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ABSTRACT

S tu d ie s  on a  s p e c ie s  o f  F h lv c to c h y tr iu m  i s o l a t e d  from  
th e  York R iv e r  E s tu a r y  showed t h a t  th e  fu n g u s  r e q u i r e d  a t  
l e a s t  21 mM sodium  f o r  m in im al g ro w th  and  d e v e lo p m e n t. The 
u p ta k e  and  in c o r p o r a t io n  o f  am ino a c id s  was a f f e c t e d  b y  th e  
c o n c e n t r a t io n  o f  e x t e r n a l  sod ium . L i t t l e  i n c o r p o r a t io n  o c 
c u r r e d  i n  th e  a b se n c e  o f  e x t e r n a l  sod ium . The r e q u ire m e n t 
f o r  sodium  was n o t  e n t i r e l y  o s m o tic . I t  was fo u n d  t h a t  c e l l s  
15  h o u rs  p a s t  t h e  c y s t  s ta g e  c o u ld  d e v e lo p  i n  a  sodium  f r e e  
medium and i t  was shown t h a t  t h i s  m ig h t be  r e l a t e d  to  t h e i r  
a b i l i t y  t o  r e t a i n  sodium  d u r in g  th e  same d e v e lo p m e n ta l p e r 
io d .  The c o n c e n t r a t io n  o f  sodium  i n  th e  medium was a l s o  
shown to  have a f f e c t s  on th e  s i z e  o f  th e  c e l l s  a t  m a tu r i t y ,  
t h e  r a t e  o f  d ev e lo p m en t, and  th e  g e n e r a l  m o rp h o lo g ic a l  a s 
p e c t s  o f  th e  c e l l .  P r e l im in a r y  s t u d i e s  o f  enzyme a c t i v i t i e s  
showed t h a t  some enzymes o f  t h i s  fu n g u s  m ig h t be s e n s i t i v e  
t o  th e  c o n c e n t r a t io n  o f  sod ium . The im p l ic a t io n s  o f  th e ^  
t r a n s i e n t  re q u ire m e n t f o r  sodium  and  th e  a b i l i t y  t o  r e t a i n  
sodium  i n  an  e n v iro n m en t w here Na f l u c t u a t e s  a r e  d i s c u s s e d .

viii



THE EFFECT OF SODIUM ON THE 

GROWTH AND DEVELOPMENT OF 

AN ESTUARINE SPECIES OF PHLYCTOCHYTRIUM 

( CHYTRIDIALES)



GENERAL INTRODUCTION

The c o n c e p t o f  c a t e g o r i z i n g  th e  b i o t a  o f  th e  e a r t h  

i n t o  b ro a d  h a b i t a t - a s s o c i a t e d  g ro u p s  su c h  a s  f r e s h w a te r ,  

t e r r e s t r i a l ,  a r c t i c ,  and m a rin e  i s  f a m i l i a r  t o  b i o l o g i s t s .

One o f  th e  im p l i c a t io n s  o f  th e s e  a s s ig n m e n ts  i s  t h a t  th e  

o rg an ism  i s  b e s t  s u i t e d  t o  one h a b i t a t ,  and  t h a t  o th e r  

h a b i t a t s  a r e  l e s s  d e s i r a b l e .  However, i t  i s  n o t  c l e a r  

from  th e s e  d e s c r i p t i o n s  e x a c t l y  w hat a s p e c t s  o f  t h a t  

h a b i t a t  make i t  d e s i r a b l e  f o r  a  p a r t i c u l a r  o rg a n ism . I t  

i s  th e  p u rp o se  o f  t h i s  d i s s e r t a t i o n  t o  exam ine one o rg an ism  

from  th e  m arin e  en v iro n m e n t and  to  e l u c i d a t e  some o f  th e  

f e a t u r e s  w hich  make i t  " m a rin e " .

The o rg an ism  ch o sen  has  been  t e n t a t i v e l y  d e s c r ib e d  

by  Kazama (1972) a s  a  s p e c ie s  o f  P h ly c to c h v tr iu m . i s o l a t e  

7 1 -1 -E , a  s a p r o p h y t ic ,  e u c a r p ic ,  m o n o c e n tr ic ,  e p i b i o t i c ,  

p o s t e r i o r l y  u n i f l a g e l l a t e  fu n g u s . I t  was i s o l a t e d  from  

th e  York R iv e r  e s tu a r y ,  a  t r i b u t a r y  t o  C hesapeake Bay.

I t  grow s w e l l  i n  p u re  c u l t u r e s  in  n u t r i e n t  m ed ia  composed 

o f  e s tu a r i n e  w a te r  o r  s y n th e t i c  s e a  w a te r .  L a rg e  p o p u la 

t i o n s  o f  c e l l s  d e v e lo p in g  i n  a  n e a r l y  sy n c h ro n o u s  m anner 

c a n  be o b ta in e d  m aking  i t  p o s s ib l e  to  d e te rm in e  th e  e f f e c t  

o f  e x p e r im e n ta l  v a r i a b l e s  on a  s e l e c t e d  s ta g e  o f  d ev e lo p m en t. 

S ynchrony  i s  shown to  be  o f  p rim e  im p o rta n c e  to  t h i s  w ork.
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The work o f  W. Hohnk (1939* 1952* 1956) c e n te r e d  on 

th e  d i s t r i b u t i o n  o f  v a r io u s  c l a s s e s  o f  f u n g i  i n  th e  

m a rin e  e n v iro n m e n t. Some o f  h i s  f in d in g s  i n d ic a te d  t h a t  

th e  d ev e lo p m en t o f  b o th  a s e x u a l  and  s e x u a l  s t r u c t u r e s  in  

th e  m a rin e  e n v iro n m e n t m ig h t be u se d  to  d e te rm in e  i f  a  

fu n g u s  was t r u l y  m a r in e . In  o th e r  w o rd s, th e  i n a b i l i t y  

to  fo rm  th e s e  s t r u c t u r e s  in  m a rin e  w a te r s  was an  i n d i 

c a t i o n  t h a t  th e  e n v iro n m e n t was l i m i t i n g .  C o n tr o l le d  

l a b o r a t o r y  e x p e r im e n ts  u s in g  m a rin e  and n o n m arin e  f u n g i  

w hich  a r e  known t o  p ro d u ce  s e x u a l  s t r u c t u r e s  s h o u ld  be 

p e rfo rm ed  t o  a s s e s s  th e  e f f e c t  o f  v a r io u s  s a l i n i t y  r e 

g im es. W hile th e  p ro b a b le  c o r r e c tn e s s  o f  H ohnk 's  i n t e r 

p r e t a t i o n  c a n n o t be  d is c o u n te d  i t  d o es  n ee d  f u r t h e r  

s u p p o r t in g  e v id e n c e .  F u r th e rm o re , t h i s  a p p ro a c h  d o es  

n o t  i d e n t i f y  any  s p e c i f i c  f a c t o r s  u n iq u e  to  t h e  m arin e  

en v iro n m e n t w hich  can  be  im p l ic a te d  in  m aking  a  fu n g u s  

m a r in e . V is h n ia c  (1955a* 195513* I9 6 0 )  u se d  p u re  c u l t u r e s  

and p a r t i a l l y  o r  t o t a l l y  d e f in e d  m ed ia  t o  d e te rm in e  how 

th e  c o n c e n t r a t io n  o f  s e a  s a l t s  w ould e f f e c t  th e  g ro w th  

o f  f u n g i  i s o l a t e d  from  m a rin e  e n v iro n m e n ts . Her f in d in g s  

showed t h a t  c e r t a i n  o b l i g a t e l y  m a rin e  f u n g i  r e q u i r e d  

s a l i n i t i e s  o f  a b o u t  5 o /o o  o r  h ig h e r  and  t h a t  some o r 

g an ism s n eed ed  NaCl in  am ounts f a r  e x c e e d in g  t h a t  found  

i n  f r e s h w a te r  e n v iro n m e n ts . O th e r  p h y s io l o g i s t s  ( G o ld s te in ,  

1 9 6 3 j S i e g e n th a l e r ,  B e lsk y  and G o ld s te in ,  1967 s S ykes and 

P o r t e r ,  1973s Kazama and F u l l e r ,  1973; J e n n in g s ,  197^! and  

MacLeod, 1 9 6 5 ) have g iv e n  a d d i t i o n a l  e v id e n c e  t h a t  s a l i n i t y



i s  a  l i m i t i n g  f a c t o r  and by  s tu d y in g  th e  m in e ra l  n u t r i t i o n  

o f  th e s e  m arin e  i s o l a t e s  have d e te rm in e d  t h a t  sodium  i s  

an  im p o r ta n t  l i m i t i n g  f a c t o r .  F u r th e r  e v id e n c e  has  

shown t h a t  t h e  re q u ire m e n t f o r  sodium  i s  s p e c i f i c  and 

c a n n o t be  e n t i r e l y  r e p la c e d  by  p o ta s s iu m  o r  an  osm oticum  

(V is h n ia c ,  1955as Kazama and F u l l e r ,  1973; S i e g e n th a l e r ,  

B e lsk y , G o ld s te in ,  and Menna, 1967 ) .  I t  h as  b een  p o s s ib le  

to  a s c r i b e  a  r o l e  f o r  sodium  in  f a c i l i t a t i n g  th e  u p ta k e  

o f  p h o s p h a te  (S ykes and P o r t e r ,  197^5 and S ie g e n th a l e r ,  

B e lsk y , G o ld s te in  and Menna, 1967 ) .  I n  a d d i t i o n  i t  h a s  

been  shown t h a t  i n  some m a rin e  f u n g i  t h e r e  a r e  s p e c i f i c  

i n t e r a c t i o n s  b e tw een  th e  c a t i o n  c o m p o s it io n  o f  th e  medium, 

th e  u p ta k e  o f  g lu c o s e ,  (A llw ay  and J e n n in g s ,  1 9 7 0 b ), and 

th e  so d iu m -p o ta ss iu m  c o n te n t  o f  t h e  m ycelium . The t r e a t i s e  

o f  Jo h n so n  and  S parrow  ( 1 9 6 1 ) p r o v id e s  a d d i t i o n a l  i n s i g h t s  

in to  th e  n a tu r e  o f  m arin e  and  e s tu a r i n e  f u n g i .

In  th e  fo l lo w in g  s e c t io n s  t h e r e  w i l l  be  an  a t te m p t  

to  d e te rm in e  th e  in f lu e n c e  t h a t  sodium  h as  i n  th e  d e v e l 

opment o f  t h i s  i s o l a t e  P h lv c to c h v tr iu m . In  th e s e  s e c t io n s  

i t  w i l l  be shown t h a t  l )  Na+ and o th e r  io n s  a t  c o n c e n t r a 

t i o n s  fo u n d  i n  e s tu a r i n e  w a te r  a r e  r e q u i r e d  f o r  g ro w th ,

2) th e  c o n c e n t r a t io n  o f  Na+ in f lu e n c e s  th e  m o rp h o lo g ic a l  

d ev e lo p m en t o f  th e  fu n g u s , 3 ) Na+ i s  r e l a t e d  to  u p ta k e  and 

in c o r p o r a t io n  o f  p r o t e in  p r e c u r s o r s  an d , U) Na+ i s  r e t a i n e d  

by th e  c e l l  a t  c e r t a i n  s ta g e s  o f  d e v e lo p m en t.



SECTION I  THE DEVELOPMENT OF AN ARTIFICIAL SEAWATER 

MEDIUM AND PRELIMINARY OBSERVATIONS

INTRODUCTION

In  th e  i n i t i a l  d e s c r i p t i o n  o f  P h lv c to c h v tr iu m  i s o 

l a t e  7 1 -1 -E , Kazama (1972) te rm ed  i t  an  " e s tu a r in e "  

fu n g u s  and s t a t e d  t h a t  i t  w ould grow  on a  n u t r i e n t  medium 

c o n ta in in g  e s tu a r i n e  w a te r  h a v in g  a  s a l i n i t y  o f  18-20  

o /o o . I t  was n o t  m en tio n ed  w h e th e r  t h i s  fu n g u s  a c t u a l l y  

r e q u i r e d  e s tu a r i n e  w a te r  f o r  d ev e lo p m en t and s u r v i v a l .

To d e te rm in e  i f  t h i s  w ere t r u e  th e  o rg an ism  was in o c u la te d  

i n t o  f l a s k s  c o n ta in in g  n u t r i e n t  m ed ia  made from  e i t h e r  d i s 

t i l l e d  w a te r ,  pond w a te r ,  o r  v a r io u s  d i l u t i o n s  o f  3°  o /o o  

s e a w a te r  and g ro w th  was o b s e rv e d . T hese r e s u l t s  i n d ic a te d  

t h a t  th e  c e l l s  c o u ld  n o t  grow w e l l  i n  m ed ia  made e i t h e r  

w ith  d i s t i l l e d  w a te r  o r  pond w a te r ;  and t h a t  w here g ro w th  

d id  o c c u r ,  i n  th e  s e a w a te r  b a se d  m ed ia , th e  am ount o f  

g ro w th  was r e l a t e d  to  th e  s a l i n i t y .

S in c e  l i t t l e  i s  known o f  th e  f a c t o r s  w hich  make a  

fu n g u s  o b l i g a t e l y  m arin e  o r  e s tu a r i n e  (Jo h n so n  and  S parrow , 

1 9 6 1 ) ,  i t  was f e l t  t h a t  t h i s  o rg an ism  c o u ld  be u se d  a s  

a  t o o l  to  p u rsu e  t h i s  q u e s t io n .  The e v id e n c e  a v a i l a b l e  

in  th e  few  s t u d i e s  w hich  have b een  done i n d i c a t e s  t h a t  

sodium  was th e  f a c t o r  i n  th e  m a rin e  e n v iro n m en t m ost 

l i k e l y  t o  l i m i t  th e  g ro w th  o f  th e  fu n g u s  (MacLeod, 1965;
j .  _ |_  1

V is h n ia c ,  i 9 6 0 ) .  O th e r  c a t i o n s ,  su c h  a s  K , Mg , and



Ca++ , a r e  i n  r e l a t i v e l y  h ig h  c o n c e n t r a t io n s  i n  th e  m arin e  

e n v iro n m e n t and th e y  may a l s o  in f lu e n c e  th e  c e l l .  To 

d e te rm in e  i f  t h i s  was t h e  c a s e  f o r  P h lv c to c h v tr iu m . th e  

e f f e c t  o f  e a c h  io n  a lo n e  had t o  be d e te rm in e d , and to  

do t h i s  i t  was d e s i r a b l e  to  work w ith  a  s y n th e t i c  s e a 

w a te r  medium. A d e f in e d  medium s i m i l a r  to  t h a t  d ev e lo p ed  

by  Kazama and F u l l e r  (1973) was t e s t e d  and fo u n d  to  s u p p o r t  

good g ro w th . In  t h i s  s e c t io n  in fo rm a tio n  i s  r e p o r t e d  

w hich  i n d i c a t e s  t h e  l e v e l s  o f  Na+ , K+ , Ca++ , Mg** w hich  

b e s t  s u p p o r t  th e  g ro w th  o f  t h e  fu n g u s  and th e  r o l e  o f  

Na+ a s  an  osm oticum  i s  i n v e s t i g a t e d .



MATERIALS AND METHODS

G e n e ra l P ro c e d u re s

D r. F . Kazama p ro v id e d  h i s  P h lv c to c h y tr iu m  i s o l a t e  

71 - 1 -E  (Kazama, 1972) f o r  t h i s  i n v e s t i g a t i o n .  The c u l t u r e s  

w ere m a in ta in e d  on YPD o r  SYA (s e e  s e c t io n  on " P r e p a r a t io n  

o f  M ed ia") p l a t e s  o r  s l a n t s  a t  4°C , o r  i n  s e a w a te r  w ith  

p in e  p o l l e n .  To o b ta in  an  in o cu lu m  100  mm p e t r i  d i s h e s  

o f  YPD w ere s p re a d  w i th  a  z o o sp o re  s u s p e n s io n  and in c u 

b a te d  a t  room te m p e r a tu r e  (24°C) f o r  a b o u t 50 h o u rs .

P l a t e s  show ing c le a v e d  s p o ra n g ia  a t  t h a t  t im e  w ere 

f lo o d e d  w ith  a p p ro x im a te ly  8 ml s t e r i l e  York R iv e r  s e a 

w a te r  and a llo w e d  to  s ta n d  a b o u t 20 m in u te s .  The r e l e a s e d  

z o o sp o re s  were im m ed ia te ly  p i p e t t e d  i n t o  an  e q u a l  volum e 

o f  2X t h i o g l y c o l l a t e  b r o th ,  b r i e f l y  a g i t a t e d  by in v e r s io n  

and a llo w e d  to  s ta n d  f o r  5 m in u te s .  T h is  t r e a tm e n t  

c a u se d  th e  c e l l s  to  e n c y s t .  C y s ts  w ere c e n t r i f u g e d  to  

p e l l e t s  a t  a b o u t lOOOg f o r  2 m in u te s ,  r e s u s p e n d e d  i n  th e  

a p p r o p r i a t e  d e f in e d  medium b y  a  v o r te x  m ix e r , r e c e n t r i f u g e d  

and re su sp e n d e d  a  seco n d  t im e .  T h is  s u s p e n s io n  o f  c y s t s  

was th e n  u sed  f o r  an in o cu lu m . G e rm in a tio n  and s u b se q u e n t 

d ev e lo p m en t was n e a r l y  sy n ch ro n o u s  a s  i n d i c a t e d  by  m orpho

g e n e s i s .  The r i n s i n g  medium u sed  f o r  s u s p e n s io n  o f  th e  

inocu lum  was made to  e x c lu d e  o n ly  th e  io n  to  be u se d  a s  

th e  e x p e r im e n ta l  v a r i a b l e .  C o m p o sitio n  o f  t h e  m edia  i s  

fo u n d  u n d e r  a  s e p a r a t e  h e a d in g .



L iq u id  m ed ia  w ere s t e r i l i z e d  by  f i l t r a t i o n  th ro u g h

0 .2 0  m ic ro n  membrane f i l t e r s  (N algene  F i l t e r  u n i t s )  and 

50 ml was d is p e n s e d  i n t o  s t e r i l e ,  alum inum  f o i l - c a p p e d  

E rlen m ey er f l a s k s .  M edia in  th e s e  f l a s k s  was sh ak en  

f o r  a t  l e a s t  8 h o u rs  p r i o r  to  i n o c u la t i o n  to  in s u r e  

u n ifo rm  a e r a t i o n .  Enough o f  a  c y s t  s u s p e n s io n  was added  

t o  e a c h  f l a s k  to  g iv e  a  f i n a l  c o n c e n t r a t io n  o f  a b o u t 

5 x 10^ c e l l s  p e r  ml ( u s u a l ly  0 .2 0  m l) .  C u l tu r e s  w ere 

th e n  in c u b a te d  i n  t h e  d a rk  a t  24°C on a  New B runsw ick  

G y ro ta ry  m odel G-2 s h a k e r  a t  150 RPM. Growth was m easu red  

by  in c r e a s e  i n  Lowry P r o te in  (Low ry, e t  a l . , 1951) and 

i n  p r e l im in a r y  work i t  was fo u n d  t h a t  th e s e  v a lu e s  w ere 

c l o s e l y  r e f l e c t e d  i n  m easu rem en ts  o f  d ry  w e ig h t ( s e e  

s e c t io n  IV f o r  d ry  w e ig h t p r o c e d u r e s ) .  P a r a l l e l  e x p e r im e n ts  

w ere done i n  5 ml a l i q u o t s  c o n ta in e d  in  30 ml d i s p o s a b le  

t i s s u e  c u l t u r e  f l a s k s  (F a lc o n  3012 B io q u e s t)  w hich  p e rm it te d  

m ic ro s c o p ic  o b s e r v a t io n  o f  c e l l  d ev e lo p m en t d u r in g  th e  

g ro w th  p e r io d .  T hese f l a s k s  w ere in o c u la te d  and s e t  a s id e  

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

t o  a t t a c h  to  t h e  o p t i c a l  s u r f a c e  o f  th e  f l a s k .  C e l l s  w ere 

a g i t a t e d  a t  110 RPM w hich  g iv e s  a  g ro w th  r a t e  c o m p a r ib le  

t o  t h a t  o b ta in e d  i n  50 ml f l a s k s  on th e  G-2 s h a k e r .

R eag en t g ra d e  c h e m ic a ls  w ere d i s s o lv e d  i n  g l a s s  

d i s t i l l e d ,  d e io n iz e d  w a te r  to  make s to c k  s o lu t i o n s  and 

w ere com bined t o  fo rm u la te  th e  f i n a l  medium. No a t te m p t  

was made to  f u r t h e r  p u r i f y  t h e  c h e m ic a ls .  The r e s u l t s  

r e p r e s e n t  two s e p a r a te  s e t s  o f  e x p e r im e n ts .  The f i r s t



d e te rm in e d  th e  a p p ro x im a te  o p tim a l  l e v e l s  o f  each  io n  

t e s t e d .  The seco n d  in c o r p o r a te d  t h a t  in fo rm a tio n  to  

b e t t e r  d e s ig n  th e  b a s ic  medium i n  w hich  th e  v a r i a b l e  was 

t e s t e d  i n  th e  f i n a l  e x p e r im e n t. The c o n c e n t r a t io n s  o f  

compounds u sed  ra n g e d  from  z e ro  to  somewhat h ig h e r  th a n  

w ould be e x p e c te d  i n  th e  n o rm a l m a rin e  e n v iro n m e n t. The 

h ig h e s t  c o n c e n t r a t io n  o f  c a lc iu m  u sed  was l i m i t e d  by i t s  

s o l u b i l i t y  in  th e  b a s a l  medium.

Where th e  o sm o tic  p r e s s u r e  o f  th e  g ro w th  medium had 

t o  be m a n ip u la te d , m a n n ito l  was u sed  a s  an  osm oticum  

and  th e  o m s o la r i ty  o f  th e  f i n a l  s o l u t i o n  was d e te rm in e d  

by  f r e e z i n g  p o in t  d e p r e s s io n  on th e  O sm ette  osm om eter 

( F is h e r  S c i e n t i f i c ) .

S a l i n i t i e s  w ere d e te rm in e d  u s in g  a  M odel RS-7 B in d u c t io n  

s a l in o m e te r  (Beckman In s tru m e n ts  I n c . ) .



C o m p o sitio n  and  p r e p a r a t i o n  o f  m ed ia  u sed

1 . YFD -  a u to c la v e d  u n d e r  s ta n d a rd  c o n d i t io n s

Y ea s t e x t r a c t  1 g

P ep to n e  1 g

D e x tro se  10 g

A gar 15 g

York R iv e r  E s tu a r in e  w a te r  18 o /o o  1 l i t e r

2 . SYA -  a u to c la v e d  u n d e r  s ta n d a rd  c o n d i t io n s  

Y ea s t e x t r a c t  2 g

S o lu b le  s t a r c h  7 .5 g

A gar 15 g

York R iv e r  E s tu a r in e  w a te r  18 o /o o  1 l i t e r

3 . 2X T h i g ly c o l l a t e  B ro th  -  a u to c la v e d  u n d e r  s ta n d a rd  

c o n d i t io n s

B acto  C a s i to n e  30 g

Y e as t e x t r a c t  10 g

D e x tro se  11 g

L £  C y s tin e  1 g

Na T h io g ly c o l l a t e  1 g

York R iv e r  E s tu a r in e  w a te r  18 o /o o  1  l i t e r

4-. OS, a  d e f in e d  medium f o r  " o p tim a l"  g ro w th . The

medium was p re p a re d  from  s to c k  aq u eo u s  s o lu t io n s  (W/V) 

o f  th e  f o l lo w in g  s a l t s .

NaCl 25$

KCl 2 .2 5 $

MgSO^ . 7H20 13$

CaClg . 2 HgO 1 .5 $



kh2poz,.

KOH

2.72%

1 n o rm al

T ra c e  m e ta l  s to c k

Na2EDTA 250 mg

FeSOty . 7H20 150 mg

ZnSOj^ . 7 ^ 0  40 mg ■

MnSO/j, . HgO 60 mg

C0SO4  . 5 ^ 0  15 mg

CuSOjj, . 51^0 10 mg

H3BO3 100 mg

Na2Mo0j^ . 2H20 30 mg

G la s s  D i s t i l l e d  W ater 100 ml

To p re p a re  th e  OS medium

Add, in  se q u e n c e , t h e  f o l lo w in g  t o  375 ml o f  g l a s s  

d i s t i l l e d  w a te r ,  m ix in g  w e l l  a t  e ach  s t e p .

NaCl s to c k 2 7 -5 ml

KC1 s to c k 1 0 .5 ml

Kl^POj^, s to c k 5 -0 ml

T r i c in e  B u f fe r  (SIGMA) 1 .7 9 g

INKOH 4 .5 ml

T ra c e  m e ta ls  s to c k 0 .5

MgSOty s to c k 1 0 .0 ml

CaCl2 s to c k 1 7 .5 ml

M onopotassium  g lu ta m a te  (L form ) 1 g

G lu co se 5 g

B rin g  t o  f i n a l  volum e o f  500 ml w ith  g l a s s  d i s t i l l e d  

w a te r .  The medium c a n n o t b e  a u to c la v e d  and i s  s t e r -
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i l i z e d  by f i l t r a t i o n  th ro u g h  a  0 .2 0  m ic ro n s  o r  0 .4 5  

m ic ro n s  membrane f i l t e r .

5 . LS, a  d e f in e d  medium c o n ta in in g  l e v e l s  o f  sodium  

j u s t  s u f f i c i e n t  f o r  g ro w th , was p re p a re d  i n  th e  same 

m anner a s  OS b u t  o n ly  2 .5  ml o f  th e  NaCl s to c k  was 

u s e d .

6 . US, a  d e f in e d  medium c o n ta in in g  sodium  n e a r  th e  

maximum t o l e r a b l e  l e v e l ,  was p re p a re d  in  th e  same 

m anner a s  OS b u t  60 m l o f  NaCl s to c k  was u s e d .

7 . P o n d w ater was o b ta in e d  from  Haynes M i l l  Pond lo c a te d  

in  G lo u c e s te r  C oun ty , V i r g in i a ,  USA.



RESULTS

The r e s u l t s  o f  th e  e x p e r im e n ts  a r e  p r e s e n te d  in  

F ig u re  l a - d .  I n  e a c h  e x p e r im e n t th e  in o cu lu m  was a  c y s t  

s u s p e n s io n  and c e l l s  w ere h a r v e s te d  a t  69 h o u rs  w hich  a l 

low ed no more th a n  one g e n e r a t io n  to  d e v e lo p .

Sodium and P o ta ss iu m  R eq u irem en ts

The sodium  c h lo r id e  c o n c e n t r a t io n  r e q u i r e d  f o r  

maximum g ro w th  a p p ea re d  t o  be a b o u t 0 .2 3 7  M (F ig u re  l a ) .

I n  th e  a b sen ce  o f  Na+ th e r e  was l i t t l e  g ro w th  and c e l l s  

d id  n o t  m a tu re . I t  was d e m o n s tra te d  in  a  s e p a r a t e  e x p e r 

im en t t h a t  th e  n eed  f o r  sdoium  c h lo r id e  c o u ld  be r e p la c e d  

by  an  e q u im o la r  am ount o f  sodium  a s  s u l f a t e ,  b u t  in  an  

e x p e r im e n t u s in g  e q u im o la r  am ounts o f  p o ta s s iu m  c h lo r id e  

no g ro w th  was o b ta in e d .  T h is  r e s u l t  i n d i c a t e s  t h a t  th e  

re q u ire m e n t was f o r  sodium  a lo n e  and was n o t  d e p e n d en t on 

th e  c h lo r id e  io n .  At l e v e l s  h ig h e r  th a n  0 .2  to  0 .3  M th e r e  

was a  d e c re a s e  in  g ro w th  r a t e .  The sodium  l e v e l s  u sed  w ere 

s i m i l a r  t o  th e  ra n g e  fo u n d  i n  th e  e s tu a r i n e  en v iro n m e n t and 

g ro w th  i n d i c a t e d  th e  o rg an ism  was b e s t  s u i t e d  t o  e n v iro n 

m en ts  w ith  sodium  c o n c e n t r a t io n s  lo w e r  th a n  o c e a n ic  s e a w a te r .  

The b ro ad  ra n g e  o f  t o l e r a n c e  i n d i c a t e d  t h a t  th e  fu n g u s  was 

w e l l  s u i t e d  t o  e u r y h a l in e  h a b i t a t s .  In  a n o th e r  ex p e rim en t 

th e  r e s u l t  o b ta in e d  above was d u p l ic a te d  by  s u b s t i t u t i n g  

n a t u r a l  s e a w a te r  f o r  a r t i f i c i a l  s e a w a te r  a t  v a r io u s  sodium

13
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c o n c e n t r a t i o n s , ( F ig u r e  2 ) .  Maximum g ro w th  o c c u r re d  a t  

1 2 -2 0 #  s a l i n i t y .  The s e a w a te r  was p re p a re d  by  d i l u t i n g  

30° /o o  n a t u r a l  s e a w a te r  w ith  pond w a te r .

The r e s p o n s e  o f  P h lv c to c h v tr iu m  t o  v a r io u s  c o n c e n t r a 

t i o n s  o f  p o ta s s iu m  c h l o r id e  i s  shown i n  F ig u re  l b .  Maximum

g ro w th  was a t  a  c o n c e n t r a t io n  above 6x 10” %  K+ and h ig h e r
_2

c o n c e n t r a t io n s ,  up t o  3x10 M, d id  n o t  i n c r e a s e  t h e  y i e l d ,  

C e l l s  a t  th e  lo w e s t  c o n c e n t r a t io n  d id  n o t  grow . I f  th e  

c o n c e n t r a t io n  was 3x 10*"% th e  d ev e lo p m en t was co m p le te d  to  

th e  p o in t  o f  c y to p la sm ic  c le a v a g e  b u t  n o  f u r t h e r .  The con

c e n t r a t i o n  r e q u i r e d  f o r  g ro w th  was c o n s id e r a b le  h ig h e r  th a n  

n o rm a lly  found  i n  f r e s h  w a te r  (T a b le  1) and a p p ro x im a te d  th e  

l e v e l s  p r e s e n t  i n  e s tu a r i n e  w a te r .  C o n c e n tr a t io n s  above 

3x 10“ %  gave e r r a t i c  r e s u l t s  and  i t  a p p e a re d  t h a t  h ig h  co n 

c e n t r a t i o n s  m ig h t have i n h i b i t e d  g ro w th .

