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ABSTRACT 

IR a search  f o r  a t o o l  t o  s tudy  hornonal ly  mediated yeast-hyphal , 

dimsrphism, j e l l y  f m g i  were c o l l e c t e d  i n  Japan and t h e  P h i l i p p i n e s  in 

1968 and 1969. These were iden t i ' f i ed  a s  samples of  t h e  
--- - - - - - Lp -- - - - -- 

Ph~~gmobas id iomycete ,  Sirobasidium mgnum. The condi<ions f o r  grbwing 

t h i s  

l i f e  

fungus on a r t i f i c i a l  
\ 

cycle were descr ibed  

media were determined a n p t h e  s t a g e s  i n  t h e  - 
I .  

N e u  t echniques  were developed f o r  s t a i n i n g  

the  nuc l e i  o f  t h i s  organism and f o r  observing t h e  nuc l e i  i n  l i v i n g  
. ~ 

yeas t  c e l l s .  By microscopic examination, t h i s  dimorphic organism was 
9 

found t o  have t h e  fo l lowing  f e a t u r e s .  Dikaryot ic  mycelium formed 
4 

fol lowing conjugat ion of un inuc l ea t e  yeas t  c e l l s .  The d i k a r y o t i c  

mycelium, when incubated  under coversliqm f o r  up t o  one month, formed a 
... --.- 

ge la t i nous  f r u i t i f i g  body a t  t h e  edge of . the ,  c o v e ~ s l i d .  I n  t h i s  

f q u i t i n g  body karyogamy and meiosig took p lace  i n  obJiquely s e p t a t e  

ca t enu la t e  b a s i d i a .  Binucleate  s t e r igma ta  were shed from the b a s i d i a  

and produced delayed uninuc$eate bas id iospores  which were subglobose 

and a i i c u l a t e .  These s p ~ r e a ~ g e r m i q a t e d  by producing secondary 
3 

C 
Y 

bas id iospores  ( g g m i n a t i o n  by r e p e t i t i o n )  o r  by producing yea'st c e l d s  

by budding. The yeas t  o e l i S  grew predominantly b y  monopolar .budding. 6 

0. 

Yeast co lon ie s  spa r ing ly  produced subglobose a p i c u l a t e  b a l l i s t o s p o r e s  
- -- - - - - - 

which germinated by r e p e t i t i o n  o r  repea.ted t h e  yeas t  phase d i r e c t l y  by 
- - - -- 

budding. , 



, Growth o f  t h e  yeas t  phase ws s t y d i e d  i n  c u l t u r e  and va r ious  
2 

s i g n i f i c a n t  c h a r a c t e r i s t i c s  were shown. The c e l l s  were 
- * 

non-fermentative; they  were encapsulated;  they a s s h i l a t e d  i n o s i t o l .  

These f ea tu re s .  are c h a r a c t e r i s t i c  of t h e  imperfect y e a s t s  i n  t h e  genus 

Cryptococcus Kutzing emend Phaff  e t  Spencer.  H o ~ e v e r ,  t he  product ion 

.of b a l l i s t ~ s p o r e s  trylt;trese.gea&s *-a f e h r e - t h a t o c c u r s  in t h e  - 

imper fec t  yeas t  Bu l l e r a  Derx. On the' b a s i s  of  morphological,  c u l t u r a l  
. '  

and a s s i m i l a t i v e  c h a r a c t e r i s t i c s  t h e  t h r e e  yeas t  types were considered 

t o  be i n t e r r e l a t e d .  

Mating be t reen  yeast  i s o l a t e s  o f  S. magnum was demonstrated t o  

be  governed by m u l t i p l e  i ncompa t ib i l i t y  f a c t o r s  which r e s u l t e d . i n  a 
3 . . 

modified t e t r a p o l a r  h e t e r o t h a l l i s m  resembling t h a t  found i n  t h e  genus 

Tremella, D i l l .  ex Fr .  by o t h e r  workers'. 

0 

%" 

Conditions f o r  con t ro l l ed  s tudy  of conjugat ion were descr ibed .  

The process  was shown t o  be mediated by d i f f u s i b l e  subs tances  c a l l e d  
8 

erogens.  C e l l s  w e r e  shown t o  be r ecep t ive  t o  t h e s e  e rogens  in GI of 

t h e  c e l l  cyc le .  The hormonalw response was shown not  t o  be mediated by 

' 3 1 : 5 1 - c y c l i c  adenosine monophosphate. 

In  conclusion,  2. magnum was coilsidered a t o o f - w i t k g r e a t  - - - - - 

studying t h e  processes  o f  morphogenesis i n  genera l .  
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THE LIFE CYCLE AND SEXUAL PHYSIOLOGY OF SIROBASIDIUM MAGNUM 

GENERAL INTRODUCTION - 

a 

The S u b d i v i s i o n  ~ a s i d i o m ~ c o t i n a  ( sensu  Ainsworth ,  1966) i s  

c h a r a c t e r i s e d  by f u n g i  w i t h  t y p i e a l l y  f i l a m e n t o u s  ass imi lakkwe  p h a s e s  

and p e r f e c t  s t a g e  s p o r e s ,  b a s i d i o s p o r e s ,  which a r e  borne  e x t e r n a l l y  o n  

a dangeard ien  (Moreau, 19491, s p e c i f i c a l . 1 y  termed a bas idium.  T h e ,  

l a r g e s t  C l a s s  o f  t h e  Basidiomycot ina  i s  t h e  Hymenomycetes ( s e n s u  

Ainsworth,  1966) and w i t h i n  t h i s  C l a s s  t h e  S u b c l a s s  

~ h r a ~ m o b a s i d i o m y c e t i d a e  ( s e n s u  HcNabb, 1973) o r  He t e r o b a s i d i o m y c e t i d a e  
P 

( s e n s u  Lowy, 1968) i s  o f  p a r t i c d l a r  i n t e r e s t - t o  t h i s  s t u d y .  These 
n 

f u n g i  have d i v i d e d  b a s i d i a  and a number o f  s p e c i e s  i n  t h e  Order 

T r e m e l l a l e s  show dimorphic  a s s i m i l a t i v e  growth forms.  The h a p l o i d  
d L 

a s s i m i l a t i v e  s t a g e  o f  t h e s e  d imorphic  f u n g i  grows i n  t h e  l a b o r a t o r y  as 

budding y e a s t  c e l l s .  The y e a s t - l i k e  c e l l s  o f  t h i s  phase  c o n j u g a t e  t o  

form a d i k a r y o t i c  mycelium which e v e n t u a l l y  p roduces  a g e l a t i n o u s  

b a s i d i o c a r p .  Some c u l t u r a l  s t u d i e s  have been done u s i n g  t h e s e  f u n g i "  

( ~ r e f e i d ,  1888, 1908; ~ o l l e r ,  1895; ,  Kobayasi ,  1937,  1939,  1962; 
-- - 

Bandoni, 1957, 1963,  1965; Kobayasg and Tubaki ,  196.5; F l e g e l ,  1968; 
- 

Brough, 1970, 1974; Koske, 1972; Reid ,  1975) b u t  t h e y  have n o t  been 



. - 
e x t e n s i v e . ,  Most o f  t h e  r e s e a r c h  t o  d a t e  h a s  been c o n c e n t r a t e d  on 

. - 
s p e c i e s  o f '  T r q n e l l a  D i l l .  ex F r .  and e s p e c i a l l y  <on Tremel la  

. . 

m e s e n t e r i c a  (S .F .  Gray) P e r s .  and Tremel la  f u c i f o r m i s  Berk. of  t h e  

Tremel l8ceae .  The l a t t e r  s p e c i e s  i s  now c u l t i v a t e d  commercial iy i n  

- - Taiwan and can b e  purchased l o d a l l y ,  canned o r  d r i e d ,  a s  a Chinese 

s p e c i a l t y  food.  

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

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

m p a t i b l e  h a p l o i d  y e a s t  i s o l a t e s .  F e n  such i s o l a t e s  a r e  mixed under mpd 
a p p r o p r i a t e  c o n d i t i o n s ,  budding growth is e v e n t u a l l y  r e p l a c e d  by 

monokaryotic f i l a m ~ n t s  o r  c o n j u g a t i o n  t u b e s  (Bandoni ,  1963; Kobayasi 

and Tubaki ,  1962; Brough, 1974) .  I n ' T r e m e l l a  t h i s  t r a n s f o r m a t i o n  i s  

media ted by d i f f u s i b l e  substzlnces which were termed e r o g e n s  by Reid 

(1974) f o l l o w i n g  t h e  d e f i n i t i o n s  by Machlis  ( 1 9 7 2 ) .  I n  2. 
r 

m e s e n t e r i c a ,  Reid ( 1974) h a s  s t a t e d  t h a t  t h e s e  s u b s t a n c e s  a r e  probably  . 
s m a l l  p e p t i d e s .  F l e g e l  (1968) h a s  shown t h a t  t h e s e  e r o g e n s  c o u l d  

m a i n t a i n  monokaryotic f i l a m e n t o u s  growth i f  t h e y  were c o n t i n u o u s l y  

s u p p l i e d .  U p o q '  removal,  budding c e l l s  ( b l a s t o s p o r e s )  were produced by 

t h e  f i l a m e n t s -  and y e a s t  growth resumed. 



Such a sys tem h e l d  g r e a t  p o t e n t i a l  f o r  morp\ogenetic s t u d i e s  on 

y e a s t  t o  h y p h h  and l y p h a l  t o  y e a s t  t r a n s f o r m a t i o n s .  The f o l l o w i n g  

sequence o f  i n v e s t i g a t i o n s  c o u l d  be env i saged :  t h e  e r o g e n s  c o u l d  be 

e x t r a c t e d  and i d e n t i f i e d ;  t h e i r  i n t r a c e l l u l a r  o r i g i n  and gene t i c  
- 

d e t e r m i n a t i o n  c o u l d  be a s c e r t a i n e d ;  a n d q h e i r "  mode of  a c t i o n  c o u l d  be 

determined i n  t h e  r e c e p t o r  c e l l s .  I n  a d d i t i o n  t o  i n c r e a s i n g  t h e  

u n d e r s t a n d i n g  of funga l  dimorphism, this work would probably  have some 

g e n e r a l  a p p l i c a t i o n  t o  a t h e r  eukaWryot ic  morphogenet ic  sys tems .  A l l  

t h e  necessa ry  e lements  a r e  p r e s e n t .  There, a r e  na t -u ra l ly  produced 
@ 

c o n t r o l  s u b s t a n c e s  which e l i c i t  a  s imply moni tored morpho log ica l  

change.  . I n v e s t i g a t i o n s  would be g r e a t l y  f a c i l i t a t e d  by t h e  y e a s t  

c e l l s  because  t h e y  c a n  b e  manipula ted  u s i n g  s t a n d a r d  b a c t e r i s l o g i c a l  

t e c h n i q u e s .  

The genus  -Tremel la  and p a r t i c u l a r l y  T. m e s e n t e r i c a  was t h e  most 

obv ious  c a n d i d a t e  f o r  t h i s  sugges ted  work because  o f  t h e  g r e a t  amount 

a l r e a d y  h o w n  a b o u t  i t .  However, f t  h a s  n o t  been p o s s i b l e ,  t o  d a t e ,  
9 

t o  grow t h i s  fungus  th rough  i t s  complete l i f e  c y c l e  r o u t i n e l y  i n  t h e  

l a b o r a t o r y .  T h i s  would have t o  be p o s s i b l e  b e f o r e  g e n e t i c  a n a l y s i s  

c o u l d  be performed.  



d S  * 

I n  s e a r c h i n g  f o r  a more e a s i l y  handled s p e c i e s  from t h i s  g roup ,  I 

t u r n e d  t o  t h e  c o l l e c t i o z  o f  a number of t r o p i c a l  s p e c i e s  o f  j e l l y  

f u n g i .  Among t h e s e  was a s p e c i e s  o f  t h e  genus  S i robas id ium Lagerh.  
-. 

e t  P a t .  emend Bandoni from t h e  monogeneric f a m i l y  S i r o b a s i d i a c e a e .  
- - 

T h i s  genus  was f i r s t  c h a r a c t e r i s e d  by Lagerheim and P a t o u i l l a r d  (1892) 
b 

when they  d e s c r i b e d  t h e  two new s p e c i e s ,  2. albidum and S. - 
sanguineunz f r o =  Equador. The s i g n i f i c a n t  f e a t u r e s  o f  t h e  genus  a s  

t h e y  saw i t  were a g e l a t i n o u s  b a s j d i o c a r p ,  s e p t a t e  b a s i d i a  borne i n  

c h a i n s ,  and n o n - v i o l e n t l y  d i s c h a r g e d  b a s i d i o s p o r e s .  During t h e  y e a r s  

t h a t  f o l l o w e d ,  f o u r  o t h e r  s p e c i e s  wege added t o  t h e  genus:  2. 

bre fe ld ianum ( M o l l e r ,  1895) ;  3: magnum ( ~ o e d i j n ,  1934) ;  S, indicum 

( Ramakrishnan and Subramanian,  1951 ) ; and - S. japonicum ( ~ o b a y a s i ,  

1962) .  

Re-examining t h e  genus ,  Bandoni (1957)  d i s c o v e r e d  t h e  p resence  o f  

f o r c i b l y  e j e c t e d  s p o r e s  t h a t  had been missed by p r e v i o u s  a u t h o r s .  He 

p o i n t e d  o u t  t h a t  t h e  s e s s i l e  "bas id iospores"  o f  Lagerheim and 

P a t o u i l l a r d  were,  i n  f a c t ,  deciduous  s t e r i g m a t a  ( e p i b a s i d i a ) .  They i n  

t u r n  produced de layed  b a s i d i o s p o r e s  d i scharged  from secondary - 

s t e r i g m a t a  and t h e s e  s p o r e s  germinated e h e r  by ' r e p e t i t i o n  o r  by 

budding. ' 

4" 
a 



C 

The ca'ducous s t e r i g m a t a  a r e  a n  a t t r a c t i v e  bonus f o r  g e n e t i c  
2 

a n a l y s i s .  ~ e i n i - r e l a t i v e l y  l a r g e ,  they  f a c i l i t a t e  h a n d l i n g  by 

mic romanipu la to r s  and' can be t r a n s f e r r e d  t o  i n d i v i d u a l  p e t r i  d i s h e s  

6 f o r  b a s i d i o s p o r e  . r e t r i e v a l .  

The purpose  of t h i s - s t u d y  was t o  e s t a b l i s h  t h e 2 d e n t i t y  of  t h e  
# 

speci 'es  o f  S i robas id ium c o l l e c t e d  and t h e n  t o  de te rmine  t h e  

f e a s i b i l i t y  o f  u s i n g  t h a t  organism as a  t o o l  f o r  examining 

y e a s t - f i l a m e n t  dimorphism. Chapter  1 d e s c r i b e s  t h e  mic roscop ic  

examina t ions ,  c u l t u r a l  p rocedures  and mat ing  t e s t s  done t o  de te rmine  . 

t h e  i d e n t i t y  o f  t h e  c o l l e c t i o n s  used.  Chapter 2 i s  a  desc r ip t . ion  o f  
1 

t h e  l i f e  c y c l e  of  t h i s  organism i n  c u l t u r e .  It i n c l u d e s  a  d e s c r i p t i o n  - 

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

n u c l e a r  b e h a v i o r  j n  t h e  c e l l s  d u r i n g  v a r i o u s  s t a g e s  o f  growth.  

Chapter 3 d e s c r i b e s  exper iments  d e a l i n g  w i t h  t h e  c o n j u g a t i o n  p r o c e s s .  



CHAPTER ONE 

, 
u 

SOURCE, DESCRIPTION AND IDENTIFICATION OF SPECIMENS 

C 

INTRODUCTION 

When embarking on exper imenta l  work u s i n g  a  new s p e c i e s  o f  

organism i t  i s  e s s e n t i a l  t h a t  one be a s  c e r t a i n  a s  p o s s i b l e  o f  itso 

c o r r e c t  and v a l i d  taxonomic i d e n t i t y .  The f u n g i  used i n  t h i s  s t u d y  

were c o l l e c t e d  i n  Japan  and t h e  P h i l i p p i n e s  i n  l a t e  1968 and e a r l y  

1969 r e s p e c t i v e l y  and had n o t  p r e v i o u s l y  been r e p o r t e d  from t h o s e  

c o u n t r i e s .  I have ,  t h e r e f o r e ,  been o b l i g e d  t o  s u b s t a n t i a t e  t h a t  t h e  

t h r e e  c o l l e c t i o n s  s t u d i e d  were c o n s p e c i f i c  and t o  de te rmine  whet her^ 

t h e y  c o n s t i t u t e d  new s p e c i e s  o r  corresponded t o  o n e s  a l r e a d y  

d e s c r i b e d .  

The c h a r a c t e r s  used t o  d e l i m i t  t h e  genus  S i robas id ium (Lagerheim 

and ~ a t o u i l l a r d ,  1892; Bandoni, 1957) a r e  d i s t i n c t i v e  enough t o  

w a r r a n t  s e p a r a t i n g  i t  from t h e  genus -Tremel la  t o  which it i s  probab ly  

r e l a t e d .  This ) r e f a t i o n s h i p  was recognized b y  tagerh&m and .-. 
* 

, P a t o u i L l a r d  (1892)  when they  p laced  i t  i n  t h e  T r e m e l l i n e e s  



( ~ r e m e l l a c e a e )  of Brefeld ( 1888). - However ,- Mb'ller ( 1895) cdnsidered 

t h e  chain- l inked bas id i a  o f  s u f f i c i e n t  importance t o  e r e c t  a  new 

fami ly ,  S i robas id iaceen  (S i robas id iacehe)  , j u s t  f o r  t h i s  genus. That 

s epa ra t i on  h a s  p e r s i s t e d  u n t i l  today and i t s  g e n e r a l  acceptance is  

apparen t  i n  r ecen t  works by Ainsworth ( 1971 ) and -McNabb (1 973) . 

In a  r e c e n t  review o f  t h e  genus Sirobasidium, Kobayasi (1962) / - 
- 

recognised s i x  s p e c i e s .  This  excluded 2. c e r a s i  Bourd. e  t Galz. 
4 

(1909) f o r  reasons  f irst  o u t l i n e d  by Boedijn (1934) ,  and i t  a l s o  

excluded S. brunnea Lloyd (1923) because of  i t s  incomplete d e s c r i p t i o n .  - 
Kobayasi presented a  t a b l e  of c h a r a c t e r i s t i c s  , for  t h e  s i x  s p e c i e s  bu t  i t  

contained information only from the  o r i g i n a l  d e s c r i p t i o n s .  A review of 

t h e  r e l evan t  l i t e r a t u r e  (Lagerheim and P a t o u i l l a r d ,  1892; Maller  , 1895; 

Coker, 1920, 1928; ~ o e d i j n ,  1934; Martin,  1936; O l ive ,  1946, 1947; 

Ramakrishnan and Subramanian, 1951 ; Lowy, 1956, 1971 ; ~ a n d o n i ,  1957) has  

l e d  t o  t h e  r econs t ruc t ion  o f  Kobayasi ts  t a b l e  uhich i s  presented he re  i n  

Table I. The terminology h a s  been changed t o  agree  with t h a t  p resen ted  

i n  Chapter 2  of t h i s  t h e s i s .  It is apparen t  t h a t  'ithe s i x  s p e c i e s  a r e  
: 

n o t  very d i s t i n c t i v e  one f r a n  t h e  o the r .  



-MET ABASIDIUM 

Sumary of fea tures  of s eve ra l  species  of  Sirobasidium a s  derived from published recor ts .  

5, manum S. ~nd lcu? .  S, sanyineum S. b r e f e l d ~ a n m  S. albidun S. japonicum 

b - 
Spores - - 6-8 x 7-9 -> x 6-8 - 4-5 X 5-6 

7-9 x 9-11 - x 9-11 

C e l l s  per predominantl:~ 2 predonlnantly 2 predominantly 4 predominantly 2 p r e d o ~ i n a n t l y  4 2 - t o  4 
basidiun up t o i t  up to  r ~redozi r rant ly  2 up t o  4 only 4 

only 4 only 2 

3as ld i a  2 - 3  2 - 5 2 - ' 4  2 - 5 2 - 8 2 - 4 
per chain 2 - 7  

3 - 10 

3asld;o- 29-45 nm 3-5 m 3-26 ma ?-j mm 2-4 mm 20-40 ma 

C a r F  12-37 mm 0.4-1.3 .W 
l e ry th  4-20 m 0.5-2 mm 

?-20 m 

7asldl3-  2 5 2 5  rn 1-1.5 nm 1-5 arm 0.2-0.5 m - - 
?it m CUP 

t wckness 

Sas:lro- taMY t o  reddiah -buf f-coloured 
ca rp  ocraceoue brown t o  brownish 
colour tawny -blood red 

-pale amber t o  
reddish b r i ck  

-0craceoua 
W f  

- l ight  t an  t o  
reddish amber - 

-hyaline t o  -hyaline t o  
whi t i sh  whitish 

-white 
-watury-mokey 
t o  dusky 
white ( f l e sh  
tint U -- 

-milk w h t e  t o  
pa r t l y  
orange-red 

- - 

Inforraat~on f o r  t h i s  t a b l e  dram from: Lagerheim and Patoui l la rd ,  IRSZ;  Hijller, 1895; Coker, 1920, 7928; 

3&dijn, 1 9 9 ;  :iartin, 19'5; Olive,  1946, 7947; Lowy, 1956, 1970, 7971; Ramakrishnan and Subrammian, 

I95l;  *donis I7570 Unless otherwise indicated,  maasurcmenta a r e  given in um. Heaeurements t h a t  were 

reported I n  f r ac t ions  of un were rounded' t o  t h e  nearest  urn. 



were d e s c r i b e d  b e f o r e  t h e ,  n a t u r e  o f  t h e  b a s i d i o s p o r e s .  was d i s c o v e r e d .  

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

among s p e c i e s .  Turning t o  t h e  s t e r i g m a t a  ( e p i b a s i d i a ) ,  a g r e a t  
\ 

v a r i a t i o n  i n  s i z e  i s  e v i d e n t  even w i t h i n  a s i n g l e  f r u i t i n g  body. A s  
- - 

Mart in  (1936) p o i n t e d  o u t  for', sanguineurn, "Spores  < s t e r i g m a t a >  

borne on t h e  l o w e r  b a s i d i a ,  h  nc deep ly  immersed i n  t h e  g e l a t i n o u s  0 
m a t r i x ,  are l o n g  a n d  na r row,  25-26 X 5-7 u  w h i l e  t h o s e  borne  a t  t h e  

s u r f a c e  a r e  s h o r t e r  and b r o a d e r ,  14-17 X 7'9 u." Between c o l l e c t i o n s  

t h e  range of s i z e s  o v e r l a p s  g r e a t l y .  These f a c t s  make e p i b a s i d i a  a .  o 

- poor f e a t u r i  t o -  u s e  f o r  s p e c i e s  d i f f e r e n t i a t i o n .  * 

The same problems a r i s e  t o  a somewhat l e s s e r  d e g r e e  wi th  t h e  

s i z e s  of t h e  b a s i d i a  p r o p e r .  Nor i s  t h e  number o f  c e l l s  p e r  bas idium 
I 

v e r y  h e l p f u l ,  s i n c e  q u a n t i t a t i v e  i n f o n h a t i o n  on t h e  numbers o f  b a s i d i a  

w i t h  o'ne, two, t h r e e ,  o r  f o u r  ce l ls  was n o t  g i v e n .  The- f a c t  t h a t  a l l  

t y p e s  o c c k  w i t h  r e g u l a r i t y  makes t h e  t h e  number o f  c e l l s  p e r  bas idium 

o f  q u e s t i o n a b l e  v d l u e  f o r  s p e c i e s  d i f f e r e n t i a t i o n  . The displacement  

o f  s e p t a  w i t h i n  t h e  bas idium is o f  some v a l u e  i n  2. japonicum where 
J' 

t h e  m a j o r i t y  seem t o  be  t r a n s v e r s e  as they  a r e  i n  A u r i c u l a r i a c e o u s  

f u n g i .  However, ~ e p t a t i o n  i s  o f  l i t t l e  v a l u e  f o r  d i s t i n g u i s h i n g  among 
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The number o f  b a s i d i a  i n  a c h a i n  o v e r l a p s  f o r  a l l  t h e  c o l l e c t i o n s  

reviewed,  excep t  2. brefe ldianum.  In  i ts c a s e  t h e  f e a t u F e  seems 

worthy o f  n o t e .  However, even . t h i s  may be  shaky as Lagerheim and + 

P a t o u i l l a r d  (1892) s t a t e  i n  t h e i r  o r i g i n a l  d e s c r i p t i o n  o f  S, 
- - _ -  

sanguineum, ;A l a  s u r f a c e  du Champignon, l e s  f i l a m e n t s  p o r t e n t  d e s  . 
c h a h e s  de  b a s i d e s .  . .mais i c i ,  c e s  b a s i d e s  s e  & p a r e n t  a i s i m e n t  l e s  

unes  d e s  a u t r e s  l o r s  de  l a  formatYon des  s p o r e s ,  de  t e l l e  s o r t e  q u l i r  

ne  nous a pas  6 t 6  p o s s i b l e  d l o b s e r v e r  l e  nombre d l a r t i c l e s  composant 

chaque se'rie; _ d l o r d i n a r e ,  on v o i t  seulement  de deux > q u a t r e  b a s i d e s  

e n  p lace . "  The number o f  b a s i d i a . p e r  c h a i n  would a l s o  undoubtedly  v a r y  
1 

s~m~ewhat  h i t h  t h e  m a t u r i t y  o f  a f r u c t i f i c a t i o n .  The small d i f f k r e n c e s  

r e p o r t e d  between t h e  f i v e  s p e c i e s  e x c l u d i n g  5. bre fe ld ianum '&em o f  
c. 

l i t t l e  v a l u e  f o r  s p e c i e s  d e l i m i t a t i o n .  
V 

T h i s  l e a v e s  shape  and s i z e  o f  f r u c t i f i p a t i o n ,  c o n s i s t e n c y ,  and 

+! c o l o u r  tc s e p a r a t e  t h e  remaining f o u r  c o l l e c t i o n s  one from t h  o t h e r :  

These f e a t u r e s  must b e  c o n s i d e r e d  c a u t i o u s l y .  S i z e  can  va ry  from . . 

s u b s t r a t e  t o  substrate o r  under  d i f f e r e n t  env i ronmenta l  c o n d i t i o n s .  . ' 
t 

Without o t h e r  s u p p o r t i v e  ev idence  o f  d i f f e r e n c e ,  i t - is  a poor  f e a t u r e  
0 

on which t o  e r e c t  a new s p e c i e s .  Colour ~k v a r y  g r e a t l y  even w i t h i n  
Y 

one s p e c i e s  o f  j e l l y  f u n g u c b  Mart in  (1936) p o i n t e d  o u t  i n  
P 

d e s c r i b i n g  some - c o l l e c t i o n s  o f  s a t  he  c o n s i d e r e d  t o  be z. 
---. 1, 

- 



. + 
sanguineum, "No. 40 i s  o b v i o u s l y  an  o l d e r  f r u c t i f i c a t i o n  than  No. 41  

. . 
and i ts  p a l l i d  a p p e a r a n c e  may w e l l  be  due t o  t h e  f a c t  t h a t  t h e  c o l o r  

II 

h a s  been washed o u t ,  a s  n o t  i n f r e q u e n t l y - h a p p e n s  i n  t h e  c a s e  o f  

t r e m e l l a c e o u s  fun i w i t h  r e d  o r  t i n t s . "  Brough (1974)  i n  - $-. 
t . ,  P 

c o n t r o f  l e d  l a b o r & o r y  Tremel la  ~ l o b o s p o r a  found s t p i k i n g  

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

on a s i n g l e  a g a r  . p l a t e .  He urged c a u t i o n  i n  u s i n g  c o l o u r  as a  f e a t u r e  
+ * 

f o r  s e p a r a t i n g  s p e c i e s  o f  Tremel la .  

The w h i t e  c o l o u r  o f  2. albidum would s e p a r a t e  it  from t h e  

remain ing  t h r e e  c o l l e c t i o n s  i n  t h e  t a b l e .  They i n  t u r n  a r e  a l l  

c o l o u r e d  brown w i t h  v a r i o u s  d e g r e e s  o f  r e d d i s h  t o n e .  The f r u i t i n g  
% 

b o d i e s  ' o f  2. a r e  s t r i k i n g l y  l a r g e r  t h a n  t h o s e  o f  - S. 

sanuuineum and 2. indicum, b u t  t h e  l a t t e r  two do  n o t  seem t o  dj-f f e r  

e s s e n t i a l l y .  It c o u l d  be p o s s i b l e  t f i e s e  t h r e e  a r e  d i f f  
I 

I 

c o l l e c t i o n s  o f  t h e  same s p e c i e s .  Vi thou t  mat ing t e s t s  and 

d 
b a s i d i o s p o r e  c h a r a c t e r i s t i c s ,  a d e c i s i o n  i s  d i f f i c u l t .  It is c l e a r  

t h a t  t h e  taxonomy i s  i n  need o f  y e t  ano the r  examina t ion .  
2\, t - 
/ 

t 

Keys to t h e  s p e c i e s  o f  Si robasfdium have been p r e s e n t e d  by 



r e v i s e d  t h e s e  k e y s  t o  i n c l u d e  a11 t h e  s p e c i e s  o f  t h e  genus  

SiroKasidium t h a t  have been r e p o r t e d .  

f REVISED KEY TO THE SPECIES OF 

.- -- & 

1 .  Metabas id ia  p redominan t ly  3 o r  4 c e l l e d  

3 
SIROBASIDIUM 

1 .  Metabas id ia  p r e d m i n a n t l y  2 c e l l e d  ...................... 4 
- 2 .  B a s i d i a l  s e p t a  predominant ly  y a n s v e r s e  and 

o b l i q u e ;  b a s i d i a  c l a v a t e  t o  c y l i n d r i c  ........ - S.. japonicum 

2. B a s i d i a l  s e p t a  predominant ly  v e r t i c a l ;  ' b a s i d i a  
" .  

g l o b o s e  t o  s h o r t  f u s i f o r m  ...... : . . . . . . . . . . . . . . . . . . . .3  
, .  

