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A S TU DY  O F  T H E  PHYSIOLOGY O F  

H IS T O P L A S M A  C A P SU LA TU M

C H A P T E R  I 

IN T R O D U C T IO N

H i s t o p l a s m o s i s  i s  a s y s t e m i c  m y c o s i s  of m a n  a n d  a n i m a l s  

c a u s e d  b y  the d i m o r p h i c  f u n g u s ,  H i s t o p l a s m a . It w as  f i r s t  r e c o g n i z e d  

by D a r l i n g  (1), who n a m e d  the  fungus  H i s t o p l a s m a  c a p s u l a t u m  s u s p e c t ­

ing  th a t  i t  w a s  a p r o t o z o a n ,  da  R o c h a - L i m a  (2) c o r r e c t e d  the e r r o r  c o n ­

c e r n i n g  the  t a x o n o m i c  p o s i t i o n  of  the o r g a n i s m ,  a n d  e x p r e s s e d  h i s  view 

th a t  H i s t o p l a s m a  w a s  not  a  p r o t o z o a n ,  but  a fungus .  D e M o n b re u n  (3) 

w a s  f i r s t  to i s o l a t e  a n d  c u l t u r e  the  o r g a n i s m  f rom  a n a t u r a l  in f e c t i o n .

He found th a t  the o r g a n i s m  e x h i b i t e d  t h e r m a l  d i m o r p h i s m .  I t g r e w  a s  

a s m a l l  u n i c e l l u l a r  b u d d in g ,  y e a s t - l i k e  f o r m  when in c u b a te d  a t  37°  C 

on m o i s t  e n r i c h e d  m e d i u m  o r  in  a n i m a l  t i s s u e .  H o w e v e r ,  the o r g a n i s m  

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

i n c u b a t e d  a t  r o o m  t e m p e r a t u r e .

E m m o n  (4) w a s  f i r s t  to i s o l a t e  the  o r g a n i s m  f r o m  s o i l .  He 

d e m o n s t r a t e d ,  by d i r e c t  m i c r o s c o p i c  e x a m in a t io n  of s a l i n e  s u s p e n s i o n s
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of  the s o i l  s a m p l e ,  t u b e r c u l a t e d  c h l a m y d o s p o r e s ,  t y p i c a l  of  t h o s e  d e ­

ve lop ing  i n  c u l t u r e s  of  the  fungus  a t  r o o m  t e m p e r a t u r e .

T he  m e t a b o l i s m  of the  m y c e l i a l  p h a s e  of  H. c a p s u l a t u m  a n d  of 

o t h e r  s y s t e m i c  m y c o t i c  a g e n t s  h as  no t  b een  th o ro u g h ly  i n v e s t i g a t e d .

T h e  f i r s t  s tudy  of  ox ida t ive  m e t a b o l i s m  in  a s y s t e m i c  fungus  was  

by  B e r n h e i m  (5) who i n v e s t i g a t e d  B l a s t o m y c e s  d e r m a t i t i d i s . He r e p o r t e d  

t h a t  s u g a r s  w e r e  not  f e r m e n t e d  by e i t h e r  p h a s e  of th i s  o r g a n i s m .  G l u ­

c o s e  and  m a n n o s e  w e r e  o x id i z e d  a t  the s a m e  r a t e ,  p r o v i d e d  th a t  the 

h ig h  end o g en o u s  r a t e  w a s  s u p p r e s s e d .  Of f ive  s u g a r s  t e s t e d ,  a r a b i n o s e ,  

r h a m m o s e ,  and  f r u c t o s e  w e r e  no t  o x id i z e d .  M os t  a m in o  a c i d s  i n c r e a s e d  

o x y g en  c o n s u m p t i o n  of  the  o r g a n i s m .  L ev ine  e t  (6) found  th a t  the 

o p t i m a l  p H  r a n g e  fo r  e n d o g e n o u s  r e s p i r a t i o n  and  g lu c o s e  o x id a t io n  by 

_B. d e r m a t i t i d i s  w a s  b e tw e e n  6 and  8.  In the p r e s e n c e  of  a c e t a t e  the  e f ­

f e c t  of the  h y d r o g e n  io n  c o n c e n t r a t i o n  on oxygen  up take  r e s e m b l e s  r e ­

s u l t s  o b t a i n e d  w i th  o th e r  y e a s t s ,  w i th  the g r e a t e s t  up take  a t  pH 7. 

N i c k e r s o n  and E d w a r d  (7) show e d  t h a t  the m y c e l i a l  p h a s e  of  the o r g a n ­

i s m  o x id i z e d  a d d e d  s u b s t r a t e s  e x o g e n o u s ly  an d  th a t  the  e n d o g e n o u s  

r e s p i r a t o r y  r a t e  of  the y e a s t  p h a s e  w a s  s e v e r a l  t i m e s  t h a t  of  the  m y c e ­

l i a l  p h a s e .

R o b b in s  and  Ma (8), i n v e s t i g a t e d  the  n u t r i t i o n  of T r i c h o p h y t o n  

m e n t a g r o p h y t e s  and  found  t h a t  the o r g a n i s m  w a s  unab le  to u s e  a m m o ­

n i u m  n i t r a t e ,  bu t  g r o w s  r e a d i l y  w i th  a m in o  a c i d s  a s  th e  s o u r c e  of n i t r o ­

gen .  T h e y  found no e v i d e n c e  f o r  the i n d i s p e n s a b i l i t y  of  a n y  aunino a c i d .
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bu t  no s in g l e  a m i n o  a c i d  p r o m o t e d  g ro w th  so  w e l l  a s  d id  a  s u i t a b le  m i x ­

t u r e s  of  t h e s e  c o m p o u n d s .  The  a u t h o r s  c o n c l u d e d  th a t  a m i n o  a c i d s  a d d e d  

i n  t h e i r  m e d i u m  w e r e  i n c o r p o r a t e d  in to  the  fu n g u s  p r o t e i n  m o r e  r a p i d l y  

t h a n  th o s e  s u p p l i e d  by m e t a b o l i c  t r a n s f o r m a t i o n  of a n y  s in g le  a m i n o  

a c i d .  N i c k e r s o n  an d  C h ad w ick  (9) r e p o r t e d  t h a t  in  t h e  r e s p i r a t i o n  of 

d e r m a t o p h y t e s ,  two p o in t s  of  m a x i m u m  o x y g en  u p ta k e  o c c u r ;  the  f i r s t  

a t  pH  3, an d  the s e c o n d  a t  p H  8 .  B e t w e e n  t h e s e  two d e g r e e s  of h y d r o g e n  

io n  c o n c e n t r a t i o n ,  the  r a t e  of  r e s p i r a t i o n  d e c r e a s e s ,  r e a c h i n g  a m i n i ­

m u m  a t  pH 5 - 5 . 5 .

The  s tu d y  of t h e  n u t r i t i o n a l  r e q u i r e m e n t s  of  1^. c a p s u l a t u m , 

p a r t i c u l a r l y  the y e a s t  p h a s e  w a s  u n d e r t a k e n  by Sa lv in  (10).  He r e p o r t e d  

a n  e x c e l l e n t  y ie ld  of  y e a s t  c e l l s  in a m e d i u m  dev o id  of b lood ,  b lood  d e ­

r i v a t i v e s ,  o r  o t h e r  p r o t e i n s .  Sa lv in  (11) a l s o  r e p o r t e d  t h a t  b io t in  w a s  

r e q u i r e d  by the y e a s t  p h a s e  of s e v e r a l  s t r a i n s  of  H.  c a p s u l a t u m , w h en  

c y s t e i n e  w a s  u s e d  a s  t h e  so le  s o u r c e  of n i t r o g e n .  When  a l a n in e  w as  

u s e d  a s  a n i t r o g e n  s o u r c e  only  one of the s ix  m y c e l i a l  s t r a i n s  t e s t e d  

sh o w e d  th i s  r e q u i r e m e n t .  A l s o  8 y e a s t  an d  6 m y c e l i a l  i s o l a t e s  s h o w e d  

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

n i n e ,  and  t h i o g l y c o l l a t e .

P i n e  ( 12) found  th a t  c y s t e i n e  w a s  n e c e s s a r y  f o r  the  g r o w t h  of  

th e  y e a s t  p h a s e  of s e v e r a l  s t r a i n s  of _H. c a p s u l a t u m . R o w le y  and  P i n e  

(13) r e p o r t e d  t h a t  the  c o n v e r s i o n  of  the y e a s t  to the  m y c e l i a l  p h a s e  of 

s o m e  i s o l a t e s  w a s  s t i m u l a t e d  by the  p r e s e n c e  of  c a l c i u m  p a n t o th e n a t e
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a n d  c e r t a i n  a m i n o  a c i d s .  P i n e  (14) r e p o r t e d  on the  c o m p a r i s o n  of the

v i t a m i n  r e q u i r e m e n t s  of the  m y c e l i a l  a n d  y e a s t  p h a s e s  of  s e v e r a l  s t r a i n s

of H. c a p s u l a t u m . A l th o u g h  no s in g le  v i t a m i n  w a s  found  to be r e q u i r e d

by the  m y c e l i a l  p h a s e  a t  2 5 °  C,  e i g h t  o f  the  y e a s t  p h a s e  s t r a i n s  r e q u i r e d

o
t h i a m i n e  f o r  the  m a x i m u m  r a t e  of  g r o w t h  a t  37 C.  The  g r o w t h  r a t e  of 

the  y e a s t  p h a s e  a t  25°  C w as  e q u a l  to  o r  g r e a t e r  t h a n  t h a t  a t  3 7 °  C.  

