen ma n o m e t r i c t e c h n i q u e s we r e u s e d , 0 . 2 m1 o f

potass i um hy dr oxi d e (10%) was i n the Cente r w e l l o f the

ves s e l exc ep t when c yan ide or carbon d i o xi d e b u f f e r s were

be ing employed When c y a n i d e was u s e d , 0 . 2 m l o f 1M

potas s ium Cyan ide was used to absorb carbon d i o xi d e

( L a t i e s , 1 9 4 9 ) D a t a a r e t h e me a ns o f d u p l i c a t e d e t e r

m ina t i ons un les s S ta ted o ther w i s e

F i g u r e s 7 - 1 0 , w h i c h i l l u s t r a t e o x y g e n e l e c t r o d e

t r a c e s , a r e c o p i e s o f o r i g i n a l t r a c e s w i t h t h e d i m e n s i o n s

reduc ed by o n e - h a l f E a c h f i g u r e i l l u s t r a t e s o n l y o n e

The we igh t o f spores va r i e d and was not alwayst r a c e

d e t e r m i n e d

The r e p r o d u c i b i l i t y t h a t c a n be e x p e c t e d f r o m t h e

oxygen e l e c t r o d e i s about + 10% (Pa c k e r , 1964) Cons ider

i n g the above l i m i t a t i o n s , the da ta ob ta i ned w i t h the

oxygen e l e c t r o d e must be c ons idered o f Somewhat l i m i t e d

s i g n i f i c a n c e I n most c as es , how ever, exper im ents were

r e p e a t e d mo r e t h a n o n c e , a n d t h e r e s u l t s we r e q u a l i t a

t i v e l y c o n s i s t e n t w i t h t h o s e s ho wn i n t h e f i g u r e s .

Carbon d i o xi d e b u f f e r s were prepared and used w i t h

m o d i f i c a t i o n s o f me t h o d s o f K r e b s ( 1 9 5 1 ) a nd P a r d e e ( 1 9 4 9 )

I d i s s o l ve d 0 . 1 g th i o ur e a i n about 30 ml o f w a t e r , a d d e d

t h i s t o 58.2 m1 o f d i e thano lam ine and ad j us t ed t o 100 ml

w i t h wate r t o make 0.001 g th i o ur e a per ml i n 4M di~

e t h a n o l a m i n e T h i r  t y - t h r e e m l o f t h i s m i x t u r e i n a 1 0 0 m l
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g r a d u a t e d c y l i n d e r we r e g a s s e d 30 m i n u t e s b y p a s s i n g 100%

c a r b o n d i o x i d e t h r o u g h an a q u a r i u m s t o n e i n t o i t The

67 ml o f u n g a s s e d d i e t h a n o l a m i n e we r e a d d e d a n d t h i s

m i xtu r e was s t o r ed as a stoc k So l u t i o n B e f o r e e a c h

10 ml o f t h e s t o c k b u f f e r we r e s h a k e n 1 - Z h o u r se x p e r i m e n t

on a r o t a r y  s h a k e r a t a b o u t 150 RPM i n a 125 ml E r l e n me y e r

f l a s k Fo ur - te n th s o f a ml were used i n the c en te r w e l l

o f each Warburg f l a s k (Ya na g i t a , 1957)

M y c e i i u m was us e d i n t h e f o r m o f p e l l e t s ma de b y

i n o c z l a t i n g b y a s e p t i c t e c h n i q u e o ne d r o p o f a t h i c k

s u s p e n s i o n o f s p o r e s i n t o a 125 ml E r l e n m e y e r f l a s k c o n

t a i n i n g 25 ml o f s t e r i i e m a l t - y e a s t b r o t h The b r o t h

c o n s i s t e d o f 0 . 7 5 g m a l t e x t r a c t ( D i f  c o ] , 0 . 1 2 5 g y e a

e x t r a c t ( D i f C 0 ) , a n d 25 ml d i s t i l l e d w a t e r The f l a s k s

we r e s h a k e n o n a r o t a r y s h a k e r a t 125 RPM f o r 24 hours at

r o o m t e m p e r a t u r e ( a b o u t 2 5 °C ) A f  t e r Z4 h o u r s t h e me d i u m

was f i l t e r e d o f f a nd t h e p e l l e t s wa s he d o n avu s i n t e r e d

g l a s s f i l t e r o r B i f c h ne r F u n n e l , r e s u s p e n d e d i n b u f f e r , a n d

p l a c e d i n t h e W a r b u r g v e s s e l s

S i n c e t h e p e l l e t s c l u m p e d t o g e t h e r , p i p e t t i n g i n

u n i f o r m q u a n t i t i e s was d i f f i c u l t An a l t e r n a t i v e me t h o d

w h i c h I f o u n d mo r e r e l i a b l e t h a n p i p e t t i n g , was t o f i l t e r

t h e p e l l e t s o n a B n c h n e r f u n n e l , r e mo v e t h e p a p e r f i l t e r

w i t h t h e p e l i e t s a d h e r i n g as a t h i n ma t t o i t s s u r f  a c e ,

a n d c u t t h e f i l t e r i n t o u n i f o r m s i z e p i e c e s w i t h s c i s s o r s

The p a p e r was C u t i n t o t wo p i e c e s mo r e t h a n t h e nu mb e r o f

f l a s k s u s e d The m y c e l i a l ma t was s t i p p e d f r o m t h e p a p e r
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w i t h t w e e z e r s , t w o p i e c e s we r e p l a c e d o n f i l t e r p a p e r a n d

d r i e d a t 1 0 0 ° C f o r Z4 h o u r s The s e we r e us e d t o d e t e r m i n e

dr y we ight The r e m a i n i n g p i e c e s we r e p l a c e d i n t h e

Warburg f l a s k s

P r e l i m i n a r y e x p e r i m e n t s i n d i c a t e d t h a t t h e s p o r e s

o f R h i z o p u s s t o l o n i f e r me t a b c r l i z e d g l u c o s e a t l e a s t a s

r a p i d l y a s a c e t a t e E x p e r i m e n t s we r e do ne t o Co mp a r e t h e

spores o f Rhizopus w i t h thos e o f Phycomyces A l t h o u g h t h e

comparisons between the two types o f spores were n o t a s

as was h o p e d , t h e r e s u l t s we r e i n t e r e s t i n g a n d1 n 5 t r u C t i v e

a r e i n c l u d e d

S p a r e s o f R h i z o p u s s t o l o n i f e r me r e g r o w n o n m a l t

agar s l a n t s and were removed when the c u l t u r e s wereyeas t

t h r e e da y s o l d A b o u t 10 ml o f d i s t i l l e d w a t e r we r e

a d d e d t o t h e s l a n t s a nd t h e s p o r e s we r e p o u r e d o f f a f  t e r

t h e y h a d b e e n s c r a p e d f r o m t h e c u l t u r e i n t o t h e

w a t e r b y a s t i f f b a c t e r i o l o g i c a l l o o p The spores were

f i l t e r e d th rough Cheese C l o t h , washed tw i c e w i th d i s t i l l e d

w a t e r , s u s p e n d e d i n a n a p p r o p r i a t e q u a n t i t y o f b u f f e r a n d

di spensed i n t o the Warburg f l as k s The spores_ from one

50 ml s l a n t c u i t u r e we r e mo r e t h a n a d e q u a t e f o r a n e x p e r i

me n t u s i n g 10 W a r b u r g f l a s k s P e l l e t s o f R h i z o p u s we r e

as d e s c r i b e d f o r P h y c o my c e s , e x c e p t t h a t t h egrown incuba

t i o n t i m e was 15 h o u r s Unless S ta ted o ther w i s e d u p l i c a t e

f l a s k s we r e u s e d f o r ma n o m e t r i c d a t a

Because o f va r i a t i o n between r e s u l t s o f exper im ents

a l l t h e c u r v e s i n a n y p a r  t i c u l a r f i g u r e r e p r e s e n t

\
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sim u ltaneous obs er va t i o ns so as to f  a c i l i t a t e com paris on

I n some cases s e ve r a l exper im ents c ou ld have been used t o

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

Res u l ts Exper im ents ~  W h i c h Manom etric Methods Were

Us e d

R e s p i r a t i o n g f P hy c o my c e s S p o r e s w i t h V a r i o u s

S u b s t r a t e s

The r a t e o f e n d o g e n o u s r e s p i r a t i o n o f r e s t i n g

Phycomyces spores i s so low as to be d i f f i c u l t t o m e a s u r e

ma n o me t  t i c a l  l y A Q07 o f 1 . 4 ( e x p r e s s e d as p l o x y g e n

u p t a k e p e r mg d r y w e i g h t o f s p o r e s p e r h o u r ) ha s

r e p o r  t e d ( B o r c h e r  t , 1 9 6 2 ) .

be e n

I n my s t u d i e s t h e Q02 o f f r e s h l y h a r v e s t e d s p o t

a n g i o s p o r e s i n p h o s p h a t e b u f f e r o f pH S a n d g l u c o s e a t

10 mg/ml was near two over a f i ve - h o u r p e r i o d i s

A n o t h e r e x p e r i m e n t s ho we d t h e r a t e t o r e m a i n C o n s t a n t

2 . 5 o v e r a t h r e e - h o u r p e r i o d ( F i g . 4 ) .

S t

I n C o mp a r i s o n t o t h e lo w r a t e s o f r e s p i r a t i o n o f

i n t h e p r e s e n c e o f g l u c o s e , s p o r e s w i t h a c e t a t e a tspores

0 . 7 2 mg / m l r e s p i r e d a t a r a t e 16 t i me s h i g h e r t h a n t h e

r a t e w i t h gl uc os e du r i n g the f i r s t hour and more than 20

t i me s h i g h e r d u r i n g t h e f i f  t h h o u r A com bina t i on o f

g l u c o s e a n d a c e t a t e r e s u l t e d i n e v e n h i g h e r r a t e s ( F i g 1

F o r t h e f i v e h o u r s o f t h e e x p e r i m e n t P v a l u e s f o r

t - t e s t f o r ac e t a t e E  g l u c o s e p l us ac e t a te were 0.01,a

09, 0.10, 0.10, 0 When t h e c a r b o n d i o x i d e p r e s s u r e s

were k ep t c on s ta n t and equa l t o thos e o f the atmosphere by



F i g u r e 1 The e f f e c t o f a c e t a t e ( AC) ( 0 , 7 Z m g / m l ] a nd
g l u c o s e ( GL ) [ 1 0 mg / ml ) i n d i v i d u a l l y o r i n
c o m b i n a t i o n o n t h e r a t e o f o x y g e n u p t a k e o f
P hy c o my c c s b l a k e s l e e a n u s s p o r e s . P o i n t s
s no wn a r e t h e me a ns Ok t w o d e t e r m i n a t i o n s .
E a c h v e r  t i c a l l i n e r e p r e s e n t s o n e s t a n d a r d
e r r o r o f t h e me a n .



34

6o|»

5 0

. L

4 0
Z
<3

E r  x  U _ z \ _ 3
____Q__OO Zm_U>XO

3 0

ll.

2 0

O

GL

' I
.n

r 2 3 4 5
TIME (HOURS)



3 5

a carbon d i o xi d e b u f f e r , ac e t a t e was a t l e a s t as e f f e c t i v e

as g l u c o s e p l u s a c e t a t e i n s t i m u l a t i n g r e s p i r a t i o n

E f f e c t Var i ous In h i b i t o r s Q Re s p i ra t i o n

Phycomyces Sporqs

S tud ies de a l i n g w i t h the e f f e c t s o f the unc oup l i ng

a g e n t 2 , 4 - d i n i t r o p h e n o l i n d i c a t e d t h a t t h e r e s p i r a t o r y

c a p a c i t y o f s p o r e s i n t h e p r e s e n c e o f g l u c o s e was c o n s i d

e r a b l y g r e a t e r t h a n t h e d a t a r e p o r  t e d a b o v e i n d i c a t e

Oxy ge n c o n s u m p t i o n a m o u n t i n g t o f r o m mo r e t h a n 200% t o

mo r e t h a n 400% o f C o n t r o l i e v e l s was e v o k e d b y d i n i t r o -

p h e n o l a t 5 x 1O`5 M d u r i n g t h e f i v e h o u r s o f i n c u b a t i o n

i s I' va l ues f o r the f i v e hours f o r gl uc os e vs

gluc os e p lus d i n i t r o p h e n o l were )

.