3. B a s i d i o c a r p  h y a l i n e  t o  w h i t i s h  when f r e s h  ........... - S. albidum 

3.. B a s i a i o c a r p  buff-coloured t o  reddish-brown 

I 
when f r e s h  ........................................ S.  sanguineum - 

4. F r u c t i f i c a t i o n  l a r g e ,  s e v e r a l  cm l o n g  , . 

and 1-2 cm t h i c k  .................................. - S. mamum 

' 4 .  F r u c t i f i c a t i o n  s m a l l ,  s e v e r a l  mm long  
- - 

and 1-2 mm t h i c k  .................................. 5 

5. B a s i d i a  up t o  10 o r  more p e r  c h a i n ;  b a s i d i o c a r p  

h y a l i n e  t o  w h i t i s h  when f r e s h  ..................... g. brefe1,dianum 
I . . - -- 

I 5. B a s i d i a  5 o r  l e s s  p e r  c h a i n ;  b a s i d i o c a r p  . . 
- ~ - - ~ ~ ~- .~ - ~ ~ ---- 

reddish-brown when f r e s h  .............................. a. indicum 



Using t h i s  key ,  my c o l l e c t i o n s  f i t  t h e  d e s c r i p t i o n  o f &  magnum. 

However, a s  I have a l r e a d y  p o i n t e d  o u t ,  t h e  c h a r a c t e ~ i s t i c s  used t o  

d e l i m i t  t h e  s p e k i e s  o f  S i robas id ium a r e  weak a i d  i t  is  p o s s i b l e  t h a t  

f u t u r e  mat ing  t e s t s  w i l l  show t h a t  some o f  t h e  above s p e c i e s  a r e  
r 

synonymous. F o r  t h e  p r e s e n t ,  I w i l l  conform t o  t h e  p u b l i s h e d .  

d e s c r i p t i o n s  and a c c e p t s .  magnum a s  a  d i s t i n c t  s p e c i e s .  , 

* 
The purpose  o f  t h i s  c h a p t e r  was t o  compare my c o l l e c t i o n s  

m i c r o s c o p i c a l l y  w i t h  e a c h  o t h e r  and wi th  s y n t y p e  m a t e r i a l  of  2. 

magnum from J a v a  and t o  do mat ing t e s t s  between t h e  y e a s t  i s o l a t e s  

-1 d e r i v e d  from t h o s e  c o l l e c t i o n s .  I n  t h i s  way I hoped t o  e s t a b l i s h  t h e  

i d e n t i t y  o f  my c o l l e c t i o n 3  w i t h  ' c e r t a i n t y .  



MATERIALS AND METHODS 

e 

Yeast  s t r a i n s  w e d  were d e r i v e d  by s p o r e  f a l l  from f r u i t i n g  
b 

b o d i e s  TWF 1 1 ,  which was c o l l e c t e d  a t  Shimoda, J a p a n ,  i n  November 

1968, and TWF 56  and 58 ,  which were c o l l e c t e d  a t  B i s l i g ,  P h i l i p p i n e s ,  
I 

i n  February 1969. A l l  were growing on decaying wood and were a i r  

d r i e d  a f t e r  c o l l e c t i o n .  S e v e r a l  weeks l a t e r ,  t h e s e  b a s i d i o c a r p s  were 

r e v i v e d  i n  d i s t i l l e d  wa te r  and suspended o v e r  m a l t  e x t r a c t  a g a r .  

Yeast  c u l t u r e s  deve lop ing  from s i n g l e  s p o r e s  were numbered a c c o r d i n g  

t o  t h e  c o l l e c t i o n  from which t h e y  were o b t a i n e d .  

A syn type  specimen of S i robas id ium magnum was k i n d l y  s u p p l i e d  by . 
t h e  Bogor B o t a n i c a l  Gardens ,  Java  v i a  D r .  R . J .  Bandoni a t  t h e  

U n i v e r s i t y  o f  B r i t i s h  Columbia. T h i s  specimen had been p rese rved  i n  

a l c o h o l  from which it had been removed and d r i e d  f o r  m a i l i n g .  I am 
Q 

u n c e r t a i n  as t o  whether b a s i d i o s p o r e s  were s t i l l  p r e s e n t  i n  th i s  

m a t e r i a l  . 

Micros"co#ic f e a t u r e s  o f  t h e  b a s i d i o c a r p s  were measured on a  Z e i s s  

S tandard  U n i v e r s a l  microscope u s i n g  a n  o i l  immersion o b j e c t i v e ,  phase 

o p t i c s  and a -  c a l i b r a t e d  e y e p i e c e  micrometer.  

r e v i v e d  i n  wa te r  f o r  1-2 h o u r s  and f ragments  

The b a s i d i o c a r p s  were 

were mounted i n  1% 



- 1. 
p o t a s ~ i u m ~ h y d r o x i d e  f o r  o b s e r v a t i o n .  Twenty d i f f e r e n t  examples  were * 

measured f o r  e a c h  s t r u c t u r e  c o n s i d e r e d .  These were t h e n  s t a t i s t i c a l l y  

t r e a t e d  f o r  compar isons .  - 

Yeast  s t r a i n s  were main ta ined  on a  s o l i d  or. l i q u i d  medium c a l l e d  

7 . y e a s t  soy tone  -b ro th  o r  a g a r  (YS) which c o n t a i n e d :  D i  f c o  y e a s t  

e x t r a c t ,  1.0 g ;  D i f c o  s o y t o n e ,  1 .5  g ;  g l u c o s e ,  10.0 g ;  magnesium 

s u l p h a t e  s e p t a h y d r a t e ,  0 . 2  g ;  ca lc ium c h l o r i d e ,  0 . 1  g ;  d i s t i l l e d  

w a t e r ,  1  l i t r e ;  Di fdo  Bacto a g a r ,  15.0 g  f o r  s o l i d  media. T h i s  medium 

was l a t e r  s i m p l i f i e d  t o  y e a s t  e x t r a c t  (YE) b r o t h  o r  a g a r  ( D i f c o  y e a s t  

e x t r a c t ,  3.0 g ;  g l u c o s e ,  10.0 g ;  d i s t i l l e d  w a t e r ,  1  l i t r e ;  Di fco  Bacto 

a g a r ,  15.0 g  f o r  s o l i d  media) wi th  e q u a l l y  good r e s u l t s .  A c h e m i c a l l y  

de f ined  medium was a l s o  used on o c c a s i o n  b u t  o n l y  f o r  t h e  c u l t i v a t i o n  

of t h e  y e a s t  g e l l s  . It was design'ated YNB and c o n s i s t e d  o f  6.7 g o f  

Difco y e a s t  n i t r o g e n  base  ( d e t a i l e d  c o n t e n t s  g i v e n  i n  t h e  Di fco  
I 

Manual, D i f c o  L a b o r a t o r i e s ,  D e t r o i t ,  Michigan) i n  1000 m l  d i s t i l l e d  

water  w i t h  t h e  a d d i t i o n  o f  10.0 g g l u c o s e .  T h i s  was au toc laved '  b e f o r e  

use .  'Mat ing t e s t s  were performed on c o n j u g a t i o n  medium (CJM) (Di fco  

y e a s t  e x t r a c t ,  3.0 g ;  g l u c o s e ,  1.0 g ;  d i s t i l l e d  , 1  l i t r e ;  Di fco  
1 

Bacto  a g a r ,  15.0 g f o r  s o l i d  media) .  Before a u t o c l a v i n g ,  a l l  media 

were a d j u s t e d  t o  pi3 6.8 w i t h  0. P N s o d i u m  hydrpxibe. 
':. 
4 .. 

were i n c u b a t e d  i n  250 m l  e r l e w e y e r  f l a s k s  w i t h  50 m l  
f. - 

o f  medium. They- 



we%re h e l d  a t  25 OC and shaken c o n t i n u o u s l y  i n  a PsycroTherm 

i n c u b a t o r  (Hew B r u n s w i ~ k  S c i e n t i f i c  C o r p o r a t i o n )  a t  50 rpm. Inoculum 

f o r  l i q u i d  c u l t u r e s  c o n s i s t e d  o r i g ' i ~ l l y  o f  a  l o o p  o f  c e l l s  from a g a r  

' c u l t u r e . .  ' S u c c e s s i v e  t r a n s f e r s . c o n s i s t e d  o f  k.05 m l  a l i q u o t s  t a k e n  
h 

I 

f r m  s t a t i o n a r y  bhase  c u l \ u r e s  ('36:48 h) . . 
, 

- 9 .  

, , -  

~ a t l n g  t e s t s  were perfoqed by i n o c u l a t i n g  a  speck o f  each o f  two 
- I 

y e a s t  i t r a i n s  s i d e  by h ide  n e a r  t h e  c i r c u m f e r e n c e  o f  a - p k t r i  d i s h  o f  
, 

CJM. A f t e r  mixing' t h e  tire s t r a ; n s  thdrough ly  w i t h  an  inoc; la t ing 
L -. loop ,  t h r e e  r a d i a t i n g  s t r e a k s ,  were drawn a c r o s s  t h e  p l a t e a  away from 

' &  

> .  B 
t h e  'a rea  o f  mixing.. O f t e n ,  b e t t e r  c o n j u g a t i b n  o c c u r r e d  in ' . t he  s t r e a k s  ' 

> -  , 
t h a n  i n  t h e  a r e a  o f  mixing.  An a l t ~ r n a t e  me'thod which discoupaged 

y e a s t  c e l l s  from overgrbwing t h e  c r o s s  c o n s i s t e d  of c o v e r i n g  t h e  
b 

c e l l s ,  mixed on YE -agar ,  w i t h  a  coven91iplwhich had p r e v i o u s l y  been . 

dipped i n  95% e t h a n o l  and t h e n  f lame s t e r i l i z e d . .  u s i n 4  this I 

t e c h n i q u e ,  f r u i t i n g  b o d i e s  developed when d i k a r y o t i c  hyphae r e s u l t i n g  

from c o n j u g a t i o n  reached - t h e  edge o f  ,t':he c o v e r s l i p .  

I n  a l l  c a s e s  c r o s s e s  were i n c u b a t e d  a t  25-28 OC i n  a  P e r c i v a l  

con t ro l l ed -env i ronment  chamber . in .  the d a r k .  Crossed i s o l a t e s  were 

examined f o r  t h e  p r e s e n c e  o f  c o n j u g a t i o n  t u b e s  a f t e r  12-24 hours, '  ana  , * .  , , 

f o r  hyphae w i t h  clamp c o n n e c t i o n s  a f t e r  98 hours .  If t h e  



clamp-bearing mycelium was l e f t  t o  grow i n  t h e  d a r k  f o r  approx imate ly  

one month, f r u i t i n g  b o d i e s  formed. Once b a s i d i o c a r p s  had formed, t h e  
< 

' d i s h e s ' w e r e  removed t o  a second i n c u b a t o r  a t  t h e  same t empera tu re  but '  

w i th  a 10-hour l i g h t  and 14-hour da rk  r e g e e .  L i g h t  was s u p p l i e d  by 

dne 25-inch coo l -whi te  f l u o r e s c e n t  lamp of  20 watts power. T h i s  

i l l u m i n a t i o n  gave b e t t e r  p roduc t ion  o f  b a s i d i a  and s p o r e s  than  

occur red  on b a s i d i o % a r p s  i n c u b a t e d  complete ly  i n  t h e  d a r k .  

A l i m i t e d  number o f  a s s i m i l a t i v e  t e s t s  was done employing i s o l a t e  

TWF 58-23 w i t h  D i f c o  y e a s t  n i t r o g e n  base  f o r  carbo-n compounds and 

Di fco  y e a s t  ca rbon  base  f o r  n i t r o g e n  compounds. Glucose ,  D-mannitol 

and D-xylose were  o b t a i n e d  from Di fco ;  D-ce l lob iose ,  from Sigma 

Chemical Corp.;  and i n o s i t o l  from Eastman Organic  Chemical Co. A 1 1  
.. 

carbon compounds were used t o  g i v e  2 g carbon p e r  l i t r e  and n i t r o g e n  

compounds t o  g i v e  0 .2  g n i t w g e n  p e r  l i t r e .  For  t h e s e  tests t h e  media 

used were f i l t e r  s t e r i l i z e d  and t h e  pH was n o t  a d j u s t e d .  

More e x t e n s i v e  a s s i m i l a t i v e  t e s t s  were k i n d l y  performed by t h e  

Yeast  D i v i s i o n  o f  t h e  Cen t raa lbureau  voor Sch immelcu l tu res ,  
- - 

d u z i a n a l a a n  6 7 a ,  D e l f t ,  Ne the r lands .  The s t r a i n s  used were TWF 11-5, 
--- - 

-1 1-7, 58-23 and 58-27 and t h e y  have been p l a c e d - i n  t h e  CBS c u l t u r e  



I I 

c o l l e c t i o n  as  CBS,6806, 6805, 6804 and 6803 r e s p e c t i v e l y . <  I n  , a 

a d d j t i o n ,  s t r a i n s  56-1, -2, -1 2  and -20 have b,een pSaced i n  t b e  

American Type C u l t u r e  C o l l e c t i o n ,  Washington, D . C .  and t h e i r  
- 2= 

4 

a q u i s i t i o n  numbers a r e  34209, 34210, 34211 and 34212 r e s p e c t i v e l y .  



In  g r o s s  a s p e c t ,  t h e  b a s i d i o c a r p s  o f  t h e  s y n t y p e  o f  2. magnum 

and c o l l e c t i o n s  TWF 1 1 ,  56 and 58 were very- s i m i l a r .  A l l  t h r e e  

specimens were l a r g e ,  g e l a t i n o u s ,  and Tremel la - l ike  , lobed  and f o l d e d ,  

and i n  t h e  same c o l o u r  r ange .  Two a r e  ~ h o w n  i n  P l a t e  V I ,  F ig .  50. 

The syn type  specimen d$ a somewhat l i g h t e r  shade p robab ly  because  it 
";, 

had been s t o r e d  i n  a l c o h o l .  The f r u i t ' i n g  b o d i e s  produced i n  

l a b o r a t o r y  c u l u r e  were a l s o  s i m i l a r .  They were n o t  a s  t h i c k  

c o l o u r  v a r i e d  from l i g h t  t a n  t o  r e d d i s h  brown. One, a r i s i n g  

c r o s s  o f  TWF 58-23 ( A 1 ~ , )  and TWF 11-2 (A2B3), was examined 

7 .  

m ~ c r o s c ~ p i c a l l ~ .  It is shown i n  P l a t e  V I ,  F ig .  49. 

and t h e  

from t h e  

M i c r o s c o p i c a l l y ,  t h e  b a s i d i a ,  s t e r i g m a t a  and b a s i d i o s p o r e s  o f  t h e  

b a s i d i o c a r p s  l i s t e d  above gave t h e  measurements shown i n  F i g s .  1 and 
I 

2. Twenty examples o f  each  s t r u c t u r e  were measured.  P i d t h s  o f  t h e  

1. 
-, s t e r i g m a t a  and d i a m e t e r s  o f  t h e  b a s i d i o s p o r e s  were measured a t  t h e  

wides t  p o i n t .  A his togram o f  t h e  r e s u l t s  i s  shown i n  F i g .  1 .  The 

means and s t a n d a r d  d e v i a t i o n s  are shown i n  F i g .  2 .  A m u l t i p l e  

d i s c r i m i n a n t  a n a l y s i s  gave t h e  Mahalanobis D~ v a l u e s  l i s t e d  i n  Table  

11. A v a l u e  i n  e x c e s s  sf 2  is c o n s i d e r e d  a s i g n i f i c a n t  difference (P= 



> A 

Figure 1. Histograms of measures of microstru&ures of 
> .  

f ive  d i f fe ren t  basidiocarps. Numbers o f ,  P . I  

\, 

s t r uc tu r e s  are give? bn the  Y axes w h i l e '  . , . I 

k 
heasurement5 i n  micromters are  given on the  X : *  

axes. : i I 

+ A  " 

' i  % '  , , 
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Figuke 2 .  His tograms o f  means and s t a n d a r d  d e v i a t i o n s  
f o r  t h e  measurements p r e s e n t e d  . F i g u r e  1 .  



STERIGN ATA 

30 

SPORES 

l = T W F  56 
. 2 = T W F  58 

3-TWF 11 
4-Laboratory-cuhured basidiocarp 

5 = Syntype S. magnum basidiocarp - 

length 0, 



TABLE I1 I 

D* Mahafanobis s t a t i s t i c  for d i s t a n c e  
between measured s t r u c t u r e s  f o r  va r ious  

f r u i t i n g  bodies  o f  2. magnum. 

- .  

TWF 58 TWF 11 Lab c u l t u r e  Syntype TWF 56 

TWF 56 

TWF 58 

TWF 11 

Lab 
c u l t u r e  

S. magnum 



t 

The ," spores"  shown f o r  t h e  syn type  a r e .  q u e s t i o n a b l e .  The g lobose  

s t r u c t u r e s  obse rved  and  recorded  h e r e  l acked  t h e  consp icuous  a p i c u l u s  

p r e s e n t  i n  t h e  s p o r e s  o f  t h e  o t h e r  specimen d 

A f t e r  one week on YE a g a r ,  c o l o n i e s  .of y e a s t  s t r a i n s  d e r i v e d  by 

s p o r e  f a l l  were mucous-slimy wi th  a g l i s t e n i n g  s u r f a t e . .  They were 

t h i c k  and w h i t e  a t  f i r s t  b u t  t u r n e d  creamy ye l low a f t e r  long  7 
\ 

i p u b a t i d n .  . b e  y e a s t  c e l l s  were e l l i p s o i d ,  ova&$Jr s p h e r o i d ,  and 

' t h e y  were e n c a p s u l a t e d  when grown on t h e  media used ( P l a t e  I; F i g s .  
* lFC 

3, 4 . b d d i n g  was predominant ly  monopolar,  s u c c e s s i v e  buds a r i s i n g  . 
-% 
1 

from t h e  same.  p o i n t .  The s i z e  o f  t h e  c e l l s  v a r i e d  with.  t h e  age  o f  t h e  

c u l t u r e  and t h e  medium used b u t  g e n e r a l l y  f e l l  w i t h i n  the range  3.5-6 
* 

X 5-7 u. When c o l t m i e s  from s i n g l e  i s o l a t e s  were i n v e r t e d  o v e r  f r e s h  
3 

YE a g a r  and i n c u b a t e d - f o r  up t o  one month, new c o l o n i e s  appeared i n  

3911 numbers on t h e  iow& 
/ 

b a l l i s t o s p o r e s  which c o u l d  

p l a t e .  These c o l o n i e s  a r o s e  from 

germina te  by budding o r  by r e p e t i t i o n  

( P l a t e  I ;  Fig. 7 ) .  

R e s u l t s  from t h e  f o u r  s t r a i n s  t e s i e d  f o r  a s s i m i l a t i o n  o f  ca rbon  

compounds as o u t l i n e d  by Van d e r  Walt f1970a)  a r e  shorn i n  Table III. - 
Growth c w v e s  f o r  compounds t e s t e d  i n  t h i s  l a b o r a t o r y  are shown i n  

- - - - - - - - - 

,/ 
Figs. 53 and 54 of Chapter  3 and t h e y f a g p e e  w i t h  t h e  r e s u l t s  from the-=-,+ 



TABLE I11 

Results of assimilative t e s t s  for  variow 
carbon compounds, using yeastzisolates from 
basidiocarps TWF 11 and TWF 58. 

- 
Carbon Compound - 58-27 58-23 11-7 11-5 

CBS 6803 CBS 6804 cas 6805 CBS 6806 

glucose 
galactose 
L-sorboee 
8UCTOSe 
m a 1  t ose 
cellobiose 
trehalose 
lactose 
melibiose 
ra f  f inose 
melezitose 4J 

inu l in  
soluble atarch 
D-xylose , 

L-arabinose 
D-arabigose 
D-ribose 

L-rhanmose 
e t.?anol 
glycerol 

e 

r i b i t o l  
ga lac t i to l  
D-maanitol 
D-sorbitol 
-methyl-bglucoside 

s a l i c  i n  
. DL-lac t i c  acid 

succinic acid 

- or weak + 

c i t r i c  acid + 
i nos i to l  + 
glucono- -1actone + 
2-keto-gluconate - 
5-keto-gluconate - 

l a t e  + - -or weak 

weak + 
+ 
+ 

weak or 
late. + 

+ - 
+ 
+ - 
l a t e  + - 
- 

- 
l a t e  + - or weak + 

' +  c 
+ - 
weak or 

late + 
+ - 
+ 
+ 

- or weak + 
+ 
weak or 

l a t e  + 
+. 
+ 
l a t e  + 

+ 
+. 
weak or 

l a t e  + - 
+ 
+ 
*- 
+ 
+ .  

-r 

+ 
+ 
+ - - - - 

/ - 
+ - or l a t e  + 
+ 

, weak or 
l a t e  + 

+ m 

+ 
weak or 

l a t e  + - or weak + 

Note: a l l  experiments r& for  21 days a t  25 OC 

+ = positive growth - = no growth 



. , 

CentraalbuPeau. I n  a d d i t i o n ,  a l l  these  s t r a i n s  were non- fe rmenta t ive  

and growth a t  37 OC was nega t ive .  Assimilat ion o f  potassium n i t r a t e  

was ,negat ive while  sodium- n i t r i t e  was weakly p o s i t i v e  and ammonium 

n i t r a t e  was p o s i t i v e .  - A l l  t hese  s t r a i n s  produced s t a r c h l i k e  compounds 

when grown i n  a c i d i c  medi3. Work a t  t h e  Centraalbureau showed ae rob ic  

mycel ia l  growth on cornmeal a g a r  and I have s u b s t a n t i a t e d  t h i s  r e s u l t .  
% 

The outcome o f  c r o s s i n g  24 i s o l a t e s  o f  TWF 58 and 56 i n  a l l  

combinations is shown i n  Table I V .  Four d i f f e r e n t  mating types  a r e  

ev iden t  and they  have been a r b i t r a r i l y  l a b e l e d  A1B1~,,A2B2, 

A1B2, and A2B1. Half t h e  c r o s s e s  r e s u l t e d  i n  t h e  f o h a t i o n p f  
d 

conjuga t ion  t u b e s ,  bu t  only h a l f  of  t he se  i n  t u r n  produced clamped 

mycelia.  Blas tospores  were o f t e n  produced a t  t h e  ends o f  conjugat ion 

tubes  if mating had not  occurred ( P l a t e  I; Fig. 9 ) .  Conjugating 

p a i r s  o f  c e l l s  a r e  showri i n  P l a t e  I ,  Fig. 10 and F ig .  11, 

while d i k a r y o t i c  hyphae and clamp formation a r e  shown i n  P l a t e  I ,  Fig.  

12 and P l a t e  111, F ig .  25 r e spec t ive ly .  

I n  a d d i t i o n  t o  t e s t i n g  s t r a i n s  from t h e  Ph i l i pp ines ,  10 i s o l a t e s  

o f  TWF 11 from Japan were c rossed  i n  a l l  combinations wi th  each o t h e r  

and with TWF 58-27 ( A , B ~ )  and TWF 58-23 (A2B2). The c r o s s e s  

wi th in  TWF 11 showed a similar pa t t e rn  t o  t hose  of  t h e  Ph i l i pp ine  J 

/ 



T A B L E  I V  

R m l t s  of crosses in all combinations of 24 isolatas of S. magnum yeasts f r h  collectionr TWF 56 & 58 

A. 

NOTE : - - no conjug.tion t u b  

L+) = conjugation t u b a  but no d m p d  rnydiurn 

+ = conjug.tion I 4 n g  to drnpd y o l ~ m  

AB. AZBT, V z '  s r b k T d y ~ 4 ~ Q y p a  



L 

i s o l a t e s  ( T a b l e  V). However, a l l  c r o s s e s  between t h e  Japanese  and 

~ h i l i p b i n e  i s o l a t e s  t h a t  r e s u l t e d  i n  c o n j u g a t i o n  t u b e s  a l s o  l e d  t o  

clamped myce l i a .  T h i s  i n d i c a t e d  t h e  p r e s e n c e  o f  a t  l e a s t  a thil;d and 

f o w t h  i n c o m p a t i b i l i t y  f a c t o r  B3 and B4, and t h e - i s o l a t e s  i n  Table  
3 

V have been a p p r o p r i a t e l y  l a b e l e d .  

F r u i t i n g  bod ies  r e s u l t i n g  from c r o s s e s  o f  58-23 X 11-2 and 58-23 

X 11-1 were resuspended  o v e r  a g a r  and y e a s t  c o l o n i e s  a r i s i n g  from 

s p o r e  f a l l  were mated. These c r o s s e s ,  i n  t u r n  gave  new f r u i t i n g  

b o d i e s  which a l s o  produced 6 a s i d i o s p o r e s .  



T A B L E  V 
.1 

R ~ l t s  of  crosses in all combinations of 10 isolates of 
S. magnum yeasts from-collection TWF II 

NOTE: - = no conjugation tubes 

(+I = conjugation tubes but no clamped mycelium / 
+ = conjugation leading to damped mycelium ' , . . > I 

A 1 4 ,  A1B4 A263 A2B4 = assigned mqing types C 



I 

DISCUSSION 

The dec i s ion  a s  t o  whether two organisms o r  popula t ions  o f  

organisms a r e  conspec i f i c  can be ph i lo soph ica l ly  and technica l - ly  - 

complex. I n  t h e  end no s i n g l e  p iece  of information i s  i n  i t s e l f  

s u f f i c i e n t .  The t r e n d  with most o f  t h e  l a r g e r  fung i  i s  t o  concen t r a t e  - ' 

on morphological f e a t u r e s  and a l i m i t e d  number of  chemical tests. 

When t h e r e  a r e  few morphological f e a t u r e s ,  a s  wi th  t h e  y e a s t s ,  t h e  

t rend  i s  t o  concen t r a t e -on  a s s i m i l a t i v e  p a t t e r n s .  These t r e n d s  a r e  

n e c e s s i t a t e d  even f o r  d i s t i n c t i o n s  above t h e  s p e c i e s  l e v e l  because o f  

t h e  l a c k  of sexua l  s t a g e s  i n  imper fec t  y e a s t s .  

The va lue  of t h e s e  a s s i m i l a t i v e  t e s t s  ha s  been quest ioned f o r  
f l ? .  

some y e a s t s  (S to rck ,  Alexopoulus and Phaf f ,  1969; Bandoni, Johri ,  and 

Reid, 19751, and t h e i r  meaning he re  should t h e r e f o r e  be viewed 

cau t ious ly .  Where pos s ib l e  one should have, i n  add i t i on  t o  

phys io log ica l  and morphological f e a t u r e s ,  in format ion  a s  t o  whether 

mating occurs  between organisms; t h a t  is, m a t j w  which r e s u l t s  i n  a 

f e r t i l e  f i l i a l  genera t ion .  Even he re  d e t a i l e d  cytology may be 

necessary  to determine uhetfrer hybr id iza tzon  has t aken  place.  
h 

However, a* &&& by Bancbni, &ri and &id-41975% f b ~  



Sporobolomyces Kluyver e t  van Niel, "We assume t h a t  c o n j u g a t i o n ,  
d 

, formation of d i k a r y o t i c  m y c e l i a ,  and chlamydospore p roduc t ion  can 

occur  o n l y  i f  t h e  mat ing s t r a i n s  a r e  o f  t h e  same s p e c i e s .  
\ 

I n t e r s p e c i f i c  h y b r i d i s a t i o n  i s  p o s s i b l e ,  b u t  t h e  l a r g e  number o f  ' 

i n t e r a c t i n g  g e n e s  r e q u i r e d  f o r  p roduc t ion  o f  t h e  d i k a r y o t i c  s t a g e  

I 
would make t h i s  p o s s i b i l i t y  seem u n l i k e l y .  " 

On t h e  b a s i s  o f  s i z e ,  c o l o u r  and macroscopic  morphology, t h e  

b a s i d i o c a r p s  o f  TWF 11 ,  56 and 58 are l i t t l e  d i f f e r e n t  e a c h  from t h e  

o t h e r  o r  from t h e  s y n t y p e  o f  - S. magnum from Bogor. The h i s togram 

comparing t h e  s i z e s  o f  mic roscop ic  s t r u c t u r e s  o f  t h e  above t h r e e  

b a s i d i o c a r p s  and o f  t h e  one produced i n  t h e  l a b o r a t o r y  shows e s s e n t i a l  

s i m i l a r i t y .  Those p a r a m e t e r s ' w i t h  l i t t l e  v a r i a b i l i t y  a r e  c l o s e l y  
1 

grouped t o g e t h e r  whi le  t h o s e  wi th  g r e a t  v a r i a t i o n  o v e r l a p  

c o n s i d e r a b l y .  Although t h e  d i s c r i m i n a n t  a n a l y s i s  showed s i g n i f i c a n t  

d i f f e r e n c e s  between some o f  t h e s e  p a r a m e t e r s ,  t h e  d i f f e r e n c e s  were as 

g r e a t  between t h e  f o u r  known t o  be c o n s p e c i f i c  by mat ing tests as t h e y  

were between t h o s e  and t h e  syn type .  However, t h e  l a c k  o f  a p i c u l i  on 

t h e  g lobose  s t r u c t u r e s  assumed t o  be b a s i d i o s p o r e s  i n  t h i  Bogor 

m a t e r i a l ,  c o u l d  be c r i t i c a l .  It is p o s s i b l e  t h a t  they  were indeed 

s p o r e s  b u t  t h a t  t h e y  were immature and were p h y s i c a l l y  d i s l o g e d  

d u r i n g  p r e p a r a t i o n  of microscope mounts. T h i s  assumes t h a t  a l l  t h e  

mature  s p o r e s  were washed o f f  by t h e  a l c o h o l  p r e s e r v a t i v e .  
J 



On the  s t r e n g t h  o f  macroscopic and microscopic morphology, 

c u l t u r a l  c h a r a c t e r i s t i c s ,  conjuga t ion ,  dikaryon formation and 

bas id iocarp  format ion ,  i t  i s  reasonable  t o  conclude t h a t  c o l l e c t i o n s '  

TWF 11 ,  56,  and 58 a r e  conspec i f i c .  Their  c o n s p e c i f i c i t y  with t h e  

syntype o f &  magnum is s t r o n g l y  i n f e r r e d  on t h e  b a s i s  of  morphology. 