H o w e l l  (15) a n d  m o r e  r e c e n t l y  S c h e e r  (16) r e p o r t e d  t h a t  t e m p e r a t u r e  of 

35°  C o r  g r e a t e r  a r e  i n h i b i t o r y  to  the  m y c e l i a l  p h a s e  of H.  c a p s u l a t u m .

T h e  f i r s t  a t t e m p t  to s tu d y  the  r e s p i r a t i o n  of H. c a p s u l a t u m  w as  

m a d e  by C o z a d  e t  (17).  T h e y  s t u d i e d  the  e f f e c t s  of  v a r i o u s  s u b ­

s t a n c e s  on  the r e s p i r a t i o n  of the  y e a s t  p h a s e  of t h i s  o r g a n i s m ,  and  

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

r e s p i r a t i o n ,  w h i le  l a c t o s e ,  s u c r o s e ,  a n d  a r a b i n o s e  d id  n o t  show any  

s t i m u l a t i o n .  A l l  the L - a m i n o  a c i d s  t e s t e d  i n c r e a s e d  the o x y g e n  u p ta k e ,  

e x c e p t  L - a r g a n i n e . T h e  r e s u l t s  o b t a in e d  f r o m  the  t r i c a r b o x y l i c  a c i d  

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

the  m e t a b o l i s m  of H. c a p s u l a t u m .

The  p u r p o s e  of  t h i s  d i s s e r t a t i o n  w a s  to i n v e s t i g a t e  the p h y s i o ­

logy  of  the  m y c e l i a l  p h a s e ,  a n d  to  c o m p a r e  the p a t h w a y  of g l u c o s e  d i s ­

s i m i l a t i o n  of  b o th  the m y c e l i a l  a n d  the  y e a s t  p h a s e  of H. c a p s u l a t u m .



C H A P T E R  n  

M A T E R IA L S  AND M ETHODS

The W a r d  s t r a i n  of  H i s t o p l a s m a  c a p s u l a t u m  u s e d  in  a l l  e x p e r i ­

m e n t s  w as  o b ta in e d  f r o m  U .  S. P u b l i c  H e a l t h  S e r v i c e ,  GDC, K a n s a s  

C ity  F i e l d  S ta t io n ,  U n i v e r s i t y  of  K a n s a s  M ed ica l  C e n t e r ,  K a n s a s  C i ty ,  

K a n s a s .

B a s a l  m e d i u m .  T h e  b a s a l  m e d i u m  used  i n  a l l  e x p e r i m e n t s  c o n ­

t a i n e d  the  fo l lowing  i n g r e d i e n t s :

P o t a s s i u m  p h o s p h a t e  ( d ib a s i c ) ....................  1 .5 0  g

M a g n e s i u m  s u l f a t e  ( T H ^ O ) ............................ 0 . 5 0  g

C a l c i u m  c h l o r i d e  ................................................  0 . 3 3  g

S o d iu m  m o l y b d a t e ................................................  0.  01 m g

C o p p e r  c h l o r i d e  ................................................... 0 .0 1  m g

Z inc  c h l o r i d e  .......................................................  0 . 0 7  m g

F e r r o u s  s u l f a t e ................................... .. ..............  0. 05 m g

D i s t i l l e d  w a t e r .....................................................  1000 m l

P r e p a r a t i o n  o f  s t a n d a r d  i n o c u l u m : A s ix te e n  day  o ld  c u l t u r e  

of  the m y c e l i a l  p h a s e  of  H. c a p s u l a t u m  w a s  h a r v e s t e d  w i th  s t e r i l e  s a l i n e  

an d  t r a n s f e r r e d  to 75 m l  v a c c in e  b o t t l e  con ta in ing  20% by v o lu m e  g l a s s

5
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b e a d s .  The  bo t t le  w a s  s h a k e n  a t  m a x i m u m  s p e e d  of 250 s t r o k e s  p e r  

m i n u t e  on the  E b e r b a c h  r e c i p r o c a t i n g  s h a k e r  fo r  30 m i n u t e s  to b r e a k  

th e  l a r g e  m y c e l i a l  m a t s  in to  f ine  p a r t i c l e s .

G ro w th  S tud ies  on F a r m  Soil  

P r e p a r a t i o n  of m e d i a : The fo l lowing  s a m p l e s  w e r e  c o l l e c t e d  

f r o m  a f a r m  n e a r  N o r m a n :  c h ick en  m a n u r e  f r o m  the c h i c k e n  h o u s e ,  a 

s o i l  s a m p l e  t a k e n  on the  f l o o r  of  the h o u s e ,  a  so i l  s a m p l e  t a k e n  o u t s id e  

of  the h o u s e ,  and  a  s o i l  s a m p l e  ta k e n  a t  a  d i s t a n c e  f r o m  the h o u s e .

One t h o u s a n d  m i l l i l i t e r  of d i s t i l l e d  w a t e r  w a s  a d d e d  to  100 

g r a m s  of  e a c h  s a m p l e ,  s t i r r e d  f o r  10 m i n u t e s ,  f i l t e r e d  t h r o u g h  4 l a y e r s  

of  g a u z e ,  and  the n  c e n t r i f u g e d  f o r  10 m i n u t e s  a t  2000 x g to r e m o v e  the 

s o i l  p a r t i c l e s  ( c ru d e  e x t r a c t ) .  Half  of  ea c h  c r u d e  e x t r a c t  w a s  f i l t e r e d  

t h r o u g h  a  S e i t z  f i l t e r  an d  a c l e a r  browm r e f i n e d  e x t r a c t  w as  c o l l e c t e d .

The o r i g i n a l  pH of the c r u d e  and  r e f i n e d  e x t r a c t s  of  e a c h  

s a m p l e  w a s  d e t e r m i n e d  and  found to r a n g e  f r o m  pH 7 .  5 - 7 . 8 .  E a c h  

s a m p l e  w a s  t h e n  d iv ided  into  t h r e e  100 m l  p o r t i o n s  (a,  b,  c) ,  a n d  the 

pH  of two p o r t i o n s  w e r e  a d j u s t e d  w i th  0. IN NaOH an d  H C l  a s  fo l l o w s :

(a) pH 6 . 5 ,  (c) pH 8 . 5 .  P o r t i o n  (c) w a s  le f t  a t  the o r i g i n a l  pH .

R e f in e d  e x t r a c t s  a ,  b,  and  c w e r e  s t e r i l i z e d  s e p a r a t e l y  by 

a g a i n  be ing  p a s s e d  t h r o u g h  S e i t z  f i l t e r s .  The  e x t r a c t s  w e r e  th e n  d iv id e d  

in to  50 m l  p o r t i o n s  and  d i s p e n s e d  in to  250 m l  s t e r i l e  E r l e n m e y e r  f l a s k s .  

A  d u p l i c a te  s e t  w a s  s o l id i f i e d  by the ad d i t io n  of  p r e v i o u s l y  p r e p a r e d  

a n d  s t e r i l i z e d  a g a r - a g a r .
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The c r u d e  e x t r a c t s  w e r e  d iv id e d  the s a m e  w ay  a s  the r e f i n e d  

e x t r a c t .  The  l iqu id  and  so l id  m e d i a  w e r e  a u t o c l a v e d  a t  120 C,  15 p s i  

p r e s s u r e ,  f o r  15 m i n u t e s .

E a c h  f l a s k  w a s  i n o c u la t e d  w i th  1 . 5  m l  of m y c e l i a l  s u s p e n s i o n  

a n d  i n c u b a t e d  a t  25°  C fo r  16 d ay s .  The  l iqu id  m e d i a  w e r e  s h a k e n  in  a 

r e c i p r o c a t i n g  s h a k e r  a t  the r a t e  of 95 s t r o k e s  p e r  m i n u t e  d u r in g  th i s  

p e r i o d .  All  e x p e r i m e n t s  w e r e  done in  d u p l i c a t e .

E f fec t  of N i t r o g e n  S o u rc e  on G ro w th  of  the  
M y c e l i a l  P h a s e  of  IE c a p s u l a t u m

The fo l lowing a m in o  a c id s  and  i n o r g a n i c  n i t r o g e n  s o u r c e s  w e r e  

u s e d  f o r  th is  s tudy:  L - g l y c i n e ,  L - a l a n i n e ,  D L - s e r i n e ,  L - v a l i n e ,  L -

t h r e o n i n e ,  L - l e u c i n e ,  L - i s o l e u c i n e ,  L - c y s t e i n e  h y d r o c h l o r i d e ,  1_- 

m e t h i o n i n e ,  L - a s p a r t i c  a c i d ,  D l - h i s t i d i n e ,  L - p r o l i n e ,  a m m o n i u m  s u l ­

f a t e ,  a n d  p o t a s s i u m  n i t r a t e .  Two m i l l i l i t e r s  of  a s o lu t io n  of  e a c h  of the 

a b o v e  n i t r o g e n  s o u r c e s  w e r e  added  to r e s p e c t i v e  f l a s k s  c o n ta in in g  45 m l  

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

g a n i c  n i t r o g e n  of 0. 1 M,  and  the  i n o r g a n i c  n i t r o g e n  of  0 . 0 1 5  M.

The s t e r i l e  a g a r - a g a r  w as  a d d e d  to d u p l i c a t e  f l a s k s  f o r  s o l id  

m e d i a .  Into two s e t s ,  one w i t h  so l id  m e d i a ,  one w i t h  l i qu id  m e d i a ,  

w e r e  a d d e d  3 m l  of  s t e r i l e  g lu c o s e  s o lu t io n  to y i e ld  the f i n a l  g lu c o s e  

c o n c e n t r a t i o n  of 1%. No g lu c o s e  w as  a d d e d  to the  d u p l i c a t e  s e t .