0 . 0 0 1 These data i n d i c a t e a t i g h t l y coup led r e s p i r a t o r y

a c t i v i t y o f dormant spores

C l a s s i c a l c y t o c h r o me o x i d a s e i n h i b i t o r s we r e t e s t e d

f o r t h e i r e f f e c t on the r e s p i r a t o r y system I n s t e a d o f

i n h i b i t i o n , a s t i m u l a t i o n o f oxygen uptak e was obs erved

when potas s i um  c y an ide and sodium az id e were o f f e r e d w i t h

g l u c o s e as t h e s u b s t r a t e F i g u r e 2 Shows t h a t i n t h e

p r e s e n c e o f p o t a s s i u m c y a n i d e a t 0 . 0 1 M t h c r a t e o f

r e s p i r a t i o n o f s p o r e s w i t h g l u c o s e as s u b s t r a t e

t o t h e r a t e w i t h b o t h g l u c o s e a n d a c e t a t e .

i s c l os e

D u r i n g t h e f i r s t h o u r s o d i u m a z i d e a t 0 . 0 1 M h a d n o

e f f e c t on r e s p i r a t i o n , bu t as time progres s ed a

t o r y e f f e c t became apparen t ( f o r hours Z-S P <

s t i m u l a

0 1



Fig ure 2 E f f e c t s o f some i n h i b i t o r s o n t h e r a t e o f
o x y g e n u p t a k e b y P hy c o my c e s b l a k e s l e e a n u s
s p o r e s . S u b s t r a t e s we r e g l u c o s e ( G L ) Q10
m g / m l ) , a c e t a t e ( A C) ( 0 . 7 2 m g / m l ) , a n d g l u -
c o s e p l u s a c e t a t e . I n h i b i t o r s we r e s o d i u m
a z i d e ( g l ) ( 0 . 0 1 M ) , 2 , 4 - d i n i t r o p h e n o l (DNP )
( 5 x 1 0 ' M) a nd p o t a s s i u m C y a n i d e ( 0 . 0 1 M ) .
P o i n t s s ho wn a r e t h e me a ns o f t w o d e t e r m i ~
n a t i o n s . E a c h v e r  t i c a l l i n e r e p r e s e n t s o n e
s t a n d a r d e r r o r o f t h e me a n .
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Fig. 21 At the f i f  t h hour the s t i m u l a t i o n caused by

s o d i u m a z i d e was s i g n i f i c a n t l y h i g h e r t h a n f o r d i n i t r o

p h e n o l ( P < . 0 2 ) .

The d a t a o f F i g u r e 3 i n d i c a t e t h a t w i t h a c e t a t e as

s o l e s u b s t r a t e p o t a s s i u m c y a n i d e a t 0 . 0 1 a n d 0 . 0 0 1 M

i n h i b i t e d a b o u t e q u a l l y The s t i m u l a t o r y e f f e c t o f

ac e t a t e i s s i g n i f i c a n t l y i n h i b i t e d by c yan ide a t t h e s eff

r e l a t i v e l y h i g h conc en t ra t  i ons F o r po t a s s  i u m c y a n i d e

(0 . 0 l M ) P va lues f o r the f i v e hours were 0 . 0 3 , 0 . 0 6 ,

0 . 1 0 , 0 . 0 7 , and 0 . 0 5 ; f o r po tass i um c yan ide (0 .001M)

va lues were 0 . 0 1 , 0 . 0 6 , 0 . 0 3 , 0 . 0 1 , and 0 A com

p o n e n t o f t h e r e s p i r a t o r y s y s t e m h a v i n g t o do w i t h g l u c o s e

o r pos s ibgy endogenous o xi d a t i o n seems r e s i s t a n t t o t h e

e f f e c t o f  C y a n i d e , and , i n f  ac t , i s s t i m u la t e d by i t

( P i g . 2 ) .

M a l o n a t e whe n p r e s e n t w i t h a c e t a t e a n d p h o s p h a t e

b u f f e r a t pH 6 h a d l i t t l e o r n o e f f e c t o n t h e r a t e o f

metabol i s m , bu t as can be seen i n Fig ure 3 , i t i s a po t en t

i n h i b i t o r o f a c e t a t e me t a b o l i s m whe n p r e s e n t

( P < . 0 1 f o r h o u r s 1 - 4 ; P <  . 0 5 f o r h o u r S ) .

a t pH 5

Un d e r t h e s e

same c o n d i t i o n s malona te a t 0.01M and sodium am yta l a t

0.01M had l i t t l e o r  n o e f f e c t on gluc os e r e s p i r a t i o n .

E f f e c t V a r i o u s N i t r o g e n S o u r c e s R e s p i r a t i o n

P hy c o my c e s S p o r e s

The p r o v i s i o n o f a mmo ni um i o n a t 0 . 0 0 1 M h a d n o

o n t h e r a t e o f s p o r e r e s p i r a t i o n i n t h e p r e s e n c e o fe f f e c t



F i g u r e 3 E f f e c t o f i n h i b i t o r s on the r a t e o f  o xy ge n
uptak e by Phycomyces blqk es leeanus spores
a t pH 5 i n t h e p r e s e n c e o f a c e t a t e . I n h i -
b i t o r s we r e p o t a s s i u m c y a n i d e (K CN) ( 0 . 0 0 1 M
a n d 0 . 0 1 M ) , ma l o n a t e (MAL ) ( 0 . U 1 M ) . P o i n t s
s ho wn a r e t h e me a n o f t w o d e t e r m i n a t i o n s .
E a c h v e r  t i c a l l i n e r e n r e s e n t s o n e s t a n d a r d
e r r o r o f the mean
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g l u c o s e a n d d i d n o t s i g n i f i c a n t l y i n c r e a s e t h e r a t e o f

o x y g e n u p t a k e f o r t h e f i r s t t w o h o u r s whe n i t was p r e s e n t

w i th ac e t a t e (F i g 4) The v a l u e s f o r g l u c o s e we r e

a r b i t r a r i l y chosen from another exper im ent and were used

t o f  a c i l i t a t e v i s u a l c o mp a r i s o n Dur i ng the t h i r d hour o f

i n c u b a t i o n w i t h a c e t a t e , a s i g n i f i c a n t d i f f e r e n c e (P < 05

a p p e a r e d b e t w e e n t h e r a t e i n t h e p r e s e n c e o f the i o n and

i n i t s absence Prc r l i ne had a s i m i l a r e f f e c t i n t h i s

res p ec t ( P  < .01 f o r second and t h i r d hours ) bu t d i d . n o t

i n c r e a s e o x y g e n u p t a k e a p p r e c i a b l y whe n p r e s e n t as

s o l e C a r b o n S o u r c e ( F i g . 4 )

t h e

E f f e c t Q i V a r i o u s S u b s t r a t e s a n d I n h i b i t o r s g g

R e s p i r a t i o n 9 5 M y c e l i a l P e l l e t s Q i P hy c o my c e s

I n c o n t r a s t t o t h e a l m o s t n e g l i g i b l e e n d o g e n o u s

o x y g e n u p t a k e w i t h t h e s p o r e s o f P . b l a k e s l e e a n u s t h e

f r e s h l y h a r v e s t e d p e l l e t s o f my c e l i u m s ho we d a h i g h r a t e

o f o x y g e n u p t a k e ( F i g . 5) T h i s r a t e d r o p p e d s l o w l y o v e r

s e v e r a l h o u r s G l u c o s e , a c e t a t e , a n d a c o m b i n a t i o n o f

g l u c o s e a nd a c e t a t e a p p e a r e d t o s t i m u l a t e r e s p i r a t i o n

a bo v e e n d o g e n o u s l e v e l s b u t d i f f e r e n c e s b e t w e e n t h e

t r e a t m e n t s w e r e n o t s i g n i f i c a n t D a t a o b t a i n e d

f r o m a n o t h e r e x p e r i m e n t do ne u n d e r t h e same c o n d i t i o n s

s ho we d t h a t p e l l e t s i nc uba ted w i t h gl uc os e and ac e t a te

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

a c e t a t e o n l y ( P . < . 0 5 f o r t h r e e o f t h e f o u r h o u r s ) .

M a l o n a t e was a n e f f e c t i v e i n h i b i t o r o f p e l l e t r e s

p i r a t i o n b u t t h e d e g r e e o f i n h i b i t i o n de p e n d e d o n t h e



F i g u r e 4 E f f e c t o f a mmo ni um c h l o r i d e ( NH4 ) ( 0 . 0 0 l M ) o r
p r o l i n e (P RO) ( 0 . 0 l M ) o n g l u c o s e ( GL ) o r
a c e t a t e ( A C) me t a b o l i s m i n P hy c o my c e s
b l a k e s l e e a n u s s p o r e s a s me a s u r e e by r a t e o f
o x y g e n u p t a x e . P o i n t s s ho wn a r e t h e me a ns
o f t w o d e t e r m i n a t i o n s . E a c h v e r  t i c a l l i n e
r e p r e s e n t s o n e s t a n d a r d e r r o r o f t h e me a n .
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F i g u r e S

( G L ) a n : a c e t a t e ( AC) as s u b t r a t e s

R a t e o f o x y g e n u p t a k e o f P hy c o my c e s
b l a k e s l e e a n u s m y c e l i a l pe e t s w 1 t n g l u c o s e

vs e n d o -
ge n o u s r a t e (E NDOG) . P o i n t s s ho wn
me a ns o f t w o d e t e r m i n a t i o n s . E a c h
l i n e r e p r e s e n t s o n e s t a n d a r d e r r o r

g r e t h e
v e r  t i c a l
o f t h e

1

m e a n
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s u b s t r a t e  p r e s e n t (Tab le 5) M a l o n a t e a t 0 . 0 1 M d e c r e a s e d

the r a t e o f p e l l e t r e s p i r a t i o n by a t l e a s t 50% below

c o n t r o l l e v e l s whe n g l u c o s e was p r e s e n t , d e c r e a s e d i r by

more than 90% when bo t h gluc os e and ac e t a t e were pre s e n t

and e s s e n t i a l l y e l i m i na t e d i t when ac e t a te alone was

carbon s our c e .

t h e

Potas si um c yan ide a t 0.01)-1 was a po w e rf u l i n h i b i t o r

i r r e s p e c t i v e o f t h e s u b s t r a t e p r e s e n t No d e t e c t a b l e

a mo u n t o f o x y g e n u p t a k e was o b s e r v e d whe n a c e t a t e was

s o l e c a r b o n s o u r c e ; f r o m Z-8% o f c o n t r o l l e v e l s we r e

t h e

observed w i t h gl uc os e or Iuc os e l u s ac e t a t e as s u b s t r a t eg p

(Tab le 3 ) .

S p o r e r e s p i r a t i o n a p p e a r s r e l a t i v e l y r e s i s t a n t t o

t h e i n h i b i t o r y e f f e c t s o f c y a n i d e w i t h a c e t a t e as s u b s t r a t e

when Fi g ur e 3 i s c om pared  w i th  Tab le 3 (a c e ta t e as sub

s t r a t e ) i t can be Seen th a t Cyanide i n h i b i t e d my/Ce l ial

r e s p i r a t i o n muc h mo r e s t r o n g l y t h a n s p o r e r e s p i r a t i o n

Comparison 9£ . R e s p i r a t i o n g Phycomyces w i t h

Rhizopus

When the r e s p i r a t o r y be ha vio r o f spores o f Phy

comyces and Rhizopus was Compared, d i f f e r e n c e s were

G l u c o s e h a d l i t t l e e f f e c t o n t h e r a t e o fapparen t

r e s p i r a t i o n o f P h y c o my c e s s p o r e s b u t a c e t a t e was h i g h l y

s t i m u l a t o r y W ith Rhi zopusspores gluc os e and ac e t a t e had

about equa l e f f e c t s bu t bo t h to ge th er s t i m u la t e d r e s p i r a -

t i o n s i g n i f i c a n t l y (P <  . 0 5 ) over e i t h e r s e p a r a t e l y .

