
University of Montana University of Montana 

ScholarWorks at University of Montana ScholarWorks at University of Montana 

Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 

1967 

The comparative pathogenicity of normal and inhibitor grown The comparative pathogenicity of normal and inhibitor grown 

systemic pathogenic fungi systemic pathogenic fungi 

Sidney K. Kasuga 
The University of Montana 

Follow this and additional works at: https://scholarworks.umt.edu/etd 

Let us know how access to this document benefits you. 

Recommended Citation Recommended Citation 
Kasuga, Sidney K., "The comparative pathogenicity of normal and inhibitor grown systemic pathogenic 
fungi" (1967). Graduate Student Theses, Dissertations, & Professional Papers. 6825. 
https://scholarworks.umt.edu/etd/6825 

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 

https://scholarworks.umt.edu/
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/grad
https://scholarworks.umt.edu/etd?utm_source=scholarworks.umt.edu%2Fetd%2F6825&utm_medium=PDF&utm_campaign=PDFCoverPages
https://goo.gl/forms/s2rGfXOLzz71qgsB2
https://scholarworks.umt.edu/etd/6825?utm_source=scholarworks.umt.edu%2Fetd%2F6825&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@mso.umt.edu


THE COMPARATIVE PATHOGENICITY OF NORMAL AND INHIBITOR GROWN

SYSTEMIC PATHOGENIC FUNGI

by

SIDNEY K. KASUGA

B.A. L ew is  and C lark  C o l l e g e  

P r e s e n t e d  i n  p a r t i a l  f u l f i l l m e n t  o f  th e  r eq u ir em en ts  fo r  th e  d e g r e e  o f

M aster  o f  S c ie n c e

UNIVERSITY OF MONTANA

1967

Approved by:

rman, ^ a r d  o f  JExaam iners

Dezil ,  G raduate S ch o o l

J UN7  1967
D ate

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: EP37626

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UMT
O isM rtatlo fi PyWisWnfl

UMI EP37626
Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.

Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

uest
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106-1346

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGMENTS

The a u th o r  w is h e s  t o  e x p r e s s  h i s  s i n c e r e  thanks and a p p r e c i a t i o n  

to  Dr. John J .  T a y lo r ,  A s s o c i a t e  P r o f e s s o r  o f  M ic r o b io lo g y ,  Department  

o f  M ic r o b io lo g y ,  U n i v e r s i t y  o f  Montana, f o r  h i s  a d v i c e ,  a s s i s t a n c e  and 

encouragem ent th ro u g h o u t  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n „

T h is  work was su p p o r ted  by a g r a n t  to  Dr. T a y lo r  from N a t io n a l  

I n s t i t u t e s  o f  H e a lth  (E 3 0 7 8 ) .

i i

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

PAGE

ACKNOWLEDGMENTS ............................................................................................................... ü

CHAPTER

I .  INTRODUCTION.............................    1

I I .  STATEMENT OF THE PROBLEM.................................................    18

I I I .  MATERIALS AND METHODS.............................................................................  19

IV . RESULTS . . .  ........................................................ . . . . . . . .  33

V. DISCUSSION..............................................................................................   84

V I . SUMMARY ..............................................................................................................

BIBLIOGRAPHY.......................................................................................... ....

i i i

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I  

INTRODUCTION

B la s to m y c e s  d e r m a t i t l d i s , S p orotr ich u m  s c h e n c k i l  and H lsto p la sm a  

ca p su la tu m  a r e  fu n g i  w h ich  c a u s e  s y s t e m ic  i n f e c t i o n s  in  man and a n im a ls .  

T hese  o rg a n ism s  d i s p l a y  te m p e r a tu r e -d e p e n d e n t  c u l t u r a l  dimorphism. 

S a l v i n  (1 9 4 9 )  n o te d  t h a t  in c u b a t io n  o f  c u l t u r e s  o f  d e r m a t i t l d i s  a t  

room tem p era tu re  (25  C) r e s u l t e d  in  t y p i c a l  m y c e l i a l  grow th , w h i le  

i n c u b a t io n  a t  37 C r e s u l t e d  i n  y e a s t - l i k e  c u l t u r e s .  Kligman and B ald

r i d g e  (1 9 5 1 )  found s i m i l a r  r e s u l t s  f o r  S_. s c h e n c k i i  and H. ca p su la tu m . 

O ther f a c t o r s  in v o lv e d  i n  d im orphism , such  as  growth m ed ia ,  s u l f h y d r y l  

compounds, i r r a d i a t i o n ,  age  and n u t r i t i o n a l  f a c t o r s  have been rev iew ed

by S c h e r r  and Weaver (1953 )  and S ch err  ( 1 9 5 7 ) .

N a tu r a l  i n f e c t i o n s  ca u sed  by t h e s e  f u n g i  g e n e r a l l y  r e s u l t  from 

th e  i n h a l a t i o n ,  i n g e s t i o n  o r  im p la n t a t io n  o f  s p o r e s  produced by th e  

m y c e l i a l  p h a se .  F o l lo w in g  im p la n t a t io n  o f  s p o r e s  in  th e  h o s t  a n im a l,  

th e y  g e r m in a te  i n t o  th e  y e a s t - l i k e ,  p a r a s i t i c  form. B d e r m a t i t i d l s  

i s  t h e  e t i o l o g i c a l  a g e n t  f o r  N orth  American B la s to m y c o s is  (B la s to m y co 

s i s ,  G i l c h r i s t ' s  D i s e a s e ) .  The i n f e c t i o n ,  w hich i s  a c h r o n ic  g r a n u lo 

m atous and s u p p u r a t iv e  d i s e a s e ,  u s u a l l y  o r i g i n a t e s  a s  a r e s p ir a t o r y

i n f e c t i o n  and th e n  ca n  d i s s e m in a t e  to  o t h e r  o r g a n s ,  m a in ly  t h o s e  o f  th e  

pu lm onary , c u t a n e o u s ,  o s s e o u s ,  g e n i t o u r i n a r y  and c e n t r a l  n ervou s  

s y s t e m s .  S p o r o t r i c h o s i s  i s  m ost commonly a l o c a l i z e d ,  s u b c u ta n e o u s ,  

ly m p h a t ic  i n f e c t i o n  r e s u l t i n g  from im p la n t a t io n  o f  s c h e n c k i i  s p o r e s .  

The d i s s e m in a t e d  form o f  t h e  i n f e c t i o n  i s  much l e s s  common and i n v o l v e s  

l e s i o n s  o f  th e  o r a l  and n a s a l  m ucosa , o r c h i t i s ,  m a s t i t i s ,  pulmonary
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in v o lv e m e n t ,  p e r i o s t i t i s  and o s t e o m y e l i t i s .  In  r a r e  i n s t a n c e s  i n v o l v e 

ment o f  v i s c e r a l  org a n s  may o c c u r .  H i s t o p la s m o s i s  ( D a r l in g ’ s  D i s e a s e ) ,  

c a u se d  by H. c a p s u la tu m . g e n e r a l l y  r e s u l t s  from i n h a l a t i o n  or  i n g e s 

t i o n  o f  th e  s p o r e s  and i s  m a n i f e s t e d  by a p r im a ry , granulom atous  

l e s i o n .  The d i s e a s e  i s  u s u a l l y  r e s p i r a t o r y  i n  o r i g i n  and may r e s u l t  in  

an a sy m p to m a tic ,  a c u t e  or  c h r o n ic  pulmonary i n f e c t i o n .  D isse m in a ted  

forms o f  th e  d i s e a s e  o f t e n  i n v o l v e  th e  r e t i c u l o e n d o t h e l i a l  sy stem  

r e s u l t i n g  i n  gran u lom atou s  l e s i o n s  o f  th e  lu n g s ,  s p l e e n ,  a d r e n a l ,  l i v e r ,  

k id n e y  and lu m p h a t ic  t i s s u e .  The s k in  and c e n t r a l  n ervou s  sy ste m  may 

a l s o  b e  i n v o l v e d .

E x p e r im e n ta l ly ,  Rowley and Huba (1955 )  found th e y  co u ld  in d u ce  

l a b o r a t o r y  i n f e c t i o n s  i n  m ice  w i t h  lî. cap su la tu m  and th a t  th e r e  waa no 

ap p aren t d i f f e r e n c e  i n  th e  d e a th -p r o d u c in g  e f f e c t s  o f  e i t h e r  th e  

in t r a v e n o u s  (X .V .)  or  i n t r a p e r i t o n e a l  ( I . P . )  r o u te  o f  i n f e c t i o n .  

S i m i l a r l y ,  Mackinnon (1 9 5 9 )  w ork ing  w i t h  d e r m a t i t l d i s  found that  

in d u ced  i n f e c t i o n s  i n  w h i t e  m ice  r e s u l t e d  in  m e t a s t a s i s  s i m i l a r  r i  

t h a t  found  in  man s u f f e r i n g  from a n a t u r a l  i n f e c t i o n .  He o b ta in e d  

s i m i l a r  r e s u l t s  i n  a n im a ls  in o c u l a t e d  by th e  in tr a m u s c u la r ,  1 P= and 

I .V .  r o u t e s .  K leigm an and B a ld r id g e  (1951) found t h a t  I . P .  i n j e c t i o n  

o f  _S_. s c h e n c k i i  i n t o  m ic e  r e s u l t e d  in  o r c h i t i s  w i t h i n  10 days w h i l e ,  

D enton e_t a l . , (1 9 6 1 )  , r e p o r te d  t h a t  m ice  c o u ld  be e x p e r im e n t a l ly  

i n f e c t e d  w i t h  d e r m a t i t l d i s  by th e  I .V .  r o u t e .  In  a d d i t i o n , Mac

k in n o n  (19 5 1 )  r e p o r te d  t h a t  m ice  c o u ld  b e  e x p e r im e n t a l ly  i n f e c t e d  

w it h  d e r m a t i t i d l s  by th e  r e s p i r a t o r y  r o u t e .  L ater  Cozad and Larsh

( 1 9 6 2 ) ,  u s in g  an a e r o s o l ,  found t h a t  m ice  w ere i n f e c t e d  by r e l a t i v e l y  

s m a l l  numbers ( 5 - 2 2 )  o f  H. ca p su la tu m  y e a s t - p h a s e  c e l l s .
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A lth ou gh  e x p e r i m e n t a l ly  in d u ced  i n f e c t i o n s  a re  p o s s i b l e  w ith  

th e  t h r e e  o r g a n is m s ,  Brandsberg  e t  a l .  ( 1 9 6 3 ) ,  d em on stra ted  th a t  v a r io u s  

a n im a ls  e x h i b i t  d i f f e r e n t  l e v e l s  o f  s u s c e p t i b i l i t y  when i n j e r t e d  I .V ,  

w it h  d e r m a t i t i d i s . H aving t e s t e d  g u in e a  p i g s ,  g o ld e n  h a m ste r s ,  

a lb in o  r a b b i t s ,  w h i t e  r a t s  and w h i t e  S w iss  m ic e ,  they  r e p o r te d  th a t  

m ic e  and h a m sters  w ere th e  most s u s c e p t i b l e .  In  a d d i t i o n ,  Lodmell

(1 9 6 3 )  found t h a t  fe m a le  w h i t e  m ice  o f  th e  W ebster s t r a i n  were m^ie 

s u s c e p t i b l e  than  m ales  o f  th e  same s t r a i n .

I n c r e a s e d  p a t h o g e n i c i t y  o f  H. cap su la tu m  was n o te d  by Howell  

and K epk ie  (1 9 5 0 )  when th e y  found t h a t  c e l l s  su sp en d ed  i n  hog g a s t r i c  

m ucin produced  a l a r g e r  p e r c e n t  o f  d e a th s  i n  m ice than s im iJ a i  d o sa g es  

su sp en d ed  i n  s a l i n e .  S i m i l a r l y ,  S a lv in  (1954 )  r e p o r te d  20 p e r 'c n t  

more d e a th s  i n  m ice  i n j e c t e d  I . P .  w ith  II. cap su la tu m  suspended  in  

g a s t r i c  mucin th an  s i m i l a r  s a l i n e  s u s p e n s io n s ,  Campbell and Sasl*. w 

(1 9 5 0 )  found t h a t  f o l l o w i n g  I . P .  i n j e c t i o n  o f  m u cin -su sp en d eJ  H. 

c a p s u la tu m , th ey  c o u ld  c o n s i s t e n t l y  r e c o v e r  organ ism s 30 days t c < lc w jn g  

i n o c u l a t i o n  w h i l e ,  th e  same organ ism  was o n ly  r a r e ly  i s u l a t c d  i o l l o w i n g  

i n j e c t i o n  o f  s a l in e - s u s p e n d e d  c e l l s .

S t u d i e s  o f  th e  p a th o g e n ic  f u n g i  w ith  r e s p e c t  t o  rh a ir  growth  

re q u ir e m e n ts  have b een  i n v e s t i g a t e d  by s e v e r a l  w ork ers  H o l l id a y  and 

McCoy ( 1 9 5 5 ) ,  w ork in g  w ith  d e r m a t i t i d l s , found th a t  b i c î i n  was 

n e c e s s a r y  t o  c u l t u r e  t h i s  o rg a n ism , and t h a t  th e  d e g r e e  o i  g/uwLt was 

p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  th e  b i o t i n  S a l v i n  (1949) r e p o r te d  

t h a t  th e  y e a s t  p h ase  o f  H, ca p su la tu m  r e q u ir e d  a c c e s s o r y  growth f a c t o r s  

f o r  d e v e lo p m e n t ,  n a m ely ,  b i o t i n  and a red u ced  s u l t u r  compound. P in e  

(1 9 5 7 )  s t u d y in g  11 s t r a i n s  o f  y e a s t - p h a s e  c u l t u r e s  o f  II. capsu latum
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s t a t e d  t h a t  th ia m in  was r e q u ir e d  f o r  maximum r a t e  o f  growth by 8 o f  

t h e  11 s t r a i n s  w h i l e  b o th  b i o t i n  and t h i o c t i c  a c id  w ere  r e q u ir e d  by 

on e s t r a i n .  By c o n t r a s t  h e  found t h a t  d e l e t i o n  o f  any s i n g l e  v i ta m in  

o r  group o f  v i t a m in s  was w i t h o u t  any ap p aren t e f f e c t  on th e  r a t e  or  

amount o f  m y c e l i a l  grow th o b t a in e d  a t  25 C. G i l a r d i  and L a t t e r  (1962)  

c o n c lu d e d  from t h e i r  e x p e r im e n ts  t h a t  d e r m a t i t i d l s  s y n t h e s i z e d  I t s  

own v i t a m in s  and t h a t  i t  u t i l i z e d  21 carbon  and 25 n i t r o g e n  compounds 

as  t h e  s o u r c e  o f  t h e  r e s p e c t i v e  e l e m e n t s .

Bernhelm (19 4 2 )  r e p o r te d  t h a t  b o th  th e  n a t u r a l  and n o n n a tu ra l  

i s o m e r s  o f  amino a c i d s  i n c r e a s e  th e  oxygen  up take  o f  d e r m a t i t i d l s . 

L a te r  Cozad e;t a l .  (1958 )  , found t h a t  a l l  th e  L-form s o t  amino a t id s  

th e y  t e s t e d  s t im u la t e d  oxygen  u p take  o f  H, c a p su la tu m . w ith  th e  e x c e p 

t i o n  o f  L - a r g i n i n e .  None o f  th e  D-forms t e s t e d  showed any e f l a t r  upon 

th e  r e s p i r a t i o n  o f  th e  fu n g u s .  In  a d d i t i o n ,  G l la r d l  and L o t ie x  (1962)  

d i s c o v e r e d  t h a t  i f  a l i q u i d  medium was sup p lem en ted  w i t h  c a s amino a c id  

and b i o t l n ,  no a d d i t i o n a l  amino a c i d s  or  v i ta m in s  w ere n e c e s s a r y  f o r  

grow th  o f  d e r m a t i t i d i s .

S h o rt  c h a in  f a t t y  a c i d s  w ere  found to  be r e a d i l y  o x id lz e d  by  

d e r m a t i t i d l s ; h o w e v er ,  i t  was found th a t  lo n g  c h a in  f a t t y  a . i d s  I n h i b i t e d  

oxygen  u p tak e  ev en  w i t h  t h e  a d d i t i o n  o f  o t h e r  s u b s t r a t e s . (Bernhelm ,  

1 9 4 2 ) .  S i m i l a r l y ,  Cozad e t  a l .  ( 1 9 5 8 ) ,  found t h a t  th e  low er f a t t y  a c i d s  

from a c e t a t e  th rou gh  b u t y r a t e  s t i m u l a t e d  r e s p i r a t i o n  w h i l e  sodium o l e a t e ,  

one o f  th e  h ig h e r  f a t t y  a c i d s ,  i n h i b i t e d  oxygen  u p ta k e .  Later G l la r d l  

and L o f f e r  (19 6 2 )  a l s o  r e p o r te d  t h a t  "Tween 80" i n h i b i t e d  r e s p i r a t i o n ,  

i n d i c a t i n g  t h a t  t h e  o l e i c  a c id  o f  t h i s  s u b s ta n c e  c o u ld  be th e  i n h i b i t o r y  

f a c t o r .  T h is  i n h i b i t i o n  was found by P in e  (19 5 4 )  t o  b e  e a s i l y  r e v e r s e d
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by th e  a d d i t i o n  o f  a lbum in  or s t a r c h .  I t  was p o s t u l a t e d  by P in e  t h a t  

albu m in  c o u ld  f u n c t i o n  by b in d in g  h ea v y  m e t a l s ,  r e a c t  w ith  m ercaptan or  

s e r v e  as a s o u r c e  o f  -SH g r o u p s .  H ow ever, th e  m ost p ro b a b le  f u n c t io n  

o f  a lbum in  and s t a r c h  i s  t o  b in d  e x c e s s  f a t y  a c i d s  a n d /o r  su p p ly  

s t i m u l a t o r y  p e p t i d e s .

C arb ohyd rates  a l s o  in d u c e  v a r io u s  e f f e c t s  on th e  oxygen  up take o f  

p a t h o g e n ic  f u n g i .  L e v in e  and Novak (1 9 5 0 )  r e p o r te d  t h a t  th e  h e x o s e s ,  

g l u c o s e  and mannose s t i m u l a t e d  oxygen  up tak e  i n  d e r m a t i t i d i s  w h i l e ,  

g a l a c t o s e  and f r u c t o s e  d id  n o t .  Among th e  p e n t o s e s  s t u d i e d  o n ly  x y l o s e  

s t i m u l a t e d  oxygen  u p tak e  w h i l e  in c u b a t io n  w ith  r i b o s e ,  arab ir io se  and 

rhamnose showed no i n c r e a s e  i n  r e s p i r a t i o n  o v er  t h a t  o f  th e  en d ogen ou s,  

Cozad e t  a l .  ( 1 9 5 8 ) ,  found t h a t  w i t h  JH, c a p su la tu m . g l u c o s e ,  m annose, 

f r u c t o s e ,  x y l o s e  and m a l t o s e  s t im u la t e d  oxygen  uptake w h i l e ,  l a - r o s e ,  

s u c r o s e  and a r a b in o s e  w ere  w i t h o u t  e f f e c t .  G a la c t o s e  was a l s o  found to  

s t i m u l a t e  oxygen  u p tak e  i n  H. cap su la tu m  (G a r r is o n ,  1 9 6 0 ) .

The optimum hydrogen  io n  c o n c e n t r a t i o n s  f o r  r e s p i r a t i o n  was found  

to  v a ry  by  d i f f e r e n t  w o r k e r s .  P in e  (19 5 4 )  r e p o r te d  t h a t  a pH o t  6 ,5  

was optimum f o r  th e  v i t r o  grow th  o f  y e a s t  p h a se  Ii, c a p s u la  tarn and 

t h a t  a pH o f  7 .0  r e s u l t e d  i n  co m p le te  i n h i b i t i o n  o f  growth a f t e r  2 to  4 

d a y s .  He s u g g e s t e d ,  h o w e v er ,  t h a t  t h i s  i n h i b i t o r y  e f f e c t  was due n o t  

t o  t h e  pH b u t  r a t h e r  t o  t h e  i n a c t i v a t i o n  o f  a v a i l a b l e  -SH g ro u p s .  In 

a d d i t i o n ,  a r a t h e r  w id e  pH ra n g e  o f  5 to  8 was n o te d  f o r  th e  endogenous  

r e s p i r a t i o n  o f  H. c a p s u la tu m . Exogenous g l u c o s e  o x i d a t i o n ,  h ow ever ,  

showed a d e f i n i t e  optimum a t  pH 7 . 0 .  Endogenous and s u b s t r a t e  o x i d a t i o n  

by d e r m a t i t i d i s  was found by L e v in e  and Novak (1 9 5 0 )  to  have an 

optimum pH o f  6 t o  8 .  F u rth erm ore , th e y  p o in te d  o u t  th a t  t h i s  range
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i n c l u d e s  pH v a lu e s  n o r m a lly  found i n  an im al t i s s u e  and would a s s u r e  

a h y d ro g en  io n  c o n c e n t r a t i o n  c o n d u c iv e  t o  p a r a s i t i c  e x i s t e n c e .

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  have b een  s t u d i e d  e x t e n 

s i v e l y  w i t h  b a c t e r i a l  c e l l s  and t o  a l e s s e r  e x t e n t  w i t h  fu n g a l  c e l l s .  

Dimond and Duggar (1 9 4 1 )  found t h a t  s u s c e p t i b i l i t y  to  i r r a d i a t i o n  

among v a r io u s  n o n p a th o g e n ic  f u n g i  was q u i t e  v a r i e d .  They con clud ed  

t h a t  a co m b in a t io n  o f  d i f f e r e n c e s  i n  p ig m e n t a t io n ,  s i z e  o f  s p o r e s  and 

number o f  n u c l e i  may h ave  a c c o u n te d  f o r  t h i s  v a r i a t i o n .  In  a d d i t i o n ,  

th e y  n o te d  t h a t  o l d e r  c e l l s  appeared  l e s s  s u s c e p t i b l e  to  th e  e f f e c t s  o f  

i r r a d i a t i o n  than  you n ger  c e l l s .  A l s o ,  i t  i s  g e n e r a l l y  a c c e p te d  t h a t  

th e  p l o i d y  s t a t e  o f  an organ ism  i s  an im p ortan t  f a c t o r  in  i t s  r e s i s t a n c e  

t o  r a d i a t i o n  (Pomper and Atwood, 1 9 5 5 ) .  Bacq and A lexander (1961)  

s t a t e d  t h a t  o f  th e  y e a s t s ,  t h e  d i p l o i d  organ ism s a r e  much more r e s i s t 

an t  to  u l t r a v i o l e t  and i o n i z i n g  r a d i a t i o n s  th an  h a p lo r d  c e i l s .  The 

m o r t a l i t y  cu rve  o f  d i p l o i d  y e a s t s  i s  s ig m o id  i n  n a tu r e  w h i l e  t h e  h a p la id  

y e a s t s  e x h i b i t  a s t r a i g h t  l i n e .  S tu d y in g  th e  e f f e c t s  o f  i r r a d i a t i o n ,  

R o t h s t e i n  (1957 )  found t h a t  r e s p i r a t i o n  and f e r m e n ta t io n  were not as  

s e n s i t i v e  t o  u l t r a v i o l e t  i r r a d i a t i o n  a s  was c e l l  d i v i s i o n .  He a l s o  

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

t i o n  was n o t e d .  K e ln e r  (1 9 5 3 )  found t h a t  th e  endogenous r e s p i r a t i o n  

o f  E s c h e r i c h ia  c o l l  was n o t  a f f e c t e d  by i r r a d i a t i o n  ev en  a t  h ig h  d o s a g e s .  

Exogenous r e s p i r a t i o n  was n o t  a p p a r e n t ly  a f f e c t e d  a t  f i r s t ;  h ow ever ,  

t h e  oxygen  u p tak e  g r a d u a l ly  d e c l i n e d  w it h  lo n g e r  p e r io d s  o f  e x p o s u r e .

In  a d d i t i o n ,  H einm ets and Kathan (1954) found t h a t  th e  oxygen  up take  o f  

b a c t e r i a l  c e l l s  was o n ly  s l i g h t l y  i n h i b i t e d  i f  th e  i r r a d i a t e d  c e l l s  w ere  

t e s t e d  i n  t h e  p r e s e n c e  o f  g l u c o s e .  With d e r m a t i t i d l s . Lodm ell (1963 )
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d e m o n str a te d  t h a t  g l u c o s e  s t i m u l a t e d  t h e  oxygen  u p tak e  o f  b oth  f r e s h  

and s t a r v e d  c e l l s ,  b u t  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  d e c r e a s e d  th e  

r e s p i r a t i o n  o f  b o t h .

U l t r a v i o l e t  i r r a d i a t i o n  j u s t  s u f f i c i e n t  t o  b lo c k  c e l l  d i v i s i o n  

h as  b e e n  shown t o  have l i t t l e  e f f e c t  on th e  s y n t h e s i s  o f  DNA and RNA 

and p r o t e i n .  However, as th e  d o se  i s  i n c r e a s e d ,  i n h i b i t i o n s  occu r  and 

DNA s y n t h e s i s  ap p ears  t o  be  t h e  m ost s e n s i t i v e  ( R o t h s t e i n ,  1 9 5 9 ) ,

E arner and Cohen (1956)  p o s t u l a t e d  t h a t  u l t r a v i o l e t  absorbed  by th e  

DNA m o le c u le  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 ( s )  w i th  th e  

fo r m a t io n  o f  t o x i c  p r o d u c t s .  R o t h s t e i n  (1959) found t h a t  when DNA i s  

i r r a d i a t e d  i n  s o l u t i o n  w i t h  u l t r a v i o l e t  l i g h t  a t  254 mu, l o s s  o f  

t r a n s fo r m in g  a c t i v i t y  and changes i n  th e  p h y s i c a l - c h e m i c a l  p r o p e r t i e s  

o f  DNA c o u ld  b e  d e t e c t e d .  Working w ith  D. pneumoniae and jB, s u b t i l l s  

he s t a t e d  t h a t  th e  l o s s  o f  b i o l o g i c a l  a c t i v i t y  depended on th e  g e n e t i c  

marker under i n v e s t i g a t i o n  as w e l l  as on i t s  s i z e  and m o le c u la r  

w e ig h t  o f  t h e  DNA b e in g  i r r a d i a t e d .

Beukers and Berends (1 9 6 1 )  r e p o r te d  th 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  thym ine r e s u l t e d  i n  i t s  c o n v e r s io n  t o  mixed d im e r s .  L a ter  Klcuwen  

(1 9 6 2 )  found th a t  u l t r a v i o l e t  i r r a d i a t i o n  was m a in ly  ab sorb ed  p u r in e  and 

p y r im id in e  b a s e s  r e s u l t i n g  i n  d im e r i z a t io n  w hich  p r e v e n te d  u n c o i l i n g  o f  

t h e  h e l i x  s t r u c t u r e  o f  th e  DNA m o le c u le .

R ecovery  o f  i r r a d i a t e d  c e l l s  has  b een  shown to  o c c u r  b e c t e r  on 

m edia  n o t  c o n s id e r e d  optimum f o r  growth o f  th e  u n ir r a d ia t e d  c e l l s ,

N e v e l l  (1 9 5 5 )  and R ob erts  and A ldous (19 5 9 )  found t h a t  b e s t  r e c o v e r y  was 

e f f e c t e d  on c h e m ic a l ly  d e f in e d  m edia r a t h e r  th an  on n u t r i e n t  agar  or  an 

e n r ic h e d  medium c o n t a in in g  c o n c e n t r a t i o n s  o f  an im al or  v e g e t a b l e  e x t r a c t s ,
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S i m i l a r l y ,  Ramage (1 9 6 1 )  found w it h  S h i g e l l a  s o n n e i  th a t  th e  medium 

w h ich  s u p p o r te d  th e  b e s t  growth was p o o r e s t  fo r  r e c o v e r y  o f  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 .  In  c o n t r a s t ,  L odm ell (1963 )  r e p o r te d  th a t  

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  r e q u ir e d  a r i c h  medium (B lood  

a g a r ,  SAB, B r a in  H eart I n f u s i o n )  f o r  growth and r e c o v e r y =

Puromycxn, p r e v i o u s l y  known as t e t r a c y c l i n e  and a n t im y c in  i s  an 

a n t i b i o t i c  p roduced  by A ctin om yces  a lb o n ig e r  (P o r te r  , 1 9 5 2 ) .

HOCHo 0

N(CH^)

0=C-CH -CH ^-Y /-OCH^

NH2

PUROmCIN

R'OCH

0

0=C-CH—-R
I
NH2

The amino a c i d - b e a r i n g  end o f  tRNA. R r e p r e s e n t s  th e  rem ainder  
o f  t h e  amino a c i d  r e s i d u e ,  R' r e p r e s e n t s  th e  rem aind er  o f  th e  RNA 
polym er (N athans and N e i d l e ,  1 9 6 3 ) .
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The s t r u c t u r e  was d e term in e d  by W a lle r  _et (1953) , and shown to

c o n s i s t  o f  an a m in o -n u c le o s id e  l i n k e d  to  th e  amino a c id  p-m ethoxy-  

p h e n y l a l a n i n e .  I n s p e c t i o n  o f  th e  s t r u c t u r e  shows t h a t  i t  can b e  r e 

gard ed  as  an a n a lo g  o f  a d e n o s y 1 -p h e n y la la n in e  ; s p e c i f i c a l l y  o f  th e  

t e r m in a l  groups o f  th e  p h e n y la la n y 1 - t r a n s f e r  RNA (tRNA) (Darken, 1 9 6 4 ) .

T h is  a n t i b i o t i c  h a s  a broad  range o f  b i o l o g i c a l  a c t i v i t y ,  i n 

h i b i t i n g  t h e  grow th  o f  b a c t e r i a ,  p r o t o z o a ,  p a r a s i t i c  worms, a lg a e  

p l a n t s  and mammalian c e l l s  (N a th a n s ,  1 9 6 4 ) .  In  s p i t e  o f  t h i s  range o f  

b i o l o g i c a l  a c t i v i t y ,  broad c l i n i c a l  u se  o f  purom ycin was n e v e r  r e a l i z e d ,  

ow ing p r im a r i ly  to  i t s  n e p h r o t o x i c i t y .  In  a d d i t i o n ,  th e  a n t i b i o t i c  

ap p ears  t o  be r e a d i l y  ab sorb ed  by v i r t u a l l y  a l l  t i s s u e  and i s  r a p id ly  

e x c r e t e d  by th e  k id n e y s  (Sherman ejc al^ ,, 1 9 5 4 -1 9 5 5 )  . A lthough puro

m ycin  la c k e d  w id e s p r e a d  c l i n i c a l  u s e ,  i t  has proved o f  g r e a t  v a lu e  i n  

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

s y n t h e s i s  (D arken , 1 9 6 4 ) .  The o b s e r v a t io n s  o f  G reaser  ( 1 9 5 5 ) ,  f i r s t  

i n d i c a t e d  t h a t  purom ycin i n h i b i t s  p r o t e i n  s y n t h e s i s  in  b a c t e r i a .  He 

n o t e d  t h a t  t h i s  i n h i b i t i o n  was m a n i f e s t e d  by co m p le te  a b sen ce  o f  in d u ced  

B - g a l a c t o s i d a s e  s y n t h e s i s  i n  S ta p h y lo c o c c u s  a u r e u s . F u rth er  e v id e n c e  f o r  

th e  i n h i b i t o r y  e f f e c t  o f  purom ycin  on p r o t e i n  s y n t h e s i s  was e s t a b l i s h e d  

i n  1959 by Y a r m o lin sk i  and de l a  Haba. I t s  s u p p r e s s io n  o f  p r o t e i n  

s y n t h e s i s  i n  v i v o  was f i r s t  d em on stra ted  by G orsk i e t  a l .  ( 1 9 6 1 ) .