Absolute confirmation would r equ i r e  mating tests with l i v i n g  

c o l l e c t i o n s  from Java.  - 

The yeas t  phases of  a l l  t he  l i v i n g  c o l l e c t i o n s  were gross19 

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

performed and t h e  product ion of globose b a l l i s t o s p o r e s ,  t he se  y e a s t s  

a r e  s i m i l a r  t o  those  i n  t h e  imperfect  genus Bu l l e r a  Derx. , (Pha f f ,  

1970). I n  t h e  absence of information a s  t o  t h e  o r i g i n  of t he se  

y e a s t s ,  t h e  four  s t r a i n s  i n  Table I V  would probably be considered 

d i f f e r e n t  s p e c i e s  of t h e  genus Bul le ra  Derx. However, d e r i v a t i o n  o f  

t h e  i s o l a t e s ,  conjuga t ion ,  and t h e  formation o f  d i k a r y o t i c  mycelium 

and bas id ioca rps  show t h i s  t o  be un t rue .  
\ 

.- 
The incompatibi l i ty  p a t t e r n  descr ibed he re  f o r  & magnum is a 

modified t e t r a p o l a r  p a t t e r n  t h a t  i s  i d e n t i c a l  t o  t h a t  descr ibed f i r s t  

f o r  Tremella mesenter ica  (Bandoni,,1963) and l a t e r  f o r  x. globospora 

Reid (Brough, 1974) . I n  a d d i t i o n ,  t h e  physiology and morphology of 



t h e  c e l l s  a r e  s i m i l a r  and t h e  na tu re  of  t h e  sexua l  r e a c t i o n  i n d i c a t e s  
C 

t h e  presence o f  a syst'em of erogenas s i m i l a r  t o  t h a t  o f  T. - 

mesenterica (Bandoni, 1965) . These f e a t u r e s  o f  c l o s e  s i m i l a r i t y  

r e i n f o r c e  t h e  g e n e r a l  consensus t h a t  ' these genera l ie i n  c l o s e l y  
f 

- a l l k e d  f a m i l i e s .  

There are a l s o  c e r t a i n  s i m i l a r i t i e s  between t h e  y e a s t s  of  t h e  
7 

imperfect  genus Cryptococcus Kutzing emend. ~ h _ a f f  et Spencer and those  

o f  Tremella and Sirobasidium. Kobayasi (1962) ,  on t h e  b a s i s  o f  c u l t u r a l ,  

and phys io logica l  c r i t e r i a ,  round t h a t  t h e  yeast  phase of  2. japonicum 

Kobayasi coincided with Cryptococcus d i f f l u e n s  (Zach) Lodder e t  

Kreger-van R i j .  He d id  n o t  seem t o  cons ider  t h e  f a c t  t h a t  he had 

observed b a l l i s t o s p o r e  production by t h e  yeast  phase. Also, a s tudy  of 

e x t r a c e l l u l a r  heteropolysaccharide$ from s e v e r a l  sp& i e s  o f  Tremella and 

from & l a u r e n t i i  (Kuffera th)  sk inne r  was found t o  . r e i n f o r c e  t h e  

p o s i t i v e  r e l a t i o n s h i p  between these  yeas t s  t h a t  wa's suggested by 

morphology and physiology (S lodki ,  Wickerham and Bandoni, 1966). 

Trea t ing  t h e  yeas t  phase of  s.' magnum a s  a d i s t i n c t  e n t i t y ,  and - 
using a taxonomic key (Lodder,  IgTOa), i t  can be i d e n t i f i e d  a s  belonging 

t o  t h e  imperfect  genus Bu l l e r a  r a t h e r  than Cryptococcus. This  is 

because t h e  yeas t  phase o f  3. magnum produces subglobose a p i c u l a t e  



b a l l i s t o s p o r e s .  However, a s  Phaff  (1970) s t a t e s ,  s h o u l d  

i n o s i t o l - a s s i m i l a t f n g  s p e c i e s  o f  B u l l e r a  c e a s c  t o  produce 

b a l l i s t o s p o r e s  and b e  s t u d i e d  subsequent  t o  t h e  l o s s ,  t h e y  would be 

p laced  i n  t h e  g e n u s  Cryptococcus .  Such c o n s i d e r a t i o n s  had p r e v i o u s l y  

l e d  Lodder aqd Kreger-van R i j  ( 1  5 )  t o  s u g g e s t  t h a t  ~ r $ p t o c o c c u s  =-5 
might  have a r i s e n  from b a l l i s t o s p o r e - f o r m i n g  y e a s t s  by t h e  l o s s  o f  

spore-forming a b i l i t y .  

The d i s c o v e r y  o f  b a l l i s t o s p o r e s  from t h e  y e a s t  phase  o f  S. 

magnum i n  . a d d i t i o n  t o  i t s  a f f i n i t i e s  t o  Tremel la  i s  g r a t i f y i n g .  The 

c l o s e n e s s  of t h e s e  two g e n e r a  and t h e i r  subsequen t  s i m i l a r i t i e s  t o  

Cryptococcus  and B u l l e r a  s e r v e  t o  i n c r e a s e  t h e  p r o b a b i l i t y  t h a t  t h e  
- 

,- 
f o u r  g e n e r a  a r e  i n t e r r e l a t e d  and t h a t  a t  least some s p e c i e s , o f  

I 

C r y p t ~ ~ o c c u s  and .Bu l le ra  have bas idiomycetous  o r i g i n s .  



CHAPTER TWO 
a 

THE LIFE CYCLE OF SIROBASIDIUM t-iAGNUM I N  CULTURE 

INTRODUCTION 

Before  d e s c r i b i n g  work o n  t h e  l i f e  c y c l e  o f  5. magnum, i t  would 

b e  worthwhile t o  examine t h e  terminology u s e d  i n  t h e  d e s c r i p t i o n  of 

phragmobas~diomycetous  bas idi -a .  Because t h i s  g r o u p  i n c l u d e s  

Basidiomycetes  w i t h  h i g h l y v a r i a b l e  b a s i d i a  that 'may b e  t r a n s i t i o n a l  

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

-2, 1) 

t h e  y e a r s .  These r e v i s i o n s  have n o t  been unanimously a c c e p t e d  and 

much c o n t r o v e r s y  h a s  surrounded them. 

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

' o rgan i sms  i n  a  way t h a t  r e f l e c t s  t h e i r  e v o l u t i o n a r y  r e l a t i o n s h i p s .  

With v a s c u l a r  p l a n t s  and v e r t e b r a t e s ,  t h i s  t a s k  h a s  been c o n s i d e r a b l y  

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

C l a s s i f i c a t i o n  schemes f o r  t h i s  group have depended a l m o s t  e x c l u s i v e l y  

on i n t e r p r e t a t i o n  o f  p r e s e n t  day forms. The assumpt ion i s  t h a t  a t  



l a t e r  form; a r o s e .  In e x i s t i n g  f l o r a s ,  c and ida t e s  f o r  such 

primi t i v e n  types  a r e  u sua l ly  those wath r e l a t i v e l y  simple and 

r e l a t i v e l y  u n s t a b l e  morphology: Cer ta in ly  such fungi  abound i n  t h e  

Phragmobasidiomycetidae, and the  weight o f  p r e sen t  day opinion r ega rds  

them a s  reminiscent  o f  Homobasidiomycete a n c e s t o r s .  However, no t ab l e  

except ions t o  t h i s  view have been proposed (Bessey, 1950; Rogers, 

1934; Mart in ,  1945) and t h e  whole quest ion of  Basidiomycete phylogeny 

is amply covered i n  reviews by S a v i l l e  (1955, 1968 "1. 

Much a t t e n t i o n ,  t hen ,  has  been focused on t h e  

~ ~ a ~ m o b a s i d i o m ~ c ~ t i d a e  f o r  phylogenetic reasons .  I n  an ex tens ive  
1 i w 

review o f  s u c h  d i s c u s s i o n s ,  Ta lbot  ( 1954) r e i t e r a t e s  Rogers' opinion 

(1944) t h a t ,  ' I .  . t h e  b a s i d i u d b d  a s s o c i a t e d  c h a r a c t e r s  a r e  r e l i a b l e  - 
i n d i c a t i o n s  o f  k in sh ip ,  and t h a t  hymenial v a r i a t i o n s  a r e  comparatively 

. r e c e n t  and t r i v i a l .  " Micromorphology consequently engages t h e  

s p o t l i g h t  i n  t h e s e  phylogenet ic  d i s cus s ions  and t h e  terminology used 

t o  descr ibe  t h e  basidium i s  c r u c i a l .  It is  n o t  s u r p r i s i n g  t h a t  

/ va r ious  Lem&inologies have been suggested and t h a t  controversy has  

a r i s e n  around them. Talbot  (1954) has  summarised t h e  va r ious  

arguements and s e l e c t e d  t h e  terminology proposed by Donk (1931, 1954) 
Lf 

a s  t h e  most l o g i c a l .  He pr-ed a p i c t o r a l  summary o f  t h e  major 

te rminologies  and reproduced i n  The Dic t ionary  o f  t h e  



r Fungi ( A i m w o r t h ,  1971) .  T a l b o t l s  a r t i c l e  sparked f u r t h e r  c o n t r o v e r s y  

which spanned severalLPeaPrgL(Donk, 1956, 1958; M a r t i n ,  1957).  The 

s t o r y  is  w e l l  c h r o n i c l e d  by Lowy (1968)  and T a l b o t  ( 1 9 7 3 ) .  T h e i r  

terminology w i l l  be t h e  one used h e r e ,  and t h e  p e r t i n e n t  words, a s  

. o r i g i n a l l y  d e f i n e d  by T a l b o t  ( l 9 5 4 ) , ;  a r e :  
i 

B A S I D I U M  - t h a t  organ o f  t h e  Basidiomycetes  w h i c b r i s  p a r t l y  t h e  

homologue of t h e  as u s ,  and which fo l lowing  karyogamy and m e i o s i s  t & 

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

gon t o c o n t  w a l l ,  t h e  s t e r i g m a t a .  The term i s  t a k e n  to '  i n c l u d e  t h e  4, 
probasidi .a ,  m e t a b a s i d i a  and s t e r i g m a t a  a s  p a r t s  o f  t h e  whole basidium. 

PROBASIDIUM - that p a r t  o r  s t a g e  o f  t h e  b a s i d i u b  i n  which, 

karyogamy o c c u r s ,  i . e .  t h e  pr imary b a s i d i a l  c e l l .  Inc luded  a l s o  i n  

t h i s  term a r e  t h e  t e l e u t o s p o r e s  o f  r u s t s ,  t h e  chlamydospores o f  smuts ,  
. f ' J  

and t h e  more o r  iess p e r s i s t e n t  o r  r e s i s t a n t  c e l l s  i n  t h e  same s t a g e  

o f  development i n  t h e  A u r i c u l a r i a c e a e n T h e  term i s  in tended  t o  denote  
t '. 

t h e  "first s t a g e  o f  t h e  basidium" r a t b v w h i c h  precedes  t h e  
\ 

d basidium". - 
METABASIDIUM - t h a t  p a r t  o r  s t a g e  o f  t h e  bas idium i n  which 

m e i o s i s  of t h e  d i p l o i d  n u c l e u s  occurs .  I n  many b a s i d i a  it obvious ly  
- - - - - - - - - - 



r e p l a c e s  < f o l l o w s  i n  developmental  sequence> t h e  probasidium. The 
\ A 

'+h.s- 
te rm i s  i n t e n d e d  t o  deno te  t h e  f ina l  s t a g e ' o f  t h e  bas idium as an 

a n t i t h e s i s  o f  t h e  f i r s t  s t a g e ,  o r  probasidium.  

STERIGMATA - t h o s e  p a r t s  o f  t h e  W s i d i u m  whidh come between t h e  

metabasidium - and Lhe h a s i d i o s p o r e s ,  o r  t h e  e l o n g a t i o n s  of t h e  - 

metabasidium th rough  which t h e  n u c l e i  m i g r a t e  t o  t h e  s p o r e s  which a r e  

borne  t e r m i n a l l y .  Each sterigma is  composed o f  a b a s a l ,  f i l a m e n t o u s  
/ 

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

t h e  sp icu lum on which t h e  s p o r e  i s  borne.  

Two f u r t h e r  t e r m s  i n  t h i s  o r i g i n a i  a r t i c l e  were r e d e f i n e d  by 

T a l b o t  (1968) i n  r esponse  t o  an S r t i c l e  by Lowy (1968). These 

r e d e f i n i t i o n s  were n e c e s s a r y  because  o f  accumulat ing c y t o l o g i c a l  

ev idence  c o n c e r n i n g  pr imary s e p t a  ( t h o s e  a r i s i n g  a s  a r e s u l t  o f  

n u c l e a r  d i v i s i o n )  and s&condary o r  a d v e n t i t i o u s  s e p t a  ( t h o s e  a r i s i n g  
7 

i n  t h e  absence o f  n u c l e a r  d i v i s i o n ) .  These two terms were r e d e f i n e d  " 

as f o l l o w s :  

PHRAGmBASIDIUM - a basidium whose metabasidium is d i v i d e d  by 

p r imary  s e p t a .  



.HOLOBASIDIUM - a basidium whose metabasidium i s  n o t  d iv ided .by  

primary s e p t a  but  may sometimes become a d v e n t i t i o u s l y  s e p t a t e  . 

The f a c t  t h a t  t he se  terms of  r e f e r ence  a r e  used he re  should no t  

be taken t o  imply that I accept  t o t a l l y  t h e  c l a s s i f i c a t i o n  proposed by 

Talbot  (1968) .  That t h e  ques t ion  i s  s t i l l  open t o  d i s cus s ion  i s  - 

emphasized by r e c e n t  pub l i ca t i ons   LOW^^ 1968, 1969; Ta lbo t ,  1968, 

1970; Donk, 1972a, 1972b, 1973a, 1973b,1973c). The p re sen t  sent iment  
a 

i s  perhaps b e s t  expressed by Talbot  (1970) i n  response t o  c r i t i c i s m  
b 

from Lowy (1969) .  He w r i t e s ,  "Indeed I f u l l y  expect  it  <a  

c l a s s i f i c a t i o n  of  Basidiomycetes> t o  be found imperfec t ;  my d i f f i d e n c e  
-7- -- 

< i n  proposing it> however, was due t o  my t emer i t y  i n  suggest ing any -- 

c l a s s i f i c a t i o n  a t  a l l ,  i n  an a r e a  where much more knowledge i s -  

g e n e r a l l y  needed. Further  arguement a t  t h i s  s t a g e  is  p o i n t l e s s :  what 

i s  r equ i r ed  i s  work." 

8 C u l t u r a l  work on s p e c i e s  o f  t h e  genus Sirobasidium i s  extremely 

l i m i t e d .  ~ a l l e r  (1895) d id  a l i m i t e d  amount with - S. sanguineum, 

r e p o r t i n g  y e a s t l i k e  growth on n u t r i e n t  media. La t e r ,  Kobayasi (1962) 

examined t h e  yeas t  phase o f &  japonicum on n u t r - t  media and 

repor ted  that it s p a r i n g l y  produced b a l l i s t o s p o r e s .  He a l s o  notede 

s ee ing  conjugat ion between one p a i r  - of yeas t  - c e l l s  -- bhd he repor ted  
- ppp 



growing immature bas id ioca rps  on m a l t  aga r .  Much more work has  been 

done on o the r  t remel laceous  fungi  and t h a t  work has some bear ing  on 

s t u d i e s  with Sirobasidium. I w i l l ,  (however, restrict  my review t o  
' 

t remellaceous fung i  with budding wid  a s s i m i l a t i v e  s t ages .  This  w i l l  
L- 

Ir 

exclude fungi  with yeast  phases i n  t h e  Sep tobas id i a l e s ,  A u r i c u l a r i a l e s  

and U s t i l a g i n a l e s .  

In a recent  review,  Kobayasi and Tubaki (1965) r e p o r t  budding growth 
. . 

i n  Sirobasidium, Trenie3la and Holtermannia Sacc. e t  Trav. O f  t he se  

t h r e e  genera,  T rane l l a  has been t h e  most e x t e n a v e l y  s t u d i e d  i n  - 
c u l t u r e ,  beginning with t h6  s t u d i e s  o f  Brefeld (1888, 1908) and MGller 

- 
(1895) h e r e  bas id io spo re s  were g e m i n a t e d  and budding yeas t  c e l l s  

grown. These au tho r s  a l s o  diagrftmmed what we now know to be 

conjugat ion tubes  a r i s i n g  from some o f  t h e  yeast  c e l l s .  Such 

d e s c r i p t i o n s  were also forthcoming from Whelden (1934) '  Kobayasi 

(1937, 1939) and Bandoni (1961).  However, Bandoni (1963) was t h e  

first t o  descr ibe  formation of d i k a r y o t i c  clamped mycelia fo l lowing  

conjugat ion and t h e  modified t e t r a p o l a r  i ncompa t ib i l i t y  system 

governing i'ts formation. 'Kobayasi and Tubaki (1965) l a t e r  repor ted  

conjugat ion l ead ing  t o  d i k a r y o t i c  mycel ia  i n  Tremella f 'uciformis and 

H o l t e m a m i a  c o r n i f o m i s  Kobayasi. I3 add i t i on ,  they  descr ibed  t h e  
- - 

formation o f  f r u i t i n g  tmdies o f  x. fuc i fo rmis  in c u l t u r e ,  bu t  they  
- -- -- - - - - - -- - - - - 



- 
d id  no t  de sc r ibe  any s p e c i a l  technique f o r  producing them. F r u i t i n g  

bodies  o f  t h i s  fungus a r e  commercially produced on a r i c e  husk mixture  

i n  Taiwan, bu t  i n spec t ion  of a sample of  t he se  showed them t o  be 
*' 

i n f e r t i l e  ( ~ r o u ~ h ,  1970 1. Basidiocarps  o f  the  p a r a s i t i c -  fungus - 
Tremella u l i g i n o s a  Kars t .  (Koske, 1972) ha& been produced i n  c u l t u r e  

with i t s  ascomycete h o s t  but  b a s i d i ~ s p o r e  production could  n o t  be 

obtained and t h e  l i f e  cyc l e  could n o t  be completed. The only repor ted  
t 

s p e c i e s  which d i d  complete i t s  l i f e  cyc le  i n  c u l t u r e  was Tremella 

globospora (Brough, 1970, 1974).  Although t h e  fungus was p a r a s i t i c ,  

it e a s i l y  grew a x e n i c a l l y  oh s y n t h e t i c  media and produced f e r t i l e  

bas id iocarps .  
8 

A review o f  c y t o l o g i c a l  s t u d i e s  o f  t h e  lower Hymenomycetes has  

been presented by Talbot  (1954) .  Again, t h e s e  have concent ra ted  on 

dimorphic genera  o t h e r  than Sirobasidium. They have i n  a d d i t i o n  

emphasized nuc l ea r  events  i n  bas id iocarps .  Few a r t i c l e s  have appeared - . I  

desc r ib ing  nuc l ea r  events  during yeas t  growth and conjugat ion (Bandoni 

and B i s a l p u t r a ,  1971).  

Brough ( 1970) has  d i ag rama t i ca l l y  summarized t h e  l i f e  c y c l e  of 

Tremella globospora and t h a t  diagram would g e n e r a l l y  apply  to  o t h e r  

dimorphic t remel laceous  fungi .  



The purpose  of t h e  work d e s c r i b e d  i n  t h i s  c h a p t e r  was t o  d i s c o v e r  

t h e  c o n d i t i o n s  n e c e s s a r y  t o  have S. magnum r o u t i n e l y  complete  i ts  - 
l i f e  c y c l e  u n d e r  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s .  An a d d i t i o n a l  

purpose  was t o  e > u c i d a t e  t h e  n u c l e a r  e v e n t s  accompanying t h e  v a r i o u s  

s t a g e s  i n  t h e  l i f e  c y c l e .  



* .  , 
MATERIALS AND METHODS 

Yeast  c u l t u r e s  were mainta ined on YE a g a r  and b r o t h ,  o r  on YNB - 
b r o t h  (Chpt .  1 ) .  Conjugation f o r  c y t o l o g i c a l  s t a i n i n g  ms c a r r i e d  . - 

o u t  'using e q u a l  numbers o f  two mating s t r a i n s  from + 36-hour c u l t u r e s  i n  

YE b r o t h .  ~ G e s e  were mixed and d i l u t e d  t o  5:7 X lo5 c e l l s  p e r  m l  i n  

l i q u i d  CJM (Chpt  . 1 1. One m l  o f  t h i s  mix.ture was t r a n i f e r r e d  t o  each 
.i 

o f  s e v e r a l  25 X 75  mm s t e r i l e  g l a s s  microscope s l i d e s  i h  s t e r i l e  p e t r i  
. - 

d i s h e s .  After i n c u b a t i o n  f o r  12 t o  24 h o u r s  a t  25-28 OC, t h e  l i q u i d  ' 
'* t- 

i s  poured o f f  t h e  s l i d e s .  Next,  they  were e i t h e r ' a i r  d r i e d  o r  n o t  

be fore  f i x i g g  f o r  20-24 h o u r s  i n  70% e t h a n o l  w i t h  0.56 g  .potassium 

hydroxide p e r  100 m l  (N/10).  S l i d e s  were removed from t h e  f i x a t i v e  

and r i n s e d  f o r  2-5 minu tes  wi th  t a p  water  b e f o r e  s t a i n i n g  f o r  2  hours  

i n  p r o p i o n i c  haematoxyl in  (Henderson and ku,  1968) . After s t a i n i n g ,  

t h e  s l i d e s  were washed i n  t a p  w a t e r ,  covei-ed, and observed.  

The same f i x i n g  and 

s t a g e s  in t h e  l i f e  c y c l e  

s l i d e s ,  o r  squash mounts 

B a s i d i a  developed around 

a g a r  o r  p o t a t o e  d e x t r o s e  

s t a i n i n g  r o u t i n e  was employed f o r  o t h e r  

by u s i n g  smears on  s l i d e s ,  a g a r  cu1ture.s  on 

o f  s t r u c t u r . e s  s t a i n e 8  i n  a g a r  b locks .  
' 

c r o s s e s  o f  f u l l y  compat ib le  i ~ o l a t e s  on YE 
' .  

a g a r  (PDA). Thes'e c r o s s e s  and  b a s i d i o c a r p  ' 

produc t ion  were c a r r i e d  o u t  ?s d e s c r i b e d . i n  Chapter 1 .  



B a l l i s t o s p o r e s  and b a s i d i o s p o r e s  were c o l l e c t e d  by suspending 

y e a s t  c o l o n i e s  o r  f r u i t i n g  bod ies  r e s p e c t i v e l y  o v e r  .agar c o a t e d  s l i d e s  

i n  s t e r i l e  p e t r i  d i s ~ e s  ( ~ a r m o ~ ~ o u s a  and P h a f f ,  1962) . The s l i d e s  

were t h e n  a i r  d r i e d ,  f i x e d  and ' s t a ined  a s  d e s c r i b e d  above.  

N u c l e i  o f  l i v i n g  cells were observed on F o r t n e r  s l i d e s  (Robinow, 

1975) w i t h  YE a g a r  c o n t a i n i n g  20% mal tose .  
-7 

D 

To t e s t  t h e  e f f e c t s  o f  ca rbon  d i o x i d e  c o n c e n t r a t i o n  and a n a e r o b i c  

a tmospheres  on y e a s t  and hyphal  growth,  Gaspac a n a e r o b i c  jars were 

used i n  c o n j u n c t i o n  wi th  Gaspac ca rbon  d i o x i d e  g e n e r a t o r s  and 

a n a e r o b i c  environment  packs  (Beckon, Dickinson and Co., Cockeyesv i l l e ,  

Maryland, U .S. A.  ) . Atmospheres o f  i n c r e a s i n g  ca rbon  d i o x i d e  

c o n c e n t r a t i o n  were o b t a i n e d  by u s i n g  i n c r e a s i n g  numbers o f  g e n e r a t o r s .  

These gaspac  a n a e r o b i c  jars were a l s o  used as c a n d l e  jars ( a  c a n d l e  

was lit i n s i d e  t h e  c o n t a i n e r  b e f o r e  it  was c l o s e d ) .  



RESULTS 

- Upon s t a i n i n g ,  y e a s t  c e l l s  were found t o  be u n i n u c l e a t e  excep t  

&en producing daugh te r  c e l l s  ( P l a t e  I; F i g s .  5,8) .  O c c a s i o n a l l y  a 

budding c e l l  showed a s i n g l e  n u c l e u s  which was p r e s e n t  i n  t h e  daugh te r  

bud ( P l a t e  I; Fig. 8) .  T h i s  s u g g e s t s  t h a t  t h e s e  y e a s t s  may have a  

mode o f  c e l l  d i v i s i o n  similar t o  t h a t  d e s c r i b e d  f o r  s e v e r a l  

bas id iomyce te  y e a s t s  by McCully and Robinow (1972a,  1972b) .  

B a l l i s t o s p o r e s  a r i s i n g  from y e a s t  c o l o n i e s  were a t  first u n i n u c l e a t e ,  

b u t  s w e l l e d  great ly  and became m u l t i n u c l e a t e  ( P l a t e  I ;  F ig .  6). One 
l. 

o f  t h e  s p o r e s  was observed t o  c o n t a i n  f i v e  n u c l e i .  The s p o r e s  

ge rmina ted  by p roduc ing  buds d i r e c t l y ,  by producing buds a t  t h e  e n d s  

and s i d e s  o f  s h o r t  germ t u b e s ,  o r  by producing s t e r i g m a t a  with 

secondary b a l l i s t o s p o r e s  ( P l a t e  I; Fig. 7 ) .  The s o u r c e  o f  t h e  

b a l l i s t o s p o r e s  produced i n  small numbers by y e a s t  c e l l s  was n o t  

determined w i t h  c e r t a i n t y .  . Y e a s t  cells w i t h  s t e r i g m a t a  were n o t  

obse rved ,  b u t  i n  any y e a s t  colony t h e r e  was a lways  a v e r y  m a l l  number 

o f  e n l a r g e d ,  e l o n g a t e d  c e l l s  ( P l a t e  I V ;  Fig. 1 .  Judging from t h e  

s i z e  of t h e  b a l l i s t o s p ~ r e s , ~  i t  i s  l i k e l y  t h a t  t h e  e l o n g a t e d  cells  are 

t h e i r  s o u r c e .  
P 



When c o m p a t i b l e  y e a s t  i s o l a t e s  were mixed under a p p r o p r i a t e .  

c o n d i t i o n s ,  c o n j u g a t i o n  t u b e s  were produced and compat ib le  c e l l s  f u s e d  

( P l a t e  I; Fig. 10; P l a t e  V ,  F ig .  4 3 ) .  - The i n f l a t e d  a r e a  a t  t h e  ' 

p o i n t  o f  t u b e  f u s i o n  i s  a n  a r t i f a c t  o f  f i x i n g  and s t a i n i n g ,  b u t  

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

occur  upon f u s i o n .  I f  c o n j u g a t i o n  d i d  n o t  o c c u r ,  c e l l s  were c a p a b l e  

of  producing s u c c e s s i v e  b l a s t o s p o r e s  from t h e  t i p s  o f  c o n j u g a t i o n  

t u b e s  ( P l a t e  I; Fig .  9 ;  P l a t e  V ,  F ig .  4 3  The c e l l ,  w i th  i t s  

a t t a c h e d  t u b e ,  remained u n i n u c l e a t e ,  a s  d i d  t h e  b l a s t o s p o r e s  produced. 

The d i k a r y o t i c  mycelium ( P l a t e  V ,  Fig. 44) produced a f t e r  t u b e  f u s i o n  

a r o s e  e i t h e r  from one o f - t h e  c o n j u g a t i n g  c e l l s  a t  a p o i n t  on t h e  c e l l  

wall o p p o s i t e  t o  i ts  c o n j u g a t i o n  t u b e  ( P l a t e  I; F ig .  10)  o r  from t h e  

a c t u a l  p o i n t  o f  f u s i o n  o f  t h e  c o n j u g a t i o n  t u b e s  ( P l a t e  I; Fig .  1 1 ) .  

The d ika ryo t i c ,myce l ium produced clamp c o n n e c t i o n s  ( P l a t e  I; F i g s .  

11, 12)  e i t h e r  immediate ly  o r  a f t e r  s e v e r a l  non-clamped s e p t a  had been 

formed ( p l a t e  I V ;  Fig. 39). These s e p t a  were formed t o  c u t  o f f  

evacua ted  c e l l s  and may have been formed w i t h o u t  accompanying n u c l e a r  

d i v i s i o n  ( a d v e n t i t i o u s  s e p t a )  . 

The d i k a r y o t i c  mycelium produces  r e g u l a r  clamp c o n n e c t i o n s  ( P l a t e  

I; Fig. 12; P l a t e  111; Fig .  25) b u t  i s  q u i c k l y  overgrown by r a p i d l y  

m u l t i p l y i n g  y e a s t  c e l l s .  These y e a s t  c e l l s  i n h i b i t  t h e  m y c e l i a l  phase 



and i n t e r f e r e  with t h e  formation of t y p i c a l  bas id iocarps .  Coverfng 

mated c e l l s  with a c o v e r s l i p  was found not  t o  i n h i b i t  conjuga t ion  but  

d id  i n h i b i t  growth o f  t h e  yeas t  phase. I n h i b i t i o n  o f  yeas t  growth i n  

t h i s  way i s  i l l u s t r a t e d  i n  P l a t e  V I ,  Fig.  46. With t h e  yeas t  c e l l s  so 

i n h i b i t e d ,  d i k a r y o t i c  mycelium from mated c e l l s  grew t o  t h e  e d g e o f  t h e  

c o v e r s l i p  and t h e r e  produced a t y p i c a l  pigmented bas id iocarp  ( P l a t e  V I ;  

Fig., 4 9 ) .  Anaerobic environments prevented growth o f  bo th  t h e  yeas t  

and mycel ia l  forms and a l s o  prevented conjugat ion.  A cand le  j a r  (oxygen 

reduced t o  approximately 10% and carbon d ioxide  e l eva t ed  t o  

approximately 10%) s t i l l  permi t ted  yeas t  overgrowth o f  c ros se s .  

However, carbon d ioxide  concen t r a t i ons  o f  approximately 15% wi th  oxygen 

unad ju s t ed  i n h i b i t e d  yeas t  c e l l s  bu t  allowed t h e  d i k a r y o t i c  mycelium t o  

- grow ( P l a t e  V I ;  Fig. 48) .  A comparison of cel ls  mated under c o v e r s l i p s  

( p l a t e  V I ,  Fig. 47) ,  and i n  atmospheres o f  approximately 15% carbon 

d ioxide  wi th  oxygen normal ( P l a t e  V I ;  F ig .  48) shows t h a t  t h e r e  i s  a 

d i f f e r e n c e  between t h e  two. The hyphae i n  t h e  second a r e  pigmented 

while those in t h e  first a r e  no t .  

B a s i d i a l  development was observed i n  agar  surrounding mated 

c e l l s  and i n  b a s i d i o c q p s ,  bu t  most o f  t h e  i l l u s t r a t i o n s  presented he re  

were der ived  from spec iaens  removed from around matings on PDA. A 

squash mount o f  hymenium removed from a f r u i t i n g  b6dy a r i s i n g  from a 



M e t a b a s i d i a  wi th  a t t a c h e d  s t e r i g m a t a  photographed i n  s i t u  , a r e  
e 

shown i n  P l a t e  11, F i g s .  13  and 14. P r o b a s i d i a  a r e  shown b e f o r e  

karyogamy ( p l a t e  111; F i g .  26)  and a f t e r  karyogamy ( P l a t e  111; F i g s .  