Ma lonate i n h i b i t e d oxygen uptak e w i t h ac e t a t e as s u b s t r a t e
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i n Phycomyces spores bu t s i g n i f i c a n t l y s t im u la te d r e s p i r a
48

i n Rhizopus spores from the second to the f i f  t h hourt i o n

< . 0 S ; F i g . 6

P r o l i n e s t i m u l a t e s g e r m i n a t i o n o f R h i z o p u s s t o l o n i

f e r s p o r a n g i o s p o r e s ( W e be r , 1 9 6 2 ) a nd t h e g e r m i n a t i o n a nd

r e s p i r a t i o n o f 5 . a r r h i z u s s p o r e s (W e be r a nd Oga wa , 1 9 6 5 ]

Pr o l i n e had a h i g h l y s t i m u i a t o r y e f f e c t on Rhizopus

s t o l o n i f e r spore r e s p i r a t i o n ( F i g . 6) bu t was w i th ou t

e f f e c t o n P hy c o my c e s s p o r e s ( F i g . 4 )

As w i t h P hy c o my c e s p e l l e t s , t h e e f f e c t o f ma l o n a t e

was d e p e n d e n t up o n t h e s u b s t r a t e s p r e s e n t w i t h R h i z o p u s

p e l l e t s A l l t e s t s we r e do n e i n d u p l i c a t e M a l o n a t e

( 0 . 0 1 M , pH 5 , t h r e e h o u r s ) h a d no e f f e c t o n p e l l e t s w i

g l u c o s e as s u b s t r a t e b u t i n h i b i t e d p e l l e t r e s p i r a t i o n

a b o u t 70% w i t h g l u c o s e a nd a c e t a t e p r e s e n t (P - '-1 .

i n h i b i t e d r e s p i r a t i o n n e a r l y 100% w i t h a c e t a t e as

U1 I t

s o l e

s u b s t r a t e

In c o ns i s te n t r e s u l t s between exper im ents were

o b s e r v e d whe n t h e e f f e c t o f g l u c o s e a nd a c e t a t e was t e s t e d

o n p e i l e t r e s p i r a t o r y r a t e s I n some e x p e r i m e n t s a s t i m u

l a t i o n was o b s e r v e d , i n o t h e r s , no e f f e c t was n o t i c e d

Potas sium Cyanide {G.U1M, pH 5, f i v e hours ] i n h i b i t e d

o x y g e n u p t a k e n e a r l y 100% w i t h a c e t a t e as s u b s t r a t e i t

i n h i b i t e d oxygen uptak e s i g n i f i c a n t l y (P <_ 01) w i t h

l u c o s e a s s u b s t r a t e d u r i n t wo h o u r s o f i n c u b a t i o ng g

L a t e r v a l u e s { t w o h o u r s ] we r e n o t s i g n i f i c a n t l y d i f f e r e n t

f r o m c o n t r o l s



F i g u r e 6 R a t e o f o x y g e n u p t a k e o f R h i z o u u s s t o l o n i f e r
s p o r e s i n t h e p r e s e n c e o f a c e t a t e ( AC) ( U . / Z
m g / m l ) , g l u c o s e ( G L ) ( 1 0 m g / m l ) , p r o l i n e (PRO)
( 0 . 0 l M ) , a c e t a t e p l u s ma l o n a t e (MAL ) ( 0 , 0 Z M ] ,
a n d g l u c o s e p l u s a c e t a t e . P o i n t s s ho wn a r e
t h e me a ns o f t w o d e t e r m i n a t i o n s . E a c h v e r -
t i c a l l i n e r e p r e s e n t s o n e s t a n d a r d e r r o r o f
t h e me a n ." 1
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s1
Res u l ts Exper im ents ~  w h i c h Po l a r og ra ph i c Methods

W ere Us e d

The e n d o g e n o u s r a t e o f o x y g e n u p t a k e b y f r e s h l y

ha r ve s te d Phycomyces spores w i t h a potaSs ium phos phate

b u f f e r o f pH 6 as measured by the Cla rk oxygen e l e c t r o d e

1 . 1 , u l p e r mg d r y w e i g h t p e r h o u r ( Q0 2 )w a s When a c e t a t e

was pre s e n t f o r four minutes and gluc os e f o r one m i nu te ,

t h e Q02 i n c r e a s e d t o 2 4 . 2 2,4 ~Di n i t rop hen o1 at S x 10`5M

i n c r e a s e d t h e r a t e s l i g h t l y t o 2 5 . 9 w h i l e a z i d e a t 0 . 0 0 1 M

a d d e d s e v e n minutes from the s ta r  t o f the exper im ent

i n c r e a s e d t h e r a t e t o 5 8 . 4 ( F i g . 7 ) An e x p e r i m e n t i n

w h i c h a c e t a t e , g l u c o s e , a n d d i n i t r o p h e n o l we r e u s e d , f o l

l o w e d b y p o t a s s i u m c y a n i d e r a t h e r t h a n a z i d e , s ho we d

p o t a s s i u m c y a n i d e t o p r o d u c e a ma r k e d i n h i b i t i o n r a t h e r

than a s t i m u l a t i o n Th i s r e s u l t was no t c on f i rm ed mano

m e t r i c a l l y o r o t h e r w i s e

As c a n be s e e n i n F i g u r e 8 , no s t i m u l a t i o n i n r a t e

o f oxygen uptak e oc c urred u n t i l a f  te r gl uc os e was a d d e d

The a d d i t i o n o f g l u c o s e t o f r e s h l y h a r v e s t e d s p o r e s

i n phos phate b u f f e r was s t i m u l a t o r y t o the r e s p i r a t o r y

The data ob ta i n ed from the exper im ent shown i nr a t e

Fig ure 9 i n d i c a t e d a Q02 o f 8 . 5 f o r the one minute immedi

a t e l y a f  te r the a d d i t i o n o f g l u c os e . For th re e shor t - t ime

i n w h i c h t h e o x y g e n e l e c t r o d e was u s e d , t h i se x p e r i m e n t s

s t i m u l a t o r y e f f e c t o f g l u c o s e was c o n s i s t e n t l y o b s e r v e d

A f e a t e i n c r e a s e d t h e r a t e o f o x y g e n u p t a k e i n t h e

ex er im ent shown i n Fi g ur e 9 t o a va lu e o f 21 . 1 wh ic hP 02
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F i g u r e 7 C l a r k e l e c t r o d e t r a c e o f o x y g e n u p t a k e b y
P hy c o my c e s b l a k e s l e e a n u s s p o r e s s h o w i n g
e f i e c t s o f a c e t a t e ( U . / A m g / m l ) , g l u c o s e
( 0 . 7 2 m g / m l ) , 2 , 4 - d i n i t r o p h e n o l (DNP ) (S
x 1 0 ` 5 M ) , a n d s o d i u m a z i d e ( 0 . 0 0 1 M ) . Re -

a c t i o n m i x t u r e p r e p a r e d i n p h o s p h a t e
b u f f e r ( pH 6 , 0 . 0 6 7 M ) , s p o r e s ( 4 . 8 mg d r y
w e i g h t ) i n a t o t a l v o l u me o f 3 . 0 m l .
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F i g u r e 8 C l a r k e l e c t r o d e t r a c e o f o x y g e n u p t a k e b y
P hy c o my c e s b l a k e s l e e a n u s s p o r e s S h o w i n g
e t t e c t o t s o c i u m a z1 c e ( 0 . 0 G 1 M ) , g l u c o s e
( 1 0 m g / m l ) , a n d p o t a s s i u m c y a n i d e (K CN)
( 0 . 0 0 l M ) . R e a c t i o n m i x t u r e p r e p a r e d i n
p h o s p h a t e b u f f e r ( pH 6 , [ ) . 0 6 7 M, s p o r e s
( w e i g h t n o t d e t e r m i n e d ) i n a t o t a l v o l u me
o f 5 . 0 m l . S p o r e s h a d b e e n s o a k e d t w o
h o u r s i n p h o s p h a t e b u f f e r pH 6 b e f o r e
b e g i n n i n g o f e x p e r i m e n t .

\



SS

CONCENTRATION O F  ° 2 ( p m / L )

N
A
o

5
o

Mgmmw

>N_Um QICOOWM

X 0 2

N

>N_Um

1'
Z
rn

on

3

__
ZC___mm

0_'COomm

\ - v

rx

a

~| x
n
z

as



z

F i g u r e 9 C l a r k e l e c t r o d e t r a c e o f o x y g e n u p t a k e b y
P hy c o my c e s b l a k e s l e e a n u s s p o r e s s h o w i n g
e t t e c t o t g l u c o s e [ L U m g / m l ) , a c e t a t e
( 0 . 7 2 m g / m l ) , ma l o n a t e ( 0 . 0 1 7 M ) , p o t a s s i u m
C y a n i d e (K CN) ( 0 . 0 D 1 M ) , s o d i u m a z i d e ( 0 . 0 0 1 M )
R e a c t i o n m i x t u r e p r e p a r e d i n p h o s p h a t e b u f f e r
( p H S , 0 . 0 6 7 M ) , s p o r e s ( 5 . 3 mg d r y w e i g h t )
i n a t o t a l v o l u me o f 3 m l . C h e m i c a l s we r e
a d d e d d i s s o l v e d i n 0 . 1 m1 b u f f e r e x c e p t f o r
g l u c o s e w h i c h was a d d e d d r y .
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CONCENTRATION OF 02 ( p m / L )
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was l i n e a r a f  t e r t h e f i r s t h a l f m i n u t e , ma l o n a t e h a d n o

e f f e c t , p o t a s s i u m c y a n i d e was s t i m u l a t o r y and azide

p r o v e d t o be i n h i b i t n r y t o t h i s i n c r e a s e

/

J



CHAPTER I V

THE METABOLISM OF CARBON~l4 »L/ \B EL ED

ACETATE AND GLUCOSE SHOWING SOME EFFECTS

OF EA6H ON THE METABOLISM OF THE OTHER

S i n c e a c e t a t e h a d a h i g h l y s t i m u l a t o r y e f f e c t o n

s p o r e g e r m i n a t i o n a n d r e s p i r a t i o n seemed impor tant t oi t

i d e n t i f y the s p e c i f i c sourc e o f Carbon d i o xi d e p r o d u c t i o n

when a c e t a t e , g l u c os e , o r ac e t a t e to ge th er w i t h gl uc os e

U n i f o r m l y - M C - l a b e l e d a c e t a t e o rt h e s u b s t r a t ew a s

g l u c o s e was u s e d a s s e s s t h e i mp o r  t a n c e o f a c e t a t et o

g l u c o s e , a n d s p o r e r e s e r v e s t o C a r b o n d i o x i d e o u t p u t

I t a l s o s e e me d t h a t a de t e r m in a t i o n o f the so

c a l l e d "C6/C1 r a t i o " o f gl uc os e metabol i sm w i t h gluc os e

alone as s u b s t r a t e and to g e th e r w i t h ac e t a t e would be

i n s t r u c t i v e i n i n v e s t i g a t i n g t h e f u n c t i o n o f a c e t a t e i n

s t i m u l a t i n g s p o r e m e t a b o l i s m I f t h c i s c h a n g e dr a t i o

when ac e t a te i s p r e s e n t , t h i s would be evidenc e t h a t
_ J

pathways o f gl uc os e metabol i sm change when ac e t a t e i s

p r e s e n t

The i dea t h a t t h e C6 / C1 r a t i o c o u l d be us e d a s a

means of  d em o n s t r a t i n g the p a r  t i c i p a t i n g o f the Hexose

Monophosphate (HMP) pathway was in t r o du c e d by Bloom and

S t e c r e n ( 1 9 5 3 ) Some o f t h e a s s u m p t i o n s r e c o g n i z e d a nd

S9



r a t i o ha v e s i n c e be e n s ho wn n o t
6 0

i m p l i e d i n t h e us e o f t h e

to ho ld u n i v e r s a l l y As a me ans o f e s t i m a t i n g t h e p a t h

ways o f t o t a l g l u c o s e c o n s u mp t i o n the C0/C1 r a t i o does

n o t g i v e a n u n e q u i v o c a l r e s u l t " ( B e e v e r s , 2 9 6 1 ] Wood

K a t z , a nd L a n da n u ( 1 9 6 3 ) ha v e d i s c u s s e d t h e a s s u mp t i o n s

a nd l i m i t a t i o n s o f t h e me t h o d as a me ans o f e s t i m a t i n g

t h e p a r  t i c i p a t i o n o f t h e HMP p a t h w a y a nd t h e E mbd e n-

M e y e r h o f - P a r n a s (EMP) s e q u e n c e o f c a r b o h y d r a t e m e t a b o l i s m

The r a t i o n a l e f o r the use o f a Cb/C1 r a t i o i n

e s t i m a t i n g m e t a b o i i c p a t h w a y s i s b r i e f l y as f o l l o w s F o r

g l u c o s e mo 1 e c u 1 e s . w h i c h a r e b r o k e n do wn e x c l u s i v e l y by t h e

EMP s e q u e n c e , t h e f i r s t c a r b o n s t o a p p e a r i n c a r b o n

d i o x i d e a r e t h o s e f r o m p o s i t i o n s 3 a n d 4 Th e y c o n s t i t u t e

t h e c a r b o x y l g r o u p s o f p y r u v a t e Ca r h o n s Z a nd S a p p e a r

o n l y a f  t e r a c o m p l e t e c i r c u i t o f t h e c i t r i c a c i d c y c i e b y

t h e f r a g m e n t ( a c e t y l g r o u p ] r e m a i n i n g a f  t e r p y r u v a t e

d e c a r b o x y l a t i o n Ca r b o n s 1 a nd 6 a p p e a r l a s t a f  t e r

f u r  t h e r c i r c u i t s ( B e e v e r s , 1 9 6 1 )

B y C o n t r a s t , C - 1 i s t h e f i r s t c a r b o n t o a p p e a r f r o m

t h o s e g l u c o s e m o l e c u l e s e n t e r i n g t h e p e n t o s e p h o s p h a t e

The r a t e o f a p p e a r a n c e o f C - 6 w o u l d d e p e n d o ns e q u e n c e

w h e t h e r t h e t r i o s e s p r o d u c e d i n t h e pa t h w a y a r e c o n v e r  t e d

t o p y r u v a t e o r r e c y c l e d ( B e a v e r s , 1 9 6 1 ) n a ny Ca s e , i

a p p e a r a n c e i s d e l a y e d i n c o mp a r i s o n w i t h C - 1 a c e

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

o f o t h e r s , a lo w C6 / C1 r a t i o r e s u l t s , a 1e31St o v e r s h o r  t
\

\t ime i n t e r v a l s



6 1
M a t e r i a l s a nd M e t h o d s

S p o r e s a n d m y c e l i a l p e l l e t s we r e g r o w n as i n d i c a t e d

i n p r e v i o u s c h a p t e r s

Ox y g e n C o n s u mp t i o n a n d c a r b o n d i o x i é c e v o l u t i o n

me a s u r e d b y t h e t e c h n i q u e s d e s c r i b e d b y U m b r e i tw e  r e

B u r r i s , a n d S t a u f f e r ( 1 9 5 7 ) a t pH 6 ( c o r r e c t e d f o r d i s

S o l v e d C a r b o n d i o x i d e ) a nd 2 5 °C i n a i r .

