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CHAPTER I

INTRODUCTION

B las to m y c es  d e r m a t i t i d i s  i s  a  fu n g u s  w hich  d i s p l a y s  d im o rp h ic  

c u l t u r a l  c h a r a c t e r i s t i c s .  B e s id e s  t h e  norm al m y c e lia l  g ro w th  fo rm , a 

y e a s t - l i k e  form  o f  g ro w th  may a p p e a r .  I n  t h i s  p a r a s i t i c  g ro w th  p h a s e , 

t h e  fu n g u s  c a u se s  s y s te m ic  i n f e c t i o n s  in  man and a n im a ls  and o c c u rs  

i n  t h e  h o s t  t i s s u e  a s  s im p le  y e a s t - l i k e  c e l l s .

A c co rd in g  to  L e v in e  and O rd a l (19U 6), te m p e ra tu re  was th e  

p r i n c i p a l  c o n t r o l l i n g  f a c t o r  i n  p h a se  d e te r m in a t io n .  S a lv in  (I9 h 9 )  

s t a t e d  t h a t  37 C was c o n d u c iv e  f o r  th e  y e a s t  p h a se  and 2$ C f o r  th e  

m y c e lia l  p h a se  and t h a t  no amino a c i d ,  c a rb o h y d ra te ,  o r  ” g row th  su b 

s t a n c e ” was e s s e n t i a l  f o r  th e  g row th  o f  t h e  y e a s t  p h a s e . However, 

th e  e x te n t  o f  g row th  o f  th e  y e a s t  p h a se  d id  v a ry  g r e a t l y  a c c o rd in g  to  

th e  c o n s t i t u e n t s  o f  th e  medium.

Edwards and Edwards (19o0) d is c o v e re d  t h a t  t h e  B la s to m y c e s  

y e a s t - p h a s e  c e l l  was a  h ig h ly  com plex , u n i c e l l u l a r  o rg a n ism  p o s s e s s in g  

v a r ie d  n u c le a r  and c y to p la s m ic  com ponents and was c h a r a c t e r i z e d  by 

p r o f u s e ,  i n te r c o n n e c t in g  membrane s y s te m s .

The c e l l  w a l l  i s  r e l a t i v e l y  t h i c k  a v e ra g in g  190 m mu i n  c r o s s  

s e c t i o n  and i s  composed o f  f i n e  f i l a m e n t s  i n  l a y e r s ,  th e  o u te rm o s t o f  

w hich  i s  d e n s e r  and more com pact th a n  t h e  o t h e r s .  Edwards and Edwards 

( i 960 ) and C ochrane  (19$8) found  t h a t  c h i t i n ,  a  n i t r o g e n - c o n ta in in g  

p o ly s a c c h a r id e ,  was p r e s e n t  i n  th e  c e l l  w a l l  and t h a t  c e l l u l o s e  was

1
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a b s e n t .  T h is  o b s e r v a t io n  was a l s o  made by  B lan k  (195U) who s t a t e d  t h a t  

n i t r o g e n - c o n ta in in g  k e r a t i n  was u se d  f o r  th e  s y n th e s i s  o f  c h i t i n ,  w hich  

i n  t u r n  s e rv e d  a s  s k e l e t a l  m a t e r i a l  o f  th e  c e l l  w a l l .  L a t e r ,  D a l ld o r f  

{1962 ) i d e n t i f i e d  g a la c tu r o n ic  a c i d ,  m annose, g lu c o s e  and g lu co sam in e  

i n  th e  c e l l  w a l l .

The c e l l  membrane p ro p e r  (p lasm a  membrane) i s  d e n s e , i r r e g u l a r ,  

and a v e ra g e s  9 m mu i n  t h i c k n e s s .  I t  shows in v a g in a t io n  and v é s i c u l a 

t i o n  and f r e q u e n t ly  c o n n e c ts  d i r e c t l y  w ith  t h e  en d o p la sm ic  r e t i c u lu m  

and p e r i p h e r a l  m ito c h o n d r ia ,  o r  w ith  th e  n u c le a r  e n v e lo p e  (E dw ards and 

Edw ards, I 9 6 0 ) .

D e lam a te r (19U8) and Edwards and Edwards ( i9 6 0 )  a g re e d  t h a t  th e  

c e l l  was r a u l t in u c le a te  w ith  t h e  l a t t e r  i d e n t i f y i n g  2 t o  5 n u c l e i  i n  th e  

v a r io u s  c e l l s  exam ined . T hese n u c le i  w ere sm ooth t o  ru g o se  i n  o u t l i n e ,  

s p h e r i c a ï  t o  o v o id  i n  form  and a p p ro x im a te ly  1 .7  by  1 .1  m mu i n  th e  

lo n g  and s h o r t  a x e s ,  r e s p e c t i v e l y .  Each n u c le u s  exam ined p o s s e s s e d  a 

m a tr ix  o f  f i n e  f i l a m e n t s ,  g ra n u le s  o f  v a r io u s  s i z e s  and d e n s i t i e s ,  

and b u t  l i t t l e  i d e n t i f i a b l e  c h ro m a tin . The n u c le u s  was bounded by  an  

e n v e lo p e  o f  th e  n u c le a r  membrane p r o p e r ,  p e r i n u c l e a r  c i s t e r n a ,  and 

o u te r  n u c le a r  membrane. E s p e c ia l ly  s i g n i f i c a n t  was th e  f a c t  t h a t  t h e  

o u te r  n u c le a r  membrane was c o n tin u o u s  from  one n u c le u s  t o  a n o th e r  and 

th u s  s e v e r a l  n u c le i  c o u ld  s h a r e  a common p e r i n u c le a r  c i s t e r n a .  M ito 

c h o n d r ia  w ere num erous and v a r i a b l e .

lEdwards and Edw ards ( i9 6 0 )  s t a t e d  t h a t  t h e  c o n t i n u i ty  and p o s s 

i b l e  i n t e r c o n v e r t i b i l i t y  o f  th e  c e l l u l a r  endomembrane sy s te m s  sh o u ld  

have th e  e f f e c t  o f  p ro d u c in g  g r e a t  m o b i l i ty  i n  th e  c e l l  ( s u g g e s te d  by  

D e la m a te r  i n  19UB), on th e  b a s i s  o f  r a p id  com m unica tion  b e tw een  c y to -
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p lasB iic  and n u c le a r  m a t e r i a l ,  a s  w e l l  a s  f r e e  a c c e s s  t o  th e  p e r ip h e r y  

o f  t h e  c e l l  o f  p ro d u c ts  o f  r e a c t i o n  o c c u r r in g  i n  th e  m em branes.

T h e re fo re ,  o f  th e  p a th o g e n ic  f u n g i  exam ined w ith  t h e  e l e c t r o n  

m ic ro sc o p e , t h e  y e a s t  c e l l  o f  B. d e r m a t i t i d i s  a p p e a rs  t o  b e  th e  m ost 

c o m p le te ly  s tu d i e d .  I t  p o s s e s s e d  a l l  th e  d e f i n i t e  c o n s ta n t  com ponents 

o f  a  d e r i v a t i v e  c e l l ,  a s  i n  more advanced  p l a n t  and a n im a l c e l l s ,  and 

th e s e  com ponents w ere f u l l y  in te r c o n n e c te d  (E dw ards and Edw ards, I 9 6 0 ) ,  

The l i p i d s  o f  B . d e r m a t i t i d i s  have b een  i n v e s t i g a t e d  by  s e v e r a l  

w o rk e rs . A l-D oory  (1962) s t a t e d  t h a t  t h e r e  was 6 .9 6  p e r  c e n t  phospho

l i p i d ,  3 3 .6 3  p e r  c e n t  a c e to n e - s o lu b le  f r a c t i o n  and U 0.$ p e r  c e n t  t o t a l  

l i p i d  by  w e ig h t o f  d ry  o rg a n ism s . Peck and H au se r (1938) s t a t e d  t h a t  

l i p i d s  made up  8 to  10 p e r  c e n t  o f  t h e  w e ig h t o f  th e  w hole d r i e d  c e l l  

and th e s e  w ere a p p ro x im a te ly  o n e - th i r d  p h o s p h a tid e  and tw o - th i r d s  

a c e to n e - s o lu b le  f a t .  The p h o s p h a tid e  on h y d r o ly s i s  y i e ld e d  g ly c e r o -  

p h o sp h o r ic  a c id ,  c h o l in e ,  e th a n o la m in e  and f a t t y  a c id s  w h ich  w ere 

p ro b a b ly  p a lm i t i c ,  s t e a r i c ,  o l e i c  and l i n o l e i c  a c i d s .  The a c e to n e -  

s o lu b le  f a t  upon s a p o n i f i c a t i o n  gave g l y c e r o l ,  e r g o s t e r o l ,  and p a lm i

t i c ,  o l e i c  and l i n o l e i c  a c i d s .

T a y lo r  ( I 961 ) s t a t e d  t h a t  RHA o f  th e  y e a s t  p h a se  c e l l s  in c r e a s e d  

p e r  mg d ry  w e ig h t a f t e r  7 t o  10  d ay s  w ith  a  g ra d u a l  d e c l in e  t o  i n i t i a l  

l e v e l s  a f t e r  1 ?  to  30 d a y s . The DMA was r e l a t i v e l y  c o n s ta n t  w ith o u t  

s i g n i f i c a n t  v a r i a t i o n  d u r in g  a  30 -d a y  p e r io d .

H a l l id a y  and McCoy (1955) p ro v ed  t h a t  b i o t i n  was n e c e s s a r y  f o r  

g ro w th  e s p e c i a l l y  o f  l a b o r a to r y  s t r a i n s  o f  th e  o rg a n ism , and t h a t  t h e  

d e g re e  o f  g ro w th  was p r o p o r t io n a l  t o  th e  c o n c e n t r a t io n  o f  b i o t i n .

O th e r  i n v e s t i g a t i o n s  w ith  t h e  n u t r i t i o n a l  r e q u ir e m e n ts  o f  B la s to m y c es
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have b een  c o n d u c ted  by G i l a r d i  and L a f f e r  (1 9 6 2 ) . They co n c lu d ed  t h a t

B . d e r m a t i t i d i a  s y n th e s iz e d  i t s  own v i ta m in s  and u t i l i z e d  21 c a rb o n  and 

25 n i t r o g e n  compounds a s  th e  s o le  so u rc e  o f  th e  r e s p e c t iv e  e le m e n ts .  

S u l f u r - c o n ta in in g  com pounds, re d u c in g  a g e n ts ,  "Tween 8 0 " , and p -am in o - 

b e n z o ic  a c id  i n h i b i t e d  g ro w th . No a d d i t i o n a l  amino a c id s  o r  v i ta m in s  

w ere e s s e n t i a l  f o r  g row th  i n  a  l i q u i d  medium su p p lem en ted  w i th  casaraino  

a c id s  and b i o t i n .  F u r th e rm o re , amino a c id s  w ere n o t  r e q u i r e d  f o r  g ro w th , 

and th e  i n d iv i d u a l  v i ta m in s  s in g ly  o r  i n  c o m b in a tio n  d id  n o t  s t im u la te  

g ro w th . The o l e i c  a c id  o f  "Tween 8O" in d ic a t e d  t h a t  f a t t y  a c id s  m ig h t 

have  had an i n h i b i t o r y  r o l e  on g row th- The i n a b i l i t y  t o  u t i l i z e  a l l  

in te r m e d ia te s  o f  th e  K reb*s c y c le  d id  n o t  im p ly  t h a t  th e  o rg an ism  la c k e d  

th e  c y c le .  M e th io n in e , t h io u r e a  and sodium  t h i o g l y c o l a t e  e ac h  i n h i b i t e d  

g ro w th  a t  500 mg/lOO m l. S a lv in  (19U9) s t a t e d  t h a t  optimum g ro w th  a p 

p e a re d  i n  a  medium w ith  amino a c i d s .  G ly c in e , a l a n in e ,  s e r i n e ,  v a l i n e ,  

g lu ta m ic  a c id ,  a s p a r t i c  a c i d ,  p r o l in e  and h y d ro x y p ro l in e  p ro d u ced  th e  

b e s t  g ro w th . G i l a r d i  and L a f f e r  (1962) d is c o v e re d  t h a t  th e  b e s t  g row th  

o f  t h e i r  s t r a i n s  was i n  sh ak e  c u l t u r e s  i n  th e  p re s e n c e  o f  e i t h e r  ammon

ium s a l t s  o r  o rg a n ic  n i t r o g e n  and t h a t  t h e  optimum pH was b e tw een  $ 

and 9 .

W ith r e g a rd  to  th e  a c t u a l  sy s te m ic  i n f e c t i o n  p ro d u ced  b y  th e  

o rg a n ism , D e x te r  and Herndon ( i9 6 0 )  fo und  t h a t  B . d e r m a t i t i d i s  was n o t  

c h a r a c t e r i s t i c a l l y  a  p a r a s i t e  s im p ly  o f  p h a g o c y tic  c e l l s ,  n o r  w ere th e  

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

t o  d e p le t i o n  o f  e s s e n t i a l  c e l l  n u t r i e n t s  by  th e  g ro w th  and m e ta b o lism  

o f  t h e  o rg an ism . I n s t e a d  t h e  d e s t r u c t i v e  e f f e c t s  on c u l t u r e s  o f  p e r i 

t o n e a l  e x u d a te s  w ere  s a id  t o  b e  r e l a t e d  d i r e c t l y  to  th e  r a p id  p r o l i f -
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e r a t l o n  o f  t h e  fu n g u s  i n t r a c e l l u l a r l y  and e x t r a c e l l u l a r l y .  A usherm an 

e t  a l * ( 1957 ) s t a t e d  t h a t  i n  $$ c a n in e  c a s e s  o f  B* d e r m a t i t i d i s  i n f e c 

t i o n ,  li3 w ere o f  t h e  c h ro n ic  r e s p i r a t o r y  ty p e ,  U had envo lvm ent o f  t h e  

lo n g  b o n es t e r m in a t in g  i n  g e n e r a l iz e d  b la s to m y c o s is ,  and 8 h as  sy s te m ic  

i n f e c t i o n s ,  i n i t i a l l y  o f  w hich  2 had m u l t ip le  su b c u ta n e o u s  a b s c e s s e s .

M ackinnon (19$9) s a id  t h a t  e x p e r im e n ta l  i n f e c t i o n  o f  th e  l a b o r 

a to r y  mouse gave  a  r e s u l t a n t  m e ta s ta s i s  com parab le  t o  c o n d i t io n s  found  

i n  man s u f f e r in g  from  s i m i l a r  i n f e c t i o n .  Such m é ta s ta s é s  o c c u r re d  i n  

a n im a ls  in o c u la te d  by  th e  in t r a m u s c u la r ,  i n t r a p e r i t o n e a l ,  i n t r a v e n o u s ,  

o r  pu lm onary  r o u te  and som etim es by  su b c u ta n e o u s  i n f e c t i o n  o r  i n g e s t i o n  

o f  i n f e c t e d  m a t e r i a l .  S in c e  B las to m y ces  i n f e c t i o n s  i n  man p ro d u ced  

s i m i l a r  p a th o lo g y  i t  was su g g e s te d  t h a t  o f  th e  m ost p ro b a b ly  r o u t e  o f  

i n f e c t i o n ,  t h e  pulm onary  i s  th e  m ost l o g i c a l ,  and t h a t  th e  i n f e c t i o u s  

m echanism s a r e  a t  l e a s t  s i m i l a r .

A lth o u g h  D enton ^  a l .  ( 196I )  i n f e c t e d  m ice  by  in t r a v e n o u s  in o c u 

l a t i o n  i n to  th e  t a i l  v e in  o f  s o i l  s u s p e n s io n s  known t o  c o n ta in  B. derm a

t i t i d i s  3 B ra n d sb e rg  ^  a l .  (1963) have r e c e n t l y  d e m o n s tra te d  t h a t  th e  

s u s c e p t i b i l i t y  o f  v a r io u s  e x p e r im e n ta l  a n im a ls  v a r i e d .  O f th e  a n im a ls  

w hich th e y  t e s t e d ,  in c lu d in g  g u in e a  p i g s ,  g o ld e n  h a m s te r s ,  a lb in o  r a b 

b i t s ,  w h ite  r a t s  and  w h ite  S w iss m ic e , t h ^  fo und  t h a t  m ice and h a m s te rs  

w ere th e  m ost s u s c e p t ib l e  to  i n f e c t i o n .  The h a m s te rs  p ro v ed  to  b e  t h e  

more s u s c e p t ib l e  o f  th e  two a n im a ls .  The m in im al num ber o f  v i a b l e  p a r 

t i c l e s  n e c e s s a ry  to  p ro d u c e  a  h ig h  p e rc e n ta g e  o f  i n f e c t i o n s  was i n  

e x c e s s  o f  1 0 0 . I t  i s  a l s o  known t h a t  i f  th e  n y c e l i a l  p h a se  i s  in o c u 

l a t e d  i n t o  e x p e r im e n ta l  a n im a ls  t h e s e  n y c e l i a l  e le m e n ts  and c o n id ia  

w i l l  c o n v e r t  t o  t h e  y e a ^  p h ase  to  p ro d u ce  i n f e c t i o n  (D em onbreun, 1 9 3 5 ) .

A lth o u g h  t h e  l i t e r a t u r e  c o n ta in s  r e f e r e n c e s  t o  s t u d i e s  o f  u l t r a -



6

v i o l e t  e f f e c t s  on s e x u a l  s p o re s  o f  sapropl^Q rtic f u n g i ,  no l i t e r a t u r e  

c o u ld  b e  found  w hich  r e p o r t e d  th e  e f f e c t s  o f  u l t r a v i o l e t  i r r a d i a t i o n  

on B. d e r m a t i t i d i s  o r  o th e r  human p a th o g e n ic  f u n g i .

The e f f e c t s  o f  u l t r a v i o l e t  i r r a d i a t i o n  upon b a c t e r i a l  c e l l s  has 

b e e n  u n d e r  i n v e s t i g a t i o n  f o r  some t im e . O nly a few  p e r t i n e n t  r e c e n t  

i n v e s t i g a t i o n s  have b een  sum m arized h e r e .  The r e l a t i o n s h i p  b e tw een  th e  

re c o v e ry  o f  c e l l s  a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  and th e  c o m p o s itio n  o f  

p l a t i n g  m edia  h a s  n o t  b e e n  th o ro u g h ly  i n v e s t i g a t e d .  W ainw righ t and 

N e v i l l  (1955) s t a t e d  t h a t  th e  number o f  s u r v iv o r s  w hich  was re c o v e re d  

was red u ced  when u l t r a v i o l e t  i r r a d i a t e d  c e l l s  w ere in c u b a te d  on a  p ep 

to n e  medium. R o b e r ts  and A ldous ( l9 h 9 )  r e p o r te d  a  g r e a t e r  r e c o v e iy  on 

t h e i r  c h e m ic a lly  d e f in e d  medium th a n  on n u t r i e n t  a g a r .  P ro o f  o f  t h i s  

p o in t  was acc o m p lish e d  when th e y  added  one p e r  c e n t  n u t r i e n t  a g a r  to  

th e  c h e m ic a lly  d e f in e d  medium and o b se rv e d  a d e c re a s e d  num ber o f  s u r 

v i v o r s .  S im i la r ly ,  A lp e r  and G i l l i e s  (1958) fo u n d  t h a t  re c o v e iy  o f  

i r r a d i a t e d  c e l l s  on n u t r i e n t  a g a r  was g r e a t e r  th a n  on ”o x o id ” b lo o d  

a g a r  and t h a t  th e  a d d i t i o n  o f  th e  l a t t e r  to  t h e  fo rm e r  i n h i b i t e d  re c o v 

e iy .  They co n c lu d ed  t h a t  d i f f e r e n t  p l a t i n g  m edia  gave r i s e  to  w id e ly  

d i f f e r e n t  v i a b l e  c o u n ts  a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  and t h a t  s u r v iv 

in g  f r a c t i o n s  w ere s m a l l e s t  on m edia w hich  w ere o p tim a l f o r  g ro w th  o f  

u n i r r a d i a t e d  o rg a n is m s . Ramage (1961) a l s o  found  t h a t  t h e  medium w hich  

was b e s t  f o r  g ro w th  was p o o re s t  f o r  r e c o v e ry  o f  u l t r a v i o l e t  i r r a d i a t e d  

S h ig e l l a  s o n n e i .

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

r e s p i r a t i o n  o f  b a c t e r i a  have b e en  r a t h e r  e x te n s iv e .  I n  1953> K e ln e r  

i n v e s t i g a t e d  endogenous and exogenous r e s p i r a t i o n  o f  E s c h e r ic h ia  c o l i  

a f t e r  u l t r a v i o l e t  i r r a d i a t i o n .  He c o n c lu d e d  t h a t  endogenous r e s p i r a t i o n
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was n o t  a f f e c t e d  by  i r r a d i a t i o n  even when th e  do sag e  was g r e a t  enough 

t o  i n a c t i v a t e  a l l  th e  c e l l s *  Exogenous r e s p i r a t i o n  was s i m i l a r  to  th e  

u n i r r a d i a t e d  c e l l s  f o r  some tim e  and th e n  b eg an  s t e a d i l y  t o  d e c l i n e .  

B i l l e n  e t  a l .  (19^3) o b se rv e d  th e  same r e s u l t .  However, W einm ets and 

K athan  (19^1+) r e p o r te d  t h a t  oxygen u p ta k e  by  i r r a d i a t e d  c e l l s  i n  th e  

p re s e n c e  o f  g lu c o s e  was o n ly  v e ry  s l i g h t l y  a f f e c t e d .  B i l l e n  and h i s  

c o -w o rk e rs  a l s o  found  t h a t  in c r e a s e d  e x p o su re s  to  u l t r a v i o l e t  had no 

e f f e c t  on th e  l e n g th  o f  tim e  d u r in g  w hich  i r r a d i a t e d  endogenous e q u a l le d  

norm al r e s p i r a t i o n .  G iese  and Swanson (l9 U ?) w ere i n  d is a g re e m e n t w ith  

K e ln e r  (19$3) i n  t h a t  endogenous r e s p i r a t i o n  by  y e a s t  c e l l s  in c r e a s e d  

a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  i n  t h e i r  e x p e r im e n ts .

S a rach ek  (19?8 ) and P ittm a n  e t  a l .  ( l9 ? 9 )  fo und  t h a t  an u l t r a 

v io le t - in d u c e d  r e s p i r a t o r y  d e f i c ie n c y  was p h o to r e v e r s ib le  and im p l ic a te d  

th e  n u c le u s  a s  th e  s i t e  o f  r a d i a t i o n  dam age.

The e f f e c t  o f  u l t r a v i o l e t  i r r a d i a t i o n  on amino a c id s  h a s  n o t  b e en  

in v e s t i g a t e d  v e ry  th o ro u g h ly .  One i n v e s t i g a t i o n  (N a k a n is h i ,  19?8) d e a l t  

w i th  th e  phenomenon o f  amino a c id  a b s o r p t io n  o f  u l t r a v i o l e t  i r r a d i a t i o n .  

The a u th o r  s t a t e d  t h a t  th e  lo w e s t  a b s o r p t io n  was a t  o r  n e a r  th e  i s o e l e c 

t r i c  p o in t s  o f  th e  a l i p h a t i c  amino a c i d s ,  be tw een  pKg and PK3 i n  t h e  

mono-amino d i - c a r b o x y l i c , and b e tw een  pK-]̂  and pKg i n  th e  d i-a m in o  mono- 

c a rb o x y l ic  a c i d s .  On t h e  o th e r  h an d , -COOH and -OH g ro u p s showed an 

in c r e a s e  i n  a b s o r p t io n  when th e y  w ere c h a rg e d . He c o n c lu d ed  t h a t  th e  

a b s o r p t io n  was h ig h e s t  w i th in  a  pH ra n g e  i n  w hich  th e  l a r g e s t  num ber o f  

g ro u p s  was c h a rg e d .

The e f f e c t s  o f  u l t r a v i o l e t  i r r a d i a t i o n  on n u c le ic  a c id s  h a s  r e 

c e iv e d  much i n v e s t i g a t i o n  d u r in g  th e  p a s t  few  y e a r s .  I n  19^L , K an aze r 

and E r r e r a  and K e ln e r  p o in te d  o u t  t h a t  th e  s y n th e s i s  o f  DHA s to p p e d
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Im m e d ia te ly  a f t e r  i r r a d i a t i o n *  K e ln e r  b e l i e v e d  t h a t  th e  DNA i n h i b i t i o n  

im p lie d  i n h i b i t i o n  o f  gene r e d u p l i c a t i o n .  RNA s y n th e s e s  w ere fo und  to  

c o n tin u e  i n  s y n c h r o n iz a t io n  -vd-th c e l l u l a r  g rox jth . E a rn e r  and Cohen (1 9?6 ) 

c o n c lu d ed  t h a t  u l t r a v i o l e t  a b so rb e d  b y  DNA r e s u l t e d  i n  th e  b r e a k in g  o f  a  

c r i t i c a l  bond and th e  fo rm a tio n  o f  a  t o x ic  p r o d u c t .  K im b a ll (195?) a l s o  

p o s tu la te d  t h a t  i n h i b i t i o n  o f  DNA s y n t h e s i s  was th e  m a jo r f a c t o r  i n  

i r r a d i a t i o n  damage to  c e l l s .  He assum ed t h a t  i n a c t i v a t i o n  and m u ta t io n  

w ere se c o n d a ry  co n seq u en ces  o f  th e  i r r a d i a t i o n  e f f e c t s  on DNA s y n th e s i s  

and t h a t  i n h i b i t i o n  o f  s y n th e s i s  was a  r e s u l t  o f  a l t e r a t i o n  i n  DNA and 

i n t e r f e r e n c e  w ith  r e p l i c a t i o n .  S tu y  (1959) a t t r i b u t e d  d e a th  o f  v i g o r 

o u s ly  g row ing  c e l l s  n o t  o n ly  t o  th e  r a d i a t i o n  damage t o  t h e  DNA, b u t  

a l s o  to  th e  l e n g th  o f  t h e  p e r io d  n e c e s s a iy  f o r  r e p a i r .  D ra k u lic  (1959) 

s t a t e d  t h a t  i n h i b i t i o n  o f  DNA s y n th e s i s  was o n ly  tem p o ra ry  b u t  c o u ld  b e  

i n h i b i t e d  c o m p le te ly  i f  i r r a d i a t i o n  o f  p r o t e i n  s y n th e s i s  was p r e v e n te d .

' H anaw alt and S e tto w  ( i9 6 0 )  r e p o r te d  t h a t  th e  e f f e c t s  o f  u l t r a 

v i o l e t  on ENA s y n th e s i s  and on p r o t e i n  s y n th e s i s  i n  E. c o l i  w ere th e  

sam e. RNA s y n th e s i s  was i n h i b i t e d  and much o f  th e  DNA s y n th e s iz e d  a f t e r  

re c o v e ry  was n o n - f u n c t io n a l .  A lth o u g h  " p a r t i c u l a t e "  ENA s y n th e s i s  was 

c o n s ta n t  i n  th e  a b se n c e  o f  DNA s y n t h e s i s ,  b o th  " s o lu b le "  RNA and p r o t e i n  

s y n th e s i s  in c r e a s e d .  P r o te in  s y n th e s i s  was more s e n s i t i v e  t o  u l t r a v i o 

l e t  th a n  RNA s y n t h e s i s  s in c e  a p p a r e n t ly  DNA s p e c i f i e d  "n o n se n se "  RNA 

w hich  co u ld  n o t s u s t a i n  norm al p r o t e i n  s y n t h e s i s .  Damage to  one s t r a n d  

o f  IDNA was s u f f i c i e n t  f o r  u n i t  e f f e c t  on p r o t e i n  s y n t h e s i s ,  b u t  b o th  

s t r a n d s  m ust have b e en  damaged t o  p ro d u ce  an e f f e c t  on RNA s y n t h e s i s - 

D ra k u lic  e t  a l .  ( l ? 6 l ) ,  w h ile  w o rk in g  w i th  E . c o l i  B s a i d  t h a t  

t h e  u l t r a v i o l e t  e f f e c t  on ENA was a  d i s tu r b a n c e  i n  t h e  RNA m e ta b o lism .

T h is  d i s tu r b a n c e  was a  d e c re a s e d  in c o r p o r a t io n  o f  a d e n in e  i n to  t h e
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* * p a r t ic u la te ” HNA and a  g r e a t e r  i n c o r p o r a t io n  i n t o  th e  " s o l u b l e ” RNA.

T h is  a d d i t i o n a l  " s o lu b le ” RNA i n  th e  i r r a d i a t e d  c e l l s  was m eta b o l i c a l l y  

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

Marmur e t  a l .  ( l 96 l )  s a id  th e  i n i t i a l  a c t i o n  o f  u l t r a v i o l e t  i r 

r a d i a t i o n  was a  c h em ic a l a l t e r a t i o n  o f  t h e  p y r im id in e  r e s i d u e s .  T h is  

was fo llo w e d  hy a  w eaken ing  d f  th e  DNA s t r u c t u r e  w hich  r e s u l t e d  i n  i n 

t e r f e r e n c e  i n  no rm al hydrogen  b o n d in g . O th e r  n o te d  e f f e c t s  w ere t h e  

c r o s s - l in k a g e  o f  DNA s t r a n d s  r e s u l t i n g  from  d im e r iz a t io n  o f  s p e c i f i c  

b a s e  p a i r s  t h a t  w ere n o t  n o rm a lly  o p p o s i t e .  A lso  n o te d  w ere fo rm a t io n  

o f  d im e rs  o f  th y m in e  r e s u l t i n g  i n  c r o s s - l i n k a g e  and im p a irm e n t o f  DNA 

r e p l i c a t i o n  and p ro p e r  b a s e  p a i r i n g .

B eu k ers  and B e ren d s ( l 9 6 l )  s t a t e d  t h a t  u l t r a v i o l e t  i r r a d i a t i o n  

o f  th y m in e  r e s u l t e d  i n  th e  c o n v e rs io n  o f  thym ine  to  m ixed d im e rs  and to  

, I .P .T .  ( i r r a d i a t i o n  p ro d u c t  o f  th y m in e ) , w hich  was c h i e f l y  r e s p o n s ib le  

f o r  th e  iniutagenic and l e t h a l  e f f e c t s  o f  u l t r a v i o l e t .