Takada e ^  (1960 )  , n o te d  t h a t  i n  grow ing b a c t e r i a ,  th e  o v e r a l l  

r a t e  o f  p r o t e i n  s y n t h e s i s  was m arkedly reduced  i n  th e  p r e s e n c e  o f  puro

m ycin ;  h o w e v er ,  RNA and DNA s y n t h e s e s  c o n t in u e d  a t  an a p p ro x im a te ly  

norm al r a t e .  S u b seq u en t rem oval o f  th e  drug r e s u l t e d  i n  r e s t o r a t i o n  o f  

p r o t e i n  s y n t h e s i s  and grow th . In  E.  c o l l  15T, S e l l s  (1964 )  found t h a t
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t h e  a n t i b i o t i c  i n h i b i t s  p r o t e i n  fo r m a t io n  w h i l e  a l l o w i n g  r ib o so m a l and 

t r a n s f e r  RNA to  a c c u m u la te .  In  r e t i c u l o c y t e s ,  purom ycin prom otes a 

r a p id  n o n en zy m a tic  r e l e a s e  o f  s o l u b l e  p r o t e i n s  from th e  r ibosom es  

(Z am ecnik , 1962 and M orr is  .et  ̂ a d . , 1 9 6 2 ) .  Zamecnik (1962) s u g g e s t e d  

t h a t  purom ycin  m igh t a c t  by i n t e r r u p t i n g  th e  s y n t h e s i s  o f  h em og lob in  a t  

th e  r ib o s o m a l  l e v e l .  The a n r i b i o t i c  c o u ld  th u s  a c t  as a s u b s t i t u t e d  

amino acy l-tR N A  t o  b lo c k  c o m p le t io n  o f  th e  p r o t e i n  ch a in s  a t  v a r io u s  

p o i n t s  and r e s u l t  i n  th e  s e p a r a t i o n  o f  th e  in c o m p le te  p e p t id e  ch a in  

from t h e  r ib o so m es ;  each  c h a in  c a r r y in g  a t e r m in a l  purom ycin m o le c u le  

(Brockman and A nderson , 1 9 6 3 ) .

Y a r m o lin sk i  and de l a  Haba (1959)  f c in d  th a t  pu iom >cin  not on ly  

i n h i b i t e d  in c o r p o r a t i o n  o f  C ^ ^ - le u c in e  i n t o  p r o t e i n  i n  a c e l l  f r e e  

p r e p a r a t io n  from r a t  l i v e r ,  b u t  a l s o  i n h i b i t e d  c h t  t r a n s f e r  or C-^-  

l e u c i n e  frcm C ^^-leucy1-tR NA  to  p r o t e i n  i n  th e  same s y s te m .  A lthough  

th e  t r a n s f e r  o f  th e  amino a c y l  r e s id u e s  from tRNA t o  th e  r ibosom es was 

s t r o n g l y  red u ced ,  ï a r m o l in s k i  and de l a  Haba (1939) found th a t  th e  

a c t i v a t i o n  o f  ammo a c i d s  and th e  fo r m a t io n  of a.uino acy l-tR N A  was n o t  

a f f e c t e d .  T h is  work was l a t e r  co n f irm ed  by von der Deckan and H u lr in  

(1 9 6 0 )  u s in g  C^^-valy 1-t.RNA. N athans and Llpmann (19 6 1 )  a l s o  conturmed  

t h i s  work w ith  a c e l l - f r e e  sy s te m  or r ibosom es  or c o l i  ■

The s t r u c t u r a l  req u ir e m e n ts  f v p u r o m y c i n  i n h i b i t i o n  o f  amino a c id  

t r a n s f e r  was s t u d i e d  by N athans and N e id le  (1963) by exam in ing  th e  

e f f e c t s  o t  a n a lo g s  and iso m e r s  o f  purom ycin i n  th e  c o i l  r ib o so m a l  

s y s te m .  T h e ir  m ajor c o n c l u s io n s  w i t h  reg a rd  t o  th e  s t r u c t u r a l  s p e c i f i c i t y  

o f  purom ycin  w ere:  1) Both th e  atnino n u c l e o s i d e  and amino a c id  a re

r e q u ir e d  (Y a r m o lin sk i  and de l a  Haba p r e v i o u s l y  o b se r v e d  th a t  rem oval o f
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t h e  p u r in e  b a s e  r e s u l t e d  i n  l o s s  o f  a c t i v i t y )  2) The amine n u c l e o s i d e  

m ust be  s u b s t i t u t e d  a t  th e  3 ' - p o s i t i o n  3) The amino a c id  must b e  o f  

L - c o n f i g u r a t i o n  4) A rom atic  amino a c id  d e r i v a t i v e s  are  by f a r  th e  most  

p o t e n t ,  w here as d e r i v a t i v e s  w i t h  c e r t a i n  ammo a c i d s  are  I n a c t i v e  

5) Compounds w i t h  a d ip e p t i d e  s i d e  c h a in  a re  i n a c t i v e .  G reat d i f f e r 

e n c e s  i n  th e  a c t i v i t y  o f  p u r o m y c in - l ik e  compounds w ith  d i f f e r e n t  amino 

a c i d s  w ere  n o te d  by Nathans and N e i d l e .  They found t h a t  s u b s t i t u t i o n  

w it h  g l y c i n e  or p r o l i n e  l e d  to  a n a lo g s  w i t h  no a c t i v i t y ,  w hereas s u b s t i 

t u t i o n  w it h  l e u c i n e  gave s l i g h t  a c t i v i t y  and w ith  p h e n y la la n in e  or  

t y r o s i n e ,  marked a c t i v i t y .  N athans and N e id le  s t a t e  th a t  th e  b a s i s  f o r  

t h i s  s p e c i f i c i t y  i s  unknown, b u t  c o u ld  r e f l e c t  a t i g h t e r  b in d in g  o f  th e

a r o m a tic  amino a c y l  d e r i v a t i v e  to  th e  i n h i b i t e d  s i t e .

0
11

HN C--------- NH

N

8-AZAGUANINE

I t  was d em on stra ted  by R o b l in  e t  a l . ( 1 9 4 5 ) ,  chat th e  gu an in e  a n a lo g ,  

8 -a z a g u a n in e  produced  marked but r e v e r s i b l e  i n h i b i t i o n  o f  growth among 

a v a r i e t y  o f  b a c t e r i a .  Kidder and Dewey (1949 )  found th a t  a s i m i l a r  

i n h i b i t i o n  o c c u r r e d  w ith  th e  g u a n in e - r e q u ir in g  o rg a n ism , leera h y m en a . 

S i m i l a r l y ,  K idder et_ _a^. ( 1 9 4 9 ) ,  S u g lu ra  et_ a l .  ( 1 9 5 0 ) ,  and F i n k e l s t e i n  

and Thomas ( 1 9 5 1 ) ,  r e p o r te d  t h a t  th e  d evelopm en t o f  some v i r u s e s  was a l s o  

i n h i b i t e d  by t h i s  p u r in e  a n a lo g .  Mangalo and Wachsmal ( 1 9 6 1 ) ,  s t a t e d  t h a t
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t h e  a d d i t i o n  o f  8—a z a g u a n i n e  t o  e x p o n e n t i a l l y  g r o w in g  c e l l s  o f  B a c i l l u s  

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

p r o x i m a t e l y  30 m in u t e s  » I n  a d d i t i o n ,  t h e y  n o t e d  t h a t  t h i s  I n h i b i t o r y  

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

b u t  n o t  by u r i d i n e ,  t h y m id in e  o r  c y t i d i n e .  I t  was a l s o  r e p o r t e d  by  

K id d e r  et^ aA- ( 1 9 5 2 ) ,  S m ith  and M atth ew s  ( 1 9 5 6 )  and H o l l i n s h e a d  (1 9 6 3 )  

t h a t  B - a z a g u a n in e  i s  e s p e c i a l l y  b a c t e r i c i d a l  u n d e r  c o n d i t i o n s  w h e r e  

a c t i v e  g r o w th  i s  t a k i n g  p l a c e .  M an ga lo  and Wa^hsman (1 9 6 1 )  fo u n d  t h a t  

g r o w th  o f  m e g a te r iu m  i n  t h e  p r e s e n c e  o f  a c o m p le t e  am ino a c i d  m ix t u r e  

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

k i l l i n g .  K id d e r  et^ a l . ( 1 9 5 2 ) ,  a l s o  fo u n d  t h a t  t h e  i x i h i b i  i i o n  r a t i o  i s  

u n u s u a l  in a sm u ch  as  a p p r o x i m a t e l y  50 m o l e c u l e s  o f  t h e  n a t u r a l  p u r in e  

m u st  b e  ad d ed  t c  t h e  c u l t u r e  medium t o  o v e r c o m e  t h e  e f f e c t  c f  I  m o l e c u l e  

o f  t h e  i n h i b i t o r .

One e x p l a n a t i o n  p r o p o s e d  f e e  t h e  i n h i b i t i o n  b y  8 - a z a g u a n i n e  i s  

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

p r o d u c t  (K id d e r  and D ew ey , 1 9 4 9 ) .  Th«e f i r s t  d i r e c t  e v i d e n c e  f o r  t h i s  

i n c o r p o r a t i o n  was r e p o r t e d  b M i t c h e l l  e_t ( 1 9 5 0 ) ,  w hen t h e )  o b t a i n e d

som e e v i d e n c e  from  t r a c e r  s t u d i e s  i n d i c a t i n g  t h e  i n c o r p o r a t i o n  o t  t h i s  

a n a l o g  i n t o  t h e  n u c l e i c  a c i d s  o f  b o t h  tum or t i s s u e  and n on tum or t i s s u e  

o f  t u m o r - b e a r i n g  m ic e  In  1 9 5 9 ,  C h a n tr e n n e  and D e v ie u x  s t a t e d  t h a t  i n  

t h e  p r e s e n c e  o f  8 - a z a g u a n i n e  t h e  p r o t e i n  s > n h e s i s  o t  B a c i l l u s  c a i e u s  i s  

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

c o m p l e t e l y  d e s t r o y e d .  T h e se  w o r k e r s  a l s o  fo u n d  t h a t  low  c o n c e n t r a t i o n s  

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

d i d  n o t  c h a n g e  t h e  r a t e  o f  DNA s y n t h e s i s .  H o w e v e r ,  h i g h e r  c o n c e n t r a t i o n s
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c a u s e d  an  i n i t i a l  s l i g h t  i n h i b i t i o n  w h ic h  b eca m e much s t r o n g e r  a f t e r  

a b o u t  o n e  d o u b l i n g  o f  t h e  DNA. I n  a d d i t i o n ,  t h e y  fo u n d  t h a t  8 - a z a 

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

i n t o  t h e  RNA m o l e c u l e ;  a s  much a s  40  p e r c e n t  o f  t h e  RNA g u a n in e  was  

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

0
II

HN

,  N
N
H

6-A2AURACiL

The u r a c i l  a n a l o g ,  6 - a z a u r a c i l  was fo u n d  b y  H an d sch m ach er  and  

W elch  (1956 .)  t o  b e  a  com ps i t i  e  a n t a g o n i s e  o f  u ca c .  i  and i i i i i o e  i n  

a  s t r a i n  o f  L a c t o b a c i l l u s  b u l g a r i c u g , a b l e  t : a i t j ± g r o w th

and a  n o n c o m p e t i t i v e  i n h i b i t o r  o t  g r o w th  on o r o t a t e .  in  a d d i t i o n ,  th e y  

f o u n d  t h a t  6 - a z a u r a . i l  n e t  o n ly  i n h i b i t s  t h o s e  o r g a n is m s  d e p e n d e n t  

up on  e x o g e n o u s l y  s u p p l i e d  p y r i m i d i n e s ,  b u t  a ^ s o  o t t e r s  i n  w h ic h  d e r i v a 

t i v e s  o f  u r a c i l  a r e  s y n t h e s i z e d  e n d o g e n o u s l y  S c h i n d l e r  and W elch  

( 1 9 5 7 )  r e p o r t e d  t h a t  t h e  u r a : i i  a n a l o g  w as a l s o  an i n h i b i t o r  o f  s e v e r a l  

e x p e r i m e n t a l  tu rn ers ,  i n c l u d i n g  s a r c o m a  1 8 0  i n  rra ce , In  c o n t r a s t ,  how

e v e r ,  6 - a z a u r a c i l  a p p e a r s  t o  e x h i b i t  no i n  v i t r c  i n h i b i t o j y  e f f e c t s  on  

t i s s u e  c u l t u r e s  o f  HeLa c e l l s  or m ou se  f i b r o b l a s t s .

H a n d sch u m a c h e r  ( 1 9 5 7 )  and S c h i n d l e r  and W e i:h  ( 1 9 5 7 )  r e p o r t i n g  on  

s t u d i e s  on n u c l e o s i d e  and n u c l e o t i d e  m e t a b o l i t e s  o f  t h e  a n a l o g  i s o l a t e d  

fr o m  t h e  c u l t u r e  medium o r  from  t h e  i n h i b i t e d  c e i l s ,  s u g g e s t  t h a t  6 - a z a -  

u r a c i i  m ig h t  f i r s t  b e  c o n v e r t e d  t o  p h o s p h o r y l a t e d  d e r i v a t i v e s  or  i t s
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r i b o s i d e  i n  o r d e r  t o  b eco m e an e f f e c t i v e  i n h i b i t o r .  S c h i n d l e r  and  

W elch  ( 1 9 5 7 )  w o r k in g  w i t h  t h e  s a r c o m a  1 8 0  c e l l s  I n  t i s s u e  c u l t u r e ,  

f o u n d  t h a t  6 - a z a u r a c i l  i n  c o n c e n t r a t i o n s  a s  h i g h  a s  5 mM was c o m p l e t e l y  

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

o f  t h e  i n  v i v o  I n h i b i t o r y  e f f e c t  on  s a r c o m a  180  c e l l s  I n  m ic e  l e d  them  

t o  s u g g e s t  t h a t  t h e  I n  v i v o  o b s e r v a t i o n  m ig h t  b e  a t t r i b u t a b l e  t o  a  

m e t a b o l i t e  o f  t h e  a n a l o g  fo rm ed  b y  t h e  l i v e r  or o t h e r  n o r m a l  t i s s u e .

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

6 - a z a u r i d i n e , s i n c e  t h i s  d e r i v a t i v e  i s  a l s o  fo rm ed  b y  c e r t a i n  m ic r o 

o r g a n i s m s  and i n h i b i t s  t h e  g r o w th  o f  6 - a z a u r a c i l - r e s i s t a n t  s t r a i n s  t h a t  

e m e r g e  w hen  S t r e p t o c o c c u s  f a e c a l i s  i s  grow n i n  t h e  p r e s e n c e  c f  6 - a z a u r a c i l .

S o k o d a  ( 1 9 5 8 )  fo u n d  t h a t  o r o t i c  a c i d ,  o r o t i d i n e  5 ' - p h o s p b a c e  and  

u r i d i n e  5 ’ - p h o s p h a t e  a c c u m u la t e  i n  t h e  c u l t u r e  medium o t  c o l i  B f o l 

l o w i n g  i n c u b a t i o n  w i t h  6 - a z a u r a c i l .

S h i g i u r a  ( 1 9 6 2 )  r e p o r t e d  t h a t  t h e  i n h i b i t o r y  c a p a c i t y  o f  6 - a z a u r a c i l  

w a s  e n h a n c e d  w i t h  t h e  e x o g e n o u s  a d d i t i o n  o f  a d e n i n e  and a d e n in e  d e r i v a 

t i v e s ,  w h i l e  O t s u j i  and  T a k a g i  ( 1 9 5 8 )  fo u n d  t h a t  e x p o s u r e  o t  _E. c o l l  K—12  

i n  s a l t - g l u c o s e  medium t o  1 y g / m l  o f  t h e  u r a c i l  a n a l o g  c a u s e d  i n h i b i t i o n  

o f  g r o w t h .

Habermann (1 9 6 0 )  s t a t e s  t h a t  w i t h  ]E. c o l i  and c e t  e u s , a f t e r  

a d d i t i o n  o f  6 - a z a u r a c i l  a te m p o r a r y  b l o c k i n g  o f  g r o w th  and RNA s y n t h e s i s  

w as o b s e r v e d .  C o n c o m m it a n t ly , a  g r a d u a l  c e s s a t i o n  o f  p r o t e i n  s y n t h e s i s  

w as n o t e d ;  h o w e v e r ,  Habermann s u g g e s t s  t h a t  t h i s  i s  s e c o n d a r y  and i s  n o t  

d i r e c t l y  i n h i b i t e d .

O t s u j i  and T a k a g i  ( 1 9 5 8 )  s u g g e s t  t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  

6 - a z a u r a c i l  on  i n t a c t  c e l l s  i s  n o t  e n t i r e l y  d i r e c t e d  to w a rd  f o r m a t i o n  o f
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" a b n o rm a l"  n u c l e i c  a c i d  and p r o t e i n  f o r m a t i o n  R a t h e r ,  a  d e f i n i t e  

a c c u m u l a t i o n  o f  N - a c e t y l  am ino  s u g a r  e s t e r s  n o t e d  30 m in u t e s  a f t e r  t h e  

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

u t i l i z a t i o n  o r  f u n c t i o n  o f  u r i d i n e  n u c l e o t i d e  compounds e s p e c i a l l y  i n  

t h e  s y n t h e s i s  o f  c e l l  w a l l s .
CH

NH^

VITAMIN K-5 (SYNKAMIN)
2 m e t h y l - 4  a m in o -1  h y d r o x y n a p h c h a le n e

V i t a m in  K-5 (S y n k a m in )  i s  a  s y n t h e t i c  p r e p a r a t i o n  os ad t h e r a 

p e u t i c a l l y  f o r  t h e  p r e v e n t i o n  or c o r r e c t i o n  o f  h y p c p r o th r o m b in e m ia  

d ue t o  V i t a m in  K d e f i c i e n c y .  In  c o n t r a s t  t o  :he n a t u r a l  V i ta m in  K, 

w h ic h  i s  f a t  s o l u b l e  and d e p e n d e n t  on t h e  p r e s e n c e  o f  b i l e  f o r  t h e  

a d e q u a t e  a b s o r p t i o n .  V i t a m in  K -5  i s  w a t e r - s o l u b l e  and i s  r e a d i l y  a b s o r b e d  

i n  t h e  a b s e n c e  o f  b i l e  (M erck I n d e x ,  7 th  E d i t i o n ) .

I n  a d d i t i o n  o t  i t s  t h e r a p e u t i c  v a l u e ,  p a r t i c u l a r l y  i n  c h i l d r e n .  

V it a m in  K -5  h a s  a l s o  b e e n  show n t o  h a v e  a n t i b a c t e r i a l  p r o p e r t i e s .

F o s d l c k  al^. ( 1 9 4 2 ) ,  r e p o r t e d  t h a t  s m a l l  am ounts  o f  s y n t h e t i c  V i ta m in  

K ( 2 - m e t h y l - l ,  4 - n a p h t h o q u in o n e )  p r e v e n t e d  t h e  p r o d u c t i o n  o f  a c i d  w hen  

s a l i v a - g l u c o s e  m i x t u r e s  w e r e  i n c u b a t e d .  A rm str o n g  and K n u tso n  ( 1 9 4 3 )  

c o n c l u d e d  t h a t  t h i s  e f l e c t  o f  2 - m e c h y l - l ,  4 - n a p h t h o q u in o n e  w as  due t o  

t h e  q u in o n e  s t r u c t u r e  o f  t h e  compound and fo u n d  t h a t  t h e  same r e s u l t s  

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

b e n z o q u i n o n e s . L a t e r  t h e  a n t i b i o t i c s  F u m ig a t in  and A c t in o m y c in  w e r e
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r e p o r t e d  b y  Waksman and W o o d r u ff  ( 1 9 4 2 )  t o  e x h i b i t  a n t i b a c t e r i a l  

p r o p e r t i e s  and  a l s o ,  t h a t  t h e y  c o n t a i n e d  a  q u in o n e  g r o u p .

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

S t a p h y l o c o c c u s , A r m str o n g  e_t a_l. ( 1 9 4 3 )  , c o n c l u d e d  t h a t  t h e  a n t i b a c t e r i a l  

p r o p e r t i e s  o f  V i t a m in  K -5  c o u l d  b e  e x p l a i n e d  by i t s  r e a d y  o x i d a t i o n  t o  

t h e  c o r r e s p o n d i n g  1 - 4  n a p h t h o q u in o n e .

C om paring  t h e  a n t i b a c t e r i a l  a c t i v i t y  o t  t h r e e  a n a l o g s  o f  V i t a m in  K, 

V it a m in  K - 5 ,  H y k in o n e  ( 2 - m e t h y l - l ,  4 - n a p h t b o q o in o n e  so d iu m  b i s u l f i t e ) ,  

and  S y n k a y v i t e  ( t e t r a s o d i u m  2 - m e t h y l - l ,  4 - n a p h t h o h y d r o q u ± n o n e ) , K im le r  

( 1 9 5 0 )  fo u n d  t h a t  t h e  V i t a m in  K-5 a n a l o g  w as t h e  m o s t  e f f e c t i v e ,  w h i l e  

t h e  o t h e r  tw o w e r e  n e a r l y  d e v o i d  o f  a n t i b a c t e r i a l  p r o p e r t i a s  He 

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

f r e e  am m o grou p  a t  t h e  f o u r t h  c a r b o n .  S i m i l a r l y ,  Swart.zman ( 1 9 4 8 )  fou n d  

t h a t  V i t a m in  K -5 w as an e f f e c t i v e  a n t i b a c t e r i a l  a g e n t  a g a i n s t  b o t h  gram  

p o s i t i v e  and gram n e g a t i v e  o r g a n i s m s .  He fo u n d  t h e  c im pound  s t r o n g l y  

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

h y d r o l y s a t e  and b l o o d  s e r u m ,  and a g a i n s t  gram n e g a t i v e  o r g a n is m s  i n  

s y n t h e t i c  m e d ia .  He a l s o  r e p o r t e d  t h a t  t h e  a n t i b a c t e r i a l  a c t i v i t y  o f  

V it a m in  K -5  w as r e l a t e d  t o  a i r  o x i d a t i o n  and t h a t  e x c e s s i v e  o x i d a t i o n  

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

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

o x i d a t i o n  b y  a i r  w h ic h  p o s s i b l y  t a k e s  p l a c e  im m e d i a t e l y  upon d i s s o l v i n g  

t h e  s u b s t a n c e .  H o w e v e r ,  h e  a l s o  s t a t e s  t h a t  t h e  p r e s e n c e  o f  an am ino  

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

I n  s p i t e  o f  t h i s  b i o l o g i c a l  a c t i v i t y ,  i t  a p p e a r s  t h a t  V i t a m in  K -5  

i s  n o t  t o x i c  t o  i n d i v i d u a l s  o r  a n im a l s  and t h a t  s i d e  e f f e c t s  a r e
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n e g l i g i b l e  w hen g i v e n  i n  a p p r o p r i a t e  d o s e s  H o w e v e r ,  A l l i s o n  ( 1 9 5 5 )  

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

p o t e n t i a l  o f  c a u s i n g  h y p e r b i l i r u b i n e m i a ,  h e m o l y t i c  an em ia  and k e r n i c t e r u s , 

L a u r a n c e  ( 1 9 5 5 )  a l s o  r e p o r t e d  t h a t  6 n ew b orn  c h i l d r e n  d e v e l o p e d  c l i n i c a l  

s i g n s  o f  k e r n i c t e r u s  and d i e d  a f t e r  r e c e i v i n g  V i ta m in  K -5 f o r  3 d a y s .  

M oore and Sharraan ( 1 9 5 9 )  fo u n d  t h a t  i n  m ic e  and r a t s  d e t i c i e n t  i n  V ita m in  

E , an  i n t e n s e  h e m o g ^ c b in u r e a  r e s u l t e d  f o l l o w i n g  in t r a m u s c u l a r  i n j e c t i o n  

o f  t h e  v i t a m i n  a n a l o g .  The e f f e c t ,  h o w e v e r ,  w as tem p o ra ry  and b o t h  

a n i m a l s  and  t h e i r  u r i n e  a p p e a r e d  n o rm a l f o l l o w i n g  24 h o u r s .  E x p e r i 

m e n t a l l y ,  S k im k ln  ( 1 9 4 1 )  n o t i c e d  t h a t  I . P .  i n j e c t i o n s  o f  V i t a m in  K -5  i n  

lo w  c o n c e n t r a t i o n s  i n  m ic e  p r o d u c e d  no o b s e r v a b l e  t o x i c i t y  e x c e p t  f o r  a 

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

m arked  h e m o r r h a g ic  e x t r a v a s t i o n  i n  t h e  r e n a l  t u b u l e s  and i n  t h e  l i v e r  

o c c u r r e d  and i f  d e a t h  o c c u r r e d ,  i t  w as due t o  r e s p i r a t o r y  f a i l u r e .
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STATEMENT OF PROBLEM

T h is  i n v e s t i g a t i o n  w as  u n d e r t a k e n  t o  s t u d y  t h e  r e l a t i v e  

p a t h o g e n i c i t y  o f  n o r m a l -  and i n h i b i t o r - g r o w n  s y s t e m i c  p a t h o g e n i c  

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

r e s p i r a t i o n  and  u l t r a v i o l e t  s e n s i t i v i t y  t o  i n f e c t i v i t y  and  

v i a b i l i t y .
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CHAPTER I I I  

MATERIALS AND METHODS

I .  GENERAL MATERIALS AND METHODS

( 1 )  O r g a n ism s  E m p lo y e d ^

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

i n v e s t i g a t i o n :  s t r a i n  6 0 4 6 ,  o b t a i n e d  from  t h e  Rocky M o u n ta in

L a b o r a t o r y ,  U -S ,P = H »S . ,  H a m i l t o n ,  M on tan a;  and s t r a i n  LBa, o b t a i n e d  

fro m  t h e  C a r o l i n a  B i o l o g i c a l  S u p p ly  Company, B u r l i n g t o n ,  N o r th  

C a r o l i n a .  Two a d d i t i o n a l  o r g a n is m s  w e r e  a l s o  i n c l u d e d  i n  t h i s  s t u d y :  

H l s t o p l a s m a  c a p s u l a t u m . s t r a i n  1 0 2 3 0 ,  o b t a i n e d  fr»m  t h e  A m er ic a n  Type  

C u l t u r e  C o l l e c t i o n ,  W a s h in g to n  D .C . ;  and S p o r o t r ic h u m  s c h e n c k i i  

o b t a i n e d  from  t h e  C om m unicable  D i s e a s e  C e n t e r ,  U S P . H . S . ,  A t l a n t a ,  Ga.

( 2 )  B u f f e r  and S a l i n 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 t e - b u f f e r e d  s a l i n e  (SPBS) u s e d  t h r o u g h o u t  

t h i s  i n v e s t i g a t i o n  c o n s i s t e d  o f  1 8 0  ml o f  0 . IM K2H?0^, 120  m l o f  O.IM  

KH^PO^, 700 ml o t  d i s t i l l e d  w a t e r  and 8 . 5  g NaCl& The pH o f  t h i s  

s o l u t i o n  r e m a in e d  7 . 0  a f t e r  s t e r i l i z a t i o n  a t  121  C f o r  15  m i n u t e s .

S t e r i l e  and n o n s t e r i l e  p h o s p h a t e - b u f f e r e d  s o l u t i o n s  u s e d  i n  p r e 

p a r i n g  m e d ia  and i n  e x p e r i m e n t a l  s t u d i e s  c o n s i s t e d  o f  180 ml o f

O.IM K HPO , 120  m l o f  O.IM KH PC and 700 ml d i s t i l l e d  w a c c ( .  F o l l o w i n g  
2 4 2 4

a d d i t i o n  o f  t h e  m ed iu m , t h e  s o l u t i o n s  w e r e  a u c o c l a v e d .

U n b u f f e r e d  s a l i n e  s o l u t i o n s  w e r e  p r e p a r e d  b y  a d d in g  8 . 5  g NaCl t o  

o n e  l i t e r  o f  d i s t i l l e d  w a t e r .
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( 3 )  C u l t u r e  M ed ia  and M a in t e n a n c e  o f  C u l t u r e s .

S t o c k  c u l t u r e s  o f  a l l  o r g a n i s m s  w e r e  grow n and m a in t a i n e d  

on S a b o u r a u d  D e x t r o s e  A gar (SAB) s l a n t s ,  pH 7 . 0  ( B a l t i m o r e  B i o l o g i c a l  

L a b o r a t o r y ) .  Y e a s t  p h a s e  c u l t u r e s  w e r e  i n c u b a t e d  a t  37 C and w e r e  

t r a n s f e r r e d  e v e r y  10  t o  14 d a y s»  S t o c k  c u l t u r e s  w e r e  c h e c k e d  

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

C u l t u r e s  f o r  e x p e r i m e n t a l  u s e  w e r e  grow n i n  B a c to -E u g o n  

b r o t h  ( D i f c o ) .  The p h o s p h a t e  b u f f e r e d  medium w as d i s p e n s e d  i n  

1 5 0 - m l  a l i q u o t s  i n t o  1 0 0 0 - m l  e r l e n m e y e r  f l a s k s  and s t e r i l i z e d  i n  t h e  

a u t o c l a v e  f o r  15 m i n u t e s  a t  1 2 1  C. F o l l o w i n g  i n o c u l a t i o n  o f  t h e  

m e d i a ,  t h e  c u l t u r e s  w e r e  p l a c e d  on a p l a t f o r m  s h a k e r  and I n c u b a t e d  

a t  37 C. The s h a k e r s  w e r e  a d j u s t e d  s o  a s  t o  j u s t  b r e a k  t h e  s u r f a c e  

and a l l o w  f o r  a e r a t i o n  o f  t h e  l i q u i d  m edium . O rg a n ism s  c u l t u r e d  i n  

t h i s  m anner a r e  r e f e r r e d  t o  t h r o u g h o u t  t h i s  t h e s i s  a s  "norm al"  c e l l s .

( 4 )  P r e p a r  at i o n  o f  C e l l s .

A v a r i e t y  o f  c e l l  s u s p e n s i o n s  and c o n c e n t r a t i o n s  w e r e  u s e d  

t h r o u g h o u t  t h i s  i n v e s t i g a t i o n . ,  H o w e v e r ,  i n i t i a l  p r o c e d u r e s  i n  p r e 

p a r i n g  t h e  s u s p e n s i o n s  w e r e  c o n d u c t e d  i n  t h e  f o l l o w i n g  m a n n er .  F i v e -  

day y e a s t  p h a s e  c e l l s  w e r e  t r a n s f e r r e d  i n  1 0 -m l  a l i q u o t s  t o  s t e r i l e  

t u b e s  and c e n t r i f u g e d  a t  2 , 0 0 0  r . p . m .  i n  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 t r i f u g e  f o r  10 m i n u t e s .  The c e l l s  w e r e  t h e n  w a sh e d  fo u r  t i m e s  w i t h  

5 - m l  a l i q u o t s  o f  SPBS. I f  h i g h e r  c o n c e n t r a t i o n s  o f  c e l l s  w e r e  

n e c e s s a r y ,  a d d i t i o n a l  a l i q u o t s  from  t h e  c u l t u r e  f l a s k s  w e r e  a d d ed  

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

d i l u t e d  t o  a v o lu m e  o f  50 m l .  T h is  50  ml o f  s u s p e n s i o n  was p l a c e d  i n
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a W a rin g  b l e n d e r  and  a g i t a t e d  a t  lo w  s p e e d  f o r  10  t o  15 m i n u t e s  a t  

a p p r o x i m a t e l y  8 C t o  a s s u r e  s e p a r a t i o n  o f  a l l  c e l l  a g g r e g a t e s .

A f t e r  b l e n d i n g ,  a l i q u o t s  w e r e  rem oved  and t h e i r  o p t i c a l  d e n s i t i e s  

a d j u s t e d  w i t h  a C olem an J u n i o r  S p e c t r o p h o t o m e t e r  a t  600  mu. In  

som e c a s e s ,  f u r t h e r  t r e a t m e n t  o f  t h e  c e l l  s u s p e n s i o n  w as n e c e s s a r y  

a s  w a r r a n t e d  by t h e  e x p e r i m e n t  i n  q u e s t i o n .

M y c e l i a l  p h a s e  c e l l s  w e r e  f i l t e r e d  a s e p t i c a l l y  on Whatman No.

1 f i l t e r  p a p e r  d i s k s  i n  a  s t e r i l e  B u ch n er  f u n n e l .  The c e l l s  w e r e  

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

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

t r a n s f e r r e d  t o  s t e r i l e  v i a l s  and r e s u s p e n d e d  i n  0 , 8 5  p e r c e n t  SPBS,

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

by t h e  e x p e r i m e n t  and a s  d e s c r i b e d  u n d e r  E x p e r i m e n t a l  M e th o d s .

( 5 )  P l a t e  C o u n t in g  M e th o d .

P h o s p h a t e - b u f f e r e d  SAB a t  pH 7 , 0  w as u s e d  a s  t h e  p l a t e  c o u n t  

medium S ta n d a r d  p l a t e  c o u n t i n g  m e th o d s  w e r e  e m p lo y e d  u s i n g  t h e  Q uebec  

C o lo n y  C o u n te r  f o r  c o u n t i n g  c o l o n i e s  on  t h e  p l a t e s .  When p o s s i b l e ,  a l l  

c o l o n i e s  on  t h e  p l a c e s  w e r e  c o u n t e d .