Sodium and p o ta s s iu m  b o th  had an e f f e c t  on th e  u l t i 

m ate  s i z e  o f  th e  m a tu re  c e l l  a s  w e l l  a s  on th e  am ount o f  

p r o t e in  p ro d u ced  (T a b le s  2 & 3)* N ote t h a t  th e  s p o r a n g ia l

s i z e  in c r e a s e d  a s  Na o r  K in c r e a s e d .  The s p o r a n g ia l  s i z e
+ +a l s o  in c r e a s e d  a s  Na o t  K in c r e a s e d  t o g e t h e r .  At th e  

h ig h e s t  v a lu e s  th e  com bined e f f e c t  seem ed t o  have d e c re a s e d  

th e  u l t i m a t e  c e l l  d ia m e te r  s l i g h t l y .  The am ount o f  p r o t e in  

p ro d u ced  fo llo w e d  th e  same p a t t e r n  w ith o u t  e x c e p t io n .  Sim

i l a r  c h a n g e s  in  s i z e  o f  t h e  m a tu re  sp o ran g iu m  w ere  n o te d  

in  m ed ia  p re p a re d  w i th  d i l u t e d  s e a w a te r  (T a b le  4 ) .

The d i f f e r e n c e  b e tw een  th e  sum m arized e x p e rim e n t in  

T ab le  4  and th e  one i n  F ig u re  1 i s  t h a t  i t  r e p r e s e n t s  c e l l s



h a r v e s te d  a t  m a tu r i t y  r a t h e r  th a n  a t  a  p a r t i c u l a r  t im e .
*4" "I*The r e s u l t s  i n d ic a te d  t h a t  c o n c e n t r a t io n s  o f  Na and  K 

a f f e c t e d  n o t  o n ly  th e  r a t e  o f  p r o d u c t io n  o f  p r o t e in  b u t  

a l s o  th e  e x te n t  o f  g ro w th  d u r in g  th e  l i f e  c y c le .

M agnesium and C alcium
_p

M agnesium a t  a  l e v e l  o f  1x10 M gave n e a r  m axim al
_2

g ro w th  and in c r e a s e s  up to  3 .5 x 1 0  M d id  n o t  g r e a t l y  i n 

c r e a s e  th e  f i n a l  y i e l d  (F ig u re  1 c ) .  Two s e t s  o f  e x p e r i 

m ents a r e  r e p r e s e n te d  i n  F ig u re  1 c . The u p p e r  c u rv e  i s  f o r  

MgClg i n  N agSO ^-based medium and th e  seco n d  i s  f o r  MgSO^ in  

N aC l-based  medium. T here  i s  a  d i f f e r e n c e  betw een  th e  c u rv e s  

b u t  th e  same t r e n d s  a p p e a r .  S in c e  t h e r e  was a  r e l a t i v e l y  

low  c o n c e n t r a t io n  o f  SO^ in  th e  t r a c e  m e ta ls  m ix p o r t i o n  

o f  th e  medium, th e  l a c k  o f  g ro w th  in d ic a te d  by  th e  MgSO^ 

c u rv e  a t  th e  z e ro  l e v e l  o f  MgSO^ c o u ld  a l s o  mean t h a t  n o t  

enough S0^  was p r e s e n t .  The e x p e r im e n t on MgClg, w here 

NagSO^ p ro v id e s  e x c e s s  S0^ , e l im in a te s  t h i s  p ro b le m . The

c a u se  o f  th e  d e c re a se d  g ro w th  a t  h ig h e r  c o n c e n t r a t io n s  o f  

Mg i s  n o t  known. The Mg l e v e l s  r e q u i r e d  f o r  good g row th  

a p p e a re d  to  be somewhat lo w er th a n  th e  c o n c e n t r a t io n s  i n  th e
f-

e s tu a r y  w here th e  o rg an ism  was i s o l a t e d  and a  t r a c e  o f  Mg 

a p p a r e n t ly  s u p p l ie d  i n  t h e  in o cu lu m  was s u f f i c i e n t  t o  s u s 

t a i n  m o d e ra te  l e v e l s  o f  g ro w th . C o n c e n tr a t io n s  o f  Mg++ 

h ig h e r  th a n  th o s e  e x p e c te d  in  f r e s h w a te r  (T a b le  1) d id  s t im 

u l a t e  in c r e a s e d  g ro w th . Such c o n c e n t r a t io n s  w ere h ig h e r  

th a n  r e p o r t e d  f o r  m edia u sed  t o  grow  t e r r e s t r i a l  f u n g i .  In  

t h i s  r e s p e c t  th e  o rg an ism  h as  n u t r i t i o n a l  r e q u ire m e n ts  w hich
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can  b e s t  b e  s a t i s f i e d  b y  an  e s tu a r i n e  h a b i t a t .  The l e v e l s  o f

c a lc iu m  p ro v id e d  d u r in g  th e  e x p e r im e n t w ere m axim al and  d id
|- |

n o t  seem t o  r e p la c e  t h e  n e ed  f o r  Mg to  s u p p o r t  good g ro w th .

T rac e  am ounts o f  c a lc iu m , p ro b a b le  p ro v id e d  by th e  i n 

oculum , a llo w e d  c o m p le te  d ev e lo p m en t o f  th e  o rg an ism  (F ig u re  

Id )  b u t  much b e t t e r  g ro w th  was o b ta in e d  a t  l e v e l s  r e p r e s e n t a 

t i v e  o f  th o s e  one w ould e x p e c t  t o  f i n d  in  t h e  e s tu a r i n e  en - 

v iro n m e n t (T ab le  1 ) .  F u r th e r  in c r e a s e s  in  th e  l e v e l s  o f  Ca -  

above 5x l 0 “ ^£  r e s u l t e d  i n  a  g r a d u a l  i n c r e a s e  i n  th e  y i e l d  up 

to  th e  p o in t  w here no m ore GaClg c o u ld  be d i s s o lv e d  i n  th e  

medium. C e l l s  a t  m a tu r i t y  d id  n o t  v a r y  i n  s i z e  w ith  ch an g es  

o f  Mg++ o r  Ca++ c o n c e n t r a t i o n s ,  a s  th e y  d id  i n  v a r y in g  Na+ 

o r  K+ c o n c e n t r a t i o n s ,  th e  a v e ra g e  s i z e  s p o ra n g ia  b e in g  a b o u t 

35 p. •



F ig u re  1 Change in  amount o f  c e l l  m a t e r i a l  p ro d u ced  a t  

d i f f e r e n t  l e v e l s  o f  Na+ , KT*-, Mg++, and Ca++.

I n  e a c h  e x p e r im e n t th e  c o n c e n t r a t io n  o f  th e  

t h r e e  m a jo r c a t io n s  n o t  t e s t e d  was h e ld  a t  th e  

l e v e l  found  in  th e  OS medium.
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F ig u re  2 I n c r e a s e  in  p r o t e i n  p ro d u ced  from  a  fo u r

day  o ld  c u l t u r e  a t  d i f f e r e n t  s a l i n i t i e s .  
D i lu t i o n s  o f  3 O0/ 00 s e a w a te r  w ith  p o n d w a te r ,

0 ° /o o  i s  p o n d w a te r .
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TABLE 4

M atu re  S iz e  v s  S a l i n i t y  in  N a tu r a l ,  C o n c e n tra te d  S e aw a te r

D i lu te d  W ith P o n d w ater 

S a l i n i t y  A verage d ia m e te r  o f  m a tu re  spo ran g iu m

° /o o ______M icrons_______________ ra n g e  i n  m ic ro n s______

0 9 .6  8 -1 1  (n e v e r  d is c h a rg e d  s p o re s )

5 2 1 .6  1 9 -2 4  (co m p le te  developm ent)

10 2 1 .0  1 9 -2 4

15 2 1 .2  1 9 -2 4

20 2 1 .0  1 9 -2 4

25 2 4 .0  19-29

30 2 6 .4  2 0 -2 9

35 2 7 .0  21-29

A v erag es  b a se d  on 50 -  100 m easu rem en ts .



Sodium C h lo r id e  and O sm otic P r e s s u r e

S in c e  sodium  c h lo r id e  m ust he  p ro v id e d  in  l a r g e  

am ounts i t  was th o u g h t  t h a t  i t s  e f f e c t  was l a r g e l y  

o s m o tic . To t e s t  t h i s  h y p o th e s is  th e  KC1 c o n c e n t r a t io n  

was b ro u g h t t o  0.45M i n  th e  a b se n c e  o f  NaCl and in  0.0216M  

N aC l. I n  b o th  in s t a n c e s  no g ro w th  o r  g e rm in a tio n  o c c u r re d .  

W ith no sodium  p r e s e n t  and i n  0.025M  KC1, i n i t i a l  d e v e lo p 

m ent o n ly  t o  th e  g e rm lin g  s ta g e  was o b s e rv e d . In  0.0216M  

NaCl and  0.006M KC1 good g ro w th  was o b ta in e d .  T h is  r e s u l t  

i n d i c a t e d  t h a t  KC1 c o u ld  n o t  r e p l a c e  NaCl a t  e q u iv a le n t  

o s m o la r i t i e s  and t h a t  i t  m ig h t h av e  an  i n h i b i t o r y  e f f e c t  

a t  low  sodium  c o n c e n t r a t io n s  a s  n o te d  f o r  P v th ium  marinum  

by  Kazama and  F u l l e r  (1973)*

In  a n o th e r  g ro u p  o f  e x p e r im e n ts  a  n e u t r a l  osm oticum , 

m a n n i to l ,  was u se d  t o  s im u la te  t h e  o sm o tic  e f f e c t  o f  NaCl. 

T a b le  5 a  shows t h a t  t h e  r e q u ire m e n t f o r  NaCl c o u ld  n o t  be 

r e p la c e d  by an  osm oticum  and  t h a t  th e  g ro w th  r e s p o n s e  i n  

F ig u re  l a  was p ro b a b ly  due t o  Na+ l e v e l s  a t  l e a s t  a t  th e  

lo w e r c o n c e n t r a t i o n s .  T a b le  5b shows t h a t  th e  d e c re a s e  

i n  th e  g ro w th  r a t e  a t  h ig h  l e v e l s  o f  Na+ c o u ld  be r e l a t e d  

t o  th e  in c r e a s e d  o sm o tic  p r e s s u r e .  P r e l im in a r y  work 

showed t h a t  m a n n ito l  c o u ld  n o t  b e  u se d  a s  a  s o le  c a rb o n  

s o u rc e  b y  t h e  fu n g u s .

The 11 O p tim a l” Medium

As an  end  r e s u l t  o f  th e s e  e x p e r im e n ts  a  d e f in e d  

medium was d e s ig n e d  w hich  p ro v id e d  good g ro w th . The 

c o n c e n t r a t io n  o f  th e  f o u r  m a jo r  in o rg a n ic  com ponents o f



t h e  medium w ere b a se d  on o b se rv e d  e x p e r im e n ta l  o p tim a  and 

c l o s e l y  a p p ro x im a t th e  io n ic  m ake-up o f  th e  en v iro n m en t 

from  w hich  th e  o rg an ism  was i s o l a t e d .  The c o m p o s itio n  and 

p r e p a r a t i o n  i s  g iv e n  i n  th e  p r e c e e d in g  s e c t io n  on p r e p a r 

a t i o n  o f  m ed ia  u n d e r  s e c t io n  4 .



TABLE 5A
G rowth i n  v a r y in g  c o n c e n t r a t io n s  o f  Na+

O s m o la r ity  was h e ld  a t  a  s a l i n i t y  e q u iv a le n t  o f  30° /o o  w ith
m a n n i to l .

(Range 1050-1200 m i l l io s m o le s )

Na+ i n  mM A pprox im ate  ° /o o  S a l i n i t y  n g  P r o te i n  in
Sam ple

0 0 25 ( c e l l s  d ie d )
61 5 75

122 10 85
184 15 100
245 20 115
306  25 125
372 (no M a n n ito l 30 125

u se d )

TABLE 5B

E f f e c t  o f  o s m o la r i ty  on g ro w th  u s in g  th e  m a n n ito l  osm oticum  

Na+ C o n c e n tra t io n  = 230 mM

O s m o la r ity  A pprox im ate  ° /o o  |ig  P r o te in
(M ill io s m o le s )  S a l i n i t y  in  Sam ple

830  (no osm oticum ) 15 150
920 20 14-5

1000  25 150
1090 30 150
1185 35 130
1295 ^  125



DISCUSSION

N u t r i t i o n a l  s t u d i e s  o f  t h i s  o rg an ism  i n d i c a t e  t h a t  i t  

i s  d i f f e r e n t  from  i t s  t e r r e s t r i a l  and f r e s h w a te r  c o u n te r p a r t s  

i n  t h a t  i t  r e q u i r e s  r e l a t i v e l y  h ig h  c o n c e n t r a t io n s  o f  each  

o f  th e  f o u r  m a jo r c a t i o n s  o f  s e a w a te r  f o r  optimum g ro w th  

(T a b le  1 ) .  T h is  r e l a t i o n s h i p  i s  a l s o  d e m o n s tra te d  f o r  se v 

e r a l  "m arin e"  fu n g i  su c h  a s  P v th ium  m arinum  (Kazama & F u l l e r ,  

1 9 7 3 ), L a b v r in th u la  sp p . (V is h n ia c ,  1955a) and T h ra u s to c h y -  

t r iu m  roseum  ( S ie g e n th a le r , B e lsk y , G o ld s te in ,  & M enna, 1967} 

G o ld s te in ,  1963 ) .  Some have s u g g e s te d  t h a t  Na+ i s  r e l a t e d  

t o  th e  u p ta k e  o f  PO® ( S ie g e n th a le r ,  B e lsk y , G o ld s te in ,  &

Menna, 1967 s Kazama, 1 9 6 9 ? and Sykes & P o r t e r ,  197*0 and th e  

r e s p i r a t i o n  r a t e  (Kazama, 1969} D av id so n , 1969 ) .  S ie g e n th a l e r ,  

B e lsk y , G o ld s te in ,  & Menna show t h a t  in  T h ra u s to c h v tr iu m  th e  

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

o sm o tic  e f f e c t s .  Among th e  C h y t r i d i a l e s  o n ly  a  few  s p e c ie s  

a r e  c o n s id e re d  to  be e n t i r e l y  m a rin e  and  to  my know ledge o n ly  

P h ly c to e h v tr iu m  m a n g ro v ii  h as  b een  d e m o n s tra te d  t o  have a  

g ro w th  re q u ire m e n t  f o r  NaCl (U lk en , 1 9 7 2 ). N u t r i t i o n a l l y  

P h lv c to c h v tr iu m  m a n g ro v ii  d i f f e r s  from  th e  P h ly c to c h y tr iu m  

i n  th e  p r e s e n t  s tu d y  in  t h a t  CaClg d o es  n o t  p rom ote  g ro w th  

o f  th e  fo rm e r .

In  m a rin e  b a c t e r i a  Na+ i s  r e q u i r e d  f o r  u p ta k e  o f  

s p e c i f i c  m o le c u le s  (Thompson & MacLeod, 1971» 1973; S p r o t t  

& MacLeod, 1972) and  i s  a l s o  r e q u i r e d  f o r  th e  s y n th e s i s  

o f  s p e c i f i c  p r o t e in s  (Webb & P ayne, I 97I ) .  I t  i s
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b e l ie v e d  t h a t  Na+ f u n c t io n s  i n  some way t o  m a in ta in  th e  

i n t e g r i t y  o f  th e  c e l l  w a l l  o f  m a rin e  b a c t e r i a  (B uckm ire & 

MacLeod, 1 9 6 4 ).

The p r e s e n t  work f u r t h e r  v a l i d a t e s  th e  g e n e r a l l y  

a c c e p te d  c o n c e p t t h a t  th e  r e q u ire m e n t  f o r  h ig h  l e v e l s  o f  

Na+ and p o s s ib ly  Mg++ i s  c h a r a c t e r i s t i c  o f  m a rin e  m ic ro 

o rg an ism s  (MacLeod, 1965; Kazama & F u l l e r ,  1973; V is h n ia c ,  

1960} U lken , 1972j G o ld s te in ,  1 9 6 3 )• In  a d d i t i o n  i t  

i s  shown t h a t  a t  l e a s t  i n  P h lv c to c h v tr iu m  (7 1 -1 -E )  KT*" 

and Ca"*-1" a t  l e v e l s  r e p r e s e n t a t i v e  o f  t h e  m a rin e  e n v iro n 

m ent s t im u la t e  g ro w th . When th e  o p tim a l  l e v e l s  o f  e ac h  o f  

th e  f o u r  m a jo r  c a t i o n s  a r e  com pared t o  th e  c o n c e n t r a t io n s  

found  i n  th e  e s tu a r y  w here t h e  o rg an ism  was i s o l a t e d  i t  

a p p e a re d  t h a t  th e  e s tu a r y  c an  m eet th e  r e q u ire m e n ts  o f  th e  

fu n g u s . The i n a b i l i t y  o f  t h e  fu n g u s  t o  p ro p a g a te  i n  pond

w a te r  m ed ia  o r  sodium  f r e e  m ed ia  d e m o n s tra te s  t h a t  i t  

w ould be  s e v e r e ly  l i m i t e d  in  m ost t e r r e s t r i a l  o r  f r e s h 

w a te r  e n v iro n m e n ts .

T h e re  a r e  s e v e r a l  ways t o  s t a t e  w hat c h a r a c t e r i z e s  

a  m a rin e  fu n g u s  b a se d  on m in e ra l  n u t r i t i o n .  S in c e  some 

n o n -m a rin e  t e r r e s t r i a l  f u n g i  c a n  t o l e r a t e  h ig h  l e v e l s  o f  

NaCl o r  o th e r  s a l t s  (T re s n e r  & Hayes,  1971) i t  i s  b e l ie v e d  

t h a t  many f u n g i  r e c o v e re d  from  th e  m a rin e  en v iro n m e n t a r e  

o f  t e r r e s t r i a l  o r i g i n  (Jo h n so n  & S p arro w , 1961 ) and a r e  

c a p a b le  o f  w i th s ta n d in g  th e  e l e v a te d  io n ic  c o n c e n t r a t io n .  

T h e re  i s  e v id e n c e  t h a t  t h e  d ev e lo p m en t o f  s e x u a l  s t a g e s  

i n  phycom ycetous f u n g i  may be  re d u c e d  w ith  in c r e a s in g  

s a l i n i t i e s  (Hohnk, 1 9 5 6 ). O th e r  f u n g i  su ch  a s  t h e  members



o f  t h e  B l a s t o c l a d i a l e s  have n o t  b e en  r e p o r te d  from  m a rin e  

w a te r s  (S p arro w , i 9 6 0 ) and a r e  a p p a r e n t ly  i n t o l e r a n t  o f  

th e  e n v iro n m e n t. I n  some " t e r r e s t r i a l "  s p e c ie s  w hich  a r e  

know/?to e x i s t  i n  t h e  m a rin e  en v iro n m e n t i t  h a s  b een  demon- . '■ 

s t r a t e d  t h a t  th e  a b i l i t y  t o  p ro d u c e  c e l l u l a s e s  i s  enhanced  

by  in c r e a s e d  s a l i n i t y  (Kazama, 1 9 7 ^ )•  B ooth  (1971) s u g g e s ts  

t h a t  t e r r e s t r i a l  s p e c ie s  fo u n d  in  th e  m a rin e  en v iro n m e n t 

may r e p r e s e n t  e c o ty p e s .  I t  h as  a l s o  b een  s u g g e s te d  t h a t  

some o rg an ism s  may be  l i m i t e d  to  th e  m a rin e  en v iro n m en t 

b e c a u se  i n  a d d i t i o n  to  n u t r i t i o n a l  r e q u ire m e n ts  t h e r e  

a r e  c lo s e  r e l a t i o n s h i p s  to  o th e r  o b l i g a t e l y  m a rin e  o rg an ism s  

a s  i n  th e  c a s e  o f  P v th ium  m arinum . p a r a s i t i c  on P o ro h v ra  m in ia ta  

(Kazama & F u l l e r ,  1 9 7 3 ). R em ain ing  a r e  th o s e  w hich  c a n n o t 

t o l e r a t e  th e  f r e s h w a te r  en v iro n m e n t and r e q u i r e  s a l t s  a t  l e v e l s  

w hich  c an  o n ly  be s u p p l ie d  by  th e  m a r in e  o r  m a r in e - l ik e  

e n v iro n m e n t. The o rg an ism  u se d  i n  th e  p r e s e n t  s tu d y  i s  

o b v io u s ly  a  member o f  t h i s  g ro u p . The o n ly  g ro u p  o f  f u n g i  

e x c lu s iv e  i n  t h i s  r e s p e c t  i s  t h e  L a b y r in th u la c e a e -  

T h ra u s to c h y r ia o e a a  com plex and i t  even  a p p e a r s  t h a t  t h e r e  

may be some e x c e p t io n s  t o  t h i s  g e n e r a l i z a t i o n  s in c e  some 

w o rk e rs  have shown L a b v r in th u la  sp p . c a p a b le  o f  g ro w th  on 

f r e s h w a te r  m ed ia . (A sch n e r, 1958; P e r k in s ,  197^» p e r s o n a l  

co m m u n ica tio n ; and my own o b s e r v a t io n s ) .  Jo h n so n  and S parrow  

make a  p o in t  t h a t  t h e r e  c an  be  no a l l - e n c o m p a s s in g  d e f i n i t i o n  

o f  w hat m akes a  fu n g u s  m a rin e  s in c e  e a ch  i n d i v i d u a l  o r  g ro u p  

i n t e r a c t  d i f f e r e n t l y  w ith  th e  m arin e  e n v iro n m e n t.



The p r e s e n t  s tu d y  d e m o n s tra te s  t h a t  Na+ i n  s u f f i c i e n t  

q u a n t i t y  t o  s u p p o r t  g ro w th  o f  t h i s  e s tu a r i n e  P h ly c to c h y tr iu m  

s p e c ie s  c a n n o t be p ro v id e d  b y  m ost t e r r e s t r i a l  o r  a q u a t ic  

h a b i t a t s .  G iven t h i s  r e l a t i o n s h i p ,  two m a jo r  q u e s t io n s  

s ta n d  o u t .  F i r s t ,  w hat e f f e c t  d o es  sodium  have on th e  sy n 

t h e s i s ,  g ro w th , and  u l t i m a t e l y  m o rp h o g e n es is  o f  th e  o rg an ism ? 

S econd , c an  a  f u n c t io n a l  r o l e  be  a s s ig n e d  t o  sdoium  i n  t h i s  

fu n g u s?  The fo l lo w in g  s e c t io n s  r e p r e s e n t  an  a t te m p t  to  r e 

s o lv e  th e s e  q u e s t io n s ,  and  may le a d  to  a  b e t t e r  u n d e r s ta n d 

in g  o f  t h i s  o b l i g a t e l y  m a rin e  fu n g u s .



SECTION I I  THE EFFECT OF SODIUM ON GROWTH AND DEVELOPMENT

INTRODUCTION 

I t  h a s  lo n g  b een  r e c o g n iz e d  t h a t  th e  m orphology  

o f  f u n g i  can  be a f f e c t e d  by  i t s  n u t r i t i o n a l  e n v iro n m en t 

(C o ch ran e , 1958; S p arro w , I 9 6 0 ; and Hawker, 1957> 1 9 6 6 ). 

N u t r i t i o n  i s  n o t  how ever, t h e  o n ly  f a c t o r  w hich  a f f e c t s  

th e  m o rp h o g e n es is  o f  f u n g i .  C a n tin o  (1966) h a s  s t a t e d  

t h a t  an e n d le s s  l i s t  o f  f a c t o r s ;  p h y s ic a l ,  c h e m ic a l,  

and b i o l o g i c a l »w i l l  e f f e c t  th e  d i r e c t i o n  and c o m p le tio n  

o f  m o rp h o g e n e s is . I n  t h e  m a rin e  and e s tu a r i n e  e n v ir o n 

m ent th e  a f f e c t  o f  s a l i n i t y  i s  l o g i c a l l y  s u s p e c te d  o f  

h a v in g  m a jo r  e f f e c t s  on m o rp h o g e n e s is . The t o n i c i t y  

o f  s e a w a te r  c o u ld  c a u s e  t e r r e s t r i a l  o r  a q u a t ic  s p e c ie s  

t o  p la sm o ly z e , and th e  h ig h  c o n c e n t r a t io n  o f  c h lo r id e  

and sodium  io n s  m ig h t b e  to x i c  t o  some o rg a n ism s . C e l l s  

may be o b l ig a te d  t o  expend g r e a t  am ounts o f  e n e rg y  t o  

p r e v e n t  e n t r y  o f  e x c e s s  Na+ . Y e t, no s t r u c t u r e s  have 

b een  i d e n t i f i e d  w hich  a r e  p e c u l i a r  to  m a rin e  f u n g i  and  

w hich  w ould augm ent t h e i r  s u r v i v a l  in  m a rin e  w a te r s  

(Jo h n so n  & S p arro w , 1 9 6 1 ) . T h ere  have b een  s tu d i e s  w hich  

i d e n t i f i e d  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  w hich  seem t o  

be c o r r e l a t e d  w ith  s a l i n i t y  o f  th e  m a rin e  e n v iro n m e n t.

In  s tu d y in g  th e  e f f e c t s  o f  s e a w a te r  and  NaCl on s e v e r a l  

c h y t r id s ,S c h o lz  (1958) fo u n d  t h a t  i n  some s p e c ie s  th e
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in c r e a s e d  s a l i n i t i e s  c a u se d  l a r g e r  s p o ra n g ia ,  e n la r g e 

m ent and p r o t r u s io n  o f  e x i t  p a p i l l a e ,  and  a  r e p r e s s i o n  o f  

r e s t i n g  s p o re  fo rm a tio n .  A lth o u g h  NaCl and  s e a w a te r  had 

d e f i n i t e  e f f e c t s  on th e  m o rp h o g e n es is  o f  th e  f u n g i  he 

s tu d i e d ,  none o f  th e  o rg an ism s  r e q u i r e d  th e  p re s e n c e  o f  

NaCl o r  s e a w a te r  f o r  t h e i r  d e v e lo p m en t. Ulkfen (1972) 

fo u n d  t h a t  P h lv c to c h v tr iu m  m a n g ro v ii  n o t  o n ly  r e q u i r e d  

NaCl f o r  g ro w th  b u t  t h a t  th e  o rn a m e n ta tio n  o f  i t s  t h a l l u s  

c o u ld  be c o r r e l a t e d  to  th e  s a l i n i t y  a t  w hich  i t  was grow n. 

A cco rd in g  to  Hohnk (1 9 5 2 . 1 9 5 6 ). th e  s a l i n i t y  o f  th e  

en v iro n m e n t h a s  a l s o  b een  r e l a t e d  t o  th e  p r o d u c t io n  o f  

s e x u a l  s t a g e s  in  phycom yceteous fu n g i  and  t o  th e  d i s t r i 

b u t io n  o f  P h ycom ycetes , A scom ycetes, and F ung i I m p e r f e c t i .

I n  g e n e r a l  i t  i s  th o u g h t  t h a t  th e  A scom ycetes and 

F u n g i I m p e r f e c t i  a r e  b r o a d ly  t o l e r a n t  o f  h ig h  s a l t  con 

c e n t r a t i o n s  and w i l l  g ro w v e ll  i n  h y p e r s a l in e  c o n d i t io n s  

(V is h n ia c ,  i 96 0 ) .  B a s id io m y c e te s  seem  t o  be  l e s s  t o l e r a n t  

o f  h ig h  s a l t  c o n c e n t r a t io n  (T re s n e r  and H ayes, 1971) and 

w i th in  t h e  a q u a t ic  p h y com ycetes  th e r e  may be some g ro u p s  

w hich  a r e  m ore s u i t e d  to  th e  m arin e  en v iro n m e n t th a n  o th e r s .  

F o r exam ple , Hohnk (1956) fo u n d  t h a t  m ore b i f l a g e l l a t e  

th a n  u n i f l a g e l l a t e  fo rm s c o u ld  be i s o l a t e d  from  b r a c k i s h  

o r  m a rin e  w a te r s  and t h a t  th e  r e v e r s e  was t r u e  in  f r e s h 

w a te r  and  t e r r e s t r i a l  e n v iro n m e n ts . As a  r e s u l t  o f  th e s e  

and many o th e r  o b s e rv a t io n s  r e l a t i v e  t o  t h e  m a rin e  e n v iro n 

m e n t, one m ust c o n c lu d e  t h a t  th e  m arin e  en v iro n m e n t m ust 

in f lu e n c e  th e  m o rp h o g e n esis  o f  some f u n g i .