Klouwen (1962) a l s o  d is c o v e re d  t h a t  u l t r a v i o l e t  was a b so rb e d  

m a in ly  by  th e  p u r in e  and p y r im id in e  b a s e s .  The r e s u l t  was d im e r iz a t io n  

w hich  p re v e n te d  th e  u n c o i l in g  o f  th e  h e l i x .  A s h i f t  to w ard  th e  k e to  

fo rm  o f  th e  h y d ro x y l g ro u p s o f  th e  b a s e s  was a ls o  n o te d .  T h is  r e s u l t e d  

i n  a  s t r e n g th e n in g  o f  hydrogen  bonds and th e  p r e v e n t io n  o f  h e l i x  s e p a r 

a t i o n .

P h o to r e a c t iv a t io n  i s  a  v e ry  w id e sp re a d  phenomenon w h ich  e f f e c t s  

ch an g es o f  se em in g ly  d i f f e r e n t  n a tu r e  i n  o rg a n ism s  damaged by  u l t r a v i o l e t  

i r r a d i a t i o n .  The f a c t  t h a t  m ost o f  th e  known b i o l o g i c a l  e f f e c t s  o f  

u l t r a v i o l e t  i r r a d i a t i o n  have  b een  p h o to r e a c t iv a t e d  seemed t o  i n d i c a t e  

t h a t  th e y  a l l  in c lu d e  a  common r e a c t i o n .

R u p e r t  (1 9 6 1 ) sum m arized th e  e f f e c t s  o f  p h o t o r e a c t i v a t io n  i n  t h e
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f o l lo w in g  m anner. Enzymes e x i s t  i n  p h o to r e a c t iv a b le  c e l l s  w hich  r e p a i r  

u l t r a v i o l e t  damage to  t r a n s fo rm in g  DNA ^  v i t r o . He a l s o  s t a t e d  t h a t  

p h o to r e a c t iv a t io n  was one o f  th e  m echanism s o f  c e l l s  t o  r e p a i r  th e  dam

age  p ro d u ced  “by s u n l i g h t  on t h e i r  DNA. B ecau se  i t  can  b e  d e m o n s tra te d  

among many l i v i n g  th in g s  and b e c a u se  i t  c o u ld  i n  p r i n c i p l e  o c c u r  w i th  a  

low  l e v e l  o f  c e l l u l a r  o r g a n iz a t io n ,  r e q u i r i n g  o n ly  a  s u i t a b l e  c a t a l y s t  

to  f a v o r  th e  p h o to r e v e r s a l  o f  a  p h o to c h e m ic a l ch an g e , p h o t o r e a c t iv a t io n  

c o u ld  b e  c o n s id e re d  a  p r im i t iv e  m echanism  e v o lv in g  f a i r l y  e a r l y  i n  t h e  

h i s t o r y  o f  l i f e  on e a r t h .  O th e r  m echanism s p ro b a b ly  e x i s t  to  p e rfo rm  

th e  same f u n c t io n  and may b e  r e s p o n s ib le  f o r  some o f  th e  f a c t o r s  m odi

f y in g  th e  e f f e c t s  o f  u l t r a v i o l e t  on c e l l s .

H o lla e n d e r  (195?) b e l i e v e d  t h a t  th e  e f f e c t  o f  p h o to r e a c t iv a t io n  

was a lm o st c o m p le te ly  s p e c i f i c  f o r  dam ages p ro d u ced  by  u l t r a v i o l e t  i r r a 

d i a t i o n .  The s i t e  a t  w hich  p h o to r e a c t iv a b le  damage was th o u g h t  t o  b e  

p ro d u ced  was a  n u c le o p r o te in ,  and was p ro b a b ly  n u c le ic  a c id .  M echan

ism s o f  r e a c t i v a t i o n  r e q u i r e  s u b s ta n c e s  o f  " c y to p la s m ic "  n a tu r e .  The 

a c t io n  s p e c t r a  o b ta in e d  seem ed t o  i n d i c a t e  t h a t  d i f f e r e n t  p ig m e n ts  w ere 

r e s p o n s ib le  f o r  th e  a b s o r p t io n  by  th e  p h o t o r e a c t i v a t in g  d i t e  i n  d i f f e r 

e n t  o rg a n ism s .

K e ln e r  ( I9 li9 )  s t a t e d  t h a t  w ith  r e c o v e ry  o f  S tre p to m y c e s  g r i s  eus 

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

and form  a co lo n y  was r e s t o r e d .  R ecovery  was p r o p o r t io n a l  t o  th e  d u ra 

t i o n  o f  i l l u m i n a t i o n ,  w i th in  l i m i t s ,  and th e  r a t e  o f  re c o v e ry  in c r e a s e d  

w ith  an i n c r e a s e  i n  te m p e ra tu re  up t o  a p p ro x im a te ly  ?0 C. T h e re fo r e ,  

t h e  k i l l i n g  e f f e c t  o f  u l t r a v i o l e t  was due to  a  l i g h t  l a b i l e  a l t e r a t i o n  

o f  some c o n s t i t u e n t  i n  th e  c e l l .  E x p o su re  to  v i s i b l e  l i g h t  r e s t o r e d  

t h i s  a l t e r e d  c o n s t i t u e n t  to  i t s  fo rm e r  s t a t e .
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H anaw alt and B n e h le r  ( i9 6 0 )  worked w ith  Eo c o l i  and found  t h a t  

when v i s i b l e  l i g h t  was a d m in is te re d  a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  t h e  

DMA s y n th e s i s  behaved  a s  th o u g h  i t  had r e c e iv e d  an  i r r a d i a t i o n  d o se  

o n e - h a l f  th e  s t r e n g th  u se d  p r e v io u s ly .  RNA and p r o t e i n  s y n th e s e s  w ere 

c a p a b le  o f  p h o to r e a c t iv a t io n  even i n  th e  a b se n c e  o f  DMA s y n t h e s i s .  

T h e re fo re ,  i t  a p p e a re d  t h a t  p h o to r e a c t iv a t io n  o f  b a c t e r i a l  RNA and 

p r o t e i n  s y n th e s e s  b a s i c a l l y  in v o lv e d  a  r e p a i r  o f  DMA i n t e g r i t y  r a t h e r  

th a n  r e s t o r a t i o n  o f  DMA s y n t h e s i s .

Goodgal (1950 ) s t a t e d  t h a t  th e  k i l l i n g  o f  m ic ro c o n id ia  o f  Meuro-  

s p o ra  c r a s s a  by  u l t r a v i o l e t  was cau sed  by l e t h a l  m u ta t io n s ,  l i g h t  d e 

c re a s e d  k i l l i n g  a c t io n  by  d e s t r o y in g  an u l t r a v i o l e t - i n d u c e d  m u tag en ic  

a g e n t ,  th u s  p re v e n t in g  th e  m u ta t io n s .

B ellam y and Germ ain ( l9 $ 5 )  worked w ith  v a r io u s  s t r e p t o c o c c i ,  E. 

c o l i  and A. a e ro g e n e s . They found  t h a t  E. c o l i  and A. a e ro g e n e s  w ere 

r e a c t i v a t e d  by  b lu e  and by  w h ite  l i g h t  w h ile  th e  s t r e p to c o c c i  w ere n o t .  

T hese r e s u l t s  s u p p o r te d  th e  th e o ry  t h a t  p o rp h r in s  w ere in v o lv e d  in  

p h o to r e a c t iv a t io n  s in c e  s t r e p to c o c c i  c o n ta in  fe w e r  p o r p h r in s .

I R u p ert (1962 ) fo und  t h a t  th e  photoenzym e from  b a k e r 's  y e a s t  

w hich  r e p a i r e d  u l t r a v i o l e t - i n a c t i v a t e d  t r a n s fo r m in g  DMA was m e c h a n ic a l ly  

bound t o  u l t r a v i o l e t  i r r a d i a t e d  b a c t e r i a  i n  th e  d a rk ,  b u t  n o t  to  non

u l t r a v i o l e t  i r r a d i a t e d  DMA. I n  t h e  bound c o n d i t io n  i t  was s t a b i l i z e d  

a g a in s t  i n a c t i v a t i o n  by h e a t  and heavy  m e ta l s .  B o th  th e  m e c h a n ic a l 

b o n d in g  and s t a b i l i z a t i o n  w ere e l im in a te d  by i l l u m i n a t i o n .  T hese o b s e r 

v a t io n s  w ere c o n s i s t e n t  w ith  th e  r e a c t i o n  schem e s u g g e s te d  by k i n e t i c s  

s t u d i e s ,  i n  lô iic h  t h e  enzyme com bined w ith  u l t r a v i o l e t  l e s i o n s  i n  DMA, 

a f t e r  w hich  th e  com plex a b so rb e d  l i g h t  and p ro d u ced  r e p a i r  and s u b s e 

q u e n t l i b e r a t i o n  o f  th e  enzym e.
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Goucher e t  (1 9 ?$ ), w h ile  w ork ing  w ith  A z o to b a c te r , s t a t e d  t h a t  

a c e t a t e  o x id a t io n  by  a c e ta te - a d a p te ^  c e l l s  was th o u g h t  to  be  i n h i b i t e d  

by u l t r a v i o l e t  l i g h t »  T h is  i n h i b i t i o n  o f  a  c o n s t i t u t i v e  enzyme was ob

s e rv e d  t o  b e  d im in ish e d  by e x p o s in g  i r r a d i a t e d  c e l l s  t o  v i s i b l e  l i g h t .  

T h is  was a ls o  t r u e  f o r  a c e t a t e  C e l l s  a d a p te d  t o  g row th  i n  s u c c in a te ,

P ittm a n  e t  a l .  (1 9 $ 9 ) , w h ile  w o rk in g  w ith  y e a s t s ,  s t a t e d  t h a t  th e  

s i t e  o f  u l t r a v i o l e t  damage w hich  a f f e c t e d  r e s p i r a t o r y  a c t i v i t y  was th e  

n u c le u s .  A lth o u g h  th e  p h o to r e a c t iv a b le  damage o f  m ost u l t r a v i o l e t -  

in d u c e d  l e s io n s  a p p e a re d  to  b e  i n  th e  n u c le u s  o r  a s s o c ia t e d  w ith  n u c le o -  

p r o t e i n s ,  th e y  th o u g h t p h o t o r e a c t i b i l i t y  o f  a  g iv e n  l e s i o n  d id  n o t  im ply  

n e c e s s a r i l y  t h a t  th e  r e a c t i v a b l e  damage was n u c le a r ,  s in c e  b o th  n u c le a r  

and c y to p la s m ic  damage have b een  shown to  be  p h o to r e a c t iv a b le .

E le v a te d  te m p e ra tu re s  have b een  found  to  enhance  re c o v e ry  o f  

i r r a d i a t e d  and p h o to r e a c t iv a te d  c e l l s  to  some e x te n t .  C h a r le s  and 

Zimmerman (1956) s t a t e d  t h a t  E. c o l i  B p h o to r e a c t iv a te d  f o r  100 m in

u t e s  a f t e r  i r r a d i a t i o n  grew  o p t im a l ly  a t  55 C.
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STATEMMT OF PROBLEM

T h is  i n v e s t i g a t i o n  was p r im a r i ly  u n d e r ta k e n  t o  d e te rm in e  th e  

n i t ro g e n o u s  c o n s t i t u e n t s  in  norm al B. d e r m a t i t i d i s , how th e s e  con 

s t i t u e n t s  may b e  a l t e r e d  by  u l t r a v i o l e t  i r r a d i a t i o n ,  and w hat r o l e  

o r  r o l e s  th e y  may have i n  i n f a c t i v i t y .
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METH3DS AND MATERIALS

I .  GMERAL METIDPS AND MATERIALS

(1 ) O rganism  Em ployed.

B. d e r m a t i t i d i s s s t r a i n  6oU6, was em ployed th ro u g h o u t  t h i s  i n 

v e s t i g a t i o n .  I t  was o b ta in e d  from  th e  Rocky M ountain  L a b o ra to ry ,

U* 5 .  P . H. S . ,  H am ilto n , M ontana, and was o r i g i n a l l y  i s o l a t e d  b y  D r,

C. W. lEmmons, D. S, P . H. S . ,  W ash ing ton , D, C,

(2 ) B u f f e r  and S a l in e  S o l u t i o n s .

The s t e r i l e  p h o s p h a te -b u f fe re d  s a l i n e  u sed  th ro u g h o u t t h i s  in v e s 

t i g a t i o n  was d e s ig n a te d  a s  SPBS. I t  c o n s i s t e d  o f  180 ml o f  OdM  K2H0 Pj^, 

120 ml o f  O.IM KHgPO^, 600 ml o f  d i s t i l l e d  w a te r  and 10 g N aC l. A f t e r  

s t e r i l i z a t i o n  o f  th e  s o l u t io n  a t  121 G f o r  1 ?  m in u te s ,  th e  pH was 7 ,0 ,

The u n b u ffe re d  s a l i n e  s o l u t io n  was d e s ig n a te d  a s  S3 and c o n s i s te d  

o f  8 .$  g NaCl i n  one 1 o f  d i s t i l l e d  w a te r .  I t  was a l s o  a u to c la v e d .

(3 ) M ain tenance  o f  C u l tu r e s ,  C u l tu r e  M ed ia , and G en era l M ethods Em ployed«

B. d e r m a t i t i d i s  60^6 was grown on S abouraud  D e x tro se  A gar pH 7 .0 ,  

a t  37 C. The medium c o n ta in e d  10 g N eo p ep to n e , UO g d e x t r o s e ,  and l 5  g 

a g a r  p e r  l i t e r  o f  d i s t i l l e d  w a te r .  The pH was a d ju s te d  t o  7 .0  w ith  

t r i b a s i c  sodium  p h o sp h a te  and th e  medium was s t e r i l i z e d  i n  th e  a u to c la v e  

f o r  1 ?  m in u te s  a t  121 C.

lU
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C u ltu r e s  w ere checked  p e r i o d i c a l l y  f o r  c o n ta m in a n ts  by m ic ro 

s c o p ic  e x a m in a tio n .

The c o m p o s itio n  o f  th e  re c o v e ry  m edia w hich  w ere u se d  i n  th e  

c o m p a ra tiv e  s tu d y  w ere a s  fo llo w ss

A. Sabouraud  D e x tro se  A gar (SAB) a s  m en tioned  on page  lU» ( B a l t i 

more B io lo g ic a l  L a b o r a to r y ) ,

B. F lu id  Sabouraud  Medium (FSAB), (B a lt im o re  B io lo g ic a l  L a b o r a to r y ) ,

1 .  C a s i to n e  -  5 g

2 . Peptarain  -  $ g

3 . D e x tro se  -  5 g

U, D i s t i l l e d  w a te r  -  1000 ml

The pH waâ a d ju s te d  to  7 .0  by  th e  u s e  o f  t r i b a s i c  sodium  p h o sp h a te . 

F i f t e e n  g B acto  a g a r  was th e n  added and th e  s o l u t io n  a u to c la v e d ,

C. Sabouraud D e x tro se  A gar "80" (SAB 8 0 ) ,

As SAB, w ith  th e  e x c e p tio n  t h a t  0 .1  ml "Tween 80" ( N u t r i t i o n a l  

B io ch e m ic a ls  C o rp o ra t io n )  was added p e r  l i t e r  o f  medium.

D. B ra in  H e a r t  I n f u s io n  A gar (B H i) . (B a lt im o re  B io lo g ic a l  L a b o ra to ry )

1 . C a lf  b r a i n ,  in f u s io n  from  -  200 g

2 . B eef h e a r t ,  i n f u s io n  from  -  2$0 g

3 . P e p to n e  -  10 g

h* NaCl -  5 g

5 . D isodium  p h o sp h a te  -  2 .5  g

' _ 6 . D e x tro s e  -  2 ,0  g

7 .  A gar -  l 5 . 0  g

8 . D i s t i l l e d  w a te r  -  1000  ml
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The pH was a d ju s te d  t o  7 -0  w ith  0 .1  M HCl and th e  s o l u t io n  a u to 

c la v e d .

E. P o ta to  D e x tro se  A gar (PDA). (B a lt im o re  B i o lo g ic a l  L a b o r a to r y ) .

1 . P o ta to ,  i n f u s io n  from  -  200 g

2 . D e x tro se  -  20 g

3 . A gar -  1$  g

U. D i s t i l l e d  w a te r  -  1000 ml

The pH was a d ju s te d  t o  7 .0  w ith  t r i b a s i c  sodium  p h o s p h a te . A f t e r  

h e a t in g  w ith  f r e q u e n t  a g i t a t i o n  and b o i l i n g  f o r  one m in u te  th e  s o l u t io n  

was a u to c la v e d .

F . Eugon B ro th  ( D if c o ) .

1 . T ry p to s e  -  l 5  g

2 . Soy tone -  Ç g

3 . D e x tro se  -  ?  g

U. 1 - c y s t i n e  -  0 .2  g

5 . NaCl -  U.O g

6 . Sodium s u l f i t e  -  0 .2  g

7 . Sodium c i t r a t e  -  1 .0  g

8 . D i s t i l l e d  w a te r  -  1000  ml

F i f t e e n  g B a c to  a g a r  was added and t h e  s o l u t io n  a u to c la v e d .

G. I d e o l o g i c a l  B ro th  ( D i f c o ) .

1 .  S o y tone  -  10  g

2 . D e x tro s e  -  UO g

3 . D i s t i l l e d  w a te r  -  1000 ml

A f t e r  a d d i t io n  o f  l 5  g a g a r  i t  was s t e r i l i z e d  i n  th e  a u to c la v e .
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H. B lood A gar ( D if c o ) .

1 .  V eal h e a r t ,  i n f u s io n  from  -  $00 g

2 . P ro te o s e  p e p to n e  -  10 g

3 . NaCl -  $ g

U. A gar -  1$  g

$ . D i s t i l l e d  w a te r  -  1000 ml

A f te r  a d ju s tm e n t o f  th e  pH to  7 .0  w ith  0 .1  M HCl and s t e r i l i z a 

t i o n  i n  th e  a u to c la v e ,  th e  medium was co o le d  to  $$ C by  p la c in g  i t  i n  

a  w a te r  b a th .  F iv e  p e r  c e n t  human b lo o d  was th e n  added a s e p t i c a l l y  

and th e  poured  p l a t e s  w ere a llo w ed  t o  s o l i d i f y .

(L) P r e p a r a t io n  o f  C e l l s .

I n  th e  c o u rs e  o f  t h i s  i n v e s t i g a t i o n  v a r io u s  c o n c e n tr a t io n s  o f  

c e l l  s u s p e n s io n s  w ere u se d  d ep en d in g  upon th e  p u rp o se  o f  t h e  e x p e rim e n t 

b e in g  done a t  t h a t  t im e . However, f o r  th e  m ost p a r t ,  th e  e x p e rim e n ts  

w ere done w ith  th e  fo l lo w in g  p re p a ra t io n »  F iv e -d a y  c e l l s  grown a t  37 C 

on SA.B, pH 7 .0 ,  w ere removed from  f o u r  s l a n t s  w ith  10*0 ml o f  0*8$ p e r  

c e n t  SPBS. The c e l l s  w ere th e n  w ashed tw ic e  w ith  10 ml p o r t io n s  o f  

0 .8 $  p e r  c e n t  SPBS and c e n t r i f u g e d  a t  2 ,0 0 0  rpra in  an I n t e r n a t i o n a l  

C l i n i c a l  C e n tr i f u g e .  T hese  washed c e l l s  w ere re su sp e n d e d  i n  enough 

SFBS to  e q u a l th e  o p t i c a l  d e n s i ty  o f  M cFarland N e p th e lo m e te r  #10 when 

d e te rm in e d  w ith  a  Coleman J u n io r  S p e c tro p h o to m e te r  a t  $00 m mu* A l s $0 

d i l u t i o n  was p re p a re d  by  a d d in g  one ml o f  th e  #10  c o n c e n tr a t io n  t o  h 9 .0  

ml o f  0 .8 $  p e r  c e n t  SPBS. T h is  $0 ml d i l u t i o n  was p la c e d  i n  a W aring 

b le n d e r  and a g i t a t e d ,  a t  low  sp e e d , f o r  1$ m in u te s  a t  8 C t o  a s s u r e  

a d e q u a te  s e p a r a t io n  o f  a l l  clum ps and c e l l  a g g re g a te s *  A f t e r  b le n d in g ,  

10  ml a l i q u o t s  w ere rem oved and t r e a t e d  in  t h e  m anner d e s ig n a te d  i n  each
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( ? )  P l a t e  C o u n tin g  M ethod.

The Quebec C olony C o u n te r was u se d  f o r  th o s e  p l a t e s  on w hich  th e  

number o f  v i s i b l e  c o lo n ie s  w ere to o  num erous to  co u n t w ith  th e  u n a id e d  

ey e . The m ethod em ployed f o r  c a l c u l a t i o n  o f  t h e  t o t a l  p l a t e  number 

in v o lv e d  th e  c o u n tin g  o f  th e  c o lo n ie s  i n  5 s q u a r e s ,  d iv id in g  th e  t o t a l  

by 5 and m u l t ip ly in g  th e  r e s u l t  by  6 6 . 6 . When p o s s i b l e ,  a l l  c o lo n ie s  

on a  p l a t e  w ere c o u n te d  to  re d u c e  th e  p r o b a b i l i t y  o f  e r r o r .

( 6 ) U l t r a v i o l e t  L ig h t  S ou rce  and P ro c e d u re  f o r  I r r a d i a t i o n .

The s o u rc e  o f  u l t r a v i o l e t  l i g h t  was a M ine r a i l  i  g h t , M odel SI, 2?37 

s h o r t  wave lam p. The maximum o u tp u t  o f  th e  lam p was a t  a p p ro x im a te ly  

2 ,?3 7  & and was a p p ro x im a te ly  5 w a t ts  a t  th e  f a c t o r y .  The d i s t a n c e  from  

th e  m ercury  tu b e  to  th e  p e t r i  d i s h  b o tto m  was 1 $ .0  cm i n  a l l  e x p e rim e n ts . 

C e ll  s u s p e n s io n s  w hich w ere to  be  i r r a d i a t e d  w ere p la c e d  i n  10  ml p o r 

t i o n s  i n  s t e r i l e  "S a ran "-w rap p ed  p e t r i  d i s h e s .  T h is  volum e co v ered  th e  

b o tto m  o f  th e  d i s h  to  a  d e p th  o f  3 .0  m l. B e fo re  i r r a d i a t i o n  t h e  lamp 

was tu rn e d  on f o r  $ m in u te s  to  a llo w  e q u i l i b r a t i o n  o f  o u tp u t .  D u rin g  

i r r a d i a t i o n  th e  s u s p e n s io n s  w ere c o n s ta n t ly  r o t a t e d  on a  Y ankee R o ta to r  

a t  l8 0  rmp to  a id  e q u a l e x p o su re  o f  a l l  c e l l s .  T h is  work was done i n  

a d a rk  room w ith  o n ly  a  1 0 -w a tt  G en era l E l e c t r i c  b lu e  b u lb  f o r  i l l u m i n 

a t i o n .  Those c e l l s  w hich  w ere i r r a d i a t e d  and p l a t e d  w ere w rapped i n  

f o i l  f o r  th e  e n t i r e  p e r io d  o f  in c u b a t io n .  The i r r a d i a t e d  c e l l s  u se d  i n  

th e  s tu d y  o f  r e s p i r a t i o n  w ere w rapped i n  f o i l  d u r in g  th e  e n t i r e  p r o c e s s .

(7 ) B r ig h t  L ig h t  S o u rce  and P ro c e d u re  f o r  P h o t o r e a c t i v a t i o n .

A f t e r  th e  c e l l s  had been  i r r a d i a t e d ,  p h o t o r e a c t i v a t io n  was a t -
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tem p ted  id -th  a S y lv a n ia  6 0 -w a tt  w h ite  l i g h t  i n  a  r e f l e c t o r .  The b u lb  

was 1 ? cm from  th e  b o tto m  o f  th e  p e t r i  d i s h  and a g l a s s  p l a t e  o n e - h a l f  

in c h  th i c k  was p la c e d  3 cm from  t h e  l i g h t  s o u rc e  to  a b so rb  th e  h e a t  

e m it te d  by th e  b u lb .  The d u r a t io n  o f  th e  i l l u m in a t io n  was e q u a l t o  ii 

t im e s  t h a t  o f  u l t r a v i o l e t  i r r a d i a t i o n .  As w ith  th e  i r r a d i a t e d  c e l l s ,  

th e  Y ankee R o ta to r  was a g a in  u t i l i z e d  to  a id  e q u a l e x p o su re  to  a l l  

c e l l s .

( 8 ) M ice .

A l l  m ice u sed  i n  t h i s  i n v e s t i g a t i o n  w ere o f  th e  W eb ste r s t r a i n  

and w ere o b ta in e d  from  th e  Rocky M ountain  L a b o ra to ry ,  U. S. P . H. S . ,  

H am ilto n , M ontana. The co lo n y  was m a in ta in e d  i n  th e  m ic ro b io lo g y  

an im al q u a r t e r s .  The a v e ra g e  o f  th o s e  m ice u se d  f o r  e x p e r im e n ta t io n  

was 3 m onths.



I I .  EXPERIMENTAL METHODS AND MATERIALS 

(X) R ecovery  o f  V i s i b l e  C o lo n ie s  on V a rio u s  M ed ia .

A f t e r  8 m in u te s  o f  i r r a d i a t i o n ,  t r i p l i c a t e  p l a t e s  o f  SAB, SAB 80 , 

f l u i d  SAB, BHE, PDA., eugon , m y c o lo g ic a l and b lo o d  a g a r s  w ere in o c u la te d  

■with 0 .0 5  ml o f  i r r a d i a t e d  c e l l  su s p e n s io n  p e r  p l a t e .  C o n tro l  c e l l s  

w ere a l s o  in o c u la te d  in  t r i p l i c a t e  w ith  0 .0 5  ml p e r  p l a t e .  A l l  in o c u la  

w ere sp re a d  e v e n ly  o v e r  th e  p l a t e s  w ith  b e n t  g l a s s  r o d s .  The p l a t e s  

w ere  s e a le d  •with ru b b e r  s e a l s  t o  p re v e n t  d e s i c a t i o n  o f  th e  m edia and i n 

c u b a te d  a t  37 C f o r  5 d a y s . I f  th e  c e l l s  w ere to  be  i l lu m in a te d  a n o th e r  

sam ple was i r r a d i a t e d  8 m in u te s  and th e n  exposed  to  th e  w h ite  l i g h t  f o r  

32 m in u te s . To n o te  th e  e f f e c t  o f  h e a t ,  i f  a n y , d u r in g  th e  i l l u m in a t io n  

p ro c e s s  th e  c e l l  s u s p e n s io n s  w ere exposed  to  2 d i f f e r e n t  te m p e r a tu r e s .  

One su s p e n s io n  was p la c e d  i n  a 8 C i c e  b a th  w h ile  b e in g  i l lu m in a te d  and 

th e  second  was k e p t  i n  w a te r  h e a te d  t o  37 C. I n o c u la t i o n  and in c u b a t io n  

p ro c e d u re s  w ere th e  same a s  w ith  i r r a d i a t e d  and c o n t r o l  c e l l s .

( 2 ) The E f f e c t  o f  H eat and Time on I l l u m i n a t i o n .

S u b seq u en t t o  8 m in u te s  o f  i r r a d i a t i o n  0 .2 5  ml w ere removed i n  

a  Kahn p i p e t t e  and 0 .0 5  ml p l a t e d  on each  o f  5 d i f f e r e n t  SAB, p l a t e s .

The su s p e n s io n  was th e n  i l lu m in a te d  ( a s  p r e v io u s ly  d e s c r ib e d )  f o r  0 ,5  

m in u te s  and a n o th e r  0 .2 5  ml rem oved and 0 ,0 5  ml p l a t e d  a s  ab o v e . The 

i l l u m in a t in g  and p l a t i n g  p ro c e d u re s  w ere c o n tin u e d  u n t i l  t h e  f o l lo w in g  

t o t a l  p e r io d s  o f  i l l u m in a t io n  had r e s u l t e d :  0 . 5 ,  1 . 0 ,  3 *0 , 5 -0 , 7 - 5 , 

1 0 .0 ,  and 3 0 .0  m in u te s . C o n tro l  c e l l s  w ere p ro c e s s e d  i n  a  s i m i l a r

20
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m anner a t  each  tim e  i n t e r v a l .

( 3 ) The E f f e c t  o f  U l t r a v i o l e t  I r r a d i a t i o n  on R e s p i r a t io n  o f  B. d e r m a t i t i d i s

The c e l l  s u s p e n s io n  was p re p a re d  a s  p r e v io u s ly  m en tio n e d . The 

t r e a tm e n t  o f  c e l l s  d u r in g  i r r a d i a t i o n  and p h o to r e a c t iv a t io n  and th e  con

t r o l s  w ere a ls o  i d e n t i c a l .  The s ta r v e d  c e l l s  w ere s to r e d  i n  SPBS f o r  

7 d ays a t  8 C p r i o r  to  u s e .  I n  a l l  o th e r  p ro c e d u re s  th e y  w ere t r e a t e d  

a s  th e  f r e s h l y  h a rv e s te d  c e l l s .  S ta n d a rd  m anom etric  te c h n iq u e s  w ere 

em ployed (U m b re it, B u r r i s  and S t a u f f e r ,  19?9)« R ead in g s w ere  ta k e n  a t  

1 0 -m in u te  i n t e r v a l s  f o r  a  p e r io d  o f  2 h o u rs . When th e  u p ta k e  o f  oxygen 

was g r e a t ,  r e a d ju s tm e n t  t o  th e  2^0 ram mark was n e c e s s a r y .

(U) E s ta b lis h m e n t o f  R f V a lu e s .