27,  28 ) .  C a t e n u l a t e  p r o b a s i d i a  a r e  shown i n  P l a t e  11, F i g .  16 and i n  

P l t e  I V ,  F ig .  40. S e p t a t e  m e t a b a s i d i a  a r e  shown i n  P l d t e  11, F i g .  

17 and P l a t e  111, F i g .  29. The m a j o r i t y  o f  t h e  m e t a b a s i d i a  were 

d i v i d e d  i n t o  two c e l l s  by a n  o b l i q u a  septum b u t  o c c a s i o n a l l y  they  were 

d i v i d e d  i n t o  t h r e e  o r  f o u r  c e l l s .  Developing s t e r i g m a t a  ( P l a t e  111; 

F i g s .  30 t o  3 2 )  were  g e n e r a l l y  b i n u c l e a t e  and exhaus ted  t h e  

metabasidium upon t h e i r  formation ( P l a t e  11; F i g .  18) .  The 

s t e r i g m a t a  were r e l g a s e d  ( P l a t e  11; F i g s .  . 15, 1 9 )  a s  f r e e  s t r u c t u r e s  

an$ were u s u a l l y  b i n u c l e a t e  ( P l a t e  11; F i g .  2 4 ) .  They were 

o c c a s i o n a l l y  s e e n  w i t h  a s i n g l e  n u c l e u s  and  o n c e  wi th  t h r e e  n u c l e i .  

I f  t h e  s t e r i g m a t a  were s"bmerged, they  produced ex tended  secondary 

s t e r i g m a t a  ( P l a t e  11; Fig .  191 t h a t  had t h e  appearance  o f  

'B e m i n a t i o n  tubes1 ' .  I n  some c a s e s  secondary  s t e r i g m a t a  were s e e n  

w i t h  a t t a c h e d  b a s i d i o s p o r e s  ( P l a t e  11; F i g .  2 0 ) .  

Released b a s i d i o s p o r e s  ( P l a t e  11; Fig. 23)  were subglobose ,  

a p i c u l a t e  and c o u l d  ge rmina te  by r e p e t i t i o n  ( P l a t e  11; F i g s .  21,  22) 

o r  by budding.  They were u n i n u c l e a t e  ( P l a t e  111; F i g .  33) and 

produced s h o r t  germ t u b e s  which i n  t u r n  budded o f f  u n i n u c l e a t e  - y e a s t  



c e l l s  ( p l a t e  111; F i g s .  34 t o  37) .  I n  one c a s e ,  a d i k a r y o t i c  clamped 

m y c e l i a l  f i l a m e n t  was s e e n  a r i s i n g  d i r e c t l y  from a  b a s i d i o s p o r e  ( P l a t e  

111; Fig .  38)  and t h e r e f o r e  t h e  o c c a s i o n a l  b a s i d i o s p o r e  must be 

d i k a r y o t i c  . 

An examinat ion o f  t h e  d i k a r y o t i c ' c e l l s  i n  P l a t e  111, F i g s .  25 t o  

27 shows a  n o t i c e a b l e  d i f f e r e n c e  i n  s i z e  between t h e  two members o f  a 

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

r a t e s  between A 1  and A2 c e l l s  on s u c r o s e  g r a d i e n t s  (Chpt .  3 ) .  

The r e s u l t s  o f  t h i s  c u l t u r a l  work a r e  summarized i n  t h e  l i f e  

c y c l e  diagram p r e s e n t e d  i n  F i g .  51 whi le  major  n u c l e a r  e v e n t s  a r e  

shown i n  Fig. 52. 



.- 
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F i g u r e  51. Diagram o f  t h e  l i f e  c y c l e  o f  S i r o b a s i d i u m  
7 

magnum as determined th rough  work i n  l a b o r a t o r y  
c u l t u r e :  

A .  g e l a t i n o u s  b a s i d i o c a r p  on decay ing  wood; 

B .  microscop ic  d e t a i l  o f  t h e  hymenium S h ~ w i n g  
v a r i o u s  s t a g e s  i n  b a s i d i a l  development;  

C. caducoua sterigmata, two w i t h  secondary  
s t e r i g m a t a  and b a s i d i o s p o r e s ;  

D .  b a s i d 5 o s p o r e s  ge rmina t ing  by r e p e t i t i o n ;  

E. b a s i d i o s p o r e s  g e r m i n a t i n g  t o  produce y e a s t  
c e l l s ;  

F. y e a s t  s t r a i n s  which s p a r i n g l y  produce 
b a l l i s t o s p o r e s  from l a r g e  i n f l a t e d  q e l l s ;  

_ / -- 
G .  con j u g a t i o n  between compat ib le  y e a s t  c e l l s  

some o f  which r e v e r t  t o  budding growth / f  
f u s i o n  w i t h  t h e  o p p o s i t e  mat ing t y p e  h a s  n o t  
o c c u r r e d ;  

H. clamped mycelium a r i s i n g  from s u c c e s s f u l  
c o n j u g a n t s  ( T h i s  mycelium e v e n t u a l l y  p roduces  
a new b a s i d i o c a r p .  ) ; 

I. a n  o c c a s i o n a l  b a s l d i o s p o r e  which produces  a 
clamped f i l a m e n t  d i r e c t l y  upon g e r m i n a t i o n  
( T h i s  i n d i c a t e s  a d i k a r y o t i c  c o n d i t i o n . )  





F i g u r e  52. Summary o f  n u c l e a r  e v e n t s  d u r i n g  t h e  l i f e  
c y c l e  of S i robas id ium magnum: w 

A .  u n i n u c l e a t e ,  h a p l o i d  y e a s t  c e l l s  t h a t  
s p a r i n g l y  produce u n i n u c l e a t e  b a l A i s t o s  res 
t o  r e p e a t  t h e  y e a s t  phase  upon g e r m i n a t i o  
( F o r  p u r p o s e s  o f  i l l u s t r a t i o n ,  two f u l l y  
c o m p a t i b l e  i s o l a t e s  a r e  i n d i c a t e d . ) ;  PX) 

B. Conjuga t ion  between u n i n u c l e a t e  y e a s t  cel ls;  '-? 
C: e s t a b l i s h m e n t  o f  t h e  d i k a r y o t i c  s t a g e  i n  t h e  

l i f e  c y c l e ;  

D. growth o f  t h e  d i k a r y o t i c  clamped mycelium; 

'W E. p r o d u c t i o n  of c l o s e l y  grouped d i k a r y o t i c  c e l l s  
as a p r e l u d e  t o  t h e  fo rmat ion  o f  c a t e n u l a t e  
p r o b a s i d i a  which mature c e n t r i f u g a l l y ;  

F. karyogamy i n  t h e  probasidium;  

G . pos t -me io t i c  metabasidium w i t h  n u c l e i  
m i g r a t i n g  i n t o  a d e v e l o p i n g , s t e r i g r n a ;  

H. m t u r e  metabasidium w i t h  caducous  s t e r i g m a t a  
ready  t o  be shed ;  

I .  s t e r i g m a t a  producing u n i n u c l e a t e  
b a s i d i o s p o r e s ;  

J .  b a s i d i o s p o r e s  g e r m i n a t i n g  by r e p e t i t i o n ;  

b a s i d i o s p o r e s  g e m i n a t i n g  t o  r e e s t a b l i s h  t h e  fS/ u n i n u c l e a t e  y e a s t  phase .  





DISCUSSION 

I n  t h e i r  o r i g i n a l  d e s c r i p t i o n  o f  t h e  genus  S i robas id ium,  
I 

~ a g e r h e i h  and P a t o u i l l a r d  (1892) p laced  it i n  t h e  f a m i l y  Tremel laceae 

a s  it had been d e l i m i t e d  by B r e f e l d  (&!%iff However, t h e y  no ted  two 

d i s t i n c t  d i f f e r e n c e s  *om a l l  o t h e r  genera  i n  t h e  f a m i l y ,  namely, " la  

d e s p o s i t i o n  d e s  b a s i d e s  e n  c h a p e l e t s  d&eloppement bas ip 'e te  e t  

l l a b s e n c e  d e  s t&igmates t t  . I n  a d d i t i o n ,  t h e y  l i k e n e d  a b a s i p e t a l l y  i 

produced c h a i n  of b a s i d i a  t o  a  s i n g l e  basidium of a u r i c u l a r i a c e o u s  

f u n g i  on t h e  assumption t h a t  t h e  c e l l s  i n  a  P l a t y g l o e a  S c h r o e t .  

basidium g e t  younger towards  t h e  base .  T h i s ,  t h e y  proposed,  would 

show a  r e l a t i o n s h i p  between t h e  A u r i c u l a r i a c e a e  and t h e  Tremel laceae.  
a 

T h i s  arguement was e v e n t u a l l y  overthrown. L a t e r  c y t o l o g i c a l  ev idence  

summarized by Ta lbo t ,  (1954) and t h a t  p r e s e n t e d  h e r e ,  show t h a t  t h e  

s t r u c t u r e s  Lagerheim and P a t o u i l l a r d  compared a r e  n o t  homologous. 

H6wever, t h e  r e l a t i o n s h i p  o f  Si robasidium t o  t h e  A u r i c u l a r i a c e a e  was 

r a i s e d  a g a i n  by Kobayasi (1962) when he d e s c r i b e d  5. Japonicum and 

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

c r e a t e d  by t h r e e  t r a n s v e r s e  s e p t a .  He f u r t h e r  po in ted  o i t  t h e  range  
i 

and v a r i a b i l i t y  o f  m e t a b a s i d i a l  s e p t a t i o n  i n  i n d i v i d u a l  and d i f f e r e n t  
- - 

s p e c i e s  o f  Si robasidium.  T h i s ,  h e  c la imed,  v a r i e d  from t h e  



a u r i c u l a r i a c e o u s  t y p e  t o  t h e  t r e m e l l a c e o u s  t y p e .  Using t h e s e  

arguments ,  Kobayasi  p l a c e d  a n  a n c e s t r a l  t y p e  resembl ing  S i robas id ium 

i n  a key p h y l o g e n e t i c  p o s i t i o n .  From t h i s  a n c e s t r a l  t y p e  he env i saged  

e v o l u t i o n  o f  terminal s i d e l i n e s  w i t h  &e A u r i c u l a r i a l e s  l e a d i n g  t o  t h e  

U r e d i n a l e s ,  and w i t h  t h e  T u l a s n e l l a c e a e  l e a d i n g  t o  t h e  Dacrymycetales.  

It is presumed t h a t  t h e  a r row he drew above S i robas id ium i n d i c a t e s  

t h a t  a ~ i r o b a s i d i u m - E k e  a n c e s t o r  l e d  t o  t h e  h i g h e r  bas id iomyce tes  

th rough  t h e  T r e m e l l a l e s .  Kobayas i l s  scheme seems t o  be  a n  

amalgamation and e x t e n s i o n  o f  schemes p r e s e n t e d  by O l i v e  .(I9461 and 

Bandoni ( 1957 ) . 

Olive  ( 1946 ) had s u g g e s t e d  a l i n k  between S i robas id ium and 

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

S. s a n ~ u i n e u m .  He s t a t e d ,  "There fo re ,  from t h e  s t a n d p o i n t  o f  - 

s e p t a t i o n ,  t h e  b a s i d i a l  forms r a n g e ,  i n  t h e  same fungus ,  fr-the 

Tremel la  t y p e  t o  t h e  A u r i c u l a r i a  type .  It is t h e  o c c u r r e n c e  o f  such  

He te robas id iomyce tes  a s  t h e  p r e s e n t  s p e c i e s  which t e n d  t o  emphasize 

t h e  p h y l o g e n e t i c  r e l a t i o n s h i p s  between t r e m e l l a c e o u s  and 
e 

a u r i c u l a r i a c e o u s  forms ." 



* 
Bandoni (1957) proposed y e t  a n o t h e r  p h y l o g e n e t i c  p o s s i b i l i t y ,  

" . . t h a t  b o t h  t h e  t r e m e l l a c e o u s  and t u l a s n e l l a c e o u s  b a s i d i a l  forms may 

have evolved from a n  a n c e s t r a l  t y p e  p o s e s s i n g  ~ i r o b a s i d i u m - l i k e  

b a s i d i a ,  t h e  fo rmer  th rough  l o s s  o f  t h e  s e p t a  s e p a r a t i n g  t h e  

e p i b a s i d i a  & t e r i g m a t a >  from t h e  hypobasidium <metabasidium>, and t h e  
-. 

l a t t e r  th rough  l o s s  o f  t h e  c r u c i a t e  s e p t a t i o n  o f  t h e  hypobasidium 

<metabasidium>. A s  has a l r e a d y  been s t a t e d ,  daducous epiba9i id ia  

< s t e r i g m a t a >  a r e  sometimes found i n  s p e c i e s  o f  T u l a s n e l l a  S c h r o e t  . 
T h e r e f o r e ,  t h e  d i s t i n c t i o n  between e p i b a s i d i a  < s t e r i g m a t a >  which a r e  

r e t a i n e d  on t h e  hypobasidium <metabasidium>, b u t  s e p a r a t e d  from it by 
I 

s e p t a ,  and t h e  t y p e  found i n  S i robas id ium would n o t  appear  t o  be 

g r e a t  ." 
Z 

Bandoni1s  p roposa l  i s  suppor ted  by t h e  c y t o l o g i c a l  ev idence  

provided h e r e .  The s e p t a  formed between t h e  metabasidium and 
* 

s t e r i g m a t a  o f  T u l a s n e l l a  a r e  a d v e n t i t i o u s  (Rogers ,  1932; Khan and 

T a l b o t ,  1976) as  a r e  t h o s e  between t h e  metabasidium and caducous 

s t e r i g m a t a  of & w n u m  and probably  o t h e r  s p e c i e s  o f  S i robas id ium.  

T h i s  f a c t  c e r t a i n l y  c o n f i r m s  t h a t  t h e  s t r u c t u r e s  a r e  comple te ly  

homologous. Although few would d i s p u t e  t h e  p l a u s i b i l i t y  o f  Bandoni t s  

arguement,  i t  i s  d o u b t f u l  that many would a c c e p t  t h e  more expansive  

one p u t  forward by Kobayasi. C e r t a i n l y  h i s  phyiogenet ic  scheme is 



unique and u n l i k e  a l l  t h o s e  p r e s e n t e d  by e a r l i e r  a u t h o r s  (Gauman and 

Dodge, 1926; Rogers ,  1934; L i n d e r ,  1940; M a r t i n ,  1945; Bessey,  1950) 

where S i robas id ium occupied a p o s i t i o n  on a s i d e  branch o f  t h e  main 

p h y l o g e n e t i c  t r u n k  l e a d i n g  t o  t h e  "higher"  Basidiomycetes .  However, 

i t  i s  t r u e  t h a t  such  schemes preceded f u l l  unders tand ing  o f  t h e  n a t u r e  

o f  t h e  b a s i d i a  and spores o f  t h e  genus.  I n  s p i t e  o f  t h i s  knowledge, 

though,  Donk (1972b)  cons ide red  K o b a y a s i l s  view as , 

". .overemphasizing a p o t e n t i a l  v a r i a b i l i t y  t h a t  i s  t o  be found i n  many 

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

genus  ~ i r o b a s i d i u m  as a whole ,n  Donkls o b j e c t i o n  t o  Kobayasil  s scheme 
%. 

is t h a t  i t  overemphasizes  t h e  g r e a t  v a r i a b i l i t y  and i n s t a b i l i t y  of 

b a s i d i a l  c h a r a c t e r s ;  y e t  t h e s e  a r e  t h e  v e r y  f e a t u r e s  one dhould look  

f o r  i n  s e e k i n g  o u t  a 'I p r i m i  tive1! organism. Perhaps  such phylogene t i c  

s p e c u l a t i o n  w i l l  n e v e r  b e  r e s o l v e d .  In any c a s e ,  i t  seems 

unquest ioned t h a t  t h e  S i r o b a s i d i a c e a e ,  Tremel laceae  and  T u l a s n e l l a c e a e  

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

far from s e t t l e d .  Donk (1972b) s t a t e s  t h a t  i n t e r m e d i a t e  t y p e s  such  as 

Metaburdot ia  O l i v e  ( O l i v e ,  1957) and P s e u d o t u l a s n e l l a  Lowy (Lowy, 

1964) comple te ly  b r i d g e  t h e  gap  between t h e  l a t t e r  two f a m i l i e s .  T h i s  

and o t h e r  c o n s i d e r a t i o n s  have l e d  him t o  s u g g e s t  t h a t  a l l  t h e s e  
4 

f a m i l i e s  be  inc luded  i n  t h e  A u r i c u l a r i a l e s ,  a l o n g  w i t h  t h e  

A u r i c u l a r i a c e a e .  It is d o u b t f u l  t h a t  such a sweeping change would be 

w e l l  r e c e i v e d .  



C y t o l o g i c a l  s t u d i e s  of  b a s i d i a l  development i n  t r e m e l l a c e o u s  

f u n g i  have been reviewed by Whelden (1934, 1935a,  1935b) and T a l b o t  

(1954 ) .  O f  a l l  t h e  f u n g i  d i s c u s s e d ,  those  o f  t h e  Tremel laceae  show a ' 

p a t t e r n  o f  development most s i m i l a r  t o  t h e  one s e e n  h e r e  f o r  2. 
Q 

magnum. A d i k a r y o t i c  hypha l  c e l l ,  u s u a l l y  t e r m i n a l ,  undergoes  

karyogamy fo l lowed  by t h e  first m e i o t i c  d i v i s i o n .  T h i s  d i v i s i o n  i s  

accompanied by t h e  f o r m a t i o n  o f  a b a s i d i a l  septum. I n  t h e  

Tremel laceae ,  t h i s  sepium i s  u s u a l l y  v e r t i c a l  whi le  i n  2. ' magnum i t  

i s  u s u a l l y  o b l i q u e .  From t h i s  p o i n t ,  t h e  developmental  p a t t e r n s  

d i f f e r  more. In t h e  Tremel laceae ,  t h e  second m e i o t i c  d i v i s i o n  i s  

a g a i n  accompanied by s e p t a 1  f o r m a t i o n d  In 3. magnum it u s u a l l y  i s  
/ 

n o t .  The f o u r  h a p l o i d  n u c l e i  in Tremel la ,  E x i d i a  F r . ,  e t c .  t h e n  

m i g r a t e  w i t h  accompanying cytoplasm i n t o  f o u r  s t e r i g m a t a  which remain 

a t t a c h e d  t o  t h e  metabasidium. They do sometimes become a d v e n t i t i o u s l y  

-3 

septa t 'e  b u t  t h i s  i s  rare. In &. magnum, t h e  f o u r  p r o d u c t s  o f  m e i o s i s  

m i g r a t e  i n t o  two s t e r i g m a t a  i n  pairs, emptying t h e  mei2basidium of  
I 

cytoplasm i n  t h e  p r o c e s s .  S e p t a  then  form, s e p a r a t i n g  t h e  s t e r i g m a t a  

fran t h e  metabasidium and t h e  s t e r i g m a t a  f a l l  away. They a c t  a s  

d i  s seminu les  and  produce de layed  b a s i d i o s p o r e s  , whi le  t h e  

b a s i d i o s p o r e s  i n  t h e  Tremel laceae  a r e  produced on t h e  bas idium.  

Phy logene t i c  schemes c o u l d  be d e v i s e d  which d e r i v e  e i t h e r  o f  t h e s e  

b a s i d i a l  t y p e s  one from t h e  o t h e r .  However, the great p l a s t i c i t y  



< 

presen t  i n  t h e  genus Sirobasidium and even wi th in  i n d i v i d u a l  

o f  t h e  genus, a rgues  i n  favour o f  i t  being t h e  more p r imi t i ve  of t h e  

two. 

v 

Suppression o f  yeas t  growth by over lay ing  t h e  c e l l s  with a 

c o v e r s l i p  cou ld  b e  most e a s i l y  explained e i t h e r  by a decreased oxygen- 

concent ra t  i o n ,  increased  carbon d ioxide  concen t r a t i on  o r  both of t h e s e  

working i n  conce r t .  Increased carbon d ioxide  ems t o  be t h e  c r i t i c a l  38 
f a c t o r  here  and this i s  c o n s i s t e n t  with by Tabak and 

Cooke ( 1968 ) .   hey concluded t h a t  

concent ra t ion  gene ra l l y  had greater e f f e c t s  f o r  smqller  changes than 

did changes in oxygen concen t r a t i on .  It is  .noteworthy, however, t h a t  

d i k a r y o t i c  hyphae a r i s i n g  from c r o s s e s  i n  15% carbon d ioxide  d i f f e r e d  
B 

from those  under by becoming pigmented. Th i s  is  most 

k l i k e l y  an oxygen-related e f e c t  s i n c e  ca ro t eno id  pigment (Valadon, 

1966, 1976; Simpson and Chiches te r ,  1971) and quinone pigment 

production can be  a f f e c t e d  by concen t r a t i ons  o f  t h i s  ga s .  

Basidiocarp production a t  t h e  edge of t h e  c o v e r s l i p  i s  probably 

also an oxygen-related e f f e c t  and may be  r e l a t e d  t o  phenyloxidase 
4 

a c t i v i t y .  Seve ra l  s t u d i e s  have been done t o  show t h e  e f f e c t  o f  t he se  

enzymes on f r u i t i n g  body formation i n  Schizophyllum commune F r .  



(Leonard and Dick,  1968; Leonard and Raper,  1969; Leonard,  1971; 

Leonard and P h i l l i p s , ,  1973; P h i l l i p s  and Leonard,  1976) .  
1 

Robinow ( 1 9 7 5 ) ,  i n  a d i s c u s s i o n  o f  l i g h t  microscopy of  y e a s t s  

d e s c r i b e d  p r o c e d u r e s  f o r  o b s e r v i n g  n u c l e i  i n  l i v i n g  c e l l s .  TKese 
%+ 

procedures  invo lved  v a r i o u s  m a n i p u l a t i o n s  t o  o b t a i n  mounting media o f  
e 

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

t e c h n i q u e s  f a i l e d  w i t h  the  y e a s t s  o f  2. magnum, p e r h a p s  because  o f  

t h e  heavy c a p s u l e  t h a t  s u r r o u n d s  t h e  c e l l s .  However, agar media wi th  

18% t o  28% m a l t o s e  p rov ided  t h e  r e q u i r e d  r e f r a c t i v e  index .  It is 

p o s s i b l e  t h a t  t h i s  p rocedure  would work w i t h  o t h e r  e n c a p s u l a t e d  y e a s t s  

such a s  t h o s e  o f  Tremel la  and Cryptococcus.  

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

r a i s e  t h e  q u e s t i o n  whether t h e  r e s u l t s  are r e l e v a n t  t o  t h e  organism 

" i n  n a t u r e n .  I n  t h i s  s t u d y ,  t h e  problem d o e s  n o t  a r i s e  wi th  t h e  

b a s i d i o c a r p s .  I n  t h e  f o r e s t ,  t h e y  a r e  erumpent from under  t h e  b a r k . o f  

f a l l e n  t r e e s .  T h i s  would seem somewhat comparable t o  b a s i d i o c a r p s  
t 

a r i s i n g  a t  t h e  edge o f  c o v e r s l i p s  i n  agar c u l t u r e .  B a s i d i a ,  

s t e r i g m a t a ,  and spores i n  b o t h  t y p e s  o f  f r u i t i n g  b o d i e s  were i d e n t i c a l  

and undoubtedly  s e r v e  t h e  e n d s  o f  g e n e t i c  r ecombina t ion  and 
-- 

d i s s e m i n a t i o n .  One i n t e r e s t i n g  v a r i a t i o n  d o e s  o c c u r  h e r e  however. 
- 



The f o r m a t i  o f  f r u i t i n g  b o d i e s  occur red  on r e l a t i v e l y  r i c h  media and B 
would n o t  o c c u r  on l e s s  r i c h  media. Th i s  is  c o n t r a r y  t o  t h e  s i t u a t i o n  

i n  many f u n g i  where f r u i t i n g  i s  brought  on by a d e c r e a s e  i n  n u t r i e n t  

s u p p l y  ( ~ a w k e r  , 1950 ; Cochrane , 1958) . 

I n  n a t u r e  t h e  r o l e  o f  t h e  h a p l o i d  y e a s t  phase  which arises from 

t h e  s p o r e s  is  n o t  s o  c l e a r .  I am n o t  aware o f  any f i e l d  work which 

h a s  shown t h e  o c c u r r e n c e  o f  t r e m e l l a c e o u s  y e a s t s .  The e x p l a n a t i o n  f o r  

t h e  l a c k  of r e p o r t s  i s  p o s s i b l y  t h a t  they  have n o t  been looked f o r  o r  

t h a t  t h e y  have been m i s i d e n t i f i e d  when found. I n  any c a s e ,  t h e  most 

s t r a i g h t f o r w a r d  p roposa l  as t o  t h e  f u n c t i o n  o f  t h e  y e a s t  phase  is  t h a t  1 

t h e y  a r e  more o r  l e s s  secondary d i s s e m i n u l e s  which grow i n  p l a n t  

e x u d a t e s  u n t i l  t h e y  c o n j u g a t e  and p e n e t r a t e  t h e  b a r k  o f  decay ing  

p l a n t s .  Beneath t h e  b a r k  t h e  d i k a r y o t i c  mycelium would grow and 

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

ba rk .  

- 

Another p o s s i b l e  r o l e  f o r  t h e s e  y e a s t s  was first s u g g e s t e d  by D r .  

R . J .  Bandoni ( p e r s o n a l  communication).  They may be  a s s o c i a t e d  w i t h  

i n s e c t s .  The most  s t r i k i n g  c a s e  o f  he te robas id iomyce tous  y e a s t s  

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

T h i s  g.roup was f i r s t  d e s c r i b e d  by P a t o u i l l a r d  (1892) and was l a t e r  



s t u d i e d  i n  g r e a t  d e t a i l  by Couch (1938) .  A s  e x e m p l i f i e d  by 

Septobasidium c u r t s i i ,  t h e s e  organisms i n f e c t  t h e i r  i n s e c t  h o s t s  as 

y e a s t  c e l l s  a r i s i n g  from b a s i d i o s p o r e s .  It is  p o s s i b l e  t h a t  t h e  y e a s t  

phase o f  S i robas id ium i s  a s s o c i a t e d  wi th  i n s e c t s ,  because  t h e y  c o u l d  

a c t  a s  a v e c t o r  f o r  i n f e c t i o n  o f  decaying t r e e  t r u n k s .  A rev iew o f  

y e a s t s  found i n  t h e  mycangia o f  b e e t l e s  ( ca l l aham and S h i f r i n e ,  19601, 

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

and Candida Berkhout.  Both o f  t h e s e  g e n e r a  a r e  now known t o  i n c l u d e  

bas idiomycete  s p e c i e s  ( F e l l ,  1970; Shadomy, 1970; Kwong-chung, 1975, 

1976; Kwong-chung and Popkin,  1976) and i t  i s  n o t  i n c o n c e i v e a b l e  t h a t  

some o f  t h o s e  i s o l a t e s  d e s c r i b e d  a s  Cryptococcus  might t u r n  o u t  t o  be 
1* 

h a p l o i d  y e a s t s  o f  t r e m e l l a c e o u s  f u n g i .  As p o i n t e d  o u t  i n  Chapter 1 ,  " 

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

m i s i d e n t i f i e d  a s  s p e c i e s  o f  Cryptococcus.  * 

A s i m p l e  way - to  t e s t  t h i s  h y p o t h e s i s  would be t o  c a r r y  o u t  mat ing 

t r i a l s  between y e a s t s  i s o l a t e d  from i n s e c t s  o r  p l a n t  e x d d a t e s ,  w i t h  

known mating-type s t r a i n s  o f  Tremel la  and S i robas id ium.  



CHAPTER THREE 

THE CONJUGATION PROCESS 

INTRODUCTION 

I n  t h i s  d i s s e r t a t i o n ,  I pave used t h e  term "yeas t"  t o  descr ibe  

t h e  haplo id  budding c e l l s  o f  - S. magnum. This  may g ive  r i s e  t o  some 

ob jec t ions  and s i n c e  t h e  budding c e l l s  a r e  c e n t r a l  t o  t h e  d i scuss ion  

+n t h i s  c h a p t e r ,  I f e e l  ob l iged  t o  j u s t i f y  applying t h i s  term t o  them. 

Yeasts have been def ined a s  fungi  t h a t  e x i s t  predominantly i n  t h e  

s ing l e - ce l l ed  s t a t e  (Lodder,  1970b; Rose, 1975).  However, t h i s  broad 

de f in i t xon  has  l e d  t o  some confusion.  The d i f f i c u l t y  i s  ev iden t  i n  

t h e  fo l lowing  quota t ion  f r a u  Rose (1975): " . . . . t h e r e  a r e  s e v e r a l  
@ 

genera o f  fungi  which, a l though they con ta in  s p e c i e s  a b l e  t o  grow i n  

t h e  yeast  s t a t e ,  a r e  no t  considered t r u e  y e a s t s  simply because they do 

n o t  e x i s t  predominantly as s i n g l e  c e l l s . "  This  s ta tement  shows t h e  

importance o f  t h e  term ltpredominantlyti An t h e  d e f i n i t i o n  o f  y e a s t s  

g iven  above. It also be t r ays  an obvious d i s t i n c t i o n  f o r  i t s  au tho r  
5, < 

between t h e  a d j e c t i v e  "yeast"  and t h e  noun "yeast" .  Th i s  d i s t i n c t i o n  



makes i t h p o s s i b l e  f o r  a fungus t o  have yeas t  c e l l s  while it i s  no t  a t  
P 

t h e  same time a y e a s t .  The reason  f o r  t h i s  d i s t i n c t i o n  i s  

h i s t o r i c a l l y  bound a s  i s  p l a i n l y  recognized i n  t h e  fo l lowing  apology: 

"For t he  a u t h o r s  it i s ,  t h e r e f o r e  most pa in fu l  t o  have t o  state t h a t  
P - 

i t  i s  n o t  pos s ib l e  t o  g i v e  a s a t i s f a c t o r y  d e f i n i t i o n  o f  t h e  term 

' yeas t s '  which f u l l y  embraces a l l  t he  organisms which a r e  more o r  less 
B 

g e n e r a l l y  accepted a s  belonging t o  t h e  yeas t  domain. We - s h a l l ,  

C 
t h e r e f o r e ,  h ve t o  conf ine  ou r se lves  t o  an a t t empt  t o  r e t r a c e  t h e  \ 
h i s t o r i c a l  development o f  t h e  not ion yeas t s '  (Lodder and Kreger-van * \ 
R i j ,  -1967). I n  t h e  t e x t  fo l lowing  t h e i r  apology,  t h e  au tho r s  show how 

t h i s  o r i g i n a l l y  r e s t r i c t i v e  term expanded with time t o  i nc lude  more 

and more s p e c i e s .  I should make it c l e a r  t h a t  t h e  term i s  app l i ed  a t  

t h e  s p e c i f l c  l e v e l ,  i . e .  "Saccharomyces c e r e v i s i a e  i s  a yeas t  ." It is 

equ iva l en t  t o  say ing  t h a t  Arbutus menzies i i  i s  a t r e e .  In t h i s  l a t t e r  

s ta tement ,  t h e  s i n g l e  word " t r e e n  conveys a cons ide rab l e  amount o f  

in format ion ,  i . e .  t h e  organism named i s  a vascu la r  p l9n t ;  i t  is 
@' 

e i t h e r  a Gymnosperm o r  an Angiosperm; i t  is l a r g e  and i t  i s  woody. 
- 

9 The same s o r t  o f  convenience was once obtained from t h e  term Ityeast".  

A t  one t ime o r  another  it c a r r i e d  any one o r  s e v e r a l  of  t h e  fol lowing 

imp l i ca t i ons :  t h e  orgaqism named was a fungus; i t  reproduced by 

budding; i t  was fe rmenta t ive ;  i t  was a member o f  t h e  o r d e r  

Saccharomycetales (Ascmycot ina)  o r , o f  t h e  fami ly  Cryptococcaceae i 

2 
- - f 

! 
I 



( orde r  Moni l ia les  , Deuteromycotina) . However ,\as 

fewer and fewer of t he se  imp l i ca t i ons  fol low.  t f 
with only " fungi  predominantly i n  t h e  s i n g l e - c e l l  

l e f t  t o  s t r u g g l e  with t h e  word "predominantlyn. 