C a r b o n d i o x i d e was t r a p p e d i n 0 . 2 5 ml o f 20% KOH

t h e c e n t e r w e l l o f W a r b u r g f l a s k s ( n o f i l t e r p a p e r w i c k

was u s e d i n t h e C e n t e r w e l l ) .

1 n

Rad io ac t i ve compounds were purc hased from commer

Th e y c o n s i s t e d o f u n i f o r m l y - N C - l a b e l e dc i a l sourc es

g l u c o s e , u n i f o r m l y - 1 d C - l a b e l e d a c e t a t e , g l u c o s e - 1 14C
a nd g l u c o s e - b - N C

W a r b u r g f l a s k s c o n t a i n e d 1 . 9 5 m1 o f a c e l l s u s p e n

s i o n ( e i t h e r s p o r e s o r m y c e l i a l p e l l e t s ) i n t h e ma i n

5 m l o f a 14C s u b s t r a t e s o l u t i o n i n o necompar tment , O

s i d e a r m, a n d 0 . 5 ml o f 70% p e r c h l o r i c a c i d i n t h e o t h e r

s i de arm N o n - r a d i o a c t i v e s u b s t r a t e s , when u s e d , we r e

a d de d d i r e c t l y t o t h e ma i n c h a mb e r j u s t b e f o r e e q u i l i b r a

t i o n o f t h e f l a s k s be g a n R a d i o a c t i v e s u b s t r a t e was

t i p p e d i n t o t h e ma i n c o mp a r  t me nt a t O t i m e , a nd o x y g e n

cons umpt ion was measured a t h o u r l v i n t e r v a l s The

was s t o p p e d b y t h e a d d i t i o n o f t h e p e r c h l o r i ce x p e r i m e n t

a c i d a t t h e e n d o f t h e e x p e r i m e n t The f l a s k s we r e s h a k e n

f o r a t l e a s t one a d d i t i o n a l hour t o  a l l o w f o r complete

ab s or p t i o n o f the carbon d i o x i d e .



62I n some c a s e s t h e r a d i o a c t i v i t y o f t h e c e l l s waé

d e t e r m i n e d Af  te r an exp er i m en t , spores were washed by

c e n t r i f u g a t i o n and d i s per s ed i n t o two 0. 1 m l s a m p le s o f

w a t e r a nd p l a c e d i n t o c o u n t i n g v i a l s T h r e e m l o f

qbs o lu te e th an o l and 12 ml o f s c i n t i l l a t i o n s o l u t i o n were

adde d . Thi  s s o l u t i o n u s e d t o l u e n e as a s o l v e n t a nd

2, 5 -d i ph e ny l oxa zo l e (PPO) and 1 , 4 - b i s - 2 - ( 5 - p h e n y l o x a z o l y l )

benzene (POPOP) as pr i m a ry and sec ondary f l u o r s .

The r a d i o a c t i v i t y o f carbon d i o xi d e was dete rm ined

as f o r spores by add ing 0 . 1 ml samples o f the po tass i um

hy dr oxi d e from the c e n t e r w e l l o f a Warburg f l a s k to two

c o un t i n g v i a l s . Abs o lu te e th an o l and s c i n t i l l a t i o n f l u i d

we r e t h e n a d d e d C o u n t i n g was do ne by l i q u i d s c i n t i l l a t i o n

s p e c t r o m e t r y A1 1 C o u n t s we r e c o r r e c t e d f o r b a c k g r o u n d

a nd q u e n c h i n g a nd a r e e x p r e s s e d a s d i s i n t e g r a t i o n s p e r

m i n u t e ( d p m ) .

Ma no m e t r i c - i s o to p i c methods (B l um e nth a l , 1963) were

u s e d t o e s t i m a t e t h e r a t e s o f r e l e a s e o f c a r b o n d i o x i d e

from g lu c os e , a c e t a t e , o r endogenous sourc es

The s p e c i f i c a c t i v i t y o f the carbon d i o xi d e re

l e a s e d f r o m t h e 12 C~Ce 11 s d u r i n g t h e o x i d a t i o n of 14
s u b s t r a t e was c a l c u l a t e d o n t h e b a s i s o f t h e C a r b o nt o t a l

d i o xi d e re l eas ed i n a d d i t i o n a l d u p l i c a t e f l as k s w i t ho u t

a l k a l i i n the c e n t e r  w e l l s o r by c a l c u l a t i n g the volume o f

carbon d i o xi d e re l eas ed from the volume o f oxygen tak en up

when the r e s p i r a t o r y q u o t i e n t was known.
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R e s u l t s

The r e s u l t s o f exper iment 27 (Tab le 4) w i l l be used

t o demonst rate how the c o n t r i b u t i o n o f gl uc os e t o t o t a l

c a r b o n d i o i i d e o u t p u t was c a l c u l a t e d I n t h i s e x p e r i m e n t

t h e s p e c i f i c a c t i v i t y o f t h e i n i t i a l u n i f o r m 1 y » 1 4 C - l a b e l e d

g l u c o s e s u b s t r a t e was 1 9 , 4 5 9 , 6 0 0 dpm/)1M c a r b o n a n d t h e r e

t o t a l o f 2 , 1 6 4 , 1 0 0 dpm i n t h e c a r b o n d i o x i d e whe nw a s a

g l u c o s e was t h e s u b s t r a t e Th us i t c a n be c a l c u l a t e d t h a t

( Z , 1 6 4 , 1 0 0 d p m ) / 1 9 , 4 5 9 , 6 0 0 dp m/ M c a 1 ' bo n) = 0 . 1 1 1  p M o r} '

1 1 1 nM c a r b o n f r o m t h e g l u c o s e was o x i d i z e d t o c a r b o n

d i o x i d e d u r i n g t h e e x p e r i m e n t D u p l i c a t e f l a s k s w i t h o u t

potass ium hy dr oxi d e i n the c en te r w e l l s were used t o C a l

c u l a t e t h a t t h c t o t a l v o l u me o f C a r b o n d i o x i d e e v o l v e d

d u r i n g t h e f o u r h o u r s o f t h e e x p e r i m e n t was ( 1 8 8 ) 1 1 ] /

( 2 2 . 4 ul/) ,\Y\1]= 0.8-18 }1M o r 84 8 nM The t o t a l a mo un t o f

d i o xi d e produc ed du r i n g the exper im ent then wasc a r b o n

84 8 nM a nd the amount which was produc ed from gluc os e was

1 1 1 nM Th us i t c a n be c a l c u l a t e d t h a t t h e a mo un t o f

carbon d i o xi d e evo l ved which came from spore m a t e r i a l

was 84 8 - 1 1 1 = ?37 nM The p e r c e n t w h i c h Came f r o m

g l u c o s e was 1 1 1 nM / 8 4 8 nM x 100 = 1 3 . 0

A s umma r y o f t h e r e s u l t s o f f o u r e x p e r i m e n t s c o n

C e r n e d w i t h t h e q u a n t i t y o f g l u c o s e o x i d i z e d by s p o r e s

when o f f e r e d alone and i n the pres enc e o f ac e t a te 1 5

p r e s e n t e d i n T a b l e 4 When g l u c o s e was p r e s e n t a t t h e l o w

0 . 2 5 / J M / f l a s k , n e a r l y 90% o f the c arbonC o n c e n t r a t  i o n o f
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6 5

d i o xi d e evo l ve d came from spore m a t e r i a l s (s ee Exp 27 a n d

1 a nd 4 h o u r s , T a b l e 4 The r a t e o f C a r b o n d i o x i d e

e v o l u t i o n d i d n o t c h a n g e a p p r e c i a b l y o v e r f o u r h o u r s .

whe n n o n - l a b e l e d a c e t a t e was p r e s e n t t o g e t h e r w i t h g l u c o s e

carbon d i o xi d e ou t pu t from  g luc oge was s t i m u l a t e d a b o u t 42%

o v e r t h e l e v e l p r o d u c e d w i t h g l u c o s e a l o n e ( E x p .

T a b l e 4 ) ; t h e p e r c e n t a g e C o n t r i b u t e d t o t h e t o t a l

2 8 , 4 h o u r s

c a r b o n

d i o x i d e o u t p u t was r e d u c e d t o l e s s t h a n o n e - h a l f o f o n e

In c r e as in y the gluc os e c o n c en t r a t i o n e f f e c t e d anp e r c e n t

t h e a mo un t o f c a r b o n d i o x i d e c o mi n g f r o m g l ul n c r e a s e i n

When t h e c o n c e n t r a t i o n o f g l u c o s e was t h e samec o s e as i n

s p o r e g e r m i n a t i o n s t u d i e s ( 1 6 6 . 9 p M / f l a s k ] a n d g l u c o s e was

t h e o n l y c a r b o n s o u r c e , 30% o f t h e c a r b o n d i o x i d e p r o d u c e d

Came f r o m g l u c o s e o v e r a f o u r h o u r p e r i o d ( E x p 29, Table 4)
w i t h t h e a d d i t i o n o f a c e t a t e , t h e a mo u n t o f c a r b o n d i o x i d e

coming from gluc os e inc re as ed 455% but the r e l a t i v e im por-

tance o f g l u c o s e- d er i ve d Carbon d i o xi d e dec reaseo to about

12% o f t h e t o t a l c a r b o n d i o x i d e o u t p u t ( E x p T a b l e

T h u s , a n i n c r e a s e i n g l u c o s e c o n c e n t r a t i o n i n c r e a s e d t h e

a mo un t o f c a r b o n d i o x i d e c o mi n g f r o m g l u c o s e a n d t h e

a d d i t i o n o f ac e ta te i nc reas ed the ou tpu t s t i i l more

S i m u l t a n e o u s s t u d i e s o f a s s i m i l a t i o n a r e s u mm a r i ze d

i n T a b l e 5 w i t h 0.Z5}1M.g1ucose per f l a s k over a one hour

p e r i o d , o n l y 6 nM o f C a r b o n e r e a s s i m i l a t e d i n t o s p o r e

m a t e r i a l . The r a t e o f a s s i m i l a t i o n i n c r e a s e d s l i g h t l y o v e r

a fo u r hour i n t e r v a l ; a f t e r fo u r ho u r s , the amount
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a s s i m i l a t e d a mo u n t e d t o 32 nM ( T a b l e 5) The a d d i t i o n o f

a c e t a t e t o t h e r e a c t i o n v e s s e l r e s u l t e d i n a mo r e t h a n f i v e

f o l d i n c r e a s e The h i g h e r g l u c o s e c o n c e n t r a t i o n o f 1 6 6 . 9  p M

p e r f l a s k was e v e n mo r e s t i m u l a t o r y Ho w e v e r , a n i n c r e a s e

i n g l u c o s e c o n c e n t r a t i o n p l u s t h e a d d i t i o n o f a c e t a t e r e

s u l t e d i n a s p e c t a c u l a r i n c r e a s e i n a s s i m i l a t i o n (Table 5)
xA c e t a t e , a l t h o u g h e f f e c t i v e i n s t i m u l a t i n g c a r b o n d i o x i d e

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

t h e c o n v e r s i o n o f C a r b o n f r o m g l u c o s e i n t o c e l li n c r e a s e

m a t e r i a l S i n c e p e r c h l o r i c a c i d was a d d e d a t t h e e n d o f

each exper iment be f o r e the spores were ana l yzed f o r r a d i o

c a n be e x p e c t e d t h a t muc h o f t h e lo w m o l e c u l a ra c t i v i t y , i t

w e i g h t m a t e r i a l s c o u l d be l o s t f r o m t h e s p o r e s The r a d i o

a c t i v i t y i n t h e s p o r e s m i g h t t h e n r e p r e s e n t h i g h m o l e c u l a r

w e i g h t m a t e r i a l s s u c h as p r o t e i n a nd w a l l m a t e r i a l .