E a c h  f l a s k  w a s  in o c u la t e d  w i th  1 .5  m l  of m y c e l i a l  s u s p e n s i o n  

a n d  in c u b a t e d  a t  20°  C f o r  16 d a y s .  The  l iqu id  c u l t u r e  m e d i a  w e r e
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s h a k e n  on a r e c i p r o c a t i n g  s h a k e r  d u r i n g  the  i n c u b a t i o n  p e r i o d .  A t  the 

end  of  16 days  the f l a s k s  w e r e  a u t o c l a v e d  a t  121° C,  15 p s i ,  f o r  15 m i n ­

u t e s  a n d  e a c h  m y c e l i a l  m a t  w a s  c o l l e c t e d  on f i l t e r  p a p e r  u s in g  B u c h n e r

o
fu n n e l ,  w a s h e d ,  d r i e d  in 110 oven  fo r  2 h o u r s  a n d  i t s  w e i g h t  w a s  d e t e r ­

m i n e d .  A l l  e x p e r i m e n t s  w e r e  done in  d u p l i c a t e .

The  Ef fec t  of C a r b o h y d r a t e s  a n d  F a t t y  A c i d s  on  the 
G row th  of  the  M y c e l i a l  P h a s e  of  IE c a p s u l a t u m

B a s a l  m e d i u m  w i th  0 .2%  a m m o n i u m  s u l f a t e ,  w a s  u s e d  in  th i s  

e x p e r i m e n t .  E a c h  of the fo l low ing  c a r b o h y d r a t e s  an d  f a t t y  a c i d s  w e r e  

a d d e d  s e p a r a t e l y  to the  r e s p e c t i v e  b a s a l  m e d i u m  to give a f i n a l  c o n c e n ­

t r a t i o n  of 1%: d e x t r o s e ,  m a n n o s e ,  f r u c t o s e ,  d u l c i t o l ,  m a n n i t o l ,  x y lo s e ,  

a r a b i n o s e ,  g l y c e r o l ,  s o d iu m  p y r u v a t e ,  l a c t o s e ,  m a l t o s e ,  s u c r o s e ,  s o ­

d i u m  a c e t a t e ,  s o d i u m ,  p r o p i o n a t e ,  b u t y r i c  a c i d ,  s o d iu m  l a c t a t e ,  and 

c a p r o i c  a c i d .  The  s a m e  p r o c e d u r e  w a s  e m p l o y e d  f o r  the  p r e p a r a t i o n  

of  m e d i a  a s  d e s c r i b e d  in the  a m i n o  a c i d  s t u d i e s .  A l l  e x p e r i m e n t s  w e r e  

done in  d u p l i c a te .

M a n o m e t r i c  S tu d ie s  of  IT c a p s u l a t u m . M y c e l i a l  P h a s e
The E f f e c t s  of V a r i o u s  S u b s t a n c e s  on the  R e s p i r a t i o n

One h u n d r e d  f if ty  m i l l i l i t e r  of  b a s a l  m e d i u m  c o n ta in in g  2% 

s o d i u m  c i t r a t e  and  b a c t o - d e x t r o s e  w a s  d i s p e n s e d  in to  a 500 m l  E r l e n ­

m e y e r  f l a s k ,  and  th e n  a u t o c l a v e d  a t  12 C,  15 p s i  p r e s s u r e  fo r  15 m i n ­

u t e s .  The  m e d i u m  w a s  i n o c u l a t e d  w i th  1 . 5  m l  m y c e l i a l  s u s p e n s i o n ,

o
s h a k e n  on a r e c i p r o c a t i n g  s h a k e r  f o r  16 d a y s  a t  25 C. A t  th i s  t im e
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n u m e r o u s  u n i f o r m  p e l l e t s  w e r e  f o r m e d .  T h e s e  p e l l e t s  w e r e  c e n t r i f u g e d ,  

w a s h e d  t h r e e  t i m e s  a s e p t i c a l l y  w i th  d i s t i l l e d  w a t e r ,  then  s u s p e n d e d  in  

150 m l  d i s t i l l e d  w a t e r  and s u b je c t e d  to c o n s t a n t  s h ak in g  f o r  48 h o u r s  in 

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

w a s h e d  an d  c e n t r i f u g e d  f o r  10 m i n u t e s  a t  1800 x g and the s u p e r n a t a n t  

w a s  d i s c a r d e d .

Two h u n d r e d  f if ty m g  of w e t  p e l l e t s  w e r e  w e ig h e d  on an  a n a ­

l y t i c a l  b a l a n c e  and  a d d e d  to e a c h  W a r b u r g  f l a s k  c o n ta in in g  1 .2  m l  of 

p h o s p h a t e  b u f f e r ,  pH 6 . 5 .  The  c e n t e r  w e l l  c o n ta in e d  0 . 2  m l  of 20%

KOH, 0 . 5  m l  o f  0. 1 M s u b s t r a t e  w as  a d d e d  to the s i d e a r m .  M a n o m e t -

o
r i c  m e a s u r e m e n t s  w e r e  done  a t  37 C,  an d  0^ up take  w a s  m e a s u r e d  by 

the  m e t h o d  of U m b r e i t  ^  aT. (18).  A l l  e x p e r i m e n t s  w e r e  done in  d u p l i ­

c a t e .

D e te c t io n  of  E n z y m e s  in C e l l  F r e e  E x t r a c t  of  Both  
M y c e l i a l  and  Y e a s t  P h a s e  of  H.  c a p s u l a t u m  

P a t h w a y  of G lucose  D i s s i m i l a t i o n

P r e p a r a t i o n  of  c e l l  f r e e  e x t r a c t :

Y e a s t  p h a s e . The y e a s t  p h a s e  of H. c a p s u l a t u m  w a s  g ro w n  on 

b lo o d  a g a r  for  fou r  d a y s  a t  37 C.  The  c e l l s  w e r e  r e m o v e d  f r o m  the 

b lood  a g a r  s l a n t s  w i th  co ld  0 .0 3  M p h o s p h a te  b u f f e r ,  pH 7,  c e n t r i f u g e d  

a n d  w a s h e d  t h r e e  t i m e s  w i th  the s a m e  bu f fe r  a t  1800 x g. The  e n z y m e s  

w e r e  e x t r a c t e d  in b u f fe r  by e x p o s u r e  to M i c k l e ' s  d i s i n t e g r a t i o n  f o r  f i f ­

t e e n  m i n u t e s  i n  the co ld  r o o m .  The  e x t r a c t  w a s  th e n  c e n t r i f u g e d  a t  

1 3 ,8 0 0  X  g fo r  30 m i n u t e s  in  a L o u r d e s  r e f r i g e r a t e d  c e n t r i f u g e .  The
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c e l l - f r e e  s u p e r n a t a n t  w a s  t h e n  d i a l y z e d  a g a i n s t  0 .0 0 3  M p h o s p h a te  buf ­

f e r ,  pH  7, a t  4 C f o r  12 h o u r s  and  w a s  u s e d  fo r  e n z y m e  s t u d i e s .

M y c e l i a l  p h a s e . T h e  s a m e  p r o c e d u r e  w as  u s e d  fo r  m y c e l i a l  

p h a s e ,  e x c e p t  tha t  the  p e l l e t s  w e r e  p r e p a r e d  by g ro w in g  the o r g a n i s m  

in  S a b o u r a u d ' s  b r o th  fo r  16 d a y s  on a r e c i p r o c a t i n g  s h a k e r  at 25 °  C.

T h e  p e l l e t s  w e r e  g ro u n d  in a p r e - c o o l e d  m o r t a r  con ta in ing  s m a l l  g l a s s  

(B a l lo t in i )  b e a d s  fo r  e n z y m e  e x t r a c t i o n .

P a th w a y  of G lu c o s e  D i s s i m i l a t i o n  of the M y c e l i a l  
an d  Y e a s t  P h a s e s  of H. c a p s u l a t u m

P r o t e i n  d e t e r m i n a t i o n . The p r o t e i n  con ten t  of c e l l - f r e e  e x ­

t r a c t  w a s  d e t e r m i n e d  a c c o r d i n g  to B i u r e t  m e t h o d  ( G a rn e l l ,  B u r d a w i l l  

an d  David) ,  (19). The  y e a s t  and  m y c e l i a l  p h a s e  of  c e l l - f r e e  e x t r a c t s  

c o n t a in e d ,  r e s p e c t i v e l y  4 . 6 9  and 1 .87  m g  of p r o t e i n  p e r  m l .

D e t e r m i n a t i o n  of  e n z y m e  a c t i v i t i e s . H ex o k in a s e  of  c e l l - f r e e  

e x t r a c t  w a s  d e t e r m i n e d  by the  s p e c t r o p h o t o m e t r i c  m e t h o d  d e s c r i b e d  by 

S le in ,  C o r i ,  and C o r i  (20). P h o s p h o g l u c o s e  i s o m e r a s e  w a s  d e t e c t e d  

by the r e s o r c i n o l  m e t h o d  of  Roe (21) a s  u s e d  by S le in  (22).  A ld o la s e  

a c t i v i t y  w as  d e t e r m i n e d  by c o l o r i m e t r i c  m e t h o d  of S ib ley  and L e b n i n g e r  

(23),  an d  6 - p h o s p h o f r u c t o k i n a s e  by m e t h o d  of K uo-H uang  Ling,  B i r n e ,  

an d  L a r d y  (24). The D e M o ss  (25) m e t h o d  w a s  u s e d  to d e t e c t  the p r e s ­

e n c e  of  g l u c o s e - 6 - p h o s p h a te  and 6 - p h o s p h o g lu c o n i c  d e h y d r o g e n a s e  a c t ­

i v i t i e s .  The m e th o d  of  D is ch e  and B o r e n f r e u n d  (26) a s  m o d i f i e d  by 

A x e l r o d  and  J a n g  (27) w as  u s e d  fo r  t e s t i n g  p e n to s e  p h o s p h a t e  i s o m e r a s e .
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T h e  f o r m a t i o n  of s e d o h e p t u l o s e ,  the  p r o d u c t  of t r a n s k e t o i a s e  a c t i v i t y ,  

w a s  shown by the m e t h o d  of D i s c h e ,  S h e t t l e s ,  a n d  O snos  (28) a s  m o d i ­

f i e d  by A x e l r o d  at a l .  (29)- The  m e t h o d  of  W a l te r  C h r i s t i a n  (30) w as  

e m p l o y e d  fo r  d e t e c t i o n  of  D - g l y c e r a l d e h y d e - 3 - p h o s p h a t e  d e h y d r o g e n a s e .