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

The s o u r c e  o t  u l t r a v i o l e t  l i g h t  w as a M i n e r a l l i g h t , M od e l SL 

2 5 3 7  s h o r t  wa.-e la m p .  F a c t o r y  r a t e d ,  t h e  maximum o u t p u t  o f  t h e  lamp
w

w as a p p r o x i m a t e l y  2 , 5 3 7  A a t  5 w a t t s .  The d i s t a n c e  from  t h e  m e r c u r y  t u b e

t o  t h e  b o t t o m  o f  t h e  1 0 0 - m l  b e a k e r  w as 1 5 . 5  cm i n  a l l  e x p e r i m e n t s .  T h i s

2
d i s t a n c e  e s t a b l i s h e d  a  d o s e  r a t e  o f  1 8 . 5  erg s /m m  p e r  s e c o n d  a s  m e a s u r e d
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b y  t h e  m e th o d  o f  d a g g e r  ( 1 9 6 1 ) .  C e l l s  w h ic h  w e r e  t o  b e  I r r a d i a t e d  w e r e  

s u s p e n d e d  i n  SPBS and t h e  o p t i c a l  d e n s i t y  a d j u s t e d  t o  0 . 5 2 5  a t  600  mij. 

A l i q u o t s  o f  20 m l w e r e  t r a n s f e r r e d  t o  s t e r i l e  1 0 0 -m l  b e a k e r s .  The o u t 

p u t  o f  t h e  lamp w a s  a l l o w e d  t o  e q u i l i b r a t e  f o r  5 m in u t e s  b e f o r e  

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

c o n s t a n t l y  r o t a t e d  on  a Y a n k ee  R o t a t o r  a t  1 8 0  r . p . m .  A c a b i n e t  w as  

c o n s t r u c t e d  t o  e n c l o s e  t h e  r o t a t o r  and lamp and a l l  w ork  w as c o n d u c t e d  

i n  a  d a r k e n e d  room . F o l l o w i n g  i r r a d i a t i o n  1 -m l  and 0 . 1 - m l  o f  1 : 1 0  and  

1 : 1 0 0  d i l u t i o n s  o f  t h e  c e l l  s u s p e n s i o n s  w e r e  p l a t e d .  A l l  p l a t e s  w e r e  

i n c u b a t e d  i n  a  m o i s t  cham ber a t  37 C f o r  7 d a y s .

(7 )  M i c e .

Mxce u s e d  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n  w e r e  2 1 -  t o  2 6 - d a y  o l d  

f e m a l e s  o f  t h e  CFW s t r a i n  o r i g i n a l l y  o b t a i n e d  from  t h e  Rocky M o u n ta in  

L a b o r a t o r y ,  U . S P . H . S . ,  H a m i l t o n ,  M o n ta n a . The c o l o n y  w as m a i n t a i n e d  i n  

t h e  M i c r o b i o l o g y  a n im a l  q u a r t e r s .  U n i v e r s i t y  o f  M on tan a .

I I .  EXPERIMENTAL METHODS AND PROCEDURES

(1 )  C u l t u r e  M eth od s  f o r  I n h i b i t o r  Grown C e l l s .

The i n h i b i t o r s  u s e d  i n  t h i s  s t u d y  w e r e  t h e  a n a l o g s  8 - a z a g u a n i n e  

( N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n ) ,  6 - a z a u r a c i l  ( N .B . C . )  and t h e  

a n t i b i o t i c ,  p u r o m y c in  ( N . B . C . ) . The a n a l o g s  w e r e  ad d ed  t o  s e p a r a t e  

f l a s k s  c o n t a i n i n g  p h o s p h a t e - b u f f e r e d  B a c to -E u g o n  b r o t h  and t h e n  a u t o c l a v e d  

f o r  1 5  m i n u t e s  a t  121  C. S w in n e y  f i l t e r e d  P u r o m y c in  w as ad d ed  a s e p t i c a l l y  

t o  p r e v i o u s l y  a u t o c l a v e d  p h o s p h a t e - b u f f e r e d  B a c to -E u g o n  b r o t h .  The
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c o n c e n t r a t i o n s  o f  t h e s e  a g e n t s  f o r  t h e  o r g a n is m s  grow n a r e  su m m a r ized  i n  

T a b l e  1 .  O r g a n ism s  grow n i n  t h e  p r e s e n c e  o f  8 - a z a g u a n i n e ,  6 - a z a u r a c i l  

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

t h i s  t h e s i s .  F o l l o w i n g  i n o c u l a t i o n  o f  t h e  c u l t u r e  m ed ia  t h e  f l a s k s  

w e r e  i n c u b a t e d  i n  t h e  sam e m anner a s  t h e  n o rm a l c e l l s .

( 2 )  S t u d i e s  t o  D e t e r m in e  T o l e r a n c e  L e v e l s  t o  t h e  I n h i b i t o r s .

A. T o l e r a n e e  L e v e l s  o f  M ic r o o r g a n is m s  t o  t h e  I n h i b i t o r s .

Y e a s t  p h a s e  c e l l s  o f  a l l  t h e  o r g a n is m s  w e r e  e m p lo y e d .  M e l t e d  

p h o s p h a t e - b u f f e r e d  Eugon a g a r  w as d i s p e n s e d  i n  1 0 -m l  a l i q u o t s  i n t o  t e s t  

t u b e s  and i n c u b a t e d  i n  a 55 C w a t e r  b a th e  T w o - f o ld  d i l u t i o n s  o f  

8 - a z a g u a n i n e  and 6 - a z a u r a c i l  w e r e  made s t a r t i n g ,  i n  e a c h  c a s e ,  w i t h  a 

c o n c e n t r a t i o n  o f  50 m g /m l .  The t w o - f o l d  d i l u t i o n s  w e r e  c a r r i e d  th r o u g h  

s e v e n  t u b e s  r e s u l t i n g  i n  a  lo w  c o n c e n t r a t i o n  o f  0 , 3 9  m g /m l .  The t u b e s  

w e r e  t h e n  c a p p e d  and s t e r i l i z e d  a t  1 21  C f o r  15 m i n u t e s .  F o l l o w i n g  

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

t o  s o l i d i f y .  T w o - f c ld  d i l u t i o n s  o f  p u r o m y c in  w e r e  a l s o  made b y  a d d in g  

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

o f  m e l t e d  s t e r i l e  Eugon a g a r  a t  50 C, The f i n a l  c o n c e n t r a t i o n  o f  p u r o 

m y c in  i n  t h e  f i r s t  t u b e s  w as  2 0 0  M g/ml. T w o - f o ld  d i l u t i o n s  w e r e  c a r r i e d  

t h r o u g h  6 t u b e s  i n  e a c h  s e r i e s ,  r e s u l t i n g  i n  lo w  c o n c e n t r a t i o n s  o f  3 . 1 2 5  

L g /m l The m e d ia  w e r e  t h e n  p o u r e d  i n t o  s t e r i l e  p e t r i  p l a t e s .

F i v e - d a y  y e a s t  p h a s e  c e l l  s u s p e n s i o n s  i n  SPBS w e r e  p r e p a r e d  as  

p r e v i o u s l y  d e s c r i b e d .  The o p t i c a l  d e n s l t i t e s  i n  e a c h  c a s e  w as a d j u s t e d  

t o  0 . 5 2 5  a t  6 0 0  m e. A l l  p l a t e s  w e r e  i n o c u l a t e d  w i t h  1 -m l  a l i q u o t s  and  

i n c u b a t e d  i n  m o i s t  ch a m b ers  a t  37 C f o r  10 d a y s .  The h i g h e s t  c o n c e n t r a t i o n
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o f  t h e  i n h i b i t o r s  s h o w in g  a p p r e c i a b l e  g r o w th  w e r e  u s e d  f o r  f u r t h e r  

s t u d i e s ,

B . T o l e r a n c e  L e v e l s  o f  M ic e  t o  V i t a m in  K - 5 .

S e v e r a l  m e th o d s  o f  p r e p a r i n g  t h e  V i t a m in  K -5  s o l u t i o n  w e r e  

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

f i n a l l y  e m p lo y e d  w as  t o  s u s p e n d  V i t a m in  K -5  i n  p r e v i o u s l y  s t e r i l i z e d  

0 .1 5 M  p h o s p h a t e  b u f f e r .  Though som e f l o c c u l a t i o n  o c c u r r e d ,  t h e  s u s 

p e n s i o n  w as c o n s t a n t l y  a g i t a t e d  t o  p r o v i d e  a u n i f o r m  s u s p e n s i o n .  Two

f o l d  d i l u t i o n s  o f  t h e  V i t a m in  K -5 s o l u t i o n s  w e r e  u s e d  f o r  i n i t i a l  

s c r e e n i n g .  The h i g h e s t  c o n c e n t r a t i o n  w as 10  m g /m l.  T w o - f o ld  d i l u t i o n s  

w e r e  c a r r i e d  th r o u g h  6 s e r i e s ,  r e s u l t i n g  i n  a  lo w  c o n c e n t r a t i o n  o f  

0 . 3 1 2 5  m g /m l . Ten m ic e  w e r e  i n j e c t e d  w i t h  V i ta m in  K-5 i n  e a c h  s e r i e s ,  

and 10 r e c e i v e d  s t e r i l e  p h o s p h a t e  b u f f e r  a s  c o n t r o l .  A l l  m ic e  w e r e  

i n j e c t e d  w i t h  1 - m l  d o s e s  i n t r a p e r i t o n e a l l y . S u r v i v i n g  m ic e  w e r e  

r e i n j e c t e d  4 8  h o u r s  l a t e r  w i t h  t h e  sam e c o n c e n t r a t i o n .  T h is  w as r e p e a t e d  

e v e r y  48  h o u r s  f o r  a s  l o n g  a s  t h e  m ic e  s u r v i v e d  o r  u n t i l  a maximum o f  15  

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

(STt A n a l y t i c a l  M eth od s  f o r  N u c l e i c  A c i d s .

The m e th o d s  e m p lo y e d  f o r  a n a l y s i s  o f  RNA and DNA w e r e  s i m i l a r  t o  

t h o s e  u s e d  i n  "M ethods o f  B i o c h e m i c a l  A n a l y s i s "  ( V o l k i n  and C ohn, 1 9 5 4 ) .  

A l s o  e m p lo y e d  w e r e  p r o c e d u r e s  u s e d  b y  M orse  and C a r t e r  ( 1 9 4 9 ) .  C e l l s  

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

t h e  f i n a l  3 w a s h i n g s .  The f i n a l  v o lu m e  o f  t h e  c e l l  s u s p e n s i o n  w as  

a d j u s t e d  t o  10  m l and 1 m l from  e a c h  p r e p a r a t i o n  was rem oved  and p l a c e d  

i n  s e p a r a t e  t a r e d  c r u c i b l e s  f o r  d ry  w e i g h t  d e t e r m i n a t i o n s .  A l i q u o t s  o f
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5 m l and an e q u a l  v o lu m e  o f  N o. 10 B a l l o t i n i  b e a d s  w e r e  t h e n  a g i t a t e d  

i n  a M i c k 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  30 m in u t e s  a t  4 C.

The e n t i r e  c o n t e n t s  o f  t h e  M i c k le  v i a l  w as t h e n  c e n t r i f u g e d  f o r  10  

m i n u t e s .  The s u p e r n a t a n t  f l u i d  w as t r a n s f e r r e d  t o  a t e s t  t u b e  and  

t r e a t e d ,  i n  an  i c e  b a t h ,  w i t h  10  p e r c e n t  t r i c h l o r o a c e t i c  a c i d  (TCA) f o r  

30 m i n u t e s .  F o l l o w i n g  c e n t r i f u g a t i o n  f o r  3 m in u t e s  i n  t h e  c o l d ,  t h i s  

p r o c e d u r e  w as r e p e a t e d .  The r e s i d u e  w as t r e a t e d  w i t h  1 ml o f  d i s t i l l e d  

w a t e r  and 4 ml o f  95 p e r c e n t  e t h y l  a l c o h o l  and c e n t r i f u g e d  f o r  3 m i n u t e s .

The r e s i d u e  w as e x t r a c t e d  and w a sh e d  3 t i m e s  w i t h  3 : 1  95  p e r c e n t  e t h y l  

a l c o h o l ;  d i e t h y l  e t h e r  a t  room t e m p e r a t u r e .  Two m l o f  0 . 3  N KOH w as  

a d d ed  t o  t h e  r e s i u d e  and a l l o w e d  t o  s t a n d  f o r  16 t o  20 h o u r s  i n  a 37 C 

w a t e r  b a t h .  The s o l u t i o n  w as t h e n  n e u t r a l i z e d  w i t h  6 N p e r c h l o r i c  a c i d .  

An e q u a l  v o lu m e  o f  5 p e r c e n t  TCA w as a d d ed  and t h e  e n t i r e  m i x t u r e  w as  

c e n t r i f u g e d .  T h is  p r o c e d u r e  w as  r e p e a t e d  and t h e  co m b in ed  s u p e r n a t a n t  

f l u i d s  s a ’;j'ed f o r  RNA a n a l y s i s .  The r e m a i n i n g  r e s i u d e  was s u s p e n d e d  i n  

5 m l o f  5 p e r c e n t  TCA, h e a t e d  f o r  15 m in u t e s  a t  90  C and c e n t r i f u g e d .

The s u p e r n a t a n t  was d e c a n t e d  and t h e  p r o c e d u r e  r e p e a t e d  w i t h  2 . 5  m l TCA 

a t  room t e m p e r a t u r e .  F o l l o w i n g  c e n t r i f u g a t i o n  t h e  s u p e r n a t a n t  f l u i d s  

w e r e  c o m b in e d  and s a v e d  f o r  DNA a n a l y s i s ,

A, RNA A n a l y s i s .

S t o c k  RNA r e a g e n t  w as p r e p a r e d  b y  d i s s o l v i n g  1 3 . 5  g f e r r i c  

ammonium s u l f a t e  and  20 g r e c r y s t a l i z e d  o r c i n o l  i n  500  ml o f  d i s t i l l e d  

w a t e r .  P r i o r  t o  u s e ,  2 . 5  m l o f  t h i s  s t o c k  r e a g e n t  w as a d d ed  t o  4 1 . 5  ml 

o f  c o n c e n t r a t e d  HCl and d i l u t e d  t o  50  m l w i t h  d i s t i l l e d  w a t e r .  In  t h e  

t e s t  f o r  RNA, 3 ml o f  t h e  s e r i a l l y  d i l u t e d  t e s t  s o l u t i o n  ( . c o n t a i n i n g  4 - 4 0
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y g  p e n t o s e )  w as  m ix e d  w i t h  9 m l o f  r e a g e n t .  The m ix t u r e  w as h e a t e d  i n  a 

b o i l i n g  w a t e r  b a t h  f o r  20 m i n u t e s  and t h e n  c o o l e d  t o  room t e m p e r a t u r e .  

O p t i c a l  d e n s i t i e s  o f  t h e  s o l u t i o n  w e r e  d e t e r m i n e d  a t  660  my. The 

r e a d i n g s  o b t a i n e d  w e r e  com p ared  w i t h  a  r e f e r e n c e  c u r v e  p r e p a r e d  w i t h  

s o l u t i o n s  c o n t a i n i n g  known RNA ( N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n )  

c o n c e n t r a t i o n s ,

B, DNA A n a l y s i s ■

The DNA r e a g e n t  w as  p r e p a r e d  b y  d i s s o l v i n g  1 . 0  g o f

d ip h e n y l a m i n e  i n  98  m l 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 i d  and 2 ml o f

c o n c e n t r a t e d  H SO . F or  t h e  a n a l y s i s  o f  DNA, 7 . 5  ml o f  t h e  r e a g e n t  was  
2 4

ad d ed  t o  3 m l o f  t h e  t e s t  s o l u t i o n .  The m i x t u r e  w as h e a t e d  f o r  10 m in u t e s  

i n  a  b o i l i n g  w a t e r  b a t h  t h e n  c o o l e d  t o  room t e m p e r a t u r e .  O p t i c a l  

d e n s i t i e s  w e r e  d e t e r m i n e d  a t  540  my and t h e  e x p e r i m e n t a l  v a l u e s  com p ared  

w i t h  a r e f e r e n c e  c u r v e  p r e p a r e d  w i t h  known c o n c e n t r a t i o n s  o f  DNA ( N „ B ,C . ) .

( 4 )  S t u d i e s  t o  D e t e r m in e  t h e  E f f e c t s  o f  I r r a d i a t i o n  on  
N orm al and I n h i b i t o r  Grown C e l l s .

F i v e - d a y  y e a s t  p h a s e  n o r m a l and i n h i b i t o r  grow n c e l l s  w e r e

p r e p a r e d  i n  t h e  manner p r e v i o u s l y  d e s c r i b e d  and w e r e  s u s p e n d e d  i n  SPBS.

The o p t i c a l  d e n s i t y  o f  e a c h  c e l l  s u s p e n s i o n  w as a d j u s t e d  t o  a r e a d i n g  

o f  0 , 5 2 5  a t  6 00  mp. The t im e  o f  i r r a d i a t i o n  r a n g e d  from  0 t o  60 m in u t e s  

w i t h  s a m p l e s  t a k e n  a t  i n t e r v a l s  o f  1 ,  2 ,  3 ,  4 ,  5 ,  10  and 15 m i n u t e s  and

e v e r y  10  m i n u t e s  t h e r e a f t e r .  N orm al and p u r o m y c in -g r o w n  c e l l s  w e r e

p l a t e d  on  SAB b u f f e r e d  w i t h  O.IM p h o s p h a t e  b u f f e r  a t  pH 7 . 0 .  N orm al  

and  a n a lo g - g r o w n  c e l l s  w e r e  r e c o v e r e d  on  SAB and w e r e  a l s o  p l a t e d  on  

SAB m e d ia  c o n t a i n i n g  t h e  n o r m a l  p u r i n e  and p y r i m i d i n e .  The c o n c e n t r a t i o n s
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o f  t h e  g u a n i n e  and u r a c i l  i n  t h e  p l a t e  c o u n t  m e d ia  w e r e  t h e  sam e as  

t h a t  o f  t h e i r  a n a l o g s  i n  t h e  r e s p e c t i v e  c u l t u r e  m e d ia .  T h is  s t e p  

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

i r r a d i a t i o n  e f f e c t s  on a n a lo g - g r o w n  c e l l s .  A l l  p l a t e s  w e r e  i n c u b a t e d  

i n  a m o i s t  cham ber a t  37 C f o r  7 d a y s .

( 5 )  M a n o m e tr ic  M e t h o d s .

A. S t u d i e s  t o  D e t e r m in e  t h e  R e s p i r a t i o n  o f  N orm al and  
I n h i b i t o r  Grown C e l l s .

C o n v e n t i o n a l  m a n o m e tr ic  t e c h i n q u e s  w e r e  e m p lo y e d  ( U m b r ie t ,  

B u r r i s  and S t a u f f e r ,  1 9 4 9 ) .  The m a in  co m p a rtm en t  o f  t h e  f l a s k  was  

c h a r g e d  w i t h  1 ml o f  O.IM s u b s t r a t e  s o l u t i o n  i n  0 .1 5 M  p h o s p h a t e  b u f f e r .

The s u b s t r a t e s  e m p lo y e d  w e r e :  g l u c o s e  ( A l l i e d  C h e m ic a l ) ;  m onosod ium

g l u t a m a t e  ( N . B . C . ) ; r i b o s e  ( N . B . C . ) ; f r u c t o s e  ( F i s h e r  S c i e n t i f i c  Company) 

and x y l o s e  ( F i s h e r  S c i e n t i f i c  C om pany). The e n d o g e n o u s  s y s t e m  was  

p r e p a r e d  i n  t h e  m anner i n d i c a t e d  a b o v e ;  h o w e v e r ,  0 .1 5 M  p h o s p h a t e  b u f f e r  

w a s u s e d  i n  p l a c e  o f  t h e  s u b s t r a t e - b u f f e r  s o l u t i o n .  The c e n t e r  w e l l  w as  

c h a r g e d  w i t h  0 , 2  m l o f  20 p e r c e n t  KOH. A p i e c e  o f  f i l t e r  p a p e r  w as  

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

c a r b o n  d i o x i d e  e v o l v e d .  Y e a s t  p h a s e  c e l l s  from  a 5 -d a y  b r o t h  c u l t u r e  

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

i n  0 , 8 5  p e r c e n t  s a l i n e .  The s u s p e n s i o n  w as a d j u s t e d  t o  an o p t i c a l  d e n s i t y  

o f  0 . 5 2 5  a t  6 0 0  mw and a  1 -m l a l i q u o t  p i p e t t e d  i n t o  o n e  o f  t h e  s i d e  a r m s .  

The w a t e r  b a t h  t e m p e r a t u r e  w as m a i n t i a n e d  a t  37 C +  0 . 2  C. The f l a s k s  

w e r e  a l l o w e d  t o  e q u i l i b r a t e  f o r  20 m in u t e s  w i t h  t h e  s t o p c o c k s  o p e n .  A l l  

c o n n e c t i o n s  w e r e  t h e n  r e e x a m in e d  f o r  l e a k a g e .  The l e v e l s  o f  t h e  B r o d ie  

s o l u t i o n  i n  t h e  c l o s e d  en d  o f  t h e  m a n o m eters  w e r e  a d j u s t e d  t o  t h e  1 5 0
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mm m a rk ,  t h e  s t o p c o c k s  c l o s e d  and t h e  s h a k e r  s t a r t e d .  The s y s t e m  was  

t h e n  a l l o w e d  t o  e q u i l i b r a t e  f o r  5 m i n u t e s  b e f o r e  t h e  f i r s t  r e a d i n g  w as  

r e c o r d e d .  The c e l l  s u s p e n s i o n  w as  t h e n  t i p p e d  i n t o  t h e  m a in  f l a s k  

c o m p a r tm e n t .  The s id e a r m s  w e r e  r i n s e d  w i t h  som e o f  t h e  s o l u t i o n  from  

t h e  m a in  com p a rtm en t  i n  o r d e r  t o  m ix  t h e  c e l l s  and t h e  s u b s t r a t e .  

R e a d in g s  w e r e  r e c o r d e d  e v e r y  30 m i n u t e s  f o r  t h e  f i r s t  h o u r  t h e n  e v e r y  

60  m i n u t e s  f o l l o w i n g .  T h erm o b a ro m eter  and e n d o g e n o u s  s y s t e m s  w e r e  

m a n i p u l a t e d  i n  t h e  sam e m anner a s  t h e  e x p e r i m e n t a l  s y s t e m s  th r o u g h o u t  

e a c h  e x p e r i m e n t .  One c o n t r o l  s y s t e m  u s i n g  n o r m a l c e l l s  was a lw a y s  

e m p lo y e d  w hen s t u d i e s  i n v o l v e d  t h e  u s e  o f  i n h i b i t o r  grow n c e l l s .

B, S t u d i e s  t o  D e t e r m in e  t h e  E f f e c t  o f  V i t a m in  K-5 on  
C e l l u l a r  R e s p i r a t i o n .

M a n o m e tr ic  t e c h i n q u e s  p r e v i o u s l y  d e s c r i b e d  w e r e  u s e d  

t h r o u g h o u t  t h i s  s e r i e s  o f  e x p e r i m e n t s .  The s e c o n d  s id e a r m  w as c h a r g e d  

w i t h  1 ml o f  a 0 15M p h o s p h a t e - b u f f e r e d  s o l u t i o n  o f  V ita m in  K -5 .  A l l  

e x p e r i m e n t s  w e r e  a c c o m p l i s h e d  u s i n g  a  V i t a m in  K -5  c o n c e n t r a t i o n  o f  1 . 5  

m g/m l The v i t a m i n  s o l u t i o n  w as t i p p e d  i n t o  t h e  m a in  com p artm en t 2 

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

t h e r m o b a r o m e te r  s y s t e m s  r e c e i v e d  1 m l o f  0 .1 5 M  p h o s p h a t e  b u f f e r  i n  l i e u  

o f  t h e  v i t a m i n  s o l u t i o n .  A s e c o n d  e n d o g e n o u s  s y s t e m  w as a l s o  e m p lo y e d  

u s i n g  t h e  V ia t m in  K -5  s o l u t i o n .  The a v e r a g e  l e n g t h  o f  t im e  f o r  e a c h  

e x p e r i m e n t  w as 9 h o u r s .
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( 6 )  S t u d i e s  t o  D e t e r m in e  t h e  I n  V iv o  E f f e c t  o f  I n h i b i t o r s
on  V i r u l e n c e .

A . I n  V iv o  S t u d i e s  w i t h  N orm al and I n h i b i t o r  Grown C e l l s .

F i v e - d a y  y e a s t  p h a s e  c e l l s  w e r e  h a r v e s t e d ,  w a sh ed  and

s u s p e n d e d  i n  SPBS a s  p r e v i o u s l y  d e s c r i b e d .  N orm al and i n h i b i t o r - g r o w n  

c e l l s  w e r e  t r e a t e d  i n  t h e  sam e m a n n er .  A f t e r  t h e  c e l l s  w e r e  b l e n d e d ,  

t h e  s u s p e n s i o n  w as i n i t i a l l y  a d j u s t e d  t o  an o p t i c a l  d e n s i t y  o f  0 . 8 2 5  

a t  6 0 0  mu. The f i n a l  c o n c e n t r a t i o n  w as t h e n  a d j u s t e d  t o  4 . 0  x  10^

c e l l s / m l  by  a c t u a l  h e m o c y t o m e t e r  c o u n t .  The s u s p e n s i o n s  w e r e  t h e n

d i l u t e d  w i t h  an e q u a l  v o lu m e  o f  s t e r i l e  5 p e r c e n t  g a s t r i c  m u c in  

a d j u v a n t ,  pH 7 . 0 .  T h is  r e s u l t e d  i n  a f i n a l  c o n c e n t r a t i o n  o f  2 , 0  x  10^  

c e l l s / m l .  The s u s p e n s i o n s  w e r e  m ix e d  b y  s h a k i n g  and 0 . 5 - m l  a l i q u o t s  

w e r e  p i p e t t e d  from  e a c h  and p l a t e d  on  SAB, pH 7 . 0 .  T h e s e  w e r e  u s e d  t o  

e s t a b l i s h  t h e  v i a b i l i t y  o f  t h e  c e l l s  i n o c u l a t e d .  One ml o f  t h e  s u s 

p e n s i o n s  w a s  i n o c u l a t e d  i n t r a p e r i t o n e a l l y  i n  e a c h  o f  10 m i c e .  The m ic e  

w e r e  c h e c k e d  on t h e  a v e r a g e  o f  2 t o  3 t i m e s  d a i l y  and any  d ea d  o n e s  

w e r e  rem oved  and a u t o p s i e d .  At t h e  en d  o f  8 w e e k s ,  t h e  r e m a in in g  m ic e  

w e r e  e t h e r i z e d  and a u t o p s i e d .  Any v i s i b l e  l e s i o n s  on t h e  l i v e r ,  s p l e e n ,  

l u n g s  o r  d ia p h r a g m  w e r e  rem oved  a s e p t i c a l l y  and p l a c e d  on SAB a g a r  

s l a n t s .  I f  l e s i o n s  w e r e  n o t  v i s i b l y  p r e s e n t ,  t h e  l i v e r ,  l u n g s  and  

s p l e e n  o f  e a c h  a n im a l  w e r e  rem oved  and m a c e r a te d  w i t h  5 ml o f  SPB S. 

O n e-m l a l i q u o t s  o f  t h e s e  s u s p e n s i o n s  w e r e  p l a t e d  on SAB p l a t e s  and  

i n c u b a t e d  a t  37 C f o r  2 t o  3 w e e k s .  L i v e r s  and l u n g s  s h o w in g  v i s i b l e  

l e s i o n s  w e r e  a l s o  t a k e n  from  e a c h  t e s t  g ro u p  and p l a c e d  i n  10  p e r c e n t  

b u f f e r e d  f o r m a l i n .  A f t e r  f i x i n g  f o r  2 t o  3 d a y s  t h e  t i s s u e s  w e r e  w a sh e d  

f o r  1 h o u r  i n  r u n n in g  w a t e r  t h e n  d e h y d r a t e d  th r o u g h  an e t h y l  a l c o h o l  

s e r i e s .  F o l l o w i n g  c o m p l e t e  d e h y d r a t i o n  i n  a b s o l u t e  e t h y l  a l c o h o l ,  t h e
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t i s s u e s  w e r e  c l e a r e d  f o r  4 8  h o u r s  I n  m e t h y l  s a l i c y l a t e .  The t i s s u e s  

w e r e  t h e n  r i n s e d  I n  t o l u e n e  and im b ed d ed  i n  p a r a f f i n .  S e c t i o n s  w e r e  

made u s i n g  an  A m e r ic a n  O p t i c a l  m ic r o t o m e  m o d e l  8 1 5 .  T h i c k n e s s  o f  

t h e  s e c t i o n s  v a i l e d  b e t w e e n  8 and 15 m i c r o n s .  The s e c t i o n s  w e r e  s t a i n e d  

w i t h  t h e  H e m a t o x y l i n - E o s i n  m eth o d  and t h e  P e r i o d i c  A c i d - S c h i f f  r e a c t i o n .

B. In  V iv o  S t u d i e s  w i t h  N orm al Grown C e l l s  and V i ta m in  K - 5 .

F i v e - d a y  n o r m a l  y e a s t  p h a s e  c e l l s  w e r e  p r e p a r e d  t o  a f i n a l

c o n c e n t r a t i o n  o f  1 . 0  x  10^ c e l l s / m l  a s  d e s c r i b e d  i n  P a r t  A. The 

e x p e r i m e n t  w as  d i v i d e d  i n t o  6 e x p e r i m e n t a l  g r o u p s  o f  10  m ic e  f o r  e a c h  

o r g a n is m  e m p lo y e d ,

GROUP I .  (CONTROL)

The m ic e  w e r e  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 P )  w i t h  0 . 5 - m l  d o s e s  o f  

a  IcO m g/m l V i t a m in  K-5 s o l u t i o n  e v e r y  48  h o u r s  u n t i l  a t o t a l  o f  6 mg 

o f  t h e  v i t a m i n  h a d  b e e n  a d m i n i s t e r e d .  The m ic e  w e r e  t h e n  i n j e c t e d  IP ,  

w i t h  a  1 . 0 - m l  a l i q u o t s  o f  2 . 5  p e r c e n t  g a s t r i c  m u c in  i n  l i e u  o f  t h e  c e l l  

s u s p e n s i o n .  F o l l o w i n g  i n j e c t i o n  o f  t h e  a d j u v a n t ,  4 a d d i t i o n a l  O .S-m g  

d o s e s  o f  t h e  v i t a m i n  w e r e  a d m i n i s t e r e d  a t  48  h o u r  i n t e r v a l s .

GROUP 1 1 ,  (CONTROL)

M ic e  i n  t h i s  group  r e c e i v e d  s t e r i l e  0 .1 5 M  p h o s p h a t e  b u f f e r  i n  l i e u  

o f  t h e  V i t a m in  K -5  s o l u t i o n .  The s c h e d u l e  w as t h e  sam e a s  t h a t  d e s c r i b e d

f o r  Group I .  I n  p l a c e  o f  t h e  c e l l  s u s p e n s i o n ,  t h e s e  m ic e  w e r e  i n j e c t e d

w i t h  1 . 0  m l o f  2 . 5  p e r c e n t  g a s t r i c  m u e in .

GROUP I I I .  (CONTROL)

S t e r i l e  0 .1 5 M  p h o s p h a t e  b u f f e r  w as a d m i n i s t e r e d  t o  t h e  m ic e  i n  l i e u  

o f  t h e  V i t a m in  K -5  s o l u t i o n .  The s c h e d u l e  o f  i n j e c t i o n s  w as t h e  sam e as
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t h a t  d e s c r i b e d  f o r  Group I .  C e l l s  s u s p e n d e d  i n  t h e  a d j u v a n t  w e r e  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  lo O -m l  d o s e s  and t h i s  w as  f o l l o w e d  b y  4 a d d i t i o n a l  

d o s e s  o f  s t e r i l e  0 .1 5 M  p h o s p h a t e  b u f f e r  a t  48 h ou r  i n t e r v a l s .

GROUP I V ,  (CONTROL)

The m ic e  i n  t h i s  g r o u p  w e r e  i n j e c t e d  w i t h  t h e  c e l l  s u s p e n s i o n ;  

h o w e v e i , t h e y  d i d  n o t  r e c e i v e  V i t a m in  K -5  o r  0 .1 5 M  p h o s p h a t e  b u f f e r .