I n  w ork ing  w ith  p a p e r  ch ro m ato g rap h y  i t  was n e c e s s a ry  t h a t  one 

e s t a b l i s h  Rf v a lu e s  f o r  amino a c id s .  Rf v a lu e s  found  b y  u s in g  th e  

m ethods o f  Sm ith  (1958) and B lock  e t  a l .  (1958) f o r  v a ry in g  s o lv e n ts  

w ere compared w ith  th e  v a lu e s  e s t a b l i s h e d  w ith  my s ta n d a r d  s o l u t i o n s .

T hese s ta n d a rd s  w ere made by  d i s s o lv in g  one mg o f  th e  amino a c id  in  one 

ml o f  10 p e r  c e n t  i s o p r o p a n o l .  The s ta n d a rd  s o l u t io n s  w ere k e p t  f r o z e n  

when n o t  i n  u s e .  The s o l u t io n s  w ere s p o t te d  i j  in c h  a p a r t  w ith  t h e  a id  

o f  a m ic r o p ip e t te  on Whatman #1 c h ro m a to g ra p h ic  p a p e r  in c h e s  w id e .

Each s p o t  was d r i e d  w ith  an e l e c t r i c  h a i r  d r y e r .  Two d i f f e r e n t  amino 

a c id s  w ith  m arked ly  d i f f e r e n t  Rf v a lu e s  f o r  th e  s o lv e n t  b e in g  u se d  

w ere p la c e d  on one s p o t  so  t h e r e  would b e  a d e q u a te  s e p a r a t io n  f o r  th e  

d e te r m in a t io n .  D e sc en d in g  ch ro m ato g rap h y  was u se d  f o r  a l l  e x p e r im e n ts  

w i th  an a v e ra g e  e la p s e d  tim e  o f  1 8 -2 0  h o u r s .  The s o lv e n t s  u se d  con

s i s t e d  o f  p h e n o l (500 g + 125  ml w a t e r ) ; p y r i d i n e - a c e t i c  a c id - w a te r
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(5 0 :3 5 :1 5 ) ;  b u ta n o l  -ammonia ( s a t u r a t e d  1 -b u ta n o l  w ith  2N NHj^OH) ; and 

p y r id in e - b u ta n o l - w a te r  ( 1 : 1 : 1 ) .  A f t e r  th e  s o lv e n ts  had d escen d ed  th e  

l e n g th  o f  th e  s h e e t ,  th e  s h e e t s  w ere rem oved from  t h e  c h ro m a to g ra p h ic  

cham bers and a llo w e d  to  d r y .  Then th e y  w ere d ip p ed  i n  25 p e r  c e n t  

n in h y d r in  i n  a c e to n e  (w /v ) ,  a i r  d r i e d ,  and p la c e d  i n  th e  105 C in c u b a to r  

f o r  3 m in u te s . Rf v a lu e s  w ere e s t a b l i s h e d  b y  th e  fo l lo w in g  fo rm u la  

(B lock  e t  , 1958) :

d i s t a n c e  t r a v e l e d  by  s u b s ta n c e  
” d i s t a n c e  t r a v e l e d  t y  s o lv e n t  f r o n t

S in c e  i t  was n e c e s s a ry  to  m a in ta in  r ig o r o u s ly  c o n t r o l l e d  c o n d i t io n s ,  

c h a r a c t e r i s t i c s  o th e r  th a n  Rf v a lu e s  w ere a l s o  u sed  in  t h e  i d e n t i f i c a 

t i o n  o f  amino a c id s .

(5 ) C e l l  E x t r a c t s  f o r  P a p e r C hrom atography and T h e ir  D evelopm ent.

In, t h e  i d e n t i f i c a t i o n  o f  amino a c id s  by  p a p e r  ch ro m ato g rap h y  i t  

was n e c e s s a ry  t h a t  a  l a r g e  volum e o f  c e l l s  was u s e d , s in c e  many o f  th e  

amino a c id s  w ere p r e s e n t  i n  su c h  m in u te  q u a n t i t i e s  t h ^  w ere a lm o s t u n 

d e t e c t a b l e .  To o b ta in  t h i s  needed  am ount, enough 5 -d ay  c e l l s  w ere r e 

moved from  SAB s l a n t s  to  e q u a l 6 ml o f  packed  c e l l s .  T hese c e l l s  w ere  

washed 3 t im e s  w i th  d i s t i l l e d  w a te r  and re su sp e n d e d  i n  l 5  ml d i s t i l l e d  

w a te r .  A f te r  th e  c e l l s  w ere e v e n ly  su sp e n d e d , th e y  w ere s e p a r a te d  

in to  3 5-m l p o r t i o n s ,  each  o f  w hich  c o n ta in e d  2 ml o f  c e l l s .  One o f  

th e  5-m l p o r t io n s  was su sp en d ed  i n  35  ml o f  d i s t i l l e d  w a te r  and p la c e d  

i n  a  l a r g e  p e t r i  d i s h  b o tto m . A f t e r  p l a c in g  th e  UO-ml s u s p e n s io n  i n  

th e  d i s h  i t  was i r r a d i a t e d  f o r  20 m in u te s . T he second  5-m l p o r t io n  

was added t o  35  ml o f  d i s t i l l e d  w a te r ,  p la c e d  i n  a  p e t r i  d i s h ,  i r r a 

d i a t e d  f o r  20 m in u te s  and th e n  i l lu m in a te d  f o r  80 m in u te s .  The t h i r d
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p o r t io n  was added to  3 ?  rol o f  d i s t i l l e d  w a te r  and s e rv e d  a s  th e  c o n t r o l .  

A f t e r  t h e i r  r e s p e c t iv e  t r e a tm e n ts  t h e  p o r t io n s  w ere c o l l e c t e d ,  p la c e d  

i n  c e n t r i f u g e  t u b e s ,  spun down, and re su sp e n d e d  i n  ? ml o f  d i s t i l l e d  

w a te r .  T hese ^-m l s u s p e n s io n s  w ere p la c e d  i n  s e p a r a t e  v i a l s  w ith  U ml 

o f  #10 B a l l a n t in e  b e a d s  w hich  w ere washed 5 t im e s  p r e v io u s ly  w ith  d i s 

t i l l e d  w a te r .  The su s p e n s io n s  w ere a g i t a t e d  i n  th e  M ick e l d i s i n t e g r a t o r  

a t  maximum t r a n s i t  f o r  one h o u r . A f t e r  r a ic k e l iz in g ,  th e  l i q u i d  p o r t io n s  

w i th in  th e  v i a l s  w ere rem oved, th e  b e a d s  washed w ith  $ ml o f  d i s t i l l e d  

w a te r  and th e  w ash in g s  com bined w ith  t h e i r  r e s p e c t iv e  l i q u i d  p o r t i o n s .

The combined p o r t io n s  w ere th e n  c e n t r i f u g e d  u n t i l  a l l  se d im e n t was r e 

moved. One ml o f  e ach  p o r t io n  was th e n  rem oved, e v a p o ra te d  t o  d ry n e s s  

u n d e r  vacuum (lO  mm Hg a t  ?0 C) and d is s o lv e d  i n  J  ml o f  10 p e r  c e n t  

i s o p r o p a n o l .  I f  t h e  c e l l s  b e in g  t e s t e d  w ere t o  b e  s t a r v e d  th e  r e s p e c t 

iv e  s u s p e n s io n s  w ere p la c e d  in  s t e r i l e  f l a s k s  c o n ta in in g  3 ?  ml o f  SPBS 

and in c u b a te d  a t  37 C .f o r  th e  p r o p e r  p e r io d  o f  t im e . A f t e r  in c u b a t io n  

th e  c e l l s  w ere washed 3 t im e s  w i th  d i s t i l l e d  w a te r  t o  rem ove a l l  t r a c e s  

o f  SPBS and th e  p ro c e d u re  c o n tin u e d  a s  b e f o r e  by  m ic k e l iz in g  S ml i n  

d i s t i l l e d  w a te r .  C h rom atog raph ic  deve lopm en t o f  t h e  e x t r a c t s  was th e  

same a s  t h a t  f o r  s ta n d a rd  s o l u t i o n s .

(6 )  Tw o-D im ensional P a p e r C h ro m ato g rap h ic  P r o c e d u re s .

F o r  maximum r e s o l u t i o n  o f  th e  c e l l  e x t r a c t s ,  2 -d im e n s io n a l  p a p e r  

ch ro m ato g rap h y  was recom m ended. The p r i n c i p l e  o f  t h i s  te c h n iq u e  was th e  

s u c c e s s iv e  dev e lo p m en t o f  th e  chrom ato  gram w ith  2 d i f f e r e n t  s o l v e n t s ,  

whose a d v a n c in g  f r o n t s  w ere  a t  r i g h t  a n g le s  to  e ac h  o t h e r .  The e x t r a c t s  

f o r  2 -d im e n s io n a l  p a p e r  ch ro m ato g rap h y  w ere  p re p a re d  a s  th o s e  d e s c r ib e d  

e a r l i e r  f o r  o n e -d im e n s io n a l  a n a l y s i s .  O n e -h a lf  o f  t h e  0 .2 ?  ml o f  p re p a re d
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e x t r a c t  was a p p l ie d  one in c h  from  t h e  u p p e r  c o rn e r  o f  a s h e e t  18 x  22 

in c h e s .  A f t e r  th e  f i r s t  s o lv e n t  had t r a v e l e d  a lm o s t  to  th e  b o tto m  ed g e , 

th e  s h e e t  was rem oved , d r i e d ,  and r e r u n  i n  a  second  s o lv e n t  w hose f r o n t  

was a t  r i g h t  a n g le s  to  t h a t  o f  th e  f i r s t  s o l v e n t .  A f t e r  deve lopm en t 

w ith  th e  second  s o l v e n t ,  th e  chrom atogram  was re a d y  f o r  f u r t h e r  p r o c e s 

s in g  and e v a lu a t io n *  Two d i f f e r e n t  2 -d im e n s io n a l  e x p e r im e n ts  w ere  u se d  

i n  th e  i d e n t i f i c a t i o n  o f  th e  amino a c i d s .  The f i r s t  c o n s i s t e d  o f  t h e  

s o lv e n t s  b u ta n o l - p y r id in e - w a te r  ( i s l s l )  and phenol-am m onia  (o n e  ml 

NH^0H:500 g p h e n o l:1 2 $  ml w a te r )  (S m ith , 1 9 ? 8 ) .  I d e n t i f i c a t i o n  o f  th e  

amino a c id s  was f a c i l i t a t e d  by th e  u s e  o f  p r e v io u s ly  d e v e lo p ed  maps 

(S m ith , 1 9 ? 8 ) , R f v a lu e s  and s p e c i f i c  c o lo r  r e a c t i o n s .

The second  s o lv e n t  sy s tem  c o n s i s te d  o f  n - b u t a n o l - a c e t i c  a c i d -  

w a te r  ( 2 6 :6 :2 ? )  and n - b u ta n o l - m e th y le t? y l  k e to n e -w a te r  ( 2 : 2 : 1 ) .  C y c lo -  

hxy lam ine  was p la c e d  i n  a s e p a r a te  v e s s e l  i n  th e  ch rom atocab  t o  p e rm it  

r e s o l u t i o n  and d iv e r s e  c o lo r a t i o n  o f  th e  amino a c id s  w ith o u t  u n d e s i r a b le  

b lu in g  o f  th e  p a p e r  (M iz e l l  and S im pson, I 9 6 0 ) .  I d e n t i f i c a t i o n  o f  th e  

amino a c id s  was a s  above (M iz e l l  and S im pson, I 9 6 0 ) .  The second  sy s tem  

was s e l e c te d  f o r  th e  m a jo r  p o r t io n  o f  th e  2 -d im e n s io n a l  c h ro m a to g ra p h ic  

i n v e s t i g a t i o n s .

(7 )  L o c a tio n  R e a g e n ts  f o r  th e  I d e n t i f i c a t i o n  o f  S p e c i f i c  Amino A c id s .

The l o c a t i o n  o f  amino a c id s  h a s  u s u a l ly  b e en  a cc o m p lish e d  by 

means o f  n in h y d r in  a lo n e .  However, i n  o r d e r  t o  c o n firm  th e  l o c a t i o n  o f  

p a r t i c u l a r  amino a c id s  i t  was o f t e n  o f  v a lu e  to  u s e  o th e r  m ore s p e c i f i c  

r e a g e n t s .  Many o f  t h e s e  s p e c i f i c  r e a g e n ts  w ere u se d  i n  i d e n t i f i c a t i o n  

o f  t h e  amino a c id s  o f  B. d e r m a t i t i d i s .
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A. The chrom atogram  was sp ra y e d  w i th  0 .0 1  p e r  c e n t  a lp h a - n a p th o l  in  

e th a n o l  c o n ta in in g  5 p e r  c e n t  u r e a .  I t  was a i r  d r i e d  a  few  m in u te s  and 

sp ra y e d  l i g h t l y  w ith  0 .7  ml B r2 i n  100 ml o f  5 p e r  c e n t  KOH. T h is  was 

a  d e m o n s tra tio n  o f  a r g in in e  w hich becam e a  l i g h t  p in k  (A ch er, 1 9 ? 2 ) .

B. The chrom atogram  was sp ra y e d  w ith  a  0 .1  p e r  c e n t  s o l u t i o n  o f  alpha^ 

n a p th o l  i n  NaOH. A f t e r  i t  d r i e d ,  th e  p a p e r  was sp ra y e d  w ith  CaClO s o l u 

t i o n  p re p a re d  from  an e q u a l m ix tu re  o f  e th a n o l  and com m erc ial C lo ro x . 

A rg in in e  r e a c te d  and a p p e a re d  a s  a  re d  s p o t  (B lock  and B o l l in g ,  1 9 ^ 1 ) .

C. The chrom atogram  was d ip p e d  i n t o  a  0 .0 2  p e r  c e n t  s o l u t io n  o f  

o -p h th a la ld e h y d e  i n  a c e to n e  c o n ta in in g  a ls o  0 .2  p e r  c e n t  u r e a .  A f te r  

i t  was h e a te d  f o r  10 m in u te s  a t  $0 C and th e n  d ip p e d  i n  one p e r  c e n t  

a lc o h o l ic  KOH i t  was h e a te d  f o r  10 m in u te s  a t  50 C and f o r  10 m in u te s  

a t  105 C. T a u r in e  p ro d u ced  a r e d  s p o t  (C urzon  and G il tro w , 195U )»

D* A f t e r  d ip p in g  th e  chrom atogram  i n  a  0 .2  p e r  c e n t  s o l u t io n  o f  

o -p h th a la ld e h y d e  i n  a c e to n e  and a i r  d iy in g  i t ,  i t  was h e a te d  f o r  10 

m in u te s  a t  50 C. C o lo red  s p o t s  a p p e a re d  w ith  g ly c in e ,  h i s t i d i n e  and 

t ry p to p h a n e  (C urzon and G il tro w , 195U )•

E . The chrom atogram  was d ip p e d  i n  a  f r e s h l y  p re p a re d  2 .0  p e r  c e n t  

s o l u t io n  o f  v a n i l l i n  i n  n -p ro p a n o l  and h e a te d  a t  110 C f o r  10 m in u te s .

I t  was th e n  d ip p ed  i n  one p e r  c e n t  a l c o h o l i c  KOH and h e a te d  a g a in  a t  

110 C f o r  10 m in u te s .  O r n i th in e  p ro d u ced  a  salm on s p o t  (C urzon and 

G iltro w , 1 9 5 6 ) .

T’. A f t e r  s p ra y in g  th e  chrom atogram  w ith  0 .2  p e r  c e n t  v a n i l l i n  i n  

a c e to n e  fo l lo w e d  by  one p e r  c e n t  a l c o h o l i c  KOH, i t  was a llo w e d  t o  s ta n d
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a t  room te m p e ra tu re  o v e r n ig h t .  O r n i th in e ,  p r o l i n e ,  and h y d ro x y p ro lin e  

p ro d u ced  r e d  s p o ts  (C urzon  and G iltro w , 1 9?U )•

G. A s o l u t io n  o f  one p e r  c e n t  p -d im e th y la m in o -b e n z a id e h y d e  i n  N HCl 

was sp ra y e d  on th e  ch rom atogram . C i t r u l l i n e  p ro d u ced  a y e l lo w  s p o t  

(Fow den, 1 9 ? l ) .

H. The chrom atogram  was sp ra y e d  w ith  a  0 .2  p e r  c e n t  s o l u t io n  o f  

i s a t i n  i n  a c e to n e  c o n ta in in g  h p e r  c e n t  a c e t i c  a c id  and h e a te d  f o r  10 

m in u te s  a t  100 C. A f t e r  h e a t in g  i t  was sp ra y e d  w ith  E h r l ic h * s  r e a g e n t  

(o n e  g o f  p -d im e th y l-a m in o b e n z a ld e h y d e , 90 ml o f  a c e to n e ,  and 10 ml o f  

c o n c e n tr a te d  H C l). The duck egg b lu e  o f  h y d ro x y p ro lin e  was r e p la c e d  by  

an i n t e n s e  p u r p l i s h - r e d  c o lo r .

I .  A f t e r  th e  chrom atogram  was d ip p ed  i n  a  0 .1  p e r  c e n t  s o l u t io n  o f  

h y d ro x y q u in o lin e  i n  a c e to n e  and d r ie d  i t  was d ip p ed  i n  a  s o l u t io n  o f

0 .2  ml B r2 i n  100 ml o f  0 . ^  N NaOH. A rg in in e  p ro d u ced  an o ra n g e - re d  

s p o t  ( Je p so n  and S m ith , 19?3)*

J .  The chrom atogram  was sp ra y e d  w ith  0 .2 ?  p e r  c e n t  n in h y d r in  i n  

a c e to n e  (w /v) and h e a te d  f o r  3 m in u te s  a t  1 0 ?  C. I t  was th e n  sp ra y e d  

a g a in  w ith  d i l u t e  NaHCO^ ( O .l?  t o  0 .2 0  p e r  c e n t ) .  P h e n y la la n in e  p ro 

duced  a  b lu e  s p o t  (P a s ie k a  and M organ, 1 9 ? 6 ) .

K. A 0 .2  p e r  c e n t  i s a t i n  i n  a c e to n e  s o l u t io n  w i th  U p e r  c e n t  a c e t i c  

a c id  was sprsQred on th e  chrom atogram  and i t  was h e a te d  f o r  10 m in u te s  

a t  100 C. A v a r i e t y  o f  c o lo r s  f o r  s p e c i f i c  amino a c id s  w ere  o b ta in e d  

( S a i f e r ,  1 9 ? 6 ) .
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L . A f t e r  rem oval o f  th e  s o lv e n t  i n  a c o ld  a i r  d r a u g h t ,  th e  p a p e r  

was d ip p ed  i n  a  0 .2  p e r  c e n t  s o l u t io n  o f  i s a t i n  i n  a c e to n e .  As soon 

a s  t h e  a c e to n e  had e v a p o ra te d  from  th e  p a p e r  i t  was h e a te d  f o r  2 m in

u t e s  a t  105 C. T here  w ere a g a in  a  v a r i e t y  o f  c o lo r  r e a c t i o n s  f o r  

s p e c i f i c  amino a c id s  (S m ith , 1953 )-

M. The chrom atogram  was d ip p e d  i n  a  0 .2  p e r  c e n t  o - p h th a la ld e h y d e  

s o l u t io n  and h e a te d  a t  100 C f o r  2 m in u te s . I t  was th e n  d ip p e d  i n  a  

one p e r  c e n t  KOH i n  95 p e r  c e n t  e th a n o l  and r e h e a te d  f o r  a n o th e r  10 

m in u te s  a t  100 C. T here  w ere s p e c i f i c  c o lo r  r e a c t i o n s  f o r  g ly c in e  

and t a u r i n e  (S m ith , 1 9 5 8 ) .

N. A f t e r  d ip p in g  th e  chrom atogram  i n  a s o l u t io n  o f  1 .5  g sodium  

n i t r o p r u s s i d e  i n  5 ml o f  2N H2S0^ to  w hich  95 ml m eth an o l and 10 ml 

20 p e r  c e n t  ammonia w ere added i t  was d r ie d  s l i g h t l y .  W hile s t i l l  damp 

i t  was d ip p ed  i n t o  a  s o l u t io n  o f  2 g NaCN d is s o lv e d  i n  5 ml H2O and 

d i l u t e d  to  100 ml w ith  m e th an o l and a llo w e d  to  a i r  d r y .  T h is  was f o r  

th e  i d e n t i f i c a t i o n  o f  c y s t in e  and c y s te in e  (T o e n n ie s  and K o lb , 1 9 5 1 )-

(8 ) A n a ly t i c a l  M ethods f o r  N u c le ic  A c id s .

The p ro c e d u re s  em ployed f o r  a n a l y s i s  o f  b o th  RM and. DNA w ere 

s i m i l a r  to  th o s e  u se d  i n  "M ethods o f  B io c h e m ic a l A n a ly s i s ,"  b u t  b e c a u se  

s u f f i c i e n t  s p e c i f i c  in f o r m a t io n  was l a c k in g  t h e  m ethod em ployed by  M orse 

and C a r te r  (19U9) was u se d  a s  a  su p p le m e n t. The p r e p a r a t i o n  o f  th e  

c e l l  s u s p e n s io n  and th e  t r e a tm e n t  o f  i r r a d i a t e d ,  i l l u m in a t e d ,  and co n 

t r o l  c e l l s  w ere a s  b e f o r e .  F o llo w in g  t h e s e  p ro c e d u re s ,  t h e  vo lum es o f  

th e  c e l l  s u s p e n s io n s  w ere  b ro u g h t  b a ck  to  10  m l. The c e l l s  w ere th e n  

e v e n ly  su sp en d ed  by sh a k in g  and one ml from  each  p r e p a r a t i o n  was rem oved
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and p la c e d  i n  s e p a r a te  t a r e d  c r u c i b le s  f o r  d iy  w e ig h t d e te r m in a t io n s .

The c r u c ib le s  w ere h e a te d  a t  95 C f o r  12 h o u rs .  An a d d i t i o n a l  0 .1  ml 

was rem oved from  each  s u s p e n s io n  and p l a t e d  on SAB t o  d e te rm in e  th e  

number o f  v i a b l e  (c o lo n y -fo rm in g )  c e l l s .  A f t e r  rem oval o f  th e s e  2 sam

p l e s ,  th e  s u s p e n s io n s  w ere c e n t r i f u g e d  f o r  3 m in u te s  and th e  s u p e r n a t 

a n t  f l u i d s  w ere d e c a n te d . The volum es w ere th e n  b ro u g h t  up  t o  9 ml 

w ith  1 .8  ml o f  50 p e r  c e n t  t r i c h l o r o a c e t i c  a c id  and 7 .2  ml o f  d i s t i l l e d  

w a te r .  The su s p e n s io n s  w ere c e n t r i f u g e d  a t  2 ,0 0 0  rpm f o r  20 m in u te s  

and t h e  s u p e r n a ta n t  f l u i d s  w ere  d e c a n te d . The se d im e n te d  c e l l s  w ere 

th e n  h y d ro ly z e d  w ith  8 ml o f  5 p e r  c e n t  t r i c h l o r o a c e t i c  a c id  i n  a 

b o i l i n g  w a te r  b a th  f o r  30 m in u te s . A f t e r  h y d r o ly s i s ,  t h e  p r e p a r a t i o n s  

w ere c e n t r i f u g e d  a t  2000 rpm f o r  l 5  m in u te s  and t h e  s u p e r n a ta n t  f l u i d s  

p o u red  o f f  f o r  a n a l y s i s .

A. A n a ly s is  o f  HNA.

The RNA re a g e n t  was p re p a re d  b y  d i s s o lv in g  0 .2 5  g o f  r e c i y s t a l -  

i z e d  o r c in o l  and O .I69 g f e r r i c  ammonium s u l f a t e  i n  6 .2 5  ml o f  d i s t i l l e d  

w a te r .  To t h i s  s o l u t io n  was added 103*75 ml o f  c o n c e n tr a te d  HCl and 

15  ml o f  d i s t i l l e d  w a te r .  I n  th e  t e s t  f o r  RNA, 3 ml o f  th e  t e s t  s o lu 

t i o n  ( c o n ta in in g  ii-U0 mu g p e n to s e )  was added t o  9 ml o f  r e a g e n t .  The 

m ix tu re  was h e a te d  i n  a  b o i l i n g  w a te r  b a th  f o r  20 m in u te s  and th e n  

c o o le d  t o  room te m p e ra tu re  by  p la c in g  th e  tu b e s  i n  a  b a th  o f  c o ld  ta p  

w a te r .  O p t ic a l  d e n s i t i e s  o f  th e  m ix tu re s  w ere d e te rm in e d  a t  66O m mu 

w ith  a  Coleman J u n io r  S p e c tro p h o to m e te r . A b la n k  (z e ro  o p t i c a l  d e n s i ty )  

was p re p a re d  w i th  d i s t i l l e d  w a te r  i n s t e a d  o f  th e  s o l u t io n  to  b e  a n a ly z e d  

and t r e a t e d  a s  ab o v e . The r e a d in g s  o b ta in e d  w ith  t h e  unknowns w ere 

com pared w ith  a  r e f e r e n c e  c u rv e  p re p a re d  w ith  s o l u t i o n s  o f  RNA t e s t e d
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a t  t h e  same t im e . The r e f e r e n c e  s o l u t io n s  o f  RNA c o n ta in e d  2 0 , 1 0 , 5 

and 2 ,5  mg p e r  c e n t .

B. A n a ly s is  o f  DNA.

The DNA re a g e n t  was p re p a re d  by  d i s s o lv in g  0 .2 ?  g o f  d ip h e n y la la »  

m ine i n  2U«? ml o f  r e d i s t i l l e d  g l a c i a l  a c e t i c  a c id  and 0 . ?  ml o f  co n 

c e n t r a t e d  ^ 280^ .  To t e s t  f o r  DNA, one ml o f  th e  sam ple  was added  t o  

2 .5  ml o f  r e a g e n t .  The m ix tu re  was h e a te d  ?  m in u te s  i n  a  b o i l i n g  w a te r  

b a th ,  th e n  c o o le d  to  room te m p e ra tu re  a s  ab o v e . A b la n k  f o r  s e t t i n g  

z e ro  was p re p a re d  a s  f o r  RNA. The o p t i c a l  d e n s i t i e s  w ere d e te rm in e d  

a t  ?1|0 ra mu and th e  v a lu e s  w ere com pared w ith  a r e f e r e n c e  c u rv e  p r e 

p a re d  w ith  DNA s o l u t io n  t e s t e d  a t  t h e  same t im e .  C o n c e n tr a t io n s  o f  DNA 

i n  th e  r e f e r e n c e  s o l u t io n s  w ere ? 0 , 2 ? , 1 2 .? ,  and 6 .2 ?  mg p e r  c e n t .

( 9 ) M ice I n o c u la t i o n s  and th e  E f f e c t  o f  I r r a d i a t i o n  on T n f e c t i v i t y .

P r e p a r a t io n  o f  th e  c e l l  s u s p e n s io n  was th e  same a s  b e f o r e .  How

e v e r ,  a f t e r  th e  s u s p e n s io n  had b e en  i n  th e  W aring b le n d e r  f o r  1 ?  m in u te s  

a t  lo w  sp eed  i t  was d i l u t e d  t o  p r e p a re  th e  fo l lo w in g  c e l l  c o n c e n tr a t io n s :

1 . ?  X 1 0 ^ , 1 .0  X 10^  and 0 . ?  x  1 0 ^ . The num ber o f  c e l l s  i n  each  o f  

th e s e  was c a l c u l a t e d  by  th e  u s e  o f  a  hemocy tome t e r .  The c e l l s  w ere 

c o u n te d  w hich w ere  p r e s e n t  i n  ?  1 /2 ?  mm  ̂ s q u a r e s .  Of th e  c e l l s  w hich 

to u c h e d  th e  b o u n d ary  l i n e s  a l l  th o s e  w ere c o u n te d  w hich  to u c h e d  th e  

u p p e r  and l e f t  l i n e s .  Those c e l l s  on th e  b o tto m  and r i g h t  l i n e s  w ere 

n o t  c o u n te d . A f t e r  th e  num ber o f  c e l l s  was d e te rm in e d  i t  was m u l t i -
O
p l i e d  by  ? 0 , a  c o n s ta n t ,  g iv in g  th e  num ber o f  c e l l s  p e r  m l. Ten ml 

p o r t io n s  o f  each  s u s p e n s io n  w ere i r r a d i a t e d  a t  1 ?  cm f o r  ? ,  8 , 1 1 , lU , 

1 7 , 20 , 2 ? , 3 0 , UO, o r  60  m in u te s . Upon c o m p le tio n  o f  th e  i r r a d i a t i o n
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t h e  s u s p e n s io n s  w ere c e n t r i f u g e d  f o r  5 m in u te s  a t  2000 rpm and $ ml o f

th e  s u p e r n a ta n t  w ere d is c a r d e d .  To th e  5 ml re m a in in g  w ere added ?  ml

o f  ?  p e r  c e n t  aqueous s t e r i l e  g a s t r i c  m ucin , pH 7 .3 .  The s u s p e n s io n s  

w ere m ixed w e ll  by  sh a k in g  and 0 . ?  ml w ere removed from  each  and p l a t e d  

on each  o f  3 SAB p l a t e s .  T hese w ere u se d  to  e s t a b l i s h  a  r e l a t i o n s h i p  

b e tw een  th e  m in im al i n f e c t i v e  d o se  and th e  num ber o f  c o lo n ie s  r e c o v e r 

a b le  on SAB p l a t e s .  A f t e r  rem oval o f  th e  sam ple  f o r  p l a t i n g ,  0 . ?  ml 

o f  th e  su s p e n s io n s  w ere in o c u la te d  i n t r a p e r i t o n e a l l y  i n  each  o f  ?  m ic e . 