Tab le o summarizes the r e s u l t s o f exper im ents de

s i g n e d t o t e s t t h e e f f e c t o f g l u c o s e o n s p o r e c a r b o n

d i o x i d e o u t p u t f r o m a c e t a t e The d a t a a r e d i f f i c u l t t o

i n t e r p r e t because o f va r i a t i o n s between d u p l i c a t e f l a s k s

a n d some i n c o n s i s t e n c i e s b e t w e e n e x p e r i m e n t s M a n o m e t r i c

data o f exper im ents 37 and 39 (Tab le 6) i n d i c a t e th a t

g l u c o s e p l u s a c e t a t e was a b o u t t w i c e as e f f e c t i v e 1 n

S t i m u l a t i n g c a r b o n d i o x i d e o u t p u t as was a c e t a t e a l o n e

R e s u l t s f r o m e x p e r i m e n t 39 show t h a t t h e p e r c e n t a g e

o f c a r b o n d i o x i d e w h i c h came f r o m a c e t a t e r e ma i n e d n e a r l y

c o n s t a n t whe n a c e t a t e was p r e s e n t a l o n e o r whe n g l u c o s e
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6 9
was a d d e d w h i l e e x p e r i m e n t 37 sho ws a n a p p a r e n t i n c r e a s e

i n the ac e t a t e Component o f carbon d i o xi d e ou t pu t when

gluc os e was pre s e n t D a t a f r o m b o t h e x p e r i m e n t s , ho w e v e r

sho w t h a t t h e p r e s e n c e o f g l u c o s e was h i g h l y s t i m u l a t o r y

t o c a r b o n d i o x i d e r e l e a s e f r o m a c e t a t e The i n c r e a s e i n

c a r b o n d i o x i d e o u t p u t f r o m a c e t a t e se ems to be in `  p ro

por  t i on t o the t o t a l i nc reas e i n carbon d i o xi d e pr o d u c t i o n

which r e s u l t e d when glucos e was added to the medium.

A l t h o u g h t h e d a t a a r e e q u i v o c a l i n some Ca s e s
a s

i n d i c a t e d a b o v e , a n e x a m i n a t i o n o f T a b i e s 4 a n d 6 s ho ws
a

t h a t g l u c o s e s t i m u l a t e d a n i n c r e a s e i n c a r b o n d i o x i d e

o u t p u t f r o m a c e t a t e When g lu c os e , a c e t a t e , and spore

m a t e r i a l s we r e a l l p r e s e n t , e a c h c o n t r i b u t e d s i g n i f i c a n t l y

t o c a r b o n d i o x i d e r e l e a s e Po s s i b l y the l a r g e s t C o n t r i

b u t o r t o r e s p i r a t o r y c a r b o n d i o x i d e i s m a t e r i a l

s p o r e s i t s e l f .

o f t h e

When a c e t a t e was p r e s e n t e d t o s p o r e s a l o n e , 60% o r

mo r e o f t h e c a r b o n d i o x i d e r e l e a s e d came f r o m e n d o g e n o u s

s o u r c e s ( T a b l e 6 ) A c e t a t e , t h e n , was m e t a b o l i z e d r a p i d l y

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

m e t a b o l i s m o f s p o r e m a t e r i a l Glucose may have s t i m u la t e d

i n c r e a s e i n b r e a k d o w n o f s p o r e m a t e r i a l , b u ts o m e t h e

e f f e c t o b v i o u s l y was muc h l e s s t h a n t h a t o f a c e t a t e

The data o f Table 7 show t h a t the C6/C1 r a t i o i n

spores i nc uba ted w i t h g1uc os e~6-NC or gluc os e-1-14C was

ve r y low but th a t the c o n t r i b u t i o n o f bo t h C~1 and C-6 was
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l e s s t h a n 10% o f t h e c a r b o n r e l e a s e d f r o m g l u c o s e AP
p a r e n t l y , much o f the carbon re l eas ed as carbon d i o xi d e

a r o s e f r o m c a r b o n a t o ms o t h e r t h a n C - 1 a n d C~6 When

a c e t a t e was a d d e d t o a me d i u m i n w h i c h s p o r e s we r e

m e t a bo l i z i n g g l u c o s e- 1 - N C o r g1uc os e »6-NC, the Ce/C1

r a t i o doubled as compared to the r a t i o when no ac e t a t e w a s

pre s e n t (Tab le 7)

A l t h o u g h t h e r e s u l t s o f e x p e r i m e n t s 53 a n d 3 5

(Tab le 7 ] are no t s t r i c t l y comparable because o f the d i f

f e r e n c e i n tim e p e r i o d s , the d i s c u s s i on g i ven by Blum entha l

( 1 9 6 6 ) s u g g e s t s t h a t r e c y c l i n g o f p e n t o s e p h o s p h a t e i n mo s t

species i s l i m i t e d The r e s u l t s are pr ob ab l y a r e f l e c t i o n

o f t h e t r u e c o n d i t i o n s

Dis c us s ion

Since carbons 1 and 6 c o n t r i b u t e d les s than 10%

the carbon d i o xi d e re l eas ed from gluc os e i n absence o f

a c e t a t e , one can pr ob ab l y assume th a t carbons 3 and 4

o f

c o n t r i b u t e d mo s t o f t h e c a r b o n d i o x i d e I f c a r b o n s 3 a n d

4 d i d indeed c o n t r i b u t e most o f the carbon d i o x i d e , the

s u g g e s t i o n i s t h a t mo s t o f t h e g l u c o s e o x i d a t i o n was

t h r o u g h t h e EMP p a t h w a y B u t i f t h e t w o - c a r b o n f r a g me n t s

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

we r e c a t a b o l i z e d c a r b o n s 1 a n d 6 w o u l d a p p e a r a t e q u a l

A l a r g e r p e r c e n t a g e o f t h e t o t a l C a r b o n d i o x i d er a t e s

outpu t would be from carbons 1 and 6 , and the C6/C1 r a t i o

w o u l d be g r e a t e r t h a n w h a t was o b s e r v e d A p o s s i b l e
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e x p l a n a t i o n i s t h a t t h e t w o - c a r b o n f r a g me n t s a r e n o t

c a t a b o l i z e d b u t a r e s t o r e d i n t h e s p o r e s o r e x c r e t e d i n t o

t h e me d i u m

The r i s e i n t h e r e l a t i v e i mp o r  t a n c e o f C - 6 no

r e s p i r a t o r y C a r b o n d i o x i d e a n d t h e i n c r e a s e d i mp o r  t a n c e o f

b o t h c a r b o n s 1 a nd 6 t o r e s p i r a t o r y c a r b o n d i o x i d e , when

a c e t a t e was a d d e d , a r e f  a c t s w h i c h seem c o n s i s t e n t w i t h

t h e i d e a t h a t a c e t a t e s t i m u l a t e s c a t a b o l i s m o f t h e t w o -

C a r b o n f r a g m e n t s r e s u l t i n g f r o m d c c a r b o x y l a t i o n o f g l u c o s e

t h r o u g h t h e EMP p a t h w a y The r e l a t i v e l y low C6/C1 r a t i o

i n b o t h t h e p r e s e n c e a n d a b s e n c e o f a c e t a t e i n d i c a t e th a t

t h e HMP p a t h w a y may be i mp o r  t a n t i n b o t h a c t i v a t e d a nd

u n a c t i v a t e c i s p o r e s .

W ith the da ta a t hand , no d e f i n i t e c onc lus i ons
c a n

be ma de as t o t h e q u a n t i t a t i v e i mp o r  t a n c e o f p a t h w a y s o f

g l u c o s e c a t a b o l i s m i n s p o r e s w i t h o r w i t h o u t t h e p r e s e n c e

o f a c e t a t e The HMP p a t h w a y may be a n i mp o r  t a n t mea ns

o f o x i d a t i o n o f g l u c o s e t h r o u g h o u t t h e l i f e c y c l e o f t h e

f u n g u s The lo w C6 / C1 r a t i o i n my c e l i u m ( T a b l e 7 ) t e n d s

to c on f i rm t h i s idea



CHAPTER v

THE INCORPORATION OF GLUCOSE AND ACETATE CARBON

I NTO AMINO ACI DS

The amino a c i d s , as par  ta te , g l u ta m at e , and a la n i ne

are thought t o be s yn th es i z ed from the k e to ac ids oxa lo

° < ~ k e t o g 1 u t a r a t e a n d p y r u v a t e b y a m i n a t i o n o ra c e t a t e ,

t r an s a m i na t i on re a c t i o n s i n fu n g i as w i th o t h e r organisms

(N i c h o l a s , 1966). Ser i ne i s s yn t hes i zed from D-3-phos pho

g l y c e r i c a c i d ( M a h l e r a n d C o r d e s , 1 9 6 6 )

When g l u c o s e i s c a t a b o l i z e d t h r o u g h t h e EMP p a t h w a y

a nd t h e TCA c y c l e , t h e c a r b o n o f g l u c o s e be c o me s i n c o r -

p o r a t e d i n t o p y r u v a t e , o ( - k c t o g l u t a r a t e a n d o x a l o a c e t a t e

( B e e v e r s , 1 9 6 1 ) a nd t h u s , i f a mi n o a c i d s y n t h e s i s i s

o c c u r r i n g , i n t o a l a n i n e , g l u t a m a t e , a n d a s p a r  t a t e I n c o r

s e r i n e c o u l d me an me t a b o l i s m o f g l u c o s ep o r a t i o n i n t o

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

S i n c e f r e e a mi n o a c i d s a r e r e l a t i v e l y e a s y t o

e x t r a c t f r o m t i s s u e s a n d i d e n t i f  y , i t was d e c i d e d t o

e xt r a c t and dete rm ine the amount o f r a d i o a c t i v i t y p res en t

i n the four amino ac ids mentioned above a f  te r i n c u b a t i n g

Phycomyces mycel ium and spores w i t h uni form1y~14C»1abe1ed

g l u c o s e o r u n i f o r m l y - N C - l a b e l e d a c e t a t e I f g l u t a m a t e

a nd a s p a r  t a t e we r e f o u n d t o be l a b e l e d as h e a v i l y a f  t e r

7 3
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i n c u b a t i o n w i t h r a d i o a c t i v e g l u c o s e as w i t h r a d i o a c t i v e

a c e t a t e , t h i s w o u l d be c o n s i s t e n t w i t h t h e h y p o t h e s i s t h a t

g l u c o s e was m e t a b o l i z e d t h r o u g h s i m i l a r p a t h w a y s as

I f a l a n i n e o r s e r i n e we r e h e a v i l y l a b e l e d , t h i sa c e t a t e

w o u l d c o n s t i t u t e e v i d e n c e t h a t g l u c o s e i s r e a d i 4 y me t a b o

l i z e d t o p h o s p h o g l y c e r i c a c i d o r p y r u v a t e i n t h e t i s s u e

examined Any d i f f e r e n c e between spores and mycel ium i n

p a t t e r n o f l a b e l i n g o f a mi n o a c i d s a f  t e r i n c u b a t i o n w i t h

u n i f o r m l y - 1 4 C - l a b e l e d g l u c o s e m i g h t i n d i c a t e a d i f f e r e n c e

i n m e t a b o l i c p a t h w a y s b e t w e e n t h e t wo t i s s u e s L i t t l e o r

no l a b e l i n g o f a mi n o a c i d s w o u l d i n d i c a t e p a t h w a y s o f

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

p y r u v a t e

M a t e r i a l s a n d M e t h o d s

P e l l e t s a nd s p o r e s we r e g r o w n as d e s c r i b e d i n

C h a p t e r 2 P e l l e t s were 47 hours o l d when in c ub a t i o n w i th

l ab e l ed gluc os e began and 24 hours o l d when in c u b a t i o n

w i t h l a b e l e d ac e t a t e began.

The l n c u b a t i o n s o l u t i o n f o r p e l l e t s c o n s i s t e d o f

16 6 7 p M u n i f o r ml y / » N C » 1 a b e 1 e d g l u c o s eS0 }.\M (NH4) Z l {P ( )

a S p e c i f i c a c t i v i t y o f 6 . 6 x 1 0 5 dp m/ p M c a r b o n o rw i th

22 0 pM u n i f o r m l y - N C - l a b e l e d a c e t a t e w i t h a
s p e c i f i c

3 x 104 dp m/ p M c a r b o n i n 30 m l o f aa c t i v i t y o f 4 o . 0 o 7 M

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 6

B e f o r e i n c u b a t i o n , p e 1 1 c t 5 we r e wa s he d t w i c e w i t h

d i s t i l l e d wate r by f i l t r a t i o n In c ub a t i o n was f o r f i v e

hours i n a l a r g e f l a s k ( a b o u t 150 m l ) o n a W a r b u r g
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r e s p i r o m e t e r  a t ZS°C. A f t e r i n c u b a t i o n w i t h g l uc o s e ,

p e l l e t s were removed from the in c u b a t i o n f l a s k and washed

t h r e e t i m e s w i t h d i s t i l l e d w a t e r Th e y we r e t h e n p l a c e d

i n 1 0 0 ml o f 1% p i c r i c a c i d a n d b l e n d e d o n e m i n u t e i n a

food b le nd er a t h i g h speed The homogenate was f i l t e r e d

the b lender b l ades were washed w i t h wate r

washings were combined w i t h the f i l t r a t e .

a nd t h e

T h i s was p a s s e d

th ro ugh a 2 x S cm column o f Dowex 1 (C1`fo rm ) r e s i n t o

r e mo v e t h e p i c r i c a c i d The column was washed w i th water

a n d t h e e f f l u e n t e v a p o r a t e d b y us e d o f a r o t a r y
v a c u u m

e v a p o r a t o r t o a v o l u me o f 5 ml Two m1 o f t h i s we r e

ana l yzed on a Beckman Model 120 Amino Ac id Ana l yzer The

char t ob ta i n ed from t h i s an a l ys i s was used t o i d e n t i f y and

q u a n t i t a t i v e l y de te rm ine the amino ac ids pre s e n t i n the

sample A n o t h e r 2 m l s a m p l e was t h e n p a s s e d t h r o u g h t h e

l o n g c o l u mn o f t h e a n a l y z e r b u t was n o t a n a l y z e d .