The im p o rta n c e  o f  m o rp h o lo g ic a l ly  c o n s e r v a t iv e  f e a t u r e s  

i n  c l a s s i f i c a t i o n s  i s  w e l l  known and th e  v a r i a b i l i t y  o f  f e a 

t u r e s  u se d  t o  c l a s s i f y  some members o f  th e  P h ly c t id ia c e a e  

( e .g .  P h iv c to c h y tr iu m  & R hizophydium ) h a s  b een  n o te d  by 

s e v e r a l  w o rk e rs  (B a r r ,  1969; Kazama, 1972; Koch, 1957; 

S parrow , 1969; C h o n g *  B a r r ,  197^; Couch, 1 9 3 2 ). T h e re fo re ,  

i t  i s  o f  c o n s id e r a b le  im p o rta n c e  t h a t  th e  c h a n g es  w hich  a r e  

c a u se d  b y  th e  n o rm a l v a r i a t i o n  in  th e  en v iro n m e n t be  e lu 

c id a t e d ,  e s p e c i a l l y  in  th e  e s t u a r i n e  en v iro n m e n t w here t h e r e  

i s  su c h  a  g r e a t  ra n g e  o f  s a l i n i t i e s .  I t  i s  a l s o  im p o r ta n t  

t h a t  th e  ra n g e  o f  ch an g es  i n  th e  g ro w th  and d ev e lo p m en t w hich  

a r e  c a u se d  by  e n v iro n m e n ta l  p a ra m e te rs  be e s t a b l i s h e d  b e fo re  

w o rk e rs  a t te m p t  to  a s s ig n  e c o lo g ic a l  im p l i c a t io n s  t o  t h e i r  

p re s e n c e  in  t h a t  e n v iro n m e n t.

To f u r t h e r  u n d e r s ta n d  how s a l i n i t y  a f f e c t s  th e  d e v e l 

opment and  m o rp h o g e n e s is , P h ly c to c h v tr iu m  c e l l s  i n  sy n c h ro 

no u s c u l t u r e  w ere o b se rv e d  th ro u g h o u t  a  s in g l e  l i f e  c y c le  

w h ile  g ro w in g  a t  s e v e r a l  d i f f e r e n t  c o n c e n t r a t io n s  o f  sodium . 

The sodium  io n  was ch o sen  b e c a u se  1) p r e l im in a r y  e x p e r im e n ts  

have shown t h a t  i t  do es  have m orphogenic  e f f e c t s ,  2 ) i t  i s  

th e  m a jo r  c a t i o n  i n  s e a w a te r ,  and 3) p r e v io u s  w o rk e rs  have 

found  r e a s o n  to  b e l i e v e  i t  h a s  d i r e c t  e f f e c t s  on th e  m eta 

b o lism  o f  o b l i g a t e l y  m a rin e  m ic ro o rg a n ism s  (MacLeod, 1965; 

S ie g e n th a l e r ,  B e lsk y , G o ld s te in ,  & Menna, 1967 ) .  The m a jo r 

t r e n d s  o f  m orphogenic d e v e lo p m e n t, w hich  r e l a t e  t o  th e  co n 

c e n t r a t i o n  o f  sod ium , a r e  r e p o r te d  in  t h i s  s e c t i o n .



MATERIALS AND METHODS 

C u l tu r e s  w ere e s t a b l i s h e d  e i t h e r  i n  30ml t i s s u e  c u l t u r e  

f l a s k s  (5  ml medium) o r  in  a  5 ml Z e is s  p la n k to n  c o u n t in g  

cham ber (1 ml medium) a s  d e s ig n e d  f o r  u se  on th e  Z e is s  

in v e r te d  m ic ro s c o p e . E x c ep t w here o th e rw is e  s t a t e d  th e  i n 

oculum  was a  s u s p e n s io n  o f  c y s t s  p re p a re d  a s  p r e v io u s ly  d e s 

c r ib e d .  The d ev e lo p m en t o f  th e  c e l l s  i n  b o th  o f  th e s e  cham

b e r s  can  be docum ented p h o to g r a p h ic a l ly  a l th o u g h  th e  o p t i c a l  

q u a l i t y  o f  th e  l a t t e r  i s  f a r  s u p e r io r .  A g i ta t io n  was d e la y e d  

a b o u t 1 h o u r u n t i l  m ost c e l l s  a t t a c h e d  to  t h e  o p t i c a l  s u r f a c e ,  

a f t e r  w hich  a g i t a t i o n  a t  110 R3PM was begun on th e  G-2 s h a k e r .  

The d e f in e d  medium was p r e v io u s ly  d e s c r ib e d  and th e  v a r i a 

t i o n s  o f  Na+ c o n te n t  a r e  n o te d  i n  th e  r e s u l t s .  The b a s a l  

medium w ith o u t  sodium  i s  r e f e r r e d  t o  a s  th e  s o d iu m -fre e  

(SF) medium, th e  medium c o n ta in in g  0.0216M  NaCl i s  th e  low  

sodium  (LS) medium, th e  one w ith  0.237M  NaCl i s  r e f e r r e d  to  

a s  t h e  " o p tim a l sodium " (OS) medium, and th e  one w ith  0.517M 

NaCl i s  r e f e r r e d  to  a s  th e  h ig h  sodium  (HS) medium. (See 

s e c t io n  I  f o r  p r e p a r a t i o n . )  The m ethods c o n d i t io n s  f o r  e ach  

e x p e r im e n t a r e  s t a t e d  i n  th e  t e x t .  S iz e s  g iv e n  a r e  a v e ra g e s  

b a se d  on 50 t o  100 m easu rem en ts .
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RESULTS
Developmental c v c le  v s .  c o n c e n t r a t io n  o f  so d iu m .

Times n e c e s s a r y  to  co m p le te  t h e  l i f e  c y c le  a t  th r e e  

c o n c e n t r a t io n s  o f  sodium  w ere d e te rm in e d  and th e  r e s u l t s  a r e  

fo u n d  i n  T a b le  6 . I t  was shown t h a t ,  w i th in  th e  u s u a l  l i m i t s  

o f  sodium  c o n c e n t r a t io n s  e n c o u n te re d  by  t h i s  o rg an ism , th e  

l e n g th  o f  t im e  n e c e s s a r y  t o  c o m p le te  th e  l i f e  c y c le  in c r e a s e d  

a s  sodium  c o n c e n t r a t io n s  i n c r e a s e d .  As p r e v io u s ly  in d ic a te d  

(T a b le  2) th e  s i z e  o f  th e  m a tu re  sp o ran g iu m  in c r e a s e d  w ith  

sodium . The l i f e  c y c le  a s  i t  t a k e s  p la c e  i n  LS, OS, and 

HS i s  shown i n  F ig u re s  3* ancl 5« The d ev e lo p m en t was 

e s s e n t i a l l y  a s  d e s c r ib e d  by  Kazama (1972) b u t  w i th  a  few  

a d d i t i o n s  and e x c e p t io n s .  The g ro w th  h e re  r e p r e s e n te d  o n ly  

t h a t  o b se rv e d  i n  th e  d e f in e d  medium and some o f  th e  p o in t s  

o f  d e p a r tu r e  betw een  t h i s  d e s c r i p t i o n  and  t h a t  o f  Kazama 

(1972) a r e  p o s s ib ly  due i n  p a r t  t o  th e  n a t u r e  o f  th e  medium. 

The m ain f e a t u r e s  I  w ish  to  d e s c r ib e  h e re  a r e  th o s e  r e l a t i n g  

to  sodium  c o n te n t  o f  th e  medium. The c y s t  g e rm in a te d  p ro d u c 

in g  an  u n b ran ch ed  germ  tu b e  a t  a b o u t 1 - 2  h o u rs  i n  LS, and 

OS, and a t  a b o u t 3 h o u rs  i n  HS. G e rm in a tio n  to o k  p la c e  in  

SF a t  a b o u t th e  same tim e  a s  i n  LS. By th e  f o u r t h  h o u r th e r e  

was a  d i f f e r e n c e  in  th e  a v e ra g e  l e n g th s  o f  t h e  germ  tu b e  

r e p r e s e n t i n g  d i f f e r e n t  r a t e s  o f  d ev e lo p m en t. At f o u r  h o u rs  

th e  germ tu b e  was 33n lo n g  i n  SF o r  LS, 22p, lo n g  i n  OS, and
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11 jx lo n g  i n  HS. In  SF t h e r e  was o f te n  a  s l i g h t  s w e l l in g  

a t  t h e  te rm in u s  o f  t h e  germ  tu b e  and i n  c u l t u r e s  e x te n s iv e ly -  

w ashed w ith  SF t h i s  was th e  maximum e x te n t  o f  d ev e lo p m en t 

( F ig u re  6 ) .  The r h i z o id  p ro d u ced  th e  f i r s t  b ra n c h  a t  a b o u t 

+ 6 h o u rs  in  LS, a t  7 h o u rs  in  OS, and  a t  8 .5  t o  9 h o u rs  in  

HS. F u r th e r  b ra n c h in g  to o k  p la c e  a t  i r r e g u l a r  i n t e r v a l s  o f  

tim e  and  c o u ld  o c c u r  a t  any  p o in t  a lo n g  th e  m ain r h i z o i d .

By th e  n i n t h  o r  t e n t h  h o u r t h e  m ain r h i z o id  had re a c h e d  

w hat a p p e a re d  t o  be i t s  maximum l e n g th  b e f o r e  i t  became 

i n d i s t i n g u i s h a b l e  ffcd'm th e  new s e c o n d a ry  and t e r t i a r y  b ra n c h e s .  

At t h i s  t im e  i t  was a p p ro x im a te ly  5 5 n lo n g  in  LS and OS, and 

3 5 U lo n g  i n  HS. D u rin g  th e  n e x t  10-12  h o u rs  th e  t h a l l u s  

e n la rg e d  from  a  d ia m e te r  o f  a b o u t 7 H "to 8|x i n  LS, 12jx i n  OS, 

and  12M- in  HS. The b ra n c h in g  p a t t e r n  a p p e a re d  to  d i f f e r  

w ith  t h e  sodium  l e v e l .  I n  LS t h e r e  was a  te n d e n c y  f o r  many 

s e c o n d a ry  r h i z o i d s  t o  fo rm  a  r i g h t  a n g le  t o  t h e  p r im a ry  

r h i z o id  d u r in g  t h i s  p e r io d .  At h ig h e r  Na+ c o n c e n t r a t io n s  

th e  te n d e n c y  was to w ard  b ra n c h in g  a t  an  a n g le  o f  l e s s  th a n  

90° t o  th e  d i s t a l  p o r t i o n  o f  th e  r h i z o id  (F ig u r e s  3b , 4 o ,d ,  

and 5 d - g ) . By th e  t im e  d ev e lo p m en t was c o m p le te  t h e  maximum 

e x te n t  o f  b ra n c h in g  was much l e s s  i n  LS th a n  i n  OS o r  HS. 

D u rin g  d ev e lo p m en t o f  t h e  t h a l l u s  t h e r e  was a  g r a d u a l  

in c r e a s e  i n  th e  num ber and  a p p e a ra n c e  o f  i n c l u s i o n  b o d ie s .

W ith a  b r i g h t f i e l d  o r  p h a se  c o n t r a s t  m ic ro sc o p e  th e  z o o so re  

and  c y s t  showed a  s in g l e  h ig h ly  r e f r a c t i l e  g l o b u l e . . T h is  

s t r u c t u r e  was t h e  o n ly  e a s i l y  r e c o g n iz a b le  s t r u c t u r e  u n t i l



a b o u t th e  1 5 th  t o  24-th h o u r  o f  d ev e lo p m en t. By u s in g  

p h a se  c o n t r a s t  m ic ro sc o p y  i t  was p o s s i b l e  t o  s e e  w hat 

a p p e a re d  t o  be  a  s in g l e  n u c le u s  and th e  o th e r  o b s e rv a b le  

i n c l u s i o n s  in c r e a s e d  r a p i d l y  i n  num ber. The t im in g  o f  

t h e s e  e v e n ts  a l s o  changed  w ith  th e  c o n c e n t r a t io n  o f  

sod ium . In  LS i t  b e g in s  a t  a b o u t 15-22  h o u r s ,  i n  OS 

a t  18-22  h o u rs ,  and HS a t  22-24- h o u rs .  The p r o l i f e r a t i o n  

o f  th e s e  in c lu s io n s  c o n tin u e d  and  e v e n tu a l ly  th e  c e l l  was 

f i l l e d  w ith  v a c u o le s ,  n u c l e i ,  and a d d i t i o n a l  i n c lu s io n s  

i n  a  hom ogeneous p a t t e r n .  L a te r ,  t h e  i n c l u s i o n  b o d ie s  

became c o n c e n t r a te d  towai*d th e  b a s a l  p o r t i o n  o f  th e  c e l l  

and  th e  p o r t i o n  above i t  c o n ta in e d  c l e a r  c y to p la sm  (a  

s ta g e  n o t  r e c o rd e d  by  Kazama, 1 9 7 2 ) . T h is  o c c u r re d  a t  

a p p ro x im a te ly  4-2 h o u rs  i n  LS, 4-8 h o u rs  i n  OS, and 65 h o u rs  

i n  HS. O b s e rv a t io n s  have shown t h a t  th e  fo rm a tio n  o f  e x i t  

p a p i l l a e  can  b e g in  once th e  c y to p la sm  h a s  ta k e n  on t h i s  

d iv id e d  a p p e a ra n c e . The fo rm a tio n  o f  t h e  e x i t  p a p i l l a e  

a p p e a re d  t o  b e g in  a t  an  e a r l i e r  d e v e lo p m e n ta l s ta g e  i n  HS 

w here i t  was n o te d  soon  a f t e r  th e  c l e a r  a r e a  form ed ( 60-70  

h r . ) .  I n  OS i t  was n o t  e v id e n t  u n t i l  j u s t  p r i o r  t o  c le a v a g e  

(6 5 -7 5  h r ) .  The s i z e  and form  o f  th e  e x i t  p a p i l l a e  a l s o  

v a r i e d  w ith  t h e  sodium  c o n te n t  o f  t h e  medium. In  LS and 

OS th e  p a p i l l a e  w ere s m a ll  and  d id  n o t  p r o t r u d e  g r e a t l y  

above th e  c irc u m fe re n c e  o f  t h e  spo ran g iu m  w a l l  (F ig .  7 ) 

b u t  in  HS th e  w a l l  o f  th e  sp o ran g iu m  expanded  a s  i f  u n d e r  

p r e s s u r e  i n  t h e  l o c a t i o n  w here th e  p a p i l l a e  w ould fo rm  and 

rem ain ed  so  u n t i l  p r i o r  t o  c le a v a g e  when th e  p lu g  a p p a r e n t ly  

becam e f u l l y  d i f f e r e n t i a t e d .  P r i o r  t o  c le a v a g e  th e  c l e a r



37

a r e a  u n d e r ly in g  th e  p a p i l l a e  was f i l l e d  w ith  g r a n u la r  

m a t e r i a l  once a g a in .  The r e d i s t r i b u t i o n  o f  g r a n u la r  

m a t e r i a l  p r i o r  t o  c le a v a g e  a l s o  o c c u r re d  in  IS  and OS.

The tim e  a t  w hich  p a p i l l a e  w ere form ed i s  d is c u s s e d  by  

Kazama (1972) who s t a t e d  t h a t  p a p i l l a e  w ere fo rm ed d u r in g  

o r  a f t e r  c le a v a g e  w h ereas  B l a s t o c l a d i e l l a  form ed them  

b e f o r e  c le a v a g e .  The p r e s e n t  o b s e r v a t io n s  have shown 

t h a t  th e  o n s e t  o f  t h i s  e v e n t may v a r y  w ith  th e  s a l i n i t y  

(Na+ ) o f  t h e  medium and t h i s  made i t  d i f f i c u l t  t o  a s c r i b e  

any  p h y lo g e n e t ic  r e l a t i o n s h i p  b a s e d  on th e  tim e  o f  e x i t  

p a p i l l a  f o rm a t io n .  P o r t e r  and  S m ile y (197 40 have d e t e r 

m ined t h a t  i n  th e  m a rin e  P h lv c to e h v tr iu m  th e y  exam ined 

t h e  s i t e s  o f  e x i t  p a p i l l a e  w ere d e te rm in e d  p r i o r  t o  c le a v a g e .



F ig u re  3* L i f e  h i s t o r y  i n  LS

M ic ro g rap h s  show f e a t u r e s  o f  d ev e lo p m en t 

a s  r e p r e s e n te d  i n  LS. a )  G erm ling  a t  4  h o u rs  

show ing  e x c e p t io n a l ly  e lo n g a te  germ tu b e  and 

s in g l e  r e f r a c t i l e  i n c l u s i o n ,  b ) F o rm a tio n  o f  

num erous p e r p e n d ic u la r  b ra n c h e s  a lo n g  germ 

tu b e .  At 18 h o u rs  some c e l l s  j u s t  b e g in n in g  

to  show m ore th a n  one i n c l u s i o n ,  n u c le u s  

v i s i b l e  (may be  d i v i d i n g ) , c ) By 29 h o u rs  

num erous i n c l u s i o n s  and v a c u o le s  a r e  v i s a b l e .  

R h iz o id  n e tw o rk  h a s  in c r e a s e d ,  d ) T h a llu s  a t  

UO h o u rs  h as  e n la rg e d  and  c y to p la sm  i s  s e g 

r e g a t e s  to  g r a n u le s  in  b a s a l  p a r t  and few  in  

th e  a r e a  a b o v e , e x te n s iv e ,  b u t  n o t  d en se  

r h i z o i d s .  e ) At 55 h o u rs  g r a n u la t io n  o f  th e  

c e l l  i s  a g a in  hom ogeneous, c le a v a g e  has  begun 

and  e x i t  p a p i l l a e  a r e  b e g in n in g  to  fo rm , f )  

At 60+ h o u rs  c le a v a g e  i s  c o m p le te  and e x i t  

p a p i l l a e  a r e  w e l l  d i f f e r e n t i a t e d .  Z o ospores 

w i l l  be  r e l e a s e d  w i th in  a b o u t 1 h o u r . P hase  

c o n t r a s t  m ic ro p h o to g ra p h s . B ar = 20 p, .





F ig u re  4 . L i f e  h i s t o r y  i n  OS

a )  C y st and g e rm lin g  e a c h  show ing  one r e -  

f r a c t i l e  in c lu s io n  l e s s  th a n  i  h o u r  a f t e r  

i n o c u l a t i o n ,  b ) At 1 h o u r germ tu b e  h a s  d e 

v e lo p e d  to  a b o u t £  i t s  maximum le n g th ,  c )

At ^ -8  h o u rs  th e  f i r s t  b ra n c h in g  i s  o b se rv ed  

and th e  germ tu b e  i s  n o t  a s  e lo n g a te  a s  in  

LS, n o te  th e  l e s s  p e r p e n d ic u la r  n a tu r e  o f  

b r a n c h in g ,  d ) S eco n d a ry  b ra n c h e s  a r e  fo rm in g  

a t  12 h o u rss  o n ly  a  s in g l e  b r i g h t  i n c l u s i o n  

and 1 n u c le u s  a r e  v i s a b l e .  e ) At 12 t o  18 

h o u rs  th e  c e l l  becom es b i n u c l e a t e .  f )  More 

e x te n s iv e  b ra n c h in g  and t h a l l u s  e n la rg e m e n t 

n o t i c e a b l e  by  +25 h o u r s ,  i n c lu s io n s  i n c r e a s 

in g  and  4 o r  m ore n u c l e i  p r e s e n t .  V acu o les  

p r e s e n t  b u t  n o t  o b v io u s  i n  p h o to , g ) Many 

in c lu s io n s  by 32 h o u rs ;  r h i z o i d s  have in c r e a s e d  

i n  c o m p le x ity , b e in g  a l r e a d y  much m ore d en se  

th a n  i n  LS. h) At a b o u t 50 h o u rs  th e  c y to 

p lasm  i s  s e g re g a te d  t o  b a s a l  g r a n u le s  and  an  

o v e r ly in g  a r e a ;  r h i z o id  p a t t e r n  h a s  re a c h e d  

maximum d ev e lo p m en t, i )  A few  h o u rs  l a t e r  

p a p i l l a e  b e g in  t o  fo rm , j )  At 70 h o u rs  c l e a v 

ag e  b e g in n in g  a f t e r  r e d i s t r i b u t i o n  o f  g ra n 

u l a t i o n .  k ) c le a v a g e  c o m p le te  and e x i t  p a 

p i l l a e  d i f f e r e n t i a t e d ,  1 ) em pty sp o ran g iu m  

a f t e r  z o o sp o re  d is c h a rg e  a t  75 h o u r s .  B ar*20 n , 

a , d , f , g , i , k , l  ta k e n  u s in g  40x p h a se  c o n t r a s t  

o b j e c t iv e ;  e , h , j ,  lOOx p h ase  c o n t r a s t  o b j e c t i v e .





F ig u re  5* L i f e  h i s t o r y  i n  HS

a )  C y s t w i th  s in g l e  r e f r a c t i l e  i n c l u s i o n  a t

0 t im e ,  b ) G e rm in a tio n  b e g in n in g  a t  2 h o u rs , 

c )  Germ tu b e  a t  5 h o u rs ,  d )  L a t e r a l  b ra n c h e s  

fo rm in g  a t  8 h o u rs ,  s i n g l e  i n c l u s i o n  s t i l l  

p r e s e n t ,  e ) More e x te n s iv e  b ra n c h in g , s t i l l

1 n u c le u s  a t  19 h o u r s ,  f )  Two n u c l e i ,  v a c u 

o le s  and  a d d i t i o n a l  i n c l u s i o n s  a p p e a r  a t  22 

h o u rs ,  g ) By 24  h o u rs  f o u r  n u c l e i  p r e s e n t ,  

h ) At 32 h o u rs  g r a n u la t io n  h as  in c r e a s e d  and 

r h i z o i d s  have begun s t r o n g e r  d e v e lo p m en t, i )  

By 49 h o u rs  t h e r e  i s  s t i l l  g r e a t e r  e n la r g e 

m ent o f  t h a l l u s  and g r e a t e r  d e n s i t y  o f  r h i*  

z o id s .  j )  At 68 h o u rs  th e  c y to p la sm  shows 

b a s a l l y  g r a n u la te d  c y to p la sm , k) R e d i s t r i 

b u t io n  o f  c y to p la s m ic  g r a n u la t io n  j u s t  p r i o r  

t o  c le a v a g e ,  l )  At 74 h o u rs  b e g in n in g  o f  d i f 

f e r e n t i a t i o n  o f  e x i t  p a p i l l a e  and c y to p la s m ic  

c le a v a g e ,  and c o m p le tio n  a t  a b o u t 80 h o u r s .

m & n )  The p r o t r u d in g  e x i t  p a p i l l a e  w hich  b e 

come n o t i c e a b l e 'a t  a b o u t 7 0 -8 0  h o u rs  a t  t h i s  
+Na c o n c e n t r a t io n .

P h o to s  a -d  a r e  w i th  lOOx o b j e c t i v e ,  e-m w ith  

40x p h a se  o b j e c t i v e ,  n  e n la rg e m e n t from  l6 x  

o b j e c t i v e .  Bar= 2 0 p. .





F ig u re  6 . A p h o to g ra p h  from  a  t i s s u e  c u l t u r e  f l a s k  

show ing  th e  maximum e x te n t  o f  d ev e lo p m en t 

i n  SF. N ote th e  k n o b l ik e  s t r u c t u r e  a t  th e  

end o f  th e  germ  tu b e .  The knob i s  a lw ay s 

s e e n  u n d e r  th e s e  c o n d i t i o n s .  Bar=20 |i .





D evelopm ent i n  a  sodium  f r e e  medium (SF)

C e l l s  grown i n  OS f o r  v a r io u s  t im e s  w ere p la c e d  in  

SF and t h e i r  d ev e lo p m en t was o b s e rv e d . T a b le  7 shows how 

th e  a b i l i t y  t o  c o m p le te  d ev e lo p m en t i n  SF ch an g es  w ith  th e  

tim e  o f  in c u b a t io n  i n  OS. A f te r  a b o u t 15 h o u rs  i n  OS th e  

c e l l  a t t a i n e d  th e  a b i l i t y  t o  s u rv iv e  and p ro d u c e  z o o sp o re s  

i n  SF. These z o o sp o re s  do n o t  how ever, p ro d u c e  a n o th e r  

g e n e r a t io n  in  SF. In  an  expanded e x p e r im e n t i t  was found  

t h a t  th e  c o n c e n t r a t io n  o f  sodium  i n  th e  i n i t i a l  g row th  

medium had an  e f f e c t  on th e  tim e  r e q u i r e d  f o r  th e  c e l l  t o  

a t t a i n  t h i s  a b i l i t y  t o  d e v e lo p  i n  SF (T a b le  7)* C e l l s  com

p l e t i n g  d ev e lo p m en t i n  SF w ere somewhat s m a l le r  and  had l e s s  

e x te n s iv e  r h i z o id s  th a n  th e  c o n t r o l s  iri OS and i n  m ost r e 

s p e c t s  th e  d ev e lo p m en t was l i k e  th o s e  d e v e lo p in g  i n  LS. 

Z o o sp o res  p ro d u ced  from  c e l l s  m a tu r in g  i n  SF c o u ld  swim and 

a p p a r e n t ly  w ere n o t  a f f e c t e d  by th e  a b se n c e  o f  sod ium . The 

z o o sp o re s  c o u ld  e n c y s t  and u s u a l l y  a  germ tu b e  c o u ld  d ev e lo p  

i n  t h i s  seco n d  g e n e r a t io n  b u t  th e  num ber o f  c e l l s  g e rm in a t

in g  was low  and co m p le te  d ev e lo p m en t was n e v e r  a c h ie v e d . Re 

p e a te d  a t te m p ts  t o  o b ta in  a  p o p u la t io n  o f  c e l l s  w hich  c o u ld  

c o m p le te  two g e n e r a t io n s  i n  SF w ere u n s u c c e s s f u l .



TABLE 6
Time R e q u ire d  t o  C om plete L i f e  C y c le  a t  D i f f e r e n t  Na*̂  

C o n c e n tr a t io n s  (C y s t Inocu lum )

mM Na+

0 d o es  n o t  c o m p le te  c y c le

2 1 .6  6 0 - 7 0  h o u rs

237 70 -  80 h o u rs

417 80 -  100 h o u rs



TABLE ?
E f f e c t  o f  I n c u b a t io n  i n  LS, OS, and HS on th e  S u b seq u en t

D evelopm ent in  SF

Time o f  change  to  SF % C o m p le tin g  developm en t
( h r s . ) i f  from*

LS OS HS

+ 2 0 0 0

+ 4 0 0 0

+ 8 0 0 0

+ 12 0 0 0

+ 16 <1 25 '$0

+ 20 1 50 >95

+ 24 20 >95 >95

+ 28 50 >95 >95

+ 34 n e a r l y  a l l >95 >95



The e f f e c t  o f  th e  o sm o tic  p r e s s u r e  o f  t h e  medium on th e

dev e lo p m en t o f  e n la rg e d  e x i t  p a p i l l a e  and  o th e r  f e a t u r e s .

To t e s t  t h e  e f f e c t  o f  o sm o tic  p r e s s u r e  on th e  fo rm 

a t i o n  o f  e x i t  p a p i l l a e ,  OS (8 3 I  m i l l io s m o le s )  was b ro u g h t 

t o  a p p ro x im a te ly  1590 m i l l io s m o le s  w ith  a  m a n n i to l  o s -  

m oticum . C e l l s  grown i n  t h i s  medium w ere com pared to  

th o s e  i n  HS and OS w ith o u t  osm oticum  and  i t  was fo u n d  t h a t  

i n  HS and OS w ith  o sm o tic u m ,e n la rg e d  e x i t  p a p i l l a e  w ere 

form ed ( F ig .  7 ) .  In  a d d i t i o n  o b s e r v a t io n s  d u r in g  th e  

e x p e r im e n t r e p o r te d  i n  T a b le  5b showed t h a t  a t  t h e  1185 

t o  1380 m i l l io s m o le s  ra n g e  e n la rg e d  p a p i l l a e  w ere 

o b se rv e d  (n o t i l l u s t r a t e d ) .

At e x c e p t io n a l ly  h ig h  o sm o tic  p r e s s u r e  (1590 m i l l i o s 

m o les) t h e  r h i z o id s  became s h o r t e r  and a p p e a re d  th ic k e n e d  

and  b lu n te d .  T h is  same e f f e c t  was n o t i c e d  o n ly  i n  m edia 

w ith  O .56OM NaCl and  n o t  a t  lo w er c o n c e n t r a t i o n s .  The 

o th e r  f e a t u r e s  o f  d ev e lo p m en t seemed t o  be in d e p e n d e n t o f  

o sm o tic  p r e s s u r e  and  re sp o n d e d  to  ch an g es  i n  Na+ r e g a r d 

l e s s  o f  t h e  o s m o la r i ty  o f  t h e  medium.



F ig u re  7* P r o t r u s io n s  and s a l i n i t y  o r  o s m o la r i ty .

a )  C e l l s  grown i n  HS and w hich  show th e  l a r g e  

p r o t r u s io n  c h a r a c t e r i s t i c  o f  t h i s  s a l i n i t y .

b) C e l l s  grown in  OS o s m o t ic a l ly  a d ju s te d  w ith  

m a n n ito l  t o  th e  t o n i c i t y  o f  th e  medium in  a .  

N ote t h e  same l a r g e  p r o t r u s io n s  w here e x i t  

p a p i l l a e  a r e  fo rm in g .

c )  C e l l s  grown in  OS and h a v in g  no l a r g e  

p r o t r u s io n s  d u r in g  fo rm a tio n  o f  e x i t  p a p i l l a e .





DISCUSSION

I t  h as  b een  d e m o n s tra te d  t h a t  th e  r a t e  o f  g row th  

and  th e  fo rm  o f  g ro w th ,a re  in f lu e n c e d  by th e  c o n c e n t r a t io n  

o f  NaCl and i n  some c a s e s  by  o sm o tic  p r e s s u r e  o f  t h e  medium. 