6 2 

t i m e  has  passed , 

presen t  we a r e  l e f t  

s t a t e "  and we a r e  

I f e e l  t h a t  most o f  t h e  confusion he re  a r i s e s  because o f  t h e  

previous taxonomic a s s o c i a t i o n s  o f  t h e  term "yeas t s t t .  A l l  " yeas t sn  

were once cons idered  t o  be e i t h e r  fu l l - f l edged  ascospore-forming 

Ascomycetes o r  imper fec t  y e a s t s  ' t h a t  were "probably asporogenous 

Ascomycetes". This  a t t i t u d e  spawned terms l i k e ,  " spor id ia"  and 

I tyeast- l ike c e l l s t 1  t o  cover  budding c e l l s  i n  o t h e r  non-Ascom~cetous 

' taxonomic groups an$,in dimorphic 

Now, ve ry  r & e n t  in fa rmat ion  

fungi .  0 

has  shown t h a t  " s p o r i d i a l W  forms and 

"yeas t - l iken  forms o f  dimosphic fungi  e x i s t  i n  f a m i l i e s  and o r d e r s  t o  . 
which " t rue  yeas t s t t  have been t r a n s f e r r e d  from t h e  fami ly  

Cryptococcaceae (reviews by Wickerham, 1969; F e l l ,  1970). Are we now 

t o  change from c a l l i n g  t h e s e  t r a n s f e r r e d  organisms "yeas t sn  t o  c a l l i n g  

them "yeas t l i ke t l ?  Lodder (l97Oa) seems t o  sugges t  t h i s  i n  t h e  

fol lowing chapter  heading: nDiscussion of  t h e  yeas t - l i ke  genera  

belonging t o  t h e  U s t i l a g i n a l e s n .  However t h e  au thor  himself seems 

somewhat confused i n  t h a t  t h i s  t i t l e  does  n,ot concur with t h e  



followi*g s ta tement  i n  h i s  i n t r o d u c t i o n :  "Chapter  I V  d e a l s  wi th  t h e  
1 

genera  bplonging t o  t h e  ascomycetous-yeasts ,  Chrapter V with t h e  

oas idioa$cetous  y e a s t  genera  ~ u c o s p o r i d i u m  and Rhodosporidium, . . .: 11. 

These oreanisms a r e  r e f G f r e d  t o  as t l y e a s t s n  and l l y e a s t r l i k e "  i n  t h e  

same pub l ica t ion!  

The y hole Problem h i n g e s  on t h e  one word "predominantly" i n  t h e  

d e f i n i t i Q n  of yeasts. How does  one de te rmine  predominance i n  a 

dimorphic f ungua? 

Proble@s 3Uch as t h i s  do n o t  arise with  t h e  terms " f i l amentousu  

and. "myc@lialn  because  t h e y  do n o t  c o n s t r u e  'taxonomic r e s t r i c t i o n s  t o  
- 1 

n e a r l y  the 5-e s e n t  a s  t h e  term n y e a s t n .  Yet t h e  t e r m & a r e  - 
. . 

sanewhat a n t i t h e t i c a l .  S u r e l y ,  'whether a fungus  assumes on6 o r  t h e  
(* 

o t h e r  of t h e s e  growth forms i s  l i k e l y  to be as much i n  response  t o  an  

e x t a n t  e c o l o g i c a l  r o l e  as t o  phy logene t ic  h i s t o r y .  Consequently,  I - 
s .  

e 

b e l i e v e  that; t h e  term " y e a s t n  shou id  be r e d e f i n e d  as  a g e n e r a l  term as  

f o l l o u s :  A Yeast is a n  a s s i m i l a t i v e  ma1 growth form which i s  - 

u n i c e l l u l a r  and Which reproduces  by budding o r  by f i s s i o n  ( e g .  

C. 7 Liodner )  . T h i s  would be a more w o i & i o a l  
d 
d e s i g n a t i o n .  It would r e q u i r e  compound t e r m s  such  as  a s c m y c e t o u s  



phylogenet ic  a s s o c i a t i o n  was des i r ed .  It would d i s s o c i a t e  t h e  term 

"yeas tw  from a s i n g l e  taxonomic group and would make it a term 

*-\ desc r ib ing  a growth form. It would a l low one t o  s t a t e  f o r  example, . 

that t h e  haplo id  phase o f  5. magnum is  a yeas t  and t h a t  under_/ 

app rop r i a t e  c o n d i t i o n s  2 t h e r  s p e c i e s  o f  fung i  a r e  y e a s t s .  1 

- 4  

Thi s  d e f i n i t i o n  would have t h e  advantage t h a t  t h e  term "yeas t s"  
I 

I 

could  be app l i ed  with p r e c i s i o n .  It would remove taxonomic over tones  

and t h e r e f o r e  encourage cons idera t ion  o f  p o s s i b l e  phylogenet ic  

a s s o c i a t i o n s  amongst va r ious  fungi  t h a t  a r e  d i m o r p h i c  o r  grow 

exc lus ive ly  i n  yeas t  o r  f i lamentqus form.7 

. 
Nor would this d e f i n i t i o n  cause undue d i f f i c u l t y  f o r  a u t h o r s  

working i n  t h e  a r e a  of  " t r a d i t i o n a l  yeas t  s t udyn .  - They cou ld  s i m p l y  

s t a t e  which taxonomic groups were excluded from t h e i r  pa r tdcu la r  

t r e a t i s e .  

My conten t ion  i s  n o t  without  precedent .  Donk (1972b), i n  a 
I t  

d i scus s ion  e n t i t l e d ,  "Budding i n  t h e  Heterobasidiomycetesn, makes t h e  
i 

complete break with t r a d i t i o n  t h a t  i s  requi red .  He covers  many 

hymenial ~ e t e r o b a s i d i o m y c e t e s  and r e f e r s  t o  t h e i r  budding phases a s  

yeas t  forms r a t h e r  t h a n  yeas t - l i ke  forms. IPcompletely concur witt'lPP - - - 
'? 

2nd ii will k-fcJl- i n  ti,i-tatiw. -- -- - 
: 
' 1 



. Conjugation between yeas t  s e l l s  i n  2. mamum marks  t h e  

t r a n s i t i o n  from t h e  budding a s s i m i l a t i v e  phase t o  t h e  f i lamentous 

a s s i m i l a t i v e  phase- i n  i t s  .life c y c l e .  The process  i s - a  sexua l  one but 

does n o t  d l f f e r  morphologically f rm yeas t - f i l ament  t r a n s i t i o n s  which 

a r e  nqn-sexual . It is poss ib l e  t h a t  s i m i l a r  phys io log ica l  events  
TL 

occur in th'ese c e l l s  undergoing comparable changes i n  growth form. 

Consequently; I would l i k e  t o  review work concerning yeast-f i lament  o r  

yeast-hyphal dimorphism t h a t  is  o f  t h e  non-sexual t ype ,  and to . fo l l ow  
, . 

i t  with a review o f  sexua l  conjugat ion between y e a s t s .  

Yeast-hyphal dimorphism has  been t h e  o b j e c t  o f  cons iderab le  

r e sea rch  i n  medical mycology because a number of  human pathogens a r e  

dimorphic and grow pa thogenica l ly  i n  one o r  t h e  o t h e r  of  t h e i r . t w o  

growth forms. It is poss ib l e  t h a t  an understanding o f  t h e  

morphogene t i c  p rocess  could  lead  t o  prophylac t ic  o r  t h e r a p e u t i c  

methods. Seve ra l  of t he se  pathogens have been s tud i ed  ( s e e  Romano, 

1965 f o r  a review) but I w i l l  confine my coverage t o  Candida a l b i c a n s  

(Robin) Berkhout, t h e  organism most ex t ens ive ly  s t u d i e d  from the  

s tandpoin t  o f  dimorphism. The re levance  o f  Candida t o  t h i s  s tudy  is 

enhanced byawork showing some members o f  t h e  genus t o  be 

Basidiomycetes ( F e l l ,  S t a t z e l l ,  Hunter and Phaf f ,  1969). 



CandPda a l b i c a n s  is  b e l i e v e d  t o  be i n f e c t i v e  i n  t h e  hypha l  form 

a l t h o u g h ,  l i k e  o t h e r  pa thogens ,  i t  i s  s y s t e m i c a l l y  d i s p e r s e d  i n  t h e  

y e a s t  form. Nickerson  (1953)  found t h a t  t h e  morphogenetic p r o c e s s  i n  

t h i s  pathogen was i n f l u e n c e d  by s u l f u r  c o n t a i n i n g  compounds and;  

p a r  titularly by c y s t e i n e  . Work o n  Candida w i t h  s u l f h y d r y l  compounds 

accumulated i n  t h e  decade f o l l o w i n g  Nickerson ' s  work-and i t  h a s  been 

reviewed by s e v e r a l  a u t h o r s  (Nickerson ,  1963; Romano, 1965 ; 
, ' -  

B a r t n i c k i - G a r c i a  and McMurrough, 1971) .  T h i s  work cu lmina ted  i n  a 

widely  a c c e p t e d  h y p o t h e s i s  f irst proposed by Falcone and  Nickerson 

( 1959) .  They s u g g e s t e d  t h a t  d i f f e r e n t  morphology was based on t h e  

chemical  s t r u c t u r e  o f  c e l l  w a l l s .  A predominance o f  d i s u l f i d e  bonds 

between p r o t e i n  m o i e t i e s  o f  protein-mannan complexes was s e e n  t o  

produce f i l a m e n t o u s  growth.  A r e d u c i n g  environment  was supposed t o  

r e d u c e  t h e s e  d i s u l f i d e  b r i d g e s  and l e a d  t o  budding growth.  The 

i n t e r c o n v e r s i o n  o f  s u l f h y d r y l  and d i s u l f i d e  bonds was proposed t o  be  3 
mediated by a p r o t e i n  d i s u l f i d e  r e d u c t a s e .  This model h a s  been 

q u e s t i o n e d  r e c e n t l y  by Wain, p r i c e ;  and Cawson (1975) .  Using 

s t a n d a r d i z e d  y e a s t  phase  c u l t u r e s ,  t h e s e  a u t h o r s  demons t ra ted  a 

g e n e r a l  i n h i b i t o r y  e f f e c t  o f  c y s t e i n e  on b o t h  y e a s t  a n d  hyphal  forms 

o f  2. a l b i c a n s .  They c o u l d  n o t  s u b s t a n t i a t e  t h e  morphogenetic 

c o n t r o l l i n g  e f f e c t  o f  c y s t e i n e  i n  t h e i r  e x p e r i m e n t a l  sys tem.  



Other  c h e m i c a l s  known t o  a f f e c t  dimorphism i n  .C. a l b i c a n s  are 

b i o t i n  (Yamaguchi, 1974) and g lu tamate  (Nish ioka  and Si lva-Hunter  , 

1974r. The mode of a c t i o n  o f  t h e s e  chemica l s  i s  a s  y e t  u n c l e a r ,  b u t  
\ 

t h e y  s e r v e  t o  sho? t h a t  t h e  biochemical  p r o c e s s  which b r i n g s  a b o u t  

morphogenetic c h a n g e  i s  l i k e l y  t o  be a complex one.  Whatever t h i s  

p r o c e s s  i s  i n  C. a l b i c t n s ,  both  chemical  a n a l y s i s  and  e l e c t r o n  

\ 
m i c r o s c o p i c a l  examina t ion 'o f  c e l l s  w a l l s  show t h a t  t h e  u l t i m a t e  r e s u l t  

i s  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  wall s t r u c t u r e s  o f  t h e  two 
\ 

g r a r t h  forms. M a r r i o t t  (19751 h'as r e c e n t l y  sugges ted  t h a t  ' these w a l l  
\ 

d i f f e r e n c e s  a r e  accompanied 'by d i f f e r e n c e s  i n  t h e  plasma pembranes o f  

t h e  two forms. It remains  t o  be e s t a b l i s h e d  how t h e s e  d i f f e r e n c e s  

come a b o u t .  

h o t h e +  l a r g e  body of work on  yeast -hyphal  dimorphism h a s  been - - --. . . 
done wi th  molds o f  t h e  zygomycetous genus Mucor--,,._ex F r .  These 

f u n g i  a r e  s o  d i s t a n t l y  r e l a t e d  t o  bas idiomycetous  f u n g i  t h a t  mention 

o f  them i n  t h e  c o n t e x v  o f  t h i s  t h e s i s  would seem s u p e r f l u o u s  excep t  

f o r  t h e  s h e e r  volume o f  p u b l i c a t i o n  r e l a t i n g  t o  dimorphism i n  them. 

Again, t h i s  work h a s  been reviewed by Nickerson (1963) ,  Romano (19651, 

and Bar tn ick i -Garc ia  and McMurrough (1971). Although many s u b s t a n c e s  

and env i ronmenta l  c o n d i t i o n s  have been shown t o  a f f e c t  dim-rphisep i n  
i \ 

Mucor, no g e n e r a l  d imorphic  mechanism h a s  been d i s t i l l e d  Jmich could - 
4 



be  compared t o  t h e  model suggested f o r  Candida a l b i c a n s  by Falcone and 

Nickerson (1959) .  Terenzi and Stork (1969) used phenethyl a lcohol  t o  

induce yeas t  morphology i n  M. r o u x i i  <Mucor rouxianus (Calmette) 

Wehmer> through i n h i b i t i o n  o f  mitochondria1 r e s p i r a t i o n .  They 

concluded t h a t  yeas t  morphology i n  Mucor was always r e l a t e d  t o  

cond i t i ons  which favoured fermsnta t i o n .  They wrote ,  "These examples 

demonstrate t h a t  i n h i b i t i o n  o f  r e s p i r a t i o n  and enhancement o f  

fermentat ion always r e s t r i c t s  morphological d i f f e r e n t i a t i o n  i n  

f i lameqtous fung i . .  . . .To conclude, we suggest  t h a t  f i lamentous 

morphology i n  f u n g i  might be regarded i n  many i n s t a n c e s  as a  

morphogenetic expression of  t h e  Pas teur  e f f e c t .  This  concept i s  i n  

agreement with t h e  views o f  Warburg regard ing  oncogenesis,. expressed 

i n  t h e  fo l lowing  way: 'Resp i ra t ion  energy c r e a t e s  and main ta ins  a  

h igh  d i f f e r e n t i a t i o n  o f  body c e l l s .  Fermentation energy can only  

maintain a  low d i f f e r e n t i a t i o n .  It fol lows t h a t  i f  r e s p i r a t i o n  is  

rep laced  by fe rmenta t ion  i n  body c e l l s ,  h igh  d i f f e r e n t i a t i o n  must 

d i sappear '  . I '  Th i s  po in t  o f  view assum'es t h a t  hyphal morphology 

r e p r e s e n t s  "high d i f f e r e n t i a t i o n ' '  when compared t o  yeas t  morphology. 

Yet Terenzi and S tork  d i d  no t  p resen t  any information t o  j u s t i f y  t h i s  

po in t  o f  view and I f e e l  i t  would be d i f f i c u l t  t o  do so.  In  any ca se ,  

,t t h e  dimorphic mechanism may n o t  be s o  simply expla ined .  As 

Bartnicki-Garcia  and HcMurfough ( 197 1 ) p o i n t  o u t ,  " V x e  t a t i v e  
* 



morphogenesis o f  Mucor r o u x i i  depends on a v a r i e t y  o f  env i ronmenta l  

f a c t o r s  such  as oxygen,  ca rbon  d i o x i d e ,  hexoses  , heavy metals, 

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

n u t r i e n t s  and o t h e r s  ..... By s u i t a b l y  changing t h e  c o n c e n t r a t i o n  o f  any 

one of t h e s e  f a c t o r s ,  i t  i s  p o s s i b l e  t o  i n d u c e  e i t h e r  t h e  development 

o f  y e a s t  c e l l s  o r  hyphae.  It would seem m i s l e a d i n g ,  however, t o  

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

development,  for t h e  e f f e c t  o f  each f a c t o r  is c o n d i t i o n e d  by t h e  

r c o n c e n t r a t i o n  o f  t h e  o t h e r s  ." 

Very r e c e n t  work w i t h  &. racemosus F r e s .  r e v e a l s  t h a t  t h e  

wide ly  o c c u r r i n g  c o n t r o l  s u b s t a n c e ,  3 ' : 5 ' - c y c l i c  adenos ine  

monophosphate plais a r o l e  i n  i t s  morphogenetic p r o c e s s  (Carsen and 

Sypherd,  1974; Paznokas and Sypherd,  1975) . Using a membrane 

permeable d e r i v a t i v e  o f  t h i s  chemica l ,  t h e  a u t h o r s  c o u l d  ind;ce e i t h e r  

y e a s t  o r  hyphal  morphology under  a tmospheres  o f  n i t r o g e n .  These 

r e s u l t s  c e r t a i n l y  d i s p e n s e  wi th  t h e  Terenzi-Stork  h y p o t h e s i s ,  b u t  open 

a comple te ly  new l i n e  o f  i n v e s t i g a t i o n  t o  be  fo l lowed .  

I t h i n k  t h e s e  examples a r e  su-ent t o  show t h a t  t h e  s u b j e c t  o f  

y e a s t - f i l a m e n t  dimorphism is  a  complex t n e  where d i f f e r e n t  mechanisms 
- -  - - -  

may o p e r a t e  i n  d i f f e r e n t  f u n g i .  However, t h e  sys tems  d e s c r i b e d  above 



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

environments  are o f t e n  used t o  b r i n g  a b o u t  morphogenet ic  change and i t  

i s  d i f f i c u l t  to r e l a t e  t h e s e  exper imenta l  c o n d i t i o n s  t o  what may occur  

w i t h  t h e s e  f u n g i  in a n a t u r a l  s e t t i n g .  However, Mucor racernosus may 

prove t o  be a n  e x c e p t i o n  t o  t h i s  s i t u a t i o n  i n  t h a t  a  r e c e n t  r e p o r t  . 

(Mooney and Sypherd,  1976) i n d i c a t e s  t h a t  t h i s  fungus  produces  a 

v o l a t i l e  morphogenet ic  s t i m u l a t o r .  Ih t h i s  r e p o r t  e i t h e r  y e a s t  o r  

hyphal morphology cou ld  be achieved s imply  by v a r y i n g  t h e  g a s  f low 

r a t e  i n  atmspheres of pu re  n i t r o g e n .  

Sexua l  c o n j u g a t i o n  between y e a s t s  when a  l e n g t h y  c o n j u g a t i o n  t u b e  

i s  produced can be  viewed as a  yeas t -hyphal  t r a n s i t i o n  which d o e s  n o t  

i n v o l v e  t h e  d j f f i c u l t i e s  j u s t  o u t l i n e d .  Yeast  o r  hyphal  form can be  

e l i c i t e d  by t h e  p r e s e n c e  o r  a b s e n c e ' o f  s e x u a l l y  c o p p a t i b l e  c e l l s  i n  

o t h e r w i s e  i d e n t i c a l  c u l t u r e  media. No h i g h l y  ab  env i ronmenta l  

man ipu la t ion  is  r e q u i r e d .  

Yeasts w i t h  r e l a t i v e l y  l o n g  c o n j u g a t i o n  t u b e s  are t o  my knowledge 

a lways  Basidiomycetes .  They c a n  b e  c o n t r a s t e d  w i t h  ascomycetous 

y e a s t s  where c o n j u g a t i o n  t u b e s  a r e  much s h o r t e r  and where c o n j u g a t i o n  

i s  o f t e n  preceded by c l o s e  c o n t a c t  th rough  a g g l u t i n a t i o n .  



DeBary (1884)  first recogn ized  t h e  s e x u a l  n a t u r e  o f  c o n j u g a t i o n  

between bas id iomyce tous  y e a s t s  i n  what he c a l l e d  t h e  " s p o r i d i a "  o f  

smuts .  Some o f  t h e s e  grew o n  a r t i f i c i a l  media i n  what he  c a l l e d  
* - 

" y e a s t - l i k e  formt1. H i s  i n t e r p r e t a t i o n  t h a t  t h i s  phenomenon was s e x u a l  

was l a t e r  s u b s t a n t i a t e d  by c y t o l o g i c a l  s t u d i e s  (summary by  F i s c h e r  and 

Hol ton ,  1957) .  Buch  f 1925) proposed t h a t  c o n j u g a t i b n  i n  t h e  smut 

U s t i l a g o  ( P e r s . )  Roussel  was media ted by s p e c i f i c a l l y  produced 

chemical  s u b s t a n c e s  which s t i m u l a t e d  t h e  fo rmat ion  o f  c o n j u g a t i o n  

t u b e s .  However, he was unab le  t o  prove e x p e r i m e n t a l l y  t h e  e x i s t e n c e  

of t h e s e  proposed s u b s t a n c e s .  - 

Bandoni (1961)  recogn ized  s e x u a l  c o n j u g a t i o n  between y e a s t s  i n  

t h e  T r e m e l l a l e s  and l a t e r  (Bandoni ,  1963) d e s c r i b e d  i t  i n  d e t a i l  i n  

Tremel la  m e s e n t e r i c a .  Other  t r e m e l l a c e o u s  f u n g i  which wereoshown t o  

e x h i b i t  c o n j u g a t i o n  between y e a s t s  were o t h e r  s p e c i e s  o f  Tremel la  

(Kobayasi  and Tubaki ,  1965; F l e g e l ,  1968; Brough, 1970, 1974) and 

Hol termania  c o r n i f o m i s  ' ( ~ o b a ~ a s i  and Tubaki , 19 65) . 

I n  1967, Banno d i s c o v e r e d  that s e v e r a l  s t r a i n s  o f  Rhodotoruia 

g l u t i n i s  ( F r e s . )  H a r r i s o n  were s e x u a l l y  a c t i v e .  Fol lowing c o n j u g a t i o n  

of h a p l o i d  y e a s t  c e l l s ,  s e x u a l  s p o r o g e n e s i s  ensued which resembled 



t o r r u l o i d e s  f o r  t h i s  yeas t  and t r a n s f e r r e d  i t  t o  t h e  Us t i l ag ina l e s .  

Since Banno's .work, many y e a s t s  formerly c l a s s i f i e d  i n  t h e  

Cryptococcaceae have been shown t o  have basidiomycetous l i f e  cyc l e s .  In 

t he se  l i f e  c y c l e s ,  t h e  sexua l  s t a g e  i s  always preceded by conjuga t ion .  , 

Two of t h e s e  o the r  new genera a r e  Leucosporidium (Candida 'species;  F e l l  
\ 

e t  a l . ,  1969) and F i l o b a s i d i e l l a  (Cryptococcus; Kwon-chung, 1975, 1976; 

Kwon-Chung and Popkin, 1976). A s i m i l a r  condi t ion  seems' t o  p r e v a i l  f a r  

a t  l e a s t  some s t r a i n s  of Sporobolomyces a s  shown by s t u d i e s  o f '  ~ a n d o n i ,  

Lobo and Brezden (1971) and Bandoni, J o h r i  and Reid (1975).  Van de r  

Walt (1970b) has  proposed t h e  basidionym Aessosporon salmonicolor  f o r  

Sporobolomyces salmoqicolor  ( F i s h e r  e t  Brebeck) Kluyver e t  van Niel  but 

t h e  d e t a i l s  of h i s  proposed l i f e  cyc le  a r e  somewhat t e n t a t i v e .  A s  they 

s t a n d  they  a r e  n o t  compat ible  with t h e  s t u d i e s  o f  Bandoni e t  a l .  

Perhaps t h i s  can be a t t r i b u t e d  t o  d i f f e r e n c e s  between t h e  yeas t  s t r a i n s  

used. 

, 
Severa l  r e p o r t s  o f  mating hormones in d ive r se  fung i  appeared i n  

t h e  y e a r s  fol lowing Bauchts  (1925) hypothes i s  t h a t  such subs t ances  

r egu la t ed  conjugat ion i n  Us t i l ago .  These reports h a l e  been reviewed 

i n  r ecen t  articles b y M a c h l i s  (1972) ,  Gooday (197 

( 1976).  The first r e p o r t  which unequivocally demonstrated t h e  

ex i s t ence  o f  mating subs tances  in  Basidiomgcete y e a s t s  was made by 
- - - -- - - - - - - - 



Bandoni (1965)  f o r  Tremel la  m e s e n t e r i c a .  S i n c e  t h a t  o r i g i n a l  r e p o r t ,  

somewhat s i m i l a r  hormonal sys tems  - ,  have - been shown i n  o t h e r  s p e c i e s  o f  
I 

Tremel la   legel el, 1968; Brough, 1970) and i n  Rhodosporidium t o r u l o i d e s  

 be, Kusaka and Fukui ,  1975).  Reid (1974) h a s  s u g g e s t e d  t h a t  t h e s e  

s u b s t a n c e s  a r e  s m a l l  p e p t i d e s  i n  Tremel la  m e s e n t e r i c a .  

The o n l y  mating hormones from a y e a s t  t h a t  have been p u r i f i e d  and 

i d e n t i f i e d  are from Saccharomyces c e r e v i s i a e  Hansen. Two of  t h e s e  

have been i d e n t i f i e d  as s m a l l  p e p t i d e s  (Duntze ,  MacKay and Manney, 

1970; Duntze ,  S t o t z l e r ,  Bucking-Throm and K a l b i t z e r ;  1973; Shimoda, 

Yanagishima, S a k u r a i  and Tamura, 1976) .  Another c-ausing c e l l  3 
expans ion ,  h a s  been i d e n t i f i e d  a s  n-octa  o i c  a c i d  ( S a k u r a i ,  Tamura, 1 
Yanagishima, Shimoda, Hagiya and Takao, 1974) .  However, t h e s e  

s u b s t a n c e s  do n o t  i n d u c e  f i l a m e n t o u s  c o n j u g a t i o n  p r o c e s s e s .  

The f u n c t i o n  o f  t h e  mat ing hormones o r  e r o g e n s  i n  Tremel la  

m e s e n t e r i c a  was i n v e s t i g a t e d  ( F l e g e l ,  1968 p and a c o n t i n u o u s  s u p p l y  

appeared  n e c e s s a r y  f o r  hypha l  morphology t o  be  main ta ined .  Removal 

caused a r e v e r s a l  t o  budding growth.  A similar phenomenon seems t o  

o c c u r  in T r a n e l l a  g l o b o s p o r a  (Brough, 1970).  A comparison of t h e  

walls o f  y e a s t  c e l l s  

and B a r t n i c k i - G a r c i a  

and c o n j u g a t i o n  t u b e s  i n  2. m e s e n t e r i c a  l e d  Reid 

( 1976) t o  conclude t h a t ,  "T& con j u g a t i g n  hormone 
P 



. 
o f  T: m e s e n t e r i c a  d o e s  n o t  appear  t o  a c t  by i n d u c i n g  major changes  i n  

t h e  p o l y s a c c h a r i d e s  o f  t h e  c e l l  w a l l s .  Pe rhaps  i ts  main a c t i o n  i s  t o  

c o n t r o l ,  i n  some unknown way, t h e  d i s t r i b u t i o n  o f  w a l l  s y n t h e s i z i n g  

enzymes o v e r  t h e  c e l l  s u r f a c e  ." 
- -  

The purpose  o f  t h e  work d e s c r i b e d  i n  t h i s  c h a p t e r  was t o  

e s t a b l i s h  s t a n d a r d i z e d  c o n d i t i o n s  f o r  c o n j u g a t i o n  i n  2. magnum; t o  
* 

de te rmine  t h e  p r e s e n c e  o r  absence  o f  c o n j u g a t i o n  hormones; t o  d i s c o v e r  . 

whether r e sponse  t o  t h e  hormone was dependent  on t h e  c e l l  c y c l e ;  and 

t o  de te rmine  whe the r  t h e  y e a s t  t o  hypha l  change was a s s o c i a t e d  w i t h  

changes  i n  i n t r a c e l l u l a r  l e v e l s  o f  3 ' : 5 ' '  - c y c l i c  adenos ine  
I 

As 



MATERIALS AND METHODS 

The yeas t  s t r a i n s  o f s .  magnum used i n  s tudying  t h e  conjuga t ion  

system were TWF 58-23, 58-27, 11-1, 11-2; '11-5 and 11-6. The media 

used f o r  growth and maintainance were YS, YE o r  W. Conjugation , 

t r i a l s  were carFied out  i n  CJM. These media and c u l t u r a l  cond i t i ons  

a r e  descr ibed  i n  Chapter 1 .  Ce l l s  prepared f o r  r a d i o a c t i v e  

measurements were grown i n  Vitamin Free Yeast Broth (VFB) which 

'contained ~ i f c o  V i t a i n  Free Yeast Base, 6.7 g ;  g lucose ,  10.0 g ;  

d i s t i l l e d  wa te r ,  1 l i t re .  This  medium was ad jus t ed  t o  pH 6.8 using 

1/10 N sodium hydroxide and autoclaved before  use .  

Ce l l  concen t r a t i ons  were determined using a Bausch and Lomb 

Spec t ron ic  20 calorimeter s e t  a t  560 nm. T h i s  was c a l i b r a t e d  by 

haemacytometer counts  (Appendix A) where a c e l l  with an a t t ached  bud 

was counted a s  one c e l l .  