GROUP V (EXPERIMENTAL)

The m ic e  w e r e  i n j e c t e d  IP  w i t h  0 . 5 - m l  d o s e s  o f  1 . 0  m g/m l V i ta m in  

K -5 s o l u t i o n  e v e r y  48  h o u r s  u n t i l  a  t o t a l  o f  6 mg o f  t h e  v i t a m i n  had  

b e e n  a d m i n i s t e r e d .  The c e l l s ,  s u s p e n d e d  i n  t h e  g a s t r i c  m u c in  a d j u v a n t ,  

w e r e  t h e n  i n j e c t e d  IP i n  1 . 0 - m l  a l i q u o t s .  F o l l o w i n g  i n j e c t i o n  o f  t h e  

c e l l s ,  4 a d d i t i o n a l  0 .5 - m g  d o s e s  o f  t h e  v i t a m i n  w e r e  a d m i n i s t e r e d  a t  

48  h o u r  i n t e r v a l s .

GROUP V I .  {EXPERIMENTAL)

M ic e  i n  t h i s  g ro u p  d i d  n o t  r e c e i v e  V i ta m in  K -5 p r i o r  t o  t h e  IP  

i n j e c t i o n  o f  t h e  c e l l s  F ou r h o u r s  f o l l o w i n g  i n j e c t i o n  o f  t h e  c e l l s ,

0 , 5  mg o t  t h e  v i t a m i n  w as a d m i n i s t e r e d  I P .  T h is  w as f o l l o w e d  by i n j e c t i o n  

o f  0 . 5 - m g  d o s e s  a t  4 8 - h o u r  i n t e r v a l s  u n t i l  a  t o t a l  o f  6 mg h ad  b e e n  

a d m i n i s t e r e d .

C i n  ViVC S t u d i e s  w i t h  B a c t e r i a l  C e l l s  and V i ta m in  K - 5 .

C u l t u r e s  o f  S t r e p t o c o c c u s  p y o g e n e s  and S a l m o n e l l a  t y p h o s a  

w e r e  m a i n t a i n e d  on B r a i n  H e a r t  I n f u s i o n  a g a r  s l a n t s  ( D i f c o )  a t  37 C.

C e l l  s u s p e n s i o n s  w e r e  p r e p a r e d  a s  p r e v i o s l y  d e s c r i b e d  f o r  t h e  y e a s t
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s u s p e n s i o n s .  The f i n a l  c o n c e n t r a t i o n  o f  t h e  c e l l s  w as a d j u s t e d  t o  1 . 0  

X 10^ c e l l s / m l .  A l i q u o t s  o f  1 m l w e r e  i n j e c t e d  IP  i n t o  e a c h  m o u se .  

M ic e  w e r e  t r e a t e d  p r i o r  t o  c e l l u l a r  i n o c u l a t i o n  w i t h  V i ta m in  K -5  a s  

p r e v i o u s l y  d e s c r i b e d  f o r  Group V. H o w e v e r ,  f o l l o w i n g  i n o c u l a t i o n  o f  

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

a d m i n i s t e r e d .

P o s i t i v e  d e t e r m i n a t i o n s  o f  an  i n f e c t e d  m o u s e ,  f o r  a l l  s t u d i e s ,  

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

e x a m i n a t i o n  o f  s t a i n e d  t i s s u e  s e c t i o n .
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CHAPTER IV 

RESULTS

( 1 )  T o l e r a n c e  L e v e l s  o f  t h e  M ic r o o r g a n is m s  t o  t h e  I n h i b i t o r s .

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

e m p lo y e d c  The r e s u l t s  s u m m a r ized  i n  T a b le  1 show  t h a t  s c h e n c k i l  

e x h i b i t e d  t h e  g r e a t e s t  o v e r a l l  t o l e r a n c e  t o  t h e  i n h i b i t o r s .  I t  was  

a l s o  n o t e d  t h a t  t h e  s o l u b l e  p ig m e n t  n o r m a l l y  e v i d e n t  a f t e r  7 t o  10 

d a y s  i n c u b a t i o n  b eca m e  m a r k e d ly  n o t i c e a b l e  a f t e r  2 t o  3 d a y s  i n c u b a t i o n  

i n  t h e  p r e s e n c e  o f  t h e  i n h i b i t o r s .  ' H. c a p s u la t u m  e x h i b i t e d  t h e  l o w e s t  

o v e r a l l  l e v e l  o f  t o l e r a n c e  r e s u l t i n g  i n  a 2 -  t o  4 - f o l d  d i f f e r e n c e  from  

t h a t  o f  s c h e n c k i i . A d i s t i n c t  v a r i a t i o n  w as n o t e d  b e t w e e n  t h e  two  

s t r a i n s  o f  d e r m a t i t i d i s . Though t h e  maximum c o n c e n t r a t i o n  f o r  

8 - a z a g u a n i n e  w as 2 , 5  m g /m l f o r  b o t h  s t r a i n s ,  a 2 - f o l d  d i f f e r e n c e  i n  

t o l e r a n c e  l e v e l  r e s u l t e d  w i t h  6 - a z a u r a c i l  and p u r o m y c in .

T a b le  1
Maximum* T o l e r a n c e  L e v e l  o f  t h e  O rg a n ism s  

t o  t h e  I n h i b i t o r s

O r g a n ism 6 - a z a u r a c i l 8 - a z a g u a n i n e P u ro m y c in

B. d e r m a t i t i d i s  
s t r a i n  6 0 4 6

3 , 1 2  m g/m l 2 . 5 0  m g/m l 50 Mg/ml

B. d e r m a t i t i d i s  
s t r a i n  Lba

1 . 5 6  m g /m l 2 . 5 0  m g/m l 25 u g /m l

S .  s c h e n c k i l 6 , 2 6  m g/m l 2 . 5 0  m g/m l 50 M-g/ml

H. c a p s u la t u m 1 . 5 6  m g/m l 1 . 5 6  m g/m l 25 u g /m l

* C o n c e n t r a t i o n s  h i g h e r  t h a n  t h o s e  i n d i c a t e d  c o m p l e t e l y  i n h i b i t e d  
g r o w t h .

33

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



3 4

( 2 )  T o l e r a n c e  L e v e l  o f  M ic e  t o  V i t a m in  K - 5 .

A l l  m ic e  i n j e c t e d  w i t h  10 m g /m l i n  a s i n g l e  i n j e c t i o n  o f  

V it a m in  K -5  d i e d  w i t h i n  5 - 1 5  m i n u t e s  a f t e r  a d m i n i s t r a t i o n .  W it h in  

1 0 - 3 0  m i n u t e s  a f t e r  i n j e c t i o n ,  1 0 0  p e r c e n t  o f  t h o s e  m ic e  r e c e i v i n g  5 

m g/m l i n  a s i n g l e  d o s e  w e r e  a l s o  d e a d .  M ice  r e c e i v i n g  2 . 5  m g/m l  

s u r v i v e d  t h e  f i r s t  d o s e ;  h o w e v e r ,  a l l  d i e d  w i t h i n  30 m in u t e s  a f t e r  

a d m i n i s t r a t i o n  o f  t h e  s e c o n d  s i m i l a r  i n j e c t i o n  48 h o u r s  l a t e r .  A l l  

m ic e  i n j e c t e d  w i t h  1 . 2 5  m g /m l s u r v i v e d  t h e  f i r s t  two d o s e s ;  h o w e v e r ,  

w i t h i n  3 h o u r s  a f t e r  t h e  t h i r d  d o s e  h a d  b e e n  a d m i n i s t e r e d ,  60 p e r c e n t  

had  d i e d .  The s u r v i v i n g  m i c e  a l l  d i e d  w i t h i n  30 m in u t e s  f o l l o w i n g  t h e  

f o u r t h  i n j e c t i o n .  A l l  m ic e  r e c e i v i n g  0 . 6 2 5  m g/m l and 0 . 3 1 3  m g/m l d o s e s  

s u r v i v e d  a s e r i e s  o f  10  i n j e c t i o n s  o f  t h e s e  q u a n t i t i e s  g i v e n  a t  4 8 - h o u r  

i n t e r v a l s .  M arked t o x i c i t y  t o  V i t a m in  K -5 w as o b s e r v e d  i n  t h o s e  m ic e  

r e c e i v i n g  t h e  0 . 6 2 5  m g /m l d o s e s .  M ic e  i n j e c t e d  w i t h  0 , 3 1 2  m g/m l d o s e s  

a p p e a r e d  t o  r e m a in  n o r m a l  e x c e p t  t h a t  a l l  p a s s e d  r e d d i s h  brow n u r i n e .

Upon a u t o p s y ,  no n o t i c e a b l e  o r g a n i c  d i s o r d e r s  c o u l d  b e  o b s e r v e d  i n  any  

o f  t h e  m ic e  i n j e c t e d  w i t h  t h e  v i t a m i n  a n a l o g .  L i v e r ,  k id n e y  and s p l e e n  

c o l o r a t i o n  r e m a in e d  n o r m a l .  The s p l e e n  w as n o t  d i s t e n d e d .  A l l  m ic e  

s h o w in g  t o x e m ia  t o  t h e  v i t a m i n  a n a l o g  e x h i b i t e d  e x t r e m e  h y p e r a c t i v i t y ,  

s c r a t c h i n g ,  l a b o r e d  b r e a t h i n g  and c o n v u l s i o n s .  The e x p e r im e n t  w as r e 

p e a t e d  w i t h  0 . 5  m g/m l c o n c e n t r a t i o n s  and r e s u l t e d  i n  no a p p a r e n t  t o x i c i t y  

t o  t h e  m i c e  a f t e r  15 i n j e c t i o n s  a l t h o u g h  r e d d i s h  brow n u r i n e  w as o b s e r v e d ,

( 3 )  The E f f e c t  o f  I n h i b i t o r s  on  t h e  C o n c e n t r a t i o n  o f  N u c l e i c  A c i d s .
( F i g u r e s  1 ,  2 ,  3 . )

The t o t a l  RNA c o n c e n t r a t i o n  o f  n o r m a l l y  grow n o r g a n is m s  r a n g e d  

fr o m  an  a v e r a g e  o f  6 8 . 2  tg /m g  d ry  w e i g h t  f o r  S_. s c h e n c k i i  t o  8 6 . 6  p g /m g
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d r y  w e i g h t  f o r  d e r m a t i t i d i s  s t r a i n  LBa. The c o n c e n t r a t i o n  d i f f e r e n c e  

b e t w e e n  jB. d e r m a t i t i d i s  s t r a i n s  LBa and 6046  a v e r a g e d  5 . 8  yg /m g d ry  

w e i g h t ,  s t r a i n  LBa h a v i n g  c o n s i s t e n t l y  t h e  h i g h e r  c o n c e n t r a t i o n .  H. 

c a p s u la t u m  a v e r a g e d  7 4 . 4  y g /m g  d ry  w e i g h t .

The e f f e c t  o f  p u r o m y c in  on  t h e  t o t a l  RNA c o n c e n t r a t i o n  w as n e g l i 

g i b l e  w i t h  a l l  v a l u e s  b e i n g  w i t h i n  + 1 . 1  y g  o f  t h e  n o r m a l  c e l l s .  The 

u r a c i l  a n a l o g  p r o d u c e d  o n l y  s l i g h t  c h a n g e s  from  t h e  n o rm a l c e l l s .  N et  

c h a n g e s  o f  t h e  6 - a z a u r a c i l  grow n  c e l l s  from  t h e  n o r m a l  c e l l s  ra n g e d  

from  2 . 3  y g /m g  d r y  w e i g h t  d e c r e a s e  f o r  s c h e n c k i i  t o  6 . 4  yg /m g  

d e c r e a s e  f o r  H. c a p s u l a t u m . T h is  r e p r e s e n t s  a c h a n g e  o f  3 . 7  t o  8 . 6  

p e r c e n t  fro m  t h e  n o r m a l .  d e r m a t i t i d i s  s t r a i n s  LBa and 6046

e x h i b i t e d  s i m i l a r  s l i g h t  d e c r e a s e s  i n  RNA c o n c e n t r a t i o n .  The r e s p e c t i v e  

c h a n g e s  r e p r e s e n t e d  4 . 8  and 4 . 2  p e r c e n t  d e c r e a s e s .

The o r g a n i s m s  grow n  i n  t h e  p r e s e n c e  o f  8 - a z a g u a n i n e  show ed  c o n s i s 

t e n t  i n c r e a s e s  i n  RNA c o n c e n t r a t i o n .  ]H. c a p s u la t u m  e x h i b i t e d  t h e  

g r e a t e s t  c h a n g e  o f  1 7 . 6  y g /m g  o r  a  2 3 . 8  p e r c e n t  i n c r e a s e .  The n e t

c h a n g e s  f o r  d e r m a t i t i d i s  s t r a i n s  LBa and 6 0 4 6  r e p r e s e n t e d  a r e s p e c 

t i v e  i n c r e a s e  o f  9 . 5  and 1 1 . 8  p e r c e n t .  s c h e n c k i i  sh ow ed  an i n c r e a s e

o f  a p p r o x i m a t e l y  1 7 . 8  p e r c e n t .

The DNA c o n c e n t r a t i o n  o f  t h e  n o r m a l  c e l l s  r a n g e d  from  8 . 3  y g /m g  d ry  

w e i g h t  f o r  JH. c a p s u l a t u m  t o  6 . 2  y g /m g  d ry  w e i g h t  f o r  S_, s c h e n c k i l .

d e r m a t i t i d i s  s t r a i n s  LBa and 6 0 4 6  a v e r a g e s  7 . 2  y g /m g  dry w e i g h t  and  

6 . 3  y g /m g  d r y  w e i g h t  r e s p e c t i v e l y .  The c h a n g e s  i n  DNA c o n c e n t r a t i o n s  

f o r  i n h i b i t o r  grow n  c e l l s  from  t h a t  o f  t h e  n o r m a l w e r e  n e g l i g i b l e  f o r  

a l l  o r g a n i s m s  and i n h i b i t o r s  e m p lo y e d .
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FlfT. 1
THB ENA CONCENTRATION OF NORMAL AND INHIBITOR GROWN CELLS

>ig/sag Dry W eight

100

9 0

3 0

7 0

60

£ •  sto im tlU d J L a  s t r a in  6046  -,00

90

3 0

7 0

60

£ •  d e r iB a titld ia  S tr a in  LBa

100

9 0

8 0

7 0

60

£ .  saw aulatw rn 100

90

8 0

7 0

60

sshfiflfiitiLâi

1 -  N o r m a l  C e l i a ,  2 -  6 - A * a  U r a o l l  G ro w n  C e l i a ,
3 -  8 - A m i  O u a n l n e  G ro w n  C j l l a ^  4 -  P n r o D « y n ln  G ro w n  G o l l a .
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F ig . 2

THE DNA CONCENTRATION OF NORMAL AND INHIBITOR GROWN CELLS
p g /n g  Dry W eight

9

8

7

6

5

4

3

2

1

B, d e r m a t it id is  S tr a in  6046 9

8

7

6

5

4

3

2

1

£ •  d e r m a tit id is  S tra in  LBa

9

8

7

6

5

4

3

2

1

H.

1

9

8

7

6

5

4

3

2

1

1-  Normal c e l l s ,  2 -  6-Aaa % a * l l  grown c e l l s ,
3 -  8-Aza O uanlna-grown c e l l s ,  4 -  Puromycin grown c e l l s .
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F ig . 3

THE CONCENTRATION OF NUCLEIC ACIDS IN NORMAL AND INHIBITOR GROWN CELLS
^pg/mg Dry W eight)

RNA CONCENTRATION

Normal 6-Aza
U racil

8-Aza
Guanine

Puromycin

£• aanaa-titld ia  6046 80.8 7 7 .4 9 0 .4 79 .7
Net Change “3 .4 +9.6 —1.1

£• a s s m t i lM ig  LBa 86.6 82 .4 9 4 .7 85.5
Net Change -4 .2 +8.1 —1.0

H. cacsulattim 7 4 .4 62.8 92 .0 7 3 .6
Net Change —6 .4 +17.6 -0 .8

S. schenckii 68.2 65.9 80 .4 67 .8
Net Change —2 .3 +12.2 -0 .4

DNA CONCENTRATION

Normal 6-Aza
U racil

8-Aza
Guanine

Puromycin

£ .  d e n a a tit lîü a  6046 6 .3 6.1 6 ,0 6 .4
Net Change —0.1 —0 .3 +0.1

B. ^ ejs^ titicy ja  LBa 7 .2 7 .3 7 .0 7 .2
Net Change +0.1 —0 .2 ±0.0

H. cansulatum 8 .3 8 .0 7 .8 8 .0
Net Change -0 .3 -0 .5 -0 .3

S . gs.hepc,m 6 .2 6 .0 6 .0 6 .5
Net Change —0 .2 —0 .2 +0.3
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(4 )  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 Normal and 
I n h i b i t o r  Grown C e l l s .

Normally-Grown C e l l s .

I r r a d i a t e d  c e l l s  o f  n o rm a lly -g r o w n  d e r m a t i t i d i s  s t r a i n  LBa 

e x h i b i t e d  l i t t l e  d i f f e r e n c e s  when r e c o v e r e d  on SAB, SAB p lu s  u r a c i l  

and SAB p lu s  g u a n in e .  F o l lo w in g  5 ,  1 5 ,  and 45 m in u tes  o f  i r r a d i a t i o n  

r e c o v e r y  on SAB a v e r a g e d  7 0 . 2 ,  4 6 . 8  and 6 . 8  p e r c e n t  o f  t h e  0 tim e  

c o n t r o l .  R e s p e c t iv e  r e c o v e r y  v a lu e s  o b t a in e d  w i t h  SAB p lu s  u r a c i l  

a v era g e d  7 6 . 6 ,  4 0 . 2  and 8 ,7  p e r c e n t .  S i m i l a r l y ,  p e r c e n t  r e c o v e r y  on 

SAB p lu s  gu a n in e  a f t e r  t h e  same p e r io d s  o f  i r r a d i a t i o n  a veraged  7 3 , 3 ,

4 9 .2  and 7 .3

P e r c e n t  r e c o v e r y  o f  d e r m a t i t i d i s  s t r a i n  6046 a f t e r  5 ,  15 

and 45 m in u tes  e x p o su r e  to  u l t r a v i o l e t  a v era g e d  6 2 . 3 ,  3 3 .2  and 0 . 2 6 ,  

r e s p e c t i v e l y ,  on SAB a g a r .  On SAB p lu s  u r a c i l  r e s p e c t i v e  v a lu e s  w ere  

6 7 . 1 ,  2 4 .7  and 0 . 1 1  p e r c e n t  f o r  th e  same t im e  p e r i o d s .  U sing  SAB p lu s  

gu a n in e  as th e  r e c o v e r y  medium, r e s p e c t i v e  s u r v i v a l  r a t e s  a veraged  5 8 , 6 ,

3 8 .2  and 0 . 1 1  p e r c e n t .

I r r a d i a t e d  c e l l s  o f  s c h e n c k i i  r e c o v e r e d  on SAB agar  e x h i b i t e d  

a v e r a g e  p e r c e n t  s u r v i v a l  v a l u e s  o f  9 2 . 2 ,  8 0 .3  and 1 . 1 ,  r e s p e c t i v e l y  a t  

5 ,  15 and 45 m in u t e s .  R e s p e c t iv e  v a lu e s  o b ta in e d  u s in g  SAB p lu s  u r a c i l  

w ere  8 7 . 7 ,  8 1 .1  and 0 . 6 2  p e r c e n t .  On SAB p lu s  g u a n in e  p e r c e n t  r e c o v e r y  

d u r in g  t h e  same t im e  p e r io d s  a v era g e d  8 8 . 2 ,  7 5 .1  and 2 .6  p e r c e n t .

R ecovery  o f  iH. ca p su la tu m  c e l l s  f o l l o w i n g  5 ,  15 and 45 m in u tes  

i r r a d i a t i o n  p roduced  r e s p e c t i v e  v a lu e s  a v e r a g in g  7 2 . 4 ,  3 4 ,2  and 0 .3 1  

p e r c e n t  o f  SAB medium. U sin g  SAB p lu s  u r a c i l  as th e  r e c o v e r y  medium, 

r e s p e c t i v e  v a lu e s  a v e r a g e d  7 0 . 2 ,  3 8 .6  and 0 .8 1  p e r c e n t .  On SAB p lu s
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g u a n in e  s u r v i v a l  r a t e s  f o l l o w i n g  t h e  same p e r io d s  o f  ex p o su r e  w ere  

7 4 . 7 ,  3 0 .0  and 1 . 3  p e r c e n t .

6-A z a u r a c il -G r o w n  C e l l s .

F o l lo w in g  5 ,  15 and 45 m in u tes  o f  i r r a d i a t i o n  r e c o v e r y  o f  

d e r m a t i t i d i s  s t r a i n  LBa on SAB medium a v era g e d  6 9 . 4 ,  4 2 .5  and 1 .4  

p e r c e n t  o f  0 t im e  c o n t r o l s .  R ecovery  on SAB p lu s  u r a c i l  d i f f e r e d  

l i t t l e  w i t h  r e s p e c t i v e  v a lu e s  o f  7 1 . 1 ,  4 3 .1  and 2 .6  p e r c e n t .

P e r c e n t  r e c o v e r y  o f  jB. d e r m a t i t i d i s  s t r a i n  6046 a f t e r  5 ,  15 and 

45 m in u tes  e x p o su r e  t o  u l t r a v i o l e t  a v era g e d  5 7 . 7 ,  2 8 ,6  and 0 .7 3  on SAB 

agar  w h i l e  on SAB p lu s  u r a c i l ,  v a lu e s  w ere 5 8 . 3 ,  2 9 .7  and 0 .9 6  p e r c e n t ,  

r e s p e c t i v e l y

I r r a d i a t e d  c e l l s  o f  s c h e n c k i i  r e c o v e r e d  on SAB agar e x h i b i t e d  

p e r c e n t  s u r v i v a l  r a t e s  o f  9 0 . 1 ,  7 7 .1  and 0 . 7 1 ,  r e s p e c t i v e l y  a f t e r  5 ,  15 

and 45 m in u te s  e x p o s u r e .  R e s p e c t iv e  v a lu e s  o b ta in e d  u s in g  SAB p lu s  

u r a c i l  w ere  9 1 . 2 ,  7 1 .2  and 0 . 7 1  p e r c e n t .

R ecovery  o f  H. c a p su la tu m  c e l l s  on SAB f o l l o w i n g  th e  same p e r io d s  

o f  i r r a d i a t i o n  w ere 7 0 . 1 ,  3 3 .6  and 0 .5 7  p e r c e n t .  On SAB p lu s  u r a c i l ,  

r e c o v e r y  v a lu e s  a v era g e d  71.6%, 35.1% and 0.82% , r e s p e c t i v e l y .

8-A zaguanine-G row n C e l l s .

I r r a d i a t e d  c e l l s  o f  2 -  d e r m a t i t i d i s  s t r a i n  LBa e x h i b i t e d  p e r c e n t  

s u r v i v a l  r a t e s  o f  6 2 . 1 ,  4 2 . 3  and 0 . 1 4 ,  r e s p e c t i v e l y ,  f o l l o w i n g  5 ,  15 and 

45 m in u te s  i r r a d i a t i o n .  R ecovery  was a c c o m p lis h e d  on SAB medium. On 

th e  " en r ich ed "  medium o f  SAB p lu s  g u a n in e ,  r e s p e c t i v e  r a t e s  w ere  7 1 . 2 ,

4 3 . 2  and 1 . 1  p e r c e n t .
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P e r c e n t  r e c o v e r y  o f  d e r m a t i t i d i s  s t r a i n  6046 a f t e r  th e  same

p e r io d s  o f  i r r a d i a t i o n ,  a v e r a g e d  4 6 . 6 ,  1 9 .7  and 0 .0 9  on SAB medium, 

w h i le  u s in g  SAB p lu s  g u a n in e  v a lu e s  a v er a g e d  5 1 . 1 ,  2 4 .4  and 1 . 0  p e r c e n t .

R e s u l t s  o f  s c h e n c k i i  c e l l s  f o l l o w i n g  5 ,  15 and 45 m in u tes  

i r r a d i a t i o n  and r e c o v e r e d  on SAB a v e r a g e d  81.1%, 41.1% and 0.16%, 

r e s p e c t i v e l y .  U s in g  SAB p lu s  g u a n in e  as  th e  r e c o v e r y  medium, r e s p e c 

t i v e  p e r c e n t  s u r v i v a l  r a t e s  w ere  8 5 . 6 ,  4 5 .1  and 0 . 5 6 ,

I r r a d i a t e d  c e l l s  o f  ca p su la tu m  r e c o v e r e d  on SAB f o l l o w i n g

s i m i l a r  p e r io d s  o f  e x p o su r e  w ere 64.7% , 28.3% and 0.11% , w h i l e  on th e  

e n r ic h e d  medium r e s p e c t i v e  v a lu e s  a v e r a g e d  6 8 . 3 ,  3 0 ,1  and 0 .2 2  p e r c e n t .

Puromycin-Grown C e l l s .

C e l l s  grown i n  t h e  p r e s e n c e  o f  purom ycin  w ere found to  be th e  

m ost s e c s i t i v e  to  u l t r a v i o l e t  i r r a d i a t i o n .

T ab le  2
P e r c e n t  S u r v iv a l  o f  Puromycin-Grown C e l l s  

A f t e r  V ary ing  E xposure to  U l t r a v i o l e t .

TIME 
(Minut es

A
)

B C D

0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0
1 9 6 .1 0 9 4 .2 0 9 7 .2 0 9 0 .2 0
2 8 0 .4 0 7 1 .6 0 8 2 .2 0 6 5 .6 0
3 4 1 .1 0 4 3 .2 0 4 6 .3 0 3 5 .1 0
4 1 7 .6 0 1 2 .7 0 2 0 .1 0 1 4 .2 0
5 3 70 1 .6 0 9 .7 0 1 .6 0

10 0 .8 2 0 . 4 3 0 .6 1 0 .1 2
15 0 . 2 7 0 . 1 1 0 .0 7 0 .0 9
25 0 .0 7
35

A. B. d e r m a t i t i d i s  S t r a i n  LBa; B. B. d e r m a t i t i d i s S t r a in  6046;
C. S.. s c h e n c k i i ;  D. H. ca p su la tu m .
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Table 3

C/)C/) PER CENT SURVIVAL* OF NORMAL AND INHIBITOR GRÛhTÎ B, DERJlATITIDIS 
STRAIN LBa AFTER VARYING EXPOSURE TO ULTRAVIOLET

8
(O'

NORKAIJLY-GRCWN 6-AZAURACIL-GROVm 8-AZAGUANINE-GHOWK

3
3"CD
CD■D
O
Q .
C
a
o3
"O
o

CD
Q .

■DCD

C/)C/)

Time
(Minutes)

SAB SAB

URACIL

SAB

GUANINE

SAB SAB

URACIL

0 100.00 100.00 100.00 100.00 100.00
1 99.30 95.20 100.00 97.70 98.20
2 96.10 95.80 93.20 97.10 97.60
3 92.20 94.40 91.60 92.70 90.40
4 87.10 90.60 87.40 82.10 85.30
5 70,20 76.60 73.30 69.40 71.70

10 60.10 57.70 53.20 59.70 62.40
15 46.80 40.20 49.20 42.50 43.10
25 29.90 27.30 32.60 24.80 21.80
35 15.10 17.70 16.40 7.80 8.30
45 6.10 8.70 7.30 1.40 2.60
55 2 .10 3 .30 3.90 0.48 0.83
60 0.25 0.47 0.32 0.09 0.12

SAB SAB

GUANINE

100.00 100.00
97.20 97.40
96.40 97.10
92.10 91.60
83.50 86.30
62.10 71.20
50.40 53.70
42.30 43.20
12.10 18.10

2.10 4.30
0 .14 1 .10
0 .05 0 .17

* Percent recovery ca lcu lated  from 0 time controls.
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d e r m a t i t i d i s  s t r a i n  LBa e x h i b i t e d  s u r v i v a l  r a t e s  o f  4 1 . 1 ,  3 .7  

and 0 . 2 7  p e r c e n t  f o l l o w i n g  3 ,  5 ,  and 15 m in u te s  e x p o s u r e .  d e r m a t i

t i d i s  s t r a i n  6046 a v era g e d  r e s p e c t i v e  v a lu e s  o f  4 3 . 2 ,  1 .6  and 0 .1 1  

p e r c e n t .  P e r c e n t  s u r v i v a l  r a t e s  f o r  s c h e n c k i i  f o l l o w i n g  th e  same 

p e r i o d s  o f  i r r a d i a t i o n  w ere  4 6 . 3 ,  9 . 7  and 0 . 0 7  p e r c e n t .  R e s p e c t iv e  

v a l u e s  o f  H. ca p su la tu m  a v e r a g e d  3 5 . 1 ,  1 . 6  and 0 .0 9  p e r c e n t .

(5) The Oxygen Uptake o f  Normal and In h ib i to r -G r o w n  S y s te m ic  
P a th o g e n ic  F u n g i .
(F ig u r e s  4 ,  5 ,  6 ,  7; T a b le s  7 ,  8 ,  9 .  1 0 ,  11)

N orm ally  Grown C e l l s

A d i s t i n c t  d i f f e r e n c e  was n o te d  b etw een  d e r m a t i t i d i s , s t r a i n s  

LBa and 6046 when r i b o s e  was u sed  as t h e  s u b s t r a t e .  d e r m a t i t i d i s

s t r a i n  LBa e x h i b i t e d  s l i g h t  b u t  c o n s i s t e n t  oxygen  u p ta k e .  Two hours  

a f t e r  th e  s t a r t  o f  t h e  e x p e r im e n t s ,  an a v e r a g e  o f  1 ,6 0  y l/m g  dry w e ig h t  

was r e c o r d e d .  At th e  t e r m in a l  p o i n t  o f  6 h ou rs  t h e  oxygen  u p take  was 

7 , 2 8  .1 /m g dry w e i g h t .  T hese  f i g u r e s  r e p r e s e n t  n e t  v a lu e s  o f  oxygen  

u p ta k e ,  w i t h  th e  endogenous r a t e s  s u b t r a c t e d .

Throughout r e p e a te d  e x p e r im e n t s ,  d e r m a t i t i d i s  s t r a i n  6 0 4 6 ,  

i n  t h e  p r e s e n c e  o f  r i b o s e ,  e x h i b i t e d  no oxygen  u p ta k e .  A l l  r ec o rd ed  

v a lu e s  f o r  d e r m a t i t i d i s  s t r a i n  6046 w ere  w i t h i n  +  1*12 y 1 o f  th e  

norm al endogenous r a t e .  S i m i l a r l y ,  no exogen ous  oxygen  uptake c o u ld  

be d e t e c t e d  f o r  s c h e n c k i i  when r i b o s e  was u sed  as th e  s u b s t r a t e .

V a lu es  o b t a in e d  f o r  s c h e n c k i l  w ere w i t h i n  +  1 ,6 7  y l  o f  t h e  endogenous  

r a t e .  H. c a p su la tu m  showed s l i g h t  u p ta k e  w i t h  a v e r a g e  n e t  v a lu e s  o f  

1 , 8 7  y l /m g  dry w e ig h t  a t  2 h o u r s ,  4 .4 4  a t  4 h ou rs  and 4 .9 5  y l  a t  6 

h o u r s .
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Exogenous r e s p i r a t i o n  was c l e a r l y  e v i d e n t  w i t h  a l l  organ ism s  

u s in g  monosodium g lu t a m a t e ,  g l u c o s e ,  f r u c t o s e  and x y l o s e .  With 

monosodium g lu ta m a te  as  t h e  s u b s t r a t e ,  r e s p e c t i v e  n e t  t e r m in a l  v a lu e s  

i n  p l/m g  dry w e ig h t  w ere  2 3 . 8 0 ,  1 7 . 5 8 ,  3 6 . 1 9 ,  and 1 9 .3 5  fo r  

d e r m a t i t i d i s  s t r a i n  LBa, d e r m a t i t i d i s  s t r a i n  6046 , S_. s c h e n c k l i  and

E. ca p su la tu m . A verage  n e t  ex o g en o u s  v a l u e s  a t  6 h o u r s ,  e x p r e s s e d  

a l s o  i n  y l /m g  w i t h  g l u c o s e  w ere  2 8 . 8 4 ,  2 4 .8 5 ,  3 3 .4 7  and 1 5 . 2 4 ,  r e s p e c 

t i v e l y  f o r  d e r m a t i t i d i s  s t r a i n  LBa, d e r m a t i t i d i s  s t r a i n  6046 ,

S_. s c h e n c k i i  and H. c a p s u la tu m . R e s p e c t iv e  n e t  oxygen  uptake e x h i b i t e d  

u s in g  f r u c t o s e  w ere  2 4 .3 9  y l ,  2 0 .9 4  y l ,  2 6 .6 6  y l ,  and 1 8 ,4 0  p i  per mg 

dry w e i g h t ,

. With th e  e x c e p t i o n  o f  r i b o s e ,  each  organ ism  e x h i b i t e d  t h e  lo w e s t  

r a t e  o f  oxygen  up take  when th e  p e n t o s e  s u g a r ,  x y l o s e ,  was em ployed .