W ith th e  e x c e p t io n  o f  th e  tim e  o f  p a p i l l a  fo rm a tio n  th e  

e v e n ts  o f  developm en t seem t o  o c c u r  i n  th e  same seq u en c e  

w ith  tim e  a s  th e  o n ly  m o d ify in g  f a c t o r .  Lower c o n c e n t r a 

t i o n s  o f  :NaCl p e rm it  r a p id  c y c l in g  b u t  th e  e x te n t  o f  

g ro w th  i s  re d u c e d  c o n s id e r a b ly .  T h ere  a r e  a l s o  d i f f e r e n c e s  

i n  th e  b ra n c h in g  p a t t e r n  and e x te n t  o f  d ev e lo p m en t o f  th e  

r h i z o id s  b u t  t h i s  i s  a  r e l a t i v e l y  s u b t l e  d i f f e r e n c e .  The 

tim e  o f  e x i t  p a p i l l a e  fo rm a tio n  i s  m ore o b v io u s  and th e  

i n i t i a t i o n  o f  t h i s  e v e n t  a p p e a r s  e a r l i e s t  a t  th e  h ig h e s t  

c o n c e n t r a t io n  o f  sod ium . I t  a l s o  a p p e a rs  t h a t  t h i s  f e a t u r e  

o f  dev elo p m en t i s  m ore c l o s e l y  r e l a t e d  t o  t h e  o sm o tic  

p r e s s u r e  o f  th e  medium th a n  t o  i t s  sodium  c o n te n t s .

M orphogenic e f f e c t s  due t o  ch an g es  i n  t h e  m a rin e  

e n v iro n m e n t a r e  n o t  u n e x p e c te d . In  th e  c h y t r i d s  s i m i l a r  

e f f e c t s  on th e  s i z e  o f  s p o ra n g ia  and th e  m orpho logy  o f  

e x i t  p a p i l l a e  have b ee n  n o te d  by  S c h o lz  (1958)* S e p a r a t io n  

o f  th e  e f f e c t s  o f  Na+ from  th e  o sm o tic  e f f e c t s  h as  n o t  

b een  p r e v io u s ly  e l u c id a t e d .  The e n la rg e m e n t o f  s p o ra n g ia  

c a n n o t be  a t t r i b u t e d  d i r e c t l y  t o  o sm o tic  p r e s s u r e ,  s in c e
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a  h y p e r to n ic  s o lu t i o n  w ould r e s u l t  i n  p la s m o ly s i s ,  b u t  

th e  in c r e a s e d  s i z e  i s  i n s t e a d  a  r e s u l t  o f  g row ing  i n  a  

medium h a v in g  a  h ig h  o sm o tic  p r e s s u r e .

S im i la r  c ir c u m s ta n c e s  may be r e s p o n s ib le  f o r  th e  ob

s e rv e d  d e c r e a s e s  in  m o rp h o g e n es is  o f  s e x u a l  s ta g e s  o f  

Oom ycetes i n  b r a c k i s h  w a te r  and s e a w a te r ,  b u t  i n v e s t i g a t i o n s  

o f  t h i s  k in d  a r e  n o t  a v a i l a b l e  f o r  c o m p a riso n . K azam a's  

( 1969 ) i n v e s t i g a t i o n  o f  a  m a rin e  P v th ium  i n d i c a t e s  t h a t  

s e x u a l  s t a g e s  a r e  p ro d u ced  i n  an  a r t i f i c i a l  medium w ith  a  

r e l a t i v e l y  h ig h  s a l i n i t y ,  b u t  h i s  fu n g u s  h a s  b een  shown to  

be  "m arin e"  by  i t s  g ro w th  r e s p o n s e  to  Na+ . F u r th e r  co m p ari

son  o f  o sm o tic  p r e s s u r e s  and  Na+ l e v e l s  on m arin e  and n o n 

m a rin e  fo rm s w ould be  u s e f u l .

The form  o f  e x i t  p a p i l l a e  and  s i z e  o f  th e  c e l l  a t  m a tu r

i t y  i s  a l s o  im p o r ta n t  from  a  taxonom ic s ta n d p o in t .  In  th e  

P h ly c t id i a c e a e ,  members o f  th e  genus Rhizophvdium  a r e  o f te n  

d i f f e r e n t i a t e d  on th e  b a s i s  o f  th e  ty p e  o f  e x i t  p a p i l l a e  and 

th e  s i z e  o f  th e  sporang ium  (S p arro w , i 9 6 0 ) .  W hile i t  i s  t r u e  

t h a t  t h i s  o rg an ism  i s  t e n t a t i v e l y  i d e n t i f i e d  a s  a  s p e c ie s  o f  

P h lv c to c h v tr iu m  (Kazama, 1 9 7 2 ), i t  i s  p o s s ib l e  t h a t  i t  would 

f i t  i n t o  t h e  gen u s Rhizophvdium  o r  some o th e r  g ro u p  a s  im

p l i e d  by Chong & B a rr  (1 9 7 4 ) . A p ro b lem  a r i s e s  when i t  i s  

r e c o g n iz e d  t h a t  h t e r e  i s  a  b ro a d  v a r i a t i o n  in  t h e  fo rm  o f  

t h i s  fu n g u s  i n  a  s im p le  d e f in e d  medium when o n ly  one s i g n i f i -
J .

c a n t  v a r i a b l e  su ch  a s  Na i s  m a n ip u la te d .  Compounding th e  

taxonom ic  p ro b lem s i s  th e  te n d e n c y  f o r  th e  i n v e s t i g a t o r ,  

who i s o l a t e s  a  fu n g u s  from  th e  m a rin e  e n v iro n m e n t, to  ta x o n -
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o m ic a l ly  c h a r a c t e r i z e  i t  i n  m ed ia  o r  on s u b s t r a t e s  com bined 

w i th  w a te r s  r e p r e s e n t a t i v e  o f  th e  s a l i n i t y  from  w hich  th e  

o rg an ism  was i s o l a t e d  -  r e g a r d l e s s  o f  th e  e f f e c t s  on th e  

m orphology  o f  th e  o rg a n ism . I t  s h o u ld  become o b v io u s  t h a t  

i n  o r d e r  to  c h a r a c t e r i z e  new i s o l a t e s  o r  r e i n v e s t i g a t e  th e  

e s t a b l i s h e d  g e n e ra  we m ust be  aw are o f  th e  m o rp h o lo g ic a l  

p l a s t i c i t y  i n h e r e n t  in  th e  o rg an ism  we a r e  d e s c r ib in g  and o f  

th e  o rg an ism  t o  w hich  we com pare i t .  I t  i s  a l s o  im p o r ta n t  

to  r e c o g n iz e  t h a t  t h e  n u t r i t i o n a l  v a lu e  o f  th e  g ro w th  medium 

i s  a  c o m b in a tio n  o f  b o th  o rg a n ic  and  in o rg a n ic  f a c t o r s  and 

t h a t  s l i g h t  v a r i a t i o n s  o f  th e  in o rg a n ic  f r a c t i o n  may have 

m a jo r  e f f e c t s  on th e  fu n g u s .

M orphogenic r e s p o n s e  to  th e  ra n g e  o f  s a l i n i t i e s  i s  a l s o  

im p o r ta n t  f o r  e c o lo g ic a l  r e a s o n s .  The s i z e  o f  th e  spo rang ium  

w i l l  d e te rm in e  th e  num ber o f  r e p r o d u c t iv e  u n i t s  w hich  w i l l  

be  p ro d u ced  and  s u r v i v a l  may be d e p e n d e n t upon a  h ig h  r e p r o 

d u c t iv e  r a t e .  The com bined e f f e c t  o f  th e  l e n g th  o f  th e  c y c le  

and  th e  u l t i m a t e  s i z e  o f  th e  sp o ran g iu m  (and  th e r e b y  th e  

num ber o f  s p o re s )  w ould i n d i c a t e  t h a t  up  to  a b o u t 0.5M  NaCl 

(35  t o  4 0 ° /o o  s a l i n i t y )  th e  r e p r o d u c t iv e  p o t e n t i a l  in c r e a s e s  

w i th  th e  s a l t  c o n te n t .  I n  a d d i t i o n  t h i s  " o b l i g a t e l y  m a r in e ” 

fu n g u s  h a s  th e  a b i l i t y  t o  t o l e r a t e  th e  a b se n c e  o f  NaCl f o r  

a n  e x te n d e d  p e r io d  o f  t im e  d u r in g  th e  mid p o r t i o n  o f  i t s  

l i f e  c y c l e .  T h is  p ro b a b le  i n c r e a s e s  th e  s u r v i v a l  p o t e n t i a l  

o f  t h e  o rg an ism  i n  th e  i n t e r t i d a l  e s tu a r i n e  en v iro n m e n t w here 

s a l i n i t i e s  f l u c t u a t e  and o c c a s io n a l  in u n d a t io n  w ith  f r e s h 

w a te r  i s  p r o b a b le .
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The a b i l i t y  to  grow  i n  Na f r e e  m ed ia  s u g g e s ts  t h a t  

e i t h e r  th e  o rg an ism  ch an g es  i t s  n u t r i t i o n a l  r e q u ire m e n ts  

a s  i t  d e v e lo p s  o r  t h a t  i t  a c q u i r e s  th e  a b i l i t y  t o  somehow 

s a t i s f y  th o s e  r e q u ir e m e n ts ,  p o s s ib l e  b y  r e t e n t i o n  o f  Na+ .

S in c e  Na+ h a s  b een  im p l ic a te d  i n  u p ta k e  phenom ena in  

L a b v r in th u la  and T h ra u s to c h v tr iu m  ( S ie g e n th a le r ,  B e lsk y , 

G o ld s te in ,  & Menna, 1967} S ykes & P o r t e r ,  1973)* and  p r o t e in  

s y n th e s i s  i n  m a rin e  b a c t e r i a  (Webb & P ay n e , 1971)* i t  i s  

p o s s ib l e  t h a t  t h e  l e v e l  o f  Na+ e f f e c t s  th e  m o rp h o g e n es is  o f  

P h lv c  to e  h v tr iu m  th ro u g h  r e g u l a t i o n  o f  th e s e  p a ra m e te r s .

I t  i s  a l s o  p o s s ib l e  t h a t  th e  r a t e  o f  m o rp h o g e n esis  

c o u ld  be c o n t r o l l e d  b y  some s a l i n i t y  d e p e n d e n t f a c t o r .

G r i f f i t h s  and M o rita  (1973) r e p o r t  t h a t  s a l i n i t y  h a s  an  e f 

f e c t  on th e  h ex o se  m onophosphate pa th w ay  i n  a  m a rin e  b a c t e r 

ium . In  a  sy s tem  o f  t h i s  s o r t  t h e  r a t e  o f  d ev e lo p m en t c o u ld  

b e  c o n t r o l l e d  by  th e  a v a i l a b i l i t y  o f  r ib o s e  f o r  RNA s y n th e s i s .  

D e m o n s tra tio n  o f  a  s i m i l a r  sy s tem  in  P h lv c to c h y tr iu m  w ould 

r e p r e s e n t  a  m a jo r  f in d in g .  The f in d i n g  t h a t  d ev e lo p m en t co n 

t i n u e s  i n  th e  a b se n c e  o f  sodium  b e g in s  to  shed  l i g h t  on o th e r  

p ro b lem  a r e a s .  F o r exam ple , i t  was p r e v io u s ly  su p p o sed  t h a t  

th e  e f f e c t  o f  e n v iro n m e n ta l  f a c t o r s  l i k e  Na+ w ere d i r e c t l y  

in f lu e n c in g  th e  c y to p la s m ic  a c t i v i t i e s ,  b u t  now i t  m ust be 

s u s p e c te d  t h a t  t h i s  i s  n o t  th e  c a s e  and  t h a t  o th e r  r e l a t i o n 

s h ip s  m ust be  i n v e s t i g a t e d .

W ith o u t th e  u s e  o f  sy n c h ro n o u s ly  g ro w in g  p o p u la t io n s  

o f  c e l l s ,  a s  h a s  b een  done in  th e  p r e s e n t  w ork, i t  w ould be 

im p o s s ib le  t o  r e c o g n iz e  i f  th e  r e l a t i o n s h i p s  o f  Na t o  d e 

v e lo p m e n ta l  s t a g e s  e x i s t e d .  S y n c h ro n o u s ly  d e v e lo p in g  c e l l s



a r e  a l s o  im p o r ta n t  i n  th e  p r e s e n t  i n v e s t i g a t i o n  w here th e  

c e l l s  a b i l i t y  t o  r e t a i n  Na+ ( S e c t io n  IV) i s  i n v e s t i g a t e d .

I t  i s  a l s o  u s e f u l  i n  th e  i n v e s t i g a t i o n  o f  th e  way i n  w hich  

Na+ e f f e c t s  th e  p a t t e r n  o f  p r o t e i n  and RNA s y n th e s i s  and how 

s y n th e t i c  e v e n ts  may r e l a t e  t o  th e  u p ta k e  and  in c o r p o r a t io n  

o f  e x o g e n o u s ly  s u p p l ie d  s u b s t r a t e s  ( S e c t io n  I I I ) .



SECTION I I I  ROLE OF SODIUM IN THE UPTAKE AND INCORPORATION 

OF PRECURSORS TO PROTEIN AND RNA

INTRODUCTION

S in c e  sodium  h a s  b ee n  shown t o  in f lu e n c e  th e  m orpho

g e n e s is  o f  t h i s  fu n g u s  i t  i s  p ro b a b le  t h a t  i t  i n  some way 

a f f e c t s  th e  s y n th e t i c  e v e n ts  w hich  p ro d u c e  t h a t  d ev e lo p m en t 

a l  ch an g e  .How ever, t h e r e  a r e  s e v e r a l  b io c h e m ic a l  s t e p s  

w hich  a r e  in v o lv e d  i n  p ro d u c in g  a  m orphogen ic  r e s u l t  from  

an  ex o g e n o u s ly  s u p p l ie d  s o u rc e  o f  n u t r i e n t -  Any o f  th e s e  

s te p s  may be  a f f e c t e d  by  th e  c o n d i t io n s  o f  t h e  c e l l u l a r  

e n v iro n m e n t and  r e s u l t  i n  a  d i s t i n c t  mode o f  d ev e lo p m en t. 

B a s i c a l l y ,  th e  c e l l  m ust b r in g  n u t r i e n t s  i n t o  t h e  c e l l ,  

c h e m ic a l ly  a l t e r  them , and in c o r p o r a te  them  i n t o  th e  

s t r u c t u r a l  o r  f u n c t io n a l  p r o t e in  o f  t h e  c e l l .  H a lv o rso n  

and  Cowie ( 1961 ) have d e s c r ib e d  a  sy s tem  o f  am ino a c id  

p o o ls  i n  y e a s t  c e l l s  b a se d  on e x t r a c t a b i l i t y  in  c o ld  

t r i c h l o r o a c e t i c  a c id  (TCA) and c o ld  w a te r .  I  have u sed  

th e s e  f r a c t i o n s  t o  d e s c r ib e  how Na+ in f lu e n c e s  th e  e n t r y  

o f  p r e c u r s o r s  i n t o  e ac h  p o o l .  In  t h i s  scheme s u b s ta n c e s  

e x t r a c t a b l e  i n  c o ld  w a te r  w ith o u t  TCA a r e  p resum ed t o  be 

l o o s e l y  bound  o r  unbound i n s i d e  th e  c e l l  and  a r e  n o t  h e ld  

on one s id e  o f  th e  membrane a g a in s t  a  c o n c e n t r a t io n  g r a d 

i e n t .  H a lv o rso n  and Cowie ( 1961 ) c a l l  t h i s  t h e  "e x p a n d a b le  

p o o l" .  T h is  p o o l  i s  a l s o  e x t r a c t e d  b y  c o ld  TCA. T h e ir
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" i n t e r n a l  p o o l"  i s  e x t r a c t a b l e  w ith  c o ld  TCA b u t  n o t  w a te r  

a lo n e .  The m ean ing  o f  and  r e a s o n s  f o r  t h i s  c o m p a r tm e n ta li-  

z a t i o n  by  e x t r a c t a b i l i t y  a r e  n o t  e n t i r e l y  c l e a r .  S in c e  

l a r g e r  m o le c u le s  o f  RNA and p r o t e in  a r e  p r e c i p i t a t e d  by  TCA 

( t h e i r  t h i r d  p o o l)  i t  i s  assum ed t h a t  th e  i n t e r n a l  p o o l 

m ust r e p r e s e n t  some change  in  th e  a c t i v i t y  o f  t h e  m o le c u le  

w h ich  m eans t h a t  i t  i s  r e t a i n e d  a g a i n s t  a  c o n c e n t r a t io n  g ra d 

i e n t .  The c o ld  TCA e x t r a c t  m ust a l s o  r e p r e s e n t  m o le c u le s  

w h ich  a r e  to o  sm a ll  t o  be  p r e c i p i t a t e d  by  TCA.



MATERIALS AND METHODS

E x p e rim e n ts  w ere c a r r i e d  o u t i n  30 ml t i s s u e  c u l t u r e  

f l a s k s  w ith  5 ml o f  t h e  d e f in e d  medium. The inocu lum  was 

p re p a re d  a s  p r e v io u s ly  s t a t e d .  F o r  m ost o f  th e  e x p e r i 

m en ts  i t  was im p o r ta n t  t h a t  th e  in o cu lu m  was k e p t low ,

1 x  10-5 c e l l s  p e r  ml o r  l e s s ,  t o  p r e v e n t  o v e rc ro w d in g . 

O vercrow ding  c a u se d  th e  c e l l s  t o  d e ta c h  from  th e  s u r f a c e  

o f  th e  f l a s k  and a l s o  c o n t r ib u te d  t o  a  m e a su re a b le  d e c re a s e  

i n  sy n ch ro n o u s  d ev e lo p m en t.

At th e  end o f  t h e  l a b e l l i n g  p e r io d  (10 m in u te s  u n le s s  

o th e rw is e  n o te d )  th e  c e l l s  w ere h a r v e s te d  and e x t r a c t e d  

to  o b ta in  th e  l a b e l  i n  e a c h  o f  th e  p r e v io u s ly  d e s c r ib e d  

p o o ls .  F i r s t  t h e  c e l l s  w ere " c h a se d "  w ith  an  u n la b e l l e d  

form  o f  th e  i s o to p e  b e in g  u s e d . T h is  n e a r l y  s to p p e d  th e  

u p ta k e  o f  l a b e l .  The l i q u i d  o v e r  th e  c e l l s  was d r a in e d  

away, th e  c e l l s  w ere r in s e d  q u ic k ly  w i th  2 ml o f  u n la b e l l e d  

medium, and th e n  f lo o d e d  w ith  5 ml o f  th e  same f l u i d .  The 

c e l l s  s to o d  in  t h e  s o lu t i o n  f o r  5 m in u te s  a t  room te m p e ra 

t u r e  (24°C) and th e n  th e  s u p e r n a ta n t  ( th e  w a te r  s o lu b le  

p o o l)  was p la c e d  in  a  20 ml s c i n t i l l a t i o n  v i a l  and e v a 

p o r a te d  t o  d ry n e s s  a t  50 t o  70°C. The c e l l s  re m a in in g  i n  

th e  f l a s k  w ere b r i e f l y  r in s e d  a s  b e f o r e  and  f lo o d e d  w ith  

5ml o f  i c e  c o ld  5$ TCA and w ere r e f r i g e r a t e d  a t  4°C o v e r 

n i g h t  f o r  e x t r a c t i o n  o f  th e  c o ld  TCA s o lu b le  p o o l .  G la s s  

b e a d s ,  3mm i n  d ia m e te r ,  w ere th e n  added  t o  th e  f l a s k  and
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a g i t a t e d  to  d is lo d g e  and  d i s r u p t  th e  c e l l s .  A g i ta t io n  

was c o n tin u e d  j u s t  lo n g  enough t o  i n s u r e  rem o v a l o f  a l l  

th e  c e l l s  from  th e  s u r f a c e  o f  t h e  f l a s k  and  th e n  th e  

f l a s k s  w ere a llo w e d  to  re m a in  i n  th e  c o ld  f o r  an  a d d i 

t i o n a l  h o u r . The s u s p e n s io n  was th e n  s e p a r a te d  i n t o  th e  

TCA p r e c i p i t a t e  and  TCA s o lu b le  ( f i l t r a t e )  f r a c t i o n s  by- 

f i l t r a t i o n  th ro u g h  a  M il l ip o r e  ty p e  EH 0 .5  m ic ro n  c e l l u 

lo s e  a c e t a t e  f i l t e r .  B oth  f r a c t i o n s  w ere p la c e d  in  

s c i n t i l l a t i o n  v i a l s  and e v a p o ra te d  to  d r y n e s s .  A f te r  

d r y in g ,  e ach  sam ple  was w e tte d  w ith  one o r  two d ro p s  o f  

d i s t i l l e d  w a te r  and  th e n  th e  sam ple was s o l u b i l i z e d  w ith  

NCS (N u c le a r  C h icago  S o l u b i l i z e r )  and d i s s o lv e d  in  10 ml 

to lu e n e  s c i n t i l l i o n  c o u n t in g  c o c k t a i l i  to lu e n e  1000 m l, PPO 

( 2 ,5 - d ip h e n y lo x a z o le )  6g , POPOP ( t r ip h e n y lo le o x a z o le )  0 .5 g .  

A f te r  s i t t i n g  o v e r n ig h t ,s a m p le s  w ere c o u n te d  on a  Beckman 

M odel LS-50 L iq u id  S c i n t i l l a t i o n  C o u n te r . The LS-50 em

p lo y s  an  e x t e r n a l  s ta n d a rd  t o  a s s e s s  th e  r e l a t i v e  quench  

i n  e ac h  sam ple and h a s  an  a u to m a tic  q u en ch  co m p e n sa to r, 

b o th  o f  w hich  w ere u se d  in  a l l  c o u n ts .

In  s in g l e  l a b e l  e x p e r im e n ts  c o u n ts  w ere made u s in g  

th e  w id e s t  c o u n t in g  windows f o r  th e  a p p r o p r ia t e  i s o to p e .

In  d u a l  l a b e l l i n g  e x p e r im e n ts  t h e  n a rro w  H-3  and  C - l k  

windows w ere u se d  so t h a t  s p i l l o v e r s  from  t r i t i u m  in to  

C-14- w ould be n e g l i g i b l e  (B ransom e, 1 9 7 0 ). C u rv es  f o r  

th e  p e r c e n t  e f f i c i e n c y  and p e r c e n t  s p i l l o v e r  o f  C-1U i n t o  

H-3  w ere e s t a b l i s h e d  r e l a t i v e  t o  th e  e x t e r n a l  s ta n d a rd



r a t i o .  C o u n tin g  t im e  was made lo n g  enough t o  in s u r e  no

m ore th a n  3# c o u n t in g  e r r o r .  The f o l lo w in g  fo rm u la  c o u ld

h e  u sed  t o  com pute th e  DPM*of e a c h  i s o to p e .

C -14 DPM = CPM C -14_______
e f f i c i e n c y  C -14

H-3 DPM = CPM H-13 -  C -14 s p i l l o v e r  CPM 
e f f i c i e n c y  H-3

I s o to p e s  w ere o b ta in e d  from  ICN and w ere u sed  a t  th e  

f o l lo w in g  c o n c e n t r a t i o n s «

C -14 v a l i n e  (UL) 2 , 5xlO “®mM/ml

C -14  d e x t r o s e  (UL) 5 « 0 x l0 ”^mM/ml

C -14 g lu ta m ic  a c id  (UL) 5 * 0 x l0 “ ^mM/ml

H-3 u r id i n e  (5 -H -3 ) 2 .5 x lO “9mM/ml

H-3 th y m id in e  (m e th y l H-3) 2 .1 7  xlO"9mM/ml

T h ro u g h o u t an  e x p e rim e n t th e  d ev e lo p m en t and  m orpho

l o g i c a l  d e t a i l  o f  th e  c e l l  c o u ld  be o b se rv e d  i n  th e  f l a s k s  

a t  400x on a  b r i g h t  f i e l d  m ic ro sc o p e . In  t h i s  way i t  was 

p o s s ib l e  t o  p r e c i s e l y  a s c r i b e  a  p a r t i c u l a r  l e v e l  o f  i s o 

to p e  u p ta k e  t© a  c e r t a i n  d e v e lo p m e n ta l s t a g e .

M easurem ent o f  r e s p i r a t i o n  was done w ith  a  Y ellow  

S p r in g s  In s tru m e n ts  Oxygen M e te r , M odel 54 i n  a  150 ml 

v e s s e l .  The medium was s a tu r a t e d  w ith  oxygen by  s t r o n g  

a g i t a t i o n  p r i o r  t o  i n t r o d u c t io n  o f  a  c o n s ta n t  inohu lum  

o f  c e l l s .  The te m p e ra tu re  f o r  a l l  e x p e r im e n ts  was m ain 

t a in e d  a t  24°C and th e  in c u b a t io n  was i n  t h e  d a rk  e x c e p t 

d u r in g  th e  p e r io d s  o f  o b s e r v a t io n .

* D is e n te g ra t io n s  p e r  m in u te



RESULTS

F ig u re  9 a  shows th e  change i n  th e  r a t e  o f  p r o t e in  

s y n th e s i s  a s  t h e  sy n c h ro n iz e d  c e l l s  go th ro u g h  t h e i r  

d ev e lo p m en t when grown u n d e r  o p tim a l c o n d i t io n s  in  th e  

OS medium. F ig u re  9b r e p r e s e n t s  th e  same ex p e rim e n t 

e x c e p t t h a t  RNA s y n th e s i s  i s  "being m ea su re d . The p a t 

t e r n  o f  p eak s  p ro d u ced  i n  "both g ra p h s  can  "be u se d  a s  

a  b a s e  l i n e  on w hich  t o  com pare r e s u l t s  from  e x p e r im e n ts  

w here th e  Na+c o n c e n t r a t io n  i s  g r e a t e r  o r  l e s s  th a n  op

t i m a l .

W ith b o th  k in d s  o f  l a b e l  i t  was fo u n d  t h a t  th e r e  

was a  v e r y  low  r a t e  o f  s y n th e s i s  im m e d ia te ly  a f t e r  th e  

c e l l s  had b een  in d u ce d  t o  e n c y s t ,  b u t  t h a t  d u r in g  th e  

n e x t  35 h o u rs  t h i s  r a t e  in c r e a s e d  g r e a t l y .  D u rin g  t h i s  

t im e  t h e r e  w ere two r e a d i l y  d e f in a b le  p e a k s ,  one a t  

a p p ro x im a te ly  ^  h o u rs  and th e  o th e r  a t  a b o u t 30 h o u rs .

The f i r s t  p eak  c o r re s p o n d e d  c l o s e ly  w i th  t h e  e lo n g a t io n  

o f  th e  i n i t i a l  r h i z o id  and  th e  second  w ith  i n i t i a t i o n  

o f  b ra n c h in g ,  r a p id  c e l l  e n la rg e m e n t, i n c r e a s e d  num ber 

o f  g r a n u la r  in c lu s io n s  and  p o s s ib ly  w i th  o n s e t  o f  

n u c l e a r  d i v i s i o n s  a s  i n d i c a t e d  by  in c o r p o r a t io n  o f  

l a b e l l e d  th y m id in e  (See s e c t io n  b e lo w ) . As t h i s  second  

p eak  d e c l in e d  th e  b ra n c h in g  o f  r h iz o id s  was n e a r l y  com

p l e t e .  The n e x t  p e r io d  o f  dev elo p m en t seem ed to  be one o f
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58
g ro w th  and  d i f f e r e n t i a t i o n ,  r a t h e r  th a n  g ro w th  a lo n e .

I t  was c h a r a c t e r i z e d  by  lo w e r  r a t e s  o f  l a b e l l e d  RNA 

and p r o t e i n  p r e c u r s e r  i n c o r p o r a t io n .  The t ro u g h  a t  th e  

b e g in n in g  o f  t h i s  p e r io d  seem ed t o  be c o r r e l a t e d  w ith  

th e  s ta g e  o f  d ev e lo p m en t i n  w hich  th e  c y to p la s m ic  g r a n u le s  

w ere a l l  l o c a te d  i n  th e  b a s a l  p o r t i o n  o f  th e  t h a l l u s .  I t  

m ust be a l s o  n o te d  t h a t  th e  c l e a r  c y to p la s m ic  a r e a  above 

th e  g r a n u le s  was u n d e r ly in g  th e  a r e a  w here e x i t  p a p i l l a e  

w ould be p ro d u ced  a t  a  l a t e r  s t a g e .  The s e g r e g a t io n  o f  th e  

c y to p la sm  in  th e  above m anner l a s t e d  o n ly  u n t i l  t h e  n e x t  

peak  o f  s y n th e s i s  b eg an . T h is  p eak  re a c h e d  i t s  maximum 

d u r in g  th e  c le a v a g e  o f  th e  c y to p la sm  i n t o  z o o sp o re  p r e 

c u r s o r s .  In  some e x p e r im e n ts  on p r o t e in  s y n th e s i s  t h e r e  

may have b een  a  s m a ll  p eak  j u s t  p r e c e e d in g  th e  one j u s t  

d e s c r ib e d  b u t  i t s  r e l a t i o n s h i p  t o  m o rp h o lo g ic a l  change 

was n o t  o b v io u s . I n  th e  RNA s y n th e s i s  m easu rem en ts  a  

l a r g e r  p eak  was n o te d  p r i o r  to  th e .c le a v a g e  (F ig .  9 b ) .

T here  was some c o r r e l a t i o n  b e tw een  t h i s  p e ak  and th e  r e 

d i s t r i b u t i o n  o f  c y to p la s m ic  g r a n u le s .  However, s in c e  

t h e r e  d o es  n o t  seem t o  be a  c o r re s p o n d in g  p e ak  o f  p r o t e in  

s y n th e s i s ,  i t  may be w e l l  to  c o n s id e r  a n o th e r  a l t e r n a t i v e .  

The RNA may n o t  r e p r e s e n t  RNA a s  i s  u s u a l l y  m easu red  in  

t h i s  e x p e r im e n t. I n s t e a d ,  i t  may be  RNA b e in g  s y n th e s iz e d  

f o r  i n c o r p o r a t io n  i n t o  t h e  " n u c le a r  cap "  (Kazama, 1973) 

o f  th e  z o o sp o re  w hich  fo rm s a t  t h a t  t im e .  E x i t  p a p i l l a e  

fo rm a tio n  was n o t  a s s o c i a t e d  w ith  a  p a r t i c u l a r  p eak  and 

i n i t i a t i o n  o f  t h i s  e v e n t was o b se rv e d  b o th  b e f o re  and



a f t e r  c le a v a g e .  I t  u s u a l l y  o c c u r re d  b e f o r e  c le a v a g e  

when th e  c e l l s  w ere grown in  HS and  a f t e r  c le a v a g e  when 

th e y  w ere grown in  LS.