Microscopic obse rva t ions  were made us ing  a Ze i s s  Standard r 
b 

'7 

Universal Microscope with and without phase o p t i c s ,  o r  us ing  a 

Reicher t  Zetopan r e sea rch  microscope s e t  f o r  t r ansmi t t ed  l i g h t  

i n t e r f e r e n c e  c o n t r a s t .  A l l  photomicrographs were taken  using a 
3 

Reicher t  Photo- Automatic camera. 



e n j u g a t i o n  uas observed on For tner  s l i d e s   obiho how, 1975) o r  on 

open steri le microscope s l i d e s  with a  17 mm c i r c u l a r  depress ion .  

4 
These s l i d e s  were precleaned with chromic aq id  s o l u t i o n  and r i n sed  f o r  

n t h r e e  hours i n  t h r e e  changes o f  d i s t i l l e d  water .  They were d r i e d  and 
i' '. 

autoclaved i n  10 X 100 mm glass p e t r i  d i s h e s  l i n e d  with a  100 mm 

f i l ter  paper. The f i l t e r '  paper $as i a t e r  wet ted with 2 m l  s ter i le  
\ *  

d i s t i l l e d  water.  The dep'ression s l i d e s  were then inocu la t ed  with an 

app rop r i a t e  volume o f  equa l ly  Aixed oall i s o l a t e s  t o  gkve a f inal  
C 

dens i ty  o f  c e l l s  o f  appro i imate ly  500 cells/mm2 i n  a  t o t a l  volume of  

b u l .  Following i n o c u l a t i o n ,  the s l i d e s  were incubated i n  a Pe rc iva l  

controlled-environment hhambsr a t  2 5 ' ~  i n  t h e  dark.  , , 
- i  

These depress ion  s l i d e s  were used t o  test t h e  e f f e c t  of vaFious 
- 

ch&ls on t h e  conjuga t ion  process .  The cdemicals ire disso lved  i n  

CJM and f i l t e r  ste&zed us ing  13-mm Swinnex f i l te rs  with Mi l l i po re  

filters o f  pore diame.ter 0.45 um (Mi l l i po re  Corporat ion) .  T o t a l  

volumes wdre made up t o  50 u l  JM a l s o  s t e r i l i z e d  us ing  Swinnex 
,--- 

/ 
s. Chemicals t e s t e d  d r e ,  e t h y l  a l coho l ,  c a f f e i n e ,  / a  - 

\tbeoph$ine, adenosine 3 * : 5'-cyql ic  monophosphate (CAMP)', ' ' 

8 6 2 ' 4  % 

N ,O i bu tyyy l  adenosine 3' : 5 ' -cyc l ic  monophosphate ( d b c ~ ~ ~ )  , 

- guanosine 3 : 5 t - c y c l i c  monophosphate (dbcGHP) a l l  obiained from  ma 
- - - - - - - 



. - - - -- 

Chemical Corporation. The presence and pe-meabi l igy-  qf- gp?gens was 
. - ., , -  'Q<~::" - 

determined using Spec t rapor  d j a l y s i s  membranes 1 pnd $ (Spectrum Medical 

I n d u s t r i e s  Incorporated)  with molecular weight exc lus ion  l i m i t s  o f  6,000 
L. 

t o  8,000 d a l t o n s  an& 72,080 t o  14,000 d a l t o n s  r e spec t ive ly .  The 

techniques were modified from those  used by Bandoni (1965) .  The 
4 

9 r 

- . membrangs w e r + s t e a g .  s t e r i l i z e ' d  and then used i n  e i t h e r  one one o f  t h e  
- 

two foflowing ways. ( 1 )  They = re  inoculgted- one on each s i d e  with 50  

- u l  of CJM ckntai-oing approximate& lo5, ce$ls/ml of  oppos i t e  mating 
, 3  

Jypes.  Cont ro ls  were membranis 'with t h e  same mft ing t f p e  on b o t h  s i d e s .  
4 ' 

2 They bere  p laced  between t tm s i i d e s  coa t ed  with CJM aga r  each - .  

i n o c k a t e d '  with approxima&ly 300 c e l l s / m 2  of  oppos i t e  mating-type 

cells .  Cont ro ls  were i d e n t i c a l  except,  t h k  i d k t i c a l  mating types  were 

An bo th - s l i de s .  ' In *both c a s e s ,  - t h e  c e l l s  were incubated a t  2 5 ' ~  i n  - 
t h e  dark.  Observations were made us ing  a microscope and c e l l s  could be 

- i d e n t l f i e d  by t h e  f o c a l  plane i n  &ic$  they  l a y .  . a *  

. Attempts.ko i s o l a t e  a c e l l  f r e e  f r a c t i o n  &, .cul ture  medium which 

was hornonal ly  a c t i v e  included:  upi& superna tan t  medium'from ' ,- 

cen t r i fuged  c u l t u r e s  o f  s i n g l e  mqting types  md &om mixe& conjugat ing 
. 

c e l l s ;  incuba t ing  l i v e  cells  with hea t  k i l l e d  c e l l s  ( 4 0 ' ~  f o r  2 hours)  

of t h e  oppos i te  &t ing  bype; usin& m e d i h  surrounding d i a l y s i s  bags 
- 

, (Spec t rapor  2 )  conta in ing  single mating types ;  aga r  blocks -- - 
a- 

- p - - - p p p - p  h-- . 
. , 

- - -L - -- - - ---- 



removed from a r e a s  a d j a c e n t  t o  s i n g l e  mal ing t y p e s .  These t r i a l s  were 

c a r r i e d  o u t  with e x p o n e n t i a l  phase and s t a t i o n a r y  phase  c u l t u r e s  and 

t h e  f r a c t i o n s  were b ioassayed  a t  f u l l  s t r e n g t h  and a t  v a r i o u s  

d i l u t i o n s  up t o  1 ,000  X. 

- - 

Discon t inuous  s u c r o s e  g r a d i e n t s  were used f o r  s e p a r a t i o n  o f  c e l l s  
< . -- 

i n  t h e  e x p o n e n t i a l  growth phase on v a r i o u s  media. These g r a d i e n t s  

were prepared  i r t  18 X 110 ~ u e  Mf, t u b e s  and kkey r a n  front 45% aqueous - - 
s u c r o s e  t o  20% aqueous  s u c r o s e  i n  5% s t e p s .  Three .ml  of  each s t e r i l e  

s u c r o s e  s o l u t i o n ' w a s  used.  C e l l s  were h a r v e s t e d  from 50 m l  24-hour 

c u l t u r e s  and c e n t r i f u g e d  i n  s t e r i l e  50 m l  c e n t r i f u g e  t u b e s  f o r  10 
. 

minutes  a t  3000 rpm on a  Model HT I n t e r n a t i o n a l  c e n t r i f u g e .  The 

s u p e r n a t a n t  was d i s c a r d e d  and t h e  c e l l s  were resuspended i n  2  m l  o f  

s t e r i l e  d i s t i l l e d  w a t e r .  One m l  was .removed and l a y e r e d  o n t o  t h e  t o p  . 

of  t h e  s u c r o s e  g r a d i e n t  t u b e .  The t u b e s  were t h e n  c e n t r i f u g e d  a t  1500 

rpm (approx imate ly  350 g )  on an I n t e r n a t i o n a l  C e n t r i f u g e  Model CS 

(swing r o t o r )  f o r  10 minutes .  On9 tc11 was removed c o n t a i n i n g  t h e  c e l l s  

h i g h e s t  i n  t h e  g r a d i e n t .  The c e l l  c o n c e n t r a t i o n  was t h e n  determined 

on a  Bausch and Lomb S p e e t r o n i c  20 c o l o r i m e t e r  as o u t l i n e d ' a b o v e .  



Synthes i s  o f  DNA was measured using H ~ ~ ~ P ~ ~  

3 c ~ - ~ H >  thymidim (2.0 Ci/mM), ( 6 -  H> thymine (25  

< 6 - 3 ~ >  adenine (21 Ci /mM)  . These$ radiochemicals  \ .  

Ci/mM) and - 

were obta iged  ' from 

Amersham/Searle Corporation. Gradient c e l l s  prepared from c u l t u r e s  

on VFB Mere t r a n s f e r r e d  t o  a 1000 m l  er~e:meyer f l a s k m n t a i n i s g  4 % -  - -- 

, *a 

m l  VFB wi th  1 t o  2 uCi,&'oP t h e  appr .opriate  l abe l ad  compound added. . 
* z 

Tyenty-five m l  of  t h i s  i nocu la t ed  s o l u t i o n  was immediately removed t o '  
-- -- 

a s e . p r a t e  f l a s k  i n  a "nater bath a t  ~ D O C - .  The master f l a s k  was 

incubated i n  a ~ s ~ c r o ~ h e m . ~ e c i ~ r o c a t i n ~  incubator  shaker  a t  2 5 ' ~  

with a 50 rpm shake. A t  30 minute _ in t e rva l s ,  4 one-ml samples were - 
removed from the  master f l a s k  and t r a n s f e r r e d  t o  t h e  f r e e z e r .  One 

- 

1-ml sample was removed from t h e  heated f l a s k  and a l s o  t r a n s f e r r e d  t o  
& 

t h e  f r e e z e r .  A t  t h e  end o f  t h e  experimental  period the  samples were 
I I 

removed from t h e #  f r e e z e r .  -One m l  o f .  2N K added t o  t h r e e  sample-s 
. B  

from each t i ~ e  i n t e r v a l  and t o  a l l  o f  t h e  hea t - t r ea t ed  samples. These 

were incubated a t  room temperature  f o r  12 t o  16 hours.  Ten m l  of 20% 

t r i c h l  o roace t ic  was added irnmediatley to t h e  rest o f '  t h e  samples. 
, L 

These samples vere then f i l t e r e d  through 24 mm -Whatman OP/C g l a s s  

f i b r e  filters pre-wetted wi th  d i s t i l l e d  water con ta in ing  0.2 g / l  of 

t h e  unlabeled tracer compound. The filters were then washed with 
i C  P 

t h r e e  10-ml a l i q u o t s  o f  t h e  p~e -we t t i ng  so lu t ion  before  M n g  . 

t r a n s f e r r e d  t o  s c i n t i l l a t i o n  v i a l s .  This  p r o c e d ~ ~ e  was repea ted  f o r  
- - _ -- 

i 

t h e  remaining v i a l s  a f t e r  overn ight  incubat ion i n  t h e  KOH s o l u t i o n .  
4 

- 
3 

E 



The f i l t e r s  i n  t h e  s c i n t i l l a t i o n  v i a l s  were t r e a t e d  wi th  1 m l  each o f  

NCS t i s s u e  s o l u b i l i z e r  (Amersham/Searle Corpora t ion)  and i n c u b a t e d  a t  
~ \ 

m 

7 0 ' ~  f o r  1 hour  i n  a i a t e r  b a t h .  F i n a l l y  1  drop o f  c o n c e n t r a t e d  

a c e t i c  a c i d  was added a l o n g  w i t h  s t a n d a r d  t o l u e n e %  s c i n t i l l a t i o n  
- 

" c o c k t a i l n  and r a d i o a c t i v i t y  was measured on a P,ackard L iqu id  - 
- - - *- - ---' 

sc i n t i l l a t i o n  Counter  model 3003. A s e p a r a t e  s e r i e s  o f  i d e n t i c a l  

sample9 was run a n d 7 h a l f  were t r e a t e d  y i t h  DNase t o  s u b s t a n i i a t e  t h a t -  

t h e  h y d r o l y s i s - s t a b l e  a c i d - p r e c i p i t a t i b l e  m a k e r i a l  was DNA. 
- 

-. 
The e f f e c t  of g l u c o s e  on c o n j u g a t i o n  was measured on s o l i d  and i n  

. . 
l i q u i d  media, and on F b r t n e r  s l i d e s  (Robinow; 1975).  I n i t i a l  t r i a l s  

were done on s o l i d  and i n  l i q u i d  C J M  and t h e  number o f  c e l l s  wi th  

c o n j u g a t i o n  t u b e s  o u t  o f  t h e  t o t a l  number o f  c e l l s  was conver ted  t o  a 

- percen tage  ( 400 c e l l s -  t o t a l / s a m p l e )  . ~ a t e r "  t r i a l s  were conducted . . 

u s i n g  C J M  on F o r t n e r  w i t h  100 m l  a g a r  c o n t a i n i n g  t h e  f o l l o w i n g  

a m o u n t s o f  g l G :  ( 5  x 10-3n); i . o g  ( 5 x  l o - 2 ~ ) ;  5 . 0 n g  

(0 .28 M); 10.0 g  ( 0 . 5 5  M) and 15.0 g  (0 .82 MI<' C o n t r o l s  c o n s i s t e d  iF * 

s i m i l a r l y  p r e p a r e d  s l i d e s  w i t h  t h e  same a s c e n d i n g  molar c o n c e n t r a t d o n s  

mal tose  ' in& g a l a c  t o s e G  (-Sigma Chemical Corpora t ion)  i n  CJM agar. - . 
c 

. . 
1nt raVce l l&r  l e v e l s  of CAMP were measured u s i n g  a CAMP 

-- - 
, Radioimmunoassay Kit o b t a i n e d  from SchwardManii: C e l l  e x t r a c t s  were 



I 

- - 

- - 
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5 

( 1975) .  S t a t i o n a r y .  phase  c e l l s  of o p p p s i t e  mat ing t y p e s  (48-hour 

c u l t u r e s  i n  YE b r o t h k w e r e  c e n t r i f u g e d  and washed wi th  s t e r i l e  

d i s t i l l e d  w a t e r .  A p o r t i o n , o f  t h e s e  c e l l s  was added t o  a 250-ml 

er lenmeyer  f l a s k  t o  g i v e  a  " f i n a l  c o n c e n t r a t i o n  o f  approx imate ly  lo5 
1 A- 

c e l l s / m l  i n  a  t o t a l  v,olum& of  10 m l  of l i q u i d  C J ~ .  A t o t a l  o f  s i x  

L f l a s k s .  was prepared:  two each  . f o r  s i n g l e  mat in  ypes  and two fop a 
L p  - > - - 

m i x t u r e  o f  t h e  two t y p e s .  A f t e r  10' hours  s t a t i o n a r y  incuba t ione  a t  
7 

* 

2 5 ' ~ ,  t h e - s i n g l e  i s o l a t e s  were combined t o  form two p a i r s .  A 10 m l  

Sample was removed from e a c h  o f  t h e  now 4 e f l a s k s  on i c e  and p 

- 

imm'ediately f i l t e r e d  on 24 mm RA M i l l i p o r e  f i l t e r  d i s e s  { M i l l i p o r e  
~ ~ 

- - t. - 0 :  

4 Corpora t ion ;  p o r e  s i z e  1 .2  u ) .  . T h e / C i l t e r s  were t h e n  mmersed i n  2.5 
L ( 

i c e - c h i l l e d  1.0 N HC1 i n  15 X 150 mm test t u b e s .  The cells were 

resuspended by a g i t a t i o n .  The f i l t e r s  were l e f t  i n  t h e  test t u b e s  and 

t h e  s u s p e n s i o n s  were f r o z e n  and thawed t h r e e  t i m e s  i n  d r y - i c e  ace tone .  

C e l l u l a r  d e b r i s  was removed by sedimenta t io ;  a t  13,000 rpm on a S o r v a l  

model RC2-B r e f r i g e r a t e d  c e n t r i f u g e .  A 1.0 m l  ' sample of each  a 

4 

s u p e r n a t a n t  was removed t o  m o t h e r  t u b e  and evapora ted  t o  d r y n e s s  a t  

6O0c under  a n  a i r  s t r eam.  The r e s i d u e  was th& d i s s o l v e d  i n  1.0 m l  

- ,  
of 0  105 M sodium a c e & t e  b u f f e r  a t  pH 6 .2 .  C o n t r o l s  consis te_d of . . . 

= = c= * 
i d e n t i c a l l y  t r e a t e d  samples  excep t  t h a t  known amounts of CAMP w e r e y  

added t o  t h e  c o l d  HC1 immediate ly  b e f o r e  e x t r a c t i o n  by f r e e z i n g  and 0 

e thawing.  ,,. 



T o t a l  p r o t e i n  was determined by c o l l e c t i n g  c e l l s  on 24 mm RA 

M i l l i p o r e  f i l t e r p ,  and resuspend ing  them by a g i t a t i o n  i n  a i u b e  

c o n t a i n i n g  3 m l  .of 1.0 N sodium hydroxide.  The f i l t e r s  were removed, 

and t h e  s u s p e n s i o n s  were heabed t o  IQ0 OC f o r  20 m i n u t ~ s .  D e b r i s .  

was semoved by c e n t r i f u q S t i o n  as above.  P r o t e i n  a n a l y s i s  was done on 

t h e  s u p e r n a t a n t  u s i n g  t h e  method o f  Lowry, Rosebrough, F a r r  and 
- - - -- 

Randal l  ( 1951 ) w i t h  Dovine serum albumin a s  t h e  s t a n d a r d .  
0 

e 

f 



- 
RESULTS 

The a s s i m i l a t i v e  tests out l ingd  i n ' c h a p t e r ,  1 ' de l imi t  some carbon 

.?. compounds &ich  are as s imi l a t ed  by yeast  s t r a i n s  o f  - S. magnum. 

However; these  tests g ive  simp1 y + o r  - - r e s u l t s  and do not  g i v e  -any i dea  
" .  - - - -" 

o f  how good these  compounds a r e  a s  energy sources .  Fig.  53 shows 
> 

% * ,  

growth curves  f o r  a number of  carbon compoundi i n  l i q u i d  YNB and f o r  - 
l i q u i d  YS. op t ica l -  dens i ty  r ead ings  upon which t h e s e  graphs were based 

- 

- 

a r e  shown i n  Appendix B. It is c l e a r  t h a t  glucose provides  f o r  t h e  
. " 

f a s t e s t  r a t e  o f  , increase.  Also, i t  can be seen t h a t  these  50-ml. 

c u l t u r e s  r each  t h e  s t a t i o n a r y  phase of growth a f t e r  36 hours.  . I n  media , 

4 

with NH4N03 a s  fhe  n i t rogen  source  (eg  . YNB) , t h e  pH o f  t h e  c u l t u r e  

medium f e l l  during growth and t h e  medium became q u i t e  a c i d i c .  In  - 
. - 

c o n t r a s t  ,. t h e  pH o f  YS increased  wi th  time. - Growth curves  f o r  n i t rogen  

compounds in'YCB are shown i n  F i g .  54, Opt ica l  d e n s i t y  r ead ings  upon 

which t h e s e + g r a p h s  w e r e  base$ a r e  shown i n  Appendix C.  Mean gene ra t i on  

times (Morris,  1958) were c a l c u l a t e d  from the  curves .  They a r e  

shown on t h e  graphs along wi th  i n i t i a l  and f i n a l  pH readings .  3.- 

The e f f e c t  o f  c e l l  concen t r a t i on  on conjugat ion is  shown i n  P l a t e  

V I I ,  F ig .  55. This  was a d i f f i c u l t  phenomenon t o  measure p r e c i s e l y  
- - 

because t he  d i f f e r e n c e s  observed were l a r g e l y  qua l i t&ive .  Cer t a i n l y  , 
-- - - - --- 

a t  15 cellsfmn2 and below, no conjuga t ion  occurred and a t  30,000 

 cell^/^^ and above i t  was s e v e r e l y  l im i t ed .  Fran 300 t o  3000 



- -  - --PA-p- 

. , - 
F i g u r e " 5 3 .  Growth c u r v e s  o f  i s o l a t e  TWF 58-23 u s i n g  

v a r i o u s  carbon compounds i n  YNB.  These a r e  
compared t o  growth i n  YS b r o t h .  Mean g e n e r a t i o n ,  
t i m e s  ( g t )  'are g iven  i n . b q a c k e t s  f o l l o w i n g  t h e  
name o f  t h e  ca rbon  source .  I n  a d d i t i o n ,  pH's o f  . - 

. t h e  growth medium a r e  i n d i c a t e d  where measuremepts 
'were made. C o n t r o l s  c o n s i s t e d  of YNB wi thou t  ariy . 
carbon compound added. ( n :  . * 4 .  . 

A . - - -- .- 
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F i g u r e  54.  Growth c u r v e s  f o r  TWF 58-23 i n  TCB 
c o n t a i n i n g  v a r i o u s  d i f f e r e n t  n i t r o g e n  compounds. 
These  a& compared w i t h  g r ~ w t h  i n  YS b r o t h .  Mean 
g e n e r a t i o n  times ( g t )  are g i v e n  i n  b r a c k e t s  
f o l l o w i n g  t h e  name o f  t h e  n i t r o g e n  s o u r c e .  I n  
a d d i t i o n ,  p h 1 s  o f  growth  media are i n d i c a t e d  where 
measurements  were made. C o n t r o l s  consisted o f  YCB 
w i t h o u t  any n i t r o g e n  compound added. ' -  
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cells/mm2 t h e  response  u a s  g r e a t e s t  and t h e  working c o n c e n t r a t i o n  o f  . 
D 

300 c e l l d m m 2  was chosen because  it u l t i m a t e l y  gave  t h e  b e s t  

development o f  d i k a r y o t i c  mycelium f o l l o w i n g  c o n j u g a t i o n .  The "depth 

o f  l i q u i d  ov& t h e  c&jugat ingk c e l l s  a l s o  a f f e c t e d  t h e  c o n j u g a t i o n  

O- _ r e s ~ n s e .  The g r e a t e r  the d e p t h ,  t h e  less t h e  r e s p o n s e  even-&howgh------ --- -I-- 

t h e  numbel  of c e l l s  p e r  mm2 was h e l d  constar&. +Ho;evi, as l o n g  as0 
P - 

t o t a l  d e p t h  was 5 mm o r  l e s s ,  con juga t ion  response  was n o t  n o t i c e a b l y  - ' A  

- \ 

c * . -, - - --- 

decreased .  ~ o n j k a t i o n - r e s p o n s e  on s o l i d - ~ e b i u m  was alw&ys b e t t e r  

> . < - i n  l i q u i d  medium b u t  on s o l i d  mepium i t  was d i f f i c u l t  , to .  - 

r e p r o d u c e ' e x p e r i m e n t s  q u a n t i t a t i v e l y .  T h i s  is  why l i q u i d  t r i a l s  were 
4 # 

used i n  most c o n j u g a t i o n  t e s t s .  

I 

Time-lapse pho tograph ic  sequences  o f  c ~ ~ j u g a t i o n  on CJM a g a r  

( ~ i ~ s .  56 and 57 and P l a t e  V I I I )  and budding on YE a g a r  :(Pla$es I X  
,* 4. - 

and X )  a r e  p r e s e n t e d  h e r e .  S e v e r a l  t h i n g s  a r e  e v i d e n t  from t h e s e  

x. 
sequences .  F i r s t ,  c o n j u g a t i o n  may t a k e  p l a c e  between c e l l :  s e p a r a t e d  

from e a c h  o t h e r  by some d i s t a n c e .  Second, t h e  growth o f  t h e  - 
$ 

con j u g a t i o n  t u b e s  is  s h a r p l y - d i r e c t i o n a l  j u s t  b e f o r e  end . t o  end 

. f u s i o n .  Soma c e l l s  c o n t i n u e .  t o  bud throughout  t h e  f i o l e  i n c u b a t i o n  
- 

Y 

per iod  even  though they  are c l o s e  t o  o t h e r  ' con juga t ing  c e l l s  of  bo th  

mat ing t y p e s .  I n  t h e  budding c e l l s  t h e  average  time from2h-e - - -  -- - 
emergence o f  one bud t o  t h e  emergence of a n o t h e r  was n o t  c o n s t a n t  f o r  
-- - - 

- 

C 

I .  

@ 
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F i g u r e  56.  T r a c i n g s  Tram a t ime- lapse  pho tograph ic  , 

, , , s e g i e s  of o n j u @ t i o o  between i s o l a t e s  TWF 58-23 -. 
h- . and 5 8 - 2 4  The f rames i n  each ~ p u  were t a k e n  a t  

-g * t h e  same t ime .  The s e r i e s  is eont inued '  i n  F i g u r e  
. i.3, 57. Photographs  were t a k e n  a t  t h e  f o l l o v i n g  t i m e s  
. after Qe i s o l a t e s  were mixed t o g e t h e r :  





- A  - Figure  57. ~ont ' inuati .on of; t h e  t i m e - l a p s e  s e r i e s  .ef ' 
con jugat2on fram F'lgure 56. ' The. f r k n e s  i n  each 
row were  t a k e n  a t  t h e  fo l lowing  t i m e s  a f t e r  t h e  

- tr $ > c e ? l s  were  mixed t o g e t h e r :  
, . 





a l l  c e l l s  i n  t h e  t ime  l a p s e  sequence ( T a b l e  V I ) .  Once budding had 

begun from a n y  c e l l ,  t h e  average  t ime from one bud r e l e a s e  t o  t h e  n e x t  

bud r e l e a s e  was approx imate ly  1.5 hours .  However, f o r  daugh te r  c e l l s ,  

t h e  t ime from r e l e a s e  t o  f i r s t  bud fo rmat ion  was an a v e r a g e  o f  

approxima teLy 3.0 -hours .  Subsequent buds from t h e s e  c e l l s  averaged 

approx imte ly  1.5 h o u r s  from r e l e a s e  t o  r e l e a s e  l i k e  t h e  o r i g i n a l  

mother c e l l s .  T h i s  ev idence  shows t h a t  mother and d a u g h t e r  c e l l s  i n  

t h i s  p a r t i c u l a r  y e a s t  a r e  n o t  e q u i v a l e n t  a t  t h e  t ime  o f  b u d c r e l e a s e .  

Some s p e c i a l  a g i n g  seems t o  be r e q u i r e d  f o r  t h e  c e l l s  t o  o b t a i n  t h e  

a b i l i t y  t o  bud. F r m  both  t h e  budding and c o n j u g a t i o n  sequences  it i s  

a p p a r e n t  t h a t  t h e  s m a l l e r ,  newly r e l e a s e d  c e l l s  swell b e f o r e  b u d s - o r  

c o n j u g a t i o n  t u b e s  a r e  

The f a c t  t h a t  c o n j u g a t i o n  t u b e s  a r i s e  from c e l l s  s e p a r a t e d  by a 

d i s t a n c e  i n d i c ' a t e s  t h a t  d i f f u s i b l e  substances .  may induce  t h e i r  

f o r m a t i o n . .  The e x i s t e n c e  o f  such  s u b s t a n c e s  was s u b s t a n t i a t e d  by 

t r i a l s  wi th  d i a l y s i s  membranes. Photographs  o f  c e l l s  on each s i d e  o f  

such membranes a r e  shown i n  P l a t e  X I ,  Fig. 61. On S p e c t r a p o r  1  (MW 
C) .. 

c u t o f f  6,000 t o  8 ,000 d a l t o n s ) ,  t h e  c e l l s  on each s i d e  o f  t h e  membrane , 

d i d  n o t  produce c o n j u g a t i o n  t u b e s  b u t  c o n t i n u e d  t o  bud. On S p e c t r a p o r .  

2 (MW c u t o f f  12,000 t o  14,000 d a l t o n s )  c e l l s  on b o t h  s i d e s  o f  t h e  

membrane produced c o n j u g a t i o n  t u b e s ,  a l t h o u g h  t h e r e  was a 



9 0 
TABLE V I  

Bud-release t o  bu e s  f o r  S. magnum y e a s t  c e l l s  d u r i n g  a 
buddingsequence .  

t 

Mother-cell  buds - - c e l l  1 s t  buds Daughter-cell '  2nd and . 
.= * subsequent  buds. 

4.0 + 2 .O 
< - 

3.5 1.5 

Mean 1.57 - 3 .08 1.56 

S.D. 0.55 

S.E.  0.11 0 .19 0.11 

~ o t e :  . T h i s  bud was produced a t  t h e  p o o p s i t e  
p o l e  t o  t h e  f i r s t  bud. 

- - - - - 

** These buds a r o s e  from 1 s t  daughte r  - 

&ells - ~e~ nc& -Be -- -- 

determined p r e c i s e l y  s i n c e  t h e  2nd 
daughter  c e l l  arose f r m  t h e  mother ' s  - 

oppos i t  e- 'pole.  



q u a l i t i t a t i v e  d i f f e r e n c e  i n  t h e  appearance o f  t h e  t u b e s  o f  t h e  two a 

* mating t y p e s .  Those of 58-27 ( A 1 ~ l )  were  s h o r t e r  a n d  t h i c k e r  t h a n  

t h o s e  from 58-23 (A2B2). A l l  a t t e m p t s  t o  i s o l a t e  a  c e l l - f r e e  

f r a c t i o n  of c u l t u r e  m e d i k  which was hormonally a c t i v e  f a i l e d .  
C 

I 

- . . 

i n i t i a l  r e s u l t s  w i t h  c o n j u g a t i o n  t e s t ?  showed t h a t  c e l l s  from -. 
---L i 

s t a t i o n a r y  phase  c u l t u r e s  gave a h i g h e r  c o n j u g a t i o n  response  t h a n  

- c e l l s  from e x p o n e n t i a l  phase c u l t u r e s .  So a l s o  d i d L c B l l s  from t h e  

t o p s  o f  s u c r o s e  g r a d i e n t s  ( P l a t e  XII, Fig. 6 2 ) .  S i n c e  c e l l  growth i n  

s t a t i o n a r y  phase  is  u s u a l l y  a r r e s t e d  i n  G I  of t h e  c e l l  c y c l e ,  t h i s  

ev idence  s u g g e s t e d  t h a t  t h e  c e l l s  w e r e . r e c e p t i v e  t o  c o n j u g a t i o n  

hormone o n l y  i n  G1 of t h e  c e l l  c y c l e .  To t e s t  whether c e l l s  from 

f r e s h  medium c o n t a i n i n g  r a d i o a c t i v e  chemica l s  and uptake i n t o  DNA was 

measured.  These g r a d i e n t - c e l l s  were 95-100% w i t h o u t  buds and ,  judging 

from . t h e i r  s i z e s ,  c o n s i s t e d  mos t ly  of  newly r e l e a s e d  c e l l s .  It is  . 
d 

i m p o r t a n t  t o  n o t e  t h a t  A1 c e l l s  were more dense  than  ~ * l c e l l s  and 

consequen t ly  moved f u r t h e r  down t h e  s u c r o s e  g r a d i e n t s  t h a n  t h e  A2 
8 

c e l l s  d i d . @  

T r i t i a t e d  thymine and thymidine  were n o t  i n c o r p o r a t e d  i n t o  DNA by 

t h e  y e a s t s  o f  - S. magnum. Uptake of ~ ~ 3 ~ ~ 0 ~  i s  p r e s e n t e d  i n  
- -- 

F i g .  6 3  and uptake o f  ( 6 - 3 ~ >  aden ine  i s  shown i n  F i g .  64. In 



' a d d i t i o n ,  t h e s e  f i g u r e s  show t h e  t ime when buds beg in  t o  appear  and 
/ 

t h e  t o t a l  u p t a k e  o f  l a b e l  b e f o r e  b a s i c  h y d r o l y s i s . -  It i s  c l e a r  t h a t  

t h e  c e l l s  enLer DNA s y n t h e s i s  more o r  l e s s  synbchronously. .Hobever, it 
J 

i 

.* 

/ - 
i s  a l s o  c l e a r  t h a t  t h i s  synchrony i s  n o t  ma in ta ined  f o r  even one 

d i v i s i o n  c y c l e .  The a p p a r e n t  l e v e l i n g  a t  8 hours  in  t h e  3~  aden ine  
J 

. 
uptake i s  n o t  suppor ted  by d a t a  on budding i n d e x  a n d - t h e  l e v e l i n g  i s  

- - 

a l s o  e v i d e n t  i n  t h e  t o t a l  up take  b e f o r e  b a s i c  h y d r o l y s i s .  When t h e  

t o t a l  up take  of 4 X lo6 dpm i s  compared t o  t h e  t o t a l  l a b e l  used ( 2  
4 

uCi/ml) i t  is obv ious  t h a t  t h e  c e l l s  have s i m p l y  s t a r t e d  t o  ex'haust - 

t h e  s u p p l y  o f  t h e  l a b e l e d  n u t r i ~ n t .  C o n t r o l s  showing DNase t r e a t m e n t  
U 

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

Appendix D .  , Taey s u b s t a n t i a t e  t h a t  mos t -o f  t h e  r a d i o a c t i v i t y  i n  t h e  

a l k a l i n e  s t a b l e  p r e c i p i t a t e s  c o u l d  be d t t r i b u t e d  t o  DNA. 