They w ere k e p t  i n  g la s s  mouse j a r s  f o r  a p e r io d  o f  10 weeks b e f o r e  

a u to p s y in g . Mice and SAB p l a t e s  in o c u la te d  w ith  u n i r r a d i a t e d  c e l l s  

s e rv e d  a s  c o n t r o l s  and w ere in c lu d e d  w ith  th e  e x p e r im e n t. A t th e  end 

o f  10 weeks th e  m ice w ere e th e r iz e d  and a u to p s ie d .  B e fo re  c u t t i n g  i n t o

th e  body c a v i ty  th e  abdomen o f  each  mouse was swabbed w ith  10 p e r  c e n t

l y s o l .  I n c i s io n s  w ere made w ith  s t e r i l e  f o r c e p s  and s c i s s o r s .  I f  any 

v i s i b l e  l e s io n s  w ere  p r e s e n t  on th e  l i v e r  o r  d iaph ragm  th e y  w ere rem oved 

a s e p t i c a l l y  and p la c e d  on SAB s l a n t s  o f  pH ^ .6 .  I f  l e s i o n s  w ere n o t  

p r e s e n t ,  t h e  l i v e r ,  lu n g s ,  and h e a r t  w ere rem oved, p la c e d  i n  a  s t e r i l e  

p e t r i  d i s h  and m ashed w ith  a  g l a s s  v i a l .  A f t e r  m a c e ra t io n ,  3 ml o f

0 .8 ^  p e r  c e n t  SFBS w ere added  t o  th e  d i s h  and t h e  m ashed t i s s u e s  w ere 

m ixed to  u n ifo rm  s u s p e n s io n .  A p p ro x im a te ly  one ml o f  th e  su s p e n s io n  

was removed and p la c e d  on each  o f  2 tu b e s  o f  SAB, pH 5 .6 .  The tu b e s  

w ere in c u b a te d  a t  25 C f o r  one m onth and w ere th e n  exam ined e v e ry  3 

d ay s f o r  t y p i c a l  B las to m y c es  g ro w th . P o s i t i v e  d e te r m in a t io n s  o f  an 

i n f e c te d  mouse w ere made by  re c o v e ry  o f  c h a r a c t e r i s t i c  g ro w th  i n  th e s e  

c u l t u r e s ,  m ic ro s c o p ic  e x a m in a tio n  o f  l e s i o n s  s t a in e d  w ith  la c to p h e n o l  

b l u e ,  and c u l t u r i n g  o f  c y s t s  on b lo o d  a g a r  p l a t e s .
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(10 ) D e te rm in a tio n  o f  M inim al I n f e c t i v e  Doge and Sex S u s c e p t i b i l i t y ,

A s to c k  su s p e n s io n  c o n ta in in g  2 x  10^  c e l l s  p e r  ml was p re p a re d  

by th e  m ethods u se d  p r e v io u s ly .  From t h i s  s to c k  s u s p e n s io n  s e r i a l  

d o u b lin g  d i l u t i o n s  w ere made to  o b ta in  10 ml o f  each  o f  fo l lo w in g  s to c k  

c o n c e n t r a t io n s :  1 0 0 ,0 0 0 , 5 0 ,0 0 0 , 2 5 ,0 0 0 , 1 2 ,5 0 0 , 6 ,2 5 0 , 3 ,1 2 5 , 1 ,5 6 2 , 

781 ,  390 , 1 9 5 , and 97 c e l l s  p e r  m l. Each o f  th e s e  s u s p e n s io n s  was 

c e n t r i f u g e d  f o r  10 m in u te s  a t  2 ,0 0 0  rpm and 5 ml o f  s u p e r n a ta n t  f l u i d  

was rem oved from  e ac h . To th e  re m a in in g  5 ml was added 5 ml o f  s t e r 

i l e  5 p e r  c e n t  aqueous g a s t r i c  m ucin . F i v e - t e n th s  ml o f  each  su sp e n 

s io n  w ere p l a t e d  on 3 s e p a r a t e  SAB p l a t e s  and 0 .5  ml o f. each  w ere 

i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  each  o f  5 s e p a r a te  m ic e . I n o c u la t io n  

o f  b o th  m ale and fe m a le  m ice was in c lu d e d  to  d e te rm in e  th e  e f f e c t s  o f  

se x  i n  s u s c e p t i b i l i t y  to  i n f e c t i o n .  The m ice w ere k e p t  10 weeks b e fo r e  

b e in g  k i l l e d  and exam ined i n  a u to p s y . The p ro c e d u re s  w ere s i m i l a r  to  

th o s e  s t a t e d  p r e v io u s ly .

(1 1 ) M ice I n o c u la t i o n s  and th e  E f f e c t  o f  I l l u m i n a t i o n .

The s to c k  s u s p e n s io n  c o n ta in in g  2 x  10^ c e l l s  p e r  ml was p re p a re d  

a s  b e f o r e .  The i r r a d i a t i o n  p ro c e d u re s  w ere a l s o  t h e  sam e. T h ree  c e l l  

su s p e n s io n s  w ere i r r a d i a t e d  and i l l u m in a t e d .  The f i r s t  was i r r a d i a t e d  

f o r  17 m in u te s  and i l l u m in a t e d  f o r  60  m in u te s , t h e  second s u s p e n s io n  

was i r r a d i a t e d  20 m in u te s  and i l lu m in a te d  80 m in u te s  and th e  t h i r d  s u s 

p e n s io n  was i r r a d i a t e d  25 m in u te s  and i l lu m in a te d  100 m in u te s .  The 

a u to p sy  p ro c e d u re s  and i d e n t i f i c a t i o n  w ere t h e  same a s  th o s e  m en tio n ed  

p r e v io u s ly .



CHAPTER 17 

RESULTS

( l )  R ecovery  o f  V i s i b l e  C o lo n ie s  on V a r io u s  M edia (T a b le  1 ,  F ig u r e s  1 -8 )

F iv e  p e r  c e n t  b lo o d  a g a r ,  ■with a  v e a l  i n f u s io n  b a s e ,  o f f e r e d  th e  

b e s t  g row th  o f  no rm al c e l l s .  BHI, SA.B, and f l u i d  SAB a llo w e d  somewhat 

l e s s  g ro w th , and b e c a u se  o f  t h e  sm a ll  d i f f e r e n c e s  i n  r e l a t i v e  c o lo n y  

num bers th e y  w ere c o n s id e re d  s i m i l a r .  SAB 80 p roduced  fe w e r  c o lo n ie s  

and B çrco lo g ica l and eugon a g a r s  fe w e r  y e t .  PDA p ro d u ced  t h e  l e a s t  

number o f  v i s i b l e  c o lo n ie s .  Many t im e s  th e s e  w ere a lm o s t to o  s m a ll  t o  

co u n t even a f t e r  an  in c u b a t io n  p e r io d  o f  $ d a y s . The re c o v e iy  o f  i r r a 

d i a t e d  c e l l s  was b e s t  w ith  b lo o d  a g a r  (2 9 .1  p e r  c e n t ) .  BHI a g a r  was 

n e x t (1 9 .8  p e r  c e n t )  and th e  g roup  o f  SAB 80 , SAB, and eugon m edia f o l 

low ed i t  w ith  r e s p e c t iv e  r e c o v e r i e s  o f  1 7 .8 ,  l 6 . 6 ,  and l 6 . $  p e r  c e n t .  

F lu id  SAB (lU *2 p e r  c e n t )  came a f t e r  t h i s  g roup  o f  3 .  PDA andyf^ycolo- 

g i c a l  a g a r s  w ere l a s t  w ith  1 0 . and 9 .8  p e r  c e n t  r e s p e c t i v e l y .

The p e r  c e n t  r e c o v e iy  o f  th o s e  c e l l s  i r r a d i a t e d  and th e n  i l l u m 

i n a t e d  a t  37 C was b e s t  -with b lo o d  a g a r  (31*6 p e r  c e n t ) .  SAB 8 0 , eugon , 

and SAB w ere  l e s s  e f f e c t i v e  th a n  t h e  b lo o d  medium w ith  r e c o v e r i e s  o f  

1 9 .6 ,  1 8 .?  and 1 7 .9  p e r  c e n t .  BHI and n y c o lo g ic a l  a g a r s  showed lU .8  

and 1 3 .0  p e r  c e n t ,  w h ile  f l u i d  SAB and PDA w ere th e  p o o r e s t  m ed ia  -with 

o n ^  1 1 .3  and 1 1 .1  p e r  c e n t  r e c o v e r i e s .  F o r  c e l l s  i l l u m in a te d  a t  8 C 

a f t e r  i r r a d i a t i o n  b lo o d  a g a r  was t h e  b e s t  medium -with a  r e c o v e iy  o f  

3 2 .2  p e r  c e n t .  O th e r  e f f e c t i v e  m edia  w ere  eugon and BHI a g a r s  w ith  

2U.6 and 2 2 .6 ,  f l u i d  SAB w ith  2 1 .2 ,  SAB 80 w i th  2 1 , and  SAB w ith  20 p e r

32
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c e n t  r e c o v e r i e s .  H y c o lo g ic a l  a g a r  and PDA w ith  I 6 .0  and 1 ? .?  p e r  c e n t  

r e s p e c t iv e ly  w ere t h e  p o o r e s t .

O nly BHI and f l u i d  SAB a g a r s  had a  lo w e r  p e rc e n ta g e  o f  r e c o v e iy  

w ith  c e l l s  i l l u m in a t e d  a t  37 C when com pared to  th e  i r r a d i a t e d  c e l l s .  

A l l  o f  th e  m edia  p ro d u ced  a  h ig h e r  p e rc e n ta g e  o f  r e c o v e ry  w ith  c e l l s  

i l l u m in a te d  a t  8 C when com pared to  e i t h e r  th e  i r r a d i a t e d  c e l l s  o r  

th o s e  i l l u m in a te d  a t  37 0 .

I B lood a g a r  was by  f a r  th e  b e s t  medium f o r  g row th  o f  n o rm a l, 

i r r a d i a t e d ,  o r  i l l u m in a te d  B. d e r m a t i t i d i s  c e l l s .  SAB 8 0 , eugon , BHI, 

and SAB a g a r s  p ro d u ced  a p p ro x im a te ly  e q u a l  num bers o f  c o lo n ie s ,  b u t  

few er th a n  b lo o d  a g a r .  F lu id  SAB p roduced  somewhat lo w e r p l a t e  c o u n ts ,  

b u t  n o t  so low  a s  e i t h e r  r ry c o lo g ic a l  o r  PDA a g a r s .

( 2 ) The E f f e c t s  o f  H eat and L ig h t  on R e co v e ry .

The p e r  c e n t  s u r v iv o r s  o f  th o s e  c e l l s  i l l u m in a te d  w ith o u t t h e  

p re s e n c e  o f  th e  g l a s s  p l a t e  to  a b so rb  h e a t  was f a i r l y  c o n s t a n t .  T here  

w ere o n ly  1 .3  p e r  c e n t  d i f f e r e n c e  a f t e r  30 m in u te s  o f  i n t e n s e  i l l u m in 

a t i o n .

The p e rc e n ta g e  o f  s u r v iv o r s  o f  c e l l s  i l l u m in a te d  i n  th e  p re s e n c e  

o f  th e  g la s s  p l a t e  was v a r i a b l e .  However, a f t e r  an  ex ten d ed  p e r io d  o f  

t im e , f o r  exam ple 30 m in u te s ,  t h e  num ber o f  r e c o v e r a b le  c e l l s  in c r e a s e d  

m arked ly  t o  h p e r  c e n t  more th a n  th o s e  i l l u m in a t e d  i n  th e  a b se n c e  o f  

th e  p l a t e  (T a b le  2 , F ig u re  9)*

( 3 ) The E f f e c t s  o f  U l t r a v i o l e t  I r r a d i a t i o n  on R e s p i r a t i o n .

A. C om parison o f  oxygen u p ta k e  by  f r e s h  and s t a r v e d  c e l l s .

F r e s h ly  h a rv e s te d  and washed c e l l s  w ith  g lu c o s e  added a s  t h e



TABLE 1

EEC07EHT OF VISIBLE COLONIES ON VARIOUS MEDIA

Media
Controls

%
Survivors

Irradiated Photoreactivated ® 37.Û Photoreactivated 0 8 C
No* of 

Colonies
No. of 

Colonies
%

Survivors
No. of 

Colonies
% ; . 

Survivors
No. of 

Colonies
%

Survivors

Blood 966 100 282 29.1 306 31.6 311 32.2

BHE 900 100 178 19.8 133 IL .8 203 22.6

Eugon 767 100 127 16.5 1L2 18.5 190 2L.6

F, SAB 883 100 126 IL.2 101 11.3 187 21.2

Myco. 767 100 75 9.8 100 13.0 123 16.0

PDA 150 100 li7 10.lt 50 11,1 70 15.5

SAB 900 100 ; 150 16.6 161 17.9 100 20.0

SAB "80" 833 ioo 1L9 17.8 163 19.6 175 21.0

c-
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TABLE 2

THE EFFECT OF HEA.T ON PHOTOREACTIVATION

Time No G la ss P la te G la ss  P l a t e
No. o f  C o lo n ie s % S u rv iv o rs No. o f  C o lo n ie s  % S u rv iv o rs

C o n tro l 900 100% 900 100%

1ER 111 1 2 .3 101 1 2 .1

30" 109 1 2 .1 8 2 .U 9 .2

1» 9 3 .U 1 0 .U 3 8 .6 U.3

3* 9 6 .6 1 0 .7 9 8 .U 1 0 .9

5 ' 9 0 .0 1 0 .0 7 0 .6 7 .8

7 .5 ' 91*.0 1 0 .g 7 9 .0 8 .8

10 .0» 9 3 .6 1 0 .U 9 0 .6 1 0 .0

30 9 7 .6 1 0 .8 1 3 1 .6 lU .6

s u b s t r a t e  had an  oxygen u p ta k e  2 2 .9  mu 1 g r e a t e r  th a n  th o s e  w ith  s a l i n e  

(endogenous) a f t e r  2 h o u r s .  C e l l s  w hich  w ere s ta r v e d  f o r  7 days had an 

u p ta k e  1 9 .0  mu 1 g r e a t e r  w ith  g lu c o s e  th a n  en d o g en o u sly .

B. C om parison o f  oxygen u p ta k e  by  norm al c e l l s ,  i r r a d i a t e d  c e l l s  and 

i r r a d i a t e d  and i l lu m in a te d  c e l l s  w ith  g lu c o s e .

A f t e r  2 h o u r s ,  f r e s h l y  h a rv e s te d  u n i r r a d i a t e d  c e l l s  had an oxygen 

u p ta k e  2 0 .6  mu 1 g r e a t e r  th a n  s i m i l a r  c e l l s  w hich  w ere i r r a d i a t e d  and 

w rapped w ith  f o i l  ( n o t  r e a c t i v a t e d ) .  The no rm al c e l l s  had o n ly  1 .2  mu 1 

g r e a t e r  u p ta k e  th a n  th o s e  i r r a d i a t e d  and i l l u m in a t e d .  Those i r r a d i a t e d  

and i l l u m in a t e d  had an oxygen u p ta k e  1 9 .L mu 1 g r e a t e r  th a n  th o s e  i r r a 

d ia t e d  and w rapped i n  f o i l .
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FIGURES I AND 2

The e f f e c t s  o f  d i f f e r e n t  m edia on th e  grow th  o f  no rm al and 
t r e a t e d  c e l l s :  Colum ns1& 2-norm al c e l l s ,  colum ns3& 4 - i r r a d ia t e d
c e l l s ,  columns $ & 6 - il lu m in a te d  a t  37 C, columns 7 & 8 - il l to n in a te d  
a t  8 C.
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FIGURES 3 AND 4

The e f f e c t s  o f  d i f f e r e n t  m edia  on th e  g row th  o f  n o rm al and 
t r e a t e d  c e l l s :  Columns l& 2-no rm al c e l l s ,  colum ns 3 & 4 - i r r a d ia t e d
c e l l s ,  colum ns 5 & 6 - il lu m in a te d  a t  37 C, colum ns 7 & 8 - il lu m in a te d  
a t  Ô C.
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The e f f e c t s  o f  d i f f e r e n t  m ed ia  on  th e  grow th  o f  n o rm al and 
t r e a t e d  c e l l s :  C olum M l& 2-norm al c e l l s ,  colum ns 3 & 4 - i r r a d ia t e d
c e l l s ,  colum ns 5 & 6 - il lu m in a te d  a t  37 C, colum ns ? & 8 - i l lu m in a te d  
a t  8  C.
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FIGURES 7 AND 8

Th« e ffe c ts  o f d ifferent media on the growth of nomal and 
traated c e lls :  Columns l&2-normal ce lls*  columns 3&4-lrradlated
ce lls*  columns 5&6-lUumdnated at 37 0* columns 7&8-11 luminated 
at 8C.
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c* C om parison o f  oxygen u p ta k e  by  norm al s ta r v e d  c e l l s ,  i r r a d i a t e d  

s ta r v e d  c e l l s ,  and i r r a d i a t e d  and i l lu m in a te d  s t a r v e d  c e l l s  w ith  

g lu c o s e .

A f te r  2 h o u rs  th e  s t a r v e d  u n i r r a d i a t e d  c e l l s  had  an u p ta k e  1 9 .0  

mu 1 g r e a t e r  th a n  th o s e  i r r a d i a t e d  and w rapped i n  f o i l  and 1 9 .1  mu 1 

g r e a t e r  th a n  th o s e  i r r a d i a t e d  and i l l u m in a t e d .  I l lu m in a t io n  had no 

a p p a re n t  e f f e c t  on th e  r e s p i r a t i o n  o f  th e  i r r a d i a t e d  s ta r v e d  c e l l s  

s in c e  i t  d i f f e r e d  o n ly  0 .1  mu 1 from  t h e  n o n - i l lu m in a te d  c e l l s -

D. O v e ra l l  com parison  be tw een  f r e s h  and s ta r v e d  c e l l s  (T a b le  3 , 

F ig u re s  1 0 -1 3 ) .

The r e s p i r a t i o n  r a t e s  f o r  f r e s h  and s ta r v e d  c e l l s  w ere a p p ro x i

m a te ly  e q u a l w ith  g lu c o s e  a s  th e  s u b s t r a t e .  The endogenous r e s p i r a t i o n  

r a t e s  w ere a l s o  a p p ro x im a te ly  e q u a l .  T hese endogenous r a t e s  w ere o n e - 

h a l f  t h a t  o f  c e l l s  w ith  g lu c o s e  added a s  s u b s t r a t e .  The oxygen u p ta k e  

was a lm o s t e q u a l f o r  b o th  ty p e s  o f  c e l l s  a f t e r  th e y  w ere i r r a d i a t e d ,  

and th e y  d e m o n s tra te d  e q u a l d e c re a s e s  i n  u p ta k e  from  th o s e  c e l l s  w hich 

w ere u n i r r a d i a t e d . The f r e s h  c e l l s  showed a m arked in c r e a s e  i n  u p ta k e  

a f t e r  i l l u m i n a t i o n ,  b u t  th e  s ta r v e d  c e l l s  rem ained  unchanged  from  th e  

i r r a d i a t e d  c e l l s .

(L) C hrom atography and th e  I d e n t i f i c a t i o n  o f  Amino A c id s  w ith  Rf V a lu es

A. A co m p ariso n  be tw een  p r e v io u s ly  known and e x p e r im e n ta l  Rf v a lu e s  

w ith  v a r io u s  s o l v e n t s .  (R e fe re n c e  s o l u t io n s  w ere N u t r i t i o n a l  

B io c h e m ic a ls  C o r p o r a t io n ) .

1 .  P h en o l (T a b le  2 i).

F o r  th e  m ost p a r t ,  th o s e  Rf v a lu e s  d e te rm in e d  i n  t h i s  e x p e r i -



TABLE 3

ÜI Og UPTAKE (An Average of 3 Experiments)

Time
Fresh

Unirradiated
Glucose

Fresh 
No. Ü.7. 

Endogenous

Fresh 
lER Vfrapped 

Glucose

Starved 
No. U.V. 
Glucose

Starved 
No. U.V.: 

Endogenous

. Fresh 
IRElPhoto.. 

Glucose

starved 
1RS. l^capped. 

Glucose

Starved 
TRR.Photo- 
Glucose

10 1.52 0.1*7 0 1.0 0 1.50 0 0.5

20 5.52 2.6 3.6 3.0 2.6 1.9 2,9 2.8

30 8.32 1*.8 7.7 5.1* l*.l 7.1* 5.0 1*.9

LO . 9.82 6.2 8.1* 8.1* 5.1 9.1* 7.1 8.3

50 lL.85 6.7 10.2 12.6 6.6 12.3 7.6 8.9

60 20.15 7.7 12.6 18.3 10.3 16.8 11.1* 11.3

1 Hr.
Total 20.15 7.7 12.6 18,3 10.3 16.8 11.1* 11.3

70 23.90 9.6 13.8 23.2 13.8 21.7 ii*.i 13.?

80 - 27.0 13.5 17. 1* 26.6 17.8 26.1* 16.5 15.7

90 31.7 17.2 20.5 30.6 19.8 30.9 19.0 18.6

100 36.5 20.1 22.8 36.5 22.2 3?. 5 21.5 20.6

110 1*1.1 21.2 23.3 39.5 22.9 L5.3 23.7 22.8

120 1*6.5 23.6 ■ 25.9 1*1*.6 25.6 45.3' 25.6 25.5

2 Hr. 
Total 1*6 .5 23.6 25.9 1(1*.6 25.6 45.3 25.6 25 .5

ro
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FIGURE 10

Respiration of fresh fflastoggoes d e m a tit id is . o-normal with 
glucose, ♦-normal endogenous,o-irradiated with glucose 
— irradiated , illuminated with glucose, '
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Respiration of starved Blastomyces dermatitidis; O -normal 
with glucose, #-normal endo^nous, o«irradiated with glucose, 
—  irradiated, illuminated with glucose
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FIGURE 12

Oxygen u p ta k e  ( m i c r o l i t e r s )  i n  one h o u r :  1 - f r e s h  no rm al
w i th  g lu c o s e ,  2 - f r e s h  e n d o g en o u s , 3 - f r e s h  u l t r a v i o l e t  w ith  
g lu c o s e ,  A - f re s h  u l t r a v i o l e t  i l l u m in a t e d  w ith  g lu c o s e ,  
5 - s t a r v e d  no rm al w i th  g lu c o s e ,  6 - s t a r v e d  en d o g en o u s , 
7 - s t a r v e d  u l t r a v i o l e t  w i th  g lu c o s e ,  8 - s t a r v e d  u l t r a v i o l e t  
i l l u m in a t e d  wi.th g lu c o se *
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FIGURE 13

C^gsn nptal» (m icro liters) in  two hours: l- fr s sh  normal lAth
g l^ o sa , 2-frash ai^ogenous, 3-fresh  u ltra v io le t with glucose. 
W w s h  u ltrm vio^ t illuminated with glucose, 5-starved normal 
with glucose, 6-starved endogenous, 7-etarved u ltra v io le t with 
glucose, 8-starved u ltra v io le t Illuminated with glucose.
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T&BLE U 

HIENOI, AS A SOLVENT

Amino A cid R e fe re n c e  Rf E x p e rim e n ta l Rf

1 .  L -A la n in e .? 8 .58

2 . I3L-V aline .78 .79

3 . D L -Iso le u c in e .8 $ .83

h . L-GrLutamic A cid .33 .31

5. G ly c in e , A nhydrous .U2 •UU

6 . D L -P h e n y la lan in e .81 .87

7 . L -T y ro s in e .6 0 .61

8 . L - P r o l in e .9 0 .6 9

9 . L -C y s te in e  ( f r e e  b a s e ) .2 2 .3 0

1 0 . L - R is t id in e  M o n o h y d ro ch lo rid e .6 ? s .6 6

m en ta l i n v e s t i g a t i o n  w ere s i m i l a r  to  th o s e  e s t a b l i s h e d  by  S m ith  ( 1 9 ? 8 ) . 

However, p h e n o l was n o t  u se d  a s  a  s o lv e n t  b e c a u se  o f  t h e  heavy s t r e a k 

in g  i t  p roduced  and i t s  s lo w n e ss  o f  d e s c e n t .

2 . I ^ r i d i n e  -  a c e t i c  a c id  -  w a te r  (T a b le  5 ) .

T h is  s o lv e n t  was v e iy  good f o r  s e p a r a t io n  o f  th e  amino a c i d s .  

The e x p e r im e n ta l  R f v a lu e s  w ere a p p ro x im a te ly  0 .6  l e s s  th a n  v a lu e s  

p re v io u s ly  r e p o r te d  (B lo ck  e t  a l . ,  1 9 ? 8 ) .

3 . B u ta n o l -  ammonia (T a b le  6 ) .

T h is  s o lv e n t  d id  n o t  p ro d u ce  an a d e q u a te  sp re a d  o f  t h e  amino 

a c id s  and p ro p e r  d e te r m in a t io n s  o f  R f v a lu e s  w ere  a lm o s t im p o s s ib le  

(S m ith , 1 9 5 8 ) .
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TABLE 5

PTRIDINE -  ACETIC ACID -  mTER A3 A SOLVENT

Amino A cid R e fe re n c e Rf E x p e r im e n ta l R f

1 . L -A la n in e .li6

2 . D L -V aline .7 0 .6 5

3 . D L -Iso le u c in e -65 .69

li. L -G lu tam ic  A cid .h i .h2

5 . G ly c in e , A nhydrous -Ul .29

6 . D L -P h e n y la lan in e .73 .69

7 . L -T y ro s in e .6 5 ?

8 . L -P r o l in e .5 ? -U9

9 . L -C y s te in e  ( f r e e  b a s e ) ? .1 5

10 . L - H is t id in e  Mono h y d ro c h lo r id e .37 .26

U. B u tan o l -  p y r id in e  -  w a te r  (T a b le  ? ) •

Of a l l  t h e  s o lv e n ts  u se d  f o r  o n e -d im e n s io n a l  d e sc e n d in g  

ch ro m ato g rap h y , t h i s  was th e  b e s t .  The s p re a d  o f  th e  amino a c id s  was 

e x c e l l e n t  and th e  s p e c i f i c  amino a c id s  c o u ld  b e  e a s i l y  e s t a b l i s h e d  

s in c e  t h e  e x p e r im e n ta l  v a lu e s  w ere n e a r ly  th e  same a s  th o s e  r e p o r t e d  

by Sm ith  (1 9 ? 8 ) .

B; Amino a c id s  i d e n t i f i e d  w ith  th e  2 -d im e n s io n a l  s o lv e n t  sy s tem  o f  

b u ta n o l  -  p y r id in e  -  w a te r  and p h e n o l -  ammonia. (R e fe re n c e  

s o l u t io n s  w ere N u t r i t i o n a l  B io c h e m ic a ls  C o r p o r a t io n ) •

The 2 -d im e n s io n a l  sy s tem  w ith  p h e n o l was o f  some v a lu e  i n  id e n 

t i f i c a t i o n  o f  2 o r  3 amino a c id s  b u t  t h e  ch rom atogram s w ere  g e n e r a l ly
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TABLE 6

BUTANOL -  AMMONIA AS A SOLVENT

Amino A c id s R e fe re n c e  Rf E x p e rim e n ta l R f

1 .  L -A la n in e .0 9 .0 6

2 . D L -V aline .22 .17

3- D L -Iso le u c in e ? .26

li. L-CTLutamic A c id ? .ooU

? .  G ly c in e , A nhydrous ? .03

6. D L -P h e n y la lan in e .U6 .2 9

7 . L -ü y ro s in e •lU .12

8 . L - P r o l in e ? .0 9 ?

9 . L -C y s te in e  ( f r e e  b a s e ) ? .007

1 0 . L - H is t id in e  Mono h y d ro c h lo r id e ? oOU

v e ry  s t r e a k e d  and th e  d e s c e n t  n e v e r  p ro d u ce d  an  even f r o n t . A f t e r  

d ev e lo p m en t, t h e  p h e n o l l e f t  t h e  p a p e r  d a rk  brow n w hich  i n t e r f e r r e d  

w ith  th e  i d e n t i f i c a t i o n  o f  t h e  s p o ts  w hich  w ere v e ry  l i g h t .