A verage p i  o f  oxygen  u p ta k e  p e r  mg dry w e ig h t  w ith  x y l o s e  w ere 2 0 .5 1 ,

1 7 . 9 8 ,  2 2 .2 6  and 1 3 .6 1  f o r  d e r m a t i t i d i s  s t r a i n  LBa, d e r m a t i t i d i s  

s t r a i n  6 0 4 6 ,  s c h e n c k i i  and H. cap su la tu m  r e s p e c t i v e l y .

6 - A zauraci1-G row n C e l l s .

The e f f e c t  o f  grow ing  c e l l s  i n  th e  p r e s e n c e  o f  th e  u r a c i l  a n a lo g  

was m ost e v i d e n t  when g lu ta m a te  was s u b s e q u e n t ly  employed as th e  s u b s t r a t e ,  

and t o  some l e s s e r  e x t e n t  when f r u c t o s e  was u s e d .  With g lu ta m a te  as  th e  

s u b s t r a t e ,  r e d u c t io n  i n  t h e  oxygen  up take  by th e  in h ib i to r -g r o ^ m  

d e r m a t i t i d i s  s t r a i n  LBa amounted to  a p p r o x im a te ly  3 9 .5  p e r c e n t  from th e  

n o rm a l,  a t  th e  6 hour mark. d e r m a t i t i d i s  s t r a i n  6046 e x h i b i t e d  an

a v e r a g e  t e r m in a l  d e c r e a s e  o f  a p p r o x im a te ly  5 0 .0  p e r c e n t ,  s c h e n c k i i  

4 3 . 9  p e r c e n t  and H. ca p su la tu m  3 6 .4  p e r c e n t .  When f r u c t o s e  was u sed  as
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Table 7

THE OXÎGEII UPTAKE OF KGRMAL AKD IHHIBITOE-GROWH H. CAPSULATUM 
Aim 1 .  DERMATITIDIS STAIN LBa WITH RIBOSE AS Tîffi SUBSTRATE

H. capulattcn

Normally
Grown

A zauracil
Grown

Azaguanlne
Grown

Puromycin
Grown

Tine
(Hours)

02 * 
Uptake

°2  * 
Uptake

O2 * 
Uptake

02 *
Uptake

2 ,0 1,87 1 .05 0 ,60 0 ,6 4

4 .0 4 .44 1.45 0.91 1,06

6 .0 4 .95 2 ,74 1.47 1.29

£ .  d f i i m t j U d l a  stra in  LBa

2 .0 1 ,60 _ _ _ _ _  ** ■■■----

4 .0 4 .79 --------- ----------

6 ,0 7 .28 -------- ----------

* xH/mg  ̂ dry w eight, minus the endogenous, 

*♦ No 03cygen uptake d e tec ted .
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th e  s u b s t r a t e , 2° d e r m a t i t id i s  s t r a i n  LBa e x h ib ite d  an average term inal  

d ecrease  o f  3 4 .8  p e r c e n t ,  d e r m a t i t id i s  s t r a i n  6046 38 .2  p erce n t ,  

s c h e n c k i i  31,5  p ercent  and li. capsulatum 4 4 .0  p e r c e n t .  Reductions in  

oxygen uptake o f  6 -azau rac i l-grow n  c e l l s  were not as g r e a t ,  when com

pared w ith  the normal, w ith  the s u b s tr a te s  g lu c o s e  and x y lo s e .  Average 

term inal decreases  w ith  g lu c o s e  were 1 3 .5 ,  1 8 .3 ,  2 2 .2 ,  and 22 .2  p ercent  

for  d e r m a t it id is  s t r a i n  LBa, d e r m a t it id i s  s t r a in  6046, s c h e n c k i i  

and H. capsulatum , r e s p e c t i v e l y .  With x y lo s e  th e  r e s p e c t iv e  red u ction s  

were 1 1 .4 ,  7 ,7 ,  1 9 ,6  and 2 6 .3  p e r c e n t .  C a lc u la t io n  o f  average s lo p e s  

(Table 8-11) r ev e a led  s im i la r  r e s u l t s .

The organisms which norm ally show s l i g h t  oxygen uptake w ith  r ib o s e  

were a l s o  t e s t e d .  R esu lts  ob ta ined  showed a red u ct io n  in  oxygen uptake  

of approxim ately 45 percen t fo r  H. capsulatum . Throughout repeated  

exp erim en ts ,  no oxygen uptake could  be d e te c te d  fo r  6 -azau rac il-grow n  

jB, d e r m a t l t id l s  s t r a i n  LBa, B_. d e r m a t i t id i s  s t r a i n  6046 or sc h e n c k i i  

w ith  t h i s  s u b s tr a te ,

8-Az aguanine-Grown C e l l s .

C e l ls  grown in  the p resen ce  o f  8-azaguanine e x h ib ite d  d i s t i n c t  

red u ctio n s  in  oxygen uptake from th a t  o f  th e  normally grown c e l l s .

Although uptake ra te s  were c o n s i s t e n t ly  lower than th a t  o f  the c e l l s  

grown w ith  the u r a c i l  an a log ,  an optimum s u b s t r a t e ( s )  was not c l e a r ly  

d e f in a b le  as was the case  in  th e  former group. R esu lts  obtained  using  

glutam ate showed term ina l red u ction s  from th e  normal o f  6 3 .9 ,  5 6 .5 ,  6%.2 

and 5 6 .5  percent fo r  JB, d e r m a t i t id i s  s t r a in  LBa, d e r m a t it id is  s t r a in  

6046, s c h e n c k i i  and lî. capsulatum , r e s p e c t i v e l y .  Values rep re se n t in g
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p e r c e n t  r e d u c t io n s  o b t a in e d  w i t h  f r u c t o s e  w ere  5 1 . 1 ,  6 1 . 9 ,  4 5 .1  and 

4 9 c 5 f o r  th e  same r e s p e c t i v e  o r g a n is m s .  The r a t h e r  s l i g h t  d i f f e r e n c e s  

In  oxygen  u p ta k e  on g l u c o s e  n o te d  b e tw een  norm al and 6 -a z a u r a c i l - g r o w n  

c e l l s  w ere m arkedly  i n c r e a s e d  w i t h  th e  8 -a z a g u a n in e -g r o w n  c e l l s .

A verage r e d u c t io n s  i n  n e t  o xygen  u p take  a t  6 h ou rs  w ere 4 2 .2  5 0 , 0 ,  4 4 .2  

and 3 5 . 1  f o r  d e r m a t i t i d i s  s t r a i n  LBa, d e r m a t i t i d i s  s t r a i n  6046 ,  

s c h e n c k i i  and IH. c a p s u la tu m , r e s p e c t i v e l y .  S i m i l a r l y ,  a g r e a t e r  

d e c r e a s e  was n o te d  w i t h  th e  s u b s t r a t e  x y l o s e .  R e s p e c t iv e  r e d u c t io n s  

from th e  notm al w ere :  B̂ , d e r m a t i t i d i s  s t r a i n  LBa, 4 7 .0  p e r c e n t ;

d e r m a t i t i d i s  s t r a i n  6 0 4 6 ,  4 5 . 5  p e r c e n t ;  s c h e n c k i i , 4 7 .2  p e r c e n t  

and H. c a p s u la tu m , 5 0 .6  p e r c e n t .  Warburg s t u d i e s  w ith  r i b o s e  w ere  

n e g a t i v e  f o r  a l l  th e  organ ism s t e s t e d .

Puromycin-Grown C e l l s .

Puromycin grown c e l l s  e x h i b i t e d  th e  lo w e s t  o v e r a l l  d e g r e e  o f  

oxygen  u p ta k e .  N et ch an ges  d u r in g  th e  t h r e e  3 -h o u r  p e r io d s  o f  each  

e x p e r im e n t  w ere a l s o  lo w e s t  f o r  t h i s  grou p . As was th e  c a s e  f o r  8 - a z a 

g u a n in e -g ro w n  c e l l s ,  i t  was d i f f i c u l t  t o  e s t a b l i s h  an optimum s u b s t r a t e ( s )  

from t h o s e  t e s t e d .  H ow ever, i t  ap p ears  from th e  t a b l e s  and f i g u r e s  

i n d i c a t e d  above t h a t  monosodium g lu ta m a te  g e n e r a l l y  s t im u la t e d  th e  

l e a s t  amount o f  ex o g en o u s  oxygen  u p ta k e .  R e s u l t s  o b ta in e d  u s in g  

g lu ta m a te  showed te r m in a l  r e d u c t io n s  o f  7 8 . 0 ,  6 7 , 2 ,  8 0 . 2 ,  and 7 4 .4  

p e r . e n t , r e s p e r t i v e l y  f o r  _B. d e r m a t i t i d i s  s t r a i n  LBa, dermat i  t i d i s ,

s c b e n : k i l  and H, c a p s u la tu m  ̂ R e s p e c t iv e  ch an ges  w i th  f r u c t o s e  amounted  

t o  6 2 , 2 ,  6 7 . 6 ,  5 9 , 8  and 5 7 . 9  p e r c e n t .
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n g . A
THE OXÏGEN DPTAES OF NORMAL AND INHIBITOR GROWN 

B. DlgMATITIDIS STRAIN LBa 
fl/mg Dry Weight*

Monoaoditoi Glutamate

10 -

BOURS

20

HCDR3

20

10

HOURS

20

HOURS
— * Normal,  ---   A n  Unoll,
* Miflua the endegenona.

'Aaa Gnanioe, — -•PuroHyoia.
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F i g .  5

THE OXYGEN UPTAKE OF NORMAL AND INHIBITOR GROWN 
B. DERMATITIDIS STRAIN 60^6 

p l/m g  Dry Weight»

Monosodixim Glutamate30-

20 -

1 0 -

1 3 5

30- Glucose

20-

1 0 -

51 3
HOURS HOURS

20 .

1 0 -

HOURS

Xylose30-

20 -

10 -

HOURS
— Normal,  -----   Aza U ra c il, ^ — *Aza Guanine, ^ ^Puromycin»
* Minus the endogenous.
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F ig . 6

THE OXYGEN UPTAKE OF NORl'ÏAL AND INHIBITOR GROWN
S, SCHENCKII 

pn/wg  Dry Weight*

30-

20

1 0 -

HOURS

Glucose

10 -

531
HOURS

30_ Fr'.ictoGC

2CX.

10_

HOURS

30-

20-

i a

1 53

 *-----  Normal, • — *Aza U ra cil,
* Minus the endogenous.

HOURS
^Aza Guanine, — * Puronycin^
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F ir . 7
THE OXÏGEN UPTAKE OF Î3DRMAL AND INHIBITOR GROWN

H. CAPSULATUM 
;pl/ing Dry Weight*

30- Monosodixnn Glxrtamate

20 .

10-

Houas

30- Fructose

20-

10_

HOURS

Glucose

10 -

HOURS

3 0  X y lo s e

I d

— ■ Noi’iualj •— — ——•Aza U r a c il, *— * Aza Quanlue, *— — —•> Puromycin «
* Minus the endogenous.
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Table 8

A Summary o f the Data Presented in  F igures A

Blastomyces d e r m a tit id is . stra in  LBa

Normal Grown C e lls

Endogenous
Monosodium 

Glutamate Glucose Fructose Xylose
Time

period
(Hours)

1 ««
O2 1 Slope 

Uptake 1

I **
O2* 1 Slope 

Uptake I 
1

11 «« 
O2* {Slope 

Uptake 1 
1

0%*
Uptake

**
Slope

 ̂ 1 
1

On* { Slope 
Uptake 1 

1

0-2
2-4
4*^

2 .70  1 1.35  
2 ,02  1 1,01 
1.29  1 0 .64

1
_________ 1_________

5 ,16  1 2 ,58  
12.37 1 6 .18  

6 .2 7  I 2 ,13  
1 
1 
1

1
4 ,8 3  1 2.41 

13.12 1 6 .56  
10,89  1 5 ,44

1
...............  1....... ........

5.72
9 .79
8.88

2 .86
4 .89
4 .44

1
3.31 \ 1.65  

11.82 Î 5,91 
5,38 } 2 ,69

1
!

6-Aza U racil Grown C e lls

0-2 2,57 1,28
' ......... ...1

2 ,1 0 1,05 1,99 0.99 3,28
"T"...........
1 1 .64 2,17 1.08

2-4 2 .19 1.09 7 .38 3,69 13.07 6.53 7.31 1 3.65 10.87 5.43
4—6 1.76

1

0 ,88 5,12 2.56 9 .58 4 .7 9 5,33 1 2 ,66  
t

J , , .  _

5.18 2,59

B-Kta Guanine Grown C e lls
 1-----------
3 .16  I 1 .58  
1,25 I 0 ,62
1 .16  I 0 ,58  

I
 I_ _ _ _

T
0-2
2—4-
4 -6

1 .24
3.17
3.93

0 .6 2
1.58
1.96

2.37
6 ,62
7 ,66

1.18
3 .31
3 .83

2,61
4 .83
4 .70

1,30
2,41
2.85

1 .46
5,91
3.50

0.73
2,95
1.75

1

Puromycin Grown C e lls

0 -2 2 .80 1,40 1 .12

1

1 0 .56 1.27
1

1 0 .63 1.99

T------------

1 0 ,99 1 .14 0 .57
2m4 1,20 0 ,6 0 2.21 1 .10 5 .69 1 2 .84 4 .25 1 2,12 1 .98 0 .99
4 ^ 1 ,10 0 .55 1 .92 1 0 .9 6

1
J________

3.15 1.57 3.20 { 1,60 2 .94 1.47

* Change in  oxygen uptake during the designated  time period in  ^1/mg dry w eight, 
minus th e  endogenous,

t2  -  t-j
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T a b le  9

A Summary o f  th e  Data Presented in  Figures 5 

SLastomveea d erm a titid is . s tr a in  60^6

Normal Grown C e lls

Endogenous
Monosodium 

Glutamate Glucose Fructose Xylose

Time
period
(Hours

1
I1 **

O2 1 Slope 
Uptake#

I

1 ** 
©2* I Slope 

Uptake 1

1
1

O2* 1 Slope 
Uptake j

0%*
Uptake

**
Slope

1
1 **

O2* 1 Slope 
Uptake 1

0-2
2-4-
4>“6

1
3 .72  1 1.86  
1 .76  1 0 .88
1 .60  j 0 .80

11

1
4 .7 0  I 2 .35  
6 .85  3 .42  
6 .03  1 3.01 

1
--------------- 1— ..- .....

1
1

5 .58  1 2 .79  
10.01  ! 5 .00  

9 .2 6  j 4 .63

..........  _L._ . ..

3.25
8.27
9 .42

1.62
4 .13
4.71

1
1

3.93 1 1.96
7.09 Î 3 .54
7 .96  1 3.98  

1
----- 1-------------

6-Aza U racil Grown C elia

0—2
2-4
4,̂ 6

3.35
2 .22
1.79

....... ...
1.67
1.11
0 ,89

2 .33
3.39
3 .08

1 .16
1.69
1 .54

.................1...........
2 .92  ! 1 .46  
9 .7 9  4 .8 9  
7 .4 6  1 3 .73  

I
_ 1__

2 .13
4 .9 4
5.27

1.06
2.47
2.63

------------- 1.. .....- ..... .
1

2.93 1 1 .46
7 .9 6  1 3 .98
5.63 1 2.81 

111

8 -  Aza Guanine Grown C e lls

0-2
2—U
4 -6

3 .29  
1.40
1.29

1 .64
0 .70
0 .6 4

1.33
3 .28
2 .99

0 .66
1 .64
1 .49

2 .9 0  1 1.45  
4 .8 8  1 2 .4 4  
4 .68  j 2 .34

1....... i

1 .27  
4 .43
3 .27

0.63
2.21
1.63

1
1

1 .40 1 0 .70
4 .57  1 2.28
3.96 1 1 .98  

1 
1

Puromycin Grown C e lls

0-2
2-4
4 -6

2 .96
1 .32
1 .1 4

1.48
0 .6 6
0 .57

1.85  
1.91
1 .86

1

0 .92
0.95
0 .93

________

1
2 .8 4  1 1.42  
3 .74  1 1 .87  
3.91 1 1.95

________ L .

I
1

1.15 1 0 .57  
2 .77  1 1.38  
2.85  j 1 .42

.........  [

1
1

1.57 1 0 .78  
3 .90 1.95
2.55 1 1 .27  

1 
1

minus th e  endogenous,

** s  =
^2
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TaLlG 10

A Summary o f  the Data Presented in  Figures 6 

g ç M n s k i l

Normal Grown C e lls

Endogenous
Monosodium 

Glutamate Glucose Fructose Xylose

Time
period
(Hours)

02
Uptake

*«
Slope

1
1

©2 * j Slope 
Uptake J

-----  1
1

O2 * j Slope 
Uptake I

11
1

©2* 1 Slope
Uptake 1 1

1
I1

O2 * j Slope 
Uptake j

0-2  
2-4  
A—6

2.81
2 .0 6
1 .42

1.40
1.03
0.71

1
5.471 2 .78  

14.99 7 .4 9  
1 5 .7 3 j 7 .8 6

1

1
3 .87 1 1 .93  

15.48 7 . 7 4  
U .12  I 7 .06  

1
........... -  I.............. -

1
3 .44  I 1.72
9 .7 8  4 .89

13 .44  1 6 .72
11

3.65 1 1.82  
10.67 1 5.33  

7 .9 4  I 3.97

_______ 1_______

6-Aza U racil Grown C e lls

0-2 3.17 1.58
1

3.27  1 1.63
1

1 .70 1 0.85 1.65 0.82 2 .43 1.21
2—4 2.38 1.19 7 .1 0 3.55 10.89 5 .44 6.02 3.01 6 .43 3.21
4-6 1.64 0 .82 9 .9 4 1

1
. ■ , 1.

4 .97 13.48  1 
1 
1

6 .7 4 10.59 1 5.29 6.83 3.41

8—Aza Guanine Grown C e lls

0-2
1

2 .6 4  1 1.32

------------r

2 . 0 9 ' 1 .04
.... -  — T

2 .48  1 1 .24
~T 

2.91 1 1.45 2 .47 1.23
7.-1̂ 1.92 1 0 .96 3 .65 1.82 7 .55  1 3.77 4 .35 2,17 4 .79 2.39
4 -6 1 .29  1 

1
_L_

0 .64 7 .9 4 1
I
1

3.97 8.71 1
111

4 .35 7 .4 3  1
I
1

3.71 4.51 2.25

PuroB^cin Grown C ells

0-2
1

2 ,32  1 1.16
' ■ 1 

1 .39  1 0 .69 1.42 0.71
' ' 1 

1.53 0 .76 1.37 0 .68
2-6 1.47  1 0 .73 1 .87 0 .88 7 .30 3.65 2.71 1.35 3 .34 1.67
4—6 1.08  1

1
________L

0 .54 3 .67  1 
1

----------------- L

1 .83 7 .57  1 3.78 6.50

.............

3.25 3.60

________

1.80

* Change in  oxygen uptake during the designated time period in  fxL/'mg dry w eight, 
minus th e  endogenous.

** s= ^  ~ 
t2  -  t-|
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Table 11
A Summary o f  the Data Presented in  Figures 7

H lp tgp lap i%  ca p su la tu m

Normal Grown C ells

Endogenous
Monosodium 

Glutamate Glucose Fructose Xylose

Time
period
(Hours)

**
Og 1 Slope 

Uptake!

I

« !Og* 1 Slope 
Uptake 1 Uptale

*#
Slope

1
1 ** 

O2* 1 Slope 
Uptake 1

11
1 **

O2* [ Slope 
Uptake I

0-2  
2—A 
A—6

I

2.91 1.45  
2.65 1.32  
1 .34  1 0 .67  

1
1 _

1

5.91 ! 2 .95  
3.87  1 1.93  
9 .57  1 4 .7 8

1

3.43
5.47
7 .39

J

1 .74
2,73
3.69

L -  - .........

1

7 ,98  3.99  
4 .3 6  2 .18  
6.07  3.03

1

1
2,41 1 1.20
6,97 1 3.48  
4.47  1 2,23  

1
____________1______________________

6-Aza U racil Grown C e lls

0-2

4-^

. . . . . . . . . . . . r
3.20 1,60
2 ,96  1 1,48
1.88  j 0 ,9 4  

1

3 .18  1 1.59  
4.05  2 .02  
5.49 j 2 ,74

1

. . 1 . . . . . . . . .
3 .19  1 1 .59  
4 .50  1 2.25  
4 .3 2  j 2 ,16

1

I'. . . . . . . . . . .
2 .29  1 1.14  
3.95 1 1.97  
4 ,05  1 2,02

1
1

1 ........
1,81 j 0 .90  
4 .03  2.01
4 .2 2  1 2,11 

1

8-Aza Guanine Grown C e lls

0—2
2-4
4—6

2.97  1,48  
2 .30  1.15
1 .24  j 0 ,62

1
I

2 ,49  1 1 ,24  
2,62  1.31 
3.29  j 1 .64

»
1

2 ,22  1 1.11
4 .2 4  2 ,12
3.45 j 1 .77

11

1
2,71 1 1.35
3,62 1 1.81
2 ,98  1 1,49  

1 
1

1.31 I 0 .65  
2 .29  1 1.14  
3.12  1 1 .56  

1 
1

Puromycin Grown C ells

0-2
2—4
4—6

1
2 .4 7  1 1.23  
2 .15  1 .07
1.23 1 0.61  

1

1
1.32 1 0 .6 6  
1 .8 4  1 0 .92
1 .80  1 0 .90  

1

I

2.59  ! 1 .24  
2.66  1 .34  
3,22  j 1.61

1

1
1

2.11 1 1.05  
3.22 1 1,61 
2 .42  1 1,21 

1 
1

1

1,28 0 .64  
1.99  0 .99  
3.13  1 1.57

I
Change in  oxygen uptake during the designated time period in  >il/ing dry w eight, 
minus the endogenous.

«« Z 2 rJ £ l
t 2 -  t i
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Only s l i g h t  d i f f e r e n c e s  b e tw een  purom ycin-grow n and 8 -a z a g u a n in e -  

grown E. d e r m a t i t i d i s  s t r a i n  6046 and H. cap su la tu m  c o u ld  be d e t e c t e d  

i n  t h e  p r e s e n c e  o f  g l u c o s e .  N et ch an ges from t h e  norm al w ere 5 7 .8  and 

4 7 .5  p e r c e n t ,  r e s p e c t i v e l y .  JB. d e r m a t i t i d i s  s t r a i n  LBa and s c h e n c k i i  

e x h i b i t e d  r e d u c t io n s  o f  6 4 .9  and 5 1 .2  p e r c e n t .  Oxygen uptake u s in g  th e  

s u b s t r a t e  x y l o s e  prod uced  r e d u c t io n s  r a n g in g  from t h e  m ost marked 

d i f f e r e n c e  o f  7 5 .3  p e r c e n t  f o r  d e r m a t i t i d i s  s t r a i n  LBa to  th e  lo w e s t  

o f  5 1 .2  p e r c e n t  f o r  d e r m a t i t i d i s  s t r a i n  6046 . s c h e n c k i i  and H.

c a p su la tu m  e x h i b i t e d  ch an ges  o f  6 2 .5  and 5 3 .0  p e r c e n t .  No oxygen  uptake  

c o u ld  b e  d e t e c t e d  w i t h  any o f  t h e  organ ism s u s in g  r i b o s e  as th e  s u b s t r a t e .

(6 )  The E f f e c t  o f  V itam in  K-5 on C e l l u l a r  R e s p i r a t i o n .
(T ab le  1 2 ,  13 and 14; F ig u r e s  8 ,  9 ,  1 0 ,  11)

V ita m in  K-5 had marked e f f e c t  i n  r e d u c in g  t h e  oxygen uptake o f  

th e  o rg a n ism s  t e s t e d .  T h is  i n h i b i t i o n  was n o te d  w i t h  a l l  s u b s t r a t e s  

em p loyed . The r a t e s  o f  o xygen  u p ta k e  f o r  th e  c o n t r o l  sy s te m s  ( t h o s e  

c e l l s  n o t  ex p o sed  to  t h e  v i t a m in  a n a lo g )  w ere s i m i l a r  to  th o s e  p r e v i o u s l y  

d e s c r ib e d  as  n o rm a lly  grown c e l l s .  S i m i l a r l y ,  endogenous r a t e s  f o r  

t h o s e  s y s te m s  l a c k i n g  th e  v i t a m in  a n a lo g  w ere  s i m i l a r  t o  endogenous  

r a t e s  p r e v i o u s l y  d e s c r i b e d .  A s l i g h t  b u t  c o n s i s t e n t l y  h ig h e r  r a t e  o f  

oxygen  u p ta k e  was n o te d  w i t h  endogenous sy s te m s  f o r  organ ism s t e s t e d  

i n  th e  p r e s e n c e  o f  V itam in  K -5 .

With t h e  a d d i t i o n  o f  th e  v i t a m in  a n a lo g  2 hours a f t e r  t h e  s t a r t  

o f  ea ch  e x p e r im e n t ,  a p e r io d  a v e r a g in g  1 hour was n o te d  b e f o r e  any 

i n h i b i t i o n  o f  oxygen  up tak e  was o b s e r v e d .  D i s t i n c t  i n h i b i t i o n  became  

e v i d e n t  d u r in g  t h e  3 t o  6 hour p e r i o d , though th e  d e g r e e  o f  i n h i b i t i o n  

v a r i e d  c o n s id e r a b ly  among t h e  v a r io u s  o rgan ism s and s u b s t r a t e s .
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Table 12

THE GliAlIGSS IIJ OXYGEI: UPTAKE OF ÎÎORMAL CELLS AKD CELLS IK THE
PRESENCE OF VITA1LEIÎ-K-5

H, cap su la tm

Substrate Ribose
Ribose 

Vitamin K-5

Time
Period
(Hours)

02 *
Uptalce

Slope ** 02
Uptalie

Slope

0-3 3.89 1.29 3 .63 1.21

3-6 1.55 0.51 -0 .9 2 -0.31

6-9 3.10 1.03 -0 .3 2 -0.11

D . a e r n a t l t i d i s  s t r a in  LBa

0-3 2.75 0 .92 3.06 1.02

3-6 4 .54 1.51 -1 .3 3 —c./t4

6-9 6.15 2.05 -0 .6 9 -0 .2 3

*  Tlie ch an ge in  o:\ygen u p ta k e  d u r in g  th e  d e s ig n a te d  tim e  
p e r io d  in  ug.m g d ry  w e ig h t ,  n in u s  th e  en d o g en o u s.
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D uring  t h i s  t im e ,  Ŝ . s c h e n c k i i  e x h i b i t e d  an a v e r a g e  p o s i t i v e  uptake  

r a t e  w i t h  monosodium g lu ta m a te  o f  1 .2 6  p ip e r  h o u r .  S i m i l a r l y ,  JB. 

d e r m a t i t i d i s  s t r a i n  6046 showed an a v er a g e  h o u r ly  up take  o f  0 .4 7  P i .

With f r u c t o s e  a s  th e  s u b s t r a t e ,  th e  s l o p e s  f o r  t h e  3 -  to  6 -h ou r p e r io d  

f o r  d e r m a t i t i d i s  s t r a i n  6046 was p o s i t i v e ;  h ow ever ,  i t  was n e g a t iv e  

f o r  d e r m a t i t i d i s  s t r a i n  LBa. S_» s c h e n c k i i  e x h i b i t e d  a d i s t i n c t ,  

n e g a t i v e  s l o p e  d u r in g  t h i s  t im e  p e r io d  w i t h  x y l o s e  as th e  s u b s t r a t e ,  

w h i l e  d e r m a t i t i d i s  s t r a i n  6046 showed a t o t a l  oxygen  uptake o f  2 .9 7  

P l d u r in g  t h i s  same p e r i o d .  A lth ou gh  a l l  th e  r e s u l t s  o b ta in e d  in d i c a t e d  

d i s t i n c t  i n h i b i t i o n  b e g in n in g  a p p r o x im a te ly  1 hour f o l l o w i n g  a d d i t i o n  

o f  th e  v i ta m in  a n a i c g ,  a b s o l u t e  v a lu e s  f o r  oxygen  u ptake w ere v a r i a b l e  

w ith  any g iv e n  organ ism  o r  s u b s t r a t e .

The f i n a l  3-hour p e r io d  (hours 6 to  9) w ere g e n e r a l l y  s i m i l a r  

fo r  a l l  th e  organ ism s and a l l  th e  s u b s t r a t e s .  With th e  e x c e p t i o n  o f  If. 

ca p su la tu m  lu  f r u c t o s e  and x y l o s e  w hich  e x h i b i t e d  s l i g h t  p o s i t i v e  s l o p e s ,  

a l l  o th e r  r e s u l t s  were p l o t t e d  as n e g a t i v e  s l o p e s .  Term inal d i f f e r e n c e s  

i n  th e  n e t  oxygen uptake v a r i e d  from 56 p e r c e n t  r e d u c t i o n ,  from th e  

n o rm a l,  w i t h  d e r m a t l t i d l s  s t r a i n  6046 on g lu ta m a te  t o  87 p e r c e n t  

r e d u c t io n  w ith  S_" s t b e n r k x i  on g l u c o s e .  d e r m a t i t i d i s  s t r a i n  6046  

showed t h e  g r e a t e s t  r e d u c t io n  from th e  normal a t  t h e  9 hour mark w ith  

r e s p e c t i v e  r e d u c t io n s  o f  5 6 ,  7 5 ,  70 and 59 p e r c e n t  on g lu ta m a te ,  g l u c o s e ,  

f r i c t o s e  and x y l o s e .  d e r m a t i t i d i s  s t r a i n  LBa produced  r e s p e c t i v e

d e c r e a s e s  o f  6 9 ,  71, 83 and 82 p e r c e n t .  S_. s c h e n c k i i  e x h i b i t e d  r e 

s p e c t i v e  r e d u c t io n s  o f  5 5 ,  8 7 ,  8 2 ,  and 78 p e r c e n t .  H. cap su la tu m  

prod u ced  r e s p e c t i v e  8 4 ,  8 3 ,  64 and 65 p e r c e n t  r e d u c t io n s  from t h e  n orm al.
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F i s .  S

THE EFFECT 0? VITAMIN K-5 OIÎ THE OXYGEN UPTAKE
OF B. DERI-^TITIDIS STRAIN LBa

p l /m g /  Dry 'rfeighft*

50,
Monosodium Glutamate

30-

1CL

Glucose

Hours

Xylose

3 0

1 0

•Normal Vitamin K-5
* The endogenous uptake has been subtracted .
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F ig  9

THE EFFECT OF VITAimi K-5 ON THE OXIGStJ UPTAKE
OF B. DERI!ATITIDIS STRAIN 60^6

;al/mg Dry WeigWf

5CL

30

10

I-tonosodium Glutamate

/

/ .

z I >""""" I   t  ' I I r  ' I
1 3  6 9

Hours

50-,
Glucose

30-

1 0 -

61 3 9
Hours

5 0 |

Fructose

30-

1 0 -

• N orm l

501

Xylose

30-

1 0  -

631
   Vitamin K-5

* The endogenous up take  has been s u b tra c te d .
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F i e .  10

THE EFFECT OP VITAimi K-5 ON THE OXÏGEN UPTAKE 
. OP % SCHENCKII 

jol/mg Dry Weight*

Monosodiina Glutamate

3 0

1 0 -

Hours

Glucose

30

1 0

Hours

50n

Fructose

1 0 -

-Normal

Xylose

10 -

Vitamin K-5 A ddition o f

* The endogenous up take  has been s u b tra c te d .
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F i g .  11

THE EFFECT OF VITAI-ŒN K-5 OH THE OXTGHN UPTAKE
OF H. CAP5DLATÜM
jLil/mg Dry W eight*

50-,
1-loriosodium Glutamate

30-

Hours

50i

30-

1 0 -

Glucose

/

/
/

/

T " — r
Hours

T

50-1 50-1
Fructose Xylose

30- 3 0

1 0 .1 0 -

Addition of. Vitamin K-5• Ilcrmal
* The endogenous up take  has been s u b tra c te d .
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Table 13
A Summary o f  the Data Presented in  Figures 8 and 9

B. d erm a titid is  s tr a in  6046

Sub. Endogenous
Monosodium 

Glutamate Glucose Fructose Xylose

Time
period
(hours)

1
°2  jaioper:-'  ̂

Uptakej
o |

Uptake
Slope °2  1 Slope  

Uptake 1 
1

2 * Slope 
Uptake 1 

1

1
'/c 1

°2 1 Slope 
Uptake 1 

1

0-3
3-6
6-9

4 .0 8  ! 1 .36  
1 .42  1 0 .4 7
1 .27  1 0 .4 2

. . - . . . . .  [  . - . . . . . .