A B e c k m a n  DU s p e c t r o p h o t o m e t e r ,  u s in g  3 m l  q u a r t z  c u r v e t t e s ,  

l igh t  p a t h  1 c m  w a s  e m p l o y e d  in  a l l  e x p e r i m e n t s .



C H A P T E R  III

R E S U L T S  AND DISCUSSION

G ro w t h  on v a r i o u s  e x t r a c t s . T a b l e  1 s how s  th a t  the o r g a n i s m  

g r e w  m o d e r a t e l y  in a l l  the  e x t r a c t s  r e g a r d l e s s  of  pH. M i c r o s c o p i c  

e x a m i n a t i o n  s how e d  tha t  the  l iqu id  c u l t u r e s ,  p a r t i c u l a r l y  c h i c k e n  m a n ­

u r e  e x t r a c t ,  p r o d u c e d  m a n y  t u b e r c u l a t e d  s p o r e s ,  but the so l id  m e d i a  

s t i m u l a t e d  m y c e l i a l  g r o w t h .

A c c o r d i n g  to A je l lo  (31),  s o i l s  f r o m  c h i c k e n  h o u s e  a r e a  w e r e  

found  to be m o r e  a c i d  t h a n  s o i l s  n e g a t iv e  f o r  the p r e s e n c e  of H.  c a p s u ­

l a t u m , and  had  s i g n i f i c a n t l y  h i g h e r  o r g a n i c  c a r b o n  c o n ten t  and  m o i s t u r e - 

ho ld ing  c a p a c i t y  than  s o i l s  f r o m  o t h e r  a r e a s .  It  i s  t r u e  th a t  e n v i r o n m e n t a l  

co n d i t io n s  m a y  p l a y  an  i m p o r t a n t  p a r t  f o r  g r o w th  of  th i s  o r g a n i s m  in 

s o i l ,  but th i s  s tudy  i n d i c a t e d  tha t  pH, w i th in  the l i m i t  of  th i s  e x p e r i m e n t ,  

h a d  no l i m i t i n g  in f lu e n c e  on  the g r o w t h  in e x t r a c t s  o b t a in e d  f r o m  s o i l s  in  

o r  a r o u n d  the v ic in i t y  of c h i c k e n  h o u s e .  A l th o u g h  the o r g a n i s m  can  g ro w  

in  s o m e  s o i l s ,  i t  I s  m o r e  o f ten  found on th o s e  hav ing  a h igh  o r g a n i c  c o n ­

te n t ,  a s  shown by L a r s h  e t  a l .  (32), and  F u r c o l o w  e_l a l .  (33). It  i s  

r e a s o n a b l e  to a s s u m e  th a t  the o r g a n i s m  c a n  g r o w  b e t t e r  in o r g a n i c  m a t ­

t e r ,  s in c e  s u c h  an  e n v i r o n m e n t  p r o v i d e s  n i t r o g e n ,  c a r b o n ,  and  o t h e r

12
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T a b l e  1. G r o w t h  of  the m y c e l i a l  p h a s e  of  H i s t o p l a s m a  
c a p s u l a t u m  on v a r i o u s  e x t r a c t s

S u b s t r a t e

pH C ru d e  E x t r a c t R e f i n e d  E x t r a c t
S o u r c e s

Liqu id Solid L iqu id Solid

G row th G ro w th G r o w t h G ro w th

6. 5 + f f f

C h ic k en
M a n u r e 7. 5 ++ f f f f f f

8 . 5 f f f f f f

6. 5 T  + f f f f f f
So il  S a m p l e
C h ic k e n  H ouse 7 . 8 + + f f f f f f
F l o o r

8. 5 T  + f f f f f f

6. 5 T-f f f f f f f f
Soil  S a m p l e
O u ts id e  of the 7. 6 f t f f f f f f  f
C h ic k e n  H ouse

8. 5 + + f f f f f f f

So il  S a m p l e
6. 5 f t f f f f f f

N e a r  the V ic in i ty  
of the  C h ic k en

7 . 5 f  f f f f f f f

H ouse 8 . 5 f f f f f f f f

+ S c a n t  g r o w t h  
++ M o d e r a t e  g r o w t h  

+++ Good g r o w th
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g r o w t h  s t im u l a t i n g  f a c t o r s  w h ich  m a y  not  be a b u n d an t  in  o th e r  s o i l s .

G ro w th  of H. c a p s u l a t u m  on v a r i o u s  a m i n o  a c i d s  and  i n o r g a n i c  

n i t r o g e n . T ab le  2 shows  the a m o u n t  of g r o w th ,  b a s e d  on d r y  w e ig h t ,  

m a d e  on v a r i o u s  a m in o  a c i d s  and i n o r g a n i c  co m p o u n d s  a s  a so le  s o u r c e  

of  n i t r o g e n .  The  o r g a n i s m  g re w  m u c h  b e t t e r  on  a l a n i n e ,  s e r i n e ,  v a l i n e ,  

l e u c i n e ,  i s o l e u c i n e , and  a s p a r t i c  a c i d  in  g lu c o s e  b a s a l  m e d i u m .  P h e n y l -  

g ly c in e  and  c y s t e i n e  h y d r o c h l o r i d e  s u p p o r t e d  s c a n t y  g r o w th ,  w h i le  p r o ­

l in e ,  h i s t i d i n e ,  and  m e th io n i n e  showed  l i t t l e  o r  no e f fec t  on the g r o w th  

of  H.  c a p s u l a t u m .

The m a x i m u m  a m o u n t  of g r o w t h  w a s  o b ta in e d  w h en  a m m o n i u m  

s u l f a t e  w a s  u s e d  a s  a n i t r o g e n  s o u r c e ,  but  the o r g a n i s m  f a i l e d  to g ro w  

in  the  m e d i u m  to w h ic h  p o t a s s i u m  n i t r a t e  w as  a d d e d .  T h i s  would  s u g ­

g e s t  t h a t  the o r g a n i s m  could  u s e  o n ly  N H ^ -N ,  but  not  N O ^ -N  a s  a so le  

s o u r c e  of  n i t r o g e n .

The e x c e l l e n t  g ro w th  of th i s  o r g a n i s m  in  s a l t  m e d i u m  c o n t a i n ­

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

th a t  the  o r g a n i s m  s y n t h e s i z e s  a l l  the  a m i n o  a c i d s  n e c e s s a r y  fo r  p r o t e i n  

s y n t h e s i s  t h r o u g h  a r e a c t i o n  b e tw e e n  a m m o n i a  and  a l p h a - k e t o  a c i d s  

( p y r u v i c ,  o x a l a c e t i c ,  e t c . )  f o r m e d  in c a r b o h y d r a t e  d i s s i m i l a t i o n .  

T h e r e f o r e ,  th i s  f ungus ,  l ike m a n y  o t h e r  f i l a m e n t o u s  fung i ,  h a s  no a b s o ­

lu te  r e q u i r e m e n t  f o r  a  s p e c i f i c  a m in o  a c i d .

It w as  shown tha t  v a r i o u s  a m i n o  a c i d s  (T ab le  2) p e r m i t  s a t i s ­

f a c t o r y  g ro w th  in  the p r e s e n c e  of g l u c o s e .  It s e e m s  p l a u s i b l e  tha t  the
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T a b le  2 .  E f f e c t  of n i t r o g e n  s o u r c e  on the  g r o w th  of m y c e l i a l  p h a s e  
of  H.  c a p s u l a t u m  w i th  or  w i th o u t  2% g lu c o s e

G lu c o s e Without  G lu c o s e

D ry  w t .  m g .
F i n a l

pH D r y  w t .  m g .
F i n a l

pH

A m m o n i u m  s u l f a t e . . 5 8 . 9 3 0 6 . 9

P o t a s s i u m  n i t r a t e 0 6 . 9 0 6 . 9

L - G l y c i n e ..................... 6 . 9 6 . 4 0 . 7 6 . 9

L - A l a n i n e ..................... 26 . 3 6. 4 4. 0 8 . 2

D L - S e r i n e ..................... 24 .  5 6. 5 7. 5 7 . 8

L-  V a l i n e ....................... 24 .  1 5. 6 8. 0 7 . 2

L-  L e u c i n e ..................... 2 4 . 0 6. 1 4. 3 7 . 4

L - I s o l e u c i n e  ................ 26 . 7 6. 1 5 . 2 7 . 4

L - C y s t e i n e - H C l  . . . . 7 . 8 6. 5 2 . 4 7.  1

L - M e t h i o n i n e ............. 0 6 . 9 0 6 . 9

L - A s p a r t i c  a c i d  . . . . 2 0 . 7 7. 7 3. 3 8 . 4

D L - H i s t i d i n e ................ 1 .9 6. 7 1 .3 7 . 5

L -  P r o l i n e ..................... 2 . 0 7. 1 1 .2 7 . 0
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a m i n o  a c i d s  w e r e  f i r s t  d e a m i n a t e d  and  the  o r g a n i s m  the n  u t i l i z e d  a m ­

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

s y n t h e s i s .  T h i s  p o s t u l a t e d  d e a m i n a t i o n  m a y  be e a s i l y  d e m o n s t r a t e d  

u s in g  m e d i u m  c o n ta in in g  a n  a m i n o  a c i d  a s  a  s o l e  s o u r c e  of  c a r b o n .  The 

c h a n g e  o f  pH of the  m e d i a  f r o m  a c i d i c  to a l k a l i n e  m a y  in d i c a t e  the f o r m ­

a t io n  of  a m m o n i a  in e x c e s s  o f  the a m o u n t  r e q u i r e d  f o r  p r o t e i n  s y n t h e s i s .