5 m l f r a c t i o n s we r e c o l l e c t e d a t a b o u t t e n m i n u t e

I n s t e a d

i n t e r v a l  s

b y a f r a c t i o n c o l l e c t o r f r o m t h e b o t t o m o f t h e c o l u m n .

The p e a k s o f t h e c h a r t o b t a i n e d f r o m t h e a n a l y s i s o f t h e

f i r s t sample were c o r r e l a t e d w i t h the f r a c t i o n s c o l l e c t e d

f r o m t h e s e c o n d s a m p l e a n d t u b e s c o n t a i n i n g f r a c t i o n s

c o r r e s p o n d i n g t o a s p a r  t a t e , g l u t a m a t e , a l a n i n e , a n d s e r i n e

we r e r e mo v e d f r o m t h e f r a c t i o n c o l l e c t o r a nd t h e i r c o n~

t e n t s a n a l y z e d f o r t h e p r e s e n c e o f r a d i o a c t i v i t y One ml

q u a n t i t i e s were removed from each tub e , and the ra d io »

a c t i v i t y de te rm ined by l i q u i d s c i n t i l l a t i o n spec tom et ry
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Af  te r i n c ub a t i o n w i th a c e t a t e , amino ac ids were

e x t r a c t e d i d e n t i f i e d , q u a n t i t a t i v e l y determ inec i , and

t h e i r r a d i o a c t i v i t y measured by us ing the same me t h o d s as

d e s c r i b e d a b o v e e x c e p t t h a t i n p r e p a r i n g t h e e x t r a c t f o r

a n a l y s i s t h e a mi n o a c i d s we r e a d s o r b e d o n a 1 x 5 c m

Co l u mn o f Dowex S0 ( 2 0 0 t o 40 0 me s h) i o n e x c h a n g e r e s i n

a n d e l u t e d w i t h 4N a mmo ni um h y d r o x i d e The e l u a t e was

eva or a te d t o 5 m1 fo r use on the amino ac id ana l zerP y

Methods t o te s t the i n c o r p o r a t i o n o f 14C from

u n i f o r m1 y ~ 1 4 C » 1 a b e 1 e d g l u c o s e i n t o
the f r ee amino ac ids

o f s p o r e s we r e t h o s e o f Twe e dy a nd T u r n e r ( 1 9 6 6 ) w i t h

s l i g h t m o d i f i c a t i o n s The spores from seven c u l t u r e s

(About 50 mg d r y w e i g h t ) we r e r e mo v e d , wa s he d , a n d d i s

p e r s e d i n t o a me d i u m as d e s c r i b e d f o r p e l l e t i n c u b a t i o n

Z x 1 0 3 dpmThe S p e c i f i c a c t i v i t y o f t h e g l u c o s e was 2

}1M c arbon , The spores were shaken 1.5 hours a t room

t e m p e r a t u r e ( a b o u t Z 3 °C) o n a r o t a r y s h a k e r r e mo v e d

f r o m t h e me d i u m by c e n t r i f u g a t i o n , s u s p e n d e d i n 1 0 5 m l

o f 80% e t h a n o l , and r e f l u xc d f o r th re e hours i n a Soxh le t

The res i due was washed tw i c e w i th 20 mi o fe x t r a c t o r

h o t 50% e t h a n o l The a l c o h o i i c s o l u t i o n was e xt r a c t e d

w i t h p e t r o l e u m e t h e r a nd e v a p o r a t e d t o a p p r o x i m a t e l y

15 m l The a mi n o a c i d s we r e r e t a i n e d o n a Dowex SU

( 2 0 0 t o 4 0 0 me s h) c o l u mn a nd e l u t e d w i t h 4N a mmo ni um

h y d r o x i d e The e l u a t e was evapora ted t o 1 m l , 0 ,2 ml

f o r t h i n l a y e r chrom atography, and 0 .8 ml o fw a s r e m o v e d
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c o n c e n t r a t e d  h y d ro c h l o r i c a c i d added The a c i d i c s o l u t i o n

was h e a t e d a t 1 0 0 ° C f o r o n e h o u r a n d t h e n e v a p o r a t e d t o

d r y n e s s T h e r e s i d u e was wa s he d t h r e e t i me s w i t h w a t e r

a n d t h e s o l u t i o n  eva p o r a t e d t o drynes s a f  te r each washing

The res i due  w as d i s s o l ve d i n 1 m1 o f sodium c i t r a t e b u f f e r

(pH 2. 8 ) and the i n d i v i d u a l amino ac ids were s epara ted and

q u a n t i t a t i v e l y de te rm ined by use o f a Tec hn i con Auto ana l yzer4*

T h i n l a y e r c h r o m a t o g r a p h y was d o n e o n E a s t ma n

c h r o m a t o g r a m s h e e t s ( T y p e K3 0 1 R) b y u s e o f a s o l v e n t s y s t e m

c o n s i s t i n g o f c h l o r o f o r m - m e t h a n o l - S N a q u e o u s a mmo ni a

( 5 0 : 3 0 : 2 , v / v / v ) .

The pet ro l eum et he r f r a c t i o n was evapora ted t o

1 m l , t r a n s f e r r e d t o a c o u n t i n g t u b e , a n d e v a p o r a t e d t o

d r y n e s s F i f  t e e n ml o f l i q u i d s c i n t i l l a t i o n f l u i d we r e

a d d e d a n d t h e r a d i o a c t i v i t y d e t e r m i n e d

R e s u l t s

A f  t e r t h e q u a n t i t i e s o f e a c h o f t h e f o u r a mi n o

a c i d s e x t r a c t e d f r o m t h e my c e l i u m we r e d e t e r m i n e d , a

c o m p a r i s o n o f t h e a mo u n t s o f a mi n o a c i d s f r o m p e l l e t s

i n c u b a t e d w i t h g l u c o s e w i t h t h o s e i n c u b a t e d w i t h a c e t a t e

s ho we d t h a t r n y c e l i u m i n c u b a t e d w i t h a c e t a t e c o n t a i n e d

c o n s i d e r a b l y mo r e o f e a c h a mi n o a c i d t h a n d i d my c e l i u m i n

cubated w i t h gl uc os e (Tab le 8) These d a t a , how ever, may

no t be comparable because the p e l l e t s i nc uba ted w i t h

gl uc os e were n e a r l y tw i c e as o l d An u n l a b e l e d s a m p l e o f

my c e l i u m 24 h o u r s o l d ( t h e same a g e a s t h e s a mp l e i n c u b a t e d

w i t h a c e t a t e ) i n c u b a t e d f i v e h o u r s w i t h g l u c o s e a n d

I
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ana l yzed c on ta i n ed 0.20  pM/g as par ta te , 0.28 nM/g s e r i n e

0.77 pM/g g lu t am a te , and 2.28 ,uM/g a la n i ne A1  t h o u gh t h e s e

r e s u l t s a r e c l o s e r t o t h e v a l u e s o b t a i n e d a f  t e r e x t r a c t i n g

a mi n o a c i d s f r o m my c e l i u m 4 7 h o u r s o l d a nd i n c u b a t i n g w i t h

g l u c o s e t h a n f r o m my c e l i u m Z4 h o u r s o l d a n d i n c u b a t i n g

w i t h a c e t a t e , t h e y do n o t c o mp a r e c l o s e l y w i t h e i t h e r ,

a n d t h e a mo un t o f a l a n i n e i s c o n s i d e r a b l y h i g h e r t h a n

e i t h e r

I f o n e c o u l d a s s ume t h a t t h e v a l u e s f o r Z4 h o u r s

o l d c u l t u r e s a r e t r u e v a l u e s , t h e n i t c o u l d be s e e n t h a t

t h e q u a n t i t i e s o f a mi n o a c i d s f r o m i nc uba teda c e t a t e

my c e l i u m ( T a b l e 8 ) a r e c o n s i d e r a b l y mo r e t h a n f r o m

g l u c o s e i n c u b a t e d my c e l i u m e x c e p t f o r a l a n i n e , w h i c h

a p p e a r s t o be mo r e c o n c e n t r a t e d a f  t e r g l u c o s e i n c u b a t i o n

F u r  t h e r e x p e r i m e n t a t i o n w o u l d be n e c e s s a r y t o c o n f i r m

t h e d a t a b u t i t do e s g i v e some i n d i c a t i o n o f t h e a mo u n t s

o f f r e e a mi n o a c i d s w h i c h c a n be e x p e c t e d t o be f o u n d i n

my c e l i u m g r o w n u n d e r t h e c o n d i t i o n s d e s c r i b e d .

I n T a b l e 8 t h e d a t a s ho wn i n t h e f 1 r s t Co l u mn u n d e r

' s p e c i f i c a c t i v i t y " i n d i c a t e t h e a mo u n t o f r a d i o a c t i v i t y

i n c o r p o r a t e d i n t o amino ac ids du r i n g the f i v e hours o f

t h e e x p e r i m e n t a n d a r e p r o b a b l y a mo r e m e a n i n g f u l mea~

s u r e me n t o f i n c o r p o r a t i o n t h a n i s t h e d a t a o f t h e s e c o n d

c o l u mn be c a u s e t h e q u a n t i t i e s o f a mi n o a c i d s we r e n o t

kno wn b e f o r e t h e e x p e r i m e n t was b e g u n a nd a r e o n l y a

me a s u r e o f a mi n o a c i d s y n t h e s i s d u r i n g t h e f i v e h o u r s o f

t h e e x p e r i m e n t a n d u n d e r t h e e x p e r i m e n t a l c o n é i t i o n s u s e d
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The s p e c i f i c a c t i v i t i e s shown i n Table 8 [Par t I )

we r e c a l c u l a t e d f r o m t h e a c t i v i t y o f t h e o n e 5 m1 f r a :

t i o n w h i c h was mo s t a c t i v e F o r some o f t h e a mi n o a c i d s

mo s t o f t h e a c t i v i t y was f o u n d i n o ne t u b e ( a s p a r  t a t e

s e r i n e ) ; i n t h e o t h e r s ( g l u t a m a t e , a l a n i n e ) t wo t u b e s

showed h i g h l e v e l s o f r a d i o a c t i v i t y A b ias then was

i n t r o d u c e d i n t o t h e t a b l e i n f  a v o r o f a h i g h e r s p e c i f i c

a c t i v i t y o f some a mi n o a c i d s o v e r o t h e r s S i n c e t h e

a mi n o a c i d s p r e s e n t i n l e s s e r q u a n t i t i e s a r e mo r e l i k e l v

t o be f o u n d i n o ne t u b e t h a n t h o s e o f g r e a t e r q u a n t i t i e s ,

a b i a s p r o b a b l y was i n t r o d u c e d i n f a v o r o f h i g h e r s p e c i f i c

a c t i v i t i e s f o r a ml n o a c i o s f o u n d i n s m a l l e r Q u a n t i t i e s .