. I 
The q u a n t i t a t i v e  e f f e c t  o f  g l u c o s e  c o n c e n t r a t i o n  on c o n j u g a t i o n  

is  shown i n  Fig. 65 f o r  both  s o l i d  and l i q u i d  media. To determine 

whether t h i s  e f f e c t  was s i m p l y  osmot ic ,  g a l a c t o s e  and mal tose  media 

( s u g a r s  n o t  a s s i m i l a t e d )  were compared t o  c o n j u g a t i o n  on g l u c o s e  

medium. The r e s u l t s  a r e  shown i n  P l a t e s  XI11 t o  XV.  Although a l l  

t h r e e  sugars .  r e d u c e  c o n j u g a t i o n  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n ,  o n l y  

g l u c o s e  s u c c e e d s  i n  s t o f i i n g  i t  a l t o g e t h e r  a t  0.82 M. T h i s  r e s u l t  was 
If> h 

. r e p e s t a b l e  and sugges ted  t h e  p o s s i b i l i t y  o f  c a t a b b 2 - i ~  r e p r e s s i o n  o f  

c o n j u g a t i o n  by g l u c o s e .  



F i g u r e  63 .  U P & ~  of ~ ~ 3 ~ ~ 0 ~  by 
s u c r o s e - g r a d i e n t - s e l e c t e d  cells of TWF 58-27. The 
broken l i n e  g i v e s  t h e  t o t a l  u p t a k e  o f  l a b e l  i n t o  
T C A - p r e c i p i t a t a b l e  material. The s o l i d  l i ~ e  g i v e s t  
t h e  u p t a k e  o f  l a b e l k  i n t o  a l k a l i n e - s t a b l e ,  
a c i d - p r e c i p i k a t a b l e  material. - T h e L h i g h e s t  t o t a l  
number of d i s i n t e g r a t i o n s  p e r  minu te  (DPM) was 
320 ,425  w h i l e  t h e  h i g h e s t  DPM f o r  t h e  
a l k a l i n e - s t a b l e  material was 7 , 6 6 1 .  





F i g u r e  64.  Uptake o f  ~ 6 - 3 ~ >  a d e n i n e  by ' 
g r a d i e n t - s e l e c t e d  c e l l s  o f  TWF 58-27. The c o a r s e  
broken l i n e  g i v e s  t h e  t o t a l  up take r  o f  l a b e l  i n t o  
T C A - p r e c i p i t a t a b l e  madrial w h i l e  t b e  s o l i d  l i n e  
g i v e s '  t h e  u p t a k e  o f ' l a b e l  i n t o  a l k a l i n e - s t a b l e ,  
a c i d - p r e c i p i t a t a b l e  material. The, h i g h e s t  t o t a l  
number o f  d i s i n t e g r a t i o n s  p e r  minu te  (DPM) was 
4 ,321 ,451  w h i l e  t h e  h i g h e s t  mean DPM f o r  t h e  
a l k a l i n e - s t a b l e  material was 103,900.  The l i g h t  
broken l i n e  shows t h e  p e r c e n t a g e  o f  c e l l s  w i t h  
a t t a c h e d  buds  (minimum number of c e l l s  c o u n t e d  p e r  

- 

sahple was  1 0 0 ) .  S t a n d a r d  d e v i a t i o n s  are 
i n d i c a t e d  f o r  mews o f  . the  a l k a l i n e  s t a b l e  
s amples .  a 
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F i g u r e  65. G a n t i t a t i v e  e f f e c t  o f  g l u c o s e  on 
con juga t ion- tube  fo rmat ion .  T r i a l s  were measured 
a t  12 h o u r s  and t h e  minimum t o t a l  number o f  c e l l s  
coun ted  p e r  sample was 400. Note t h e  d i f f e r e n c e  
i n  r esponse  on s o l i d  and i n  l i q u i d  medium. 





P 

- 
- 
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- 
- Growth and m n j u g a t i o  yeast  c e l l s  was morphologically 

unaf fec ted  by t heophyl l ine . 
. + > 

However, s o l i d  dedia  con ta in ing  t h e  r e l a t e d  

chemical compound, c a f f e i n e ,  produced l a r g e  i n f l a t e d  y e a H c e l l s  and 0. 

some cells  with hyphal ex tens ions  [ P l a t e  X V I )  . Some of t he se  c e l l s  @ 

seemed t o  produce success ive  buds which d id  no t  become detached and 
- --- --- 

- 

i r r egu la r -hypha l - l i ke  ex tens ions  r e s u l t e d . * b f f e i n e  did no t  appear t o  

i n h i b i t  o r  enhance conjugat ion between yeast  cel ls  on s o l i d  CJM but d id  

appear t o  somewiht reduce t h e  tendency of c e l l s  without conjuga t ion  ' 
- 

t ubes  to. bud and t h e  tendency of  c e l l s  with conjugat ion tubes  t o  r e v e r t  

t o  budding growth. Jbsuing development o f  d i k a r y o t i c  mycelium was 

reduced +en 6ompared t o  development on CJM without c a f f e i n e .  

L The e f f e c t  o f y ~ c o h o l  on conjugat ion i s  shown P l a t e  XVII. 

These photographs were taken  from one o f  t h e  t h r e e  replicates f o r  each 

5 
concent ra t ion  t e s t e d .  Q u a l i t a t i v e l y ,  t h e  tests i n d i c a t e d  t h a t  a lcohol  \ 

had a mild s t h u l a t o r y  effect on conjugat ion i n  l i q u i d  CJM.  

4 
The chemicals  CAMP, dbcAMP, cGMP and dbcGMP were t e s t e d  on 

G t 

s i n g l e  and mixed s t a t i o n a r y  i s o l a t e s  o f  58-23 and 58-27 i n  t h e  

depress ion  s l i d e  system. There was no morphological effect from 
I' 

ccncen t r a t i ons  ranging from 1 t o  20 mM. Budding and conjugat ion 
. . . . 

proceded normally a s  in t h e  u n t r e a t e d  con t ro l s .  



s on i n t r a c e l l u l a r  l e v e l s  o f  CAMP a r e  shown i n  
-. 

f j b l e  YII. - The c o n c e n t r a t i o n  ( 0 . 0 4  pM/mg p r o t e i n ,  bov ine  serum 

&bumin q u i h e n t )  was ex t remely  low i n  bo th  "con juga t ing"  and 

- c o n j u g a t i n g  c e l l s ,  and i t  was e q u i v a l e n t  i n  b o t h .  't - + 

.i - 
% 

-rr 



Levels of CAMP i n  conjugat ing and non-conjugating yeas t  
c e l e f  Sirobasidium magnum. 

d 

r Tota l  p r o t e i n  Radio- Tota l  
Cells ( m g / m l  BSA immunoassay 

, PM CAMP, 
CAMP per  mg BSA 

equ iva l en t )  % l a b e l  bound p ~ / &  equiva ien t  



DISCUSSION 

- The f a l l  i n  pH d u r i n g  growth i n  YNB and Y C E N H  NO b r o t h  was 
4  3  

undoubtedly  a t t r i b u t a b l e  t o  t h e  s e l e c t i v e  up take  o f  ammonium i o n s  from 

t h e  medium (Hawker, 1 <50; Cochrane , 1958) . Thi-s o b s e r v a t i o n  was 

c o n s i s t e n t  i n  a l l  a s s i m i i a t i v e  t e s t s  u s i n k  YNB because  t h e  n i t r o g e n  

s o u r c e  i n  t h a t  commercial p r e p a r a t i o n  i s  NH4N03. The rise in p~  

i n  YS b r o t h  and YE b r o t h  was proba61y, due t o  t h e  f a c t  t h a t  n i t r o g e n  i-n 

t h e s e  media was s u p p l i e d .  predominant ly  by o r g a n i c  compounds. Some of 
( 

t h e s e  amimo a c i d s  c o u l d  be  deaminated and used as  carbon s o u r c e s .  The 

r e s u l t  o f  t h e  deaminat ion would be  accumulat ion o f  ammonia i n  t h e  

( ~ a w k e r  , 1950; Cochrane , 1958) . A t t e n u a t i o n  o f  growth 

a t  approx imate ly  6 h o u r s  in YNB, YE and YS b r o t h  may have been t h e  

r e s u l t  of  accuplulat ing staling p r o d u c t s ,  

combinat ion o f  b o t h .  No. t e s t s  were done t o  de te rmine  t h e  c a u s e .  

Time l a p s e  sequence? o f  budding c& b e  used t o  de te rmine  volume 

changes  and d i v i s i o n  t i m i n g  i n  t h e  l i f e - c y c l e  of  y e a s t  c e l l s  

(Mi tch i son ,  1971; Mi tch i son  and C a r t e r ,  1975) .  Using t h i s  t echn ique  

w i t h  S. mamum l e d  t o  s u r p r i s i n g  r e s u l t s  i n  t h a t  t h e r e  was a 

d i f f e r e n c e  between t h e  bud p r o d u c t i o n  t ime  of newly r e l e a ~ e d ~ c e l l s  and 

c e l l s  t h a t  had a l r e a d y  produced t h e i r  first daugh te r  c e l l .  T h i s  is . 
I 



- - 

u n l i k e  many y e a s t  c e l l s  where , -as  Morr is  (1958) s t a t e s ,  " . . . t h e  t ime 

t a k e n  f o r  s u c c e s s i v e  g e n e r a t i o n s  t o  be reproduced by two i n d i v i d u a l  . 
c e l l s  o f  t h e  same a g e  is o f  t h e  same o r d e r . "  C e r t a i n l y ,  i n  o r d e r  t o  

o b t a i n  c e l l  synchrony o v e r  two o r  more g e n e r a t i o n s  t h i s  would be 

e s s e n t i a l .  The y e a s t s  most  h e a v i l y  s t u d i e d  i n  c e l l - c y c l e  a n a l y s i s  

(Saccharomyces c e r e i i s i a e  and ~ c h i z o s a c c h ~ r o m y c e s  pombe Lindner)  

d e f i n i t e l y  f a l l  i n t o  t h i s  c a t e g q r y .  It is i n t e r e s t i h g  t o  n o t e  t h a t  

f o r  t h e s e  two y e a s t s ,  t h e  mother and-daugh tdr  c e l l s  a r e  moresor  l e s s  . 
e q u a l  i n , s i z e  a t  t h e  time o f  s e p a r a t i o n .  They ar-e-not i n  S i robas id ium -a 

magnum. It may -be t h a t  t h e  c e l l  needs  t o  r e a c h  a c r i t i c a l  s i z e  b e f o r e  

it can ,produce a  bud and t h e  daugh te r  c e l l s  may t h u s  have a n  extended 

G I  pe r iod  r e l a t i v e  t o  t h e i r  moth& c e l l s .  It would n o t  be  
' , 

s u r p r i s i n g  i f  t h i s  non-equivalence  was a  g e n e r a l  f e a t u r e  o f  y e a s t s  i n  

which t h e r e  is a n o t i c g a b l e  d i f f e r e n c k  i n  s i z e  between t h e  mother and 

daugb te r  c e l l s  a t  t h e  t ime o f  bud s e p a r a t i o n .  Such non-equivalence 

means t h a t  any e x p o n e n t i a l  phase c u l t u r e  o f  c e l l s  c o n s i s t s  r e a l l y  of 

two d i s t i n c t  c e l l  t y p e s  which produce buds a t  d i f f e r e n t  r a t e s .  

Consequent ly ,  mean g e n e r a t i o n  t i m e s  c a l c u l a t e d  from t h e  growth c u r v e  . 
' 

c a n n o t ,  i n  themse lves ,  g i v e  a  c l e a r  i d e a  o f  t h e  l e n g t h  o f  t h e  c e l l  ' 

c y c l e .  



Conjugat ion bet'ween c e l l s  o f  2. I manum was reduced a t  bo th  low . 

and h i g h  c o n c e n t r a t i o n s '  o f  c e l l s .  A s i m i l a r  s i t u a t i o n  h a s  been 

r e p o r t e d  f o r  c o n j u g a t i o n  i n  Tremel la  ( F l e g e l ,  1968; Brough, 1970) .  . - 
i 

There  c o u l d  be s e v e r a l  e x p l a n a t i o n s  f o r  t h i g  phenomenon. S i n c e  t h e  
s .  

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

r e f l e c t i o n  o f  hormone c o n c e n t r a t i o n ,  i . e .  i n  the , same  volume' o f  t e s t  

. . 
f l u i d ,  t o o  few c e l l s  may n o t  produce enough hormone - i n  a r e q u i s i t e  

t ime  t o  r e a c h  a r e q u i r e d  m i n i a m  t h r e s h o l d  l e v e l  whi le  t o o  many c e l l s  , 
may produee too z u e h  hormone t o  e l i c i t  a r e s p o n s e .  Another . - 
p o s s i b i l i t y  i s  t h a t  c o n j u g a t i o n  i n h i b i t o r s  a r e  

c e l l s .  Reid (1973)  i n  s t u d y i n g  c o n j u g a t i o n . i n  x. 
s e m i - p u r i f i e d  hormone p r e p a r a t i o n s ,  noted a  similar d e c r e a s e  i n  

c o n j u g a t i o n  response  wi th  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t e s t  c e l l s .  He 

sugges ted  t h a t  t h i s  c o u l d  be e x p l a i n e d  e i t h e r  by t h e  p resence  o f  

s e l f - i n h i b i t o r s  o r  by c o m p e t i t i o n  between c e l l s  f o r  a v a i l a b l e  hormone. 

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

( 1 : l )  was h e l d  c o n s t a n t  d u r i n g  t h e  t e s t s .  Evidence f o r  t h e  i n h i b i t o r  

t h e o r y  comes from t h e  f a c t  t h a t  low c o n c e n t r a t i o n s  o f  mixed c e l l s  d i d  

. bud o v e r  t h e  test p e r i o d  even though they  d i d  n o t  c o n j u g a t e .  These 

i n i t i a l l y  low c o n c e n t r a t i o n s  o f  c e l l s  e v e n t u a l l y  reached the.,same 

d e n s i t y  a s  t h e  t r i a l s  which had a l r e a d y  con juga ted  w e l l .  S t i l l ,  t h e r e  - 
was no r e s u l t i n g  c o n j u g a t i o n  response .  A p r e l i m i n a r y  t e s t  f o r  t h e  



e x i s t e n c e  o f  yeast-phase-produced i n h i b i t o r s  c o u l d  be done by u s i n g  
v 

, - a d d i t i o n s  o f  s i n g l e - i s o l a t e  c e l l - f r e e  c u l t u r e  medium t o  CJM c o n t a i n i n g  

mixed compat ib ie  i s o l a t e s .  I n  any c a s e ,  t h e  i n h i b i t i o n - o f  d i k a r y o t i c  .. 
' )i 

f i l a m e n t o u s  growth by y e a s t  c e l l s  as r e p o r t e d  h Cbapter  2 may be  

r e l a t e d  t o  L h i s  i n h i b i t i o n  o f  f i l a m e n t o u s  growth d u r i n g  mating.  

Time-lapse sequences  o f  c o n j u g a t i o n  i n  a. magnum show t h a t  i n  no - 

c$se d ~ -  a o n j u g a t i o n  t u b e s  a r i s e  from c e l l s  wi th  at tache'd buds. 

k  either is  t h e c e ' a n  example o f  .a bud a r i s i n g  from a  c e l l  which i s  

producing a  conjuga-tion tub,e.. I n  Saccharomyces c e r e v i s i a e  ( H a r t w e l l ,  

- 1973) t h i s  same f e a t u r e  is e v i d e n t  and i t  c o n t r a s t s  wi th  t h a t  i n  . - * 

, U s t i l a g o  v i o l a c e a  ( P e r s . )  P u c k e l  (Poon, Mart in  and Ddy, 19711') where 
1. 

. , 

I 

c e l l s  w i t h  a t t a c h e d  buds may t a k e  p a r t  i n  c o n j u g a t i o n .  It h a s  been 

8 )  sCggeste& t h a t  c e l l s  o f  2. c e r e v i s i a e  must be i n  G I  of t h e  c e l l  , * 
i 

1 

c y c l e  i n  o r d e r  t o  % . c o ' n ~ u g a t e  - ( ~ o o n  e t '  a l . ,  1974; Bucking-TFrom, Duntze, 

H a r t w e l l  and Manney, 3973) whi le  it h a s  been shown t h a t  one mat ing 
8' 

t y p e  o f  Us'tilago v i o l a c e a  isbmating-compet,ent  th roughout  i t s  c e l l  - 

c y c l e  ( ~ f i q i n s  and Day, 1973) .  The r e s u l t s  p r e s e n t e d  h e r e  show t h a t  - 
I 

- ' S: tnagnum most l i k e l j  behaves i n  t h e  same' way a s  S. c e r e v i s i a e  , i . e  . - - 

con jbga t i o n .  
I 



Also, a s  shown i n  t h e  time-lapse sequences,  some c e l l s  produce 

only  success ive  buds even when they  a r e  i n  t h e  v i c i n i t y  o f  conjuga t ing  
A 

c e l l s  o f  oppos i t e  types .  This  could be a man i f e s t a t i on ,  on crude aga r  

medium, of micro&vironmental d i f f e r ences  which prevent hormg~ak 

communication, o r  it could be t h a t  t h e  c e l l s  are physiological-ly - 
t a  

unrecept ive t o  t h e  conjuga t ion  hormones. None o f  t h e  r e s u l t s  here  

could d i s t i n g u i s h  between these  a l t e r n a t i v e s .  In add i t i on  t o  

p e r s i s t e n t l y  budding c e l l s ,  t h e r e  were a l s o  some c e l l s  which n e i t h e r  

budded nor conjugated.  These c e l l s  were most l i k e l y  dead c e l l s ,  f o r  
9 

a s  pointed out  by Morris (19581, even exponent ia l ly  growing c u l t u r e s  

accumulate i nc reas jng  numbers o f  t he se .  
- .- 

I The reason  why- e thano l  mi ld ly  s t i m u l a t e s  conjuga t ion  i s  unc lear .  

Although S. magnum y e a s t s  do not  grow anae rob ica l ly  tests were no t  

done t o  determine whether t hey  produce e thano l  during ae rob ic  c u l t u r e .  

e Assimilat ive t e s t s  show t h a t  they  can a t  l e a s t  use it a s  t h e  s o l e  

carbon source.  They may, t h e r e f o r e ,  produce it i n  small  amounts a s  k 
$ 

o the r  fungi  do (Coehmne, 1958) when t h e  oxygen supply i s  low bu t  no t  

absent ,  A t  t he  same t ime,  t h i s  e thano l  phenomenon may have some 

eco log ica l  s i gn i f i cance .  For example,  Bandoni (1961) i n d i c a t e s  t h a t  

many s p e c i e s  o f  Tremella a r e  p a r a s i t i c  on o r  a s s o c i a t e d  with o the r  - - -- 

fungi  . Since a. magnum grows on deca wood as do many spec i e s  o f  
-- p- --- --- - 



7 %  

Tremel la ,  a s i m i l a r  s o r t  o f  a s s o c i a t i o n  may e x i s t .  I$ it d o e s ,  and i f  

t h e  a s s o c i a t e d  wood d e s t r o y i n g  fungus  produ e s  a l c o h o l  a s  some do B 
(Cochrane,  19581, t h e n  it i s  p o s s i b l e  t h a t  t h e  e t h a n o l  c o u l d  a c t  a s  a 

s t i m u l a t o r  o f  t h e  p r o c e s s  l b d i n g  t o  t h e  d i k a ~ y o t i c  p a r a s i t i c  s t a g e .  
-9 

i 

A review o f  f h g a l "  i n t ' e r a ~ t i o n s  caused by v o l a t i l e  m e t a b o l i t e s  has ,  
b 

been p r e s e n t e d  by Hutchinson (1971) .  h got her r e c i e w  by ~ r i e s  (1973)  

c o x e r s  t h e  e f f e c t s  o f  v o l a t i l e  o r g a n i c  compounds i n  g e n e r a l  o n ,  t h e  
9 

growth and development o f  f u n g i .  

P r e l i m i n a r y  ev idence  f o r  t h e  p resence  o f  c o n j u g a t i o n  hormones i n  
Y 

S. magnum a p p e a r s  i n  t h e  t ime- lapse  s e q i e n c e s  o f  c o n j u g a t i o n .  Tubes - 

a r i s e  f r m  c e l l s  s e p a r a t e d  from -one a n o t h e r  by d i s t a n c e s  o f  s e v e r a l  

microns .  I n  a d d i t i o n ,  t h e r e  i s  o f t e n  a n  a b r u p t  change i n  t h e  

d i r e c t i o n a l  growth o f  c o n j u g a t i o n  t u b e s  when t h e y  a r e  c l o s e ,  and t h i s  

e n a b l e s  them t o  meet t i p  t o  t i p .  Such a n  a b r u p t  d i r e c t i o n a l  change -_ 1 

.- 
L> h a s  been r e p o r t e d  f o r  Tremel la  (Bandoni,  1965; Brough, 1970) and i t  

h a s  been sugges ted  (Bandoni,  1965) t h a t  it i s  a chemotropic  r e s p o n s e . .  

If it i s ,  i t  c ~ u l d  e i t h e r  b e  a r e s p o n s e  <o a c o n c e n t r a t i o n  g r a d i e n t  of  

t h e  t u b e  i n d u c t i o n  hormone, o r  a r e sponse  t o  a comple te ly  d i f f e r e n t  

s u b s t a n c e  (Raper ,  1967) . Day ( 1976) h a s  hypo thes ized  t h a t  d i r e o t i o n a l  

changes  i n  c o n j u g a t i o n  t u b e s  i n  U s t i l a g o  v i o l a c e a  r e s u l t  from t h e  

t u b e s  f o l l o w i n g  f imbrae  o f  t h e  o p p o s i t e  ma t ing  t y p e .  These  f h b r a e  o r  



s u r f a c e  f i l a m e n t s  have been v e p o r t e d  p r e v i o u s l y  by Poon and Day 

(1975a) a s  o c c u r r i n g  i n  many y e a s t s .  These a u t h a r s  l a t e r  p r e s e n t e d  1 

. models f o r  t h e  f u n c t i o n  of t h e s e  f i l a m e n t s  i n  
. L \ "  

' U s t i l a g o  v i o l a c e a  (Poon and Day, 1975a) and i n  two s p e c i e s  o f  

Saccharomyces ( ~ a y , , - P o o n  and S t e w a r t ,  1975).  Conjugation.competence . 

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

one o f  t h e s e  a l s o  a f f e c t  t h e  o t h e r .  However, c o i n c i d e n c e  is  n o t  c a u s e  

and a s  o f  y e t  t h e s e  s t r u c t u r e s  have n o t  been demonstra ted  

c o n c l u s i v e l y  t o  be t h e  . d i r e c t o r s  o f  con j u g a t i o n  t u b e  p r o d u c t i o n .  

Should Day's model p rove  c o r r e c t  f o r  c. v i o l a c e a ,  i t  i s  d o u b t f u l  t h a t  

t h e  s i t u a t i o n  i n  Tremel la  m e s e n t e r i c a ,  a t  l e a s t ,  i s  t h e  same. Reid 

(1974) h a s  shown t h a t  t h e  e r o g e n s  a r e  l e s s  t h a n  1000 d a l t o n s  i n  

molecu la r  we igh t  and t h a t  would n o t  be .consis t (ent .  wi th  t h e  l e n g t h  o f  

t h e  s t r u c t u r e s  r e q u i r e d  t o  l i n k  c e l l s  s e p a r a t e d  by s e v e r a l  microns .  

I n  & ' magnum, e x c l u s i o n  of t h e  morph'ogenetic e r o g e n s  by one 

membrane and n o t  a n o t h e r  i n d i c a t e  a molecu la r  weight  o f  between 8 ,000 - 

and 14,000 d a l t o n s .  C r a n d a l l  (1977) h a s  sugges ted  t h a t  tkie i n a b i l i t y  
J * 

t o  p r e p a r e  a n  a c t i v e  i s o l - a t e  of t h i s  horinone shows t h a t ,  " . . . each 

mat ing t y p e  may i n a c t i v a t e  o r  i n h i b i t  t h e  pheromone from t h e  o p p o s i t e  

type . "  A s i m i l a r  s u g g e s t i o n  h a s  been made f o r  Saccharomyces c e r e v i s i a e  



(Hicks  and Herskowi t z ,  1976) . These s u g g e s t i o n s  r o u l d  be c o n s i s t e n t  + . .  

vi-th t h e  resilt's  conjugation v e r s u s  ce. lJ  c o n c e n t r a t i o n  discus-sed , - 
* ,  

above." . . . . . . >: .L .' . ' -  
w . ' _ I _  

F a i l u r e  o f  2. magnum t o  i n c o r p o r a t e  thymine o r  thymidine  

d i r e c t l y  i n t o  DNA is a f e a t u r e  common t o  many y e a s t s  ( H a r t w e l l ,  1974) 

and may be  t h e  r e s u l t  o f  an absence  o f  thymidine  k i n a s e  i n  t h e  c e l l s  

( ~ r i v e l l  and J a c k s o n ,  1968) . However, l a b e l l i n g  exper iments  u s i n g  

and <6-3~) -aden ine  showed t h a t  y e a s t  c e l l s  from t h e  

t o p  of a  s u c r o s e  g r a d i e n t  were i n  G1 of  t h e  c e l l  c y c l e  nd t h a t  t h e y  d e n t e r e d  t e  S phase o f  DNA s y n t h e s i s  more o r  l e s s  syn h ronous ly .  The 9 

9 i n a b i l i t y  t o  m a i n t a i n  s y  hrony f o r  even one c y c l e  i s  probably  due t o  

t h e  l e n g t h  of  t ime t h e  c e l l s  t o  produce t h e i r  f i r s t  buds. 

S i n c e  t h e  G1 ( approx imate ly  3 h o u r s )  t h e r e  i s  
e 

a  good d e a l  of t ime  f o r  t h e  c e l l s  t o  g e t  o u t  o f  phase  wi th  each  o t h e r .  . 

Also,  t h e  f a c t  t h a t  t h e  t o t a l  exper imenta l  t h e  i s  8 t o  10 hours  means 

t h a t  t h e  f e d  l a b e l  h a s  had c o n s i d e r a b l e  t ime  t o  become d i s t r i b u t e d  

through v a r i o u s  pathways  by^ exchange. T h i s  is  probab ly  why DNase , 

r e s i s t  a n t  a c i d - p r e c i p i t a t a *  m a t e r i a l  accumulated w i t h  i n c u b a t i o n  

t ime .  It may b e  more u s e f u l  i n  f u t u r e  t o  s e l e c t  t h o s e  c e l l s  from t h e  + 

i 
g r a d i e n t  t h a t  have no  a t t a c h e d  buds b u t  which have a l r e a d y  produced a t  

l e a s t  one bud. I n  an e x p o n e n t i a l  phase p o p u l a t i o n ,  - t h i s  would be a 



i -- - 

107 Y C  -r 

' ' C  
i 

L ' 

- r e l a t i v e l y  uniform-sized p o p u l a t i o n  somewhat l abger%han  t h e  c e l l s  , 
used h e r e  and consequen t ly  lower  i n  t h e  gucrose  g r a d i e n t .  They would 

have a  m-uch s h o r t e r  c e l l - c y c l e  l e n g t h  than  b h e i r  d a u g h t e r  c e l l s ,  and ,  

more p a r t i c u l a r l y ,  a much s h o r t e r  G I  p e r i o d .  The t o t a l  r e s u l t '  

s h o u l d  b.e c l o s e r  synchrony th roughout  - the  c e l l  c y c l e  and a 

s imul taneous  e n t r y  i n t o  G1 of t h e  second c y c l e .  Again,  beyond one 

c y c l e ,  synchrony w w l d  n o t  be p o s s i b l e  because  o f  t h e  d i f f e r e n c e  

between mother and d a u g h t e r  c e l l s  a t  t h e  time o f  s e p a r a t i o n .  
- 

It is worthy of  n o t e ,  a t  t h i s  p o i n t ,  t h a t  c e l l s  wi th  t h e  A 1  

genotype (58-27 = A l ~ l ;  11-6 = A B and 1'1-2 = A1B4) moved 1 3  

f u r t h e r  down t h e  s u c r o s e  g r a d i e n t  t h a n  A2 c e l l s  (58-23 = A2B2; , 
, . 