B r i t t e n  (34) show e d  a s i m i l a r  s i t u a t i o n  w h e n  E s c h e r i c i a  co l i  w a s  g ro w n  

14in  C g lu c o s e  s a l t  m e d i u m  w i th  the a d d i t i o n  of  g l u t a m i c  a c i d .  He found  

th a t  a  c o n s i d e r a b l e  a m o u n t  o f  r a d i o  a c t i v e  g l u t a m i c  w a s  f o r m e d .  T h e r e ­

f o r e ,  he c o n c l u d e d  th a t  m o s t  g l u t a m i c  a c i d  in  the  m e d i u m  w a s  u s e d  a s  a 

s o l e  s o u r c e  of n i t r o g e n .

E f f e c t  of c a r b o n  c o m p o u n d s  on  g r o w t h . T he  r e s u l t s  of  c a r b o n  

u t i l i z a t i o n  a r e  p r e s e n t e d  i n  T a b l e  3 .  T h e  o r g a n i s m  g r e w  i n c r e a s i n g l y  

w e l l  i n  g l u c o s e ,  m a n n i t o l ,  a n d  m a n n o s e .  S c a n t y  g r o w t h  w as  o b t a i n e d  on 

m a l t o s e ,  s u c r o s e ,  an d  g l y c e r o l  m e d i a .  No g r o w t h  w a s  o b s e r v e d  on l a c ­

t o s e ,  d u lc i to l ,  a r a b i n o s e ,  x y l o s e ,  p y r u v a t e ,  l a c t a t e ,  a c e t a t e ,  p r o p i o ­

n a t e ,  b u t y r i c  a c i d  and  c a p r o i c  a c i d .

M i c r o s c o p i c  e x a m i n a t i o n  of  p o s i t i v e  c u l t u r e s  s h o w e d  th a t  th e  

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

in  the p r e s e n c e  of s u c r o s e  a n d  m a n n i t o l ,  but  o n ly  few  t u b e r c u l a t e d  

c h l a m y d o s p o r e s  i n  the p r e s e n c e  of m a n n o s e  a n d  g l u c o s e .  G l y c e r o l  

s t i m u l a t e d  the  p r o d u c t i o n  of m a n y  m i c r o c o n i d i a ,  w h i l e  few m i c r o c o n i ­

d ia  an d  t u b e r c u l a t e d  c h l a m y d o s p o r e s  w e r e  s e e n  in m e d i u m  co n ta in in g
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T a b le  3. E f f e c t  of  v a r i o u s  c a r b o n  co m p o u n d s  on g ro w th  of  the  
m y c e l i a l  p h a s e  of  H. c a p s u l a t u m

* C a r b o n  
S o u r c e s

7 D ays 14 Days 20 Days

So l id Liqu id Solid Liquid Solid L iqu id

G r o w t h  G ro w th G ro w th  G r o w t h G r o w t h  G r o w t h

G lu c o s e + + 4 4 444 444 444

M an n o s e + 4+4 444 4444 4444

F  r u c t o s e + + 4 4 4 4

L a c t o s e t + 4 4 4 4

M a l t o s e + + 4 4 4 4

S u c r o s e + + 4 4 4 4

X y lo s e — — — - - -

A r a b i n o s e — — — — - -

G l y c e r o l + + 4 4 4 4

S o d iu m  p y r u v a t e — — — — - -

D ulc i to l — — — — - —

M ann i to l + + 44 44 444 444

S o d iu m  l a c t a t e — — — — — -

S o d iu m  a c e t a t e — — — — - -

S o d iu m  p r o p i o n a t e — — — - - -

B u t y r i c  a c i d — — — — - -

C a p r o i c  a c i d — — — — - —

S a b o u r a u d  c o n t r o l + + + 4 4 4 4 4 4 4 4 4 4 4 4 4

='=Each c o m p o u n d  a d d e d  s e p a r a t e l y  in to  the b a s a l  m e d i u m .

+ S c a n t  g ro w th  
+ Doubtfu l  g r o w t h  
_  No g r o w th

++ M o d e r a t e  g ro w th  
•f++ Good g row th

A bundan t  g ro w th
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f r u c t o s e  o r  m a l t o s e .

It w ou ld  s e e m  th a t  the  o r g a n i s m  w a s  n o n - e x a c t i n g  a s  to i t s  c a r ­

bon s o u r c e s  and had no a p p a r e n t  g ro w th  f a c t o r  r e q u i r e m e n t s .  It i s  p r o b ­

a b le  th a t  c e r t a i n  c a r b o h y d r a t e s  s t i m u l a t e  l u x u r i o u s  m y c e l i u m  p r o d u c t i o n ,  

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

c h l a m y d o s p o r e s .

M a n o m e t r i c  S tud ie s  

E f f e c t  of c a r b o n  s o u r c e s . The in t a c t  c e l l s  of  M - p h a s e  of  H. 

c a p s u l a t u m  w e r e  ca p a b le  of  u t i l i z in g  a l l  s u g a r s  t e s t e d  e x c e p t  l a c t o s e ,  

x y l o s e ,  and  a r a b i n o s e .  T a b le  4 shows th a t  the c e l l s  c o n s u m e  O 2  m o r e  

r a p i d l y  in  th e  p r e s e n c e  of m a n n o s e ,  than did any  o t h e r  s u g a r s  t e s t e d ,  

and  th a t  th e y  ox id ize  m a l t o s e  and s u c r o s e  s low ly .  X y lo s e ,  a r a b i n o s e ,  

and  l a c t o s e  d o e s  not  s t i m u l a t e  c o n s u m p t io n  in su f f i c i e n t  a m o u n t  to be 

c o n s i d e r e d  u t i l i z a t io n .  F r u c t o s e  s t i m u l a t e s  the u p ta k e  m o r e  tha n  

d id  g l u c o s e .  B e r n h e i m  (5) r e p o r t e d  tha t  in d e r m a t i t i d i s , f r u c t o s e

did not  have  any  ef fec t  on  i t s  r e s p i r a t i o n .  M ann i to l  s t i m u l a t e d  the  O 2  

up ta k e ,  but not  a s  m u c h  a s  d id  m a n n o s e ,  a l th o u g h  the two a r e  s t r u c t u r ­

a l ly  r e l a t e d .  D ulc i to l  had  no e f fec t  on oxygen  c o n s u m p t io n .

T h e  da ta  p r e s e n t e d  i n  F i g u r e  1 show the r a t e  of oxygen  up ta ke  

of  c e l l s  (M -p h a s e )  of  c a p s u l a t u m  on g l u c o s e ,  m a n n o s e ,  and  f r u c t o s e .  

T h e r e  w a s  no  lag  in the i n i t i a l  r a t e  of  oxygen  up ta ke ,  a s  s e e n  in s o m e  

fung i  and  b a c t e r i a .  It i s  r e a s o n a b l e  to a s s u m e  tha t  PT c a p s u l a t u m  h as  

c o n s t i t u t i v e  e n z y m e s  f o r  t h e s e  s u g a r s .

L o w e r  fa t ty  a c i d s  did not  s t i m u l a t e  the oxygen  u p ta k e .  B u ty r i c  

an d  c a p r o i c  a c i d s  d e p r e s s e d  O 2  u p t a k e .  A p p a r e n t l y  t h e s e  two c o m p o u n d s
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T ab le  4.  R a t e s  of  o x id a t io n  of v a r i o u s  c a r b o h y d r a t e s , 
f a t t y  a c i d s ,  o r g a n i c  a c i d s  an d  a l c o h o l s  

by m y c e l i a l  p h a s e  of H.  c a p s u l a t u m

S u b s t r a t e

D e x t r o s e . . . . . . . .............................................................................................. 4 . 7 6

M a n n o s e ............................................................................................................. 9>86

F r u c t o s e ................................................................................................................7 . 4 4

X y l o s e ..................................................................................................................  0 .98

A r a b i n o s e ..........................................................................................................  0 . 0 6

L a c t o s e ...............................................................................................................  0

M a l t o s e ...............................................................................................................  3 .88

S u c r o s e ...............................................................................................................  1 .02

M a n n i t o l .....................................................................................   2 . 2 1

D u l c i t o l ...............................................................................................................  0 .56

So d iu m  l a c t a t e ................................................................................................  1 .80

So d iu m  a c e t a t e .............................................................................................. 0 .58

S o d iu m  p r o p i o n a t e ......................................................................................  0

B u t y r i c  a c i d ..........................................................................................   0

C a p r o i c  a c i d ...................................................................................................  0

O x y g e n  uptake p e r  m g .  d r y  w e ig h t  p e r  h r .  c o r r e c t e d  for  e n d o g e n o u s
r e s p i r a t i o n .
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h av e  a tox ic  e f fec t  on  the r e s p i r a t i o n  of  c a p s u l a t u m  ■

A i l  of the c o m p o u n d s  u s e d  i n  t h i s  e x p e r i m e n t  gave  no m e a s u r ­

a b l e  c hange  in the o x y g en  up ta ke ,  w h e n  f r e s h l y  h a r v e s t e d  u n s t a r v e d  p e l ­

l e t s  w e r e  used ;  h o w e v e r ,  w hen  s t a r v e d  p e l l e t s  w e r e  u s e d ,  the oxygen  

u p ta k e  i n c r e a s e d .  T h e  s a m e  e f f ec t  w a s  n o t i c e d  by B e r n h e i m  (5) in the 

m y c e l i a l  of  B l a s t o m y c e s  d e r m a t i t i d i s  and  by G a le  (35) in R h iz o p u s  o r y z a e .