The above in fo r m a t io n  i s  b a se d  on th e  com bined d a ta  

from  e ig h t  e x p e r im e n ts  u s in g  d u p l i c a t e  o r  t r i p l i c a t e  

sam p les  and  fo rm s a  b a s e l in e  o f  in fo r m a t io n  b a se d  on 

d ev e lo p m en t i n  th e  o p tim a l (OS) medium. The p a t t e r n s  o f  

s y n th e s i s  w hich  w ere p ro d u ced  by  c e l l s  grown in  LS a r e  

shown in  F ig u re  8 , and th o s e  grown in  US a r e  shown in  

F ig u re  10 . The g e n e r a l  p a t t e r n  o f  t h r e e  p r o t e i n  p e a k s  

and f o u r  RNA p e a k s  was found  i n  e a c h  medium. Growth and 

d ev e lo p m en t o f  c y s t s  d id  n o t  o c c u r  i n  SF and  t h e r e f o r e  

was n o t  i l l u s t r a t e d .  The m a jo r  d i f f e r e n c e  b e tw een  sy n 

t h e s i s  i n  OS and t h a t  a t  LS, o r  KS was th e  tim e  a t  w hich 

th e  s u c c e s s iv e  p e a k s  w ere fo rm ed . G e n e r a l ly ,  t h e  s u c c e s s 

io n  r e l a t i v e  t o  OS was s h o r t e r  in  LS and lo n g e r  i n  HS,.
To d e te rm in e  i f  th e  o b se rv e d  p a t t e r n s  w ere due to

t h e  o sm o tic  p r e s s u r e  o f  th e  g ro w th  medium, th e  f i r s t  32 

h o u rs  o f  t h e  e x p e r im e n ts  w ere r e p e a te d  w ith  th e  f o l lo w in g  

v a r i a t i o n s .  LS was b ro u g h t t o  th e  same o s m o la r i ty  a s  OS 

w ith  m a n n ito l  ( 765-827  m i l l io s m o le s )  and OS was b ro u g h t 

to  t h e  same o s m o la r i ty  a s  HS ( I 300 - I 380 m i l l io s m o le s ) .

They w ere th e n  com pared to  c o n t r o l s  i n  LS, OS, and HS.

W hile t h e r e  w ere v a r i a t i o n s  i n  th e  m ag n itu d e  o f  s y n th e s i s  

th e  p a t t e r n s  c l o s e l y  r e f l e c t e d  th e  Na+ c o n c e n t r a t io n  o f  

th e  medium r a t h e r  th a n  th e  o s m o la r i ty  „-= ( F ig u re s  11 and 12 ) ,



Figures 8, 9 , and 10 . Change in  th e  r a t e  o f  p r o t e in  and 

RNA s y n th e s is*  a t  d i f f e r e n t  c o n 

c e n t r a t i o n s  o f  Na+ . DPM a r e  g iv 

en  f o r  a  c o n s ta n t  num ber o f  c e l l s  

p u l s e  l a b e l l e d  f o r  t e n  m in u te s .  

C urves p r e s e n te d  a r e  c o m p o s ite s  

from  s e v e r a l  o v e r la p p in g  

e x p e r im e n ts .

The d e v e lo p m e n ta l s t a g e s  w hich  

c o r re s p o n d  t o  t h e  v a r io u s  p eak s  

a r e  shown in  F ig u re  9* a= p r o t e in  

s y n th e s i s ,  b= RNA s y n th e s i s .  

F ig u re  8 . 2 1 .6  mM Na+

F ig u re  9* 237 mM Na+

F ig u re  10 . 517 mM Na+

* As TCA p r e c i p i t a t e s
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F ig u re s  11 and 12

The e f f e c t s  o f  a  ra a n n ito l  osm oticum  on th e  p a t t e r n  

o f  i n c o r p o r a t io n  o f  C -14 v a l i n e .  F ig u re  11 shows t h a t  

th e  g e n e r a l  p a t t e r n  and l e v e l  o f  p r o t e i n  s y n th e s i s  i s  

th e  same i n  LS and LS w ith  an  osm oticum  (LS+) w hich  

s im u la te s  OS. I n c o r p o r a t io n  in  OS i s  g iv e n  f o r  c o m p a ri

so n . F ig u re  12 shows t h a t  a d d i t i o n  o f  an  osm oticum  to  

OS (0S+) t o  b r in g  th e  t o n i c i t y  t o  th e  l e v e l  o f  HS w i l l  

n o t  c a u se  i n c o r p o r a t io n  s i m i l a r  t o  HS. The t im e  o f  th e  

p eak  i s  s l i g h t l y  e x te n d e d  in  OS p lu s  osm oticum  b u t  th e  

r a t e  o f  i n c o r p o r a t io n  a p p e a r s  d e p r e s s e d .  The p a t t e r n  o f  

i n c o r p o r a t io n  in  th e  e a r l y  s ta g e s  in  OS and OS p lu s  

osm oticum  i s  s i m i l a r .
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U ptake and in c o r p o r a t io n  o f  p r o t e i n  and  RNA p r e c u r s o r s  in

SF. LS. OS. and HS

W hile t h e  g e n e r a l  p a t t e r n  o f  s y n th e s i s  shown above 

was th e  same a t  e ac h  Na+ c o n c e n t r a t io n ,  t h e r e  was a  

d i f f e r e n c e  in  th e  r a t e  a t  w hich  m o rp h o g e n es is  and  th e  

c o r r e l a t e d  s y n th e t i c  e v e n ts  o c c u r re d .  S in c e  i t  was 

p o s s ib l e  t h a t  th e  r a t e  o f  u p ta k e  m ig h t l i m i t  th e  r a t e  o f  

d ev e lo p m en t, t h e  e f f e c t  o f  Na+ on u p ta k e  was s tu d i e d .  The 

am ount o f  e a c h  e x t e r n a l l y  a p p l ie d  l a b e l l e d  compound was 

m o n ito re d  i n  t h e  w a te r  s o lu b le  p o o l ,  t h e  c o ld  TCA e x t r a c t  

and  i n  th e  c o ld  TCA p r e c i p i t a t e .  The m easu rem en ts  w ere 

made on c e l l s  a t  t h r e e  d i f f e r e n t  s ta g e s  o f  d ev e lo p m en t and 

i n  t h r e e  d i f f e r e n t  Na+ c o n c e n t r a t i o n s .  F ig u re  13 show th e  

d i s t r i b u t i o n  o f  l a b e l  from  v a l i n e ,  u r i d i n e ,  g lu ta m a te ,  

g lu c o s e ,  and th y m id in e  a t  v a r io u s  l e v e l s  o f  sod ium . T hese 

c e l l s  w ere a l l  grown t o  th e  32 h o u r  s ta g e  i n  OS and  p la c e d  

i n  th e  t e s t  medium 30 m in u te s  p r i o r  t o  b e g in n in g  th e  

e x p e r im e n t. T a b le  8 shows how t h e  r a t e  o f  v a l i n e  i n c o r -  

o r a t io n  ch an g es  w ith  Na+ c o n c e n t r a t io n  and s ta g e  o f  

d e v e lo p m e n t.

To d e te rm in e  w h e th e r  t h e  o b se rv e d  ch an g es  i n  u p ta k e  

and  in c o r p o r a t io n  o f  th e s e  s m a ll  m o le c u le s  w ere b e in g  

e f f e c t e d  s o l e l y  by  th e  c h a n g e s  i n  t h e  o sm o tic  p r e s s u r e  o f  

th e  medium, m a n n i to l  osm oticum  was u sed  t o  r e p l a c e  th e  

N aCl. F ig u re  14 shows t h a t  SF medium b ro u g h t t o  th e  same 

o s m o la r i ty  a s  OS w ith  m a n n ito l  w ould in c o r p o r a te  l i t t l e
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v a l i n e  (TCA p r e c i p i t a t e )  and t h a t  v a l i n e  u p ta k e  i n t o  th e  

TCA s o lu b le  p o o l was d e c r e a s e d .  U r id in e  u p ta k e  was n o t  so  

e f f e c t e d  b u t  t h e r e  was a  s l i g h t  d ro p  i n  in c o r p o r a t io n .  The 

p a t t e r n  i s  s i m i l a r  a t  b o th  th e  2 4  h o u r s ta g e  and th e  32 h o u r 

s t a g e .

I t  may be i n f e r r e d  from  th e s e  r e s u l t s  t h a t ,  n o t  o n ly  

d o es  th e  c e l l  r e q u i r e  sodium  f o r  th e  u p ta k e  o f  some m o le c u le s  

b u t  t h a t  th e  c o n c e n t r a t io n  o f  sodium  may e f f e c t  th e  r a t e  o f  

u p ta k e .  In  a d d i t i o n ,  i t  i s  shown t h a t  th e  f u n c t io n  o f  Na+ 

i n  t h i s  sy s tem  i s  n o t  e n t i r e l y  o s m o tic .

S tu d ie s  o f  u p ta k e  and  in c o r p o r a t io n  o f  v a l i n e  i n  OS and 

SF d e m o n s tra te d  t h a t  i n  th e  a b se n c e  o f  sod ium , l i t t l e  (3 » ?5% 

o f  OS v a lu e )  l a b e l l e d  v a l i n e  moved i n t o  t h e  c o ld  TCA s o lu b le  

p o o l (F ig u re  1 3 ) .  However, t h e r e  was l i t t l e  d i f f e r e n c e  in  

th e  am ount o f  l a b e l  e n t e r i n g  th e  w a te r  e x t r a c t a b l e  p o o l 

( F ig u re  1 3 ) .  T h is  i n d i c a t e d  t h a t  w h ile  d i f f u s i o n  a c r o s s  th e  

membrane was n o t  a f f e c t e d  by  th e  p r e s e n c e  o f  Na+ , t h e  move

m ent i n t o  c o ld  TCA e x t r a c t a b l e  p o o l was a f f e c t e d .  I n  th e
.L

p re s e n c e  o f  Na th e  l e v e l  o f  l a b e l  i n  th e  c o ld  TCA s o lu b le  

p o o l was a b o u t 2 tim e s  h ig h e r  th a n  i n  th e  c o ld  TCA e x t r a c t -  

a b le  p o o l i f  Na was a b s e n t  (F ig u re  1 4 ) .  T h is  c o u ld  mean 

t h a t  Na+ was in v o lv e d  i n  a c t i v e  a c c u m u la tio n  o f  th e  am ino 

a c id .

When p r o t e i n  s y n th e s i s  i s  i n h i b i t e d  w ith  purom ycin  

(T a b le  9 ) t h e r e  i s  a  d ro p  i n  u p ta k e  i n  OS ( c o n t r o l ) ,  b u t  

upon an  u p s h i f t  o r  d o w n s h if t  i n  Na+ c o n c e n t r a t io n  m ore 

p r e c u r s o r s  e n t e r  th e  p o o l .  T h is  may i n d i c a t e  1) a  n e ed



f o r  p r o t e i n  s y n th e s i s  t o  f a c i l i t a t e  a d ju s tm e n t  t o  th e  

new en v iro n m e n t and , 2) a  membrane a l t e r a t i o n  p e r m i t t i n g  

th e  in c r e a s e d  e n t r y  o f  am ino a c i d .  In  T a b le  10 a  s im i l a r  

e f f e c t  i s  shown w ith  D -A ctinom ycin  w hich  i n h i b i t s  RNA 

s y n t h e s i s .



F ig u re  13 . U ptake and in c o r p o r a t io n  a t  v a r io u s  

l e v e l s  o f  Na+ . The u p ta k e  and i n 

c o r p o r a t io n  o f  v a l i n e  and  u r id i n e  i s  

shown a s  a  p e r c e n t  o f  maximum. I n 

c o r p o r a t io n  o f  g lu ta m a te ,  g lu c o s e ,  and 

th y m id in e  in  OS and in  SF i s  a l s o  show n. 

C e l l s  from  32 h o u rs  s t a g e .
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F ig u re  14 . E f f e c t  o f  an  osm oticum  i n  SF on u p ta k e  

and in c o r p o r a t io n  a t  24 and 32 h o u rs . 

Shows t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  i n  

t h e  w a te r  e x t r a c t a b l e  p o o ls  b u t  t h a t  a  

c o n s id e r a b le  d e c r e a s e  o f  u p ta k e  and  i n 

c o r p o r a t io n  i n t o  th e  TCA s o lu b le  and TCA 

p r e c i p i t a b l e  p o o ls  o c c u rs  r e g a r d l e s s  o f  

th e  o sm o tic  p r e s s u r e .  "SF+" i n d i c a t e s  

t h e  sodium  f r e e  medium w ith  m a n n ito l .



SF* OS SF* OS O S  s f *  o s
C- »H H-3 C-**<
Valine Uv-icline V a l‘^5 U.vi«»n«

2.^f Wouirs 32. Hours



TABLE 8

E f f e c t  o f  e x t e r n a l  Na+ c o n c e n t r a t io n  on r a t e  o f  u p ta k e  

and  i n c o r p o r a t io n  o f  v a l i n e  and  u r id i n e  a t  t h r e e  s ta g e s  

o f  d ev e lo p m en t in  CFM-each colum n in d i v i d u a l  e x p e r im e n t.

+15 h r s .  +32 h r s .  

2 0 0 /5 0 0  300 /320

1230/1000  1 0 , 000/ 10 ,000  

2 000 /1400  1 8 , 500/ 19 ,000

920 /950  2 0 , 000/ 20 ,0 0 0

V a l in e /U r id in e

M olar
Na c o n c e n t r a t io n  C y s t /g e rm lin g

0 .0  180/900

0 .0 2 1 6 400 /900

0 .2 3 7  1 3 ,3 4 0 /4 ,7 0 0

0 .5 1 7  9 ,9 7 0 /6 ,3 0 0
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S y n th e s is  d u r in g  th e  zo o sp o re  and  c y s t  s ta g e

L a b e l l in g  s t u d i e s  c o n s i s t e n t l y  showed t h a t  t h e  l e v e l  

o f  l a b e l  i n c o r p o r a t io n  i n t o  t h e  c e l l  m a t e r i a l  was v e ry  

low  a t  t h e  new c y s t  s t a g e .  S tu d ie s  u s in g  a c tin o m y c in -D  

and pu rom ycin  t o  i n h i b i t  RNA and p r o t e i n  s y n th e s i s  showed 

t h a t  th e  i n i t i a t i o n  o f  germ  tu b e  dev elo p m en t was in d ep en o  

d e n t  o f  p r o t e i n  o r  RNA s y n th e s i s .  However, t h e  i n a b i l i t y  

o f  su b se q u e n t s ta g e s  to  d e v e lo p  i n  th e  p r e s e n c e  o f  e i t h e r  

i n h i b i t o r  in d i c a t e d  s y n th e s i s  was r e q u i r e d  from  t h a t  p o in t  

on . L ik e w is e , t h e r e  was a  s h a rp  d ro p  i n  l a b e l l i n g  n e a r  

th e  tim e  z o o sp o re s  began  t o  b e  r e l e a s e d  from  th e  c e l l s .  

A p p a re n tly  l i t t l e  s y n th e s i s  was t a k in g  p la c e  s in c e  t h e s e  

i n h i b i t o r s  showed no  e f f e c t  on th e  z o o sp o re s  o r  t h e i r  

a b i l i t y  t o  e n c y s t .
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DNA s y n th e s i s  d u r in g  d ev e lo p m en t a t  d i f f e r e n t  Na+ c o n c e n t r a t io n s .

DNA s y n th e s i s  was m easu red  by  H-3 th y m id in e  in c o r p o r 

a t i o n  (F ig u re  1 5 ) .  The n u c l e a r  c y c le  o f  d i v i s i o n  was co n 

f irm e d  u s in g  a  chrom  a lu m -h e m a to x y lin  m ethod to  s t a i n  th e  

n u c l e i  (Amon, 1968 ) and by  o b s e r v a t io n  w ith  p h a se  c o n t r a s t  

m ic ro sc o p y . The s t a i n  showed n u c l e i  o n ly  a f t e r  th e  f i r s t  d i 

v i s i o n  o c c u r re d  so  th e  a p p e a ra n c e  o f  two n u c l e i  was u sed  a s  

an  i n d i c a t i o n  o f  th e  f i r s t  d i v i s i o n .  P r i o r  to  th e  f i r s t  

d i v i s i o n  no n u c l e i  c o u ld  be  i n d e n t i f i e d  w i th  t h i s  m ethod , 

th u s  th e  a c t u a l  tim e  o f  o n s e t  o f  DNA s y n th e s i s  was n o t  p r e 

c i s e l y  docum ented  b u t  a  p a t t e r n  was d e s c r ib e d .

In  LS n u c l e a r  d i v i s i o n s  and  th y m id in e  i n c o r p o r a t io n  b e 

gan  a t  a b o u t 11 h o u rs  and p ro c e e d e d  r a p i d l y ,  w h e re a s , i n  OS, 

i t  began  a t  a b o u t 13 h o u rs  and d id  n o t  p ro c e e d  a s  r a p i d l y  a s  

i n  LS. The same was t r u e  f o r  HS e x c e p t  t h a t  th e  d i v i s i o n s  

began  a t  a b o u t 16 h o u rs .  T hese t im e s  in d i c a t e d  t h a t  th e  

i n i t i a t i o n  o f  DNA s y n th e s i s  c o u ld  c o r re s p o n d  t o  th e  tim e  

t h a l l u s  e n la rg e m e n t and r h i z o id  p r o l i f e r a t i o n  was b eg u n . I t  

was n o t  d e te rm in e d  i f  s y n th e s i s  c o n tin u e d  beyond th e  tim e  

when th e  c y to p la s m ic  g r a n u le s  moved b a s a l l y .  The i n i t i a 

t i o n  o f  r a p id  DNA s y n th e s i s  b eg an  e a r l i e s t  i n  t h e  lo w e r con 

c e n t r a t i o n s  o f  Na+ w hich  may be  an  i n d i c a t i o n  t h a t  t h i s  d e 

v e lo p m e n ta l  e v e n t  c o u ld  be u n d e r  th e  same c o n t r o l  a s  p r o t e in  

and RNA s y n th e s i s  w h ich  a r e  e f f e c t e d  i n  a  s i m i l a r  way by  th e  

Na+ c o n c e n t r a t io n .



F ig u re  15* DNA S y n th e s is

The in c o r p o r a t io n  o f  H-3 th y m id in e  i n t o  TCA 

p r e c i p i t a b l e  m a t e r i a l  a t  t h r e e  c o n c e n t r a t io n s  o f  Na+ . 

The f i g u r e  shows t h a t  th e  o n s e t  o f  in c o r p o r a t io n  b e g in s  

l a t e r  a s  th e  Na+ c o n c e n t r a t io n  r i s e s .  Chrom -alum - 

h e m a to x y lin  s t a i n s  c o n f irm  i n i t i a t i o n s  o f  c e l l  

d i v i s i o n s  a t  11 h o u rs  in  2 1 .6  mM Na+ , 13 h o u rs  in  

237 mM Na+ , and  16 h o u rs  i n  517 mM Na+ .
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Evidence for an alteration in the transport system upon 
transfer to a different _cflncentration_-Of Na+.

I f  c e l l s  w ere h e a v i ly  l a b e l l e d  w ith  C -14 v a l i n e  f o r  

a  s h o r t  p e r io d  o f  tim e  and  th e n  ex p o sed  t o  a  m ed ia  c o n 

t a i n i n g  no sodium  th e r e  was a  q u ic k  l o s s  o f  l a b e l  from  

b o th  th e  w a te r  and TCA e x t r a c t a b l e  p o o ls  (T a b le  1 1 ) .  T h is  

w ould i n d i c a t e  t h a t  th e  membrane o r  o th e r  b a r r i e r  t o  t h i s  

exchange had  b e e n  a l t e r e d  in  th e  a b se n c e  o f  Na+ . I t  was 

p o s s ib l e  t h a t  e x p o su re  t o  d i f f e r e n t  l e v e l s  o f  sodium  may 

have o b l ig a te d  th e  c e l l  t o  " r e p a i r "  t h i s  a l t e r a t i o n .  By 

u s in g  i n h i b i t o r s  o f  RNA and p r o t e in  s y n th e s i s  i t  c o u ld  be 

d e m o n s tra te d  t h a t  f u l l  o p e r a t io n  o f  th e  s y n th e t i c  m echanism  

had an  e f f e c t  on th e  su b se q u e n t a b i l i t y  o f  th e  c e l l  t o  ta k e  

up and in c o r p o r a te  v a l in e  i n t o  p r o t e in  a f t e r  e x p o su re  t o  h ig h  

and low  l e v e l s  o f  Na+ . T a b le  10 shows t h a t  i n  A ctinom ycin -D  

th e  a b i l i t y  o f  th e  c e l l  t o  p ro d u c e  and ta k e  up i t s  p r e c u r s o r  

was in c r e a s e d  w ith  th e  e x c e p t io n  t h a t  in  HS p r o t e in  p r o 

d u c t io n  was re d u c e d . T a b le  9 shows t h a t  i n  th e  p re s e n c e  

o f  p u ro m y c in ,v a l in e  u p ta k e  was in c r e a s e d  i n  c e l l s  t r a n s 

f e r r e d  to  h ig h e r  and lo w e r  l e v e l s  o f  Na+ . W hile t h i s  was 

somewhat u n e x p e c te d , s in c e  i n  t h e  c o n t r o l s  u p ta k e  d e c re a s e d , 

i t  d o es  show t h a t  some a l t e r a t i o n  had o c c u r re d  w hich  was 

c a u se d  by an  i n h i b i t o r  o f  p r o t e i n  s y n th e s i s .

In  a n o th e r  e x p e rim en t c e l l s  w ere grown in  OS f o r  32 

h o u rs  th e n ,  p la c e d  in  LS o r  HS. One g ro u p  was l a b e l l e d



w ith  C -14  v a l i n e  a f t e r  o n ly  10 m in u te s  a d ju s tm e n t  and a  

second  g ro u p  was l a b e l l e d  a f t e r  3*5 h o u rs  (+ 3 5 .5  h o u rs )  

a d ju s tm e n t  t o  th e  new medium. U ptake and in c o r p o r a t io n  

o f  th e  am ino a c id  was com pared t o  th e  c o n t r o l  w hich  was 

t r a n s f e r r e d  t o  a  f r e s h  OS medium. A f te r  10 m in u te s ,  

u p ta k e  in  LS was 11# o f  OS and  in  HS i t  was 40# g r e a t e r  

th a n  OS, b u t  a f t e r  3 -5  h o u rs  th e  d i f f e r e n c e s  from  th e  

c o n t r o l s  w ere l e s s .  In  LS th e  u p ta k e  was 40# o f  th e  

c o n t r o l  and i n  HS t h e r e  was o n ly  a  2# in c r e a s e  o v e r  th e  

c o n t r o l .  The same t r e n d  was shown f o r  th e  TCA p r e c i p i t a t e .  

I n  LS a t  10 m in u te s ,  i n c o r p o r a t io n  was 30# o f  th e  c o n t r o l  

b u t  a t  3 .5  h o u rs  i t  was 60#  o f  th e  c o n t r o l .  In  HS p r o te in  

s y n th e s i s  was 89#  o f  OS a t  10 m in u te s  and a t  3*5 h o u rs ,

101# o f  OS. A p p a re n tly  th e  3*5 h o u rs  p e r io d  a llo w e d  th e  

c e l l s  t o  a d j u s t  t h e i r  u p ta k e  and in c o r p o a t io n  m echanism s 

t o  th e  new l e v e l s  o f  Na+ . T h is  t h i r d  e x p e r im e n t showed 

t h a t  t h e  u p ta k e  and in c o r p o r a t io n  was s i m i l a r  to  th e  f i r s t  

e x p e r im e n t and co n firm e d  t h a t  th e  p a t t e r n s  o f  l a b e l l i n g  

w ere due to  th e  p e r io d  o f  a d ju s tm e n t  (10 m in . o r  3 -5  h r s . )  

and n o t  due t o  th e  d i f f e r e n c e  in  s ta g e  o f  d ev e lo p m en t.

A n o th e r somewhat d i f f e r e n t  a l t e r a t i o n  i n  th e  

p e r m e a b i l i ty  o f  th e  membrane o c c u r re d  on a  Na+ d o w n s h if t  

(0S -*SF). G lu tam a te  u p ta k e  i n t o  th e  w a te r  e x t r a c t a b l e  

p o o l in c r e a s e d  in  th e  a b se n c e  o f  Na+ (T a b le  1 2 ) . The 

o n ly  e x p la n a t io n s  t h a t  seem ed a p p r o p r i a t e  w ere t h a t  

1) sodium  slow ed  d i f f u s i o n  a c r o s s  th e  membrane o r  2 ) t h a t



t h e  c e l l  i n  some way was s e l e c t i v e l y  made m ore 

p e rm eab le  t o  g lu ta m a te  i n  t h e  a b se n c e  o f  Na+ . The 

l a t t e r  c o u ld  have been  due t o  o sm o tic  sh o c k . T h is  

d a ta  a l s o  p ro v id e d  u s e f u l  in fo r m a t io n  on th e  a v a i l 

a b i l i t y  o f  n u t r i e n t  to  th e  c e l l  i n  Na+ f r e e  m ed ia .

U nder Na+ f r e e  c o n d i t io n s ,g lu ta m a te  a p p a r e n t ly  e n te r e d  

th e  c e l l  m ore e a s i l y  th a n  when Na+ was p r e s e n t  (O S), 

b u t  th e  in c o r p o r a t io n  i n t o  p r o t e in  was a b o u t 15 to  

30# o f  t h a t  o b se rv e d  i n  OS medium; t h e r e f o r e ,  n u t r i e n t s  

m ig h t a c t u a l l y  be a v a i l a b l e  i f  o n ly  th ro u g h  d i f f u s i o n .



TABLE 11
R apid  l o s s  o f  v a l i n e  from  c e l l u l a r  p o o ls  when t r a n s 

f e r r e d  from  OS t o  SF ' (CPM a f t e r  10 m in u te s  ex p o su re ) .

i n  SF

HgO s o u b le  p o o l

( l o s t  to  medium) 30 ,0 0 0

R em ain ing  in  TCA

s o lu b le  p o o l  91 ,0 0 0

in  OS 

1 ,5 0 0

140 ,000



TABLE 12 

G lu tam a te  U ptake
a|a ^

G lu tam ate  i n  HgO e x t r a c t a b l e  p o o l when Na i s  p r e s e n t  and

in  Na+ f r e e  m ed ia

CPM G lu tam ate  C-14 

Na+ = 237 mM 5325

" " 7100  

Na+ f r e e  34800

" " 38000



An a t te m p t  t o  m easu re  endogenous p r o t e i n  s y n th e s i s .

An e x p e r im e n t was p e rfo rm e d  t o  a s s e s s  th e  e f f e c t  o f  

lo w ered  Na+ c o n te n t  o f  th e  e x t r a c e l l u l a r  e n v iro n m en t on 

th e  r a t e  o f  endogenous in c o r p o r a t io n  o f  v a l i n e .  C e l l s  a t  

th e  32 h o u r s ta g e  w ere s ta r v e d  one h o u r i n  th e  0 . 237M 

Na+ s a l t s  (OS w ith o u t  d e x t r o s e  o r  g lu ta m a te )  t o  re d u c e  

endogenous r e s e r v e s  o f  am ino a c id s  o r  o th e r  p r o t e in  

p r e c u r s o r s  and th e  h e a v i ly  l a b e l e d  w ith  C -14 v a l in e  

(10"^mM/ml) f o r  15 m in u te s  a f t e r  w hich  th e  c e l l s  w ere 

w ashed f r e e  o f  l a b e l  and p la c e d  i n  Na+ f r e e  s a l t s  (SF 

w ith o u t  d e x t r o s e  o r  g lu ta m a te ) .  Sam ples w ere ta k e n  a t  

i n t e r v a l s  o f  5 , 10 , 20 , 2 5 , and 45 m in u te s  t o  s e e  i f  th e r e  

w ould be  a  d e c r e a s e  i n  p r o t e i n  s y n th e s iz e d  in  c e l l s  w hich  

w ere l o s i n g  Na+ . C o n tr o ls  w ere  in  0.237M  Na+ s a l t s .  At 

th e  same i n t e r v a l s  c o ld  TCA s o lu b le  p o o ls  w ere m easu red  

and  l a b e l l e d  m a t e r i a l  d i f f u s i n g  from  th e  c e l l s  was m easured  

( s i m i l a r  to  w a te r  s o lu b le  p o o l ) .  I n c re a s e d  CPM in  th e  TCA 

p r e c i p i t a t e  i n d i c a t e d  c o n tin u e d  s y n th e s i s  o f  new p r o t e i n .  

C e l l s  i n  Na+ f r e e  s a l t s  s to p p e d  a c c u m u la tio n  o f  l a b e l  a t  

10 m in u te s ,  b u t th e  c o n t r o l  c o n tin u e d  to  a c c u m u la te  th e  

l a b e l  (F ig u re  16 ) .  I t  was p o s s i b l e  t h a t  s y n th e s i s  was 

no lo n g e r  t a k in g  p la c e ,  th e  l a b e l  was b e in g  r e c y c l e d ,  o r  

i t  was r e s p i r e d  f a s t e r  th a n  i t  was p ro d u c e d . The s m a ll  

s i z e  o f  th e  TCA s o lu b le  f r a c t i o n  in d i c a t e d  th e  l a b e l  

m ig h t be tu rn e d  o v e r  i n  th e  c e l l  and  r e s p i r e d  q u ic k ly  in  

th e  Na+ f r e e  s a l t s .  The v a l i n e  i n  p o o ls  d ro p p ed  b u t



l i t t l e  l a b e l  a p p e a re d  t o  be  in c o r p o r a te d  in  th e  p r o t e i n .  