10.08
7.93
6.93

3.36
2.64
2 .31

11.05 1 3.68
14.58  1 4.86  
10.53 1 3.51

I

1
9 .1 2 , 3 .04  

12.39 4.13
14.151 4.71

1
1

1
8.03 1 2.68  

10.06 3.35  
9.06 I 3 .02

1

B, d erm atitid is  s tr a in  6046 with Vitamin K-5

0-3
3-6
6-9

I
5.74 1 1 .91  
2 .12  0 .71
2 .02  1 0 .67  

1
. . . . . . . . . . . 1 . . . . . . . . .

1
13 .08  1 4.36

1 .40  j 0 .47  
-  3 .32  I -1 .1 0  

1
_ _ _  1_ _ _ _ _ _

1
10.76 3 .59  

-  0 .07  -0 .0 2  
-  0 .89  1- 0 .26  

1
1 . - . . . . -

1
10.771 3 .59  

0 .8 1 1 0 .27  
-  0 .6 7 - 0 .2 2

I- - - - - - - 1 - . . . . . . . . . . .

1
8.99 1 3 .00  
2.97 1 0 .99

-  1 ,24  j - 0 .41  

1 -

B. d erm atitid is  s tr a in  LBa

 r

10.35 ! 
13.48 I 
11.78 I

I
 L

 r
8.13 I 

12.95 I
8 .64  I 

  I

0-3
3-6
6-9

3.7":)
2 .04
1.70

I 1.26
I 0.68

0.57

3.45
4 .49
3 .9 2

9.75
19.61
12.27

3 .2 5
6.53
4.09

1 2 .1 2 1 4 .04  
13. 0 5 1 4.35  

9 .6 6 1 3 .22  
I I

2.71
4 .3 1
2.88

B, d erm a titid is  s tr a in  LBa w ith Vitamin K-5

T 1
11.49 1 3 .83

T " ""' - r  ' "

9.25 ! 3 .08
■ I™

0-3 4 .19 1 1 .36 10.75 1 3 .65 7.86 1 2.62
3-6 2 .54 1 0 .85 -  0 .2 7  1 - 0 .0 9

-  o . a  j - 0 .13
2.11  I 0 .70  

-  0 .88  j - 0 .2 9
-  1 . 701- 0 .63 -  1 .3 2  1 -0 .4 4

— 1.21 1 -^ .406-9 2 .39 1 0 .79 -  1 .361-0 .45  
1 
11 1 1 , . . 1,

*  Change in  oxygen uptake during the designated  time period in  pl/mg 
dry w eigh t, minus th e  endogenous.

= 7'2 -  3% 
t 2  -

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



67

T a b le  14-
A Summary o f  t h e  D ata P r e se n te d  in  F ig u r e s  10 and 11 .

H. ca p su la tu m

Sub, E ndogenous
Monosodium  

G lu ta m a te G lu c o se F r u c to se X y lo se

Time
p e r io d
(h o u rs]

1

! Sloped"' 
U ptakej

1

^2 1 S lo p e  
U ptak e 1 

1

1
n ''H° 2  1 S lo p e  

Uptakej
1

1
° 2  1 S lo p e  

U ptake j
1

O"' 1 2 S lo p e
U ptake 1

1

0 -3
3 -6
6-9

1

3 .5 2  1 1 .1 7  
2 .2 4  1 0 .7 4  
2 .1 9  1 0 .7 3  

1 
1

1
7 .8 1 1  2 .3 4  

1 4 .7 1 1  4 .9 0  
1 4 .1 1 1  4 .7 0

......... 1

1
5 .7 2  1 1 .9 0  

1 0 .1 9  3 .3 6  
1 3 .3 0  j 4 .4 3

_____ I _____

1

9 .5 4  1 3 .1 8  
8 ,7 0  1 2 .7 0  

1 3 .2 7  1 4 .4 2  
1 
1

1
5 .721  1 .9 0  
8 .0 9 }  2 .6 9  

1 1 ,2 0 1 3 .7 3

!

H. ca p su la tu m  w ith  V ita m in  K-5

0 -3

.................I"

4 .6 4  1 1 .5 4

1

1 0 .9 1  • 3 .6 4 7 .6 7

T-------------

I 2 .5 6 9 .3 0 3 .1 0 6 .2 0 2 .0 7
3 -6 3 .2 0  1 1 .0 7 — 4 .2 1 1  —1 .4 0 -  1 .0 6  1 - 0 .3 5 0 .3 2 0 .1 0 0 .4 8 0 .1 6
6 -q 3 .1 2  I 

.  _ 1

1 .0 4 -  0 .5 0  1 - 0 .1 7

........1„_.............

-  0 ,2 6 1 - 0 .0 8  
I 
±  _

0 .1 7 0 .0 6 0 .5 1 0 .1 7

3 ,  s c h e n c k i i

0 -3
3 -6
6 - 9

1
3 .1 2  j 1 .0 4  
2 .CO 0.87
1 .5 6  0 .5 2

1

1
1 3 . 3 3 1 4 .4 4  
19.761 6 .5 9  
1 0 .7 9  j 3 .5 9

1

1

1 1 .4 7  I 3 .8 2  
1 1 .7 3  3 .91  
1 3 .3 7  , 4 .4 6

11

1
7 .2 1  ] 3 .4 0  

1 9 .5 3  6 .5 1  
1 2 .1 3  4 .0 4

1

1
9 .311  3 .1 0  

1 4 .8 1  4.93  
7 .8 7 }  2 .6 2

1

S ,  s c h e n c k i i  w ith  V ita m in  K-5

0 -3
3 -6
6-9

1

3 .8 2  1 .2 7  
3 .3 9  1 .1 3
2 .8 3  0 .9 4

1

1

14 .69  I 4 .8 9  
3 .7 8  1 1 .2 6  

-  2 .8 1  1 -0 .9 3
1

1

1 2 .7 8  1 4 .2 6
— 4 .2 7  1 —1 .4 2
— 1 .9 8  1 —0 .6 6

l , „ . ..

1
1

9 .2 9  1 3 .0 9  
0 .59  1 0 .1 9  

-  1 .72  1 - 0 .5 7  
1

__________t„,

1

1 1 .2 1 1 3 .7 3
-  2 .5 4 ;  - 0 .8 3
-  1 .1 2 ;  - 0 .3 7

................... 1 ........ ......

The ch an ge i n  o x y g en  u p ta k e  d u r in g  t h e  d e s ig n a te d  t im e  p e r io d  in  
p l / » ^  d ry  w e ig h t ,  m inus t h e  e n d o g en o u s .

S 72 -  y i  
t 2  -  t^
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The two organ ism s c a p a b le  o f  m e t a b o l i z in g  r i b o s e  produced  

t r e n d s  s i m i l a r  t o  th e  o t h e r  r e s u l t s  (T ab le  1 2 ) .  The r e d u c t io n s  from 

th e  normal a t  th e  9 hour mark w ere  72 p e r c e n t  f o r  H. capsu la tum  and 82 

p e r c e n t  fo r  d e r m a t i t i d i s  s t r a i n  LBa.

(7 )  The In Vivo E f f e c t  o f  Normal and I n h ib i to r -G r o w n  C e l l s .
(T a b le s  1 5 ,  1 6 ,  1 7 ,  18)

N orm ally  Grown C e l l s .

T w e n t y - f iv e  p e r c e n t  o f  th e  m ice  i n j e c t e d  w ith  B. d e r m a t i t i d i s  

s t r a i n  LBa w ere dead by t h e  f i f t e e n t h  day and 95 p e r c e n t  a f t e r  30 d a y s .

JB. d e r m a t l t i d i s  s t r a i n  6046 e x h i b i t e d  a somewhat lo w er  r a t e  w i t h  15 

p e r c e n t  dead a t  15 days and 75 p e r c e n t  a t  30 d a y s .  The m ice in o c u la t e d  

w it h  s c h e n c k i i  had r a t e s  a v e r a g in g  45 p e r c e n t  a t  15 days and a 

t e r m in a l  l e v e l  o f  95 percentc . H. c a p s u la tu m - i n j e c t e d  m ice  e x h ib i t e d  

r a t e s  s i m i l a r  t o  d e r m a t i t i d i s  s t r a i n  6046 w i t h  15 p e r c e n t  and 85

p e r c e n t  d e a th  at 15 and 30 days r e s p e c t i v e l y .

6 -A za u ra c il -G rcw n  C e l l s

R e s u l t s  o b t a in e d  from t h i s  group d id  n o t  d i f f e r  a p p r e c ia b ly  from  

th e  n o r m a lly  grown c e l l s  F i f t e e n  p e r c e n t  o f  t h e  m ice  i n j e c t e d  w ith  JB. 

d e r m a t i t i d i s  s t r a i n  LBa w ere  dead a f t e r  15 days and 90 p e r c e n t  a f t e r  30 

d a y s .  A g a in ,  d e r m a t i t i d i s  s t r a i n  6046 e x h i b i t e d  lo w er  r a t e s  than  JB. 

d e r m a t i t i d i a  s t r a i n  LBa w i t h  5 p e r c e n t  and 70 p e r c e n t  o f  th e  m ice  dead  

a f t e r  15 and 30 days r e s p e c t i v e l y .  The m o r t a l i t y  r a t e  among m ice  i n 

j e c t e d  W ith 6 - a z a u r a c i l - g r o w n  s c h e n c k i i  w ere  n e a r l y  i d e n t i c a l  w ith  

t h a t  o f  th e  norm al r a t e .  S i m i l a r l y ,  H. ca p su la tu m  e x h i b i t e d  l i t t l e  

d i f f e r e n  e  from i t s  n o rm a lly  grown c o u n te r p a r t  w i t h  10 and 85 p e r c e n t  o f

t h e  m ic e  dead a f t e r  15 and 30 days r e s p e c t i v e l y .
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8 - A zaguanine-G row n C e l l s

A d i s t i n c t  r e d u c t io n  i n  th e  m o r t a l i t y  r a t e s  o f  th e  m ice was 

o b s e r v e d  when i n j e c t e d  w i t h  8 -a z a g u a n in e -g r o w n  c e l l s .  JB. d e r m a t i t i d i s  

s t r a i n  LBa and H. cap su la tu m  showed a p p r o x im a te ly  15 and 30 p e r c e n t  

d e c r e a s e s ,  from th e  n o rm a l,  a t  15 and 30 d a y s .  _B. d e r m a t i t i d i s  

s t r a i n  6046 e x h i b i t e d  d e c r e a s e s  o f  a p p r o x im a te ly  5 and 30 p e r c e n t  a t  

days 15 and 3 0 .  M ice i n j e c t e d  w i t h  th e  an a lo g -g ro w n  s c h e n c k i i  

r e s u l t e d  i n  a 30 p e r c e n t  d e c r e a s e  a t  th e  15 day mark and a 25 p e r c e n t  

r e d u c t io n  a t  th e  t e r m in a l  p o i n t  o f  30 d a y s .

Puromycin-Grown C e l l s .

Purom ycin-grow n c e l l s  produced  t h e  lo w e s t  m o r t a l i t y  r a t e s  i n  m ic e .  

A marked r e d a c t i o n  i n  r a t e s  was o b se r v e d  w ith  a l l  th e  organ ism s  

em p loyed . d e r m a t i t i d i s  s t r a i n  LBa in o c u l a t e d  m ice  showed an a v e r a g e

red u ced  m o r t a l i t y  l e v e l  o f  45 and 60 p e r c e n t  a t  20 and 30 d a y s .  

d e r m a t lt i d i s  s t r a i n  6046 e x h i b i t e d  a s i g n i f i c a n t  change w ith  a 25 p e r 

c e n t  r e d u c t io n  a t  20 days and 65 p e r c e n t  a t  30 d a y s .  s c h e n c k i i -  

i n j e c t e d  m ice  produ ced  10 p e r c e n t  dead a t  20 days and 40 p e r c e n t  dead  

a t  30 d a y s .  T h is  r e p r e s e n t s  a v e r a g e  d e c r e a s e s  o f  60 and 55 p e r c e n t  a t  

th e  i n d i c a t e d  d a y s ,  ca p su la tu m  grown i n  th e  p r e s e n c e  o f  th e  a n t i 

b i o t i c  r e s u l t e d  in  a r e d u c t io n  o f  40 and 55 p e r c e n t  a t  days 20 and 30.
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( 8 ) The E f f e c t  o f  V itam in  K-5 T reatm ent on M ice I n o c u la t e d  w i th  
S y s te m ic  P a th o g e n ic  F u n g i .

(T ab les  1 9 ,  2 0 ,  2 1 ,  2 2 ,  23)

GROUPS I  AND I I .  (CONTROLS)

C o n tr o l  group s I  and I I  (T a b le  2 0 ) ,  gave  c o n s i s t e n t  r e s u l t s

th ro u g h o u t  r e p e a te d  e x p e r im e n ts  i n d i c a t i n g  t h a t  g a s t r i c  mucin in

c o m b in a t io n  w i t h  V ita m in  K-S (Group I ) , or  p h osp h ate  b u f f e r  (Group I I )

have  no o b s e r v a b le  e f f e c t  on th e  m ic e .  One hundred p e r c e n t  s u r v i v a l

r a t e s  w ere  n o te d  f o r  b o th  groups and no t o x i c i t y  was o b s e r v e d ,  e x c e p t

f o r  th e  r e d d is h  brown u r in e  p r e v i o u s l y  d e s c r ib e d .

GROUP I I I .  (CONTROL)

M ice o f  t h i s  group w ere  i n j e c t e d  w ith  th e  c e l l  ad ju vant s u s p e n s io n  

and w ere  a d m in is t e r e d  s t e r i l e  0 .1 5  M p h o sp h a te  b u f f e r  i n  l i e u  o f  th e  

V ita m in  K-5 s o l u t i o n .

No d e a th s  w ere  r e c o r d e d  w i t h  d e r m a t i t i d i s  s t r a i n  LBa a t  10 d ays .  

F i f t e e n  p e r c e n t  o f  t h e  m ice  w ere dead a t  15 days w i th  a te r m in a l  d ea th  

cou n t a t  30 days o f  55 p e r c e n t .  JB. d e r m a t i t i d i s  s t r a i n  6046 e x h i b i t e d  

an a v e r a g e  o f  5 p e r c e n t  dead a t  15 days and 35 p e r c e n t  a t  30 d a y s .

M ice i n j e c t e d  w i t h  H. cap su la tu m  showed an a v e r a g e  t e r m in a l  d ea th  r a t e  

o f  40 p e r c e n t  and s c h e n c k i i  an a v e r a g e  o f  50 p e r c e n t  dead .

GROUP IV. (CONTROL)

The m ice  i n  t h i s  e x p e r im e n ta l  sy s te m  w ere i n o c u l a t e d  w ith  c e l l s ;  

h o w e v er ,  th e y  w ere  n o t  i n j e c t e d  w i t h  V itam in  K-5 o r  p h osp h ate  b u f f e r .  

M o r t a l i t y  r a t e s  among t h i s  group o f  m ice  d id  n o t  d i f f e r  a p p r e c ia b ly  

from t h o s e  o f  Group I I I .  JB. d e r m a t i t i d i s  s t r a i n  LBa produced m o r t a l i t y  

r a t e s  o f  10 and 60 p e r c e n t  15 and 30 days f o l l o w i n g  i n j e c t i o n  o f  th e
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c e l l s .  A g a in ,  JB. d e r m a t i t i d i s  s t r a i n  6046 e x h i b i t e d  a low er  d e g ree  

o f  v i r u l e n c e  w i t h  15 p e r c e n t  o f  t h e  m ice  dead a f t e r  15 days and 40 

p e r c e n t  dead a t  30 d a y s .  s c h e n c k i i - i n j e c t e d  m ice  had a verage

m o r t a l i t y  r a t e s  o f  5 and 45 p e r c e n t  a t  days 15 and 3 0 ,  r e s p e c t i v e l y .

Mice r e c e i v i n g  H. cap su la tu m  c e l l s  e x h i b i t e d  no d e a th s  15 days a f t e r  

i n j e c t i o n ;  h o w ev er ,  an a v e r a g e  t e r m in a l  d ea th  r a t e  o f  30 p e r c e n t  was 

o b se r v e d  by th e  t h i r t i e t h  day .

GROUP V. (EXPERIMENTAL)

The m ic e  o f  t h i s  g r o u p ,  w hich  r e c e i v e d  a t o t a l  o f  6 mg o f  V itam in  

K-5 p r i o r  to  i n o c u l a t i o n  o f  t h e  c e l l s  and an a d d i t i o n a l  2 .0  mg a f t e r  

i n o c u l a t i o n ,  e x h i b i t e d  th e  m ost r a p id  and h i g h e s t  d ea th  r a t e s ,

d e r m a t i t i d i s  s t r a i n  LBa produced  th e  h i g h e s t  d ea th  r a t e  i n  th e  m ice  w ith

an a v e r a g e  o f  55 p e r c e n t  dead a f t e r  10 days and 100 p e r c e n t  by 25 d ays .  

An a v e r a g e  o f  5 p e r c e n t  o f  th e  m ice  i n j e c t e d  w i t h  JB. d e r m a t i t i d i s  s t r a i n  

6046 w ere  dead th e  f i f t h  day and 90 p e r c e n t  a f t e r  30 d a y s .  T w e n ty - f iv e  

p e r c e n t  o f  th o s e  m ic e  i n j e c t e d  w i t h  H. capsu la tum  w ere dead by th e  t e n th  

day and 90 p e r c e n t  by th e  t h i r t i e t h  day. s c h e n c k i i  d id  n ot d i f f e r

m arkedly  from th e  o t h e r  organ ism s k i l l i n g  an a v er a g e  o f  5 p e r c e n t  o f

th e  m ic e  a f t e r  10 days and 95 p e r c e n t  by 30 d a y s .

GROUP V I. (EXPERIMENTAL)

T h is  group o f  m ice  r e c e i v e d  a t o t a l  o f  6 mg o f  V itam in  K -5 ,  w i th  

th e  f i r s t  i n j e c t i o n  b e in g  a d m in is t e r e d  4 h ou rs  f o l l o w i n g  i n o c u l a t i o n  o f  

th e  c e l l s .  The d ea th  r a t e s  f o r  th e  groups o f  m ice  i n  t h i s  e x p e r im e n ta l  

s y s te m  d id  n o t  d i f f e r  a p p r e c ia b ly  from t h e i r  c o u n te r p a r t s  in  Group V.

B. d e r m a t i t i d i s  s t r a i n  L B a - in j e c t e d  m ic e  had th e  h i g h e s t  death  r a t e  w ith
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an. a v e r a g e  o f  50 p e r c e n t  dead a f t e r  10 days and 100 p e r c e n t  dead 

a f t e r  25 d a y s .  The two s t r a i n s  o f  B. d e r m a t i t i d i s  a veraged  a d i f f e r e n c e  

o f  30 p e r c e n t  a t  10 days and 15 p e r c e n t  a t  30 d a y s .  B. d e r m a t i t i d i s  

s t r a i n  6046 c o n s i s t e n t l y  e x h i b i t e d  th e  h ig h e r  d ea th  r a t e .  Of th e  m ice  

i n j e c t e d  w i t h  s c h e n c k i i . no d e a th s  w ere rec o rd ed  a t  10 d ays;  

h o w ev er ,  100 p e r c e n t  o f  th e  m ice  w ere  dead a t  30 d a y s .  IH. capsu latum  

i n o c u l a t e d  m ice  e x h i b i t e d  5 p e r c e n t  dead a t  10 days and 90 p e r c e n t  

dead a t  30 d a y s .

(9 )  The E f f e c t  o f  V itam in  K-5 Treatm ent on M ice I n j e c t e d  w ith  
B a c t e r i a l  C e l l s .

V itam in  K-5 t r e a t e d  m ice  i n j e c t e d  w i t h  pyogen es  e x h i b i t e d  

somewhat h ig h e r  d ea th  r a t e s  than  u n t r e a t e d  m ic e .  Ten p e r c e n t  o f  th e  

V itam in  K-5 t r e a t e d  m ice  w ere  dead 3 h ou rs  f o l l o w i n g  i n j e c t i o n  o f  th e  

c e l l s  and 40 p e r c e n t  by 6 h o u r s .  N in e ty  p e r c e n t  w ere reco rd ed  dead a t  

9 h ou rs  and 100 p e r c e n t  a t  10 h o u r s .  Of t h e  u n tr e a te d  m ic e ,  10 p e r c e n t  

w ere dead a t  8 h o u r s ,  50 p e r c e n t  a t  18 h ou rs  and 100 p e r c e n t  a t  35 h o u r s .  

One hundred p e r c e n t  s u r v i v a l  r a t e s  w ere  rec o r d e d  f o r  th e  3 c o n t r o l  groups,  

V itam in  K-5 t r e a t e d  m ice  i n j e c t e d  w i t h  ty p h o sa  e x h i b i t e d  10 

p e r c e n t  dead 12 h ou rs  f o l l o w i n g  c e l l u l a r  i n o c u l a t i o n ,  30 p e r c e n t  a t  16 

h o u r s ,  60 p e r c e n t  a t  18 h ou rs  and 90 p e r c e n t  a t  26 h o u r s .  One hundred  

p e r c e n t  o f  th e  u n t r e a t e d  m ice  s u r v iv e d  through  36 h o u r s .  A l l  c o n t r o l s  

e x h i b i t e d  100  p e r c e n t  s u r v i v a l  th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d .
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Table 19

The E f f e c t  o f  V itam in  K-5 T reatm ent on M ice I n o c u la te d  
With S y s te m ic  P a th o g e n ic  Fungi

C o n tr o l  Groups I  and I I

2.5% G a s t r i c  M ucin,

V itam in K-5: Groups I *

DAI** No. %
Dead Dead

5 0 /1 0 0
10 0 /1 0 0
15 0 /1 0 0
20 0 /1 0 0
25 0 /1 0 0
30 0 /1 0 0

2.5% G a s t r i c  M ucin,

P h o sp h a te  B u f fe r : Group I I *

DAI** No. %
Dead Dead

5 0 /1 0 0
10 0 /1 0 0
15 0 /1 0 0
20 0 /1 0 0
25 0 /1 0 0
30 0 /1 0 0

*  T hese  c o n t r o l s  w ere  s e t  up w ith  each  s e r i e s  o f  e x p e r im e n ts .  
R e s u l t s  w ere I d e n t i c a l  f o r  a l l  e x p e r im e n ts .

** The number o f  days a f t e r  i n o c u l a t i o n  o f  c e l l  ( g a s t r i c  mucin)

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



78

R

E-i

cd
ra

E-«■o
r-T
Ma

« I
X
EH

1
O
§
t-H
M
O
M

0

1

EH
kr\
J:
%

g
EH
hh

&L,
0

1
M
X
EH

§ '
S

ü

m

0)o

M
M

2
ü

Si
a>

tH

a
a)

1d

t
o

X
X

3
d)o

M

V î

^  cï 
d 
C

* Xo cd
ïi: (u 

G

M
«ta

%% "S 
*)
Q

• -ao td
X  (ü 

Q

<d
Q

cd
-P
O

Eh

XJ
Cd
V

Q

0 ’S

<
Cl

cd
d)
Q

• -go cd 
s  ©I

o  o  o  ir\ or4  CJ VTNsO

O O O O O O 
CJ CM .-\I OJ CJ CJ

O  O  CJ u-\ H  CM 
rH t—i

O O O O O O 
rH m  c r \ \ 0

O O O O O O 
rH rH rH i—I i—I i—I

O  O  rH fr^ l f \x O

lf \ O  U"\ O  ICc O  
rH rH CJ (M Cr\

O O O O O O 
H  CM sO >0

O O O O O O 
rH I—I rH rH I— I rH
O  CJ rH sO

UN O  UN O  UN O  
rH rH CM CM CN

O  O  UN O  UN UN 
rH CM UN UN

O O q  O O O 
CM CM CM CM CM CM
O  O  CN -dh r—j

O O O O O O 
CM CM UN UN

O  O  CM CM UN UN

UN o  UN o  UN O  
rH rH (NI CM CN

O O O O O O 
r—I CM \ 0  xO

O O O O O O
I—I I—I I—I »—I i—( I—I
o  o  rH CM vO o

UN O UN O  UN o  
rH rH CM CM CN

g '
2

o

I
a
0
8

-H
1

V
El

O.

UN

>

m
rH
rH
©o

2
o

c
0
■H
+3

1
ü

■s

£
LA

-p
•H
>

m

Q)
o

:

cd
-Po
Eh

T5
©

O

• T)
O cd X ©

a

Wl1o

• TJ 
O cd X ©

a

§

cd
-P
O

Eh

TJ
cd

• tJo cd S  © 
Q

"i
Q

TJ
» n] ^  © 

Q

• "3o cd 

^  Q

o  o  UN UN g  g
UN O  I

rH rH

O O O O O O
CM CM CM CM CM CM

rH rH rH CM CM

O O O O 
hj- r- o

!—i rH

O O O O O O rS i—l i~i r-i rS r~l

UN O  UN O  UN o  
rH rH CM CM r<N

° S @ 8 8 8
iH rH rH

O O O O O O
i - l r - i r - l r - i i —i r —l

O  vO dO O  O  O

UN O  UN O  UN O  
rH rH CM CM CN

O  UN O  UN Q  O  
uN dO  CN O  OI—I I—!

o  o  o  o  o  o
CM CM CM CM CM CM
O  rH UJ O  O  O

rH rH rH CM CM

rH rH

O O O O O O 
rH rH rH rH
O  UN r -  CT\ O  O  

rH rH

UN o  UN o  UN o  
rH rH CM CM CN

O  O  O  O  Q  Q  
vO CN O  O  O  

rH rH rH

q  O O O O O
r - i  i— i  r— i  t—i  r - i  I—I

O O  O O O O
I—I rH rH

UN O  UN O  UN O  
H  H  CM CM en

«
rH
rH
©
ü

Cm
O
C
O

*rH

rH
:s
0

1
u
0

cj
CQ

TJ
Ch
O
k©

*

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



79

rv
(D

r 4

-sE-*

I
M

'n
cnM
s

1
CJ

mi

g

aF-i
Jmoo

HO

0

1

Lf\

5
>

0

1r%4

I

s
C5

k0)(M«H

V

x:
&
o

m
(0

o

§'
BC!3
#%W

rH

o

M

a> M

wt

e-t

T?
SQ

• "O
O  a)S  0) Q

)%

C J

d(D
Q

> rfo d

-a;
a

d

■ëCH

"O
dU)CJ

O  * d

a

^ " 305Q

X«

o  O ‘A o  O
r4  r—I W

O O O O O O
CNi c \ j  o j  c v  CM r \ i

O O 'r  ̂CA -4- 00

O O q  q  o  O
CM CM ITN

O O O O O O 
r4  rH I—I I—I I—( I—I
O  O  CM CM c n  lA

IT\ O  LA O  >A O  
rH  rH  CM CM CM

O O O O O O 
rH rH rH CM

O O O O O O 
rH  rH _ rH _ r^ _ tH  rH

O  O  rH iH  rH  CM

*A O LA O *A O rH rH CM CM CM

O  O  LA M \ UM UM 
r H  I— I r r \

o  o  o  o  o  o
CM CM CM CM CM (M 

cm'cm'ĉ
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CHAPTER V 

DISCUSSION

The two s t r a i n s  o f  d e r m a t i t i d i s . S_. s c h e n c k i i  and H. cap su latu m  

w ere  found  to  v a ry  in  s e n s i t i v i t y  to  th e  in h ib i t o r s  em ployed . Most 

n o t i c e a b l e  was th e  d i f f e r e n c e  b etw een  d e r m a t i t id i s  s t r a in  LBa and 

d e r m a t i t id i s  s t r a i n  6 0 4 6 . The form er s t r a i n  e x h ib i t e d  to le r a n c e  

l e v e l s  h a l f  th a t  o f  th e  l a t t e r  w ith  6 - a z a u r a c i l  and purom ycin , w h ile  

s e n s i t i v i t y  to  8 -a z a g u a n in e  was th e  same fo r  b o th  s t r a i n s .  Growth o f  

a l l  th e  o rgan ism s was o b ta in e d  a t  th e  in d ic a t e d  in h ib i t o r  c o n c e n tr a 

t io n s ;  h o w ev er , in  each  c a s e  f r e s h  in o c u la  from s to c k  c u lt u r e s  w ere used  

a t th e  s t a r t  o f  each  ex p er im en t to  p r e v e n t p o s s i b l e  a d a p ta tio n  or 

a t t e n u a t io n  o f  th e  o rgan ism s w hich  m igh t occu r  f o l lo w in g  lo n g  term  

m a in ten a n ce  on m edia c o n ta in in g  th e  r e s p e c t iv e  i n h i b i t o r s .  I t  was a l s o  

f e l t  th a t  h ig h  c o n c e n tr a t io n s  o f  th e  i n h ib i t o r s  sh o u ld  b e u sed  to  ob

t a in  th e  g r e a t e s t  p o s s i b l e  e f f e c t ,  w h a te v er  i t  m ight b e . For t h i s  

r e a s o n , th e  c o n c e n tr a t io n  w h ich  p roved  to  be one w hich  was n ear  maximum 

in  t o le r a n c e  f o r  th e  organ ism  was em ployed .