It would s e e m  th a t  the r a t e  of  g r o w t h  of  th i s  o r g a n i s m  in s y n t h e ­

t i c  m e d i u m  con ta in ing  a s in g le  c a r b o n  s o u r c e  s h o w e d  s o m e  c o r r e s p o n d ­

e n c e  to QO^ v a lu e s .  R a t e  of o x id a t io n ,  h o w e v e r ,  i s  by no m e a n s  the 

on ly  f a c t o r  tha t  d e c i d e s  t h e  g r o w t h - p r o m o t i n g  q u a l i t y  of a n u t r i e n t .  F o r  

e x a m p l e ,  c a p s u l a t u m  g r e w  m o r e  r a p i d l y  on  g l u c o s e  than  on f r u c t o s e  

w h e n  s u p p l i e d  a s  s in g le  c a r b o n  s o u r c e s ,  a l t h o u g h  the QO^ v a l u e s  of 

f r u c t o s e  w a s  g r e a t e r  tha n  g l u c o s e .

E f fe c t  of v a r i o u s  a m in o  a c i d s . A l l  the  a m i n o  a c i d s  t e s t e d  i n ­

c r e a s e d  oxygen  u p ta k e ,  e x c e p t  p h e n y l g l y c i n e , a l a n i n e ,  and a s p a r t i c  

a c i d s .  T a b le  5 show s  th a t  c y s t i e n e  h y d r o c h l o r i d e ,  t y r o s i n e ,  l e u c in e ,  

i s o l u c i n e ,  g lu t a m i c  a c i d ,  p r o l i n e ,  v a l i n e ,  and  h i s t i d i n e  w e r e  u t i l i z e d  

m o r e  r a p i d l y  than  w e r e  s e r i n e ,  c y s t i n e ,  m e t h i o n i n e ,  t r y p t o p h a n ,  and  

t h r e o n i n e .  B e r n h e i m  (5) show ed  s i m i l a r  r e s u l t s  on d e r m a t i t i d i s  

e x c e p t  th a t  a s p a r t i c  a c id  had  l i t t l e  o r  no e f f e c t  on oxygen  u p ta k e .  He 

r e p o r t e d  th a t  an  i n c r e a s e d  O2  u p ta k e  did  no t  i n d i c a t e  c o m p l e t e  o x i d a ­

t io n  of  any  a m in o  a c i d s  a d d e d .  The  a d d i t i o n a l  o xygen  c o n s u m e d  w as  

s u f f i c i e n t  on ly  to p e r m i t  a n  o x id a t iv e  d e a m i n a t i o n ,  but  such  o c c u r r e n c e  

d id  no t  s e e m  l ike ly ,  s i n c e  the a m o u n t  o f  a m m o n i a  p r o d u c e d  w as  too 

low to v e r i f y  o x id a t iv e  d e a m i n a t i o n .  He c o n c l u d e d  th a t  a m in o  a c i d s  in -
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T a b l e  5. R a t e s  of o x id a t io n  of v a r i o u s  a m i n o  a c i d s  by  
m y c e l i a l  p h a s e  of H .  c a p s u l a t u m

S u b s t r a t e  QO 2

G l y c i n e ...............................................................................................................  0 . 0 7

L - A l a n i n e ........................................................................................................ 0 . 9 5

L - V a l i n e ..........................................................................................................  2 . 8 5

L - L e u c i n e ........................................................................................................ 3 . 2 0

L - l s o l e u c i n e ..................................................................................................  3 . 1 6

D L - S e r i n e .......................................................................................................  1 . 2 4

L - T h r e o n i n e ..................................................................................................  2 . 4 5

L - T y r o s i n e .....................................................................................................  3 . 7 1

L - T r y p t o p h a n ................................................................................................  1 . 3 3

L - C y s t e i n e - H C l ........................................................................................... 4 . 7 2

L - C y s t i n e ........................................................................................................ 1 . 7 5

L - M e t h i o n i n e ................................................................................................  1 . 7 8

L - G l u t a m i c  a c i d ........................................................................................... 3 . 2 0

L - A s p a r t i c  a c i d ...........................................................................................  0 . 5 0

D L - H i s t i d i n e ..................................................................................................  2 . 5 8

L - P r o l i n e ........................................................................................................ 3 . 0 0

O xygen  uptake  pe r  m g .  d r y  w e i g h t  p e r  hr. c o r r e c t e d  f o r  e n d o g e n o u s
r e s p i r a t i o n .
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c r e a s e d  the  Ô , u p take ,  bu t  w e r e  no t  d e a m i n a t e d  in  the p r o c e s s ,  h o w ­

e v e r ,  t h e y  w e r e  ab le  to s t i m u l a t e  the  o x id a t io n  of s o m e  unknow n s u b ­

s t a n c e s  in the c e l l .  In m a n y  r e s p e c t s ,  the M - p h a s e  of  c a p s u l a t u m  

an d  d e r m a t i t i d i s  a r e  m e t a b o l i c a l l y  s i m i l a r ,  but  it s e e m s  th a t  

B e r n h e i m ' s  i n t e r p r e t a t i o n  i s  r a t h e r  i n c o n c lu s iv e ,  s ince  he did not  

d e s c r i b e  those  unknown s u b s t a n c e s  in the  ce l l .

E f fec t  of  t r i c a r b o x y l i c  a c i d  i n t e r m e d i a t e s . The  o x id a t iv e  a c t i ­

v i ty  of the  whole c e l l s  i s  shown in  T a b le  6 - Most  of  the  K r e b s  cyc le  i n ­

t e r m e d i a t e s ,  e x c e p t  c i s - a c o n i t i c  a c i d  w e r e  o x id i z e d  a t  a  r a t e  g r e a t e r  

th a n  t h a t  of  endogenous  r e s p i r a t i o n .  T h e  g r e a t e s t  a m o u n t  of  s t i m u l a ­

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

an d  a l p h a - k e t o g l u t a r i c  a c i d s  w e r e  o x id i z e d  m u c h  m o r e  s lo w ly .  The 

r e s u l t s  of  this  s tudy  s u g g e s t  a p o s s i b i l i t y  th a t  s u c h  a cyc le  m a y  e x i s t

in  c a p s u l a t u m , but  p r o o f  of i t s  e x i s t e n c e  d e p e n d s  upon a d d i t i o n a l

14
s tu d ie s  u s ing  r a d i o - a c t i v e  c a r b o n  C t r a c e r s  and  the i s o l a t i o n  and 

id e n t i f i c a t i o n  of the e n z y m e s  in t h i s  c y c l e .

P a th w a y  of G lu co s e  D i s s i m i l a t i o n  in B o th  the M y c e l i a l  
and Y e a s t  P h a s e  of H.  c a p s u l a t u m

T h e  p r e s e n c e  of  h e x o k i n a s e  a c t i v i t y  of c e l l - f r e e  e x t r a c t s  w e r e  

m e a s u r e d  by noting  T P N  r e d u c t i o n  (F ig .  2) the low e n z y m a t i c  a c t i v i t y  

m i g h t  be due to d e s t r u c t i o n  of  e n z y m e  d u r in g  the p r e p a r a t i o n  of c e l l -  

f r e e  e x t r a c t s .  No change  in o p t i c a l  d e n s i t y  o b s e r v e d  w hen  DPN w as  

s u b s t i t u t e d  for  T P N .

The  p r e s e n c e  o f  G - 6 - P  a n d  6 - p h o s p h o g lu c o n i c  a c i d  d e h y d r o ­

g e n a s e  w a s  shown by the r e d u c t i o n  of T P N  (F ig .  3).  DPN w a s  in e f fe c -
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T a b le  6. R a t e s  of  o x id a t io n  of v a r i o u s  K r e b  c y c l e  i n t e r m e d i a t e s
by  m y c e l i a l  p h a s e  of H .  c a p s u l a t u m

S u b s t r a t e  QO 2 *

P y r u v i c  a c i d ..............................................................................   4 . 8 0

C i t r i c  a c i d ..............................................................................................................1 . 4 0

C i s - a c o n i t i c  a c i d ................................................................................................. 0 . 0 0

L - I s o c i t r i c  a c i d ....................................................................................................1 . 3 4

A l p h a - K e t o g l u t a r i c  a c i d ..................................................................................0 . 8 0

S u c c i n i c  a c i d .........................................................................................................4 . 7 7

F u m a r i c  a c i d .........................................................................................................0 . 5 4

M a l i c  a c i d ................................................................................................................ 0 . 3 8

* O xygen  up ta ke  p e r  m g .  d r y  w e ig h t  p e r  h r .  c o r r e c t e d  f o r  e n d o g e n o u s  
r e s p i r a t i o n .
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t i v e .  B o th  r e a c t i o n s  a p p e a r e d  to be s p e c i f i c  f o r  the m y c e l i a l  and  y e a s t  

p h a s e  o f  H.  c a p s u l a t u m .