T h e re  i s  a  s t r o n g  i n d i c a t i o n  t h a t  much am ino a c id  i s  

l o s t  from  th e  endogenous w a te r  s o lu b le  p o o l im m e d ia te ly  

on e x p o su re  t o  SF (T a b le  11) and  i t  i s  a l s o  i n d i c a t e d  

t h a t  th e  am ount o f  m a t e r i a l  i n  t h e  c o ld  s o lu b le  TCA 

e x t r a c t  f e l l  t o  a  low  l e v e l  soon  a f t e r  th e  t r a n s f e r .

T h is  c o u ld  have a  l a r g e  e f f e c t  on p r o t e in  s y n th e s i s  

o b s e rv e d . T h e re fo re ,  w h ile  t h e r e  may be r e a s o n  to  

s u s p e c t  a  d e c r e a s e  i n  endogenous s y n th e s i s  i t  i s  n o t  

y e t  c l e a r  i f  i t  d o es  d e c r e a s e  a t  lo w ered  endogenous 

sodium  l e v e l s .  In  th e  f i r s t  h o u r o f  e x p o su re  t o  SF, 

sodium  l e v e l  f e l l  t o  a  l e v e l  s i m i l a r  t o  t h a t  w hich  was 

n o rm a lly  fo u n d  i n  c e l l s  grown in  LS (S ee S e c t io n  IV ).



F ig u re  16 Endogenous S y n th e s is

The change i n  i n c o r p o r a t io n  o f  C -14 v a l i n e  in  OS 

and SF s a l t s  from  endogenous p o o ls .  The change in  

th o s e  p o o ls  i s  a l s o  p l o t t e d .
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S y n th e s is  o f  c e l l  m a t e r i a l  a t  d i f f e r e n t  Na+ c o n c e n t r a t i o n s .

In  LS th e  c e l l s  grew  s lo w ly  and a t  m a tu r i t y  w ere o n ly  

1 /3  th e  w e ig h t o f  c e l l s  grown i n  th e  h ig h e r  c o n c e n t r a t io n s  

o f  sod ium . I n  th e  e a r l y  s ta g e s  o f  g ro w th  th e  c e l l s  i n  HS 

grew  m ore s lo w ly  th a n  i n  OS, h u t  th e y  a c h ie v e d  n e a r l y  th e  

same w e ig h t s in c e  t h e i r  c y c le  was lo n g e r .  In  a  g iv e n  tim e  

th e  c e l l s  grew  f a s t e s t  i n  OS, i n  te rm s  o f  b io m a ss , h u t  in  

te rm s  o f  l i f e  c y c le  tim e  th e y  co m p le ted  a  c y c le  m ost q u ic k ly  

a t  lo w e r  sodium  c o n c e n t r a t io n s  (T a b le  1 3 ) .

I f  a  15 h o u r o ld  in o cu lu m  o f  c e l l s  grown in  OS was 

p la c e d  in  a  sodium  f r e e  medium, th e  c e l l s  c o n t in u e  to  

grow , h u t  a  som ewhat re d u c e d  b io m ass  i s  p ro d u c ed  (T a b le  

1 4 ) . C e l l s  a t  t h i s  s ta g e  t r e a t e d  w ith  1 2 .5 |ig /m l purom ycin  

o r  5ng /m l D -A ctinom ycin  c e a s e  g ro w in g  im m e d ia te ly , an 

i n d i c a t i o n  t h a t  p r o t e in  and  RNA s y n th e s i s  w ere n o t  o b v io u s ly  

in f lu e n c e d  by  th e  l a c k  o f  e x t e r n a l  sod ium . I t  was p ro b a b le  

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

f i c i e n t  t o  s u p p o r t  g ro w th  s in c e  l e v e l s  o f  n u t r i e n t  i n  th e  

medium w ere q u i t e  h ig h .  A lso  some p r o t e i n  i n s i d e  th e  

c e l l  may have been  r e c y c le d  to  p ro v id e  new s o u rc e  m a t e r i a l  

f o r  d e v e lo p m e n ta l c h a n g e s  (T im b e r la k e , e t  al.* 1973) In  

s e c t io n  IV i t  i s  shown t h a t  th e  sodium  l e v e l s  i n  th e  c e l l  

d ro p p ed  d u r in g  th e  f i r s t  h o u r when th e  c e l l  was p la c e d  

in  t h e  sodium  f r e e  medium, b u t  th e n  was m a in ta in e d  a t  an 

in te r m e d ia te  l e v e l  f o r  q u i t e  some t im e .  The a p p a re n t  

s h a rp  b re a k  i n  w e ig h t g a in  may i n d i c a t e  t h e  i n t e r n a l  Na+ 

c o n c e n t r a t io n  had become l i m i t i n g .



TABLE 13

S y n th e s is  o f  c e l l  m a t e r i a l  a t  d i f f e r e n t  Na+ c o n c e n t r a t io n s  

E x p re s se d  a s  mg in c r e a s e  in  d r y  w e ig h t

Hours

Na+

2 1 .6

c o n c e n t r a t io n  in  mM 

237 517

5 2 .0 4 .9 5 .3
7 1 .6 4 .1 3 .1

16 4 .2 8 .2 5 .4
21 9 .2 1 2 .3 9 .1
31 1 1 .5 1 6 .3 1 0 .9
42 2 0 .6 3 8 .4 2 5 -9

3 0 .4 6 4 ,0 3 1 .0
63 3 5 .5 8 4 .0 3 7 .0
73 1 0 1 .0 5 7 .9
80 7 6 .6
90 9 1 .7

TABLE 14
4.

Mg in c r e a s e  i n  d ry  w e ig h t in  Na f r e e  medium 

Changed from  OS a t  + 15 h o u rs

H ours C o n tro l  237 mM Na+ Na+ f r e e

3
2
5

13
38
41

5
10

26
61
73

3
2

i t

60



E f f e c t  o f  DNP and- O uabain  on e n t r y  and in c o r p o r a t io n  o f

C -14  v a l in e

At a  c o n c e n t r a t io n  o f  5x10“%  2 , 4  * rd in ito p h e n o l 

c au se d  a  s i x  f o ld  d e c re a s e  i n  th e  u p ta k e  and in c o r p o r a 

t i o n  o f  C -14  v a l i n e  i n t o  th e  TCA p r e c i p i t a t e ,  th u s  

i n d i c a t i n g  t h a t  ATP may be n e c e s s a r y  t o  d r iv e  t h e  u p ta k e  

m echanism . F u r th e r  s tu d y  showed t h a t  1 .4 x 1 0 “ ^  t o  1 .4x10  

o u a b a in , an  i n h i b i t o r  o f  K+-Na+ m e d ia te d  ATPase, re d u c e d  

u p ta k e  by  34 t o  41$. T h is  e v id e n c e  s u p p o r ts  th e  c o n c e p t 

o f  an  A T P-dependent u p ta k e  sy s tem  w hich  i s  m e d ia te d  by 

Na+ and may a c c o u n t f o r  th e  d e c re a s e  in  i n c o r p o r a t io n  in  

sodium  f r e e  m ed ia .
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The e f f e c t  o f  Na+ c o n c e n t r a t io n  on th e  r a t e  o f  r e s p i r a t i o n .

The r e s p i r a t i o n  r a t e  was m easu red  on c e l l s  grown f o r  

3k  h o u rs  i n  OS and e q u i l i b r a t e d  a t  t h e  Na c o n c e n t r a t io n  

o f  th e  t e s t  medium one h o u r p r i o r  to  th e  e x p e r im e n t. Each 

e x p e r im e n ta l  v e s s e l  c o n ta in e d  an  e q u a l  in o cu lu m  o f  a b o u t 

5x10^ c e l l s  i n  120 ml o f  medium. The r e s u l t s  a r e  shown 

i n  F ig u re  17 . The r e s p i r a t i o n  r a t e  was g r e a t e s t  i n  OS 

and d e c l in e d  a t  e i t h e r  h ig h e r  o r  lo w e r Na+ c o n c e n t r a t i o n s .  

The c u rv e  p ro d u ced  h e re  i s  s i m i l a r  t o  th e  c u rv e  show ing 

th e  e f f e c t  o f  Na+ on th e  r a t e  o f  p r o t e i n  s y n th e s i s  (S e c t io n  

I ) .  T h is  c o u ld  mean t h a t  th e  r a t e  o f  p r o t e in  s y n th e s i s  i s  

l in k e d  i n  some way t o  th e  e f f e c t  o f  Na+ on th e  r e s p i r a t o r y  

r a t e .



F ig u re  17 R e s p i r a t io n  and Na+ C o n c e n tr a t io n

The change i n  th e  r a t e  o f  02 u t i l i z a t i o n  a t  f o u r  

l e v e l s  o f  Na+ . 32 h o u r-  c e l l s  i n i t i a l l y  i n  OS.
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DISCUSSION

U ptake

The a c t i v e  u p ta k e  o f  am ino a c id s  and some o th e r  s m a ll  

m o le c u le s  a p p e a re d  t o  r e q u i r e  th e  p re s e n c e  o f  Na+ in  th e  

g ro w th  medium. The r a t e  o f  u p ta k e  was r e l a t e d  t o  th e  co n 

c e n t r a t i o n  o f  Na+ . The r e q u ire m e n t f o r  Na+ in  u p ta k e  

c o u ld  n o t  be r e p la c e d  by an  osm oticum  and c h an g es  i n  th e  

o sm o tic  p r e s s u r e  o f  th e  g ro w th  medium d id  n o t  s t r o n g l y  

a f f e c t  t h e  r a t e  o f  u p ta k e .  The e n t r y  o f  s u b s t r a t e  i n to  

th e  w a te r  s o u b le  p o o l ,  a p p a r e n t ly  by  d i f f u s i o n ,  was n o t  

d e p e n d e n t on Na+ . I t  was u p ta k e  in t o  th e  TCA s o u b le  p o o l ,  

b u t  n o t  th e  H20 s o lu b le  p o o l ,  t h a t  seemed t o  in f lu e n c e  

s u s e q u e n t in c o r p o r a t io n  o f  th e  compound i n t o  m acrom ole

c u l e s ,  an  o b s e r v a t io n  in  ag reem en t w ith  th o s e  o f  H a lv o rso n  

and Cowie ( 1961 ) on y e a s t .

T h e re  was a l s o  e v id e n c e  t h a t  a  change i n  th e  l e v e l  

o f  e x t r a c e l l u l a r  Na+ had e f f e c t s  on th e  t r a n s p o r t  sy s tem  

w hich  may have a l t e r e d  i t s  p r o e r t i e s .  The r e p a i r  o f  

t h a t  damage may r e q u i r e  p r o t e i n  and RNA s y n th e s i s .  A $ew 

t r a n s p o r t  sy s tem  to  f a c i l i t a t e  u p ta k e  m ig h t be  n eed ed  a t  

d i f f e r e n t  l e v e l s  o f  Na+ . E p s te in  (1973) and N is se n  (197*0 

showed t h a t  i n  b a r l e y  r o o t s  t h e r e  a r e  a p p a r e n t ly  d i f f e r e n t  

u p ta k e  sy s te m s  w hich  f u n c t io n  a t  d i f f e r e n t  c o n c e n t r a t io n s  

o f  Na+ and  K"*\ I f  p r e s e n t  i n  P h lv c to c h v tr iu m  su ch

92
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sy s te m s  m ig h t n o t  he  c o n s t i t u t i v e  and c o u ld  h e  in d u c e d  hy  

th e  ch an g e  o f  Na c o n c e n t r a t io n  i n  th e  medium.

The u p ta k e  m echanism  a p p e a re d  t o  he i n d i r e c t l y  r e l a t e d  

t o  t h e  r e s p i r a t i o n  r a t e  s in c e  t h e r e  was some r e l a t i o n s h i p  

b e tw een  t h e  r a t e  o f  u p ta k e ,  in c o r p o r a t io n ,  and r e s p i r a t i o n  

a t  32 h o u rs  i n t o  d ev e lo p m en t (T a h le  8 , F ig u re  1 7 ) .  As i n  

T h ra u s to c h v tr iu m  roseum  ( S ie g e n th a le r ,  B e lsk y , & G o ld s te in ,  

1 9 6 7 ) , t h e r e  was a  c o n s id e r a h le  am ount o f  r e s p i r a t i o n  o c -  

c u r in g  when u p ta k e  f e l l  t o  a  v e ry  low  l e v e l  i n  SF. T h is  

d o es  n o t  mean t h a t  th e  two sy s te m s  a r e  u n r e l a t e d .  S p r o t t  

and MacLeod (1972) s u g g e s t  t h a t  e l e c t r o n  t r a n s p o r t  l e a d in g  

to  th e  t e r m in a l  u t i l i z a t i o n  o f  Og i s  p a r t  o f  th e  Na+ depend

e n t  u p ta k e  sy s tem  i n  m a rin e  b a c t e r i a ,  h u t  t h a t  k in d  o f  s y 

s tem  i s  n o t  s u p p o r te d  hy  th e  above d a t a ,  b e c a u se  r e s p i r a t i o n  

o c c u rs  when u p ta k e  i s  n e a r l y  z e r o .

O th e r  e v id e n c e  in d i c a t e d  t h a t  u p ta k e  i n  P h lv c to c h v tr iu m  

may he s i m i l a r  t o  POj£ u p ta k e  d e s c r ib e d  f o r  T h ra u s to c h v tr iu m  

roseum  ( S ie g e n th a le r ,  B e lsk y , G o ld s te in ,  & M enna, 1967 ) and 

f o r  s u g a r  i n  o th e r  f u n g i  a s  d i s c u s s e d  h y  J e n n in g s  (197*0 .

The u p ta k e  sy s tem  i s  s e n s i t i v e  t o  DNP, a s  i s  T h ra u s to c h y tr iu m . 

and i t  i s  a l s o  s e n s i t i v e  to  o u a b a in  so  i t  a p p a r e n t ly  in v o lv e s  

th e  u se  o f  ATP and h a s  a  Na+ d e p e n d e n t ATPase s t e p .  S iegen-: 

t h a l e r ,  B e lsk y , G o ld s te in ,  & Menna (1967) s u g g e s t  t h a t  Na+ 

i s  r e q u i r e d  f o r  th e  i n c r e a s e  o f  o x id iz a h le  s u b s t r a t e s  and 

th u s  i n c r e a s e s  e l e c t r o n  f lo w , and  l e a d s  t o  an  in c r e a s e d  ATP 

p r o d u c t io n  w hich  c o u ld  th e n  he u sed  i n  u p ta k e .  They d id  n o t
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u s e  o u a b a in  so  i t  i s  n o t  known i f  th e  sy s tem  was s e n s i t i v e .  

J e n n in g s  (1974) a l s o  p r e s e n t s  a rg u m en ts  f o r  a  p h o s p h o ry la 

t i o n  s t e p  i n  u p ta k e  i n  f u n g i  and s a y s  t h a t  f o r  some o rg an ism s
.f.

th e  u p ta k e  i s  f a c i l i t a t e d  by  Na .

A sy s tem  w hich  i s  c o n s i s t a n t  w ith  t h a t  rev ie w e d  by 

J e n n in g s (1 9 7 4 ) , w i th  th e  a v a i l a b l e  d a t a  from  S ie g e n th a l e r ,  

B e lsk y , G o ld s te in ,  & Menna (1967) and w i th  my own f in d in g s  

i s  a s  f o l lo w s .  D i f f u s io n  a c r o s s  t h e  membrane can  t a k e  p la c e  

b u t  c o n c e n t r a t io n  o f  th e  s u b s t r a t e  i n s id e  r e q u i r e s  th e  p r e 

se n c e  o f  e x t e r n a l  Na+ . In  o r d e r  f o r  t h a t  s u b s t r a t e  t o  go 

a g a i n s t  a  g r a d i e n t  to  th e  TCA s o lu b le  p o o l  (and th e n c e  to  th e  

TCA p r e c i p i t a t e ) ,  i t  m ust be accom pan ied  by  a  Na+ s t im u la te d  

c a r r i e r  i n t o  th e  c e l l .  H ere i t  com bines w i th  a n o th e r  e n t i t y  

w h ich  b in d s  i t  i n t o  th e  TCA s o lu b le  p o o l .  T h is  a c t i v i t y  may 

be m e d ia te d  by ATP and may in v o lv e  p h o s p h o ry la t io n .  The 

s t e p  th e n  w ould s t i l l  r e q u i r e  th e  p re s e n c e  o f  Na+ t o  f a c i l 

i t a t e  th e  a c t i v i t y  o f  th e  ATPase. Once th e  m o le c u le  i s  in  

th e  TCA s o lu b le  p o o l i t  may r e l e a s e  th e  Na+ t o  be pumped 

b ack  o u t o f  th e  c e l l  ( o r  c o m p a r tm e n ta liz e d  in  c y to p la sm ) and 

i n  so  d o in g  th e  s u b s ta n c e  i s  d i s s o c i a t e d  from  th e  c a r r i e r .

S y n th e s is

A lth o u g h  u p ta k e  i s  im p a ire d  by  th e  l a c k  o f  Na+ a t  

a l l  s t a g e s ,  g ro w th  and  d i f f e r e n t i a t i o n  can  c o n t in u e  in  

c e l l s  w hich  a r e  g r e a t e r  th a n  15 h o u rs  o ld .  T h is  m ust mean
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t h a t  s y n th e s i s  i s  c o n t in u in g .  The e le v a te d  p e r m e a b i l i ty  o f  

th e  c e l l  t o  g lu ta m a te ,  one o f  t h e  n u t r i e n t s  o f  t h e  g ro w th  

medium, i n  SF w ould show t h a t  g ro w th  c a n  c o n t in u e  b a se d  on 

d i f f u s i o n  o f  n u t r i e n t s  w hich  a r e  i n  h ig h  c o n c e n t r a t io n  (2 

g / l i t e r ) . U nder th e s e  c o n d i t io n s  g ro w th  i s  re d u c e d  b u t  th e  

c e l l  i s  c a p a b le  o f  c o m p le tin g  th e  l i f e  c y c l e .  I t  i s  a l s o  

p o s s ib l e  t h a t  some o f  th e  n u t r i t i o n a l  n e e d s  o f  th e  c e l l  can  

be  m et by r e c y c l in g  th e  i n t e r n a l  p r o t e in  (T im b e r la k e , e t  a l  

1 9 7 3 ). S in c e  d ev e lo p m en t i s  q u ic k ly  s to p p e d  by a p p l i c a t i o n  

o f  i n h i b i t o r s  o f  RNA and p r o t e i n  s y n th e s i s  a t  s ta g e s  beyond 

th e  g e rm lin g  i t  i s  u n l i k e l y  t h a t  th e  c e l l  i s  d i f f e r e n t i a t i n g  

w ith o u t  new s y n th e s i s .  E x cep t i n  th e  c o n v e r s io n  o f  z o o sp o re s  

t o  g e rm lin g s  th e r e  i s  no e v id e n c e  o f  d i f f e r e n t i a t i o n  w i th 

o u t  s y n th e s i s .

The r a t e  o f  g ro w th  had been  shown to  re sp o n d  to  Na o r  

s a l i n i t y  i n  many o f  th e  m arin e  m ic ro o rg a n ism s  w hich  have 

b een  s tu d ie d  so  f a r  (MacLeod, 1 9 6 5 ? V is h n ia c ,  I 9 6 0 ; G r i f f i t h s  

& M o rita ,  1973)* I n  t h i s  s tu d y ,  how ever, th e  u se  o f  sy n c h ro 

n o u s ly  d e v e lo p in g  c u l t u r e s  has  p ro v id e d  e v id e n c e  t h a t  th e  

r e q u ire m e n t f o r  Na+ i s  n o t  c o n s ta n t  th ro u g h o u t  th e  l i f e  cy 

c l e .  T h is  in fo r m a t io n  on P h lv c to c h v tr iu m  ad d s  i n s i g h t  to  

th e  e f f e c t  o f  sodium  on s y n th e s i s .  The unm en tio n ed  assum p

t i o n  h as  b een  t h a t  e x t e r n a l  Na+ i s  c a p a b le  o f  i n f lu e n c in g  

th e  i n t e r n a l  p r o c e s s  o f  p r o t e in  s y n th e s i s .  T h is  w ould mean 

t h a t  th e  c e l l  w ould have t o  be r e l a t i v e l y  p a s s iv e  t o  th e  

in w ard  and ou tw ard  movement o f  Na+ . T h is  c o n c e p t i s  n o t  

s u p p o r te d  by  th e  p r e s e n t  r e s e a r c h .  E a r l i e r  e v id e n c e  in  th e



96

l i t e r a t u r e  on m a rin e  b a c t e r i a  had p r e v io u s ly  s u g g e s te d  t h a t  

Na+ d id  p a s s  f r e e l y  (Thompson & M acLeod, 1 9 7 1 ), b u t  f u r t h e r  

e v id e n c e  h a s  shown t h a t  th e  i n t e r n a l  c o n c e n t r a t io n  o f  Na+ 

i s  o n ly  * /3  "the e x t e r n a l  c o n c e n t r a t io n  (Thompson & MacLeod, 

1973 ) .  The b a c t e r i a l  c e l l ,  t h e r e f o r e ,  m ust have th e  c a p a c i ty
J. *

t o  r e g u l a t e  Na in  i t s  i n t e r i o r .  I f  r e g u l a t i o n  o f  t h i s  s o r t  

was p o s s i b l e  i n  th e  o rg an ism  p r e s e n t l y  u n d e r  s tu d y  i t  c o u ld  

e x p la in  th e  c a p a b i l i t y  o f  th e  c e l l s  to  s y n th e s iz e  p r o t e in  

i n  t h e  a b se n c e  o f  " e x t e r n a l ” Na . L ik e w is e , i f  t h e  c e l l  do es  

r e q u i r e  Na+ f o r  s y n th e s i s  i t  m ust n o t  be  a b le  t o  r e t a i n  i t  

i n  t h e  Na+ f r e e  medium d u r in g  th e  f i r s t  15 h o u rs  o f  d e v e lo p 

m en t. D u rin g  t h i s  i n i t i a l  15 h o u r p e r io d  th e  e n t r y  o f  g lu 

ta m a te  a p p a r e n t ly  c a n n o t s a t i s f y  t h e  n e e d s  o f  th e  c e l l  f o r  

g ro w th  a s  i t  do es  l a t e r  i n  th e  c y c l e .  I t  i s  p o s s ib l e  t h a t  

i t  c a n n o t be in c o r p o r a te d  i n t o  p r o t e in  w ith o u t  th e  a id  o f  

i n t r a c e l l u l a r  Na+ . A ll  a t te m p ts  t o  show in c o r p o r a t io n  o f  

am ino a c id s  o r  u r id i n e  i n t o  t h e  TCA p r e c i p i t a t e  a t  t h i s  e a r 

l y  s ta g e  have been  u n s u c c e s s f u l .

I f  th e  c e l l  c an  r e t a i n  sod ium , th e  r e s u l t s  show ing  

ch an g es  i n  th e  r a t e s  o f  s y n th e s i s  due to  e x t e r n a l  co n cen 

t r a t i o n s  o f  Na+ m ust be  i n t e r p r e t e d  c a r e f u l l y .  A lth o u g h  

s i m i l a r  p a t t e r n s  i n  th e  p ea k s  o f  s y n th e s i s  w ere p ro d u ced  a t  

e ac h  l e v e l  o f  Na+ th e  a b s o lu te  r a t e s  o f  s y n th e s i s  c a n n o t be 

com pared e a s i l y .  The r a t e s  o f  u p ta k e  and  in c o r p o r a t io n  a r e  

shown t o  d i f f e r  f o r  d i f f e r e n t  l e v e l s  o f  e x t e r n a l  Na+ . The 

d a ta  in  F ig u re  13 i n d i c a t e s  t h a t  t h e  am ount o f  in c o r p o r a t io n
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a t  d i f f e r e n t  Na+ c o n c e n t r a t io n s  i s  n o t  d i r e c t l y  r e l a t e d  to  

th e  s i z e  o f  am ino a c id  p o o ls  o r  th e  r a t e  o f  u p ta k e  and  may 

he more a  f u n c t io n  o f  th e  Na+ c o n c e n t r a t io n  and th e  s ta g e  o f  

d ev e lo p m en t. F u r th e rm o re , i t  i s  p o s s ib l e  t h a t  Na+ may i n 

f lu e n c e  t h e  r a t e  o f  p r o t e in  s y n th e s i s  i n d i r e c t l y  th ro u g h  i t s  

e f f e c t  on u p ta k e  and  r e s p i r a t i o n .  T here  i s  a  s i m i l a r i t y  b e 

tw een  th e  r e s p i r a t i o n  r a t e  and  in c o r p o r a t io n  o f  am ino a c id  

a t  e a c h  Na+ l e v e l  (T a b le  8 & F ig u re  1 7 )•

The r a t e  o f  Og co n su m p tio n  i s  a l s o  a f f e c t e d  b y  Na+ in  a 

p a t t e r n  s i m i l a r  t o  t h e  way Na a f f e c t s  th e  r a t e  o f  p r o t e in  

s y n th e s i s .  Such  a  p a t t e r n  i s  d e s c r ib e d  f o r  T h ra u s to c h v tr iu m  

roseum  ( S ie g e n th a le r ,  B e lsk y , & G o ld s te in ,  1 9 6 7 ) i a n o th e r  

o b l i g a t e l y  m a rin e  fu n g u s , and P vth ium  m arinum  (Kazama, 1969 ) .  

Kazama ( 1969 ) d e m o n s tra te d  t h a t  th e  d i f f e r e n c e s  i n  r e s p i r a 

t i o n  a t  d i f f e r e n t  c o n c e n t r a t io n s  o f  Na+ w ere n o t  due t o  o s 

m o tic  p r e s s u r e  d i f f e r e n c e s  b u t  c o u ld  be  a t t r i b u t e d  to  th e  

c o n c e n t r a t io n  o f  NaCl a lo n e .  The o rg an ism  i n  t h i s  s tu d y  

showed a  d e c re a s e  i n  Og co n su m p tio n  o f  m ore th a n  tw o fo ld  

when in  a  Na+ f r e e  medium, b u t  i n  th e  m a rin e  fu n g u s  L u lw o rth -

i a  m edusa (D av id so n , 19740 change  t o  f r e s h w a te r  d id  n o t

d e c re a s e  th e  r a t e  o f  r e s p i r a t i o n .  One c o u ld  s p e c u la te  t h a t  

t h e r e  may be a  fu n d a m e n ta l d i f f e r e n c e  b e tw een  th e  way in

w hich  Na+ e f f e c t s  t h e  r e s p i r a t i o n  and p o s s ib l e  th e  g ro w th  o f

th e s e  tw o f u n g i .

The p ro b lem  o f  s tu d y in g  s y n th e s i s  w here u p ta k e  i s
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a l t e r e d  was d is c u s s e d  by  T im b e r la k e , e t  a l  (1 9 7 3 )- They 

a tte m p te d  t o  c o r r e l a t e  th e  r a t e  o f  p r o t e i n  s y n th e s i s  to  

th e  s p e c i f i c  a c t i v i t y  o f  am ino a c id  p o o ls  and w ere s a t i s 

f i e d  in  show ing  su ch  a  r e l a t i o n s h i p .  I n  th e  p r e s e n t  s tu d y  

I  d id  n o t  f in d  t h a t  su c h  a  p ro c e d u re  w ould g r e a t l y  change 

th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s ,  n o r  d id  I  f e e l  i t  was 

a p p r o p r i a t e  s in c e  I  was n o t  a b le  to  q u a n t i t a t e  th e  e x p e r i 

m e n ta l ly  in d u c e d  ch an g es  i n  i n t r a c e l l u l a r  Na+ w hich  c o u ld  

in f lu e n c e  in c o r p o r a t io n  r a t e s .  The r e s u l t s  i n d i c a t e d  

t r e n d s  w hich  can  be m ore f u l l y  u n d e rs to o d  when t h e r e ; i s  

m ore in fo r m a t io n  on how Na+ e f f e c t s  th e  e n t i r e  sy s te m .



SECTION IV THE PRESENCE OF INTRACELLULAR SODIUM

INTRODUCTION

The f in d i n g  t h a t  t h e  fu n g u s  c o u ld  s u r v iv e  in  a  

sodium  f r e e  medium a f t e r  s u f f i c i e n t  e x p o su re  t o  a  medium 

c o n ta in in g  sodium  i n d ic a t e d  t h a t  e i t h e r  i t  had changed  i t s  

r e q u ire m e n t f o r  Na+ o r  t h a t  s u f f i c i e n t  Na+ was p r e s e n t  

i n s i d e  th e  c e l l  t o  s u p p o r t  i t s  n e c e s s a r y  f u n c t io n s .  The 

a b i l i t y  o f  t h e  c e l l s  t o  grow , and th e  e f f e c t  o f  i n h i b i t o r s  

i n  th e  Na+ f r e e  medium in d ic a t e d  t h a t  p r o t e in  s y n th e s i s  

m ust be c o n t in u in g  even  th o u g h  l a b e l l i n g  s tu d i e s  c o u ld  

n o t  q u a n t i t a t e  i t . Why young (0 -1 5  h r . ) c e l l s  c o u ld  

n o t  grow  i n  SF, b u t  15 h o u r and  o ld e r  c e l l s  c o u ld ,  was 

v a g u e . One h y p o th e s is  was t h a t  a l th o u g h  u p ta k e  o f  am ino 

a c id s  may have b een  somewhat l i m i t e d  a t  e ach  s ta g e ,  some 

q u a l i t y  o f  th e  o ld e r  c e l l s  a llo w e d  th e  r e t e n t i o n  and  

in c o r p o r a t io n  o f  n u t r i e n t s  t h a t  was n o t  a c h ie v e d  i n  th e  

y o u n g e r c e l l s .  I f  th e  r e q u ire m e n t f o r  Na+ i s  assum ed to  

be i n t r a c e l l u l a r  in  i t s  n a t u r e ,  i t  c o u ld  be t h a t  th e  

o ld e r  c e l l s  had th e  a b i l i t y  t o  r e t a i n  Na+ . T h is  s e c t io n  

exam ines t h a t  a b i l i t y  t o  r e t a i n  sodium  a t  d i f f e r e n t  l e v e l s

o f  e x t e r n a l  Na+ .