C. Amino a c id s  i d e n t i f i e d  w ith  t h e  2 -d im e n s io n a l  s o lv e n t  sy s te m  o f  

n -  b u ta n o l  -  a c e t i c  a c id  -  w a te r  and n - b u ta n o l  -  m e th y l e th y l  

k e to n e  -  w a te r  (T a b le  8 )•

T h is  sy s tem  f o r  2-d im e n s io n a l  p a p e r  ch ro m a to g rap h y  was e x c e l l e n t  

s in c e  i t  a l l e v i a t e d  t h e  p ro b lem s w hich  a ro s e  w ith  th e  p h e n o l s o lv e n t  

sy s te m . The c o lo r  r e a c t i o n s  o b ta in e d  w ere v e ry  e x a c t  and th e  s p o t s ,  a s  

compared to  th e  map p re p a re d  by  M iz e l l  and Sim pson ( l 9 6 l ) , w ere  com

p a ra b le  i n  p o s i t i o n  ( p o s i t i o n  im p l ie s  R f v a l u e ) .
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TABLE 7

BUTANOL -  KRIDINE -  mTER AS A SOLVENT

Amino A cid R e fe re n c e  Rf E x p e r im e n ta l Rf

1 .  L -A la n in e .37 .31

2 . D L -V aline .1 8 .liU

3- D L -Iso le u c in e .5 6 .5 5

h> L -G lu tam ic  A cid .2 0 .1 5

5 . G ly c in e , A nhydrous .29 .23

6 . D L -P h e n y la lan in e .63 .57

7 . L -T y ro s in e .6 0 .5 5

8 . L - P r o l in e .3U .33

9 . L -C y s te in e  ( f r e e  b a s e ) .lU .1 1

10 . L -H L s tid in e , M o n o h y d ro ch lo rid e .2U .21

11 . L - C i t r u l l i n e .23 .19

1 2 . L -A s p a r t ic  A c id .2 0 .1 2

13 . L -C y s tin e . l 5 s .0 9

lU. L -A rg in in e , M o n o h y d ro ch lo rid e .1 5 .12

15 . L -A sp a rag in e .2 0 .1 5

l 6 .  D L -O rn ith in e , Mono h y d ro c h lo r id e oil .0 8
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TAM.E 8

TVD-DIMENSIONAL CHHDMA.TOaHAPHT TO REPLACE PHENOL: 
( n - b u ta n o l - a c e t io  a o id - w a te r ,  and n -b u ta n o l-m e th y l  e th y l  k e to n e - w a te r )

Amino A cid R e fe re n c e  Rf^*” E x p e r im e n ta l R f C o lo r

1 . G lu tam ic A cid .12 .17 P u rp le

2 . A s p a r t i c  A cid .1 1 .1 6 B lu e

3 , A rg in in e .07 .1 2 P u rp le

U. L y s in e .09 -lU P u rp le

5- A sp a ra g in e • 1 ? .2 0 B e ig e

6 . G ly c in e .18 .2h P u rp le

7 . H i s t i d in e .2 $ -30 G rey-G reen

8* S e r in e .2 6 -31 P u rp le

9 . A la n in e .2 2 .27 P u rp le

10 . P r o l in e .2U .28 T e llo w

1 1 . V a lin e .1 2 oU7 P u rp le

1 2 . M e th io n in e -?1 P u rp le

13- l ÿ r o s i n e -U3 .18 Grey

iL -  I s o l e u c in e .6 0 P u rp le

l5*  L eu c in e .^ 7 .6 2 P u rp le

*  IQ .z e ll and  Sim pson (1 9 6 1 ) .
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TABLE 9

RF VALUES ESTABLISHED FOR BLASTOMYCES DERMATITIDIS WITH 
ONE AND TWO-DIMENSIONAL CHRaMATOGRAPHY

Amino A cid
1 -D im en s io n a l 2 -D im en s io n a l

S o lv e n t Rf S o lv e n t R f

1 .  F p o lin e Bu—P—H2O .3U M iz e l l .2 8

2 . A sp a ra g in e Bu—P—H2O .1 5 M iz e l l .2 0

3 . A s p a r t ic  A cid Bu—P—H^O .2 2 M iz e l l .1 6

U. A la n in e Bfu—P—H2O .33 M iz e l l .27

V a lin e Bu—P—H2O .1 5 M iz e l l .U7

6 . G lu tam ic  A cid Bu—P—H2O .17 M iz e l l .17

7 . A rg in in e Bu—P—H2O .12 M iz e l l .1 2

8 . H i s t i d in e Bu—P—H2O .2 1 . M iz e l l .3 0

9 . O r n i th in e Bu—P—H2O .08 S m ith .1 3

1 0 . C i t r u l l i n e Bu—P—H2O .1 9 Sm ith .2 5

11 . C y s tin e Bu—P—H2O .0 9 Sm ith . l 5 s

12 . C y s te in e Bu—P—H2O .1 1 Sm ith .lU

13. S e r in e M iz e l l .31

i l l .  G ly c in e Bu—P—H2O .2 5 M iz e l l .2 l |

1 ? . T h reo n in e Sm ith .38

l 6 .  T a u r in e Sm ith .1*0

17 . n y ro s in e M iz e l l .1*8

l 8 .  L y s in e M iz e l l .11*

1 9 . I s o le u c in e M iz e l l .6 0

20. L e u c in e M iz e l l .6 2

21 . M e th io n in e M iz e l l .5 1
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D. V a r io u s  c o n c e n t r a t io n s  o f  amino a c id s  o b se rv e d  i n  t h e  i n v e s t i g a 

t i o n s  w ith  p a p e r  c h ro m a to g rap h y .

D i f f e r e n t  c o n c e n t r a t io n s  o f  v a r io u s  am ino a c id s  w ere  q u a l i t a 

t i v e l y  o b se rv e d  w ith  th e  u n a id e d  eye th ro u g h o u t  t h i s  i n v e s t i g a t i o n .  

G lu tam ic a c id  and a la n in e  a lw ay s p ro v id e d  t h e  m ost d e n se  s p o t s .  F o llo w 

in g  th e s e  i n  c o n c e n t r a t io n  w ere a s p a r t i c  a c i d ,  v a l i n e  and g ly c in e .  A l l  

th e  o th e r  amino a c id s  o c c u r re d  i n  lo w e r  c o n c e n t r a t io n  and p ro d u ced  

s p o ts  o f  n e a r ly  e q u a l  d e n s i ty ,

(5 ) Amino A c id s  I d e n t i f i e d  and Those N ot D e te c ta b le .

A. Amino a c id s  i d e n t i f i e d  i n  B. d e r m a t i t i d i s  and th e  m ethods u t i l 

i z e d  f o r  t h e i r  d e m o n s tra t io n .

1 . P r o l in e

a .  y e l lo w  w ith  n in liy d r in
b .  l i g h t  r e d  w ith  v a n i l l i n
c . b lu e  w ith  i s a t i n
d . R f v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  ch ro m ato 

g ram s.

2 . A sp a ra g in e

a . l i g h t  brow n w i th  n in ln y d rin
b . R f v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  ch ro m a to 

gram s
c . l i g h t  brow n on 2 -d im e n s io n a l chrom atogram

3 . A s p a r t i c  a c id

a .  b lu e  w ith  n ln h y d r in
b .  R f v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y
c .  b lu e  on 2-d im e n s io n a l  ch rom atogram .

I4. A la n in e

a .  p u rp le  w i th  r i in liy d r in
b .  R f v a lu e  w i th  2 -d im e n s io n a l  and o n e -d im e n s io n a l  chrom a-  

to g r a p h s
c .  p u r p le  on 2 -d im e n s ip n a l  ch rom atogram



5 . V a lin e

a .  p u r p le  w i th  n i n l^ d r i n
b .  R f v a lu e  w ith  2-d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y
c . p u r p le  on 2-d im e n s io n a l  chrom atogram

6 . G lu tam ic  a c id

a .  p u r p le  w ith  n in h y d r in
b .  Rf v a lu e  w ith  2 -d ira e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y
c .  p u rp le  on 2 -d im e n s io n a l  chrom atogram

7 . A rg in in e

a .  r e d  on y e l lo w  b ack g ro u n d  w ith  s u l f a n i l i c  r e a g e n t  
. b .  p in k  w ith  8 -h y d ro x y p ro lin e

c .  p in k  w ith  a lp h a - n a p th o l
d . Rf v a lu e  w ith  2-d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y
e .  p u r p le  on 2-d im e n s io n a l  chrom atogram  

8 * H i s t i d in e

a .  r e d  on y e l lo w  b ack g ro u n d  w ith  s u l f a n i l i c  r e a g e n t
b .  g re e n  w ith  o -p th a la ld e h y d e
c .  Rf v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y
d . g r e y -g re e n  on 2-d im e n s io n a l  chrom atogram  

9 . O r n i th in e

a* y e l lo w  brow n w ith  v a n i l l i n
b* R f v a lu e  w ith  2-d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y

1 0 . C i t r u l l i n e

a . y e l lo w  w ith  E h r l i c h 's  r e a g e n t
b .  R f v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y

1 1 . C y s t in e

a .  p u r p le  w ith  sodium  n i t r o p r u s s i d e
b .  im m ed ia te  b lu e  w ith  i s a t i n
c .  R f v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y

1 2 . C y s te in e

a .  ( a s  c y s t i n e )
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13. Serine

a .  y e l lo w  w ith  NalO^ and N e s e le r ’s  r e a g e n t
b .  R f v a lu e  on 2-d im e n s io n a l  chrom atogram  
c* p u r p le  on 2-d im e n s io n a l  chrom atogram

l l i .  G ly c in e

a .  g re e n  w i th  o - p th a la ld e h y d e
b .  R f v a lu e  w ith  2 -d im e n s io n a l  and o n e -d im e n s io n a l  chrom a

to g ra p h y
c .  p u r p le  on 2-d im e n s io n a l  chrom atogram  

l5 -  T h reo n in e

a .  y e l lo w  w ith  NalOj^ and M e s s ie r 's  r e a g e n t
b .  R f on 2 -d im e n s io n a l  chrom atogram

16 . T a u r in e

a .  p a le  r e d  w ith  o -p th a la ld e h y d e
b .  R f on 2 -d im e n s io n a l  chrom atogram

1 7 . T y ro s in e

a .  b lu e  w ith  i s a t i n
b .  R f on 2 -d im e n s io n a l  chrom atogram  
c* g ra y  on 2-d im e n s io n a l  chrom atogram

1 8 . B -a la n in e

a .  b lu e  w ith  i s a t i n ,  fa d e d  w ith  E h r l i c h 's  r e a g e n t  on n in h y -  
d r i n  d e v e lo p e d  chrom atogram

1 9 . L y s in e

a .  R f on 2-d im e n s io n a l  chrom atogram
b .  p u r p le  on 2-d im e n s io n a l  chrom atogram

2 0 . I s o l e u c in e

a .  R f on 2-d im e n s io n a l  chrom atogram
b ,  p u r p le  on 2 -d ira e n s io n a l  chrom atogram

2 1 . L e u c in e

a .  R f on 2 -d im e n s io n a l  chrom atogram
b .  p u r p le  on 2 -d im e n s io n a l  chrom atogram

22 . M e th io n in e

a .  R f on 2 - d im e n s io n a l  chrom atogram
b .  p u r p le  on 2-d im e n s io n a l  chrom atogram
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B* Amino a c id a  d e f i n i t e l y  a b s e n t  from  B. d e r m a t i t i d i s  i n  c o n cen 

t r a t i o n s  w ith  t h e  m ethods u t i l i z e d .

1 .  T iy p to p h an

a* no s p o t  w ith  o -p th a la ld e h y d e
b . no r e d  w ith  i s a t i n
c .  no new s p o t  w ith  E h r l ic h * s  r e a g e n t

2 . Ity -d roxyp ro line

a .  s p o t  f a d e s  w ith  E h r l ic h * s  r e a g e n t  a f t e r  n in h y d r in ; no 
p u r p le  r e d  c o lo r

3 .  T h i o l h i s t i d i n e

a .  no c o lo r  w ith  s u l f o n i l i c  a c id
b .  no s p o t  w ith  2 -d ira e n s io n a l  c h ro m a to g rap h

h* S a rc o s in e

a .  no r e d  w ith  v a n i l l i n

P h e n y la la n in e

a .  no b lu e  a f t e r  n in h y d r in  and d i l u t e  NaHCO^
b .  no s p o t  on 2 -d im e n s io n a l  c h ro m a to g rap h

(6 )  The E f f e c t s  o f  U l t r a v i o l e t  I r r a d i a t i o n  on Amino A c id s .

S in c e  g lu ta m ic  a c i d ,  v a l i n e ,  a l a n in e ,  a s p a r t i c  a c i d ,  and g ly c in e  

w ere r e a d i l y  d i s t i n g u i s h a b l e  by  p re v io u s  R f v a lu e s ,  c o lo r  r e a c t i o n s ,  

d e n s i t i e s ,  and s e p a r a t i o n ,  th e y  w ere u se d  t o  d e te rm in e  th e  e f f e c t s  o f  

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

A* The e f f e c t  of, 20 m in u te s  o f  u l t r a v i o l e t  i r r a d i a t i o n .

F o llo w in g  a  2 0 -m in u te  e x p o su re  to  u l t r a v i o l e t ,  a l l  5 o f  t h e  

ab o v e-m en tio n ed  amino a c id s  p ro d u ced  s p o ts  l e s s  d e n se  th a n  th o s e  o f  t h e  

c o n t r o l .  A s p a r t i c  a c i d ,  g l y c i n e ,  and g lu ta m ic  a c id  c o n c e n t r a t io n s  w ere  

th e  l e a s t  a f f e c t e d .  A la n in e  was e x tre m e ly  l i g h t  and th e  v a l i n e  s p o t



was a lm o s t u n d e te c t a b l e .  A ls o , t h e r e  a p p e a re d  t o  b e  b e t t e r  s e p a r a t io n  

o f  amino a c id s  from  th o s e  c e l l s  w hich  had been  p r e v io u s ly  t r e a t e d  w ith  

u l t r a v i o l e t  l i g h t .

B. Amino a c id s  n o t p r e s e n t  i n  i r r a d i a t e d  c e l l s  a s  d e m o n s tra te d  by 

2-d im e n s io n a l  p a p e r  ch ro m ato g rap h y .

On 2-d im e n s io n a l  ch rom atogram s, 8 amino a c id s  w ere d e m o n s tra te d  

from  norm al c e l l s  w hich w ere n o t found  i n  i r r a d i a t e d  c e l l s  (T a b le  1 0 ) .

C. A co m p ariso n  o f  t h e  amino a c id s  o f  f r e s h ly  h a rv e s te d  norm al 

c e l l s  w i th  th o s e  w hich  w ere n o n - i r r a d i a t e d  and s t a r v e d ,  i r r a 

d i a t e d  and  s t a r v e d ,  and i r r a d i a t e d  b u t  n o t s t a r v e d .

An a p p r a i s a l  was made o f  th e  amino a c id  c o n c e n tr a t io n s  o b se rv ed  

on o n e -d im e n s io n a l chroma to  g ram s. A l l  o f  th e  amino a c id s  w ere ta k e n  

i n t o  c o n s id e r a t i o n ,  b u t  i f  any d i f f i c u l t y  a ro s e  i n  d e te rm in in g  w hich 

w ere th e  d e n s e r  s p o t s ,  g lu ta m ic  a c id  was u sed  a s  th e  key s in c e  i t s  s p o t  

was th e  h e a v ie s t  and th e  m ost e a s i l y  d i s t in g u i s h e d .  As was a n t i c i p a t e d ,  

th e  amino a c id s  o f  n o n - i r r a d i a t e d ,  n o n - s ta rv e d  c e l l s  w ere th e  m ost con

c e n t r a t e d .  S p o ts  from  i r r a d i a t e d ,  n o n - s ta rv e d  c e l l s  w ere l e s s  den se  

th a n  th e  c o n t r o l .  When i r r a d i a t e d  c e l l s  w ere s ta rv e d  a t  37 C th e  amino 

a c id  c o n te n t  d e c re a s e d  w ith  t im e .

D. A c o m p ariso n  o f  amino a c id s  i n  i r r a d i a t e d  c e l l s  and i r r a d i a t e d ,  

i l l u m in a t e d  c e l l s .

No q u a l i t a t i v e  d i f f e r e n c e  c o u ld  be se e n  betw een  th e  2 ty p e s  o f  

c e l l s .  G lu tam ic  a c id  may have b een  s l i g h t l y  d a rk e r  i n  th e  i l l u m in a t e d  

c e l l s .
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TABLE 10

AMINO ACIDS NOT PRESENT IN IRRADIATED CELLS AS DEMONSTRATED 
BÏ 2 -DIMENSIONAL PAPER CHROMATOGRAPHY

C o n tro l I r r a d i a t e d N ot P re s e n t  
A f t e r  I r r a d i a t i o n

1 .  C y s te in e 1 .  C y s te in e 1 .  A sp a ra g in e

2 . A s p a r t ic  A cid 2 . A s p a r t i c  A cid 2 . T a u r in e

3 • G lu tam ic  A cid 3 . G lu tam ic A cid 3 .  T h e ro n in e

U. C y s tin e li. C y s tin e li. T y ro s in e

A sp a ra g in e G ly c in e 5 . O r n i th in e

6 .  S e r in e 6 .  S e r in e 6 . C i t r u l l i n e

7 . G ly c in e 7 . A la n in e 7 . H i s t i d in e

8 , T a u r in e 8 . P r o l in e 8 . A rg in in e

9 . T h reo n in e 9 . V a lin e

1 0 . T y ro s in e 1 0 . L y s in e

11 . A la n in e

1 2 . C i t r u l l i n e

1 3 . O rn i th in e

l l i .  L y s in e

1 ? . H i s t i d in e

l 6 .  A rg in in e

1 ? . T a l in e '

l 8 .  P r o l in e
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(7 ) A C om para tive  I n v e s t i g a t i o n  o f  th e  N u c le ic  A c id s  i n  N orm al, i n

I r r a d i a t e d ^  and i n  I r r a d i a t e d ,  I l ln m in a te d  C e l l s .

A. The RNA and DNA c o n c e n tr a t io n s  o f  no rm al u n i r r a d i a t e d  c e l l s

(T a b le s  1 1 -1 2 , F ig u re s  l U - l 5 ) •

The a v e ra g e  c o n c e n tr a t io n  o f  RNA i n  u n i r r a d i a t e d  B* d e r m a t i t i d i s  

was 7 3 .5  mu g /  mg d ry  w e ig h t. The a v e ra g e  amount o f  DNA i n  u n i r r a d i 

a te d  c o n t r o l  c e l l s  was 7 .0  mu g/mg d ry  w e ig h t.

B. The e f f e c t  o f  u l t r a v i o l e t  i r r a d i a t i o n  on th e  c o n c e n tr a t io n s  o f

RNA and DNA (T a b le s  1 1 -1 2  and F ig u re s  lU - 1 ? ) •

U l t r a v i o l e t  i r r a d i a t i o n  cau sed  a d e f i n i t e  d e c re a s e  i n  t h e  con 

c e n t r a t i o n s  o f  b o th  RNA and DNA. The lo n g e r  th e  u l t r a v i o l e t  l i g h t  was 

a d m in is te r e d ,  th e  g r e a t e r  th e  d e c re a s e  i n  c o n c e n tr a t io n  o f  RNA. A f te r  

5 m in u te s  t h e  c o n c e n t r a t io n  o f  RNA dropped  to  6 8 .8  mu g/mg d ry  w e ig h t 

and to  5 5 .1  mu g/m g d ry  w e ig h t a f t e r  one h o u r . T hese c o n c e n tr a t io n s  

d i f f e r e d  by  a s  much a s  1 9 .9  mu g/mg d ry  w e ig h t from  norm al u n i r r a d i a t e d  

c e l l s  and r e p r e s e n t s  a b o u t 26 p e r  c e n t  r e d u c t io n  from  th e  i n i t i a l  con

c e n t r a t i o n .

DNA showed an i r r e g u l a r  b u t  s i m i l a r  d e c re a s e  i n  c o n c e n tr a t io n  

fo l lo w in g  u l t r a v i o l e t  i r r a d i a t i o n .  The c o n c e n t r a t io n s  a f t e r  1 ^ , and 

30 m in u te s  w ere 5 .2 ,  5*U and 5*3 mu g/mg d iy  w e ig h t ,  r e s p e c t i v e l y .

A f t e r  one h o u r th e  c o n c e n t r a t io n  had  d ropped  to  U.9 mu g/mg d ry  w e ig h t. 

T hese c o n c e n t r a t io n s  d i f f e r e d  by a s  much a s  2 .1  mu g/mg d ry  w e ig h t from  

t h e  u n i r r a d i a t e d  c e l l s ,  and r e p r e s e n t  a b o u t 30 p e r  c e n t r e d u c t io n  from  

t h e  i n i t i a l  c o n c e n tr a t io n s *



60

TABLE 11

THE CONCENTRATION* OF NUCLEIC ACIDS IN NORMAL, IRRADIATED, 
AND IRRADIATED PHOTOREACTiyATED B. DERMTITIDIS

RNA DNA
Time C o n tro l U.V. U.V, + P Time C o n tro l U.V. U.V. + P

5» 7 1 .3 6 3 .8 7 0 .1 5* + 
20*

7 .0 5 .2 6 .5

15* 7 3 .6 6 5 .2 6 9 .7 15* +
60*

7 .0 5.U 6 .2

3 0 ' 7 3 .5 5 8 .5 6 5 .2 30» + 
120*

7 .0 5 .3 5 .9

6 0 * 7 5 .0 5 5 .1 7 2 .1 60* + 
120*

7 .0 li.9 6 .7

g/mg d ry  w e ig h t.

C. The e f f e c t  o f  i l l u m in a t io n  on n u c le ic  a c id  c o n c e n tr a t io n s  i n  

i r r a d i a t e d  c e l l s  (T a b le s  1 1 -1 2 , F ig u r e s  l U - l 5 ) .

. When i r r a d i a t e d  c e l l l s  w ere i l lu m in a te d  f o r  a p e r io d  e q u a l to  h 

t im e s  t h a t  o f  i r r a d i a t i o n  t im e , th e  RNA c o n c e n t r a t io n  i n  c e l l s  in c r e a s e d  

The amount o f  i n c r e a s e  was i n d i r e c t l y  p r o p o r t io n a l  to  th e  p re v io u s  e f 

f e c t s  o f  th e  i r r a d i a t i o n .  N ever d id  t h e  amount o f  RNA re c o rd e d  i n  

p h o to r e a c t iv a te d  c e l l s  e q u a l th e  c o n t r o l s .  However, even  a f t e r  one 

h o u r o f  i r r a d i a t i o n ,  p h o t o r e a c t i v a t io n  f o r  2^0 m in u te s  in c r e a s e d  th e  

l e v e l  17 mu g/mg d ry  w e ig h t and r e tu r n e d  th e  RNA c o n c e n t r a t io n s  t o  96 

p e r  c e n t  o f  th e  n o rm al.

DNA was a l s o  p h o to r e a c t iv a b le  w ith  c o n c e n t r a t io n s  in c r e a s e d  a s  

much a s  1 .8  mu g/mg d ry  w e ig h t o r  8U p e r  c e n t  o f  th e  norm al v a lu e .
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TABLE 12

m  G/MG m i  IaTEIGHT ch an g e  o f  n u c le ic  a c i d s  i n
B. DERMATITIDIS

RNA DNA

Time Con
t r o l

U .V . U .V .+P
Ug l o s s  

a f t e r  
Photo

Time Con
t r o l

U .V . U.V .+P
Ug l o s s  

a f t e r  
Photo

g : 7 1 .3 - 2 .5 + 1 .3 - 1 .2 5* +
20*

7 .0 - 1 .8 + 1 .3 - 0 .5

15» 7 3 .6 -8 .U +U. 5 - 3 .9 15» +
60*

7 .0 - 1 .6 + 0 .8 - 0 .8

30* 7 3 .5 - 1 5 .0 + 6 .7 - 8 .3 60» + 
120*

7 .0 - 1 .7 + 0 .6 - 1 .1

60* 7 5 .0 -1 9 .9 + 1 7 .0 - 2 .9 120*+
2U0*

7 .0 —2 .1 + 1 .8 - 1 .3

(8 )  The I n f e c t i v i t y  o f  B . D e r m a t i t id i s  i n  M ice a s  C o r r e la te d  w ith  th e  

E f f e c t  o f  V a rie d  D oses o f  U l t r a v i o l e t  I r r a d i a t i o n  and th e  Concen

t r a t i o n s  o f  C e l l s .

A. S u sp e n s io n s  c o n ta in in g  1 . ?  x  10^ c e l l s  p e r  0 . ?  m l.

I n c r e a s e d  e x p o su re  o f  th e  c e l l s  t o  u l t r a v i o l e t  i r r a d i a t i o n  r e 

duced th e  number o f  v i s i b l e  c o lo n ie s  r e c o v e re d  on SAB, When i r r a d i a t e d  

from  z e ro  to  11 m in u te s  t h e  c o n c e n t r a t io n  o f  c e l l s  was to o  heavy f o r  

a d e q u a te  and a c c u r a te  c e l l  c o u n ts .  A f t e r  th e  1 1 -m in u te  e x p o su re  th e  

number o f  v i s i b l e  c o lo n ie s  d e c re a s e d  w ith  t h e  d u r a t io n  o f  t h e  u l t r a 

v i o l e t  i r r a d i a t i o n  (T a b le  1 3 , F ig u re  l 6 ) .

T hese m ice  w hich w ere  h e a v i ly  i n f e c t e d  w ere much d i f f e r e n t  i n  

p h y s ic a l  a p p e a ra n c e  from  th e  u n in f e c te d  m ic e . T hese  d i f f e r e n c e s  in c lu d e d  

a rou g h ed  f u r ,  l e s i o n s ,  w eep ing  e y e s ,  s l e n d e r n e s s ,  and a  te n d e n c y  t o
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Concentration of RNA in  normal, irradiated, and irradiated, 
illuminated Blastomyces derm atitid is; O -normal, # -irradiated, 
— irradiated and illuminated
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Concentration of DNA in  normal, irradiated , and irradiated, 
illuminated Blastomyces derm atitid is; o  -  normal, • - irradiated , 
^  irradiated and illuminated
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TABLE 13

VISIBLE COLONIES RECOVERED ON SAB AFTER VARTING 
EXPOSURES OF ULTRAVIOLET

AVG. #  COLONIES /  5 PLATES U.V. 5* THROUGH 6 0 '

Time 1 .5  X io 5 1 .0  X 10^ 0 .5  X 10^

C o n tro l TOC TOC TOC

5* TOC 5 ,1 0 6 3 ,7 1 7

8 ' TOC 3 ,5 5 1 2 ,8 3 0

11* TOC 2 ,6 ^ l 2 ,3 2 8

lit* 5 ,5 6 6 2 ,2 5 3 1 ,6 0 3

17* 3 ,8 1 7 1 ,0 8 5 1 ,2 6 6

20* 132 56 59

25* 61* 5 25

30* 1*1* 1* 20

Uo* 26 7 8

60* 5 It 6

s le e p  c o n t in u o u s ly .  (S ee  P l a t e  I ) .

The number o f  m ice i n f e c t e d  by  i n t r a p e r i t o n e a l  in o c u la t i o n  o f  

B. d e r m a t i t i d i s  was a l s o  c o r r e l a t e d  w ith  th e  d u r a t io n  o f  u l t r a v i o l e t  

ex p o su re  (T a b le  lU ) * F o u r  m ice w ere i n f e c t e d  w ith  u n i r r a d i a t e d  c e l l s .  

X nocu la  exposed  lo n g e r  th a n  17 m in u te s  d id  n o t p ro d u ce  i n f e c t i o n s  i n  

t h i s  i n v e s t i g a t i o n .

T here  was a  t o t a l  o f  l l i  m ice i n f e c t e d  i n  t h i s  i n v e s t i g a t i o n ,  6 

fe m a le s  and 8 m a le s . T hese num bers w ere much lo w e r th a n  th e  i n v e s t i 

g a t io n s  w hich  fo l lo w . Those SAB s l a n t s  w hich  w ere p o s i t i v e  a f t e r
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V is ib l e  c o lo n ie s  r e c o v e re d  on SAB a f t e r  i r r a d i a t i o n  f o r  
v a r io u s  l e n g th s  o f  t im e :  0 - 1 . 5  x  1 0 ^ ,# - 1 .0  x  1Q5, —0 .5  x  10^
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TABLE l ï t

MICE INOCULATED WITH 1 , ?  x  10^  CELLS

Time
M ice from  w hich  
B la s to m y c es  was 

re c o v e re d  on 
SAB

M ice show ing 
l e s i o n s , 

B las to m y ces  
n o t  re c o v e re d  

on SAB

M ice n o t show
in g  l e s i o n s  on 
l i v e r ,  B la s to 
myces re c o v e re d  

on SAB

T o ta l  number o f  
M ice i n f e c te d  by  
e i t h e r  l e s io n s  
on l i v e r  o r  re c o v 

e ry  on SAB

C M ale , U None M ale, U M ale, U

5 ' F em ale , 3 None F em ale , 3 F em ale , 3

8 ' M ale , e None M ale , 1 M ale , 3

11* F em ale , 1 None F em ale , 1 F em ale , 1

lli* None None None None

17* F em ale , 2 
M ale , 1

None F em ale , 1 F em ale , 2 
M ale , 1

20* None None None None

25* None None None None

30» None None None None

UO* None None None None

6 0 * None None None None

in o c u la t i o n  w ith  m a c e ra te d  l i v e r  and lu n g  t i s s u e  becam e so b e tw een  5 and 

17 d a y s . A f t e r  1? d ay s t h e r e  w ere  no a d d i t i o n a l  p o s i t i v e  s l a n t s .

B. S u sp en s io n s  c o n ta in in g  1 .0  x  10^  c e l l s  p e r  0 .5  m l.

As o b se rv e d  w ith  th e  1*5 x 10^  c o n c e n t r a t i o n ,  th e  in c r e a s e d  ex 

p o su re  to  u l t r a v i o l e t  i r r a d i a t i o n  re d u c e d  th e  num ber o f  v i s i b l e  c o lo n ie s  

re c o v e re d  on SAB. The o n ly  c o lo n ie s  w hich  w ere to o  c o n c e n tr a te d  to  

co u n t w ere th e  c o n t r o l s .  I n c r e a s in g  th e  e x p o su re  t im e  from  5 m in u te s  

to  60 m in u te s  p ro d u ced  d e c r e a s in g  num bers o f  c o lo n i e s .  As b e f o r e ,  th e
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g r e a t e s t  s i n g l e  d e c r e a s e  i n  co lo n y  c o u n t was be tw een  17 and 20 m in u te s  

(T a b le  1 3 , F ib u r e  l 6 ) .

The p e r io d s  o f  i r r a d i a t i o n  be tw een  5 and 17 m in u te s  p roduced  

s i m i l a r  num bers o f  i n f e c t i o n .  F iv e  m ice w ere i n f e c t e d  w ith  norm al 

c e l l s ,  3 m ice a f t e r  5 m in u te s  o f  e x p o su re , U a f t e r  8 m in u te s , U a f t e r  

11 m in u te s ,  3 a f t e r  lU  m in u te s  and 5 a f t e r  17 m in u te s . B o th  2 0 - and 

UO-rainute e x p o su re s  i n f e c t e d  2 m ice . I f  a  c o lo n y  re c o v e re d  on SAB was 

form ed by  a  s i n g l e  c e l l  o n ly  and i f  o th e r  v a r i a b l e s  w ere c o n s id e re d ,  7 

c e l l s  w ere c a p a b le  o f  p ro d u c in g  an i n f e c t i o n .

A t o t a l  o f  28 m ales  w ere i n f e c t e d  i n  t h i s  i n v e s t i g a t i o n ,  9 m ales 

and 19 fe m a le s  (T a b le  15) • As b e f o r e ,  t h e  s l a n t s  o f  SAB w hich w ere 

p o s i t i v e  becam e so a f t e r  $ t o  17 d a y s .

C. S u sp e n s io n s  c o n ta in in g  0 . ?  x  10^  c e l l s  p e r  0 .5  m l.

R e s u l t s  w ere  s i m i l a r  to  th o s e  o b se rv ed  i n  p a r t  B. The num ber o f  

v i s i b l e  c o lo n ie s  re c o v e re d  on SAB d e c re a s e d  w ith  th e  l e n g th  o f  u l t r a 

v i o l e t  i r r a d i a t i o n .  The g r e a t e s t  d e c l in e  i n  c o lo n y  co u n t was a s  b e fo r e ,  

be tw een  th e  1 7 -  and 2 0 -m in u te  e x p o su re s  (T a b le  13^ F ig u re  l 6 ) .