The c e l l - f r e e  e x t r a c t s  had  p h o s p h o f r u c t o k i n a s e  a c t i v i t y  ( F i g . 4). 

T h e  r e d u c t i o n  of T P N  w a s  v e r y  r a p i d  a s  c o m p a r e d  w i th  DPN in  the  y e a s t  

p h a s e .  In the m y c e l i a l  p h a s e  the e n z y m e  a c t i v i t y  w a s  l o w e r ,  bu t  the  r e ­

d uc t ion  of T P N  w a s  h i g h e r  than  D PN .

D - g l y c e r a l d e h y d e - 3- p h o s p h a t e  d e h y d r o g e n a s e  a c t i v i t y  of c e l l -  

f r e e  e x t r a c t s  w e r e  m e a s u r e d  by o b s e r v i n g  the  T P N  a n d  DPN r e d u c t i o n  

(F ig .  5).  The  y e a s t  p h a s e  r e d u c e d  T P N  v e r y  r a p i d l y  as  c o m p a r e d  with  

D PN ,  but  the  m y c e l i a l  p h a s e  r e d u c e d  on ly  T P N .

Both  the  y e a s t  and  m y c e l i a l  p h a s e  of  c e l l - f r e e  e x t r a c t s  showed  

a l d o l a s e  a c t i v i t y  (F ig .  6 ).

P e n t o s e  p h o s p h a t e  i s o m e r a s e  a c t i v i t y  of  c e l l - f r e e  e x t r a c t s  

w e r e  d e t e c t e d  by the f o r m a t i o n  of  r i b u l o s e - 5 - p h o s p h a t e ,  and the ke to  

s u g a r  w a s  m e a s u r e d  by c y s t e i n e - c a r o z o l e  r e a c t i o n  a f t e r  1 / 2  h o u r  i n ­

c u b a t io n  p e r i o d  and  the  change  of  o p t i c a l  d e n s i t y  a g a i n s t  b lank  w a s  r e a d  

a t  540 m u .  The  c hange  of  o p t i c a l  d e n s i t y  fo r  the y e a s t  an d  m y c e l i a l  

p h a s e  w e r e  0 .7 5  and  0 . 2 5  r e s p e c t i v e l y ,  i n d i c a t i n g  the  p r e s e n c e  of th is  

e n z y m e  in c e l l - f r e e  e x t r a c t s .

The  d e t e c t i o n  of  t r a n s k e t o l a s e  and  t r a n s a l d o l a s e  a c t i v i t i e s  

w e r e  b a s e d  on the i n c r e a s e  in a b s o r p t i o n  s p e c t r a  w i th  the p r o d u c t s  

f o r m e d  a s  a  r e s u l t  on the  e n z y m a t i c  a c t i v i t y  on p e n t o s e - 5 - p h o s p h a t e  

(F ig .  7).  The  m a x i m u m  a b s o r p t i o n  s h o w n  a t  415 and  520 m u  c o r r e s -
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ponds  to h e x o s e  p h o s p h a te  an d  s e d o h e p tu l o s e  r e s p e c t i v e l y .  An i n c u b a ­

t ion  p e r i o d  of  3 h o u r s  o r  lo n g e r  w as  n e c e s s a r y  to show the p e a k  c o r r e ­

spond ing  to b y - p r o d u c t s .

F r o m  e v i d e n c e  p r e s e n t e d  h e r e ,  i t  a p p e a r s  tha t  bo th  p h a s e s  of 

o r g a n i s m  a r e  c a p a b le  of  ox id iz ing  g lu c o s e  th r o u g h  E m b d e n - M y e r h o f  

and  hex o s e  m o n o p h o s p h a t e  shunt  p a t h w a y s .  The s tu d y  i s  not  s u f f i c i e n t ,  

h o w e v e r ,  to p r o v e  c o n c l u s i v e l y  th a t  t h e s e  a r e  the only  two p a t h w a y s  of 

g lu c o s e  d i s s i m i l a t i o n  in  bo th  p h a s e s .  The  s a m e  p a th w a y s  w e r e  shown 

by C l a r k  and  W a l la c e  (36),  McDonald  e t  a l .  (37) in P u l l u l a r a  p u l l u l a n s  

an d  C l a v i c e p s  p u r p u r e a  r e s p e c t i v e l y .

A p p a r e n t l y ,  m o s t  of  the d e h y d r o g e n a s e s  in  both  p h a s e s  a r e  

T P N  s p e c i f i c .  C l a r k  a n d  W al lace  (36) show ed  the s a m e  s p e c i f i c i t y  in 

_P. p u l l u l a n s . R oa  £ t  a l .  (38) r e c e n t l y  show e d  the s a m e  s p e c i f i c i t y  in  

c e l l - f r e e  e x t r a c t  of C a n d id a  a l b i c a n s . T h ey  c o n c lu d ed  th a t  the  a l m o s t  

a b s o l u t e  r e q u i r e m e n t  of  the en z y m e  f o r  T P N  m a y  be a s s o c i a t e d  w i th  

the  h igh ly  a e r o b i c  n a t u r e  of the o r g a n i s m .

In c o n c l u s i o n ,  i t  i s  r e a s o n a b l e  to p o s tu l a t e  th a t  t h e r e  i s  no 

s ig n i f i c a n t  d i f f e r e n c e  e n z y m a t i c a l l y ,  w i th in  the l i m i t  of th i s  e x p e r i ­

m e n t ,  b e tw e e n  the  y e a s t  and  m y c e l i a l  p h a s e s  of H. c a p s u l a t u m . T h e  

lo w e r  e n z y m e  a c t i v i t y  of  the M - p h a s e  w a s  due to l o w e r  p r o t e i n  c o n te n t  

of  the c e l l - f r e e  e x t r a c t .

The  fo l lowing  a b b r e v i a t i o n s  a r e  u s e d  in  t h i s  r e p o r t :  DPN,

d ip h o s p h o p y r i d i n e  n u c l e o t id e ;  T P N ,  t r i - p h o s p h o p y r i d i n e  n u c l e o t id e ;
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A T P ,  a d e n o s i n e  t r i p h o s p h a t e ;  G - 6 - P ,  g l u c o s e - 6 - p h o s p h a t e ;  F - 6 - P ,  

f r u c t o s e - 6 - p h o s p h a t e ;  F - 1 ,  6 - P ,  f r u c t o s e  - 1 ,  6 - d i p h o s p h a t e ;  P - 5 - P ,  

p e n t o s e - 5 -p h o s p h a te ;  6 - P G ,  6 - p h o s p h o g l u c o n a t e .



C H A P T E R  IV

SUMMARY

G r o w t h  of H.  c a p s u l a t u m  in  e x t r a c t s  f r o m  c h i c k e n  m a n u r e  and 

d i f f e r e n t  s o i l  s a m p l e s  a t  v a r y i n g  p H ' s  w as  d e t e r m i n e d .  It w as  found  

t h a t  the  o r g a n i s m  g r e w  in t h e s e  e x t r a c t s  r e g a r d l e s s  of  pH of the m e d i a  

u s e d  in  th i s  e x p e r i m e n t .

Of 13 c o m p o u n d s  t e s t e d  a s  a  s u i t a b l e  s in g le  s o u r c e  of n i t r o g e n  

f o r  H.  c a p s u l a t u m , a m m o n i u m  s u l f a t e ,  a l a n i n e ,  s e r i n e ,  va l in e ,  l e u ­

c i n e ,  i s o l e u c i n e ,  and  a s p a r t i c  a c i d  w e r e  found  to be s a t i s f a c t o r y  in  the 

g l u c o s e  m e d i u m .  T h e  o r g a n i s m  did not  g r o w  w hen  n i t r a t e  n i t r o g e n  o r  

m e t h i o n i n e  w e r e  u s e d  a s  a  s in g le  s o u r c e  of  n i t r o g e n .  The  o r g a n i s m  

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

I t  w a s  c o n c l u d e d  th a t  the a m i n o  a c i d  w a s  u s e d  a s  a  n i t r o g e n  s o u r c e  fo r  

the  s y n t h e s i s  of  a l l  n i t r o g e n o u s  c e l l u l a r  c o n s t i t u e n t s  r a t h e r  than  a 

d i r e c t  i n c o r p o r a t i o n  of  a m i n o  a c id  in to  p r o t e i n  s t r u c t u r e .  It w as  found 

t h a t  the  o r g a n i s m  u s e d  m o s t  a m i n o  a c i d s  a s  a s o u r c e  of  c a r b o n  a n d  

n i t r o g e n  w h e n  g l u c o s e  w a s  a b s e n t  in the s y n th e t i c  m e d i u m .

R e s u l t s  of c a r b o h y d r a t e  u t i l i z a t i o n  by H. c a p s u l a t u m  sh o w e d  

t h a t  the  o r g a n i s m  g r e w  v e r y  w e l l  in m a n n o s e ,  g l u c o s e ,  and  m a n n i t o l

27
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bu t  p o o r l y  in  m a l t o s e ,  s u c r o s e ,  an d  g l y c e r o l .  L a c t o s e ,  d u lc i to l ,  a r a b ­

i n o s e ,  l a c t a t e ,  p y r u v a t e ,  a n d  l o w e r  f a t ty  a c i d s  d id  not s t i m u l a t e  g r o w th .  