Sodium  r e t e n t i o n  by  c e l l s  h a s  r e c e iv e d  l i t t l e

a t t e n t i o n  i n  th e  l i t e r a t u r e  e x c e p t  w ith  r e s p e c t  t o  m a rin e  

and  h a l o p h i l i c  b a c t e r i a  (Thompson & MacLeod, 1973* Holm es,

99
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e t  a l ,  1 9 6 5 ). Sodium  l e v e l s  o f  some h a lo p h y te s  have b een  

s tu d ie d  and  some w o rk e rs  a r e  i n t e r e s t e d  i n  t r a n s p o r t  o f  io n s  

i n  c ro p  p l a n t s  (S ee  re v ie w s  by N is s e n , 197^» and E p s te in ,  

1 9 7 3 ) . A few  fu n g i  have b een  exam ined t o  d e te rm in e  th e  i n 

o rg a n ic  c o n te n t  o f  th e  m ycelium  (C o c h ran e , 1 9 5 8 ). N o rk ran s  

and  K y lin  (1 9 6 9 ) have i n v e s t i g a t e d  Na and K f lu x e s  i n  

h a l o p h i l i c  and  n o n - h a lo p h i l i c  y e a s t .  They fo u n d  t h a t  

D ebarvom yces h a n s e n i i . a  h a l o t o l e r a n t  y e a s t ,  had a  s t r o n g  

e x t r u s io n  m echanism  f o r  Na+ when com pared t o  th e  n o n -m a rin e  

S acoharom vees c e r e v e s i a e . T h is  m echanism  p re su m a b ly  a llo w e d  

i t  to  m a in ta in  th e  i n t e r n a l  Na -K r a t i o  a t  a  m ore s u i t a b l e  

l e v e l .  They a l s o  show t h a t  t h e  s a l t  l e v e l s  i n  th e  c e l l s  

w ere n o t  s u f f i c i e n t  t o  c o u n te r a c t  th e  o sm o tic  p o t e n t i a l  o f  

th e  medium.



MATERIALS AND METHODS

I n o c u la  w ere p re p a re d  a s  p r e v io u s ly  d e s c r ib e d  u n le s s  

o th e rw is e  s t a t e d .  C u l tu r e s  w ere grown in  125 o r  250 m l 

E rlen m e y e r f l a s k s  a t  250 RPM on th e  G-2 s h a k e r  a t  24° C .

F o r  e x p e r im e n ts  u s in g  c y s t s , 20 o r  m ore 100mm p e t r i  d i s h e s  

o f  YPD made w ith  1 8 ° /o o  S.W. w ere in o c u la te d  w ith  j u s t  

enough p r e v io u s ly  s y n c h ro n iz e d  c y s t s  t o  c o v e r  th e  s u r f a c e  

w ith o u t  c ro w d in g  a t  d is c h a r g e  ( a p p ro x im a te ly  10^ -  lO ^ /m l) . 

P l a t e s  w ere f lo o d e d  j u s t  p r i o r  to  d is c h a r g e  w ith  OS s a l t s  

and  th e  z o o sp o re s  w ere c o l l e c t e d  w i th in  10 m in u te s  by 

a s p i r a t i o n  i n t o  2X t h i o g l y c o l a t e  b r o th  made w ith  18 ° /o o  

s e a  w a te r .  T h is  was im m e d ia te ly  c e n t r i f u g e d  f o r  one m in u te  

a t  1 ,0 0 0  RPM to  p e l l e t  th e  c y s t s .  The c y s t s  w ere im m e d ia te ly  

r in s e d  w ith  two ch an g es  (1 m in . c e n t r i f u g a t i o n )  o f  OS s a l t s  

and  ch eck ed  f o r  p re s e n c e  o f  o th e r  d e v e lo p m e n ta l s t a g e s .  

E x p e rim e n ts  w ere i n i t i a t e d  o n ly  i f  c y s t s  w ere found  t o  

r e p r e s e n t  m ore th a n  99.9%  o f  th e  p e l l e t e d  c e l l s .  The o n ly  

o th e r  s t a g e  p r e s e n t  (0.1%)  was th e  z o o sp o re . Where s ta g e s  

o th e r  th a n  c y s t s  w ere n eed ed  c u l t u r e s  w ere i n i t i a t e d  w ith  

c y s t s  and  grown t o  th e  d e s i r e d  s ta g e  in  t h e  a p p r o p r ia t e  

medium.

Dry w e ig h ts  and w et w e ig h ts  w ere d e te rm in e d  on a l l  

s t a g e s  e x c e p t th e  c y s t  and  e a r l y  g e rm lin g  s t a g e s .  The 

s m a ll  volum e o f  t h e s e  s ta g e s  made rem o v a l o f  i n t e r s t i t i a l  

w a te r  n e a r l y  im p o s s ib le  and a t te m p ts  t o  m easu re  w et w e ig h ts
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r e s u l t e d  in  w a te r  c o n te n t  e s t im a te s  f o r  th e  c e l l  from  

100# t o  30#. The o th e r  s t a g e s ,  how ever, gave r e l a t i v e l y  

c o n s i s t e n t  r e s u l t s  show ing 7 ^ -8 9 #  w a te r  in  th e  c e l l s .

The p ro c e d u re  c o n s i s t e d  o f  h a r v e s t i n g  th e  c e l l s  on Whatman 

num ber 2 f i l t e r  p a p e rs  by  g e n t l e  vacuum f i l t r a t i o n ,  r i n s i n g  

once q u ic k ly  w i th  a  s m a ll  volum e o f  th e  a p p r o p r ia t e  s o lu t i o n ,  

su c h  a s  sodium  f r e e  s a l t s  i f  t h e  c e l l s  w ere t o  be  u sed  in  

sodium  a n a l y s i s .  The c e l l s  w ere th e n  c a r e f u l l y  rem oved 

from  th e  f i l t e r  p a p e r  w i th  a  s p a tu l a  and  p la c e d  in  w ashed, 

t a r e d  p o ly s ty r e n e  w e ig h in g  b o a t s .  Wet and d ry  w e ig h ts  

w ere d e te rm in e d  i n  a  M e t t l e r  a n a l y t i c a l  b a la n c e .  The 

p o ly s ty r e n e  b o a ts  d id  n o t  add  m e a su ra b le  K+ o r  Na+ and 

th e  d r y in g  p ro c e d u re  d id  n o t  change t h e i r  w e ig h t. D ry in g  

was c a r r i e d  o u t  a t  96#  i n  a  d ry in g  oven f o r  1 8 -2 4  h o u rs  

a t  w hich  tim e  no m ore w e ig h t l o s s  c o u ld  be  m easu red .

Sam ples w ere c o o le d  in  a  d e s s i c a t o r  p r i o r  to  o b ta in in g  

d ry  w e ig h ts .

To c o l l e c t  Na+ and IC1" th e  c e l l s  w ere rem oved from  

th e  d is h e s  and p la c e d  i n  p y re x  g l a s s  p e t r i  d i s h e s  and 

d i s s o lv e d  i n  a  m in im al am ount o f  c o n c e n t r a te d  HNO  ̂

d ig e s te d  o v e rn ig h t  and th e n  th e  volum e was b ro u g h t t o  25 

o r  50 ml w ith  d e io n iz e d  w a te r .  A tom ic a b s o r p t io n  s p e c t r o -  

p h o to m e try  was u sed  to  m easu re  Na and  K . The w a te r  

u sed  i n  th e  p ro c e d u re  was d e io n iz e d  by  r e v e r s e  o sm o sis  

p ro c e d u re  and was u se d  a s  a  Na+ and K+ f r e e  s ta n d a rd  

f o r  a n a l y s i s .

G la ssw are  and w e ig h in g  b o a ts  u se d  in  a n a l y s i s  o f



Na+ and  K+ w ere w ashed w i th  S p a rk le e n  ( F is h e r )  d e te r g e n t  

and  s u b je c te d  t o  f i v e  r i n s e s  in  g l a s s  d i s t i l l e d  w a te r ,  

one r i n s e  i n  d e io n iz e d  w a te r ,  a c id  w ash i n  50#  HNO  ̂ in  

d e io n iz e d  w a te r  and  a  f i n a l  2X r i n s e  i n  d e io n iz e d  w a te r .

To in s u r e  t h a t  th e  g la s s w a re  d id  n o t  add  s i g n i f i c a n t  

am ounts o f  K*" and Na+ , d i s h e s  ( p o ly s ty r e n e )  w ith o u t  c e l l s ,  

b u t  an  e q u a l  w e ig h t o f  d e io n iz e d  w a te r ,  w ere s u b je c te d
i

t o  t h e  d ry in g  p ro c e d u re  and  th e n  an y  r e s id u e  was e x t r a c t e d  

o v e r n ig h t  i n  d e io n iz e d  w a te r .  No Na+ o r  K* r e s id u e  was 

d e t e c t a b l e .  The same p ro c e d u re  was u se d  w ith  g l a s s  d i s h e s  

e x c e p t  t h a t  th e y  w ere s u b je c te d  t o  e x t r a c t i o n  w ith  HNO-^

No d e t e c t a b l e  Na+ o r  K*' was added  by  g l a s s  d i s h e s .



M ethods f o r  enzyme a c t i v i t y .

Am ylase a c t i v i t y  was m easu red  by  p r o d u c t io n  o f  

r e d u c in g  s u g a r  from  s t a r c h .  The m ethod was s i m i l a r  to  

t h a t  o f  P e t t e r s s o n  and P o ra th  (1 9 6 6 ) . The c e l l s  w ere 

grown in  th e  medium f o r  60 h o u rs  and a l i q u o t s  o f  th e  

medium w ere u se d  a s  a  s o u rc e  o f  enzyme f o r  t h e  t e s t .

The b u f f e r  u se d  was 0.02M T r i c in e  (S ig m a). TRIS b u f f e r  

was fo u n d  t o  be  i n h i b i t o r y .

LDH was a s sa y e d  s p e c t r o p h o to m e t r ic a l ly  by  a  m odi

f i c a t i o n  o f  th e  m ethod o f  K o m b erg  (1 9 5 5 )- A c e l l  homo- 

g e n a te  was c l a r i f i e d  by  c e n t r i f u g a t i o n  p r i o r  t o  th e  

r e a c t i o n  and was u sed  w ith o u t  f u r t h e r  p u r i f i c a t i o n .

NADH o x id a s e s  w ere a s sa y e d  by  u s in g  th e  above 

r e a c t i o n  m ix tu re  w ith o u t  th e  p y ru v a te  b e in g  p r e s e n t .

T h is  m easurem ent was a  c o n t r o l  f o r  th e  LDH m easu rem en t. 

NADH (re d u c e d  n ic o t in a m id e  a d e n in e  d in u c l e o t id e )  and 

p o ta s s iu m  p y ru v a te  w ere p u rc h a se d  from  Sigm a C hem ical 

Company.



RESULTS

The i n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  Na+ and K+ in ' c e l l s  

grown a t  t h r e e  c o n c e n t r a t io n s  o f  Na~*~

C e l l s  g ro w in g  i n  LS, OS, o r  HS w ere h a r v e s te d  a t  

v a r io u s  t im e s  d u r in g  t h e i r  l i f e  c y c le s  and r in s e d  e i t h e r  

w ith  sodium  f r e e  s a l t s  f o r  sodium  m easu rem en ts  o r  in  

d e io n iz e d  w a te r  f o r  K* m easu rem en ts . F ig u re  18 shows 

t h a t  sodium  l e v e l s  seemed t o  d e c re a s e  th ro u g h o u t  th e  

c y c le s  w h ereas  p o ta s s iu m  te n d e d  t o  i n c r e a s e .  P o ta ss iu m  

v a lu e s  v a r i e d  a p p ro x im a te ly  2 t o  3 f o ld  and  w ere a b o u t 10 tim e s  

t h e  e x t e r n a l  K+ c o n c e n t r a t io n  ( 0 . 23% g /m l) assu m in g  th e  

w a te r  c o n te n t  o f  t h e  c e l l  e v e n ly  d i s t r i b u t e d  th e  K4-*

On th e  o th e r  hand i n t r a c e l l u l a r  Na+ v a r i e d  o v e r  a  4> t o  8 

f o ld  ra n g e  and  th e  Na+ c o n te n t  o f  th e  c e l l  v a r i e d  from  

n e a r l y  th e  same a s  th e  e x t e r n a l  c o n c e n t r a t io n s  o f  Na+ to  

a b o u t 1 /3  th e  e x t e r n a l  c o n c e n t r a t i o n s .  T a b le  15 and 16 

show th e s e  r e l a t i o n s h i p s  i n  c e l l s  a t  t h e  32 h o u r s ta g e .

To d e te rm in e  i f  v i a b l e  c e l l  sy s te m s  w ere r e q u i r e d  to  

m a in ta in  t h e s e  c o n c e n t r a t io n  g r a d i e n t s ,  c e l l s  a t  32 h o u rs  

w ere in c u b a te d  f o r  30 m in u te s  i n  OS w i th  0 .0 4 $  osmium 

t e t r a o x i d e  t o  k i l l  th e  c e l l s .  The c e l l s  so  t r e a t e d  had an 

a p p ro x im a te  2 f o ld  i n c r e a s e  o f  Na+ in  th e  c e l l  and an  

a p p ro x im a te  d e c r e a s e  o f  IC4 by  two f o l d .  T hese  new l e v e l s  

o f  Na+ and K* d id  n o t  e x a c t ly  r e f l e c t  th e  e x t e r n a l  co n 
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c e n t r a t i o n s  b u t  th e  e x p o su re  was lo n g  enough t o  show t h a t  

a  g r a d i e n t  was a c t u a l l y  b e in g  m a in ta in e d  by v i a b l e  c e l l s .

At e a c h  e x t e r n a l  Na c o n c e n t r a t io n  t h e r e  was a  c o r r e 

sp o n d in g  i n t e r n a l  l e v e l  o f  Na+ . T h ere  do es  n o t  a p p e a r  to  

be  a  d i r e c t  p r o p o r t i o n a l i t y  o f  i n t e r n a l  Na+ t o  e x t e r n a l  con 

c e n t r a t i o n s ,  b u t  th e  h ig h e r  th e  e x t e r n a l  c o n c e n t r a t io n  th e  

h ig h e r  th e  i n t e r n a l  a p p e a r s  to  b e . S in c e  k i l l i n g  o f  th e  

c e l l  w ith  OsO^ l e a d s  t o  h ig h e r  i n t e r n a l  c o n c e n t r a t io n s  i t  

m u st b e  c o n c lu d e d  t h a t  th e  l e v e l s  a r e  n o t  due t o  e q u a l  co n 

c e n t r a t i o n s  o f  Na+ on e i t h e r  s id e  o f  th e  m em brane. On th e  

c o n t r a r y  i t  s u g g e s ts  t h a t  Na+ i s  rem oved from  o r  p re v e n te d  

from  e n t e r i n g  th e  c e l l  a g a i n s t  a  c o n c e n t r a t i o n  g r a d i e n t .



F ig u re  18 The change  o f  Na+ and K+ c o n c e n t r a t io n s  o v e r  

t im e  i n  t h r e e  l e v e l s  o f  Na+ .
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C hanges in  i n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  Na+ and K* 

when e x t e r n a l  Na+i s  changed  

S in c e  c e l l s  c an  s u r v iv e  in  Na+ f r e e  s a l t s  a f t e r  

s u f f i c i e n t  d ev e lo p m en t i n  OS medium, i t  was p o s s ib l e  

t h a t  t h e  a b i l i t y  t o  r e t a i n  th e  Na+ had in c r e a s e d .  Con

v e r s e l y ,  c y s t s  c o u ld  n o t  d e v e lo p  in  th e  a b se n c e  o f  Na+ , 

so  e x p e r im e n ts  w ere ru n  to  d e te rm in e  th e  a b i l i t y  o f  each  

d e v e lo p m e n ta l s ta g e  t o  r e t a i n  Na+ . C e l l s  a t  t h e  c y s t  

s ta g e  w ere found  t o  l o s e  a b o u t 90#  o f  t h e i r  sodium  c o n te n t  

i n  th e  f i r s t  30 m in u te s  ex p o su re  t o  SP s a l t s *  (F ig .  1 9 ) .

L ik e w is e , i f  th o s e  c y s t s  w ere exposed  b r i e f l y  t o  LS s a l t s  

th e  Na+ l e v e l  f e l l  t o  o n ly  ?0#  o f  th e  o r i g i n a l  c o n c e n t r a t io n .  

T hese  c e l l s  c o u ld  th e n  be  ex p o sed  to  US s a l t s  and th e  co n 

c e n t r a t i o n  o f  Na+ on th e  c e l l s  w ould r i s e  t o  a  v a lu e  above 

th e  i n i t i a l  c o n c e n t r a t io n  when th e  c y s t s  w ere i n  OS s a l t s  

(P ig .  1 9 ) .  I n t e r n a l  c o n c e n t r a t io n s  o f  K+ w ere n o t  d e t e r 

m ined f o r  t h i s  s t a g e .  T hese  d a ta  seem ed to  s u p p o r t  th e  

h y p o th e s is  t h a t  c y s t s  d id  n o t  have th e  a b i l i t y  t o  co n c en 

t r a t e  Na+ a g a in s t  a  g r a d i e n t  and w ould a c c o u n t f o r  th e  

p o o r  d ev e lo p m en t i f  n e ed  f o r  i n t e r n a l  Na+ c o u ld  be p ro v e n .

C e l l s  a t  15 h o u rs  had a  d i f f e r e n t  ty p e  o f  b e h a v io r .  In  

SF i n i t i a l l y  th e  c e l l s  l o s t  a b o u t 50# o f  th e  Na+ b u t  th e  

d e c r e a s e  t h e r e a f t e r ,  on a  c o n c e n t r a t io n  (m g/gram  d ry  w t) 

b a s i s  was s m a ll  (F ig .  2 0 ) .  The o n ly  way t o  know i f  th e  

sodium  i s  a c t u a l l y  l e a v in g  th e  c e l l  i s  t o  b a s e  th e

*SF w ith o u t  g lu c o s e  o r  g lu ta m a te .  The same r e s u l t s  can  
be  o b ta in e d  in  a  Na f r e e  medium (S F ).



m easu rem en ts  on th e  am ount c o n ta in e d  i n  a  c o n s ta n t  num ber 

o f  c e l l s .  F ig u re  21 shows t h a t  a f t e r  th e  i n i t i a l  r a p id  

l o s s  t h e  c e l l  in d e e d  r e t a i n e d  n e a r l y  a l l  o f  i t s  sodium  

u n t i l  l a t e  i n  i t s  d e v e lo p m e n t. The l o s s  l a t e r  in  th e  

c y c le  may r e l e c t  a  d e g re e  o f  a sy n ch ro n y  i n  th e  c e l l s .

C e l l s  r e a c h in g  th e  p o in t  o f  zo o sp o re  p ro d u c t io n  w ould 

r e l e a s e  z o o sp o re s  w hich  c o u ld  th e n  e n c y s t ,  and  e i t h e r  one 

o f  th e s e  s ta g e s  c o u ld  l o s e  Na"*" to  th e  medium. A l t e r 

n a t i v e l y ,  t h e  c e l l s  n e a r in g  th e  end o f  th e  d e v e lo p m e n ta l 

c y c le  c o u ld  change t h e i r  a b i l i t y  to  r e t a i n  Na .

F ig u re  20 shows t h a t  a l th o u g h  Na+ i s  r e t a i n e d  a s  

shown i n  F ig u re  21 t h e r e  i s  a  g r a d u a l  d i l u t i o n  o f  th e  

c y to p la sm ic  c o n c e n t r a t io n  o f  Na+ . I f  a  p a r t i c u l a r  l e v e l  

o f  c y to p la sm ic  Na+ i s  r e q u i r e d  f o r  o p tim a l  a c t i v i t y  t h i s  

d i l u t i o n  m ig h t r e s u l t  i n  d e c re a s e d  s y n th e s i s .  A d e c re a s e  

i n  th e  f i n a l  y i e l d  o f  c e l l s  p la c e d  i n  a  Na+ f r e e  medium a t  

15 h o u rs  h a s  b een  o b se rv e d  (T a b le  1 ^ ) .  However, i f  Na+ 

i s  c o m p a r tm e n ta liz e d  i n  some way t h i s  d i l u t i o n  may n o t  

a n t u a l l y  t a k e  p la c e .  T h is  d e c r e a s e  in  c e l l  y i e l d  c o u ld  

a l s o  be  a t t r i b u t e d  t o  a  d e c re a s e  o f  u p ta k e  c a p a c i ty  a s  

in d ic a te d  b y  l a b e l l i n g  s t u d i e s  (S e c t io n  I I I ) .

The b e h a v io r  o f  IT*" u n d e r  th e s e  c o n d i t io n s  i s  a l s o

p l o t t e d  in  F ig u re s  20 and  21 . W hile a l s o  d ro p s  (F ig u re

20) on a  c o n c e n t r a t io n  b a s i s ,  F ig u re  21 shows t h a t  in  f a c t  K* 
i s  ta k e n  i n t o  th e  c e l l  d u r in g  t h i s  p o r t i o n  o f  th e  c y c le .

T h is  may mean t h a t  th e  c e l l  has  become m ore p o ro u s  to

IT*" b u t  t h a t  u p ta k e  i s  s t i l l  t a k in g  p la c e .



C e l l s  grown i n  OS and  ex p o sed  t o  HS a t  15 h o u rs  

showed o n ly  a  s l i g h t  r i s e  o f  Na+ a f t e r  one h o u r o f  

e x p o su re  (4.40m g Na+/g ra m  d ry  w e ig h t t o  5.92m g Na+/g ra m  

d ry  w e ig h t) .  The K*" c o n c e n t r a t io n  d id  n o t  c h a n g e .

At 32 h o u rs  c e l l s  grown i n  OS l o s t  67#  o f  th e  Na+ 

i n  one h o u r (4 .3 5  t o  1.4-0 mg Na+/g ra m  d ry  w e ig h t)  i f  

t r a n s f e r r e d  t o  SF. C e l l s  t h a t  w ere p la c e d  in  HS a t  t h i s  

s ta g e  in c r e a s e d  th e  Na+ c o n c e n t r a t io n  from  4 .3 5  t o  21.75m g 

Na+ p e r  gram  d ry  w e ig h t,  i n d i c a t i n g  t h a t  t h e  c e l l  may 

have become m ore p e rm e ab le  to  Na+ . H ere t h e r e  was a l s o  

a  ch ange  o f  K+ c o n c e n t r a t io n  from  a b o u t 28mg p e r  gram 

d ry  w e ig h t to  4lm g If1". T h is  ch an g e  c o u ld  mean t h a t  th e  

g r e a t  in c r e a s e  i n  Na+ u n d e r  th e s e  c i r c u m s ta n c e s  c a u sed  a  

s i m i l a r  u p ta k e  o f  K* b u t  th e  a c t u a l  m echanism  i s  unknown.

E f f e c t  o f  2 . 4 D in i t ro n h e n o l  on r e t e n t i o n  o f  Na+ (DPN)

When c e l l s  h e ld  i n  SF s a l t s  w ere ex p o sed  to  

5x10”3m DPN, an  u n c o u p le r  o f  o x id a t iv e  p h o s p h o ry la t io n ,  

th e  c e l l s  l o s t  two t im e s  a s  much Na+ a s  c o n t r o l s  w ith o u t  

t h e  i n h i b i t o r .  On th e  o th e r  hand when c e l l s  grown in  LS 

w ere t r a n s f e r r e d  t o  OS w ith  DNP, sodium  was a g a in  l o s t  t o  

th e  medium when com pared t o  th e  c o n t r o l  (T a b le  1 7 ) .

I f  th e  r e s u l t  was due t o  l a c k  o f  a d e n o s in e  t r i p h o s 

p h a te  (ATP) p r o d u c t io n  th e n  ATP m ust be n eed ed  to  r e t a i n  

Na i n s i d e  th e  c e l l .  A n o th e r i n t e r p r e t a t i o n  i s  p o s s i b l e .  

S in c e  DNP i s  known to  i n c r e a s e  t h e  r e s p i r a t i o n  o f  c e l l s  

i t  i s  p o s s ib l e  t h a t  th e  in c r e a s e d  r e s p i r a t i o n  i n  e ach



c a s e  (m ore augm ented  i n  ch an g e  o f  LS t o  OS) d r iv e s  th e  

sodium  o u t  o f  th e  c e l l  th ro u g h  a  r e s p i r a t o r y  o r  e l e c t r o n  

t r a n s p o r t  s t im u la te d  e x i t  pump.



F ig u re  19 Change o f  Na+ c o n c e n t r a t io n  i n  c y s t s  

when p la c e d  i n  Na+ f r e e  medium from  

OS and from  LS t o  HS.
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F ig u re  20 Change in  Na+ and K+ (mg ion /gm  d ry  w t . )

when c e l l s  w ere changed  from  OS to  SF a t  15 

h o u r s .
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Figure 21 Change i n  mg Na+ i n  a  c o n s ta n t  num ber o f  

c e l l s .  Sam ple same a s  F ig u re  19 b u t  r e p l o t t e d  

t o  r e f l e c t  l o s s  from  c e l l s  w ith o u t  t a k in g  in to  

a c c o u n t th e  in c r e a s e  in  d ry  w e ig h t.  I n i t i a l  

(15  h o u rs )  p o i n t s  a r e  b a se d  on 1 gram d ry  

w e ig h t so  i t  w i l l  be  co m p arab le  t o  F ig u re  20 .
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TABLE 16

I n t r a c e l l u l a r  K* v s .  E x te r n a l  Na+ C o n c e n tr a t io n  a t  3 2 -3 6  h r s .

E x te r n a l  Na+ I n t e r n a l  KT*" R a t io  I n t r a c e l l u l a r
________________________________________________________  K V  Na

mg/ml m g/gram  m g/gram
d ry  w t. w et w t.

LS 0 .^ 9 6  2 1 .0 3  4 .2 1  9 .2 6

OS 5 .4 5 1  2 5 .2 5 *  5 .0 5  5-80

HS 11 .8 9 1  1 2 .9 9  2 .6 0  1 .5 1

K* i n  a l l  m ed ia  i s  0.006M (0 .2 3 4  m g/m l)

♦ F a l l s  t o  1 2 .1 1  i n  30 m in . i n  p re s e n c e  o f  OsO/j,.



TABLE 17

E f f e c t  o f  DNP on Na+ c o n c e n t r a t io n  i n  c e l l s .  Changes 

made from  OS t o  SF and LS to  OS w ith  and w ith o u t  p r e 

se n c e  o f  DNP. F in a l  c o n c e n t r a t io n  o f  Na+ a f t e r  one 

h o u r e x p o su re  i s  r e c o rd e d .  A ll  c e l l s  a t  32 h o u r s ta g e  

and from  OS medium. Norm al l e v e l  i n  OS i s  «v4  mg Na+/g ra m  

d ry  w e ig h t. In  LS i t  i s  a b o u t 2 .2  m g/gram  d ry  w e ig h t.

Medium Change F in a l  Na+ l e v e l
(mg Na /g ra m  d ry  w e ig h t)

OS -  SF 1 .4 2

OS -  SF + DNP 0 .7 7

LS “* OS 2 .5 8

LS -  OS + DNP 1 .6 7
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Enzyme a c t i v i t y  and Na+

Am ylase a c t i v i t y  a t  a  g iv e n  pH i s  in f lu e n c e d  by th e  

Na+ c o n c e n t r a t io n .  The l e v e l  o f  Na+ a t  w hich  p e a k  a c t i v i t y  

i s  o b se rv e d  i s  a l s o  in f lu e n c e d  by  pH. The enzyme may be 

a d a p te d  $o pH re g im e s  e n c o u n te re d  a t  v a r io u s  s a l i n i t i e s  

i n  n a t u r e .  The pH g e n e r a l ly  i n c r e a s e s  i n  th e  e s tu a r y  

from  7«1 t o  8 .2  a s  t h e  s a l i n i t y  i n c r e a s e s  from  l ° / o o  t o  

3 0 ° /o o  ( p e r s o n a l  o b s e r v a t io n ) .  The a c t i v i t y  o f  am y lase  

o b ta in e d  from  t h i s  fu n g u s  shows p e a k s  o f  a c t i v i t y  a t  h ig h  

pH when Na+ i s  h ig h  and a t  low  pH when Na+ i s  lo w . T h e re 

f o r e ,  i t  i s  a p p a r e n t ly  w e l l  a d a p te d  (F ig .  2 2 ) .

L a c ta te  d eh y d ro g e n ase  (LDH) a c t i v i t y  i s  n o t  a p p re 

c i a b l y  a f f e c t e d  by Na+ e x c e p t  a t  th e  h ig h e s t  Na+ l e v e l  

( F ig .  2 3 ) .  NADH o x id iz a s e  i s  on th e  o th e r  hand m ax im ally

a c t i v e  a t  t h e  in te r m e d ia te  l e v e l s  o f  Na+ (F ig .  Zk ) . T hese 

l a s t  two sy s te m s  a r e  i n t r a c e l l u l a r  and  s h o u ld  be  com pared 

t o  a c t u a l  Na+ i n s i d e  t h e  c e l l  when t h a t  d a ta  becom es 

a v a i l a b l e .