The e f f e c t  o f  th e  i n h i b i t o r s  on th e  t o t a l  n u c le i c  a c id  c o n te n t  o f  

th e  c e l l s  was found to  v a ry  w ith  th e  s p e c i f i c  in h ib i t o r  t e s t e d .  P u ro-  

m ycin  d id  n ot ap p ear to  i n h i b i t  o r  a l t e r  th e  t o t a l  RNA or DNA c o n te n t  

o f  th e  organ ism s f o l lo w in g  in c u b a t io n  in  th e  p r e se n c e  o f  th e  a n t i b i o t i c  

f o r  5 d a y s . S im i l a r ly ,  th e  t o t a l  DNA c o n te n t  o f  th e  organ ism s fo l lo w in g  

grow th  i n  th e  p r e s e n c e  o f  8 -a z a g u a n in e  o r  6 - a z a u r a c i l  d id  n o t change  

s i g n i f i c a n t l y .  For th e  m ost p a r t ,  t h e s e  r e s u l t s  a re  c o n s is t e n t  w ith

84
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p r e v i o u s l y  p u b l i s h e d  r e p o r t s .  E a r ly 'w o rk  s u g g e s t e d  t h a t  puromycin

m igh t b l o c k  n u c l e i c  a c i d  s y n t h e s i s  r e s u l t i n g  in  a d e c r e a s e  in  RNA and

DNA fo r m a t io n .  However, i n  s t u d i e s  w i th  th e  s y n t h e s i s  o f  p u r in e

compounds by Trypanosoma c r u z i . Fernandes and C a s t e l l a n i  (1958) showed

t h a t  preform ed  b a s e s  w ere  u sed  t o  b u i l d  up th e  p u r in e  n u c l e o t i d e s  and

p o l y n u c l e o t i d e s  and t h a t  in c u b a t io n  w ith  th e  a n t i b i o t i c  d id  n o t  i n h i b i t

t h i s  u t i l i z a t i o n ,  Asanuma (1959) r e p o r te d  t h a t  puromycin i n h i b i t e d

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

th e  s y n t h e s i s  o f  RNA, S i m i l a r l y ,  Takeda e t  a l .  ( 1 9 6 0 ) ,  w orking w ith

32th e  same organ ism  n o te d  t h a t  P -o r th o p h o s p h a te  was in c o r p o r a te d  i n t o  

c e l l u l a r  RNA d u r in g  e x p o su r e  to  t h e  a n t i b i o t i c  b u t  t h a t  p r o t e in  

s y n t h e s i s  was c o m p le te ly  i n h i b i t i e d .  In  s tu d y in g  th e  e f f e c t  o f  puro

m ycin  upon c e r t a i n  t i s s u e s  from r a t s ,  i n c l u d i n g  l i v e r ,  h e a r t ,  k id n ey  

and thym us, G orsk i e t  a l .  ( 1 9 6 1 ) ,  found redu ced  p r o t e i n  s y n t h e s i s  in  

a l l  i n s t a n c e s .  I n h i b i t i o n  o f  RNA s y n t h e s i s ,  how ever , was found to  occu r  

o n ly  i n  th e  thym us. M u e l le r  aj^. ( 1 9 6 2 ) ,  s tu d y in g  HeLa c e l l s  d i s 

c o v e r e d  t h a t  th e  a n t i b i o t i c  a t  a c o n c e n t r a t i o n  o f  2 X 10“  ̂ M i n h i b i t e d  

th e  in c o r p o r a t i o n  o f  C ^ ^ - le u c in e  by 90% and a t  5 X 10”  ̂ M b lo c k e d  a l l  

in c o r p o r a t i o n .  They a l s o  found t h a t  t h i s  i n h i b i t i o n  c o u ld  be r e v e r s e d  

by t r a n s f e r r i n g  t o  a p u r o m y c in - fr e e  medium. Furtherm ore th ey  n o ted  th a t  

th e  c o n c e n t r a t i o n  o f  purom ycin  w hich  i n h i b i t e d  p r o t e in  s y n t h e s i s  p r e 

v e n te d  t h e  a c c e l e r a t i o n  o f  DNA s y n t h e s i s  w ith o u t  i n h i b i t i n g  th e  e s t a b l i s h e d  

r a t e  o f  DNA s y n t h e s i s .  In  t h i s  i n v e s t i g a t i o n  t o t a l  DNA and RNA c o n te n t s  

w ere d e term in e d  f o l l o w i n g  a f i v e - d a y  p e r io d ;  t h e r e f o r e ,  th e  d ata  p r e 

s e n t e d  r e p r e s e n t  t h e  n e t  d i f f e r e n c e s  a t  th e  t im e  o f  sam p lin g  and do 

n o t  m easure th e  ch anges  i n  r a t e s  o f  s y n t h e s i s .  S in c e  th e  e f f e c t  o f

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



86

purom ycin  i s  more c l o s e l y  a s s o c i a t e d  w i t h  t r a n s l a t i o n  r a t h e r  than  

t r a n s c r i p t i o n  i t  i s  r e a s o n a b le  to  assume t h a t  a v a i l a b l e  RNA would n ot  

b e  a f f e c t e d .  The i n h i b i t i o n  o f  p r o t e i n  and enxyme s y n t h e s e s  have  been  

d em o n str a ted  by o t h e r  i n v e s t i g a t o r s  and c o u ld  have an e f f e c t  on RNA 

s y n t h e s i s .  In  t h i s  r e s p e c t  i t  m ight b e  p o s s i b l e  t h a t  t h e  a v a i l a b i l i t y  

o f  RNA p o ly m era se  i s  n o t  a f f e c t e d  and t h a t  o n ly  s y n t h e s i s  o f  th e  enzyme 

i s  r e p r e s s e d .  N u c le i c  a c i d s  may be d e r iv e d  from th e  p o o l  w ith  l i t t l e  

or no n eed  f o r  in c r e a s e d  n u c l e i c  a c i d  s y n t h e s i s  u n t i l  d e p l e t i o n  w arrants  

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

In  c o n t r a s t  t o  th e  e f f e c t  o f  purom ycin , 6 - a z a u r a c i l  reduced  th e  

t o t a l  RNA c o n te n t  o f  th e  organ ism s s t u d i e d ,  w h i le  th e  t o t a l  DNA c o n te n t  

rem ained unchanged. A lthough  th e  d e c r e a s e  o f  th e  RNA does n ot  r e p r e s e n t  

a marked r e d u c t i o n ,  r e s u l t s  o b ta in e d  w ere c o n s i s t e n t l y  lo w er  than  

n o n t ia l ly -g r o w n  c e l l s .  S t u d ie s  w i t h  c o l i  have shown th a t  1 yg /m l o f

6 - a z a u r a c i l  CoUsed co m p le te  i n h i b i t i o n  o f  growth ( O t s u j i  and T ak ag i,

1 9 5 8 ) r They a l s o  r e p o r te d  t h a t  th e  s h o r t  term e f f e c t s  o f  th e  u r a c i l  

a n a lo g  r e s u l t e d  i n  s l i g h t  i n c r e a s e s  i n  t o t a l  RNA c o n t e n t ;  how ever, f o l 

lo w in g  lo n g e r  p e r i o d s ,  n e a r  norm al c o n c e n t r a t i o n s  w ere n o te d .  In  a d d i t i o n ,  

Habermann (1960)  s t a t e d  t h a t  i n  i n t a c t  b i o l o g i c a l  s y s t e m s ,  6 - a z a u r a c i l  

i s  tra n s fo rm ed  t o  6 - a z a u r a o i l - r i b o s i d e - 5 ' - p h o s p h a t e  w hich i n h i b i t s  

o r o t i d y l i c  a c id  d e c a r b o x y l a s e ,  s o  t h a t  th e  s y n t h e s i s  o f  p y r im id in e  p r e -  

c u r s o ï s  o f  n u c l e i c  a c i d s  i s  i n h i b i t e d .  In  s p i t e  o f  t h i s  t r a n s fo r m a t io n ,

th e  a n a lo g  does n o t  seem to  be in c o r p o r a te d  i n t o  n u c l e i c  a c i d .  The former

a u th o r s  s u g g e s t e d  t h a t  i n t e r f e r e n c e  w ith  p o ly m e r iz a t io n  enzymes m ight  

have ta k e n  p l a c e .  In  t h i s  r e s p e c t  th e  n o te d  d e c r e a s e  i n  RNA c o n te n t  may 

h ave  r e s u l t e d  d i r e c t l y  from an i n h i b i t i o n  o f  n u c l e i c  a c id  p o ly m e r iz a t io n
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i n t o  RNA m o c e c u l e s . On th e  o t h e r  hand , an i n d i r e c t  i n h i b i t i o n  i s  a l s o  

f e a s i b l e ;  t h a t  i s ,  i f  o r o t i d y l i c  d e c a r b o x y la se  i s  i n h i b i t e d  by th e  

a c c u m u la t io n  o f  6 - a z a u r id i n e - 5 - p h o s p h a t e  th e  i n h i b i t i o n  o f  u r i d y l i c  a c id  

s y n t h e s i s  c o u ld  be  r a t e - l i m i t i n g  i n  term s o f  n u c l e i c  a c id  p r e c u r s o r s .  

T h is  c o u ld  i n  tu rn  r e s u l t  i n  a d e p l e t i o n  o f  th e  n u c l e i c  a c id  p o o l  w ith  

a s u b se q u e n t  r e d u c t io n  i n  t o t a l  RNA c o n t e n t . In a d d i t i o n ,  i n h i b i t i o n  

o f  enzyme s y n t h e s i s ,  due to  red uced  RNA a v a i l a b i l i t y ,  may a l s o  have  

p la y e d  an in d e p e n d e n t  or  a d d i t i v e  r o l e  i n  y i e l d i n g  th e  d a ta  p r e s e n te d .

The most n o t i c e a b l e  e f f e c t  o f  an a n a lo g  on th e  n u c l e i c  a c id  c o n te n t  

was o b ta in e d  w i t h  8 -a z a g u a n in e -g r o w n  c e l l s .  Organisms grown in  th e  

p r e s e n c e  o f  t h i s  p u r in e  a n a lo g  e x h i b i t e d  marked i n c r e a s e s  i n  t o t a l  RNA 

c o n t e n t ,  w h i l e  th e  t o t a l  DNA c o n te n t  rem ained unchanged. A lthough a l l  

th e  c e l l s  showed I n c r e a s e s  i n  t o t a l  RNA, th e  d eg ree  o f  i n c r e a s e  v a r ie d  

w it h  d i f f e r e n t  o r g a n is m s .  In  c o n t r a s t  to  puromycin and 6 - a z a u r a c i l ,  

8 -a z a g u a n in e  h a s  b een  shown to  be in c o r p o r a te d  i n t o  RNA r e p la c in g  a 

p o r t io n  o f  th e  g u a n in e  r e s i d u e s .  S in c e  i t  has  been  e x p e r im e n ta l ly  

d em o n str a ted  t h a t  8 -a z a g u a n in e  i s  in c o r p o r a te d  i n t o  RNA, th e  im p l i c a t io n  

th a t  t h e  a n a lo g  w i l l  s e r v e  as a s u b s t r a t e  w ith  a s p e c i f i c i t y  s i m i l a r  to  

g u a n in e  ap pears r e a s o n a b le .  In  t h i s  c o n t e x t  i t  may be p o s s i b l e  th a t  th e  

a n a lo g  n o t  o n ly  s e r v e s  as  a s u b s t r a t e  but i n  a d d i t io n  i t  co u ld  in d u ce  

th e  RNA s y n t h e t i c  path w ay , h e n c e ,  r e s u l t i n g  i n  in c r e a s e d  RNA s y n t h e s i s .  

The s y n t h e s i z e d  RNA may b e  n o n se n se  c o d e s ;  how ever ,  t h i s  was n o t  s t u d i e d  

i n  t h i s  i n v e s t i g a t i o n .  On th e  o th e r  h and , 8 -a z a g u a n in e  was n o t  d e t e c t e d  

i n  th e  DNA (Sm ith  and M atth ew s, 1 9 5 6 ) .  Otaka (1960) d is c o v e r e d  th a t  th e  

s y n t h e s i z e d  RNA w hich  c o n t a in s  th e  gu an in e  a n a lo g  i s  accum ulated  in  th e  

r ib osom e f r a c t i o n .  In  s p i t e  o f  t h i s  in c o r p o r a t i o n  i n t o  RNA, how ever .
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t h e  a n a lo g  i n c r e a s e s  t h e  r a t e  o f  RNA fo r m a t io n  w h i le  DNA form a tio n  i s  

n o t  changed a p p r e c ia b ly  (C hantrenne and D evreu x , 1 9 5 9 ) .

S e n s i t i v i t y  to  u l t r a v i o l e t  i r r a d i a t i o n  v a r ie d  somewhat among th e  

organ ism s s t u d i e d .  N orm ally-grow n  Ŝ . s c h e n c k i i  appeared to  be  th e  

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

tw een 2" d e r m a t i t i d i s  s t r a i n s  LBa and 6046 . B̂ . d e r m a t i t i d i s  s t r a i n

LBa c o n s i s t e n t l y  e x h i b i t e d  low er  s e n s i t i v i t y  to  i r r a d i a t i o n .  H. 

cap su la tu m  appeared  to  re se m b le  more c l o s e l y  th e  s t r a i n s  o f  d erm ati

t i d i s  than  s c h e n c k i i o C u l tu r in g  and p r e p a r a t io n  o f  th e  c e l l s  p r io r

co and f o l l o w i n g  i r r a d i a t i o n  w ere  i d e n t i c a l  in  a l l  c a s e s .  I t  must be  

assum ed, t h e r e f o r e  t h a t  th e  p h y s i o l o g i c a l  s t a t e s  o f  th e  organism s w i t h 

i n  ea ch  e x p e r im e n ta l  group w ere th e  sam e, as w ere th e  c o n d i t io n s  in  

w hich  t h e  organ ism s w ere i r r a d i a t e d .  P l a t e  c o u n t in g  o f  th e  s y s t e m ic  

f u n g i  p o s e s  a d d i t i o n a l  problem s ov er  t h a t  o f  b a c t e r i a  i n  th a t  c o l o n i a l  

morphology o f  th e  y e a s t s  o f t e n  p r e v e n t  a c c u r a te  c o u n t s .  For t h i s  r e a s o n ,  

p r e l im in a r y  ex p e r im e n ts  had to  b e  perform ed to  a r r i v e  a t  optimum c e l l  

c o n c e n t r a t i o n s  and in c u b a t io n  t im e s .  The optimum, s t a r t i n g  c o n c e n t r a t io n  

wa.a found to  be 1 X 10^ c e l l s / m l  w h i l e  th e  b e s t  in c u b a t io n  p e r io d  was 

7 d a y s ,

C e l l s  grown i n  th e  p r e s e n c e  o f  6 - a z a u r a c i l  d id  n o t  d i f f e r  a p p r e c ia b ly  

from t h e i r  n o rm a lly -g ro w n  c o u n t e r p a r t s  nor d id  r e c o v e r y  on SAB p lu s  

u r a c i l  medium s i g n i f i c a n t l y  a l t e r  r e c o v e r y  r a t e s .  In  c o n t r a s t ,  8 - a z a -  

g u a n in e -g ro w n  c e l l s  c o n s i s t e n t l y  e x h i b i t e d  g r e a t e r  s e n s i t i v i t y  to  

i r r a d i a t i o n .  R ecovery  o f  th e  organ ism s on th e  SAB-guanine medium 

app eared  to  b e  g r e a t e r  than  on SAB a l o n e ,  p a r t i c u l a r l y  f o l l o w i n g  35 -60  

m in u tes  o f  i r r a d i a t i o n .  The s i g n i f i c a n c e  o f  th e  o b serv ed  d i f f e r e n c e
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b etw een  r e c o v e r y  on th e  two m edia  may be  q u e s t i o n a b l e ,  p r i n c i p a l l y  i n  

th e  4 5 -6 0  m in u te  p e r io d s  as t h e  number o f  c o l o n i e s  cou n ted  w ere ,  in  

some c a s e s ,  b e lo w  th e  minimum (3 0 )  c o n s id e r e d  t o  be  s i g n i f i c a n t  in  

s ta n d a r d  p _ a te  co u n t  m eth od s .

Purom ycin-grow n c e l l s  d e f i n i t e l y  e x h i b i t e d  th e  g r e a t e s t  s e n s i t i v i t y  

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 ecovery  r a t e s  o f  th e  pruomycin-grown c e l l s  

w ere r e p e a t e d ly  low  and r e s u l t e d  i n  v a lu e s  o f  a p p ro x im a te ly  o n e - h a l f  

t h a t  o f  th e  n o rm a lly -g ro w n  o r g a n is m s .  I t  has b een  o b serv ed  th a t  

i r r a d i a t i o n  o f  c e l l s  w i t h  u l t r a v i o l e t  r e s u l t s  i n  i n j u r y ,  which i n  th e  

c a s e  o f  y e a s t  c e l l s ,  i s  m a n i f e s t e d  by m u ta t io n ,  i n t e r f e r e n c e  w ith  

budding o i  c e l l  d ea th  i n  o rd er  o f  i n c r e a s i n g  d o s e .  Furtherm ore, W itk ins  

(1946 )  s t a t e d  t h a t  th e  g e n e t i c  make-up o f  th e  c e l l s  c o u ld ,  i n  p a r t ,  

c o n t r i b u t e  tc  some v a r i a t i o n ,  and o t h e r  f a c t o r s  p r e v i o u s ly  m entioned  

have b een  s u g g e s t e d  by Dlmond and Dugger ( 1 9 4 1 ) .  Thus i t  was t o  be  

e x p e c te d  t h a t  th e  organ ism s u sed  i n  t h i s  i n v e s t i g a t i o n  would d i f f e r  in  

s e n s i t i v i t y  to  u l t r a v i o l e t  i r r a d i a t i o n  a lth o u g h  th e  e f f e c t  o f  growth  

i n  t h e  p r e s e n c e  o f  i n h i b i t o r s  c o u ld  n o t  be  a n t i c i p a t e d .

In  p u r su in g  o t h e r  p a r a m e te r s ,  r e s p i r a t i o n  and fe r m e n ta t io n  do n ot  

appear to  be  as s e n s i t i v e  t o  i r r a d i a t i o n  as c e l l  d i v i s i o n  ( R o t h s t e i n ,

1 9 5 9 ) .  In a d d i t i o n ,  G ie s e  and Swanson (1947)  found t h a t  a c t i v i t y  such  

as  s t o r a g e  o f  c a r b o h y d r a te s  i s  much more r e a d i l y  a f f e c t e d  than th e  t o t a l  

r e s p i r a t i o n  o f  f e r m e n t a t io n  i n  c e r e v i s i a e . I n t e r e s t i n g  s t u d i e s  by 

s e v e r a l  w ork ers  h a v e  shown t h a t  th e  enzyme c o n te n t  o f  a c e l l  may p la y  

an im p o r ta n t  r o l e  i n  s e n s i t i v i t y  to  u l t r a v i o l e t  i r r a d i a t i o n  ( N o v e l l i ,  

1961;  S t a p l e t o n  and E n g le ,  1 9 6 0 ) ,  The c o n c e n t r a t i o n  o f  amino a c i d s ,  

p h o sp h a te  e s t e r s ,  o r g a n ic  a c i d s ,  p r o t e i n s  and o th e r  s u b s ta n c e s  w hich  can
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r e a c t  w i t h  f r e e  r a d i c a l s  have  a l s o  b een  shown to  e f f e c t  s e n s i t i v i t y .

R o t h s t e i n  (1 9 5 9 )  s t a t e d  t h a t  th e  e f f e c t  on any p a r t i c u l a r  s u b s ta n c e  i n  

a c e l l  ap p ears  t o  b e  a f u n c t i o n  o f  i t s  c o n c e n t r a t i o n .  I f  a s u b s ta n c e  i s  

p r e s e n t  i n  s u r p lu s  o f  i t s  r e q u ir e m e n ts ,  i t s  I n a c t i v a t i o n  w i l l  n o t  be 

r e f l e c t e d  i n  a change o f  t h a t  f u n c t i o n .  I f ,  on th e  o th e r  hand, th e  

s u b s t a n c e  i s  a r a t e - l i m i t i n g  f a c t o r ,  th en  i t s  i n a c t i v a t i o n  w i l l  r e s u l t  

i n  d im in ish e d  f u n c t i o n .  The d i f f e r e n c e s  i n  s e n s i t i v i t y  to  i r r a d i a t i o n  

o f  th e  n o r m a lly -g r c w n  fu n g i  as opposed  to  in h ib i t o r - g r o w n  c e l l s  co u ld  b e ,  

i n  p a r t ,  due co an a l t e r a t i o n  o f  th e  normal b io c h e m ic a l  make-up o f  th e  

c e l l  r e s u l t i n g  from th e  e f f e c t s  o f  t h e  i n h i b i t o r s .  Thus th e  in c r e a s e d  

s e n s i t i v i t y  t o  i r r a d i a t i o n  o f  purom ycin-grow n c e l l s  may b e  a f u n c t io n  o f  

red u ced  p r o t e i n  and enzyme fo r m a t io n  and a c t i v i t y  w hich has been  found to  

occur f c H e w i n g  in c u b a t io n  w it h  th e  a n t i b i o t i c .  More s p e c i f i c a l l y .

G reaser  (1 9 5 5 )  r e p o r te d  t h a t  p u rom ycln -in d u ced  i n h i b i t i o n  r e s u l t e d  i n  

th e  co m p le te  a b sen ce  o f  6 - g a l a t o s i d a s e  i n  aureus w h i l e ,  Sypherd and 

S tr a u s s  >'1963) found  t h a t  th e  a n t i b i o t i c  i n t e r f e r e d  w ith  th e  s y n t h e s i s  o f  

th e  enzyme i n  _E. c o l i . A lthough  t h i s  enzyme i s  n o t  found i n  th e  y e a s t  

c e l l s .  I t  m ight be  assumed th a t  o th e r  enzymes may be s i m i l a r l y  a f f e c t e d  

by th e  a n t i b i o t i c .  G e n e ra l i n h i b i t i o n  o f  p r o t e in  s y n t h e s i s  has a l s o  been  

d em o n str a ted  by s e v e r a l  w o r k e r s .  S i m i l a r l y ,  i t  has been  s u g g e s te d  th a t  

8 -a z a g u a n in e  â L&o i n t e r f e r e s  w i t h  p r o t e i n  s y n t h e s i s  ( H o l l in s h e a d , 1963)  

and t h a t  s e v e r a l  enzymes o f  A e r o b a c te r  a e r o g e n e s  are  r e p r e s s e d  c o m p le te ly  

by t h i s  a n a lo g  (L e v in e  and M agasn ik , 1959; Dewey and K id d er ,  1 9 6 0 ) .

The e x f e c t  o f  6 - a z a u r a c i l  on p r o t e i n  s y n t h e s i s  does n to  appear to  be  

as g r e a t  as i s  t h e  c a s e  w i t h  th e  o t h e r  i n h i b i t o r s  s t u d i e d .  A lth ou gh ,  

Habermann (1 9 6 0 )  d em o n str a ted  t h a t  th e  p y r im id in e  a n a lo g  caused  a d e c r e a s e
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i n  p r o t e i n  s y n t h e s i s  and a c t i v i t y  o f  some en zym es, o t h e r  w orkers  

s u g g e s t  t h a t  t h i s  i s  n o t  t h e  prim ary s i t e  o f  i n h i b i t i o n .  I t  i s  

p o s s i b l e  th en  t h a t  th e  d i f f e r e n c e s  n o te d  i n  u l t r a v i o l e t  s e n s i t i v i t y  o f  

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

c o u ld  b e  a f u n c t i o n  o f  a d e c r e a s e  i n  u l t r a v i o l e t  a b so rb in g  s u b s ta n c e s  

i n  th e  c e l l s  w i th  a co n c o m ita n t  r e d u c t io n  i n  enzyme a c i t v i t y .  In  th e  

c a s e  o f  8 -a z a g u a n in e -g r o w n  c e l l s ,  an in c r e a s e  i n  t o t a l  RNA c o n te n t  was 

n o t e d .  However, i n  term s o f  u l t r a v i o l e t  s e n s i t i v i t y ,  th e  e f f e c t  o f  t h i s  

i n c r e a s e  may haue b een  masked by a p o s s i b l e  marked d e c r e a s e  in  o th e r  

u l t r a v i o l e t  a b so r b in g  m a t e r i a l s .  A lth o u g h ,  r e s u l t s  o b ta in e d  from t h i s  

i n v e s t i g a t i o n  do n o t  show marked d i f f e r e n c e s  betw een  r e c o v ery  on SAB and 

SAB p lu s  th e  n a t u r a l  p u r in e  o r  p y r im id in e  Lodm ell (1963) found th a t  

r e c o v e r y  o f  d e r m a t i t i d i s  was v a r i a b l e  on d i f f e r e n t  m edia . He fu r t h e r  

s t a t e d  t h a t  m edia h a v in g  t h e  h i g h e s t  r a t i o  o f  n i t r o g e n  to  carbon was 

b e t t e r  f o r  growth and t h a t  SAB medium was one o f  th e  b e t t e r  media f o r  

r e c o v e r y  o f  i r r a d i a t e d  y e a s t .  I t  sh o u ld  a l s o  be p o in te d  out th a t  

a d d i t i o n  o f  th e  n a t u r a l  p u r in e  or  p y r im id in e  to  th e  r e c o v e r y  medium does  

n o t  n e c e s s a r i l y  p r e d i s p o s e  u t i l i z a t i o n  o f  th a t  s u b s t a n c e .  The m u l t i p l e  

e f f e c t  o f  growth i n  th e  p r e s e n c e  o f  an i n h i b i t o r  p lu 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  may h ave  red u ced  th e  m e t a b o l i c  and en xym atic  a c t i v i t y  o f  th e  

c e l l  t o  th e  s t a t e  t h a t  norm al u t i l i z a t i o n  o f  gu an in e  or  u r a c i l  was n eg a ted .  

T h is  i n h i b i t i o n  o f  p r o t e i n  and enzyme s y n t h e s i s  may a l s o  be o f  s i g n i f i 

ca n ce  i n  th e  v a r i a t i o n  n o te d  i n  t h e  oxygen  u ptake o f  normal and i n h i b i t o r -  

grown o r g a n is m s .

The e f f e c t s  o f  th e  t h r e e  i n h i b i t o r s  on r e s p i r a t i o n  w ere s t u d i e d  and 

a l l  w ere  found t o  i n h i b i t  th e  r a t e  o f  oxygen  u p ta k e .  A lthough  v a r i a t i o n
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was n o te d  w ith  r e s p e c t  t o  th e  organ ism s and s u b s t r a t e s  t e s t e d ,  a l l  

r a t e s  w ere  c o n s i s t e n t l y  lo w e r  th an  t h a t  o f  th e  n orm ally -grow n  o rg a n ism s .  

N orm ally -grow n  c e l l s  w ere  found t o  u t i l i z e  g l u c o s e ,  f r u c t o s e ,  x y l o s e  and 

monos odium g l u t a m a t e P r e v i o u s  work by L ev in e  and Novak (1950) demon

s t r a t e d  t h a t  f r u c t o s e  and r i b o s e  d id  n o t  s t i m u l a t e  oxygen  uptake in  

d e r m a t i t i d i s ■ In  t h i s  i n v e s t i g a t i o n ,  h ow ever ,  f r u c t o s e  was found to  

s t i m u l a t e  marked oxygen  u p take  i n  b o th  s t r a i n s  o f  d e r m a t i t i d i s , 

s c h e n c k i i  and c a p su la tu m . In  c o n t r a s t ,  r i b o s e  s t im u la t e d  o n ly  

s l i g h t  u p take  i n  d e r m a t i t i d i s  s t r a i n  LBa and H. capsu latum  and none  

i n  s c h e n c k i i  or _B. d e r m a t i t i d i s  s t r a i n  6046 . F o l lo w in g  growth in  th e  

p r e s e n c e  o f  any o f  th e  i n h i b i t o r s ,  d e r m a t i t i d i s  s t r a i n  LBa no lo n g e r  

d em o n str a ted  any u t i l i z a t i o n  o f  r i b o s e .  H. capsu latum  showed red u ced ,  

though c o n s i s t e n t l y  p o s i t i v e  r a t e s  o f  r e s p i r a t i o n .

The r a t e s  o f  oxygen  u ptake o f  6 -a z a u r a c i l -g r o w n  c e l l s  w ere some

what. low er than  ch at  o t  th e  n orm ally -grow n  o rg a n ism s;  h ow ever , th e  r a t e s  

w ere a lw ays h ig h e r  than  b o th  8 -a z a g u a n in e  and purom ycin-grown c e l l s .

In  a d d i t i o n ,  th e  i n f l u e n c e  o f  t h e  s u b s t r a t e  on oxygen uptake was n o ted  

w ith  o th e r  s y s t e m s .  The 6 -a z a u r a c i l - g r o w n  c e l l s  showed th e  l e a s t  amount 

o f  u p ta k e  when g lu ta m a te  was em ployed as  th e  s u b s t r a t e .  A lthough 6 - a z a 

u r a c i l  has  b een  shown t o  c a u s e  a d e c r e a s e  i n  p r o t e i n  s y n t h e s i s  and r e 

p r e s s i o n  or seme enzymes (Habermann, 1960) , t h e s e  m a n i f e s t a t io n s  are  

p ro b a b ly  an i n d i r e c t  r e s u l t  o f  th e  a c t i o n  o f  th e  u r a c i l  an a lo g  on o th e r  

S i t e s .  I t  has  b een  s u g g e s t e d  by S h ig u ra  (1962) th a t  th e  an a lo g  i s  

c o n v e r te d  t o  th e  a c t i v e  form , 6 - a z a u r id i n e - 5 ' - p h o s p h a t e  by one or th e  

p h o s p h o r y la t in g  enzym es. E a r l i e r ,  Handschumacher (1960) d em onstrated  

t h a t  6 - a z a u r l d i n e - 5 ' - p h o s p h a t e  was an i n h i b i t o r  o f  o r o t i d y l i c  d e c a r b o x y la se
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i n  r a t  l i v e r  c e l l s  and y e a s t s .  T h is  c o u ld  r e s u l t  i n  a b lo c k a g e  o f  th e  

pathway w h ich  r e s u l t s  i n  t h e  d e c a r b o x y la t io n  o f  o r o t i d y l i c  a c id  t o  form  

u r i d y l i c  ac id o  Skoda and Sorm (1959) r e p o r te d  t h a t  th e  i n h i b i t o r y  

c o n c e n t r a t i o n s  o f  6 - a z a u r a c i l  r e s u l t e d  i n  a ccu m u la t io n  o f  o r o t i c  a c id  

and o r t i d y l i c  a c i d  i n  c u l t u r e s  o f  c o l i . In  a d d i t i o n ,  P a s tern a k  and 

Hands (1955 )  n o te d  marked i n h i b i t i o n  o f  o r e t i c  a c id  in c o r p o r a t io n  i n t o  

th e  n u c l e i c  a c i d s  o f  v a r i o u s  mouse t i s s u e s  by 6 - a z a u r a c i l  and s u g g e s te d  

t h a t  i n t e r f e r e n c e  w i t h  t h e  m eta b o lism  o f  o r e t i c  a c id  m ight b e  th e  primary  

s i t e  o f  a c t i o n .  In  t h i s  same c o n t e x t ,  a p o in t  o f  i n d i r e c t  im portance  

may a l s o  i n v o l v e  t h e  fo r m a t io n  o f  c y t i d i n e  n u c l e o t i d e s .  I t  i s  apparent  

th a t  th e  fo r m a t io n  o f  c y t i d i n e  n u c l e o t i d e  i s  dependent on th e  phos

p h o r y la t io n  o f  u r i d y l i c  a c i d  t o  form u r i d i n e  t r ip h o s p h a t e  and th e  s u b s e 

quent a m in a t io n  o f  t h i s  t r ip h o s p h a t e  t o  y i e l d  th e  c o rr esp o n d in g  c y t i d i n e  

t r ip h o s p h a te o  Thus th e  prim ary s i t e  o f  a c t i o n  o f  6 - a z a u r a c i l  may 

r e s u l t  i n  i n d i r e c t l y  p ro d u c in g  th e  o b s e r v a t io n s  o f  s e v e r a l  w orkers th a t  

th e  a n a lo g  i n h i b i t s  th e  s y n t h e s i s  o f  p r o t e in s  and enzym es. The r e s u l t s  o f  

t h i s  s tu d y  s u g g e s t  th a t  enzymes a s s o c i a t e d  w ith  o x i d a t i v e  r e s p i r a t i o n  and 

r e p a i r  o f  i r r a d i a t i o n  i n j u r y  may b e  among t h o s e  i n h i b i t e d .

C e l l s  grown i n  th e  p r e s e n c e  o f  8 -a z a g u a n in e  e x h i b i t e d  d e f i n i t e  

d e c r e a s e s  i n  oxygen  u p take  w i t h  a l l  th e  s u b s t r a t e s  t e s t e d ,  Warburg s t u d i e s  

i n d i c a t e  t h a t  w i t h  th e  e x c e p t i o n  o f  r i b o s e ,  x y l o s e  was th e  l e a s t  a c t i v e l y  

u t i l i z e d  s u b s t r a t e .  In  s u b t i l i s  and o th e r  b a c t e r i a  8 -a z a g u a n in e  has  

b een  shown to  b e  a s t r o n g  p r o t e i n  i n h i b i t o r  (O taka, 1 9 6 1 ) .  I t  has a l s o  

b een  d e m o n str a te d ,  w i t h  t h i s  same o rg a n ism , th a t  as much as 40 p e r c e n t  o f  

t h e  RNA g u a n in e  i s  r e p la c e d  by 8 -a z a g u a n in e  f o l l o w i n g  in c u b a t io n  i n  th e  

p r e s e n c e  o f  th e  a n a lo g .  I t  ap p ears  t h a t  th e  amount o f  a n a lo g  in c o r p o r a te d
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i n t o  RNA r e a c h e s  a peak  th e n  d e c l i n e s  to  a r e l a t i v e l y  s t a b l e  l e v e l .

T h is  i s  f o l l o w e d  by an a c c u m u la t io n  o f  "abnormal" RNA w ith  a su b s e 

qu en t d e c r e a s e  i n  c e l l u l a r  p r o t e i n  (C hantrenne and D evreux , 1 9 6 0 ) .

Smith and Matthews (1 9 5 7 )  s u g g e s t  t h a t  th e  e f f e c t  o f  8 -a za g u a n in e  i s  

n o t  due t o  c o m p e t i t i v e  i n h i b i t i o n  o f  enzymes engaged i n  p u r in e  metabo

l i s m ,  b u t  r a t h e r  i s  more s a t i s f a c t o r i l y  e x p la in e d  by t h e  f a i l u r e  o f  

a t  l e a s t  some o f  th e  a n a lo g  c o n t a in in g  RNA to  f u n c t io n  n o r m a lly .  In  

th e  c a s e  o f  th e  to b a c c o  m o sa ic  v i r u s ,  Matthews (1955) found th a t  th e  

d e c r e a s e d  i n f e c c l v i t y  o f  p r e p a r a t io n s  c o n t a in in g  8 -a za g u a n in e  (RNA) 

i n  th e  v i r u s  RNA s u g g e s t s  t h a t  i n f e c t i v i t y  i s  im p a ired  when th e  an a log  

i s  in c o r p o r a te d  i n t o  i t s  n u c l e i c  a c i d .  The a ccu m u la t io n  o f  "abnormal"

RNA le n d s  su p p o r t  t o  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  i f  we assume 

t h a t  th e  RNA a n o m a lie s  a r e  a l t e r e d  o n ly  a t  th e  gu a n in e  s i t e .  In  such  

an i n s t a n c e  n o n se n s e  or  m is s e n s e  c o d in g  co u ld  r e s u l t  w ith  a su bseq u en t  

p r o d u c t io n  and a c c u m u la t io n  o f  n o n f u n c t i o n a l  p r o t e in s  and enzym es. In  

su ch  a c a s e  a d e c r e a s e  i n  enzyme c o n c e n t r a t io n  m ight r e s u l t  w ith  a 

c o n co m ita n t  d e c r e a s e  i n  m e t a b o l i c  a c t i v i t y .  S in c e  enzyme a n a ly s e s  w ere  

n o t  perform ed  i n  t h i s  s t u d y ,  i t  i s  d i f f i c u l t  t o  h y p o t h e s i z e  w hether th e  

i n h i b i t i o n  i s  s p e c i f i c  fo r  c e r t a i n  enzyme sy ste m s  or w hether  a g e n e r a l  

n o n s p e c i f i c  r e d u c t io n  i n  enzyme a c t i v i t y  o c c u r r e d .  In  any e v e n t ,  a 

d e c r e a s e  i n  oxygen  u p tak e  in v o l v e s  a number o f  i n t e r r e l a t e d  pathways  

w hich  i f  i n h i b i t e d  s i n g l y  or  i n  c o m b in a t io n  c o u ld  accoun t f o r  th e  r e s u l t s  

o b t a in e d .