'1 1-1 = A B and 11-5 = A2B4). T h i s  c o r r e l a t e s  w i t h  t h e  l a r g e r  
2  3  

s i z e  o f  t h e  fo rmer  c e l l s  and w i t h  t h e  l a r g e r  n u c l e i  o f  t h e s e  c e l l s '  

p o i n t e d  o u t  i n  Chapter  2 .  T h i s  may i n d i c a t e  a  d i f f e r e n c e  i n  

chromosomal,number between t h e  two c e l l  t y p e s .  It h a s  t h e  advantage 
L - 

t h a t  t h e  s p e c i f i c  n u c l e i  can be.  i d e n t i f i e d  i n  c y t o l o g i c a l  s t a i n i n g  o f  

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

The mode o f  o p e r a t i o n  o f  t h e  c o n j u g a t i o n  hormones i n  2. magnum 

c a n ,  a t  p r e s e n t ,  o n l y  be  s p e c u l a t e d  upon. If t h e  models p r e s e n t e d  f o r  

o,ther y e a s t s  a l l  prove c o r r e c t  f o r  t h e i r  r e s p e c t i v e  s p e c i e s ,  t h e n  t h e  
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mechanisms a r e  indeed v a r i o u s .  The chemical  n a t u r e  o f  t h e  hormones, 

t h e i r  numbers i n  any one  s p e c i e s ,  t h e i r  mode o f  p r o d u c t i o n ,  and t h e i r  

e f f e c t s  on t a r g e t  c e l l s  may b e  e n t i r e l y  d i s s i m i l a r .  I n  a d d i t i o n ,  

, n o t h i n g  h a s  been done i n  t h i s  s t u d y  o r  i n  t h e  o t h e r s  d i s c u s s e d ,  

concern ing  t h e  r e c e p t i o n  o f  . the c o n j u g a t i o n  hormones a t  t h e  c e l l  

s u r f a c e .  T h i s  a r e a  o f  s t u d y  h a s  been t h e  o b j e c t  o f  much a t t e n t i o n  i n  

a g g l u t i n a t i n g  y e a s t s  b u t  n o t  i n  t h o s e  which produce l o n g  c o n j u g a t i o n  

t u b e s .  The s u b j e c t  i s  covered i n  a  r e c e n t  r ev iew by C r a n d a l l  (1977) .  

Studkes  on i n t e r n a l  c e l l u l a r  changes  wrought by c o n j u g a t i o n  hormones 

a r e  more common. I n  magnum p r e l i m i n a r y  e.xperiments t o  de te rmine  
* 

p o s s i b l e  c y c l i c - n u c l e o t i d e  involvement gave mixed r e s u l t s .  E x t e r n a l .  

a p p l i c a t i o n  -of t h e s e  compounds and t h e i r  f a t - s o l u b l e  ana logues  t o  

s i n g l e  and mixed c e l l  i s o l a t e s  were w i t h o u t  v i s i b l e  congequence. T h i s  
- 

i n  i t s e l f  d i d  n o t  Sxclude c y c l i c  n u c f e o t i d e  involyement i n  

morphogenesii  f o r  t h e  r e s u l t s  cou ld  s imply have meant t h a t  none o f  t h e  

compounds t e s t e d  c o u l d  e n t e r  t h e  c e l l .  

Exper iments  wi th  g l u c o s e  and c a f f e i n e  were a t  l e a s t  p o s i t i v l e y  

s u g g e s t i v e  t h a t  c y c l i c  nuc leo  t i d e s  . i n f l u e n c e d  morphogenesis i n  & 

-mgnum. The i n h i b i t o r y  e f f e c t  o f  g l u c o s e  on c o n j u g a t i o n  was 

p a r t i a l l y ,  though n o t  whol ly ,  a r e s u l t  o f  osmot ic  e f f e c t s .  I n  

mammalian hormonal sys tems ,  adeny l -cyc lase  a c t i v i t y  h a s  been r e p o r t e d  



- 
t o  be s u b j e c t  t o  g l u c o s e  (Robinson,  Butcher  

and S u t h e r l a n d ,  1971; P a s t a n  1971 1. I n  t h i s .  way, g l u c o s e  

i n t e r f e r e s  w i t h  cAMP accumulat ion and a b o r t s  t h e  norm'al r e s p o n s e ' t o  
I 

hormonal s t i m u l a t i o n .  By ana logy  t o  2. magnum, one would e x p e o t  a  
3 

h i g h  c o n c e n t r a t i o n  o f  cAMP t o  l e a d  t o  hypha l  growth,  whi le  a low 

concen t ra t io% would Lead t o  budding growth.  T h i s  would be o p p o s i t e  t o  . 
' t h e  s i t u a t i o n  r e p o r t e d  f o r  Mucor Acemosa (Carsen  and Sypherd,  1974;. 

0 

Paznokas and Sypherd,  1975) .  
-.- 

R e s u l t s  from t e s t s  w i t h  c a f f e i n e  were a l s o  s u g g e s t i v e  o f  c y c l i c  

n u c l e o t i d e s  b e i n g  invo lved  i n  morphogenesis i n  2. magnum. Again,  i n  

mammalian sys tems  t h i s  compound h a s  been r e p o r t e d  t o  i n h i b i t  cAMP 

s p e c i f i c  p h o s p h o d i e s t e r a s e  and t o  l e a d  t o  accumulat ion o f  cAMP 

(Robinson e t  a l . ,  1971 ; P a s t a n  and Perlman, 1971 1. I n  2. magnum, 

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

number of  f i l a m e n t o u s  ou tg rowths  from y e a s t  c e l l s  and i t  a l s o  l e d  t o  

l a r g e  i n f l a t e d  c e l l s .  If t h i s  were a c y c l i c - n u c l e o t i d e  e f f e c t  similar 

t o  t h a t  o c c u r r i n g  i n  mammals, t h e n  i t  would s u p p o r t  t h e  view t h a t  h i g h  

i n t e r n a l  c o n c e n t r a t i o n s  o f  cAMP would r e s u l t  i n  hypha l  growth whi le  

low, c o n c e n t r a t i o n s  would r e s u l t  i n  budding growth i n  5. magnum. On 

t h e  o t h e r  hand,  t h e  l e n g t h  o f  t ime  t a k e n  t o  t o  g a i n  t h i s ' r e s p o n s e  was 

r e l a t i v e l y - l o n g  ( u p  t o  7  days )  and c o n s e q u ~ n t l y  t h e s e  growth forms - may - - 



'4 * .  "- 
be a  m a n i f e s t a t i o n  of c e l l u l a r  changes u n r e l a t e d  t o  t h o s e  caused  by 

c o n j u g a t i o n  hormones. For  example,  Reid (1975) h a s  r e p o r t e d  t h e  

o c c u r r e n c e  o f  i n f l a t e d  c e l l s  i n  Tremel la  m e s e n t e r i e a  y e a s t s  grown on 

media c o n t a i n i n g  asparag. ine .  S i n c e  c a f f e i n e  i s  a n i t r o g e n - c o n t a i n i n g  

compound, i n f l a t e 9 e l ~ s  i n  & magnum may be  a  r e s u l t  o f  c a f f e i n e  
A - 

I 

catabo2ism and n o t  phosphod ies te rase  i n h i b i t i o n .  

The l i m i t e d  t e s t s  c a r r i e d  t h e r e  t o  de te rmine  t h e  l e v e l s  of  T 
CAMP i n  c o n j u g a t h g  and non-conjugating c e l l s  show t h a t  i t  i s  prpbably  c 

n o t  a  media to r  i n  t h e  yeas t -hyphal  t r a n s f o r m a t i o n  i n  5. magnum. T h i s  - 
does  n o t  p rec lude  t h e  p o s s i b i l i t y  t h a t  a n o t h e r  c y c l i c  n u c l e o t i d e  is 

i n v o l v e d .  d 



SUMMARY 

The purpose o f  t h i s  t h e s i s  was t o  demons t ra te  t h e  u s d f u l n e s s  o f  

t h e  d i a o r p h i c  f.unqus Sirobaskdium magnum a s  a  t o o l '  f o r  ? s t u d y i n g  
4 

yeas t -hypha l ,  t r a n s f o r m a t i o n .  In fo rmat ion  from such s e c i f  i c  s t u d y  B 
shou ld  have p o t e n t i a l  a p p l i c a t i o n  t o  morphogenetic s t h s  i n  - 

i- 

e u k a r y o t i c  o rgan i sms  i n  g e n e r a l .  

\ 

&- 
J 

Because t h e  organisms uged i n  i s  s t u d y  had n o t  been found 

p r e v i o u s l y  i n  t h e  a r e a s  where t h e y  were c o l l e c t e d ,  Chapter, 1 3 e s c r i b e d  

work done t o  e s t a b l i s h  t h e  i d e n  Y of the/-organisms.  . b i l e  c a r r y i n g  

. o u t  t h i s  i d e n t i f i c a t i o n ,  a s p e c t s  o f  t h e  y e a s t  c e l l s  and t h e i r  mating 

sys tem brought  t o  l i g h t  p o s s i b l e  r e l a t i o n s h i p s  between t h e  g e n e r a  
1 

S i r o b a s i d i m  , T r e m e l l a ,  B u l l e r a  and ~ r ~ ~ t m o c 6 u s .  
/ 

-> 
J . .  

Once t h e  i d e n t i t y  of t h e  s t u d y  m a t e r i a l  was e s t a b l i s h e d  as 
9 

Si robas id ium w n u m ,  t e c h n i q u e s  were d e v i s e d  which b rough t  t h e  

o rgan i smTthrough  i t s  l i f e  c y c l e  i n  t h e  l a b o r a t o r y .  T h i s  made g e n e t i c  
I '  

a n a l y s i s  f e a s i b l e  under  c o n t r o l l e d  c o n d i t i o n s .  Techniques were a l s o  

developed t o  o b s e r v e  t h e  c e l l u l a r  n u c l e i  a t  t h e l v a r i o u s  s t a g e s  i n  t h e  

l i f e  c y c l e .  Using t h e s e  t e c h n i q u e s ,  t h e  t i m e s  and p l a c e s  of  

d i k a r y o t i z a t i o n ,  karyogamy, m e i o s i s  and monokaryo t i za t ion  were 
- - - 

e 



e s t s b l i s h e d .  T h i s  work was d e s c r i b e d  i n  Chapter 2 and y s  necessa ry  

b e f o r e  a p a r t i c u l a r  f o c u s  c o u l d  be  made on c o n j u g a t i o n  e v e n t s  l e a d i n g  

, Chapter 3 a d d r e s s e d  t h e  q u e s t i o n  o f  whether c o n j u g a t i o n  i n  S, A , 

magnum was a  s u i t a b l e  p r o c e s s  f o r  t h e  s t u d y  of  yeas t -hyphal  
+ ,  

dimorphism. There it w a s  shown t h a t  t h e  yeas t -hyphal  t r a n s i t i o n  

( c o n j u g a t i o n  t u b e  p r o d u c t i o n )  was mediated by d i f f u s i b l e  s u b s t a n c e s  t o  ' 

which y e a s t  c e l l s  responded on ly  d u r i n g  t h e  G I  phase  of the c e l l  

. c y c l e .  Ocher t e s t s  showed, c o n t r a r y  t o  p r e l i m i n a r y  i n d i c a t i o n s ,  t h a t  

3 ' : 5 ' - c y c l i c  adenos ine  monophosphate was n o t  invo lved  a s  a secondary 

messenger  i n  c o n j u g a t i o n - t u b e  fo rmat ion .  
c 

I n  c o n c l u s i o n ,  t h i s  t h e s i s  shows t@at & magnum h a s  c o n s i d e r a b l e  

m e r i t  a s  a t o o l  f o r  s t u d y i n g  yeas t -hyphal  t r a n s f o r m a t i o n  and t h a t  i t  

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

sys tem i t  makes p o s s i b l e  t h e  e l u c i d a t i o n  o f  t h e  mechanisms o f  hormone 

p roduc t ion  and o f  hormone acti0.n i n  t a r g e t  c e l l s .  

,!!, 
I 

One l i m i t a t i o n  o f  & magnum f o r  p h y s i o l o g i c a l  s t u d i e s  a r i s e s  
\ 

f r ~  t h e  d e m n s t r a t i o n  t h a t  mother d daugh te r  y e a s t  c e l l s  a r e  n o t  
i 

eq i ) jva len t  a t  t h e  t ime  o f  separa t ion:  T h i s  means t h a t  synchronous  



I 
c e l l  c u l t u r e s  c a n n o t  b e  ma in ta ined  f o r  more than  one t u r n  o f  t h e  c e l l  

c y c l e .  
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APENDIX A 

S t a n d a r d  c u r v e  f o r  c e l l  number v e r s u s  o p t i c a l  
d e n s i t y .  E i g h t  haemacytometer c o u n t s  were made f o r  Qt 

eacn  d i l u t i o n  e x c e p t  f o r  t h e  g r e a t e s t  d i l u t i o n  where 16 
c o u n t s  were made. The s t a n d a r d  d e v i a t i o n s  f o r  t h e  Z 

means o f  t h e s e  c o u n t s  are g i v e n  i n  t h e  f i g u r e .  The 
e q u a t i o n  used t o  draw a l i n e  th rough  t h e  means was 

PC 
y/106 = B4x + 0.345.  
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APPENDIX D 

Comparison of  t h e  a c t i v i t y  i n  DNase t r e a t e d  &nd 
u n t r e a t e d  f i l t e r s  w i t h  a l k a l i n e - s t a b l e  
a c i d - p r e c i p i t a t a b l e  m a t e r i a l .  Open b a r s  show t h e  
a c t i v i t y  o f  t h e  DNase-treated samples whi le  t h e  s o l i d  
b a r s  show t h e  a c t i v i t y  of t h e  u n t r e a t e d  f i l t e r s .  
I n s e t s  show s t a n d a r d  d e v i a t i o n s  o f  t h e  means f o r  t h e  
t r i p l i c a t e  samples .  





APPENDIX E 

C a l i b r a t i o n  c u r v e  f o r  o p t i c a l  d e n s i t y  v e r s u s  
m g / m l  bov ine  serum a lbumin ( B S A ) .  
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APPENDIX F 

Standard curve for radioimmunoassay of C A M P .  
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APPENDIX G - - 
Thds appendix c o n t a i n s  P l a t e s  I t o  X V I I .  



PLATE I 

Figures  3-5. Stat ionary-phase c e l l s  of  TWF 58-23. 
1 

4 

Figure 3.  Encapsu la t ed -ce l l s  from YS b ro th  i n  an 
ind ia - ink  prepara t ion  (X1750) . + 

Figure 4 .  Encapsulated c e l l s  from YCB wi th  N H 4 ~ 0  
a s  t h e  n i t rogen  source.  This  is an i n d i a - i d  
p repa ra t i on .  (X1750) 

Figure 5 .  cells with haematoxylin-stained n u c l e i  
(X1750). C 

,d 
Figures  6 and 7 .  I n f l a t e d  b a l l i s t o s p o r e s  from i s o l a t e  

58-23F-/ r 
Figure 6 .  Germinating spo re s  conta in ing  on,e t o  t h r e e  

n u c l e i  (Xl75O). 

Figure 7 .  Spores  germinat ing by r e p e t i t i o n  (X1750). 

Figure 8 .  ~ x p o n e n t i a l f ~ h a s e  yeas t  c e l l s  (TWF 58-23) 
with a t t ached  buds (X1750). . 

Figures  9-12. C e l l s  from a c r o s s  of  yeas t  i s o l a t e s  TWF 
58-23 and 58-27. . - 

Figure 9 .  A c e l l  t h a t  ha s  produced a conjugat ion $ube 
a*nd then  r eve r t ed  t o  budding . 

Figure 10. A conjugat ing p a i r  of c e l l s  showing t h e  
i n f l a t e d  a r e a  o f  con3ugation-tube c o n t a c t  and t h e  
beginning o f  a d i k a r y o t i c  hyphal s t r a n d  a r i s i n g  
from one of t h e  conjugants  (X1750). 

e k 
Figure 1 1 .  A conjugat ing p a i r  of c e l l s  s t a i n e d  wi th  

haematoxylin t o  show t h e  two n u c l e i  i n  t h e  hyphal  
s t r a n d  a r i s i n g  from the ,po in t  o f  c o n t a c t  o f  tw* 
conjuga t ion  tubes  (Xl75O). 

F igure  12. The first branch o f  a d i k a r y o t i c  hyphal 
s t r a n d  a r i s i n g  from a conjugat ing p a i r  of c e l l s .  
The branch a rose  from-a cBmp conneicTian a n - 6  7 -- ---- -- 

another  clamp connection was then produced on t 
new  43FaRe& f X f F 5 e 3 r  -- 





F i g u r e s  13- 19 .  B a s i d i a  and. s t e r i g m a t a  from a g a r  
. c u l t u r e .  , 

~ i ~ u r e  13. Ple t a b a s i d i a  wi th  a t t a c h e d  s t e r i g m a t a  
(X245 . 

F i g u r e  14. Two s terTgmata  a t t a c h e d  t o  a metabasidium 
empty of  cyto5lasm (X640). 

F ' g u r e  15. Detached s t e r i g m a t a  (X1600). 6. 
F i g u r e  16. C a t e n u l a t e  pr.obasidia and m e t a b a s i d i a  

(x950) .  . B 

F i g u r e  17.  O b l i q u e l y  s e p t a t e  metabasidium (X950). 

+z F i g u # e V l 8 .  P a i r  o f  m e t a b a s i d i a ,  uppermost evacua ted  of 
cytoplasm b u t  w i t h  t h e  s t e r i g m a t a  s t i l l  a t t a c h e d  
(X950). 

F i g u r e  19. Detached s t e r i g m a t a  producing secondary 
s t e r i g m a t a  tX95O). 

F i g u r e  20. Detached s t e r i g m a  w i t h  secondary s t e r i g m a  
and a t t a c h e d  b a s i d i o s p o r e  (X1200). 

F i g u r e s  21-23. B a s i d i o s p o r e s  

F i g u r e  21. B a s i d i o s p o r e s  ge rmina t ing  by r e p e t i t i o n  
( X I  100) .  7 .  * 

F i g u r e . 2 2 .  B a s i d i o s p o r e s  ge rmina t ing  by r e p e t i t i o n  
- (X1100). 

, F i g u r e  23. Ungerminated b a s i d i o s p o r e s  (X1200). 

F i g u r e  24.  Detached s t e r i g m a t a  w i t h  
d haematoxyl in-s ta ined n u c l e i  (X1750). 





P l a t e  I11 

F i g u r e  25. Formation o f  f irst  clamp connec t ion  a f t e r  
c o n j u g a t i o n  o f  two compat ib le  c e l l s  (X1750). 

F i g u r e  26-32. S t a g e s  i n  b a s i d i a l  development and 
m a t u r a t i o n .  

-.m F i g u r e  26. P r o b a s i d i a l  c e l l  b e f o r e  karyogamy (X1750). 

F i g u r e  27. Two p r o b a s i d i a l  c e l l s ,  t h e  upper  one p o s t  
karyogamy and t h e  lower  one s t i l l  d i k a r y o t i c  
(Xl75O). 

cy 

F i g u r e  28. Two p r o b a s i d i a  a f t e r  karyogamy , both  
subtended by clamp connec t ions  (X1750).  

F i g u r e  29. T r i n u c l e a t e  metabasidium w i t h  o b l i q u e  
c r o s s w a l i  ( ~ 1 7 5 0 )  . 

F i g u r e  30. Metabasidium beg inn ing  s t e r i g m a t a l  
fo rmat ion  (Xl75O). 

F i g u r e  31. T r i n u c l e a t e  metabasidium w i t h  u n f i l l e d  
s t e r i g m a t a  a t t a c h e d  t o  t h e  b i n u c l e a t e  c e l l  
(,X1750). 

F i g u r e  32. B i n u c l e a t e  s t e r i g m a  a t t a c h e d  t o  a 
m e t a b a s i d i a l  ce l l  empt ied  o f  cytoplasm (X1750). 

F i g u r e  33. Uninuc lea te  b a s i d i o s p o r e s  ( ~ 7 0 a ) .  

F i g u r e  34. Germinating b a s i d i o s p o r e s ;  t h e  lower  one 
, - c o n t a i n i n g  two n u c l e i ;  t h e  i n f l a t e d  t i p  i s  a 

p r e p a r a t i o n  a r t i f a c t  ( ~ 7 0 0 ) :  

F i g u r e s  35-37. Germinating b a s i d i o s p o r e s  producing 
y e a s t  c e l l s  a t  t h e  t i p s  and s i d e s  o f  germ t u b e s .  

F i g u r e  35. . C e l l s  s t a i n e d  w i t h  haematoxyl in  t o  show 
n u c l e i  i n  t h e  germ t u b e  and i n  t h e  y e a s t  c e l l s  
(X1750). 

F i g u r e  36.Yeast c e l l s  be ing  produced a t  t h e  s i d e s  and 
t i p  o f  a b a s i d i o s p o r e  germ t u b e  (X1750). 

F i g u r e  37'. Germ t u b e  a n d  y e a s t  c e l l s  sTaTni-T?~ 
n u c l e i  (X1750). & 

F i g u r e  38. D i k a r y o t i c  clamped m y c e l i a l  t i p  which a r o s e  
-L 

frm a s i n g l e  b a s i d i o s p o r e  (X1750). 





PLATE I V  

F i g u r e  39. Conjugat ing c e l l s  o f  WF 58-23 and 58-27 
showing t h e  cytoplasm withdrawing from $he 
c o n j u g a t i n g  c e l l s  f o l l o w i n g  fo rmat ion  o f  t h e  
d ika ryon .  The septum formed wi thou t  an  
accompanying clamp connect ion i s  probab ly  
a d v e n t i t i o u s ,  i . e .  i t  was probably  formed i n  t h e  
absence  o f  n u c l e a r  d i v i s i o n .  Y 

F i g u r e  40. S h o r t  clamped hypha l  c e l l s  ( p r o b a s i d i a )  - 
d e s t i n e d  t o  become c a t e n u l a t e  m e t a b a s i d i a  (X2000). 

F i g u r e  41 .  Examples of t h e  l a r g e  e l o n g a t e d  c e l l s  
p r e s e n t  i n  s m a l l  numbers i n  y e a s t  c o l o n i e s .  These 
are from i s o l a t e  TWF 58-27. Such c e l l s  p robab ly  
produce b a l l i s t o s p o r e s  (X950). 





PLATE V 

F i g u r e  42.  A m i x t u r e  o f  c e l l s  o f  i s o l a t e s  TWF 58-23 
and 58-27 grown on YE a g a r  w i t h  20% m a l t o s e .  The 
n u c l e i  a r e  v i s i b l e  a s  c l e a r  a r e a s  w i t h  a c e n t r a l  
d a r k  n u c l e o l u s .  These may be c o n t r a s t e d  w i t h  t h e  
l i g h t e r - a p p e a r i n g  v a c u o l e s .  (X1400).  

F i g u r e  43.  A m i x t u r e  o f  cel ls  o f  i s o l a t e s  TWF 58-23 
and 56-27 showing c e l l s  w i t h  c o n j u g a t i o n  t u b e s .  
Some o f  t h e s e  c e l l s  have r e v e r t e d  t o  budding 
(X700). 

F i g u r e  44. D i k a r y o t i c  hyphae r e s u l t i n g  from a c r o s s  o f  
TWF 58-23 and 58-27. T h i s  was grown i n  YE b r o t h .  
(X3OO 

F i g u r e  45. L i g h t  and d a r k  f i e l d  photomicrographs  o f  a  
squash  mount from a  laboratory-grown b a s i d i o c a r p .  
It a r o s e  from a c r o s s  o f  TWF 58-23 and TWF 11-2. 
A well developed hymenial  l a y e r  is  e v i d e n t  w i t h  
c a t e n u l a t e  b a s i d i a  and abundan t  r e l e a s e d  
s t e r i g m a t a .  (X200) 





PLATE V I  

F i g u r e  46. I n h i b i t i o n  o f  y e a s t  growth by an o v e r l a y i n g  
c o v e r s l i p .  A lawn of  c e l l s  o f  TWF 58-23 was 
s p r e a d  o v e r  t h e  p l a t e  and a  c o v e r s l i p  s e t  o v e r  t h e  
c e n t r e  o f  t h e  lawn.  (X2.70) 

F i g u r e  47. D i k a r y o t i c  hyphae growing under  a  
c o v e r s l i p .  T h i s  mycelium a r o s e  from a  c r o s s  o f  
y e a s t  s t r a i n s  TWF 58-23 and 58-27 t h a t  was 
o v e r l a i d  w i t h  a c o v e r s l i p .  A b a s i d i o c a r p  h a s  
begun t o  form where t h e  hyphae have r e a c h e d  t h e  
edge o f  t h e  c o v e r s l i p .  (X1.36) 

F i g u r e  48. A c r o s s  o f  y e a s t  s t r a i n s  TWF 58-23 and 
58-27 grown i n  a n  a tmosphere  o f  approx imate ly  15% 
carbon  d i o x i d e .  Note t h e  p reponderance  o f  hypha l  
growth and t h e  p igmenta t ion  o f  t h e  hyphae.  
(X1.36) 

F i g u r e  49. A b a s i d i o c a r p  a r i s i n g  a t  t h e  edge o f  a  
c o v e r s l i p  from a  c r o s s  o f  y e a s t  i s o l a t e s  TWF 58-23 
and 11-2. (X3.23) 

F i g u r e  50. P o r t i o n s  o f  b a s i d i o c a r p s  from c o l l e c t i o n s  
TWF 11 and TWF 58. TWF 1 1  i s  on t h e  r i g h t  and TWF 
58 is on t h e  l e f t .  These specimens  were r e v i v e d  
i n  d i s t i l l e d  water  b e f o r e  b e i n g  photographed.  The 
scale is numbered i n  cent ime t r e s .  (XI. 75) 





PLATE VII 

Figure 55. Effect  of c e l l  concentration on conjugation 
between i s o l a t e s  TWF 58-23 and 58-27. Photographs 
were taken 30 hours a f t e r  the  two i s o l a t e s  were 
mixed, so dikaryotic mycelium has had time t o  
develop. I n i t i a l  dens i t i es  of c e l l s  were: 





PLATE VIII 

F i g u r e  58. Time-lapse s e r i e s  o f  con j u g a t i o n  between 
i s o l a t e s  TWF 58-23 and 58-27. The f rames i n  each 
row were t a k e n  a t  t h e  same t ime .  The photographs  
were t a k e n  a t  t h e  f o l l o w i n g  t imes  a f t e r  t h e  c e l l s  
were mixed t o g e t h e r :  





PLATE I X  

1 
- e  59.  F i r s t  4 .5  hours  o f  a 9-hour t ime- lapse  - photograph ic  sequence o f  budding w i t h  i s o l a t e  TWF 

58-27. The f rames i n  each row wer-aken a t  t h e  
same t i m e .  The t i m e s  f o r  each row were a s  
f o l l b n s  : - .- - ./ 
a .  0 h 





F i g u r e  60.  T h e  s e c o n d  4.5 h o u r s  o f  a 9 -hour  t i m e - l a p s e  
p h o t o g r a p h i c  s e q u e n c e  o f  b u d d i n g  w i t h  i s o l a t e  TWF 
58-27. The f r a m e s  i n  e a c h  row were t a k e n  a t  t h e  
same t ime.  The times f o r  e a c h  row were a s  
f o l l o w s  : 





PLATE XI 

F i g u r e  6 1 .  Demons t r a t i on  o f  d i f f u s i b l e  
c o n j u g a t i o n - t u b e  s t i m u l a t o r s :  

a .  c e l l s  o f  i s o l a t e  TWF 58-27 on t h e  u n d e r s i d e  o f "  
t h e  s emipe rmeab le  membrane; 

0 .  same f i e l d  o f  v iew a s  i n  ( a .  ) b u t  t h i s  t i m e  
f o c u s e d  on i s o l a t e  58-23 on t h e  u p p e r  s i d e  o f  
t h e  s emipe rmeab le  membrane. 





PLATE XI1 

F i g u r e  62 .  Compariscn o f  c o n j u g a t i o n  between 
g r a d i  e n t - s e l e c t e d  c e l l s  and e x p o n e n t i a l  phase  
c e l l s  f rom xn ich  t h e  g r a d i e n t  c e l l s  were p r e p a r e d .  
These p h o t o g r a p h s  show a p p r o x i m a t e l y  e q u a l  
~ i x t u r e s  cf i s o l a t e s  TWF 58-23 and  58-27. 

a .  G r a d i e n t - s e l e c t e d  c e l l s  a f t e r  7  h o u r s  
i n c u b a t i o n .  

b .  E x p o n e n t i a i  pnase  c e l l s  !from which t h e  c e l l s  
i n  a .  were s e l e c t e d )  a f t e r  7 hou r s  
i n c u b a t i ~ n  . 

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

d .  E x p o n e n t i a i - p h a s e  c e l l s  a t  t h e  s tart  o f  
i n c u b a t i o n .  They are from t h e  c u l t u r e  from 
wnich t h e  c e l l s  i n  c .  were p r e p a r e d .  

e .  G r a d i e n t - s e l e c t e d  c e l l s  shown i n  c .  a f t e r  8 
h o u r s  i n c u b a t i o n .  

f. E x p o n e n t i a l - p h a s e  c e l l s  shown i n  d .  a f t e r  8 
h o u r s  i n c u b a t i o n .  





PLATE XI11 
9 

F i g u r e  66 .  E f f e c t  o f  g l u c o s e  c o n c e n t r a t i o n  on 
c o n j u g a t i o n .  Photographs were t a k e n  a f t e r  36 
hours  s o  d i k a r y o t i c  mycelium has  developed.  
C o n c e n t r a t i o n s  o f  g lucose  were a s  f o l l o w s :  





6! PLATE X I V  

F i g u r e  6 7 .  E f f e c t  o f  mal tose  c o n c e n t r a t i o n  on 
c o n j u g a t i o n .  Photographs were t a k e n  a f t e r  36 
hours  s o  d i k a r y o t i c  mycelium h a s  developed.  
C o n c e n t r a t i o n s  o f  ma l tose  were a s  f o l l o w s :  





PLATE X V  

Figure 68.  E f f e c t  o f  g a l a c t o s e  c o n c e n t r a t i o n  on 
c o n j u g a t i o n .  Photographs  were t a k e n  a f t e r  12 
h o u r s  s o  t h e r e  i s  no development o f  d i k a r y o t i c  
m y c e l i u m .  C o n c e n t r a t i o n s  o f  g a l a c t o s b  were a s  
f o l l o w s  : 





PLATE XVI 

Figure 6 9 .  Effect of caffeine on c e l l s  of i so l a t e  TWF 
58-23. 

j l )  Normal c e l l s  'on YE, agarr L a  

b .  'cel ls  on YE &gar w i t h  2 mM/1 caffeine 

c .  Cells on YE agar w i t h  3 W/1 caffeine . . 
, ., 

d .  Cells on YE agar w i t h  4 m M / 1  caffeine 

e .  Cel ls  on YE agar w i t h  5 m M / 1  caffeine 
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PLATE X V I I  1 ,  
. i 

1 
F i g u r e  7 0 .  E f f e c t  o f  a l c o h o l  on c o n j u g a t i o n .  Amounts 

o f '  955 ethan9.l added t o  100 m l  a u t o c l a v e d  C J M  
were : 
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