Normal c e l l s  p ro d u ced  t h e  g r e a t e s t  num ber o f  i n f e c t i o n s .  C e l l s  

exposed  betw een  5 and 2$ m in u te s  p ro d u ced  a p p ro x im a te ly  th e  same number 

o f  i n f e c t i o n s .  Two m ice  w ere  i n f e c t e d  by  c e l l s  i r r a d i a t e d  30 m in u te s  

and o n ly  one by  c e l l s  i r r a d i a t e d  1̂ 0 m in u te s .  I f  a  c o lo n y  on a  SAB p l a t e  

was p roduced  by  a s i n g l e  c e l l ,  a s  p ro p o se d  p r e v io u s ly  8 c e l l s  w ere c ap 

a b le  o f  p ro d u c in g  an  i n f e c t i o n .  A t o t a l  o f  28 m ice w ere i n f e c t e d ,  10 

m ales and l 8  fe m a le s  (T a b le  l 6 ) . A l l  p o s i t i v e  s l a n t s  w ere re c o rd e d  

betw een  5 and 17 d a y s .
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TABLE 15

MICE INOCULATED WITH 1 .0  X 10^  CELLS

Time
M ice from  w hich  
B las to m y c es  was 

re c o v e re d  on 
SAB

M ice show ing 
l e s i o n s  on 
l i v e r ,  B la s to 
myces n o t  r e 
c o v e re d  on SAB

M ice n o t  show
in g  l e s i o n s  on 
l i v e r ,  B la s to 
myces re c o v e re d  

on SAB

T o ta l  number o f  
M ice i n f e c t e d  by  
e i t h e r  l e s i o n s  on 
l i v e r  o r  re c o v e ry  

on SAB

C F em ale , 5 None None F em ale , 5
F em ale , 1 F em ale , 2 F em ale , 1 F em ale , 3

8» M ale , 2 M ale , 2 M ale , 1 M ale, h

11* F em ale , 2 F em ale , 2 None F em ale , h

lU* None M ale , 3 None M ale, 3

17* F em ale , 2 F em ale , 3 None F em ale , 5
20* None M ale , 2 None M ale, 2

25* None None None None

30* None None None None

Uo* F em ale , 1 F em ale , 1 None F em ale , 2

6 0 * None None None None

(9 )  D e te rm in a tio n  o f  th e  M in im al I n f e c t i v e  Dose i n  M ice and th e  R e la 

t io n s h ip  o f  Sex t o  S u s c e p t i b i l i t y o

T w e n ty -f iv e  th o u sa n d  c e l l s  in o c u la te d  i n t r a p e r i t o n e a l l y  i n t o  m ice 

p ro d u ced  an i n f e c t i o n  r a t e  o f  hO p e r  c e n t  i n  m a les  and 00 p e r  c e n t  i n  

f e m a le s . 1/hen s i m i l a r  in o c u la  o r  t h e i r  d i l u t i o n s  w ere p la t e d  on SAB 

a g a r  t h e r e  w ere a lw ay s fe w e r  c o lo n ie s  form ed th a n  e x p e c te d  (T a b le  1 7 ) .  

N e i th e r  th e  num ber o f  c e l l s  c o u n te d  i n  t h e  in o cu lu m  n o r  t h e  num ber o f  

c o lo n ie s  re c o v e re d  on SAB gave i n d i c a t i o n  o f  th e  p e rc e n ta g e  o f  i n f e c t i o n s
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TABLE 16

MICE INOCULATED WITH x  10^ CELLS

Time
M ice from  w hich  
B las to m y ces  was 

re c o v e re d  on 
SAB

M ice show ing 
l e s i o n s  on 
l i v e r ,  B la s to 
m yces n o t  r e 
c o v e re d  on SAB

M ice n o t  show
in g  l e s i o n s  on 
l i v e r ,  B la s to 
myces re c o v e re d  

on SAB

T o ta l  number of^ 
M ice i n f e c te d  by 
e i t h e r  l e s i o n s  
o r  re c o v e ry  on 

SAB

C None F em ale , 5 None F em ale , ?

5» M ale , 2 None None M ale, 2

8 » M ale , 2 M ale , 2 None M ale, h

1 1 * None F em ale , U None F em ale , 1*

lU» M ale, 1 M ale , 1 None M ale , 2

17* F em ale , 3 F em ale , 1 None F em ale , h

2 0 * None None None None

2 5 * F em ale , 2 F em ale , 2 F em ale , 1 F em ale , h

3 0 * None M ale , 2 None M ale, 2

UO* None F em ale , 1 None F em ale , 1

6 0 » None None None None

(T ab le  1 7 ) .  F o r  ex am p le , an in o cu lu m  w hich  p roduced  an a v e ra g e  o f  117 

v i s i b l e  c o lo n ie s  on SAB a f t e r  5 d ay s  a l s o  p ro d u ced  an i n f e c t i o n  r a t e  o f  

60 p e r  c e n t .  W ith a n o th e r  in o c u lu m , w hich p ro d u ced  390 c o lo n ie s ,  th e  

i n f e c t i o n  r a t e  was o n ly  30 p e r  c e n t .

Fem ale m ice  a p p e a re d  t o  b e  much m ore s u s c e p t ib l e  th a n  th e  m ales 

w ith  a l l  i n o c u la .
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TABLE 17

MINIMAL INFECTIVE DOSE AND S EX SUSCEPTIBILITE

C e l l s  C ounted  
i n  Inocu lum

C o lo n ie s  R ecovered  
on SAB

P e r  c e n t  o f  
M ales i n f e c t e d

P e r  c e n t  o f  
F em ales I n f e c te d

2 ? ,0 0 0 3 ,9 7 1 Uo 80

1 2 ,5 0 0 1 ,9 7 9 UO UO

6 ,2 5 b 1 ,0U 2 20 80

3 ,1 2 ? 390 20 Uo

1 ,? 6 2 271 20 Uo

781 117 UO 80

390 68 20 Uo

1 9 5 68 UO 80

97 31 20 UO

U8 16 20 80

TOTALS 28 60

(lO ) M ice I n o c u la t io n s  and th e  E f f e c t  o f  I l lu m in a t io n  on I r r a d i a t e d  

C e l l s  ( T ab le  l 8 ) .

I l l u m in a t io n  o f  i r r a d i a t e d  c e l l s  cau sed  an i n c r e a s e  i n  t h e  p e r 

c e n ta g e  o f  i n f e c t i o n s .  I l lu m i n a t i o n s  o f  i r r a d i a t e d  c e l l s  r e s u l t e d  i n  an 

in c r e a s e  o f  v i s i b l e  c o lo n ie s  fo rm ed on SAB. Fem ale  m ice w ere more s u s 

c e p t i b l e  to  u n i r r a d i a t e d ,  i r r a d i a t e d ,  and i r r a d i a t e d ,  i l lu m in a te d  c e l l s  

th a n  th e  m a le s . In  o n ly  one i n s t a n c e  d id  th e  i l l u m in a te d  c e l l s  have  a s  

h ig h  an  i n f e c t i o n  r a t e  a s  th e  no rm al c e l l s *  The l e n g t h  o f  e x p o su re  and
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TABLE 1 8

THE EFFECT OF ILLUMINATION ON INFECTION

T re a tm e n t
o f

C e l l s

C o lo n ie s  
R ecovered  

on SAB

^ I n f e c t e d  
w ith  c o n t r o l  

c e l l s

% I n f e c te d  
w ith  i r r a d i a 

te d  c e l l s

% I n f e c te d  In ith  
I r r a d i a t e d  and 
I l lu m in a te d  C e l l s

C U .V , U .7 .
+ILL

M ale Fem ale M ale Fem ale M ale Fem ale

17 M in u tes
I r r a d i a t i o n T

and M 6U 100 80 100 UO 60 60 80
60  M in u tes C
I l lu m in a t io n

20 M in u te s
I r r a d i a t i o n T

and M hh 85 60 80 Uo 60 60  80
80 M in u tes C
I l lu m in a t io n

25  M in u tes
I r r a d i a t i o n T

and M 3U 96 80 100 UO 80 60 80
100 M in u tes C
I l lu m in a t io n

and su b se q u e n t p e r io d  o f  i l l u m in a t io n  d id  n o t  a f f e c t  th e  p e rc e n ta g e  o f  

i n f e c t i o n s  to  any  g r e a t  e x te n t»



CHAPTER V 

DISCUSSION AND CONCLUSIONS

I n  any i n v e s t i g a t i o n  o f  t h i s  ty p e  t h e  m ethods em ployed w i l l  have 

sh o r tc o m in g s . The d e te r m in a t io n  o f  th e  num ber o f  c e l l s  p r e s e n t  i n  any 

g iv en  d i l u t i o n  and p l a t e  c o u n ts  w ere th e  m ost p ro b a b le  s o u rc e s  o f  e r r o r .  

The hem ocytom eter was u t i l i z e d  f o r  c e l l  c o u n ts  s in c e  th e  a v e ra g e  B la s to 

myces c e l l  i s  a p p ro x im a te ly  ? -7  mu o r  th e  same s i z e  a s  th e  a v e ra g e  re d  

b lo o d  c e l l .  T h is  m ethod h a s  been  i t i l i z e d  b e f o r e  by  S a lv in  (19U 9), 

Rowley and H uber (1 9 S 5 ) , and Young (1 9 5 # ) . I n  th e  c e l l  c o u n ts ,  i f  a 

c e l l  had a  bud i t  was t a b u l a t e d  a s  2 c e l l s .  I t  was n o t known i f  th e  

buds w ere d is lo d g e d  from  th e  c e l l s  w h ile  b e in g  p ro c e s s e d  i n  th e  W aring 

b le n d e r .  However, i n  t h i s  i n v e s t i g a t i o n  i t  was n o te d  t h a t  th e  number 

o f  c e l l s  c o u n te d  p e r  ml n e v e r  e q u a l le d  th e  num ber o f  v i s i b l e  c o lo n ie s  

re c o v e re d  on th e  c u l t u r e  p l a t e s .  P re v io u s  work i n  t h i s  l a b o r a to r y  h as 

shown t h a t  one c e l l  o f  S p o ro tr ic h u m  s c h e n c k i i  can  p ro d u ce  one co lo n y  on 

b lo o d , SAB, BHI and eugon a g a r s .  SAB was u se d  f o r  a l l  p l a t e  c o u n ts  in  

t h i s  i n v e s t i g a t i o n  b e c a u s e  i t  i s  a  r o u t i n e l y  recommended medium f o r  th e  

c u l t i v a t i o n  o f  human p a th o g e n ic  f u n g i .  O th e r  r e a s o n s  f o r  i t s  u s e  w ere 

t h a t  i t  p ro v id e d  good g ro w th , c o n s i s t e d  o f  a  r e l a t i v e l y  s im p le  known 

c o m p o s itio n , and was c o n v e n ie n t .  A ls o , t h e r e  was n o t  enough b lo o d  to  

make th e  q u a n t i t y  o f  b lo o d  a g a r  p l a t e s  r e q u i r e d .  A n o th e r  p o s s i b i l i t y  

f o r  e r r o r  i n  p l a t e  c o u n ts  i s  t h a t  a  t y p i c a l  B la s to m y c e s  co lo n y  i s  l a r g e ,  

ro u g h , and i r r e g u l a r .  Two c e l l s  may have grown i n  su c h  a  c lo s e  p rox im 

i t y  t h e i r  s e p a r a te  d e te c t i o n  was im p o s s ib le .  A ls o , s i n c e  co lo n y  c o u n ts
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w ere  m ade, f o r  c o n v e n ie n c e , a f t e r  5 d ays o f  in c u b a t io n  more c e l l s  may 

h ave  grown i n t o  c o lo n ie s  w ith  a  more p ro lo n g e d  in c u b a t io n .  O th e r  d i s 

a d v a n ta g e s  i n h e r e n t  in  th e  m ethods em ployed w i l l  b e  d is c u s s e d  l a t e r .

The g ro w th  o f  B . d e r m a t i t i d i s  v a r i e d  a  g r e a t  d e a l  on d i f f e r e n t  

m edia and th e  l i t e r a t u r e  i n d i c a t e d  t h a t  t h i s  sh o u ld  b e  e x p e c te d .

TABLE 19

THE NITROGErJ CONTENT OF VARIOUS MEDIA 
USED FOR THE GROWTH OF B. DERMATITIDIS

M edia N itro g e n  S o u rce Amount 
o f  N

T o ta l  
Amount o f  
N itro g e n

R a tio  o f  
N itro g e n  
to  Carbon

1 . B lood P ro te o s e  p e p to n e  
V eal h e a r t  i n f u s io n  
D e f ib r in a te d  w hole  b lo o d

1.U37 g /1 *  
3 .9 7  g /1
1 .2 ?  g /1

6 .6 ? 7  g /1 7 .0

2 . BHI B a c to -p e p to n e  
C a lf  b r a i n  i n f u s io n  
B eef h e a r t  i n f u s io n

1 .6 l 6
.097

1 .9 8
3 .6 9 3  g /1 3 .7 5

3 . Eugon T ry p to s e  
S oy tone

1 . ?  g /1  
1 .3  g /1 2 .8  g /1 0 .8 5

U. SAB N eopep tone 1.U 33 g /1 1.U33 g /1 0 .1 8

5* F lu id  
SAB

C a s ito n e
P eptam in

0 .7  g /1  
0 .7  g /1

l .U  g /1 0 .0 5 8

6 . SAB 80 N eopep tone 1 .1 3 3  g /1 1.U 33 g /1 0 .1 8 * *

7 . I d e o lo 
g i c a l S oy tone l . l t  g /1 l .U  g /1 0 .0 ? 8

8 . FDA P o ta to  i n f u s i o n O .h g /1 O.U g /1 0 .0 3

^ N itro g e n  c o n c e n t r a t io n s  i n  tra d e m a rk e d  p ro d u c ts  w ere ta k e n  from  
D ifco  M anual ( i9 6 0 )  • O th e r  v a lu e s  w ere c a l c u l a t e d  from  d a ta  i n  Hawk, 
O se r , and Summerson (1 9 5 U )•

^ ^ ^ ac k  o f  c o n t i n u i ty  i n  N/C r a t i o  was t h e  r e s u l t  o f  th e  in c o r p o r a 
t i o n  o f  "Tween 80" w hich  h a s  b e en  shown to  b e  i n h i b i t o r y  ( G i l a r d i  and 
L a f f e r ,  1 9 6 2 ) .
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A lth o u g h  in o r g a n ic  n i t r o g e n  s o u rc e s  w ere n o t  u se d  i n  t h i s  in v e s 

t i g a t i o n  f o r  th e  g row th  o f  B* d e r m a t i t i d i s , L ev in e  and O rd a l (l9U 6) 

grew  th e  o rg an ism  on a s im p le  g lu c o s e  ammonium s a l t s  medium. S a lv in  

(19U9) a l s o  found  t h e r e  was u s u a l ly  s l i g h t  g row th  o f  B. d e r m a t i t i d i s  

on a  medium c o n ta in in g  ammonium s a l t s  a s  s o le  n i t r o g e n  s o u rc e ,  b u t  

G i l a r d i  and L a f f e r  (1962) found  ammonium s a l t s  c a p a b le  o f  m a in ta in in g  

good g row th  o f  t h i s  o rg a n ism .

O rg an ic  n i t r o g e n  was a  m ore im p o r ta n t  f a c t o r  i n  th e  g row th  o f

B. d e r m a t i t i d i s  i n  t h i s  i n v e s t i g a t i o n .  O rg an ic  n i t r o g e n  o f  an  an im al 

o r i g in  was a p p a r e n t ly  o f  much m ore v a lu e  th a n  t h a t  from  a p l a n t  s o u r c e .  

T h is  c o u ld  mean t h a t  t h e  n a t u r a l l y  o c c u r r in g  c a rb o h y d ra te s  i n  so y to n e , 

f o r  exam ple , w ere e i t h e r  i n h i b i t o r y  to  grow th o r  e l s e  th e  p l a n t  p ep 

t i d e s  and p r o t e i n s  w ere  h y d ro ly z e d  l e s s  e a s i l y .

A lth o u g h  B u l l en (l9U9) m a in ta in e d  B. d e r m a t i t i d i s  on a s im p le  

p e p to n e  medium, t h e  r a t i o  o f  a v a i l a b l e  n i t r o g e n  to  a v a i l a b l e  ca rb o n  

seemed to  b e  th e  m ost im p o r ta n t  f a c t o r  in  th e  g row th  o f  t h i s  o rg an ism . 

The h ig h e r  th e  r a t i o ,  th e  b e t t e r  th e  g ro w th  a p p e a re d  t o  b e .  B lood a g a r ,  

f o r  exam ple , c o n ta in e d  th e  h ig h e s t  N/C r a t i o ,  i n  a d d i t i o n  t o  a  h ig h  

t o t a l  p e rc e n ta g e  o f  o rg a n ic  n i t r o g e n ,  and w hole b lo o d  a s  an  e n ric h m e n t 

f a c t o r  and was t h e  b e s t  medium f o r  g ro w th . T h is  d oes n o t c o n t r a d i c t  

th e  r e s u l t s  o f  S a lv in  (19U9) who s t a t e d  t h a t  a l th o u g h  g row th  o f  B. 

d e r m a t i t i d i s  o c c u r re d  w ith  o r  w ith o u t  c a rb o h y d ra te  i n  th e  medium, th e  

a d d i t io n  o f  5 g  o f  g lu c o s e  p e r  l i t e r  d id  i n c r e a s e  t h e  g row th  o f  y e a s t  

p h a se  c e l l s  a b o u t 20 p e r  c e n t .

The g row th  o f  i r r a d i a t e d  c e l l s  was e x tre m e ly  v a r i a b l e  on th e  

d i f f e r e n t  m ed ia . B a s i c a l l y ,  t h e s e  m ed ia  w ith  th e  h ig h e s t  r a t i o  o f  

n i t r o g e n  to  c a rb o n  w ere t h e  b e s t  f o r  g ro w th . I t  was a p p a re n t  t h a t
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even th o u g h  th e  c e l l s  had been  i r r a d i a t e d ,  th e y  needed  a r i c h  medium 

f o r  g row th  and re c o v e ry  from  th e  u l t r a v i o l e t  i r r a d i a t i o n .  However, 

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

w ith  t h e s e  o rg an ism s  h as  shown t h a t  g row th  on a r i c h  medium was some

w hat l e s s  th a n  t h a t  on a  s o - c a l l e d  " su b o p tim a l"  medium. W ainw righ t and 

N e v i l l  (1955) s t a t e d  t h a t  th e  number o f  s u r v iv o r s  o f  E. c o l i  was red u c ed  

when u l t r a v i o l e t  i r r a d i a t e d  c e l l s  w ere in c u b a te d  on a  p e p to n e  r a t h e r  

th a n  a  p o o r medium. A lp e r  and G i l l i e s  (1 9 5 8 a , 1958b) a g re e d  by  show ing 

t h a t  s u r v i v a l  o f  i r r a d i a t e d  E. C o li  B d e c re a se d  i f  p e p to n e  was added 

t o  n u t r i e n t  a g a r  and t h a t  o x o id  b lo o d  a g a r  (a  r i c h  medium) was p o o re r  

f o r  re c o v e ry  th a n  n u t r i e n t  a g a r .  T hese  i n v e s t i g a t o r s  b e l ie v e d  t h a t  

: i n h i b i t i o n  o f  co lo n y  fo rm a t io n  a f t e f  i r r a d i a t i o n  was due i n  p a r t  t o  an 

i n ju r y  w hich l e d  t o  im b a la n c e  i n  th e  s y n t h e t i c  p ro c e s s e s  o f  th e  c e l l ,  

so t h a t  " r e s t o r a t i o n "  would b e  b ro u g h t  a b o u t by  " su b o p tim a l"  g row th  

c o n d i t io n s .  However, more r e c e n t l y ,  W eatherwax ( l9 6 o )  was o b se rv ed  

e x a c t ly  th e  o p p o s i te  r e s u l t .  He fo und  t h a t  E. c o l i  B grown on " su b -  

o p tim a l"  m edia a f t e r  i r r a d i a t i o n  w ere  s u b je c t  to  s t a r v a t i o n .  T h is  

s t a r v a t i o n  prom oted  th e  l i b e r a t i o n  from  c e l l s  t r e a t e d  w ith  u l t r a v i o l e t  

o f  a  l a b i l e  to x ic  m a t e r i a l  w hich  k i l l e d  n e ig h b o r in g  c e l l s  ( s e n s i t i z e d  

by u l t r a v i o l e t  and s t a r v a t i o n )  w hich  n o rm a lly  w ould have s u rv iv e d .

S in ce  th e  g e n e r a t io n  tim e  and m e ta b o lic  r a t e  o f  B . d e r m a t i t i d i s  a r e

much s lo w e r th a n  th o s e  o f  E. c o l i  t h e  r i c h e r  m edia  may have b e en  o f

more v a lu e .  The im b a la n c e  t o  th e  s y n t h e t i c  p ro c e s s e s  b ro u g h t a b o u t by 

i r r a d i a t i o n  c o u ld  h ave  b een  r e s t o r e d  i n  a  much lo n g e r  p e r io d  and th e  

c e l l s  w ould n o t have  need ed  th e  " s u b o p tim a l"  c o n d i t io n  f o r  c o lo n y  f o r 

m a tio n . By th e  tim e  t h ^  w ere re a d y  t o  fo rm  c o lo n i e s ,  t h e  c o n d i t io n

o f  th e  c e l l s  co u ld  have  b e en  su c h  a s  t o  w a r ra n t  " o p tim a l"  c o n d i t i o n s .
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How ever, none o f  th e  m edia u t i l i z e d  t o  grow B las to m y ces was c o n s id e re d  

to  b e  " o p tim a l"  s in c e  even  norm al c e l l s  ap p ea re d  to  b e  i n h i b i t e d  to  

come e x t e n t .  T h is  was p r e v io u s ly  d e m o n s tra te d  i n  th e  d i f f e r e n c e s  b e 

tw een hem ocy tom eter and p l a t e  c o lo n y  c o u n ts .  Even though  th e  i r r a d i a 

t i o n  k i l l e d  th e  more s e n s i t i v e  c e l l s ,  th o s e  w hich  s u rv iv e d  w ere p ro b a b ly  

a l t e r e d  and  no lo n g e r  n o rm a l. F o r  exam ple , th e  SAB 80 medium was b e t t e r  

f o r  g row th  o f  i r r a d i a t e d  th a n  o f  no rm al c e l l s .  I t  was p o s s ib le  t h a t  

th e  o l e i c  a c id  was no lo n g e r  i n h i b i t o r y  o r  t h a t  th e  c e l l s  w ere c a p a b le  

o f  u t i l i z i n g  i t  i n  t h e i r  a l t e r e d  c o n d i t io n ,  î fy c o lo g ic a l  a g a r  and PDA 

w ere p o o r f o r  th e  g ro w th  o f  b o th  norm al and o f  i r r a d i a t e d  c e l l s .  These 

m edia had  th e  lo w e s t  N/CT r a t i o .

T hus, i r r a d i a t e d  c e l l s  o f  B, d e r m a t i t i d i s  w ere n o t i n h i b i t e d  by 

" su b o p tim a l"  c o n d i t io n s  i n  t h i s  i n v e s t i g a t i o n .  The i n a b i l i t y  o f  th e  

u l t r a v i o l e t  i r r a d i a t i o n  to  a l t e r  c o m p le te ly  t h e  c o n d i t io n s  o f  th e  c e l l  

f o r  g row th  c o u ld  be  e x p la in e d  by  th e  m u l t in u c le a r  s t r u c t u r e  o f  each  

c e l l  and th e  th ic k n e s s  o f  t h e  c e l l  w a l l .  The i r r a d i a t i o n  may have 

damaged s e v e r a l  o f  th e  n u c l e i ,  b u t  i f  one rem ained  unharm ed i t  c o u ld  

s t i l l  p e rm it  th e  c e l l  t o  grow and r e q u i r e  th e  same c o n d i t io n s  f o r  grow th 

a s  b e f o r e .

The re c o v e ry  o f  c e l l s  p h o to r e a c t iv a te d  a t  b o th  37 C and 8 G was 

b e s t  on b lo o d  a g a r ,. The o t h e r  m edia  v a r i e d  i n  e f f e c t i v e n e s s  a c c o rd in g  

to  th e  te m p e ra tu re  o f  r e a c t i v a t i o n ,  b u t  a l l  t h e  m edia  p ro v id e d  a  h ig h e r  

p e rc e n ta g e  o f  r e c o v e ry  f o l lo w in g  r e a c t i v a t i o n  a t  8 C th a n  e i t h e r  th e  

i r r a d i a t e d  o r  th e  i r r a d i a t e d  c e l l s  w hich  w ere p h o to r e a c t iv a te d  a t  37 C. 

T h is  was i n  c o n t r a s t  to  t h e  r e s u l t s  o f  K e ln e r  ( I9 h 9 )  who s t a t e d  t h a t  

t h e  r a t e  o f  re c o v e ry  o f  u l t r a v i o l e t  i r r a d i a t e d  S tre p to m y c e s  g r i s e u s  

in c r e a s e d  d i r e c t l y  w ith  p h o t o r e a c t i v a t io n  te m p e ra tu re s  up  to  a b o u t 50 C.
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He assum ed t h a t  th e  s u b s ta n c e s  w hich re n d e re d  th e  c e l l  n o n v ia b le  by 

i r r a d i a t i o n  w ere ozone and p e ro x id e s  w hich  w ere e l im in a te d  by  decom

p o s i t i o n  was assum ed t o  o c c u r  more r a p i d l y  a t  e le v a te d  te m p e r a tu re s .  

B u z ze l (1 9 ^ 6 ) , who a ls o  i n v e s t i g a t e d  th e  e f f e c t s  o f  h e a t  on p h o to re a c 

t i v a t i o n  o f  i r r a d i a t e d  E. c o l i  B, s t a t e d  t h a t  th e  p rim a ry  i r r a d i a t i o n  

a c t io n  was to  t r a n s fo r m  c e l l  m e ta b o l i te s  i n t o  " p o is o n " . T h is  "p o iso n "  

had t o  d i f f u s e  away b e f o r e  h e a t  c o u ld  a c t  on a  s e n s i t i v e  re c o v e ry  s i t e .  

S in c e  th e  c e l l  w a l l  and c e l l  membrane o f  B. d e r m a t i t i d i s  a r e  so t h i c k ,  

i t  may b e  p o s s ib l e  t h a t  th e  "p o iso n "  rem ained  i n s i d e  th e  c e l l ,  u n a b le  

to  d i f f u s e  o u t ,  and th e  h e a t  c o u ld  n o t  a c t  on th e  re c o v e ry  s i t e .  O r, 

p e rh a p s  h e a t  p ro d u ced  an a d d i t i v e  e f f e c t  to  th e  i r r a d i a t i o n  damage, and 

i l l u m in a t io n ,  r e g a r d l e s s  o f  i t s  i n t e n s i t y ,  c o u ld  have no e f f e c t .  R u p e rt 

(1962 ) d e m o n s tra te d  t h i s  by  show ing  t h a t  h e a t  s t a b i l i z e d  th e  com plex 

form ed by i r r a d i a t i o n  i n  t h e  c e l l ,  and t h a t  th e  s t a b i l i z e d  c o n d it io n  

was e l im in a te d  by  i l l u m i n a t i o n .  T h is  p ro d u ced  r e p a i r  and su b se q u e n t 

l i b e r a t i o n  o f  th e  p h o t o r e a c t i v a t io n  enzyme. P re v io u s  e x p e r im e n ta t io n  

w ith  B. d e r m a t i t i d i s  i n  t h i s  l a b o r a to r y  h as  shown i t  to  be  so s e n s i t i v e  

to  h e a t  t h a t  e x p o su re  a t  5? 0 f o r  1$  m in u te s  k i l l e d  th e  c e l l  su sp e n 

s io n s  t e s t e d .  S in c e  B. d e r m a t i t i d i s  i s  so  h e a t  s e n s i t i v e ,  i t  ap p ea red  

t h a t  th e  com plex fo rm ed  by  i r r a d i a t i o n  was s t a b i l i z e d  by th e  37 C 

te m p e ra tu re  and t h a t  th e  8 C te m p e ra tu re  a llo w e d  e l im in a t io n  o f  t h i s  

com plex. The i l l u m in a t io n  a t  th e  lo w e r te m p e ra tu re  c o u ld  th e n  p ro d u ce  

r e p a i r  and l i b e r a t i o n  o f  th e  p h o t o r e a c t i v a t in g  enzym e, w hich  r e s u l t e d  

in  b e t t e r  g row th  on a l l  m ed ia .

As b e f o r e ,  th o s e  m ed ia  w ith  t h e  h ig h e s t  r a t i o s  o f  n i t r o g e n  to  

c a rb o n , th e  h ig h e s t  t o t a l  c o n c e n t r a t io n s  o f  n i t r o g e n ,  and th e  m ost a c 

c e s s o ry  en ric h m e n t f a c t o r s  w ere  th e  b e s t  f o r  g ro w th  o f  B . d e r m a t i t i d i s .
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G lucose  i n c r e a s e d  th e  oxygen u p ta k e  by b o th  f r e s h  and s ta r v e d  

c e l l s  o f  B. d e r m a t i t i d i s . The endogenous r e s p i r a t i o n  o f  b o th  ty p e s  o f  

c e l l s  was s i m i l a r .  B ernheim  (19U2) s t a t e d  t h a t  washed s u s p e n s io n s  o f  

t h i s  o rg an ism  o x id iz e d  g lu c o se ^  m annose, l a c t a t e ,  and p y ru v a te  when 

t e s t e d  man omet r i c  a l l y  and t h a t  s e p a r a t e  enzyme sy stem s w ere in v o lv e d . 