M i c r o s c o p i c  e x a m i n a t i o n  s h o w e d  t h a t  c a r b o h y d r a t e s  w h ic h  s u p p o r t  

s c a n t y  g r o w t h  of  the o r g a n i s m  u s u a l l y  s t i m u l a t e  p r o d u c t i o n  of m i c r o -  

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

The  e f f e c t s  of  v a r i o u s  s u b s t a n c e s  on  th e  r e s p i r a t i o n  of  the  M- 

p h a s e  w e r e  d e t e r m i n e d .  It a p p e a r s  th a t  the  o r g a n i s m  h a s  c o n s t i t u t i v e  

e n z y m e s  fo r  th e  u t i l i z a t i o n  o f  m a n n o s e ,  f r u c t o s e ,  g l u c o s e ,  m a l t o s e ,  

a n d  m a n n i t o l ,  but not  f o r  l a c t o s e ,  a r a b i n o s e ,  x y l o s e ,  d u lc i to l ,  an d  s u c ­

r o s e .  T h e  o r g a n i s m  o x i d i z e s  m a n n o s e  an d  f r u c t o s e  m o r e  r a p i d l y  than  

g l u c o s e ,  m a l t o s e ,  and  m a n n i t o l .  No oxygen  up ta ke  w a s  o b s e r v e d  w i th  

s o m e  o f  the  l o w e r  fa t ty  a c i d s .  B u t y r i c  and  c a p r o i c  gave  a n e g a t iv e  

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

m a y  h av e  a t o x i c  e f f e c t  on  th e  r e s p i r a t i o n .  W h e t h e r  th i s  tox ic  e f f e c t  

i s  e n d o g e n o u s  o r  e x o g en o u s  h a s  not  b een  e s t a b l i s h e d .

The  o r g a n i s m  o x id i z e d  m o s t  of  the a m i n o  a c i d s  t e s t e d ,  e x c e p t  

p h e n y l g l y c i n e ,  a l a n i n e ,  an d  a s p a r t i c  a c i d .  S e r i n e ,  i s o l e u c i n e ,  c y s t e i n e  

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

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

p to p h a n ,  and  t h r e o n i n e .

All  of  the  t r i c a r b o x y l i c  a c i d  c y c l e  i n t e r m e d i a t e s  s t i m u l a t e d  

o x y g en  u p ta k e ,  e x c e p t  c i s - a c o n i t i c  a c i d ,  i n d i c a t i n g  a p o s s i b i l i t y  of  the  

K r e b s  c y c l e  in  t h i s  o r g a n i s m .
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T he  e n z y m e  s t u d i e s  w e r e  done  on th e  m y c e l i a l  and  y e a s t  p h a s e s  

of H.  c a p s u l a t u m . T h e  r e s u l t s  showed th a t  the  two p h a s e s  p o s s e s s  e n ­

z y m e s  of the E m b d e n - M a y e r h o f  and h e x o s e - m o n o p h o s p h a t e  s hun t  p a t h ­

w a y s  of  c a r b o h y d r a t e  m e t a b o l i s m .
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F i g u r e  1. The  E f f e c t  of M annose ,  F r u c t o s e ,  and  G lu c o s e  on 
O xygen  Uptake of  M y c e l i a l  P h a s e  of H i s t o p l a s m a  c a p s u l a t u m .
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F i g u r e  5. D - G l y c e r a l d e h y d e - 3 - P h o s p h a t e  D e h y d r o g e n a s e  A c t i v i t y  of  C e l l - f r e e  E x t r a c t s  of  
t h e  M a n d  Y P h a s e s  o f  _H. c a p s u l a t u m .



2.000i

2: 1.500-

(O

1.000-

O 0.500

0.000
25 30

LOLn

M I N U T E S
F i g u r e  6 . A l d o l a s e  A c t i v i t y  of  C e l l - f r e e  E x t r a c t s  of  th e  M a n d  Y P h a s e s  of  H. c a p s u l a t u m



36

0.175-

0.150 -

0.125-

>  0 .100-
V-
(n
z
at
Q

0.075
<
o
t-
o  0.050-

0.025-

O.OOOl
560 600 6 4 04 8 0 5 2 04 4 0400360

WAVE LENGTH, m/i

 0  MINUTES
 Y - 3  HOURS
 Y - 3 0  MINUTES
 M - 3 0  MINUTES

A A A m - 3  h o u r s

F i g u r e  7. A b s o r p t i o n  S p e c t r a  in  D i s c h e  T e s t  O b ta in e d  w i th  
the P r o d u c t s  of  C e l l - f r e e  E x t r a c t s  of the  M and  Y P h a s e s  of  IT c a p s u ­
l a t u m  on P e n t o s e - 5 - P h o s p h a t e .



A P P E N D I X

F i g u r e  1. T h e  e f f e c t  of  m a n n o s e ,  f r u c t o s e ,  an d  g lu c o s e  on 
oxygen  u p ta k e  o f  m y c e l i a l  p h a s e  of H i s t o p l a s m a  c a p s u l a t u m .

F i g u r e  2.  H e x o k in a s e  a c t i v i t y .  A d d i t i o n s :  g lu c o s e  ( 0 .5  M), 
0. 2 m l ;  MgSÛ 4  . 7  H^O (0.  1 M), 0. 15 m l ;  A T P  (0 .0 2  M),  0. 5 m l ;  t r i s  
( h y d r o x y m e t h y l ) - a m i n o m e t h a n e  b u f fe r  (0 .05  M), pH 7 . 9 ,  0 . 8  m l ;  T P N  
( 1 . 0  m g  p e r  m l ) ,  0. 2 m l ,  c e l l - f r e e  e x t r a c t  0 . 3  m l  (Y) o r  0 . 5  (M).  
V o lum e  a d j u s t e d  to  3 . 0  m l  w i th  w a t e r .

F i g u r e  3. G l u c o s e - 6 - p h o s p h a t e  an d  6 -p h o s p h o g l u c o n i c  d e h y ­
d r o g e n a s e  a c t i v i t y .  A d d i t i o n s :  MgSO^. , 7  H 2 O (0 .1  M ) ,  0 . 2  m l ;  t r i s  
b u f f e r  (0.  05 M) pH  7 . 9 ,  0 . 9  m l ;  c e l l - f r e e  e x t r a c t  0. 3 m l  (Y) a n d  (M)
0. 5 m l ;  T P N  ( 1 . 0  m g  p e r  m l ) ,  0 .2  m l ;  G - 6 - P  o r  6 - G P  (0 .2 5  M),  0 . 4  
m l .  V o lum e  a d j u s t e d  to 3. 0 m l  w i th  w a t e r .

F i g u r e  4.  6 - P h o s p h o f r u c t o k i n a s e  a c t i v i t y .  A d d i t i o n s ;  f r u c ­
t o s e - 6 - p h o s p h a t e  (0. 025 M), 0 . 2  m l ;  MgSO^. . 7  H 2 O (0 .1  M),  0 . 1  m l ;  
c y s t e i n e  HCl (0 .2  M),  0 . 2  m l ;  s o d i u m  a r s e n a t e  (0 .4 )  m o l a r ,  0 . 2  m l ;  
A T P  (0. 02 M), 0. 3 m l ;  t r i s  b u f f e r  (0.  05 M) pH 7 . 9 ,  0 . 9  m l ;  c e l l - f r e e  
e x t r a c t ,  0. 3 m l  (Y) o r  0. 5 m l  (M); T P N  or D P N  ( 1 . 0  m g  p e r  m l ) ,  0. 2 
m l .  V o lum e  a d j u s t e d  to 3. 0 m l  w i th  w a t e r .

F i g u r e  5. D - g l y c e r a l d e h y d e - 3 - p h o s p h a te  d e h y d r o g e n a s e  a c t i ­
v i ty .  A d d i t io n s :  f r u c t o s e - 1 ,  6 -d ip h o s p h a te  (0 .1  M),  pH 7 . 6 ,  0 . 3  m l ;  
g ly c in e  ( 0 .2 7  M),  0 -3  m l ;  s o d iu m  a r s e n a t e  (0.  17 M),  0 . 2  m l ;  T P N  o r  
D PN  ( 1 . 0  m g  p e r  m l ) ,  0 . 2  m l ;  c e l l - f r e e  e x t r a c t ,  0 . 3  m l  (Y) o r  0 . 5  m l  
(M). V o lu m e  a d j u s t e d  to 3. 0 m l  w i th  w a t e r .

F i g u r e  6 . A l d o l a s e  a c t i v i t y  of  c e l l - f r e e  e x t r a c t s  of  the  m y ­
c e l i a l  and  y e a s t  p h a s e s  of  H.  c a p s u l a t u m .

F i g u r e  7. A b s o r p t i o n  s p e c t r a  in  D is c h e  t e s t  o b ta in ed  w i th  the 
p r o d u c t s  of the M a n d  Y p h a s e s  on p e n t o s e - 5 - p h o s p h a t e .  A d d i t i o n s :  
P - 5 - P  (0.  025 M),  0. 3 m l ;  t r i s  b u f f e r  (0 .1  M) pH 7, 0. 2 m l ;  t h i a m i n e  
H Cl  (0. 15 M) pH 7 . 5 ,  0. 05 m l ;  c e l l - f r e e  e x t r a c t ,  0. 3 m l  (Y) o r  0. 5 
m l  (M). R e a c t io n  t e m p e r a t u r e ,  38°  C.  R e a c t io n  s to p p ed  by a d d in g  
10 v o lu m e s  of  5 p e r  c e n t  T C A .  1 m l  of  a  1:2 d i l u t io n  of  th i s  m i x t u r e  
w a s  e m p l o y e d  in  the D is c h e  t e s t .
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