The r a d i o a c t i v i t y f r o m o n l y o ne t u b e f r o m e a c h a mi n o a c i d

i n c l u d e d f o r a mi n o a c i d s e x t r a c t e d f r o m p e l l e t sw a s

i n c u b a t e d w i t h g l u c o s e be c a u s e t h e r a d i o a c t i v i t y f r o m

on l y one tube o f e a c h a mi n o a c i d f r o m p e l l e t s i n c u b a t e d

w i t h a c e t a t e was c o u n t e d I t was t h o u g h t t h a t i n c l u d i n g

the da ta f r o m o n l y o ne t u b e w o u l d ma ke a c o mp é r i s o n o f t h e

r e s u l t s ( a c e t a t e 3 3 . g 1 u c o s c } mo r e v a i i d

The r e s u l t s o f T a b l e 9 ( f i n a l c o l u m n ) , show t h a t

I i t t l e o r no c a r b o n f r o m a c e t a t e was i n c o r p o r a t e d i n t o

a l a n i n e Other amino ac ids were la be le d from 5 to 8 .5 times

mo r e h e a v i l y a f  t e r g l u c o s e i n c u b a t i o n t h a n a f  t e r a c e t a t e i n

c u b a t i o n A l t h o u g h t h e r e i s r o o m f o r a c o n s i d e r a b l e a mo un t

o f u n c e r  t a i n t y a b o u t t h e r e s u l t s be c a u s e o f t h e l i m i t e d

a mo un t o f e x p e r i m e n t a t i o n , t h e r e c a n be l i t t l e d o u b t
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t h a t u n d e r t h e c o n d i t i o n s u s e d mo r e c a r b o n f r o m g l u c o s e

i s i n c o r p o r a t e d i n t o t h e f o u r a mi n o a c i d s t e s t e d than i s

c a r b o n f r o m a c e t a t e I t see ms i n e s c a p a b l e t h a t i n p e l l e t s

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

kno wn t o be i n t i m a t e l y a s s o c i a t e d w i t h t h e TCA c y c l e 1 :

ha s n o t b e e n e s t a b l i s h e d t h a t t h e TCA c y c l e i s , i n f a c t

i mp o r  t a n t i n g l u c o s e m e t a b o l i s m i n P hy c o my c e s n o r , i f i t

i s , how carbon from gluc os e en te rs i t The f  a c t s  , h o w e v e r ,

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

e n t e r s t h e TCA c y c l e .

As par t i c and g lu t am ic ac i ds were found t o be

pres en t i n h i g h c o nc en t r a t i o ns i n spores i nc uba ted w i t h

gl uc os e (Tab le 8 , I I I ] O n l y a t r a c e o f some o t h e r a c i d s

we r e f o u n d Th in l a y e r chromatography o f amino ac ids

d i d n o t s u c c e s s f u l l y s e p a r a t e t h e m so t h a t the r a d i o

a c t i v i t y o f i n d i v i d u a l ac i ds c o u l d be dete rm ined I r was

e s t a b l i s h e d , h o w e v e r , t h a t mo s t , i f n o t a l l o f t h e

r a d i o a c t i v i t y was found on the Chromatography p l a t e s i n

p o s i t i o n s c orres p ond ing to amino ac ids w i t h low m o b i l i t y

i n the s o l ve n t system used A n a l y s i s o f t h e p e t r o l e u m

e t h e r s o l u b l e f r a c t i o n s ho we d t h a t mo r e t h a n 0 . 5 AM o f

c a r b o n f r o m g l u c o s e was i n c o r p o r a t e d i n t o t h i s f r a c t i o n
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GENERAL DI S CUS SI ON

A c e t a t e s t i m u l a t e d b o t h g e r m i n a t i o n a nd r e s p i

r a t i o n o f spores i n c o n t r a s t t o t h e e f f e c t s o f g l u c o s e

ab le 1 , F i g . 1 Borcher t (1962) i n d i c a t e s th a t

P hy c o my c e s s p o r e s a f  t e r b e i n g a c t i v a t e d 15 mi n u t e s i n

a c e t a t e a nd s t o r e d i n d i s t i l l e d w a t e r e i g h t days w i l l

g e r m i n a t e a t a h i g h r a t e a f  t e r b e i n g t r a n s f e r r e d t o a

me d i u m w h i c h c o n t a i n s g l u c o s e b u t no a c e t a t e A c e t a t e ,

t h e r e f o r e , see ms n o t t o be n e c e s s a r y as a n e n e r g y s o u r c e

f o r g e r m i n a t i o n b u t o n l y as a " t r i g g e r " w h i c h s e t s t h e

g e r m i n a t i o n p r o c e s s g o i n g

The e f f e c t s o n s p o r e s o f c y a n i d e we r e d i f f e r e n t

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

C y a n i d e s t i m u l a t e d o x y g e n u p t a k e w i t h g i u c o s e as

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

s u b s t r a t e

as s u b

s t r a t e ( F i g s . 2 oc hrane , e t . (1963 b , c ] work ing w

F u s a r i u m s o l a n i , n o t e d t h a t t h e a c t i o n o f c y a n i d e o n a c e t a t e

r e s p i r a t i o n was q u i t e d i f f e r e n t f r o m i t s e f f e c t o n e n d o g e n o u s

oxygen uptak e The e f f e c t o f c yan ide and azide on Phycornyces

spores may, t h e r e f o r e , have been on the endogenous r e s p i r a

t i o n r a t h e r than th a t o f gl uc os e B u t s i n c e no s t i m u l a t o r y

e f f e c t was n o t i c e d u n t i l a f  t e r g l u c o s e was a d d e d ( F i g 8

83
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g l u c o s e me t a b o l i s m may ha v e be e n i n v o l v e d A d d i t i o n a l wo r k

i n v o l v i n g t h e e f f e c t o f c y a n i d e a nd a z i d e o n s p o r e s w i t h o u t

s u b s t r a t e i s i n d i c a t e d

P o t a s s i u m c y a n i d e was a s t r o n g i n h i b i t o r o f m y c e l i a l

r e s p i r a t i o n r e g a r d l e s s o f t h e s u b s t r a t e ( T a b l e 3 ) Th i s i s
i n c o n t r a s t w i t h t h e s i t u a t i o n i n s p o r e s whe r e a s t i m u l a t i o n

was n o t e d when s p o r e s we r e i n c u b a t e d w i t h g l u c o s e a n d

C y a n i d e ( F i g . 2 ) Th i s d i f f e r e n t i a l e f f e c t o f c yan ide

w h i c h de p e n d s o n w h e t h e r s p o r e s o r my c e l i u m was t e s t e d

i n d i c a t e s a s h i f  t i n m e t a b o l i c p a t t e r n o f g l u c o s e me t a b o l i s m

du r i n g ger m in a t i on

The f  a c t t h a t ma l o n a t e i n h i b i t e d s p o r e me t a b o l i s m

w i t h a c e t a t e a s s u b s t r a t e s u g g e s t s t h a t
ac e t a te metabo l i sm

a n d p o s s i b l y t h e e n d o g e n o u s me t a b o l i s m s t i m u l a t e d b y a c e t a t e

( T a b l e 0 ) a r e t h r o u g h t h e TCA c y c l e .

I t ha s b e e n s u g g e s t e d t h a t t h e TCA c y c l e i s l a c k i n g

i n d o r ma n t s p o r e s o f P hy c o my c e s a nd t h a t t h e c y c l e i s
i n d u c e d

whe n t h e s p o r e s a r e s t i m u l a t e d t o g e r m i n a t e ( R u d o l p h , 1 9 6 1 a

S us s ma n a nd H a l v e r s o n , 1 9 6 6 ) S i n c e a c e t a t e s t i m u l a t e s

o x y g e n u p t a k e i n s p o r e s ( F i g . 1 ] , i s r a p i d l y c a t a b o l i z e d i n

s p o r e s ( T a b l e 6 ) , a n d s i n c e ma l o n a t e i n h i b i t s r e s p i r a t i o n o f

spores w i th ac e t a te as s u b s t r a t e ( F i g . 3) i t se ems l i k e l y

t h a t a c e t a t e r e l e a s e s t h e C y c l e f r o m i n h i b i t i o n r a t h e r t h a n

i n d u c i n g i t F u r  t h e r m o r e , t h e f  a c t t h a t a c e t a t e a c t s r a p i d l y

to i nc reas e r e s p i r a t i o n ( F i g s . 7 and 9) tends to r u l e ou t any

c
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ext e ns i ve m etab o l i c ad jus tm ents as be ing i n vo l ve d i n

s t i m u l a t o r y e f f e c t on oxygen upt ak e .

i t s

w i t h a c e t a t e a s s u b s t r a t e , t h e p r o v i s i o n o f ammo

o r p r o l i n e t o s p o r e s h a d a s t i m u l a t o r y e f f e c tnium i o n

o n o x y g e n u p t a k e ( F i g . 4 ) T h i s f  a c t s u g g e s t s t h a t s y n

th e s i s r e q u i r i n g n i t r o g e n and ATP oc c urred a f  te r the f i r s t

hour o f i n c u b a t i o n S i n c e n o i n c r e a s e i n o x y g e n u p t a k e

was not ed when spores were inc uba ted w i t h gl uc os e in s te a d

o f a c e t a t e , i t i s reas onab le t o assume t h a t ma jo r s yn the-

s i s d i d no t oc cur w i t h gl uc os e as s u b s t r a t e A c e t a t e

t o s t i m u l a t e s y n t h e t i c r e a c t i o n s , b u t w h e t h e r i t ss e e m s

p r i m a r y a c t i o n i s t h a t o f s u p p l y i n g n e c e s s a r y e n e r g y i s

c o n j e c t u r a l

M a l o n a t e was a s t r o n g i n h i b i t o r o f P hy c o my c e s

m y c e l i a l r e s p i r a t i o n w i t h g l u c o s e as s u b s t r a t e , b u t was

muc h mo r e e f f e c t i v e w i t h a c e t a t e ( p . 4 1 , 4 6 ) Th i s

s u g g e s t s t h a t i n m y c e l i a , as w e l l as i n s p o r e s , g l u c o s e

o r e n d o g e n o u s r e s p i r a t i o n i s a t l e a s t p a r  t l y t h r o u g h

pathways o t h e r than the TCA c y c l e M a l o n a t e , b e i n g a

we ak a c i d , i s o f  t e n p r e v e n t e d f r o m p e n e t r a t i n g c e l l

memb ra nes ( B e a v e r s  , 1 9 6 1 ) I t i s sometimes d i f f i c u l t

t h e r e f o r e , t o assess the s i g n i f i c a n c e o f exper im ents i n

which malona te i s used as an i n h i b i t o r M a l o n a t e was

c o m p l e t e l y i n e f f e c t i v e a s a n i n h i b i t o r f o r s p o r e r e s

p i r a t i o n whe n t h e o x y g e n e l e c t r o d e was u s e d T h i s Can

pr ob a b l y  b e acc ounted f o r , i n some c as es , by assuming

t h a t the i n h i b i t o r d i d no t pe n e t r a t e the c e l l s t o



8 6
p r o d u c e a n i n h i b i t o r y c o n c e n t r a t i o n d u r i n g t h e f e w mi n

u t e s i t was a p p l i e d

G l u c o s e a s s i m i l a t i o n i n s p o r e s i s i n c r e a s e d

whe n a c e t a t e i s p r e s e n t ( T a b l e 5) Two ob s e rva t i o ns

m i l i t a t e a g a i n s t t h e i d e a t h a t t h e f u n c t i o n o f a c e t a t e

i nc r eas e the p e r m e a b i l i t y o f the spore membrdhc toi s t o

g l u c o s e Oxygen e l e c t r o d e S tud ies show th a t a f  te r the

a d d i t i o n o f g l u c o s e t o s p o r e s , o x y g e n u p t a k e was i mme d i

a t e l y s t i m u l a t e d ( F i g . 9 ) G l u c o s e p r o d u c e d 30% o f t h e

r e s p i r a t o r y Ca r b o n d i o x i d e f r o m s p o r e s whe n i t was the

s o l e c a r b o n s o u r c e ( T a b l e 4 ) A c e t a t e may f u n c t i o n i n

s p o r e g e r m i n a t i o n t o i n c r e a s e t h e s y n t h e s i s o f g l u c o s e

c a r b o n i n t o t h e c e l l m a t e r i a l .