N ic k e rso n  (I9 li9 ) found  t h a t  B. d e r m a t i t i d i s  d e m o n s tra te d  exogenous o x i 

d a t io n  o f  a c e t a t e  and g lu c o s e  a s  w e l l  a s  o x id a t iv e  a s s i m i l a t i o n  o f  

th e s e  s u b s t r a t e s  and t h a t  r e s p i r a t i o n  r a t e s  r a p id ly  in c r e a s e d  w ith  

t h e i r  a d d i t i o n .  L e v in e  and Novak ( l9 ? 6 a )  a g re e d  t h a t  g lu c o s e  and man

nose  s t im u la te d  r e s p i r a t i o n .  B u t th e y  s t a t e d  t h a t  th e  i n t r o d u c t io n  o f  

f a t t y  a c id s  w i th  a  d o u b le  bond d e c re a s e d  th e  oxygen u p ta k e .  The s im i

l a r i t y  i n  th e  oxygen u p ta k e  o f  f r e s h  and s ta r v e d  c e l l s ,  a f t e r  th e  a d d i 

t i o n  o f  g lu c o s e ,  i n d i c a t e d  t h a t  th e  2 ty p e s  o f  c e l l s  w ere a b le  to  u t i l 

i z e  t h i s  s u b s t r a t e  i n  a  co m p arab le  m anner. S in c e  t h i s  s t a r v a t i o n  

p e r io d ,  o f  7 days a t  8 C, had no a p p a re n t  e f f e c t  on th e  b a s ic  m e ta b o lic  

pathw ays o f  th e  c e l l s ,  th e y  w ere p ro b a b ly  i n  a  r e s t i n g  s t a t e .  T h is  

f a c t  was v e r i f i e d  by  th e  co m parison  o f  th e  s i m i l a r  endogenous r e s p i r 

a t io n  r a t e s  o f  t h e  c e l l s .

The u n i r r a d i a t e d  f r e s h  and s t a r v e d  c e l l s ,  w ith  g lu c o s e ,  had 

a p p ro x im a te ly  tw ic e  a s  much oxygen u p ta k e  a s  t h e i r  r e s p e c t iv e  i r r a d i a 

te d  c e l l s .  I t  was a l s o  n o te d  t h a t  th e  oxygen u p ta k e  by  b o th  th e  f r e s h  

and s ta r v e d  I r r a d i a t e d  c e l l s  w ere co m p arab le  w ith  t h e i r  r e s p e c t iv e  u n 

i r r a d i a t e d  c e l l s  f o r  Uo m in u te s ,  a t  w hich  tim e  th e  i r r a d i a t e d  v a lu e s  

d e c re a se d  r a p i d l y .  From t h e s e  r e s u l t s  i t  a p p e a re d  t h a t  th e  u l t r a v i o l e t  

c au sed  an  i n h i b i t i o n  o f  r e s p i r a t o r y  enzyme s y n th e s i s  and t h a t  th e  p r e 

form ed r e s p i r a t o r y  enzym es w ere  n o t  d e s t r o y e d .  T h u s, th e  r e s p i r a t i o n
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wag norm al f o r  a s h o r t  t im e  a f t e r  i r r a d i a t i o n  w h ile  th e  p re fo rm ed  r e s 

p i r a t o r y  enzyme ( s )  was u t i l i z e d ,  and th e n  i t  d e c l in e d  when i t  was 

n e c e s s a r y  f o r  th e  c e l l s  to  s y n th e s iz e  a d d i t i o n a l  r e s p i r a t o r y  enzyme 

( s ) .  T hese  r e s u l t s  w ere s i m i l a r  t o  th o s e  o f  G ie se  and Swanson (19^3) 

who s t a t e d  t h a t  exogenous r e s p i r a t i o n  o f  i r r a d i a t e d  E. c o l i  p a r a l l e l e d  

t h a t  o f  th e  c o n t r o l  f o r  a  p e r io d  a f t e r  i r r a d i a t i o n  and th e n  d e c l in e d .  

B i l l e n  £ t  a l .  (1953) su p p o r te d  t h i s  o b s e r v a t io n  w ith  x - i r r a d i a t e d  E. 

c o l i . They p ro p o se d  t h a t  a d a p t iv e  enzyme fo rm a tio n  was p re v e n te d  by 

i r r a d i a t i o n  and t h a t  i n h i b i t i o n  o f  enzyme s y n th e s i s  r a t h e r  th a n  d e s t r u c 

t i o n  o f  p re fo rm ed  enzyme was r e s p o n s ib l e .  A lth o u g h  G ie se  and Swanson 

(19U7 ) r e p o r te d  an in c r e a s e d  endogenous r e s p i r a t i o n  by  y e a s t  c e l l s  f o l 

lo w in g  u l t r a v i o l e t  i r r a d i a t i o n  and H einm ets and K athan  (195k) found 

oxygen u p ta k e  by  E. c o l i  i n  th e  p re s e n c e  o f  g lu c o s e  was o n ly  s l i g h t l y  

a f f e c t e d  by  u l t r a v i o l e t ,  n e i t h e r  o f  t h e s e  o b s e r v a t io n s  w ere made w ith

B. d e r m a t i t i d i s . T hese d i f f e r e n c e s  w ere p ro b a b ly  due to  th e  m anom etric  

p ro c e d u re s  and to  th e  l e n g th  o f  tim e  i n  w hich  r e s u l t s  w ere re c o rd e d .

P h o to r e a c t iv a t io n  o f  f r e s h  c e l l s  w hich w ere p r e v io u s ly  i r r a d i a t e d  

r e s u l t e d  i n  a p p ro x im a te ly  tw ic e  th e  oxygen u p ta k e  o f  th o s e  f r e s h  i r r a 

d ia t e d  c e l l s  w hich w ere n o t  p h o to r e a c t iv a t e d .  However, t h e  oxygen u p 

ta k e  o f  th e s e  p h o to r e a c t iv a t e d  c e l l s  d id  n o t  e q u a l  t h a t  o f  th e  c e l l s  

w hich w ere u n i r r a d i a t e d .  R e s p i r a t io n  o f  i r r a d i a t e d  s ta r v e d  c e l l s  was 

no d i f f e r e n t  a f t e r  i l l u m i n a t i o n .  From th e s e  r e s u l t s  i t  a p p e a re d  t h a t  

7 days o f  s t a r v a t i o n  e f f e c t e d  a  u t i l i z a t i o n  o r  o th e r  r e d u c t io n  o f  th e  

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

o n ly  th e  v i t a l  enzymes and m echanism s n e c e s s a r y  to  m a in ta in  norm al 

m e ta b o lic  a c t i v i t i e s .  S in c e  t h e s e  a r e  p r i m a r i l y  c o n ta in e d  w i th in  t h e  

n u c le u s ,  i f  i t  was " h i t " ,  t h e  c e l l s  w ould d i e  o r  b e  damaged to  su ch  an
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e x te n t  t h a t  r e p a i r  w ould seem im p o s s ib le .  A p p a re n tly  when f r e s h  c e l l s  

c o n ta in in g  th o s e  a c c e s s a r y  a b s o rb in g  m a te r i a l s  w ere i r r a d i a t e d ,  th e  

damage w hich  was done to  th e  n u c le u s  was n o t  c o m p le te , and r e p a i r  was 

im p o s s ib le .  T h is  v iew  i s  i n  ag reem en t w ith  S a rac h ek  (19?8 ) who s t a t e d  

t h a t  u l t r a v i o l e t - i n d u c e d  r e s p i r a t o r y  d e f ic ie n c y  i n  Saccbarom yces was 

p h o t o r e v e r s i b le ,  and t h a t  th e  n u c le u s  was th e  s i t e  o f  r a d i a t i o n  damage. 

P ittm a n  ^  (1959 ) a g re e d  s in c e  th e y  th o u g h t  t h a t  th e  s i t e  o f  u l t r a 

v i o l e t  damage a f f e c t i n g  r e s p i r a t o r y  com petence i n  y e a s t s  was i n  th e  

n u c le u s .  B u t ,  th e y  a l s o  s t r e s s e d  th e  p o in t  t h a t  p h o t o r e a c t i v a b i l i t y  

o f  a  g iv e n  u l t r a v i o l e t  l e s i o n  d id  n o t  im p ly  by  i t s e l f  t h a t  t h e  r e a c t i v -  

a b le  damage was n u c l e a r ,  s in c e  b o th  n u c le a r  and c y to p la s m ic  damage have 

been  shown to  b e  p h o t o r e v e r s i b l e .  T h is  l a t t e r  p b in t  was a l s o  c o r r e l a t e d  

w ith  th e  i n a b i l i t y  o f  s t a r v e d  c e l l s  to  b e  p h o to r e a c t iv a t e d .  A p p a re n tly , 

t h e  s t a r v a t i o n  p rom oted  l i b e r a t i o n  from  c e l l s  t r e a t e d  w ith  u l t r a v i o l e t  

o f  a  l a b i l e  t o x ic  m a t e r i a l .  T h is  m a t e r i a l  was p ro b a b ly  form ed i n  t h e  

c y to p la s m ic  p o r t io n  o f  th e  c e l l .  S in c e  t h e  s t a r v a t i o n  prom oted  i t s  r e 

l e a s e  o th e r  c o n s t i t u e n t s  from  t h e  c y to p la sm  w ere p ro b a b ly  a l s o  r e l e a s e d ,  

and t h i s  c y to p la s m ic  m a t e r i a l  w hich  was c a p a b le  o f  p h o to r e a c t iv a t io n ,  

(P i t tm a n , 1959) was a b s e n t .  The c y to p la s m ic  m a te r i a l  was p r e s e n t  i n  

f r e s h  c e l l s .  T h e re fo r e ,  i t s  p h o t o r e a c t i v a t io n ,  a lo n g  w ith  t h a t  o f  th e  

enzyme sy s te m s o f  th e  n u c le u s ,  would r e s t o r e  t h e  r e s p i r a t o r y  e f f i c i e n c y  

o f  t h e  f r e s h  c e l l s  to  a lm o s t n o rm a l, a s  was shown t o  o c c u r  i n  B. derm a

t i t i d i s  .

I n  th e  i n v e s t i g a t i o n  o f  th e  am ino a c id s  p r e s e n t  i n  B. d e r m a t i t i 

d i s  U o n e -d im e n s io n a l and 2 2 -d im e n s io n a l  p a p e r  c h ro m a to g ra p h ic  p ro c e 

d u re s  w ere com pared. Of th e  o n e -d im e n s io n a l  sy s te m s  u se d  o n ly  th e  

p y r i d i n e - a c e t i c  a c id - w a te r  and b u t a n o l - p y r id i n e - w a t e r  w ere o f  s i g n i f i c a n t
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v a lu e .  The p h e n o l sy s tem  was n o t good b e c a u se  o f  th e  heavy s t r e a k in g  

i t  p ro d u ced  and th e  s lo w n e ss  o f  d e s c e n t .  M iz e l l  and Simpson ( l 9 6 l )  

w arned t h a t  p h e n o l sh o u ld  n o t  b e  u se d  on chrom atogram s b e c a u se  p h en o l 

o f  s u f f i c i e n t  p u r i t y  was h a rd  to  o b t a in ,  th e  p u r i f i c a t i o n  o f  o b ta in a b le  

p h e n o l i s  l a b o r i o u s ,  t h a t  t h e  amino a c id  s p o ts  have  a  ten d e n cy  to  " t a i l "  

and t h a t  some o f  t h e  common amino a c id s  w ere n o t  s e p a ra te d  by i t .  In  

a d d i t i o n ,  t h i s  i n v e s t i g a t o r  o b se rv e d  t h a t  a f t e r  developm ent o f  th e  

ch rom atog ram s, t h e  p h e n o l l e f t  t h e  p a p e r  d a rk  brow n. T h is  i n t e r f e r r e d  

w ith  th e  i d e n t i f i c a t i o n  o f  th o s e  s p o ts  w hich  w ere v e ry  l i g h t .  The 

bu tan o l-am m o n ia  sy s te m  was l e s s  s a t i s f a c t o r y  th a n  th e  p h e n o l. As Sm ith 

(1 9?8 ) fo u n d , t h e r e  was n o t  an a d e q u a te  sp re a d  o f  th e  s p o ts  and th e  Rf 

d e te rm in a t io n s  w ere v i r t u a l l y  im p o s s ib le  to  make. Of th e  2 one-d im en

s i o n a l  sy s te m s w hich  w ere o f  v a lu e ,  th e  b u ta n o l - p y r id in e - w a te r  s o lv e n t  

was t h e  b e t t e r .  S m ith  fo u n d  t h i s  s o lv e n t  a d e q u a te  f o r  s e p a r a t io n  s in c e  

a  v a r i e t y  o f  amino a c id s  w ere d i s t r i b u t e d  w ith  a  g r e a t  d e g re e  o f  s e p a r 

a t io n  be tw een  s p o t s .  The Rf v a lu e s  e s t a b l i s h e d  by Sm ith  w ere n e a r ly  

th e  same a s  th o s e  i n  th e  p r e s e n t  i n v e s t i g a t i o n .  P y r i d i n e - a c e t i c  a c id -  

w a te r  was a ls o  a  good s o lv e n t  f o r  s e p a r a t io n  and s i m i l a r  Rf v a lu e s  

w ere fo und  a s  th o s e  e s t a b l i s h e d  by  B lock  ^  a l .  (1 9 5 8 ) .

Of th e  2 2 -d im e n s io n a l  s o lv e n t  sy s te m s u s e d ,  th e  b u ta n o l-p y r id in e *  

w a te r  fo llo w e d  by  phenol-am m onia  (S m ith , 1958) was o f  l i t t l e  v a lu e .  

D isa d v a n ta g e s  o f  t h i s  sy s te m  w ere num erous and s i m i l a r  to  th o s e  s t a t e d  

p r e v io u s ly  f o r  a  p h e n o l sy s te m . The second  2-d im e n s io n a l sy s tem  o f  

n - b u ta n o l - a c e t i c  a c id - w a te r  fo llo w e d  by  n -b u ta n o l-m e tb y l  e th y l  k e to n e -  

w a te r  (M iz e l l  and S im pson , 1961) was e x c e l l e n t .  The c o lo r  r e a c t io n s  

w ere s p e c i f i c ,  th e  s p o ts  when com pared to  th e  map p re p a re d  by  M iz e l l  

and Sim pson w ere i n  s i m i l a r  p o s i t i o n s  and th e  R f v a lu e s  w ere s i m i l a r  to
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th o s e  p r e v io u s ly  o b ta in e d .

R e g a rd le s s  o f  th e  sy s te m  u se d  d e c o m p o s itio n  o f  amino a c id s  m ust 

b e  e x p e c te d  d u r in g  ch ro m ato g rap h y  on p a p e r .  Of th e  9 amino a c id s  Moses 

( 1962 ) i n v e s t i g a t e d ,  t h e  e x te n t  o f  d e c o m p o s itio n  d u r in g  ch rom atog raphy  

v a r i e d  from  z e ro  w ith  t y r o s i n e  to  o v e r  lU  p e r  c e n t  w ith  l e u c in e .  Gen

e r a l l y ,  g ly c in e ,  p h e n y la la n in e ,  and l e u c in e  showed th e  g r e a t e s t  d e g re e  

o f  b reakdow n . T h is  d e c o m p o s itio n  c o u ld  b e  m in im ized  by  th e  d i s t i l l a t i o n  

o f  p h e n o l b e f o r e  u s e  and p r e t r e a tm e n t  o f  t h e  p a p e r  w ith  o x a l ic  a c id .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  l e u c in e  was p r e s e n t  i n  a v e iy  low  concen

t r a t i o n .  H ie n y la la n in e  was u n d e te c ta b le .  P a r t i a l  o r  co m p le te  decom

p o s i t i o n  may w e l l  have  a c c o u n te d  f o r  th e s e  o b s e r v a t io n s .  The c o n c e n tr a 

t i o n s  o f  th e  o t h e r  amino a c id s  w ere p ro b a b ly  more th a n  o b s e rv e d , though  

no c o m p a ra tiv e  q u a n t i t a t i v e  d e te rm in a t io n s  w ere made b e f o r e  and a f t e r  

c h ro m a to g rap h y .

T h is  i n v e s t i g a t i o n  h as shown th e  p re s e n c e  o f  22 amino a c id s  i n  

B. d e r m a t i t i d i s . T hese and t h e  r e s u l t s  o f  s i m i l a r  d e te rm in a t io n s  made 

by o t h e r  a u th o rs  a r e  l i s t e d  i n  T a b le  20 .

Those amino a c id s  w hich  w ere p r e s e n t  i n  th e  h ig h e s t  c o n c e n tr a 

t i o n s  i n  t h i s  i n v e s t i g a t i o n  w ere : ( l )  a l a n in e ,  (2 )  a s p a r t i c  a c id ,  ( 3 )

g lu ta m ic  a c i d ,  (U) g l y c i n e ,  and ( ? )  v a l i n e .  T hese  d e te r m in a t io n s  were 

e s t im a te d  q u a l i t a t i v e l y  by  v i s u a l  o b s e r v a t io n  o f  th e  v a r io u s  d e n s i t i e s  

o f  th e  r e s p e c t iv e  s p o t s .  S im i la r  r e s u l t s  w ere  n o te d  i n  q u a n t i t a t i v e  

d e te rm in a t io n s  by  o th e r  i n v e s t i g a t o r s .  S h i io  e t  (1962 ) a l s o  found  

th e s e  amino a c id s  i n  t h e  h ig h e s t  c o n c e n t r a t io n s  i n  B re v ib a c te r iu m  flavum  

w ith  th e  e x c e p tio n  o f  s e r i n e ,  w h ich  he s t a t e d  was a s  c o n c e n tr a te d  a s  

th e  o t h e r s .  S e r in e  was fo und  t o  b e  o f  th e  l e a s t  c o n c e n tr a te d  amino 

a c id s  i n  B. d e r m a t i t i d i s .
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TABLE 20

THE AMINO ACIDS PRESENT IN B. DERMATITIDIS AND 
VARIOUS OTHER ÜRGANISMS

O rganism Amino A c id s  I d e n t i f i e d R e fe re n c e

1 . B la s to iq y c es  p ro l in e , ,  a s p a r a g in e ,  a s p a r t i c  a c id ,
d e r m a t i t i d i s  a l a n i n e ,  v a l i n e ,  g lu ta m ic  a c i d ,  

a r g i n i n e ,  h i s t i d i n e ,  o r n i t h i n e ,  
c i t r u l l i n e ,  c y s t i n e ,  c y s t e in e ,  
s e r i n e ,  g ly c in e ,  t h r e o n in e ,  t a u r i n e ,  
t y r o s i n e ,  B - a la n in e ,  l y s i n e ,  i s o 
l e u c i n e ,  l e u c in e ,  and m e th io n in e .

2 . C h o le ra  and d ia ra in o p im e lic  a c id ,  c y s t i n e ,  l y s i n e ,
c h o le r a - l ik e ' h i s t i d i n e ,  a r g i n i n e ,  a s p a r t i c  a c id ,
v i b r i o s  s e r i n e ,  g l y c o c o l l ,  h y d ro x y p ro l in e ,

g lu ta m ic  a c i d ,  t h r e o n in e ,  a l a n in e ,  
p r o l i n e ,  2 -a m in o b u ty r ic  a c i d ,  t y r o 
s i n e ,  t r y p to p h a n ,  m e th io n in e , v a l i n e ,  
p h e n y la la n in e ,  l e u c in e ,  i s o l e u c in e .

3 . G lo b isp o ru s  C y s t in e ,  h i s t i d i n e ,  l y s i n e ,  a r g i n i n e ,
8t r e p to m y c in i  a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  s e r i n e ,  

g l y c o c o l l ,  t h r e o n i n e ,  a l a n in e ,  t y r o 
s i n e ,  p r o l i n e ,  m e th io n in e , v a l i n e ,  
p h e n y la la n in e ,  l e u c i n e ,  n o r l e u c in e .

U. P é n ic i l l iu m  
cTnysogenum

a la n in e ,  a s p a r t i c  a c i d ,  g ly c in e ,  
g lu ta m ic  a c i d ,  h i s t i d i n e ,  p r o l i n e ,  
v a l i n e

T h is  i n v e s t i 
g a t io n  ( 1963 )

P u s to v a lo v a
(1962 )

P ro k o f ie v a -  
B elgovakaya  and 
Dem yanovaskaya

(1957)

M iln ik o v a  and 
S u rik o v a  (19^7)

P u s to v a lo v a  (1962 ) fo u n d  t h a t  th e  c o n te n t  o f  a s p a r t i c  and g l u t a 

mic a c i d s ,  a l a n in e ,  l e u c i n e ,  and i s o l e u c in e  exceeded  th e  c o n c e n tr a t io n  

o f  th e  o th e r  amino a c id s  by  a s  much a s  2 t o  3 t im e s .  L eu c in e  and i s o 

le u c in e  w ere n o t  p r e s e n t  i n  h ig h  c o n c e n t r a t io n s  i n  B. d e r m a t i t i d i s  a s  

d e te rm in e d  in  t h i s  i n v e s t i g a t i o n .  H ow ever, he a l s o  found  t h a t  a r g in in e  

and h y d ro x y p ro lin e  w ere lo w  i n  c o n c e n t r a t i o n s .  T h is  was t r u e  o f  a r g i 

n in e  i n  B. d e r m a t i t i d i s  b u t  h y d ro x y p ro l in e  was n o t  d e te c te d  by  m ethods 

employed i n  t h i s  i n v e s t i g a t i o n .  Das G upta and N and i (1 9 ? 6 ) ,  w h ile
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w o rk in g  w ith  3 s p e c ie s  o f  P o ly p o ru S j i d e n t i f i e d  th e  m ost common amino 

a c id s  a s  a s p a r t i c  and g lu ta m ic  a c i d s ,  s e r i n e ,  g ly c in e ,  a l a n in e ,  v a l i n e ,  

m e th io n in e , and l e u c i n e .  The amino a c id s  i d e n t i f i e d  i n  t h i s  i n v e s t i g a 

t i o n  and th o s e  i d e n t i f i e d  by  o t h e r s  w ere q u i t e  co m p arab le , a l th o u g h  

some v a r i a t i o n  was fo u n d  (T a b le  2 0 ) .  R easons f o r  d i f f e r e n c e s  c o u ld  

have b e en  i n  t h e  m ethods em ployed and a p p l i c a t io n  o f  r e c e n t l y  d ev e lo p ed  

t e s t s  f o r  i d e n t i f i c a t i o n .  An exam ple o f  t h i s  was shown by P u s to v a lo v a  

(1962 ) who t r e a t e d  h i s  c h ro m a to g ra p h ic  p a p e r  w ith  8 -h y d ro x y q u in o lin e  

d is s o lv e d  i n  n - b u t a n o l - a c e t i c  a c id - w a te r  i n  o r d e r  to  a id  i n  th e  s e p a r 

a t i o n  o f  th e  amino a c id  s p o t s .  Moses (1 9 6 2 ) , a s  s t a t e d  p r e v io u s ly ,  

d is c o v e re d  d e c o m p o s itio n  o f  amino a c id s  d u r in g  p a p e r  ch ro m ato g rap h y .

T h is  d e c o m p o s itio n  was d e c re a s e d  by  t r e a tm e n t  o f  th e  p a p e r  w ith  o x a l i c  

a c id .  The p a p e r  u se d  i n  t h i s  i n v e s t i g a t i o n  was n o t  t r e a t e d .  A ls o , th e  

a b sen ce  o f  c e r t a i n  amino a c id s  on chrom atogram s p re p a re d  i n  t h i s  in v e s 

t i g a t i o n  may have in d i c a t e d  an i n s i g n i f i c a n t  amino a c id  c o n c e n tr a t io n  

w hich was u n d e te c ta b le  b y  th e  m ethods em ployed. F o r  th e  m ost p a r t ,  

th o s e  amino a c id s  p r e s e n t  i n  th e  h ig h e s t  c o n c e n tr a t io n  a s  w e ll  a s  th o s e  

w hich w ere p r e s e n t  i n  much lo w e r c o n c e n t r a t io n s  i n  o th e r  i n v e s t i g a t i o n s  

w ere th e  same a s  th o s e  fo u n d  i n  B. d e r m a t i t i d i s .

The amino a c id s  i n  u l t r a v i o l e t  i r r a d i a t e d  c e l l s  w ere l e s s  con

c e n t r a t e d  th a n  i n  u n i r r a d i a t e d  c e l l s .  A s p a r t i c  a c i d ,  g lu ta m ic  a c id  and 

g ly c in e  w ere a l t e r e d  th e  l e a s t .  The a la n in e  s p o t  was l i g h t e r  th a n  th o s e  

and th e  v a l i n e  s p o t  was a lm o s t u n d e te c t a b l e .  T w o-d im ensional ch rom ato 

gram s show ed, i n  a d d i t i o n ,  t h a t  a r g i n i n e ,  a s p a r a g in e ,  c i t r u l l i n e ,  h i s t i 

d in e ,  o r n i t h i n e ,  t a u r i n e ,  t h r e o n i n e ,  and t y r o s i n e  d is a p p e a re d  from  

i r r a d i a t e d  c e l l s .  The chrom atogram s o f  t h e  i r r a d i a t e d  c e l l s  dem ons

t r a t e d  b e t t e r  s e p a r a t io n  o f  t h e  am ino a c id  s p o t s  th a n  th o s e  o f  th e
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u n i r r a d i a t e d  c e l l s .  T h is  was p ro b a b ly  due t o  th e  d e c re a s e  i n  concen 

t r a t i o n  o f  some o f  th e  amino a c id s  and th e  co m p le te  e l im in a t io n  o f  

o t h e r s ,  as d e m o n s tra te d  b y  th e  2 -d im e n s io n a l  chrom atogram .

Of t h e  8 amino a c id s  w hich  w ere u n d e te c ta b le  a f t e r  i r r a d i a t i o n ,  

a r g i n i n e ,  c i t r u l l i n e ,  and h i s t i d i n e  w ere b a s ic  animo a c id s .  From t h i s  

i t  a p p e a re d  t h a t  th e  b a s i c  amino a c id s  w ere th e  b e s t  a l t e r e d  by  u l t r a 

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

I t  a p p e a re d  from  th e  d a ta  o f  t h i s  i n v e s t i g a t i o n  t h a t  u n d i s s o c i 

a te d  am ino a c id s  may a b so rb  l e s s  u l t r a v i o l e t  i r r a d i a t i o n  th a n  th o s e  

w hich w ere d i s s o c i a t e d .  T h e re fo r e ,  t h e  g r e a t e r  th e  c h a rg e ,  t h e  more 

th e  a b s o r p t io n  and th e  z w i t t e r i o n ,  o r  n e u t r a l  fo rm , would b e  a f f e c te d  

th e  l e a s t .  T h is  was d e m o n s tra te d  by  th e  2 -d im e n s io n a l  chrom atogram  and 

th e  amino a c id s  w h ich  d is a p p e a re d  a f t e r  i r r a d i a t i o n .  Seven o f  th e s e  8 

w ere e i t h e r  p o s i t i v e l y  o r  n e g a t iv e ly  ch a rg ed  and o n ly  one was n e u t r a l .

The f a c t  t h a t  t h e  b a s i c  amino a c id s  a p p e a re d  t o  b e  m ore a f f e c t e d  th a n  

th e  a c i d i c  amino a c id s  was p ro b a b ly  due to  th e  c o n c e n tr a t io n  o f  th e s e  

a c id s  p r e s e n t  i n  th e  c e l l .  S in c e  th e  a c i d ic  amino a c i d s ,  g lu ta m ic  and 

a s p a r t i c  a c i d s ,  w ere  p r e s e n t  i n  su ch  h ig h  c o n c e n t r a t io n s  th e y  n e v e r  

d is a p p e a re d  a f t e r  i r r a d i a t i o n .  How ever, t h e  b a s ic  amino a c i d s ,  a r g i n i n e ,  

h i s t i d i n e ,  and c i t r u l l i n e ,  w ere  p r e s e n t  i n i t i a l l y  i n  v e ry  low  c o n c e n tr a 

t i o n s  a n d , b e c a u se  th e y  w ere h ig h ly  c h a rg e d , t h e  i r r a d i a t i o n  re d u c e d  

them  to  u n d e te c ta b le  c o n c e n t r a t i o n s .  T h ese  r e s u l t s  a r e  i n  ag reem en t 

w ith  N a k a n ish i ( 1 9 ) .  He s t a t e d  t h a t  an  a d d i t i o n  o f  u r e a  to  a  t y r o 

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

by t y r o s i n e .  T h is  d e m o n s tra te d  t h e  s u p p r e s s in g  e f f e c t  o f  th e  u r e a  on 

th e  d i s s o c i a t i o n  o f  th e  -OH g ro u p s  a s  w e l l  a s  -COOH g ro u p s .

I t  was a l s o  i n t e r e s t i n g  t o  n o te  t h a t  o f  th e  3 common amino a c id s
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w hich  w ere n o t  d e te c te d  i n  t h i s  i n v e s t i g a t i o n ,  t ry p to p h a n  and p h e n y la la 

n in e  c o n ta in e d  6 -membered c y c l ic  r i n g s  and th e  t h i r d ,  h y d ro x y p ro l in e , 

c o n ta in e d  a  5-m em bered c y c l i c  r i n g .  T h is  would seem t o  d e m o n s tra te  t h a t  

t h e s e  r i n g  s t r u c t u r e s ,  w i th  t h e i r  d o u b le  b o n d s , w ere e a s i l y  b ro k en  by  

c h e m ic a l p h y s ic a l  f a c t o r s .