F ig u re  22 Amylase a c t i v i t y  a s  in d i c a t e d  by  p r o d u c t io n  

o f  r e d u c in g  s u g a rs  by  DNS m ethod a t  t h r e e

d i f f e r e n t  pH l e v e l s .
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F ig u re  2 3 . LDH a c t i v i t y  a t  pH 7 .8 5  "by change 

NADH a b so rb a n c y  a t  3^0 mp,.
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F ig u re  Zk.  NADH o x id iz in g  enzyme a c t i v i t y  a t  pH

7 .8 5  by  ch an g e  i n  a b so rb a n c y  a t  JhO m)i.
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DISCUSSION

The m a jo r  p u rp o se  o f  t h e s e  e x p e r im e n ts  was t o  

e s t a b l i s h  th e  a b i l i t y  o f  th e  c e l l  t o  r e t a i n  Na+ i n t e m a l l y  

a t  a  p a r t i c u l a r  d e v e lo p m e n ta l s t a g e .  I t  was shown t h a t  

P h ly c to c h v tr iu m  i s  l e s s  c a p a b le  o f  r e t a i n i n g  Na+ i n  a  Na+ 

f r e e  medium when th e  c e l l  i s  a t  t h e  c y s t  s t a g e  th a n  when 

i t  i s  a t  15 h o u rs  o r  l a t e r .  T h ere  was a l s o  e v id e n c e  t h a t  

l a t e r  in  th e  c e l l  c y c le  t h i s  a b i l i t y  t o  r e t a i n  o r  r e g u l a t e  

th e  Na+ c o n te n t  o f  t h e  c e l l  m ig h t a g a in  d e c r e a s e .  As th e  

c e l l  d e v e lo p e d  beyond t h e  c y s t  s ta g e  i n  a  Na+ e n r ic h e d  

medium i t  a c q u ir e d  th e  a b i l i t y  t o  s u r v iv e  i n  Na+ f r e e  

m ed ia . S in c e  th e  medium was d i f f i c i e n t  o n ly  in  Na+ and b e 

c a u s e  i n c r e a s in g  th e  o sm o tic  p r e s s u r e  w i th  m a n n ito l  d id  

n o t  i n c r e a s e  th e  a b i l i t y  o f  c y s t s  t o  s u r v iv e  in  Na+ f r e e  

m ed ia  i t  m ust be assum ed t h a t  t h e  Na+ was i n  some way i n 

v o lv e d  i n  g ro w th  and  d e v e lo p m en t. I n  t h e  p r e v io u s  s e c t io n  

i t  was shown t h a t  Na+ c o u ld  be r e l a t e d  t o  u p ta k e  b u t  t h a t  

i n  t h e  h ig h  n u t r i e n t  l e v e l s  o f  t h e  SP medium d ev e lo p m en t 

c o n t in u e d ,  p re su m ab ly  g a in in g  s u f f i c i e n t  n u t r i e n t  by d i f 

f u s io n .  Y e t, th e  r o l e  o f  sodium  was s t i l l  u n d e f in e d .  The 

f a c t  t h a t  sodium  was r e t a i n e d  i n  c e l l s  w h ich  w ere c a p a b le  

o f  d ev e lo p m en t in  a  Na+ f r e e  medium i s  f u r t h e r  e v id e n c e  

t h a t  i t  i s  r e q u i r e d  f o r  d ev e lo p m en t o f  th e  c e l l .  T here
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was a  d i r e c t  c o r r e l a t i o n  betw een  d ev e lo p m en t i n  a  Na+ 

f r e e  medium, r e g a r d l e s s  o f  d i f f u s a b l e  n u t r i e n t s ,  o r  th e  

e f f e c t  o f  Na+ on u p ta k e  and th e  a b i l i t y  o f  t h a t  c e l l  t o  

r e t a i n  p r e v io u s ly  in f u s e d  Na+ . However, i t  was n o t  p o s 

s i b l e  t o  c o n c lu s iv e ly  d e m o n s tra te  by  l a b e l l i n g  te c h n iq u e s  

t h a t  p r o t e i n  s y n th e s i s  r e q u i r e d  Na+ a s  a  c o - f a c t o r .  One 

way t o  g a in  f u r t h e r  in fo rm a tio n  w ould be  t o  d e m o n s tra te  

t h a t  a  s p e c i f i c  p r o t e in  can  be  p ro d u ced  and t h a t  t h i s  

m echanism  can  be tu rn e d  on and o f f  by  m a n ip u la t io n  o f  th e  

Na+ l e v e l  o f  t h e  c e l l .  T h is  h as  b een  done in  a  m a rin e  

b a c te r iu m  (Webb & P ay n e , 1 9 7 1 ). A n o th e r a p p ro a c h  w ould 

be  t o  d e m o n s tra te  a  re q u ire m e n t f o r  Na+ i n  a  c e l l  f r e e  i n 

c o r p o r a t io n  o f  am ino a c id  i n t o  p r o t e i n .  The l a t t e r  e x 

p e r im e n t h a s  b een  c a r r i e d  o u t w ith  l e a v e s  o f  th e  h a lo p h y te  

S uaed a  m a r i t im a . b u t  t h e r e  i t  was d e m o n s tra te d  t h a t  Na+ 

d e p re s s e d  th e  r a t e  o f  i n c o r p o r a t io n  (H a ll  & F lo w e rs , 1 9 7 3 ). 

T h e ir  c o n c lu s io n  was t h a t  t h e  c e l l  had th e  a b i l i t y  t o  com

p a r tm e n ta l i z e  th e  Na+ i n t o  a  v a c u o le  and t h a t  th e  a c t u a l  

c y to p la s m ic  c o n c e n t r a t io n  o f  Na+ was v e ry  low . W hether 

t h i s  i s  a c t u a l l y  th e  c a s e  i n  th e  p r e s e n t  s tu d y  i s  n o t  

known, b u t  on th e  b a s i s  o f  th e  p r e s e n t  e v id e n c e , I  w ould 

b e l i e v e ,  on th e  c o n t r a r y  t h a t  s y n th e s i s  i s  s t im u la te d  by 

sod ium . M arin e  b a c t e r i a  and  h a lo p h a l ic  b a c t e r i a  have 

some enzyme sy s tem s  (H olm es, D undas, and H a lv o rso n , 1965) 

and p r o t e in  s y n th e s iz in g  sy s tem s  (Webb & P ayne, 1971) 

w hich  a p p e a r  t o  be d ep en d e n t on r a t h e r  h ig h  l e v e l s  o f  Na+ .
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P athw ays o f  g lu c o s e  m e tab o lism  have b een  shown to  b e  c o n 

t r o l l e d  b y  s a l i n i t y  i n  V ib r io  m a rin u a  ( G r i f f i t h  & M o r i ta ,

1 9 7 3 ).

I f  th e  o th e r  m a rin e  fu n g i  have th e  a b i l i t y  t o  r e g u l a t e  

t h e  i n t r a c e l l u l a r  Na+ c o n c e n t r a t io n  a s  t h i s  one a p p a r e n t ly  

d o e s ,  i t  may in f lu e n c e  i n t e r p r e t a t i o n  o f  s e v e r a l  f in d in g s  

on t h e i r  a c t i v i t i e s .  The a c t i v i t y  o f  th e  i n t r a c e l l u l a r  

p r o c e s s e s  may be  c o n s id e r a b ly  l i m i t e d  by  th e  Na+ c o n c e n t r a 

t i o n  in  th e  c e l l  and th e s e  p r o c e s s e s  may f u n c t io n  w e l l  o n ly  

i n  a  n a rro w  r a n g e .  The p r e s e n t  s tu d y  p r e s e n t s  e v id e n c e  t h a t  

e x t e r n a l  sodium  in f lu e n c e s  th e  c e l l  by  1) an  in f lu e n c e  on 

u p ta k e  and 2) by th e  way i t  a f f e c t s  th e  i n t r a c e l l u l a r  l e v e l  

o f  Na+ . F u r th e rm o re , t h e r e  i s  some e v id e n c e  t h a t  a  p o r t i o n  

o f  Na+ i n  th e  c e l l  i s  l o o s e l y  bound . T h is  i s  th e  p o r t io n  

w hich  l e a v e s  th e  32 h o u r c e l l  d u r in g  th e  i n i t i a l  ex p o su re  

t o  a  Na+ f r e e  medium. The r e m a in in g  sodium  a t  t h i s  s ta g e  

i s  e v id e n t ly  t i g h t l y  bound b e c a u se  i t  d o es  n o t  l e a v e  th e  

c e l l  d u r in g  an  e x te n d e d  in c u b a t io n  p e r io d  i n  a  Na+ f r e e  

medium. Such s t r o n g  r e t e n t i o n  o f  t h i s  n o rm a lly  s o lu b le  io n  

may i n d i c a t e  t h a t  i t  i s  p a r t  o f  th e  m o le c u la r  s t r u c t u r e  o f  

th e  c e l l .  T h ere  i s  t h e  p o s s i b i l i t y  t h a t  Na+ i s  c o m p a rt

m e n ta l iz e d  i n  some way and t h i s  s h o u ld  be  i n v e s t i g a t e d .  The 

c la im  by  S i e g e n th a l e r ,  B e lsk y , & G o ld s te in  t h a t  i n  T h ra u s to -  

c h v tr iu m  "endogenous r e s p i r a t i o n  o c c u r re d  i n  th e  a b se n c e  o f  

an y  c a t i o n s ” m ust be r e v i s e d  t o  s t a t e  " e x te r n a l  c a t i o n s " ,  

s in c e  t h e r e  i s  now a  c l e a r  d i s t i n c t i o n .  An i n v e s t i g a t i o n  i n t o  th e



sodium  c o n te n t  o f  T h ra u s to c h v tr iu m  i s  now n ee d ed  to  

d e te rm in e  i f  i t  h a s  a  s i m i l a r  d e g re e  o f  c o n t r o l  o v e r  

i n t r a c e l l u l a r  Na+ . I f  T h ra u s to c h v tr iu m  h a s  th e  a b i l i t y  

t o  r e g u l a t e  i n t r a c e l l u l a r  Na+ , i t  m ig h t e x p la in  r e s p i r a t i o n  

i n  th e  a b se n c e  o f  e x t e r n a l  Na+ .

J e n n in g s  (1974  ) d i s c u s s e s  t h e  p o s s i b i l i t y  t h a t  f u n g i  

may r e q u i r e  Na+ t o  s t im u la t e  b in d in g  o f  s u b s t r a t e  to  

c a r r i e r  t o  a id  i n  t r a n s p o r t  o f  s u g a rs  and am ino ^ a c id s  

a c r o s s  c e l l  m em branes. I n  d o in g  t h i s  t h e r e  w ould be  an  

u p ta k e  o f  Na+ and a  Na+ pump w ould e l im in a te  e x c e s s  Na+ 

from  th e  c e l l  t o  s t im u la t e  t h e  r e l e a s e  o f  th e  s u b s t r a t e  

i n s i d e  th e  c e l l .  T h is  sy s tem  w ould n o t  be e n t i r e l y  s u i t a b l e  

t o  e x p la in  th e  f u n c t io n  o f  t h e  P h lv c to c h v tr iu m  sy s tem  u n 

l e s s  t h e  Na+ i n s i d e  th e  c e l l ,  w hich .m ay  be s i m i l a r  t o  th e  

e x t e r n a l  l e v e l  i n  LS, i s  bound o r  c o m p a r tm e n ta liz e d  in  

some f a s h io n  and n o t  a b le  t o  in f lu e n c e  th e  e q u i l ib r iu m  

r e a c t i o n  J e n n in g s  show s. Of c o u r s e ,  i t  i s  p o s s ib l e  t h a t  

a  l a c k  o f  sodium  c o n c e n t r a t io n  d i f f e r e n t i a l  w ould e x p la in  

re d u c e d  g ro w th  in  LS.

I t  w i l l  be n e c e s s a r y  t o  lo o k  a t  t h e  t i g h t l y  bound 

and l o o s e l y  bound f r a c t i o n s  o f  Na+ in  t h e  c e l l  t o  com

p l e t e l y  i n t e r p r e t  t h e i r  f u n c t io n s .  L o o se ly  bound m a te r i a l  

c o u ld  a c t  a s  an  osm oticum  t o  th e  c e l l  and th e  o b se rv e d  

r a p id  f l u x  o u t o f  t h e  c e l l  when t r a n s f e r r e d  from  OS to  SF 

would a g re e  w ith  t h i s  f u n c t io n .  S im i la r  e x p e r im e n ts  on 

Na+ r e t e n t i o n  i n  th e  p re s e n c e  o f  an  osm oticum  w ould be 

h e l p f u l .  A lso  l o c a l i z a t i o n  o f  Na+ i n  th e  c e l l  by te c h n iq u e s
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w hich  c o u ld  I d e n t i f y  th e  lo c u s  o f  Na+ u l t r a s t r u c t u r a l l y  

may he  u s e f u l  i f  t h e r e  i s  s u f f i c i e n t  e v id e n c e  t h a t  Na+ 

d o es  n o t  move d u r in g  p r e p a r a t i o n  p r o c e d u re s .

One a r e a  o f  i n v e s t i g a t i o n  w hich  s h o u ld  be  p u rsu e d  i s

th e  p o s s i b i l i t y  t h a t  v a c u o le s  may c o m p a r tm e n ta liz e  Na+ i n 

t r a c e l l u l a r  l y .  I n  S e c t io n  I I  i t  was shown t h a t  a t  15 t o  

24  h o u rs  v a c u o le s  becam e r e c o g n iz a b le  w i th  p h a se  c o n t r a s t  - 

m ic ro sc o p y , and i t  i s  c o n c e iv a b le  t h a t  t h e s e  s t r u c t u r e s  

may be  r e l a t e d  t o  th e  a b i l i t y  o f  th e  c e l l  t o  r e t a i n  

sodium  a t  t h a t  s t a g e .  V acu o les  have b een  im p l ic a te d  in  

c o m p a r tm e n ta l iz a t io n  o f  Na+ i n  h ig h e r  p l a n t s  (H a l l  & F lo w e rs , 

1973)* A d d i t io n a l  s t u d i e s  on th e  m echanism  o f  Na+ t r a n s p o r t  

a r e  n ee d e d  to  d e te rm in e  how th e  e x t e r n a l  en v iro n m e n t e f f e c t s  

th e  i n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  t h i s  io n .

I t  d o es  n o t  seem l i k e l y  t h a t  r a p id  ch a n g es  from  OS 

t o  SF m ed ia  w ould n o t  a l t e r  t h e  c e l l  membrane i n  some way. 

E v id en ce  h as  been  p r e s e n te d  t h a t  t h i s  ch ange  l )  shows an  

i n i t i a l  r a p id  l o s s  o f  Na+ -  fo llo w e d , a t  some s t a g e s ,  by 

a  c e s s a t i o n  o f  t h i s  l o s s ,  and 2 ) c a u s e s  l o s s e s  o f  am ino 

a c id  i n i t i a l l y .  F u r th e rm o re , i n  a  s h i f t  up t o  HS o r  a 

s h i f t  down to  LS t h e r e  i s  1) a  p e r io d  o f  a d ju s tm e n t  so  t h a t  

a f t e r  t h r e e  h o u rs  t h e r e  a p p e a rs  t o  be  an  in c r e a s e d  a b i l i t y  

t o  ta k e  up and in c o r p o r a te  am ino a c id ,  and  2) a  p o s s i 

b i l i t y  o f  s y n th e s i s  o f  new o r  m ore RNA r e q u i r e d  t o  make 

a d ju s tm e n t  t o  a  new Na+ c o n c e n t r a t io n .  T hese f a c t o r s  may 

i n d i c a t e  s t r e s s  b u t  seem t o  be s h o r t  te rm  f a c t o r s .
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Once a d ju s tm e n t  i s  made th e  c e l l s  d e v e lo p  a t  a  r a t e  sim 

i l a r  t o  w hat sh o u ld  be e x p e c te d  i n  th e  new medium. The 

r a p id  f l u x  o f  Na+ o u t o f  th e  c e l l  s to p s  when i t  has  

re a c h e d  a  c e r t a i n  l e v e l  a s  i n  F ig u re  21 . I t  i s  n o t  l i k e l y  

t h a t  a l l  s y n th e t i c  c o n s t i t u e n t s  o f  th e  c e l l  w ould f u n c t io n  

w e l l  o v e r  a  b ro a d  ra n g e  o f  Na+ c o n c e n t r a t io n s  a s  i s  i n d i 

c a te d  by  v a r io u s  m easu rem en ts  o f  th e  i n t e r n a l  c o n te n t  

o f  th e  c e l l s .  T here  a r e  d i f f e r e n c e s  i n  s y n th e t i c  r a t e s  

even  a f t e r  t h r e e  h o u rs  a d ju s tm e n t  to  a  new l e v e l  o f  Na+ , 

and  t h i s  may r e f l e c t  th e  change  in  a c t i v i t y  o f  t h e s e  sy stem s 

p ro d u ced  by th e  new Na+ c o n c e n t r a t i o n s .  Y e t, t h e  a c t u a l  

c o n d i t io n s  i n s i d e  th e  c e l l  a r e  unknown. I t  i s  a l s o  

u n c l e a r  i f  t h e  v a ry in g  c o n c e n t r a t io n s  o f  i n t e r n a l  Na+ 

c a u se  t h e  o b se rv e d  c h a n g e s . I t  h as  b een  shown t h a t  Na+ 

and KT1" change  i n  a  k in d  o f  r e l a t i o n s h i p  t o  one a n o th e r  

and  i t  i s  p o s s ib l e  t h a t  th e  r a t i o s  o f  t h e s e  io n s  o r  th e s e  

a c t u a l  l e v e l s  in  t h e  c e l l  may a l s o  e f f e c t  th e  c e l l u l a r  

a c t i v i t y  (N o rk ran s  & K y lin , 1 9 6 9 ) .

S tu d ie s  on enzymes p ro d u ced  by  P h ly c to c h v tr iu m  

show t h a t  t h e i r  a c t i v i t y  can  be a f f e c t e d  by th e  Na+ co n 

c e n t r a t i o n s  o f  th e  r e a c t i o n  m ix tu re .  W hile t h e  e x t r a 

c e l l u l a r  enzyme am y lase  i s  a f f e c t e d  by Na+ c o n c e n t r a t io n s  

t h i s  d o es  n o t  i n d i c a t e  how i n t e r n a l  a c t i v i t i e s  o f  t h e  

c e l l  m ig h t be  e f f e c t e d .  However, t h e r e  i s  th e  i n t r i g u i n g  

p o s s i b i l i t y  t h a t  th e  c e l l ' s  u s e  o f  e x t r a c e l l u l a r  s t a r c h  

may be a f f e c t e d  b y  s a l i n i t y .  LDH shows no  change  i n  

a c t i v i t y  a t  l e v e l s  o f  Na+ w hich  w ould be  e x p e c te d  i n  th e
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g ro w in g  c e l l ,  u n le s s  t h e r e  a r e  c o n c e n t r a te d  com p artm en t. 

T h e re  i s  some i n d i c a t i o n  t h a t  NADH o x id iz in g  enzymes may 

r e q u i r e  e le v a te d  l e v e l s  o f  Na+ f o r  maximum a c t i v i t y  and 

t h i s  may a c c o u n t f o r  th e  d e c re a s e d  a c t i v i t y  o f  th e  c e l l s  

when th e  Na+ f a l l s  t o  v e r y  low  l e v e l s .  T hese  e x p e r im e n ts  

w ere p r e l im in a r y  i n  n a tu r e  and n eed  f u r t h e r  i n v e s t i g a t i o n  

b e f o re  c o n c lu s io n s  a r e  t o  be draw n.

F i n a l l y ,  i t  i s  p o s s i b l e  t h a t  t h e  a b i l i t y  o f  th e  c e l l  

t o  r e g u l a t e  sodium  may be  o f  s p e c i f i c  v a lu e  i n  th e  i n t e r 

t i d a l  e s tu a r i n e  e n v iro n m e n t. In  t h a t  k in d  o f  en v iro n m e n t , 

s a l i n i t y ,  and  th u s  Na+ c o n c e n t r a t io n ,  c an  f l u c t u a t e  g r e a t l y  

d u r in g  th e  6 h o u r p e r io d  betw een  h ig h  and low  t i d e s .  A 

c e l l  w ith  t h e  a b i l i t y  t o  r e g u l a t e  Na+ c o u ld  dampen th e  

e f f e c t s  o f  c h a n g in g  e x t e r n a l  sodium  c o n c e n t r a t io n s  and 

th u s  w ould be  w e l l  s u i t e d  t o  s u r v i v a l  i n  t h a t  e n v iro n m e n t.



CONCLUSION AND SUMMARY

I t  i s  now p o s s ib l e  t o  m ore c l e a r l y  d e f in e  w hat m akes 

an  o rg an ism  m a r in e .  By s tu d y in g  how Na can  e f f e c t  g ro w th , 

m o rp h o g e n e s is , u p ta k e ,  s y n th e s i s ,  and  th e  c e l l u l a r  l e v e l s  

o f  Na+ a  b e t t e r  u n d e r s ta n d in g  o f  how th e  m arin e  en v iro n m e n t 

a f f e c t s  t h i s  o rg an ism  h a s  b een  g a in e d .  Based on th e  p r e s e n t  

s tu d y  i t  may be s a id  t h a t  a  r e q u ire m e n t f o r  sodium  f o r  g ro w th  

and  d ev e lo p m en t may c h a r a c t e r i z e  a  t r u l y  m a rin e  fu n g u s .

The g e n e r a l l y  a c c e p te d  c o n c e p t t h a t  Na+ i s  a  m a jo r  

l i m i t i n g  f a c t o r  i n  m a rin e  f u n g i  h a s  a g a in  been  s u p p o r te d ,  

b u t  a  m a jo r  m o d if ic a t io n  h a s  b een  m ade. By u s in g  s y n c h ro 

n o u s ly  d e v e lo p in g  c u l t u r e s  i t  was p o s s ib l e  to  d e m o n s tra te  

t h a t  d u r in g  th e  m a jo r  p a r t  o f  th e  c e l l  c y c le  Na+ was n o t  

r e q u i r e d  in  th e  g ro w th  medium. F o r an  o rg an ism  w hich  a p p e a r s ,  

from  i t s  in o r g a n ic  n u t r i t i o n a l  r e q u ire m e n ts ,  t o  be w e l l  s u i t 

ed to  an  e s tu a r i n e  en v iro n m e n t t h i s  may be  an  a d d i t i o n a l  ad 

v a n ta g e .  E s t u a r i e s ,  e s p e c i a l l y  t h e i r  i n t e r t i d a l  p o r t i o n s ,
- j , ,

may have b ro a d  f l u c t u a t i o n s  i n  Na c o n te n t  ( s a l i n i t y )  and  

t h i s  o rg an ism  i s  w e l l  a d a p te d  t o  w i th s ta n d  th e  f l u c t u a t i o n s  

and  even  th e  u l t i m a t e  ab se n c e  o f  Na+ in  th e  e x t e r n a l  e n v i r 

onm ent .
X

S in c e  Na a p p e a re d  t o  b e  im p o r ta n t  t o  th e  f u n c t io n  o f  

th e  o rg an ism  d u r in g  th e  e a r l y  p o r t i o n  o f  i t s  c e l l  c y c le  i t  

was h y p o th e s iz e d  t h a t  Na m ig h t a l s o  have a  r o l e  i n  th e  r e s t

129



130

o f  th e  c e l l  c y c l e .  The f i n d i n g  t h a t  th e  o rg an ism  c o u ld  r e 

t a i n  a  p o r t i o n  o f  th e  c e l l u l a r  sodium  when p la c e d  in  a  sodium  

f r e e  medium d u r in g  th e  l a t e r  c y c le  made t h i s  id e a  even  more 

a t t r a c t i v e .  The e v id e n c e  a v a i l a b l e  a t  th e  p r e s e n t  tim e  do es  

n o t  a l lo w  a s s ig n m e n t o f  a  f u n c t io n a l  r o l e  t o  sodium  i n s i d e  

t h e  c e l l ,  b u t  i t  i s  c l e a r  t h a t  i n  c a s e s  when i t  i s  n o t  p re  

s e n t  g ro w th  and  d ev e lo p m en t do n o t  ta k e  p la c e .  F u r th e rm o re ,
a t*

th e  c o n c e n t r a t io n s  o f  Na r e q u i r e d  f o r  g ro w th  and  d e v e lo p ^  

m ent o f  t h i s  fu n g u s  f a r  ex ceed  t h a t  a v a i l a b l e  i n  f r e s h w a te r  

e n v iro n m e n ts .

As in  o th e r  m a rin e  m ic ro o rg a n ism s  i t  h as  b een  p o s s ib le  

t o  d e m o n s tra te  t h a t  th e  u p ta k e  o f  exogenous s u b s t r a t e s  i s  

r e l a t e d  to  th e  p re s e n c e  and c o n c e n t r a t io n  o f  sod ium . F u r

th e rm o re , b a se d  on th e  e f f e c t s  o f  i n h i b i t o r s  i t  i s  p o s s ib le  

t o  s a y  t h a t  t h e  u p ta k e  m echanism  in v o lv e s  ATP and a  Na+-K+ 

d e p en d e n t ATPase sy s tem , w hich  m eans t h a t  th e  o rg an ism  i s  

m ore s i m i l a r  t o  th e  T h r a u s to c h t r ia c e a e  th a n  t o  th e  m arin e  

b a c te r iu m  B -16.

A lth o u g h  th e  Na+ c o n te n t  o f  th e  medium c a n n o t be r e 

l a t e d  d i r e c t l y  to  c y n th e t i c  p r o c e s s e s  o f  th e  c e l l  t h e r e  does 

seem t o  be an  e f f e c t  on th e  d e v e lo p m en t. The c e l l  s i z e ,  

l e n g th  o f  c y c l e ,  and th e  fo rm a tio n  o f  e x i t  p a p i l l a e  can  be
J .

a l t e r e d  b y  m a n ip u la t io n  o f  th e  Na c o n te n t  o f  th e  medium. 

S in c e  th e s e  a c t i v i t i e s  a r e  th e  r e s u l t  o f  th e  s y n th e t i c  p ro 

c e s s  Na+ m ust i n  some way have an  e f f e c t  on t h i s  a c t i v i t y .

The s i z e  o f  t h e  e x i t  p a p i l l a e  seem s t o  be r e l a t e d  t o  th e  

o sm o tic  p r e s s u r e  o f  th e  g ro w th  medium, so  a t  l e a s t  i n  t h a t
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i n s t a n c e  Na+ a c t i o n  may be a  r e s u l t  o f  i t s  i n f lu e n c e  a s  an  

osm oticum .

Even i s  th e  way in  w hich  Na+ a f f e c t s  m o rp h o g e n e s is  i s  

n o t  c l e a r  i t  i s  now e v id e n t  t h a t  t h e r e  i s  a  g r e a t  s e n s i t i v i t y  

o f  t h i s  o rg an ism  t o  i t s  in o rg a n ic  e n v iro n m e n t. S o i l  (1970) 

and  S o i l  and S o nnebom e (1971) have shown t h a t  m a n ip u la t io n  

o f  th e  e x t e r n a l  io n ic  e n v iro n m e n t may be  r e s p o n s ib le  f o r  d e 

v e lo p m e n ta l  c h a n g e s . B ased on th e  p r e s e n t  r e s e a r c h  i t  i s  

now p o s s i b l e  to  e x te n d  t h a t  s ta te m e n t  t o  s a y  t h a t ;  ch an g es  

i n  th e  e x t e r n a l  en v iro n m e n t may a f f e c t  th e  i n t r a c e l l u l a r  en 

v iro n m e n t i n  ways t h a t  w i l l  a f f e c t  d ev e lo p m en t o f  th e  c e l l .  

F u r th e rm o re , t h e  way i n  w hich  th o s e  e f f e c t s  a r e  e x p re s s e d  

may depend  to  a  g r e a t  e x t e n t  on th e  s ta g e  o f  th e  l i f e  c y c le .

The a l t e r a t i o n  o f  m orpho logy  o f  t h i s  o rg a n ism  i s  h ig h ly  

im p o r ta n t  t o  t h e  taxonom ic  u n d e r s ta n d in g  o f  th e  e n t i r e  g roup  

o f  o rg a n ism s . The f in d in g s  h e re  r e i t e r a t e  th e  c o n te n t io n s  

o f  s e v e r a l  m y c o lo g is ts  t h a t  th e  c e l l s  a r e  so  m o rp h o lo g ic a l ly  

p l a s t i c  t h a t  we may have to  m o d ify  th e  taxonom ic  k ey s  t o  i n 

c lu d e  s p e c i f i c  c u l t u r a l  c o n d i t io n s  in  o r d e r  to  u s e  th e  m or

p h o lo g ic a l  f e a t u r e s  upon w h ich  d e s c r i p t i o n s  a r e  b a s e d . T h is  

s h o u ld  in c lu d e  n o t  o n ly  o rg a n ic  b u t  in o rg a n ic  n u t r i t i o n a l  

c o n d i t io n s  a s  w e l l .

The f in d i n g  t h a t  th e  o rg an ism  can  r e t a i n  Na+ d u r in g  

c e r t a i n  s ta g e s  o f  d ev e lo p m e n t, t h a t  th e  c e l l  may have a  p o r 

t i o n  o f  th e  sodium  bound in  some way, and t h a t  th e  c o n c e n -
+t r a t i o n  o f  sodium  i n s i d e  v a r i e s  i n  a  com plex way w ith  th e  Na



o u t s i d e ,  m eans t h a t  p r e v io u s  s t u d i e s  on th e  e f f e c t s  o f  s o 

dium  w i l l  n eed  r e - e v a l u a t i o n .  Now any  i n v e s t i g a t i o n  i n t o  

how th e  Na+ c o n c e n t r a t io n  ( o r  s a l i n i t y )  a f f e c t s  th e  o rg an ism  

s h o u ld  in c lu d e  an  i n v e s t i g a t i o n  on th e  i n t e r n a l  p re s e n c e  and 

a c t i v i t y  o f  Na+ b e f o r e  c o n c lu s io n s  a r e  draw n a s  to  how th e  

e x t e r n a l  en v iro n m e n t a f f e c t s  th e  b io lo g y  o f  t h e  o rg a n ism .
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