Mo s t o f t h e c a r b o n d i o x i d e p r o d u c e d a f  t e r a c e

t a t e a c t i v a t i o n i s f r o m t h e s p o r e ( T a b l e 6 ) Th i s

s u g g e s t s t h a t a c e t a t e r e l e a s e s f r o m i n h i b i t i o n some

e nzy me s y s t e m w h i c h f u n c t i o n s t o c a t a b o l i z e s p o r e r e

s e r v e s

The d a t a s u g g e s t t h a t a l t h o u g h t h e EMP p a t h w a y

may be i mp o r  t a n t i n t h e o x i d a t i o n o f g l u c o s e , t h e c o mp l e t e

breakdown o f gl uc os e may not oc cur i n dormant

(Tab le 7 and d i s c us s i on on pages 71 and 72).

s p o r e s

The

a d d i t i o n o f a c e t a t e a p p e a r s t o i n c r e a s e t h e i mp o r  t a n c e o f

c a r b o n s 1 a n d 6 o f g l u c o s e t o c a r b o n d i o x i d e p r o d u c t i o n

Th i s f act i s c o ns i s t en t w i th the view th a t ac e t a te may

a c t i va t e the TCA cycl e and t h a t carbon fragm ents no t
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m etabo l i zed Comple te ly i n n o n - a c t i va t e d spores may en te r

t h e c y c l e a f  t e r a c e t a t e a c t i v a t i o n The C6/C1 r a t i o r e

mains low and i t seems th a t the HMP pathway may be at

l e a s t as impor tant i n a c t i v a t e d spores as i n no n - a c t i va t e é

o n e s , a nd i n f  a c t , may r e ma i n so t h r o u g h o u t t h e l i f e

c y c l e o f t h e f u n g u s- \

The o x i d a t i o n o f NADPH 15 o f  t e n t h e l i m i t i n g

f a c t o r i n o p e r a t i o n o f t h e HMP p a t h w a y ( B u t t a nd B c e v e r s

1961; Holzer, 1959) I f t h i s were the case 1n spores o f

P h y c o my c e s , o n e m i g h t s p e c u l a t e t h a t a f  t e r t h e s t i m u l a t i o n

o f t h e TCA c y c l e , c a r b o n f r a g me n t s a nd e n e r g y m i g h t be

a va i l a b l e f o r s vn th es i s The NADPH p r o d u c e d i n t h e HMP

p a t h w a y c o u l d t h e n be o x i d i z e d i n s y n t h e t i c e v e n t s z n

w h i c h r e d u c i n g po we r was n e c e s s a r y ( e . g . p r o d u c t l o n o f

g l u t a m a t e f r o m  . = ( - k e t o g l u t a r a t e ) T h i s p o s s i b l y c o u l d

r e s u l t i n a s t i m u l a t i o n o f g l u c o s e o x i d a t i o n t h r o u g h t h e

HMP p a t h w a y

R a d i o a c t i v e c a r b o n a p p e a r e d i n a mi n o a c i d s i n

mo r e a b u n d a n c e a f  t e r p e l l e t s we r e i n c u b a t e d w i t h r a d i o

a c t i v e g l u c o s e t h a n a f  t e r t h e y we r e 1 n c u h a t e d w i t h r a d i o

a c t i v e a c e t a t e ( T a b l e 8 ) S l n c e o ne w o u l d a s s ume mo r e

carbon o f ac e t a te to fl ow th rough the TCA c y c l e than

carbon o f g l u c os e , i t c o u l d be expected th a t the amino

a c i d s a s p a r  t a t e a nd g l u t a m a t e w o u l d C o n t a i n mo r e c a r b o n

from ac et a te than from gluc os e A r e p e t i t i o n o f t h i s

exper im ent i s i n d i c a t e d B u t o ne c a n r e c o n c i l e t h e s e d a t a

w i t h t h e h y p o t h e s i s t h a t a c e t a t e i s r a p i d l y c a t a b o l i z e d
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t h r o u g h t h e TCA c y c l e

was p r e s e n t , mo r e s y n t h e t i c e v e n t s we r e o c c u r r i n g a nd t h e

f r e e a mi n o a c i d s f o r me d we r e u s e d , o r t h a t t h e c a r b o n o f

was o x i d i z e d r a p i d l y a nd a p p e a r e d as c a r b o n d ia c e t a t e

o x i d e w i t h l i t t l e c a r b o n e n t e r i n g t h e a mi n o a c i d s B o t h

o f t h e s e e v e n t s c o u l d , o f C o u r s e , be o c c u r r i n g s i m u l t a

n e o u s l y

I n s p o r e s , a f  t e r i n c u b a t i o n w i t h r a d i o a c t i v e

g l u c o s e , t h e o n l y a mi n o a c i d s t o a p p e a r i n q u a n t i t y we r e

a s p a r  t a t e a n d g l u t a m a t e O t h e r s w e r e e i t h e r a b s e n t o r

p r e s e n t o n l y i n m i n u t e q u a n t i t i e s Some r a d i o a c t i v i t y was

p r e s e n t i n t h e a mi n o a c i d s i n d i c a t i n g t h a t p o s s i b l y t h e

Ca r b o n o f g l u c o s e c a n e n t e r t h e TCA c y c l e w i t h g l u c o s e

as s o l e s u b s t r a t e F u r  t h e r wo r k t o l o c a t e t h e s p e c i f i c

carbon atoms la be le d i n the amino ac ids would be ne c e s

t o e n a b l e o ne t o d e c i d e w h e t h e r t h e c a r b o n e n t e r ss ary

t h e c y c l e b y way o f a c e t y l Co A o r as t h e r e s u l t o f c a r b o n

d i o x i d e f i x a t i o n .

B o r c h e r  t ( 1 9 6 2 ) s ho we d t h a t a c e t a t e s e r v e s as a

r e s p i r a b l e s u b s t r a t e f o r s p o r e s a nd h y p o t h e s i z e s t h a t i t

s t i m u l a t e s t h e c a t a b o l i s m o f r e s e r v e m a t e r i a l o f t h e

The r e s u l t s o f my r e s e a r c h show t h a t a c e t a t es p o r e do e s

i n d e e d s t i m u l a t e t h e c a t a b o l i é m o f s p o r e r e s e r v e s , a n d

whe n i t i s a v a i l a b l e , t h e o x i d a t i o n o f g l u c o s e The

me c h a n i s m wh e r e b y t h i s a c t i o n i s a c c o m p l i s h e d i s u n c l e a r .

L i n g a p p a a n d L i n g a p p a ( 1 9 6 5 ) ha v e s ho wn t h a t s p o r e s o f

G l o m e r e l l a C i n g u l a t a ( S t o n e ma n ) S p a u l d i n g a n d v o n S c h r e n k
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g e r m i n a t e w e l l a t lo w s p o r e d e n s i t y i n d i s t i l l e d w a t e r

b u t a t h i g h s p o r e d e n s i t i e s g e r m i n a t e o n l y i f l a r g e c o n

C e n t r a t i o n s o f p e p t o n e o r p h e n y l a l a n i n e a r e a v a i l a b l e

The s e d a t a s u g g e s t t h a t n u t r i e n t s o p e r a t e t o re d u c e  s e l f

i n h i b i t i o n Fhere i s no s t r i c t r e l a t i o n s h i p between the

a b i l i t y o f  a c h em i c i l t o i nc rea s e r e s p i r a t i o n and i t s

a b i l i t y t o p r o d u c e g e r m i n a t i o n I n some s pores , ac e t a te

i s r a p i d l y m etabo l i zed bu t does no t suppor t ger m in a t i on

C. Coc hrane, 5 ;  g . , 1963 P e r h a p s i n g

b l a k e s l e e a n u s a c e t a t e s e r v e s b o t h as a r e s p i r a b l e s u b

s t r a t e , t h u s s u p p l y i n g e n e r g y , a nd a s u b s t a n c e wh i C h

reduces s e l f - i n h i b i t i o n The i d e n t i t y o f t h i s h y p o t h e

s i z e d s e l f - i n h i b i t o r i s , o f c o u r s e , un k n o w n b u t e v i d e n c e

sugges ts t h a t i f such a s e l f - i n h i b i t o r  d o e s e x i s t i t

f u n c t i o n t o i n h i b i t the a c t i o n o f the TCA c yc l e .

may

The f act th a t the spores o f Phycomyces and

Rhizopus were w ide l y d i f f e r e n t i n r e s p i r a t o r y beh avi o r

must r e f l e c t d i f f e r e n c e s i n ec o logy R h i z o p u s s t o l o n i f e r

se e ms a l m o s t u b i q u i t o u s i n i t s h a b i t a t w h i l e P h c o m c_es

see ms c o n f i n e d t o d u n g S i n c e b o t h p r o d u c e l a r g e nu mb e r s

o f n o n - m o t i l e s p o r e s o f r e l a t i v e l y t h e same s i z e wind

d i s p e r s a l shou ld no t be d i s s i m i l a r The n u t r i t i o n a l r e

qu i rem ents are e vi d e n t l y d i f f e r e n t enough to i n f l u e n c e

the ec o l o g i c a l n i c he o f these two f u n g i .

The long sporang iophores o f Phycomyces may

t h e t r a n s f e r o f s p o r a n g i o s p o r e s t o v e g e t a t i o nas s i s t i n

l i k e l y t o be e a t e n b y h e r b i v o r e s The e f f e c t s o f hea t
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s u r f  a c e - a c t i v e s u b s t a n c e s , a n d a c i d s i n t h e d ie n z y m e s

g e s t i v e t r a c t a n d o f o r g a n i c a c i d s p r o d u c e d by b a c t e r i a

i n d u n g n o d o u b t s t i m u l a t e g e r m i n a t i o n , b u t w h i c h i s

mo s t impor tant i n na t u r e kno wnn o t1 S

Some c o p r o p h i l o u s f u n g i a r e s p e c i a l i z e d 1 n

t h e i r h a b i t a t F o r . e x a mp 1 e , o ne s p e c i e s o f c o p r o p h i l o u s

As c o my c e t e h a s be e n f o u n d o n l y o n t h e d u n g o f p o r c u p i n e

a nd a n o t h e r o n l y i n t h e t u n d r a o n t h e d u n g o f l e m mi n g

(Ca in 1956) The r e a s o n s f o r t h e s e s p e c i a l i z a t i o n s a r e

un k no w n I t s h o u l d be i n t e r e s t i n g t o c o r r e l a t e n u t r i

t i o n a l r e q u i r e m e n t s w i t h e c o l o g y o f s e v e r a l c o p r o p h i l o u s

f u n g i , i n c l u d i n g P hy c o my c e s b l a k e s l e e a n u s



CHAPTER V I I

SUMMARY AND CONCLUSION

The s p o r a n g i o s p o r c s o f P hy c o my c e s b l a k e s l e e a n u s

B u r g e f f (ATCC 8 7 4 3 b - ) d i d n o t g e r m i n a t e i n a medium

c o n s i s t i n g o f p h o s p h a t e b u f f e r a nd g l u c o s e ( 1 0 g / 1 )

When a c e t a t e ( 0 . 7 2 g / 1 ) was us e d i n s t e a d o f g l u c o s e

s p o r e g e r m i n a t e d a t a r a t e o f a b o u t 90% Th i s c on f i rm ed

t h e r e s u l t s o f p r e v i o u s i n v e s t i g a t o r s

M a n o me t r i C t e c h n i q u e s we r e us e d t o sho w t h a t

r e s p i r a t o r y ra t e s were low (about Z ,ul oxygen uptak e per

mg dr y wt o f spores per h o u r , over a f i v e hour p e r i o d )

w i t h g l u c o s e ( 1 0 g / 1 ) as t h e s o l e c a r b o n s o u r c e when

a c e t a t e ( 0 . 7 2 g / 1 ) waS us e d i n s t e a d o f g l u c o s e t h e r a t e

o f o x y g e n u p t a k e i n c r e a s e d mo r e t h a n 15 f o l d .

M a n o m e t r i c - i s o t o p e me t h o d s we r e us e d t o a s s e s s t h e

i n d i v i d u a l c o n t r i b u t i o n s o f g l u c o s e , a c e t a t e , a n d s p o r e

( e n d o g e n o u s ) m a t e r i a l t o c a r b o n d i o x i d e p r o d u c t i o n .

R e s u l t s o b t a i n e d s ho we d t h a t a c e t a t e was r a p i d l y c a t a -

b o l i z e d b y s p o r e s , s t i m u l a t e d t h e c a t a b o l i s m o f s p o r e

m a t e r i a l a nd e x o g e n o u s l y s u p p l i e d g l u c o s e , a nd t h e a s s i

m i l a t i o n o f g l u c o s e i n t o s p o r e s G l u c o s e a p p e a r e d t o

s t i m u l a t e some inc reas e i n Carbon d i o xi d e pr o d u c t i o n

from ac e ta te when bo th were s up p l i ed t o g e t h e r .

9 1
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When s p o r e s we r e i n c u b a t e d w i t h g l u c o s e - 1 - 1

o r g l u c o s e - 6 - N C a l o n e , o r t o g e t h e r w i t h u n l a b e l e d

a c e t a t e , t h e lo w C6 / C 1 r a t i o w h i c h r e s u l t e d s u g g e s t e d

t h a t t h e He xo s e Mo n o p h o s p h a t e p a t h w a y was i mp o r  t a n t i n

g l u c o s e c a t a b o l i s m The r a t i o was a l s o lo w i n my c e l i u m

P o t a s s i u m c y a n i d e a n d s o d i u m a z i d e se e me d t o

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

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

a s s u b s t r a t e

i n c o n t r a s t t o i t s e f f e c t s o n s p o r e r e s p i r a t i o n

w i t h g l u c o s e as s u b s t r a t e , c y a n i d e s i g n i f i c a n t l y i n h i b i t e d

o x y g e n u p t a k e w i t h a c e t a t e as s u b s t r a t e B u t w i t h a c e t a t e

as s u b s t r a t e , s p o r e s , when c o mp a r e d t o my c e i i u m ,

r e l a t i v e l y r e s i s t a n t t o t h e e f f e c t s o f C v a n i d e .

w e r e

I t i s h y p o t h e s i z e d t h a t b e f o r e s p o r e a c t i v a t i o n

by a c e t a t e , g l u c o s e c a t a b o l i s m i s i n c o m p l e t e a nd t h a t

a c e t a t e a c t s t o s t i m u l a t e s p o r e g e r m i n a t i o n by r e l e a s i n g

t h e Tr i c a r b o xy l i c Ac id c y c l e from s e l f - i n h i b i t i o n thus

a l l o w i n g a c o m p l e t e o x i d a t i o n o f g l u c o s e
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