The amino a c id s  o f  B. d e r m a t i t i d i s  w ere p ro b a b ly  lo c a te d  i n  2 

d i s t i n c t  " p o o ls "  w hich  w ere  a s s o c ia t e d  w ith  p r o t e i n  s y n th e s i s .  A ccord 

in g  t o  Z a la k e r  ( I 9 6 l )  C and ida  a l s o  c o n ta in e d  th e s e  " p o o ls " .  He c o n c lu d ed  

t h a t  t h e  exogenous amino a c id s  e n te re d  th e  "e x p a n d a b le  p o o l"  w here th e y  

accu m u la ted  and t h a t  p r e c u r s o r s  f o r  p r o t e i n  s y n th e s i s  w ere  ta k e n  d i r e c t l y  

from  th e  " i n t e r n a l  p o o l" .  T here  was f r e e  exchange b e tw een  th e  e x te r n a l  

p r e c u r s o r s  and t h e  " e x p a n d a b le  p o o l" ,  w h ile  th e  " i n t e r n a l  p o o l"  to o k  up 

amino a c id s  o n ly  a t  t h e  r a t e  o f  t h e i r  u s e  i n  p r o t e i n  s y n t h e s i s .  The 

u l t r a v i o l e t  damage t o  th e  amino a c id s  was m ost l i k e l y  to  b e  i n  th e s e  

2 " p o o ls " .  I f  th e y  w ere  i n a c t i v a t e d  by  t h e  u l t r a v i o l e t  w h ile  i n  th e  

" i n t e r n a l  p o o l" ,  t h e i r  i n c o r p o r a t io n  i n t o  r ib o n u c le o p r o te in  (RNP) would 

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

s i s .  T hus, th e y  w ould n o t  b e  a b le  to  form  a  com plex w ith  s o lu b le  RHA 

and b e  s u b s e q u e n tly  t r a n s f e r r e d  to  RNP (Takanarai and Okamoto, I 9 6 0 ) .

T h is t r a n s f e r  a c t i o n  w ould  b e  c a ta ly z e d  by  an  enzyme and Takanam i and 

Okamoto ( i9 6 0 )  r e f e r r e d  to  i t  a s  " t r a n s f e r r i n g  enzym e". A n o th e r f a c t  

w hich sh o u ld  b e  m en tio n ed  i s  t h a t  p r o t e i n  s y n th e s i s  i s  d ep en d en t on RNA 

s y n th e s i s .  S in c e  t h i s  i n v e s t i g a t i o n  h a s  shown a m arked e f f e c t  o f  u l t r a 

v i o l e t  on RNA and am ino a c i d s ,  w hich  a r e  n e c e s s a ry  f o r  p r o t e i n  s y n t h e s i s ,  

th e  e f f e c t s  o f  u l t r a v i o l e t  on p r o t e i n  s y n t h e s i s  c o u ld  v a ry .  S e tlo w  and 

H anaw alt ( i9 6 0 )  s t a t e d  t h a t  t h e  e f f e c t s  o f  u l t r a v i o l e t  i r r a d i a t i o n  on 

RNA and p r o t e i n  s y n th e s i s  w ere  t h e  sam e. A ls o , t h a t  p r o t e i n  s y n th e s i s
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was m ore s e n s i t i v e  th a n  RNA. s y n th e s i s  due to  damaged DNA s p e c i f y in g  

"n o n se n se "  RNA w hich  c o u ld  n o t  s u s t a i n  p r o te in  s y n t h e s i s .  T hus, th e  

damage to  th e  amino a c id s  o f  B- d e r m a t i t i d i s  a p p e a rs  to  have b een  due 

t o  s e v e r a l  f a c t o r s .  F i r s t ,  t h e  DNA may have b een  dam aged, s p e c i f y in g  

"n o n se n se ” RNA, w hich  r e s u l t e d  i n  abnorm al p r o t e i n  s y n th e s i s -  Second, 

th e  i n a c t i v a t e d  amino a c id s  may n o t have  been  in c o rp o ra te d  i n to  RNP.

Or f i n a l l y ,  t h a t  one o r  m ore o f  th e  enzym es r e s p o n s ib le  f o r  th e s e  

m echanism s may h av e  b een  dam aged. I t  seem s more p ro b a b le  th o u g h  t h a t  

th e  a c t u a l  damage t o  th e  amino a c id s  was i n  th e  " i n t e r n a l  p o o l"  and 

t h a t  b e c a u se  o f  t h i s ,  t h e  p r o t e i n  s y n th e s i s  was a f f e c t e d  i n  2 w ays.

F i r s t ,  by  th e  i n a b i l i t y  t o  u t i l i z e  t h e s e  i n a c t i v a t e d  amino a c i d s ,  and 

s e c o n d ly , by  t h e i r  d is a p p e a ra n c e  from  th e  " i n t e r n a l  p o o l" .  The u l t r a 

v i o l e t  a p p a r e n t ly  damaged t h e  c e l l  membrane and a llo w ed  th e  amino a c id s  

o r  t h e i r  i r r a d i a t i o n  p ro d u c ts  t o  d i f f u s e  from  t h e  c e l l  i n to  th e  su rro u n d 

in g  medium. F o r  exam ple , t h i s  i n v e s t i g a t i o n  h a s  a ls o  shown t h a t  s t a r v a 

t i o n  o f  B . d e r m a t i t i d i s  a t  37 C d e c re a s e d  th e  amino a c id  c o n c e n tr a t io n s  

i n  th e  c e l l  and  a llo w e d  l a r g e  q u a n t i t i e s  o f  ammonia to  acc u m u la te  in  

th e  su sp e n d in g  l i q u i d .  T h is  a m in o -a c id  d e c re a s e  was more p ronounced  

i f  th e  c e l l s  w ere i r r a d i a t e d  a f t e r  s t a r v a t i o n .  I t  was i n t e r e s t i n g  to  

n o te ,  how ever, t h a t  s t a r v a t i o n  f o r  one day  d e c re a s e d  th e  amino a c id  

c o n c e n tr a t io n s  m ore m ark e d ly  th a n  d id  u l t r a v i o l e t  e x p o su re  w ith o u t  a 

s t a r v a t i o n  p e r io d .  A ls o , th o s e  c e l l s  w hich  w ere s ta r v e d  f o r  th e  lo n g 

e s t  p e r io d  and th e n  i r r a d i a t e d  had  th e  lo w e s t  c o n c e n tr a t io n  o f  amino 

a c id s .  A p p a re n t ly ,  t h e  s t a r v a t i o n  a lo n e  c au sed  th e  c e l l s  t o  u t i l i z e  

th e  amino a c id s  i n  th e  2 " p o o ls "  f o r  s y n t h e s i s  o f  p r o t e in  and f o r  f u l 

f i l l m e n t  o f  a  n u t r i e n t  c a rb o n  d e f i c i e n c y .  W ith  s t a r v a t i o n  th e  u l t r a 

v i o l e t  i r r a d i a t i o n  p ro d u ced  an  a d d i t i v e  e f f e c t  on amino a c id  co n ee n -
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t r a t i o n s  a l lo w in g  l o s s  o f  c e r t a i n  m a t e r i a l s  from  th e  c e l l*  T h is  may 

have a c c o u n te d  f o r  t h e  f a i l u r e  to  d e m o n s tra te  p h o to r e a c t iv a t io n  o f  amino 

a c id  l e v e l s  i n  i r r a d i a t e d  c e l l s .

U l t r a v i o l e t  i r r a d i a t i o n  p ro d u ced  a d e f i n i t e  d e c re a s e  i n  th e  con

c e n t r a t i o n s  o f  b o th  RNA and DNA i n  B . d e r m a t i t i d i s . The lo n g e r  th e  

u l t r a v i o l e t  was a d m in is te r e d ,  th e  g r e a t e r  was th e  d e c re a s e  i n  t h e  con

c e n t r a t i o n  o f  RNA. T h is  d e c re a s e  may have b een  due t o  a  l o s s  o f  i n t r a 

c e l l u l a r  RNA fro m  t h e  c e l l s  th ro u g h  th e  damaged c e l l  membrane. I t  was 

l i k e l y  t h a t  t h e  g r e a t e s t  e f f e c t  o f  th e  u l t r a v i o l e t  was t o  th e  " s o lu b le ” 

RNA w hich  i s  r e s p o n s ib l e  f o r  p r o t e i n  s y n t h e s i s .  D ra k u lic  e t  a l .  ( l 9 6 l )  

showed a  l o s s  o f  i n t r a c e l l u l a r  RNA from  E. c o l i  B. They a ls o  b e l ie v e d  

t h e  e f f e c t  o f  th e  u l t r a v i o l e t  was a  d i s tu r b a n c e  i n  th e  m e tab o lism  o f  

th e  RNA w hich  c o n s i s t e d  c h i e f l y  o f  a  d e c re a s e d  in c o r p o r a t io n  o f  a d e n in e  

i n t o  " p a r t i c u l a t e "  RNA and  a  g r e a t e r  i n c o r p o r a t io n  i n t o  th e  " s o lu b le ” 

RNA. T h e re fo re ,  th e y  c o n c lu d e d  t h a t  a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  th e  

" p a r t i c u l a t e "  RNA s y n th e s iz e d  d id  n o t  f in d  i t s  p r o t e i n  p a r t n e r  and b e 

came s o lu b le ;  S e tlo w  and H anaw alt ( i9 6 0 )  and D ra k u lic  e t  a l .  (1961) 

s t a t e d  t h a t  " p a r t i c u l a t e "  RNA s y n th e s i s  was c o n s ta n t  i n  th e  a b sen c e  o f  

DNA s y n t h e s i s .  H ow ever, b o th  t h e  " s o l u b l e ” RNA and p r o t e i n  s y n th e s e s  

in c r e a s e d  s in c e  " p a r t i c u l a t e "  RNA s y n t h e s i s  was d e te rm in e d  i n  p a r t  by  

th e  number o f  i n t a c t  DNA " u n i t s "  i n  t h e  c e l l .  They a ls o  found  t h a t  

damage t o  one s t r a n d  o f  DNA was s u f f i c i e n t  f o r  u n i t  e f f e c t  on p r o t e i n  

s y n th e s i s ,  b u t  b o th  s t r a n d s  m ust b e  damaged f o r  u n i t  e f f e c t  on RNA 

s y n t h e s i s .

The c o n c e n t r a t io n  o f  DNA i n  u l t r a v i o l e t  i r r a d i a t e d  B . d e r m a t i t i 

d i s  d e c re a s e d  v e ry  r a p i d l y .  H ow ever, t h e  l e n g t h  o f  e x p o su re  d id  n o t  

have an  a d d i t i v e  e f f e c t .  K a n a z ir  and E r r e r a  (195U) and K e ln e r  (1 9 5U)
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a l s o  o b se rv e d  t h i s  im m ed ia te  b u t  co m p le te  i n h i b i t i o n  o f  DNA s y n th e s i s  

a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  may have b een  a  r e s u l t  o f  s e v e r a l  f a c t o r s .  

The m ost p ro b a b le  r e a s o n  was th e  i n t e r f e r e n c e  i n  r e p l i c a t i o n  th ro u g h  

a l t e r a t i o n  o f  t h e  DNA s t r u c t u r e  (K im b a ll, 1957)* T h is  a l t e r a t i o n  may 

have  w eakened t h e  s t a b i l i t y  o f  th e  h e l i x  s t r u c t u r e  from  an i n t e r f e r e n c e  

i n  no rm al hydrogen  b o n d in g , o r  c r o s s  l in k a g e  o f  th e  DNA s t r a n d s  may 

have o c c u r re d  w i th  d im er fo rm a tio n  o f  thym ine  (Marmur e t  a l . , I 961 ) .

The th y m in e  may a l s o  have  c o n v e r te d  to  IPT ( i r r a d i a t i o n  p ro d u ce  o f  

thym ine) w hich was r e s p o n s ib le  f o r  th e  l e t h a l  e f f e c t s  (B eu k ers  and 

B e re n d s , 1 9 6 1 ) .  S in c e  t h e  p u r in e s  and p y r im id in e s  a b so rb  th e  u l t r a 

v i o l e t  i r r a d i a t i o n  and p re v e n t  th e  u n c o i l in g  o f  th e  h e l i x  by  d im e r i-  

z a t io n ,  t h e r e  may a l s o  have  b e en  a  s h i f t  to w ard  th e  k e to  form  o f  th e  

h y d ro x y l g ro u p s  W iich cau se d  a  s t r e n g th e n in g  o f  hydrogen  bo n d s and a  

p r e v e n t io n  o f  th e  h e l i x  s e p a r a t io n  w hich  p re v e n te d  DNA s y n th e s i s  (K lo u - 

wen, 1962 ) •

B o th  RNA and  DNA c o n c e n t r a t io n s  i n  B. d e r m a t i t i d i s  in c r e a s e d  i n  

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

p r o p o r t io n a l  t o  th e  l e n g th  o f  p h o t o r e a c t iv a t io n  a lth o u g h  c o n c e n tr a t io n s  

o f  th e  n u c le ic  a c id s  n e v e r  e q u a l le d  o r  s u rp a s s e d  t h a t  o f  th e  u n i r r a d i 

a te d  c e l l s .  M echanism s f o r  t h e  p h o t o r e a c t i v a b i l i t y  o f  th e  n u c le ic ,  

a c id s  c o u ld  b e  e x p la in e d  i n  v a r io u s  w ays. I t  was b e l ie v e d  t h a t  w ith  

E. c o l i  t h e  r e ju v e n a t io n  o f  t h e  n u c le ic  a c id s  b a s i c a l l y  in v o lv e d  th e  

r e p a i r  o f  damaged DNA r a t h e r  th a n  i n c r e a s i n g  DNA s y n t h e s i s ,  and t h a t  

t h e  su b se q u e n t s y n t h e s i s  o f  RNA depended  on th e  fo rm e r  r a t h e r  th a n  th e  

l a t t e r  e f f e c t .  B u t ,  p h o t o r e a c t i v a t io n  o f  RNA s y n t h e s i s  c o u ld  o c c u r  i n  

th e  a b sen c e  o f  DNA s y n t h e s i s  (H an aw alt and B u e h le r ,  I 9 6 0 ) .  A ls o , t h e r e  

may have b een  enzym es i n  t h e  p h o to r e a c t iv a b le  c e l l s  w hich  com bined w ith
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u l t r a v i o l e t  l e s i o n s  i n  DNA, a b so rb e d  l i g h t  and r e p a i r e d  th e  u l t r a v i o l e t  

damage to  t r a n s fo rm in g  DNA (R u p e r t ,  1961 , 1 9 6 2 ) .

M ice w ere h ig h ly  s u s c e p t ib l e  t o  i n t r a p e r i t o n e a l  i n o c u la t io n s  o f  

B. d e r m a t i t i d i s . V i s ib l e  l e s i o n s  w ere u s u a l ly  a p p a re n t  on th e  l i v e r  

and d iaph ragm  o f  an  i n f e c t e d  a n im a l and som etim es on e i t h e r  th e  l a r g e  

o r  s m a ll  i n t e s t i n e .  "Working w ith  H is to p la sm a  c a p su la tu m , how ever,

Rowley and H uber (1 95?) fo und  t h a t  g ro s s  l e s i o n s  w ere n o t p r e s e n t  i n  

m ice s a c r i f i c e d  U-6 weeks a f t e r  i n j e c t i o n  w ith  10 to  100 " g ro u p s” o f  

c e l l s .  Two, 8 o r  10 X 10^ (T su b u ra  e t  a l . ,  1962) y e a s t  c e l l s  o f  H. 

c a p su la tu m  k i l l e d  ?0 -100  p e r  c e n t  o f  th e  m ice 60 days a f t e r  i n t r a p e r i 

t o n e a l  i n j e c t i o n .  S in c e  th e  maximum c o n c e n tr a t io n  o f  B. d e r m a t i t i d i s  

c e l l s  in o c u la te d  was 2 x  10^ o n ly  2 i n j e c t e d  m ice d ie d  b e f o r e  a u to p s y .

At a u to p sy  no s ig n s  o f  i n f e c t i o n  w ere o b se rv e d  in  th e s e  m ice .

B ra n d sb e rg  ^  a l .  (1963) fo und  w h ite  S w iss m ice t o  b e  v e ry  s u s 

c e p t ib l e  t o  i n t r a p e r i t o n e a l  i n o c u la t i o n s  o f  t h e  m y c e lia l  ph ase  o f  B. 

d e r m a t i t i d i s . They s t a t e d  t h a t  th e  number o f  v i a b l e  p a r t i c l e s  n e c e s s a ry  

to  p roduce  a  h ig h  p e r  c e n t  o f  i n f e c t i o n s  was i n  e x c e ss  o f  100 . I n  t h i s  

i n v e s t i g a t i o n  10  " v i a b l e  p a r t i c l e s ” o f  th e  y e a s t  ph ase  co u ld  p roduce  an 

i n f e c t i o n .  A lth o u g h  th e  d e t a i l s  o f  th e  B ra n d sb e rg  s tu d y  a r e  n o t  p r e s 

e n t ly  a v a i l a b l e ,  t h i s  d i f f e r e n c e  may b e  a t t r i b u t a b l e  t o  th e  u se  o f  

m ucin -su spended  c e l l s  th ro u g h o u t  t h i s  i n v e s t i g a t i o n .  Howell and K epkie 

Cl9?0) a ls o  found  t h a t  c e l l s  su sp en d ed  i n  m ucin p roduced  a l a r g e r  p e r  

c e n t  o f  d e a th s  th a n  s i m i l a r  d o sa g e s  su sp en d ed  i n  s a l i n e .  S a lv in  (19?U) 

found  t h a t  H. c a p su la tu m  su sp en d ed  i n  m ucin was 20 p e r  c e n t  more e f 

f e c t i v e  th a n  s a l i n e  s u s p e n s io n s .  C am pbell and S aslow  (19?0) s t a t e d  

t h a t  t h i s  same o rg an ism  was r a r e l y  i s o l a t e d  from  m ice when i t  was i n 

j e c t e d  i n t r a p e r i t o n e a l l y  su sp en d ed  i n  s a l i n e ,  b u t  was c o n s i s t e n t l y
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i s o l a t e d  from  m ice when su sp en d ed  i n  m ucin .

F o llo w in g  i n j e c t i o n  o f  t h e  y e a s t  p h ase  o f  B. d e r m a t i t i d i s  Howard 

and H erndon ( i9 6 0 )  assum ed t h a t  i t  was n o t  a f f e c t e d  by p h a g o c y to s is .

I t  seem ed r a t h e r  u n l ik e l y  to  them  t h a t  t h i s  o rg an ism  co u ld  b e  phagocy- 

t i z e d  s in c e  t h e  c e l l s  a r e  o f t e n  t h e  same s i z e  a s  an a v e ra g e  w h ite  b lo o d  

c e l l .  Young (1 9 5 8 ) ,  how ever, found  t h a t  th e  y e a s t  p h ase  o f  C. a lb ic a n s  

was more r e a d i l y  p h a g o c y tiz e d  th a n  th e  n y c e l i a l  p h ase  and f o r  t h a t  r e a 

son  he assum ed th e  m y c e lia l  p h a se  to  b e  th e  i n f e c t i o u s  fo rm . T h is  o r 

ganism  when i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  newborn m ice a f f e c te d  th e  

l i v e r  and k id n e y s  and s t r o n g ly  su g g e s te d  a  g ly co g en  s to r a g e  d i s e a s e  

(M ankowski, 1 9 6 2 ) . Though t h i s  p o in t  has n o t b een  d ev e lo p ed  by p r e 

v io u s  i n v e s t i g a t i o n s  i t  was n o te d  t h a t  B. d e r m a t i t i d i s  a l s o  e s ta b l i s h e d  

i n f e c t i o n  i n  th e  l i v e r .

A c c o rd in g  to  Peck  ( l 9 b 7 ) ,  t h e  l i p i d  c o n s t i t u e n t s  o f  p a th o g e n ic  

fu n g i  have a  s i g n i f i c a n t  r o l e  i n  th e  m echanism  o f  th e  i n f e c t i o u s  d i s 

e a s e .  I t  was n o t  known a t  th e  t im e  w h e th e r  t h i s  was a  r e s u l t  o f  th e  

l i p i d s  a s  a  w hole o r  o f  a  d e f in e d  p o r t i o n ,  such  a s  th e  a c e to n e - s o lu b le  

f r a c t i o n  o f  p h o s p h o lip id  o r  even o f  some sm a ll p o r t io n  o f  th e s e  compon

e n ts .  A l-D ooiy  and L a rsh  (1 9 6 2 ) s t a t e d  t h a t  th e  t o t a l  l i p i d s  c an n o t be  

c o n s id e re d  th e  o n ly  r e s p o n s ib l e  f a c t o r  i n  th e  m echanism  o f  th e  i n f e c 

t i o u s  d i s e a s e  s in c e  some n o n -p a th o g e n ic  f u n g i  have  more l i p i d s  th a n  th e  

p a th o g e n s . Peck  (19U?) a l s o  r e p o r t e d  t h a t  th e  a b se n c e  o f  th e  ca rb o h y 

d r a te - c o n ta in in g  p h o s p h o l ip id  i n  a l l  b u t  one o f  th e  n o n p a th o g e n ic  o r 

gan ism s was th e  m ost - s i g n i f i c a n t  v a r i a t i o n  be tw een  th e s e  and th e  p a th o 

gens w ith  r e s p e c t  t o  t h e i r  f r e e  l i p i d .

When com pared w ith  th e  r e f e r e n c e s  c i t e d ,  th e  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n  have shown t h a t  B . d e r m a t i t i d i s  was more l i k e l y  t o  cau se
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an i n f e c t i o n  th a n  c e r t a i n  o th e r  p a th o g e n ic  f u n g i ,  and t h a t  few er c e l l s  

w ere needed  t o  e s t a b l i s h  th e  i n f e c t i o n  i n  s u s c e p t ib l e  a n im a ls  (Toung, 

1958 , and T su b u ra  e t  , 1 9 6 2 ) . A cco rd in g  to  A l-D oory and L a rsh  (1962) 

th e  r e l a t i v e  l i p i d  c o n te n ts  m ig h t e x p la in  t h i s  o b s e r v a t io n .  T hese 

a u th o r s  and o th e r  i n v e s t i g a t o r s  found  t h a t  th e  y e a s t  p h ase  o f  B. d e r -  

m a t i t i d i s  c o n ta in e d  10 p e r  c e n t  by  w e ig h t more t o t a l  l i p i d s  th a n  e i t h e r

H. c a p su la tu m  o r  £ .  a l b i c a n s . They a ls o  d is c o v e re d  t h a t  th e  l i p i d  ex

t r a c t  o f  p a th o g e n ic  f u n g i  p roduced  th e  same t i s s u e  r e a c t i o n s  when i n 

j e c te d  a s  d id  w hole c e l l s .  I t  was a p p a re n t  t h a t  more in fo rm a tio n  i s  

needed to  p ro v id e  a  b a s i s  f o r  a  b e t t e r  e v a lu a t io n  o f  th e  d e g re e  in  

w hich l i p i d s  o f  p a th o g e n ic  f u n g i  p a r t i c i p a t e d  i n  th e  r o l e  o f  p a th o lo 

g i c a l  r e a c t i o n s  accom panying  i n f e c t i o n s .  The a p p l i c a t io n  o f  p u r i f i e d  

f r a c t i o n s  m ig h t r e v e a l  a  b e t t e r  answ er to  th e  r e a l  r o l e  o f  l i p i d s  i n  

th e  m echanism  o f  e ac h  o f  th e  i n f e c t i o u s  p r o c e s s e s .  S in c e  B. d e r m a t i t id i s  

does n o t  c o n ta in  o r  p ro d u c e  t o x i n s ,  t h e  i n i t i a l  e f f e c t  was p ro b a b ly  due 

to  t h e  l i p i d  c o n te n t  w hich cau sed  an in f la m m a to ry  re s p o n se  t o  i n f e c t i o n  

by e i t h e r  a  s u p p u r a t iv e  o r  g ran u lo m a to u s  r e a c t i o n ,  fo llo w e d  by  norm al 

c e l l  d iv i s io n  and g ro w th . The a c t u a l  d e s t r u c t iv e  e f f e c t s  o f  t h e  o rg a n 

ism  w ere p ro b a b ly  r e l a t e d  d i r e c t l y  to  th e  r a p id  p r o l i f e r a t i o n  o f  th e  

fungus i n t r a c e l l u l a r l y  and e x t r a c e l l u l a r l y  r a t h e r  th a n  to  th e  d e p le t io n  

o f  e s s e n t i a l  c e l l  n u t r i e n t s  by  th e  g ro w th  and m e tab o lism  o f  t h e  o rg a n 

ism  (Howard and H erndon , I 9 6 0 ) .

I t  was a l s o  n o te d  i n  t h i s  i n v e s t i g a t i o n  t h a t  fem a le  m ice w ere 

more s u s c e p t ib l e  th a n  m a les  t o  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  B. derm a

t i t i d i s  . T h is  was p ro b a b ly  due t o  horm onal d i f f e r e n c e s  be tw een  th e  

s e x e s .

U l t r a v i o l e t  i r r a d i a t e d  c e l l s  p ro d u ce d  a lo w e r  p e rc e n ta g e  o f
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i n f e c t i o n s  th a n  i i n i r r a d i a t e d  c e l l s ,  and a s  b e f o r e ,  th e  fe m a le s  w ere 

m ore s u s c e p t ib l e  th a n  th e  m a le s . P e r s h in a  and V asil* E v a  ( i9 6 0 )  a ls o  

fo u n d  S h i g e l l a  f l e x n e r i  l e s s  v i r u l e n t  i n  m ice a f t e r  i r r a d i a t i o n .

S in c e  p re v io u s  e x p e r im e n ta t io n  w ith  u l t r a v i o l e t  i n  t h i s  i n v e s t i g a t i o n  

h a s  p ro d u ced  n o t i c e a b l e  e f f e c t s  on enzym es, r e s p i r a t i o n ,  amino a c id s ,  

p r o t e i n  s y n t h e s i s ,  and n u c le ic  a c id s  t h e  v i r u le n c e  c o u ld  b e  e x p ec te d  

t o  b e  l e s s e n e d  by  e i t h e r  one o r  a c o m b in a tio n  o f  th e s e  e f f e c t s .

T hose c e l l s  w hich  w ere p h o to r e a c t iv a te d  a f t e r  i r r a d i a t i o n  p ro 

duced a h ig h e r  p e rc e n ta g e  o f  i n f e c t i o n s  th a n  th e  i r r a d i a t e d  c e l l s .  

However, th e  p e r  c e n t  o f  i n f e c t i o n s  o f  t h e s e  p h o to r e a c t iv a te d  c e l l s  

n e v e r  e q u a l le d  t h a t  o f  t h e  u n i r r a d i a t e d  c e l l s .  S in c e  p h o to r e a c t iv a 

t i o n  can  r e s t o r e  o r  r e p a i r  th e  s y n th e s e s  o r  damage to  c e l l  c o n s t i t u e n t s  

and c e l l  m e ta b o lism , a s  d e m o n s tra te d  i n  t h i s  i n v e s t i g a t i o n ,  a  r e s t o r 

a t io n  o f  v i r u le n c e  was n o t u n e x p e c te d . T h is ,  how ever, i s  th e  f i r s t  

d e m o n s tra tio n  t h a t  v i r u le n c e  i n  human p a th o g e n ic  f u n g i  h a s  been  

p h o to r e a c t iv a b le .



CmPTER VI 

SüMMAJîï

1 .  U l t r a v i o l e t - i r r a d i a t e d  B la s to ia y ce s  d e r m a t i t id ig  s t r a i n  60U6 

was s tu d i e d  and c o m p ared -w ith  norm al c e l l s .

i 2 . ' The g row th  o f  B. d e r m a t i t i d i s  v a r ie d  a g r e a t  d e a l  on d i f f e r 

e n t  m ed ia .

A. The g row th  o f  i r r a d i a t e d  c e l l s  was e x tre m e ly  v a r i a b l e  on 

th e  d i f f e r e n t  m ed ia . A r i c h  medium was needed  f o r  g row th  and re c o v e ry .

B. R ecovery  o f  c e l l s  p h o to r e a c t iv a te d  a t  b o th  8 C and 37 C 

was d e m o n s tra te d . T h ere  was h ig h e r  p e rc e n ta g e  o f  re c o v e ry  on a l l  m edia 

fo l lo w in g  r e a c t i v a t i o n  a t  8 C.

3 . G lucose  in c r e a s e d  th e  oxygen u p ta k e  by  b o th  f r e s h  and s ta r v e d  

c e l l s  o f  t h i s  o rg a n ism . The endogenous r e s p i r a t i o n  o f  b o th  ty p e s  o f  

c e l l s  was s i m i l a r .

A. U l t r a v i o l e t ' i r r a d i a t i o n  d e c re a s e d  th e  r e s p i r a t i o n  r a t e s  

o f  b o th  f r e s h  and s t a r v e d  c e l l s .

B. P h o t o r e a c t i v a t i o n  o f  i r r a d i a t e d  f r e s h  c e l l s  in c r e a s e d  

th e  oxygen u p ta k e .  R e s p i r a t io n  o f  i r r a d i a t e d  s ta r v e d  c e l l s  was no 

d i f f e r e n t  a f t e r  i l l u m i n a t i o n .

U. Tw enty-tw o amino a c id s  w ere i d e n t i f i e d  i n  B . d e r m a t i t i d i s  

s t r a i n  6oU6.
A. E ig h t o f  t h e s e  22 amino a c id s  w ere u n d e te c ta b le  a f t e r  

u l t r a v i o l e t  i r r a d i a t i o n .  The o t h e r  amino a c id s  w ere l e s s  c o n c e n tr a te d  

a f t e r  i r r a d i a t i o n .

9h
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B. T llu m in a t io n  o f  i r r a d i a t e d  c e l l s  d id  n o t i n c r e a s e  t h e i r  

amino a c id  c o n c e n t r a t i o n s -

5 . The DNA. and RNA c o n c e n t r a t io n s  o f  t h i s  o rg an ism  w ere d e t e r 

m ined .

A. U l t r a v io le t  i r r a d i a t i o n  d e c re a se d  th e  c o n c e n tr a t io n s  o f  

DMA and  RNA.

B. RNA and DMA c o n c e n t r a t io n s  in c r e a s e d  in  u l t r a v i o l e t  

i r r a d i a t e d  c e l l s  a f t e r  p h o t o r e a c t i v a t io n .

6 .  M ice w ere h ig h ly  s u s c e p t ib l e  to  i n t r a p e r i t o n e a l  in o c u la t io n s  

o f  B. d e r m a t i t i d i s . F em ales w ere more s u s c e p t ib l e  th a n  m ale m ice.

A. U l t r a v i o l e t  i r r a d i a t e d  c e l l s  w ere l e s s  v i r u l e n t  th a n  

norm al c e l l s .

B. C e l l s  w hich  w ere p h o to r e a c t iv a te d  a f t e r  i r r a d i a t i o n  were 

more v i r u l e n t  th a n  i r r a d i a t e d  c e l l s .
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