Growth i n  purom ycin  prod uced  th e  g r e a t e s t  e f f e c t  on th e  oxygen  uptake  

o f  th e  o rgan ism s t e s t e d .  In  a l l  i n s t a n c e s  puromycin-grown c e l l s  had th e  

l o w e s t  r a t e  o f  r e s p i r a t i o n .  G lu c o se  and f r u c t o s e  appeared to  s t im u la t e
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th e  g r e a t e s t  amount o f  u p ta k e ,  and x y l o s e  th e  l e a s t .  The r a t e s  o f  

u p ta k e  o f  purom ycin-grow n c e l l s  w ere more s i m i l a r  t o  th a t  o f  8 - a z a -  

g u a n in e-g ro w n  c e l l s  than  organ ism s in c u b a te d  i n  th e  p r e s e n c e  o f  

6 - a z a u r a c i l ,  More s p e c i f i c a l l y ,  when g lu c o s e  was used  as th e  s u b s t r a t e ,  

purom ycin-grow n d e r m a t i t i d i s  s t r a i n  6046 , s c h e n c k i i  and II. cap

su la tu m  a l l  e x h i b i t e d  r e s p i r a t i o n  r a t e s  c l o s e l y  a l l i e d  to  th e  8 -a z a 

g u an in e-grow n  organ ism s on th e  same s u b s t r a t e .  A lthough s p e c i e s  and 

s t r a i n  v a r i a t i o n  d id  o c c u r ,  th e  tr e n d s  i n  oxygen u p tak e  o f  t h e s e  

organ ism s w ere  s i m i l a r :  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  both  o f  th e

a g e n ts  known t o  b e  s t r o n g  p r o t e i n  i n h i b i t o r s  s t u d i e d  i n  t h i s  i n v e s t i 

g a t i o n ,  prod uced  th e  g r e a t e s t  change from th e  normal c o n t r o l s .  In  

1954 A g o s in  and Brand r e p o r te d  th a t  purom ycin i n h i b i t e d  th e  o v e r a l l  

ca rb o h y d ra te  m eta b o lism  or Trypanosoma equiperdum and th a t  th e  d eg ree  

o f  i n h i b i t i o n  was p r o p c r t i o n a l  t o  th e  c o n c e n t r a t io n  o f  th e  a n t i b i o t i c .

I t  a p p e a ls  th a t  c o n c u r r e n t  w ith  a g e n e r a l  i n h i b i t i o n  o f  p r o t e in  

s y n t h e s i s ,  purom ycin  a l s o  i n t e r f e r e s  w i th  th e  fo rm a t io n  and a c t i v i t y  o f  

many enzymes r e s u l t i n g  i n  red u ced  m e ta b o l i c  a c t i v i t y .

The e a r l y  work o t  C rea ser  (1955 )  on th e  i n h i b i t o r y  e f f e c t  o f  

purom ycin  upon in d u ced  g - g a l a c t o s i d a s e  s y n t h e s i s  i n  b a c t e r i a  was con

f irm ed  by Sypherd e t  a l , ( 1 9 6 3 ) .  They a l s o  r ep o r te d  th a t  when th e  

a n t i b i o t i :  was added a t  a c o n c e n t r a t i o n  c a u s in g  a 40 -50  p e r c e n t  red uc

t i o n  i n  growth r a t e ,  a 30 p e r c e n t  d e c r e a s e  i n  enzyme s y n t h e s i s  o c c u r r e d .  

In s t u d i e s  co n d u cted  u s in g  r a t  l i v e r ,  G o l d s t e i n  (1962) r e p o r te d  th a t  

th e  a n t i b i o t i c  p r e v e n te d  or i n t e r f e r e d  w ith  th e  c o n t in u in g  fo rm a tio n  o f  

th e  a c t i v e  en zym es, t y r o s i n e -  a -  k e t o g l u t a r a t e  tr a n sa m in a se  and 

t r y p to p h a n e  p y r r c l a s e .  U s in g  c e l l s  o f  th e  same t y p e ,  McGeachin and
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P o t t e r  (1 9 6 3 )  d em o n str a ted  t h a t  puromycin in  a c o n c e n t r a t io n  o f  1 .4  

- 4X 10 M p r e v e n te d  am ylase  p r o d u c t io n  and th a t  th e  in c o r p o r a t io n  o f  

c l ^ - l e u c i n e  i n t o  p r o t e i n s  was c o m p le te ly  i n h i b i t e d .  S i m i l a r l y ,

Garren and H ow ell (1963 )  found th a t  w ith  mammalian l i v e r  c e l l s ,  a 

r a p id  l o s s  i n  t h e  a c t i v i t y  o f  th e  enzymes tryp top han e p y r r o la s e  and 

t y r o s i n e  t r a n s a m in a se  r e s u l t e d  f o l l o w i n g  in c u b a t io n  w ith  puromycin.

I t  t h e r e f o r e  ap pears  th a t  th e  i n h i b i t o r y  e f f e c t  o f  puromycin on the  

o rgan ism s s t u d i e d  i n  t h i s  i n v e s t i g a t i o n  co u ld  r e s u l t  from a r e d u c t io n  

i n  grow th due t o  th e  i n h i b i t i o n  o f  p r o t e in  s y n t h e s i s  and a l s o ,  a 

r e l a t e d  i n t e r f e r e n c e  w ith  enzyme fo rm a tio n  and a c t i v i t y  r e s u l t i n g  in  

a r e d u c t io n  o f  c e l l u l a r  m e ta b o lism . No a ttem p t was made i n  t h i s  

s tu d y  t o  i d e n t i f y  th e  p a r t i c u l a r  enzymes a f f e c t e d .

V ita m in  K-5 was found t o  red u ce  m arkedly th e  oxygen  uptake r a t e s  

o f  norm al y e a s t  c e l l s -  I n h i b i t i o n  was n o ted  w ith  a l l  th e  s u b s t r a t e s  

em ployed and tr e n d s  appeared  to  b e  s i m i l a r  f o r  a l l  th e  organ ism s s t u d i e d .  

F o l lo w in g  the  a d d i t io n  o f  th e  v i ta m in  a n a lo g  i n t o  th e  main compartment 

o f  th e  Warburg f l a s k ,  a p e r io d  a v e r a g in g  1 hour e la p s e d  b e f o r e  i n h i b i t i o n  

became n o t i c e a b l e .  The s l o p e s  o f  graphs f o r  c e l l s  r e c e i v i n g  th e  v i t a m in ,  

i n  some c a s e s ,  a re  p l o t t e d  as n e g a t i v e  r a t e s .  A lthough r i g i d  c o n t r o l s  

w ere em plcyed  on th e  p r e p a r a t io n  and m a n ip u la t io n  o f  th e  v i t a m in ,  no 

j u s t i f i a b l e  c o r r e l a t i o n  co u ld  be  made b etw eeen  th e  n a tu re  o f  th e  s l o p e  

and th e  subs r a t e  em ployed . In t h i s  c o n t e x t ,  a p o s s i b l e  e x p la n a t io n  

f o r  t h e  n e g a t i v e  s l o p e  may be  th a t  a gas ( p o s s i b l y  hydrogen) was e v o lv e d  

f o l l o w i n g  a d d i t i o n  o f  V itam in  K-5 or  th a t  th e  endogenous r e s p i r a t i o n  

r a t e  o f  th e  c e l l s  i n c r e a s e d  when th ey  w ere exp osed  to  th e  v i ta m in  a n a lo g .  

The d a ta  o b t a in e d  te n d s  t o  su p p o r t  th e  l a t t e r  p o s s i b i l i t y  as th e r e  was
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a s l i g h t  b u t  c o n s i s t e n t l y  h ig h e r  r a t e  o f  endogenous oxygen  uptake w i th  

c e l l s  e x p o sed  t o  V itam in  K -5 .

I t  was p ro p o sed  by Armstrong e_t (1943) , th a t  th e  a n t i b a c t e r i a l

p r o p e r t i e s  o f  V itam in  K-5 m ight be due to  i t s  ra p id  o x id a t io n  to  th e  

c o r r e s p o n d in g  n a p h th o q u in o n e . F u rth er  e v id e n c e  r e p o r te d  by Schwartzman 

( 1 9 4 8 ) ,  C o lw e l l  and McCall (1 9 4 6 )  and G onzalez  (1945) su p p o rt  th e  

p r o p o s a l  th a t  o x i d a t i o n  c f  V itam in  K-5 p la y s  an im p ortan t  r o l e  in  i t s  

a c t i v i t y .  In  in d e p e n d e n t  s t u d i e s ,  t h e s e  w orkers have d em onstrated  that, 

r e d u c t io n  c f  n ap h th oq u in on es  by -SH compounds, c y s t e i n e ,  e t h y l  m ercaptan  

and sodium  b i s u l f i t e  s u p p r e s s e s  a n t i b a c t e r i a l  and a n t i f u n g a l  p r o p e r t i e s  

o f  th e  n a p h th o q u in c n e s , T h is  i s  su p p o r ted  by th e  f in d in g s  o f  C o lw e l l  

and McCall (1946 )  who r e p o r te d  th a t  th e  a n t i b a c t e r i a l  and a n t i f u n g a l  

p r o p e r t i e s  o f  2 - m e t h y l - l ,  4 -n a p th cq u in o n e  was su p p r e ss e d  by a d d i t io n  

o f  v a r io u s  r e d u c in g  a g e n t s .  Schwartzman (1948) w ork ing w ith  Vitam in  

K-5 found th a t  f o l l o w i n g  s o l u t i o n  o f  th e  v i ta m in  a n a lo g  i n  w a te r ,  a n t i 

b a c t e r i a l  a r t i v i t y  was s t r o n g l y  e v i d e n t .  Howe\rer, i f  2 mg o f  sodium  

b i s u l f i t e  was added to  th e  s o l u t i o n  th e r e  r e s u l t e d  an im m ediate 40 

p e r c e n t  l e s s  o f  a c t i v i t y  w hich  was c o m p le te ly  r e s t o r e d  on ex p o su re  to  

a i r  a t  4 C fc r   ̂ days

C e r ta in  q u in in e s  h ave  b een  shewn to  p la y  a fundam ental r o l e  in  

c e l l u l a r  m e ta b o lism  and appear to  be  a s s o c i a t e d  w ith  th e  e l e c t r o n  

t r a n s p o r t  c h a in  and o x i d a t i v e  p h o s p h o r y la t i c n  (B r o d ie ,  1 9 5 9 ) .  D e p le t io n  

o f  t h e  bound q u in o n e  r e s u l t s  i n  a l o s s  o f  a b i l i t y  o f  t h e  c e l l  to  con

d u ct e l e c t r o n  t r a n s p o r t  and g e n e r a te  ATP, w h i le  r e s t o r a t i o n  o f  both  

t h e s e  a c t i v i t i e s  can be  a c c o m p lish e d  by th e  a d d i t i o n  o f  q u in o n e s .  

H ow ever, as i s  th e  c a s e  w i t h  b a c t e r i a l  s y s t e m s ,  r e s t o r a t i o n  o f  both
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o x i d a t i o n  and p h o s p h o r y l a t i o n  r e q u i r e s  t h e  a d d i t i o n  o f  t h e  n a t u r a l  

b a c t e r i a l  q u in o n e  o r  a  c l o s e l y  r e l a t e d  h om olog  ( B r o d i e ,  1 9 6 0 a ) .  

N a p h th o q u in o n e s  o f  t h e  V i t a m in  K -1  and K-2 t y p e s , i n  a d d i t i o n  t o  

b e n z o q u i n o n e s , a r e  w i d e l y  d i s t r i b u t e d  i n  m ic r o o r g a n is m s  (K a sh e t  e t  a l . ,

1 9 6 0 ) ,  and h a v e  b e e n  show n t o  b e  i n v o l v e d  i n  t h e  o x i d a t i v e  p h o s p h o r y 

l a t i o n  s y s t e m  o f  t h e  c e l l s  ( B r o d i e ,  1 9 5 7 ,  1 9 5 8 ,  1 9 6 0 b ) .  In  a d d i t i o n ,  

R u s s e l l  and B r o d ie  ( 1 9 6 1 )  h a v e  d e m o n s t r a t e d  t h a t  M y co b a c te r iu m  p h l e i  

c a n  b e  a d a p t e d  t o  b e  d e p e n d e n t  upon V ita m in  K -1 f o r  r e s t o r a t i o n  o f  

o x i d a t i v e  p h o s p h o r y l a t i o n ,  and h a v e  b e e n  u s e d  t o  s t u d y  two r e d u c e d  

n a p h o q u in o n e s  w h ic h  w e r e  form ed  d u r in g  r e d u c t i o n  o f  t h e  v i t a m i n .  The 

tw o r e d u c e d  n a p h t h o q u in o n e  i n t e r m e d i a t e s  w e r e  fo u n d  t o  a c c u m u la te  when  

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

b i c a l l y  W ith  s u b s t r a t e  am ounts  o f  V i ta m in  K-1 and e i t h e r  NADPH or  

m a l a t e  a s  e l e c t r o n  d o n o r s .  One o f  t h e  compounds was fo u n d  t o  b e  

i d e n t i c a l  t o  s y n t h e t i c  V i t a m in  K -1 d i a c e t a t e ,  w h i l e  t h e  o t h e r  w h ic h  was  

fo rm ed  e n z y m a t i c a l l y ,  w as s i m i l a r  t o  s y n t h e t i c  m o n o a c e t a t e  o f  t h e  n a p h -  

th o cb ro m a n  o f  V i t a m in  K -1 .  When a n a l o g s  o f  V ita m in  K-1 w e r e  t e s t e d ,  

t h e  n a p h tb o c h r o m a n s  w e r e  n o t  s y n t h e s i z e d  and o x i d a t i v e  p h o s p h o r y l a t i o n  

w as n o t  r e s t o r e d .  E x a m in a t io n  o f  t h e  s t r u c t u r e  o f  V ita m in  K-5 r e v e a l s  

t h a t  an am ino g ro u p  i s  s u b s t i t u t e d  a t  t h e  4 ' - p o s i t i o n  w h ic h  w o u ld  make 

c y c l i z a t i o n  t o  t h e  n a p h tb o ch ro m a n  i m p o s s i b l e .  In  a d d i t i o n  K ilm e r  (1 9 5 0 )  

s t a t e d  t h a t  t h e  a n t i b a c t e r i a l  p r o p e r t i e s  o f  V ita m in  K -5  w e r e  due i n  p a r t  

t o  t h e  f r e e  am ine g i c c p  c o n t a i n e d  i n  t h e  a n a l o g .  T h is  l a t t e r  t h e o r y  

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

L i m i t e d  l i t e r a t u r e  d e a l i n g  s p e c i f i c a l l y  w i t h  v i t a m i n  K-5 makes co n 

c l u s i v e  s t a t e m e n t s  i m p o s s i b l e ;  h o w e v e r ,  a  p o s s i b l e  m ech a n ism , i n  v ie w  o f

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



9 9

w o rk  a c c o m p l i s h e d  w i t h  t h e  n a p h t h o q u in o n e s ,  i s  t h a t  t h e  2 - m e t h y l - 4  amino  

1 - h y d r o x y n a p h t h a l e n e  ( V i t a m in  K -5 )  c o u ld  b e  o x i d i z e d  t o  t h e  q u in o n e ,  

a s  p r e v i o u s  w o r k e r s  h a v e  s u g g e s t e d ,  and t h e  o x i d i z e d  compound i n  t u r n  

m ig h t  s e r v e  a s  an i n h i b i t o r  o f  o x i d a t i v e  p h o s p h o r y l a t i o n .

A l l  o f  t h e  o r g a n is m s  s t u d i e d  i n  t h i s  i n v e s t i g a t i o n  w e r e  a b l e  t o  

i n f e c t  and p r o d u c e  d e a t h  i n  f e m a le  w h i t e  m ic e  o f  t h e  CFW s t r a i n .  H igh  

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

o f  2 . 5  p e r c e n t  g a s t r i c  m u c in .  The a d j u v a n t  was em p lo y ed  i n  v i e w  o f  

p r e v i o u s  w ork  d o n e  b y  H o w e l l  and K e p k ie  ( 1 9 5 0 ) ,  C am pb ell  and S a s lo w  

( 1 9 5 0 ) ,  S a l v i n  (1 9 5 4 )  and when i t  w as d e m o n s t r a t e d  t h a t  m u cin  p r o d u ced  

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

o f  r e c o v e r a b l e  o r g a n is m s  f o l l o w i n g  a u t o p s y .  I n h i b i t o r - g r o w n  c e l l s  

p r o d u c e d  r e s u l t s  g e n e r a l l y  i n  k e e p i n g  w i t h  o t h e r  s t u d i e s  c o n d u c te d  

f o r  t h i s  i n v e s t i g a t i o n ,  t h a t  i s  6 - a z a u r a c i l - g r o w n  c e l l s  show ed  t h e  

l e a s t  am ount o f  v a r i a t i o n ,  i n  v i r u l e n c e ,  from  t h a t  o f  n o r m a l ly -g r o w n  

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

N o r m a l ly -g r o w n  c e l l s  o f  jB. d e r m a t i t i d i s  s t r a i n s  LBa and 6046  w e r e  

fo u n d  t o  r e s u l t  i n  d i f f e r e n t  m o r t a l i t y  r a t e s  f o l l o w i n g  I . P .  I n j e c t i o n  

i n t o  m i c e .  d e r m a t i t i d i s  s t r a i n  LBa was c o n s i s t e n t l y  t h e  more p a t h o 

g e n i c  o f  t h e  tw o s t r a i n s .  P r e v i o u s  w ork  i n  t h i s  l a b o r a t o r y  c o n f ir m s  

t h i s  r e s u l t .  As w as t h e  c a s e  w i t h  a l l  t h e  o r g a n is m s  t e s t e d ,  c e l l s  w e r e  

c o n s i s t e n t l y  r e c o v e r e d  from  a u t o p s i e d  m ic e  f o l l o w i n g  10 o r  more d a y s  o f  

i n f e c t i o n .  A t t h e  t im e  o f  d e a t h ,  l e s i o n s  w e r e  v i s i b l e  i n  a p p r o x im a t e l y  

50  p e r c e n t  o f  t h e  m ic e  i n j e c t e d  w i t h  s c h e n c k i i , 50 p e r c e n t  f o r  JS. 

d e r m a t i t i d i s  s t r a i n  LBa, 30  p e r c e n t  f o r  d e r m a t i t i d i s  s t r a i n  6046 and 

30 p e r c e n t  f o r  _H. c a p s u l a t u m . The t o t a l  m o r t a l i t y  r a t e s  o b t a i n e d  from
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6 - a z a u r a c i l - g r o w n  c e l l s  d i d  n o t  d i f f e r  a p p r e c i a b l y  from  t h e  n o r m a l l y -  

grow n  c e l l s .  T h is  may b e  c o r r e l a t e d  t o  t h e  p r e v i o u s l y  m e n t io n e d  

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

c h a n g e  from  n o r m a l l y - g r o w n  o r g a n i s m s .  O rganism s w e r e  r e c o v e r e d  from  

a p p r o x i m a t e l y  90  p e r c e n t  o f  t h e  m ic e  and l e s i o n s  w e r e  fou n d  i n  40 p e r c e n t  

o f  t h e  m ic e  i n j e c t e d  w i t h  s c h e n c k i i , 40  p e r c e n t  w i t h  d e r m a t i t i d i s  

s t r a i n  LBa, 30 p e r c e n t  w i t h  d e r m a t i t i d i s  s t r a i n  6046  and 40 p e r c e n t  

w i t h  II. c a p s u l a t u m .

Y e a s t s  grow n i n  t h e  p r e s e n c e  o f  8 - a z a g u a n in e  e x h i b i t e d  a d i s t i n c t  

r e d u c t i o n  i n  t h e  m o r t a l i t y  r a t e s  o f  m i c e .  In  a d d i t i o n ,  c e l l  r e c o v e r y  

on SAB a g a r  m e d ia  w as p o s i t i v e  a s  f o l l o w s :  8 0 ,  7 5 ,  6 5 ,  and 65 p e r c e n t

f o r  S_, s c h e n c k i i , d e r m a t i t i d i s  s t r a i n  LBa, d e r m a t i t i d i s  s t r a i n  

6 0 4 6  and II. c a p s u la t i im . r e s p e c t i v e l y .  The p e r c e n t  o f  m i c e ,  i n j e c t e d  

w i t h  t h e  sam e r e s p e c t i v e  o r g a n i s m s ,  e x h i b i t i n g  l e s i o n s  w e r e  4 0 ,  3 0 ,  30  

and 30 p e r c e n t .

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

m i c e .  A u t o p s i e d  m ic e  e x h i b i t e d  l e s i o n s  on t h e  l i v e r ,  lu n g s  and s p l e e n  

o n l y  a f t e r  a p p r o x i m a t e l y  28 d a y s  f o l l o w i n g  i n j e c t i o n .  P e r c e n t  o f  t h e  

m ic e  s h o w in g  l e s i o n s  w e r e  a s  f o l l o w s :  3 0 ,  3 0 ,  15 and 20 p e r c e n t  f o r

s c h e n c k i i . JB. d e r m a t i t i d i s  s t r a i n  LBa, d e r m a t i t i d i s  s t r a i n  6046  

and II. c a p s u l a t u m . The p r o l o n g e d  i n c u b a t i o n  t im e  h e r e ,  and t h e  i n a b i l i t y  

o f  i n h i b i t o r - g r o w n  c e l l s  t o  r e c o v e r  when t r a n s f e r r e d  t o  m ed ia  e n r i c h e d  

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

r e q u i r e d  t o  p r o d u c e  c e l l s  o f  n o rm a l m e t a b o l i c  a c t i v i t y  a n d , c o n s e q u e n t l y ,  

n o r m a l  i n f e c t i v i t y .  I n  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  t h e  s i z e  o f  t h e  

i n o c u l a  r e m a in e d  c o n s t a n t  f o r  c o m p a r is o n  b e t w e e n  t h e  d i f f e r e n t  o r g a n is m s .
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C r i t e r i a  on  w h ic h  i n f e c t i v i t y  a r e  b a s e d  c o u l d  v a r y  d e p e n d in g  on t h e  

n a t u r e  o f  t h e  e x p e r i m e n t  and may i n c l u d e :  t h e  p r o d u c t i o n  o f  l e s i o n s  i n

t e s t  a n i m a l s ,  number o f  r e c o v e r e d  o r g a n i s m s ,  o r  t h e  d e a th  r a t e  i n  t h e  

e x p e r i m e n t a l  a n i m a l s .  I n  t h i s  i n v e s t i g a t i o n ,  m o r t a l i t y  r a t e s  i n  m ic e  

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

b a s e d  on t h i s  p a r a m e t e r .  F o l l o w i n g  I . P .  i n j e c t i o n ,  s c h e n c k i i  a p p e a r e d  

t o  b e  t h e  m o s t  v i r u l e n t  o f  t h e  o r g a n is m s  s t u d i e d .  I t  w as f o l l o w e d ,  i n  

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

t i d i s  s t r a i n  6046  and H. c a p s u l a t u m . F o l l o w i n g  i n o c u l a t i o n  w i t h  H. 

c a p s u l a t u m , t h e  i n f e c t i o n  i s  c h a r a c t e r i z e d  by an I n t r a c e l l u l a r  p a r a s i t i c  

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

t i d i s  and s c h e n c k i i , h o w e v e r ,  a r e  n o t  c h a r a c t e r i s t i c a l l y  p a r a s i t e s  o f  

p h a g o c y t e s  (Howard and H e rn d o n ,  1 9 6 0 ) .  S t a i n e d  s l i d e s  o f  i n f e c t e d  

t i s s u e ,  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n ,  show l a r g e  g r a n u lo m a to u s  l e s i o n s  

o f  t h e  s p l e e n ,  l i v e r  and l u n g s .  H o w ev er ,  p o s s i b l y  due t o  th e  s m a l l e r  

s i z e  o f  H_. c a p s u la t u m  and t h e  d i f f i c u l t y  t o  o b s e r v e  them  i n  t i s s u e ,  no  

s l i d e s  d e m o n s t r a t i n g  t h e  p r e s e n c e  o f  H. c a p s u la tu m  w e r e  o b t a i n e d .

S t u d i e s  i n  t h i s  i n v e s t i g a t i o n  h a v e  show n t h a t  t h e  i n h i b i t o r s  can  

h a v e  p o s s i b l e  d e t r e m e n t a l  e f f e c t s  on p r o t e i n  s y n t h e s i s ,  enzym e f o r m a t io n  

and a c t i v i t y ,  o x y g e n  u p t a k e ,  u l t r a v i o l e t  s e n s i t i v i t y ,  p u r i n e  and  

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

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

b e  d u e  t o  o n e  o r  m ore o f  t h e s e  e f f e c t s .  The p r e v i o u s l y  m e n t io n e d  r e v i e w  

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

w e r e  on  p r o t e i n ,  enzym e and n u c l e i c  a c i d  s y n t h e s i s  and a c t i v i t y .  T h is  

t e n d s  t o  s u p p o r t  t h e  p o s s i b i l i t y  t h a t  v i a b i l i t y  o f  t h e  c e l l s  i s  r e d u c e d
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and t h a t  t h i s  may b e  a  m a n i f e s t a t i o n  o f  t h e  f o r m a t io n  o f  in c o m p l e t e  

p r o t e i n s  and n u c l e i c  a c i d  a n o m a l i e s .  The c o m p a r a t iv e  d i f f e r e n c e s  

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

e f f e c t s  t h e  i n h i b i t o r s  h a v e  on t h e  o r g a n is m ;  h o w e v e r ,  a d i r e c t  c o r r e l a 

t i o n  b e t w e e n  t h e  m a g n i tu d e  o f  ch a n g e  im p o sed  by t h e  i n h i b i t o r s  on 

r e s p i r a t i o n ,  u l t r a v i o l e t  s e n s i t i v i t y  and v i r u l e n c e  may b e  drawn.

W h eth er  t h i s  a l t e r a t i o n  o f  p a t h o g e n i c i t y  i s  a r e f l e c t i o n  o f  i n c r e a s e d  

s u s c e p t i b i l i t y  o f  t h e  i n h i b i t o r - g r o w n  c e l l s  t o  h u m ora l and c e l l u l a r  

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

s u r v i v e ,  e x t e n d  and i n i t i a t e  an i n f e c t i o n  c a n n o t  b e  a c c u r a t e l y  s t a t e d .

I n  a d d i t i o n ,  t h e r e  may b e  i m p l i c a t i o n s  r e l a t i n g  t h e s e  o b s e r v a t i o n s  t o  

t h e  f a c t  t h a t  m o s t  i n f e c t i o n s  a r e  s u b c l i n i c a l  i n  n a t u r e  and an a l t e r a 

t i o n  o f  t h e  c e l l s  may f u r t h e r  r e d u c e  i t s  i n f e c t i v i t y .

V i t a m in  K -5  h a s  b e e n  u s e d  a s  a  n o n t o x i c  f u n g i s t a t i c  a g e n t  f o r  

t h e  p r e s e r v a t i o n  o f  p h a r m a c e u t i c a l s  f o r  some t im e .  When t h i s  i n v e s t i g a 

t i o n  i n d i c a t e d  t h a t  V i t a m in  K-5 was a s t r o n g  i n h i b i t o r  o f  c e l l u l a r  

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

t h e  a c t i o n  o f  t h e  v i t a m i n  a n a l o g  i n  v i v o . I t  was i n i t i a l l y  t h o u g h t  t h a t  

t h i s  m arked  i n h i b i t i o n  o f  p a t h o g e n i c  f u n g i  m ig h t  a l s o  m a n i f e s t  a 

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

i n f e c t e d  m i c e .  R e p e a t e d  r e s u l t s ,  h o w e v e r ,  sh ow ed  t h a t  i n s t e a d  o f  

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

w i t h  a d e f i n i t e l y  h i g h e r  m o r t a l i t y  r a t e  b e i n g  e x h i b i t e d  i n  m ic e  r e c e i v i n g  

V it a m in  K - 5 .  C o n t r o l s  w e r e  d e s i g n e d  t o  i n d i c a t e  t h e  e f f e c t  o f  g a s t r i c  

m u c in  i n  c o m b in a t io n  w i t h  t h e  v i t a m i n ,  g a s t r i c  m u c in  a l o n e  (p h o s p h a t e  

b u f f e r  u s e d  i n  l i e u  o f  m u c i n ) , c e l l u l a r  i n o c u l a t i o n  w i t h  p h o s p h a t e  b u f f e r
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( i n  l i e u  o f  V i t a m in  K -5 )  and c e l l u l a r  i n o c u l a t i o n  o n l y .  A l l  c o n t r o l  

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

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

a p p r e c i a b l y .  C e l l s  i n  c o m b in a t io n  w i t h  V ita m in  K - 5 ,  h o w e v e r ,  e x h i b i t e d  

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

A l t h o u g h  no t o x i c  e f f e c t  c o u l d  b e  o b s e r v e d  i n  t h e  m ic e  f o l l o w i n g  

V it a m in  K -5  t r e a t m e n t ,  som e p h y s i o l o g i c a l  c h a n g e s  h a v e  b e e n  n o t e d  by  

p r e v i o u s  w o r k e r s  t o  o c c u r  i n  a  v a r i e t y  o f  a n im a ls c  K ubovar (1 9 5 5 )  

fo u n d  t h a t  2—4 m g /d a y  d o s e s  o f  t h e  v i t a m i n  a n a lo g  e x e r t e d  a th erm o

a n a l g e t i c  e f f e c t  i n  m ic e  w i t h  c o n c o m it a n t  s e d a t i o n .  In  newborn i n f a n t s ,  

M eyer and Angus ( 1 9 5 6 )  , A l l i s o n  ( 1 9 5 5 )  and L a u ra n ce  (1 9 5 5 )  u s i n g  d o s e  

l e v e l s  v a r y i n g  from  mg t o  30 m g /d a y , r e p o r t e d  t h a t  V ita m in  K-5 c a u s e d  

k e m i c t e r u s ,  h e m o l y t i c  a n em ia  and h y p e r b i l i r u b i n e m i a .  S i m i l a r l y ,  Moor 

and Sharmon ( 1 9 5 5 )  fo u n d  t h a t  10 m g /1 0 0  g body  w e i g h t  d o s e s  o f  V ita m in  

K a n a l o g s  g i v e n  i n t r a m u s c u l a r l y  i n  r a t s  c a u s e d  an i n t e n s e  h e m o g lo b in u r i a .  

F i n a l l y ,  A n s b a c h e r  ( 1 9 4 2 )  s t a t e d  t h a t  i n  d o g s ,  c a t s ,  r a t s ,  r a b b i t s  and 

m o n k e y s .  M en a d io n e  and M e n a d io l  (V ita m in  K a n a l o g s )  was o f  low  t o x i c i t y  

w hen g i v e n  i n  s m a l l  d o s e s ;  h o w e v e r ,  h i g h e r  c o n c e n t r a t i o n s  c o u ld  r e s u l t  

i n  a  f a l l  i n  b l o o d  p r e s s u r e  and a n e m ia .  The h e m a t o p o i e t i c  s y s t e m ,  h o w e v e r ,  

d id  n o t  seem  t o  b e  a f f e c t e d  (B ea m ish  and S t o r r i e ,  1 9 5 6 ) .  The ab o v e  

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

d i r e c t l y  o r  i n d i r e c t l y ,  f o r  t h e  phenom enon n o t e d  i n  t h i s  s e r i e s  o f  e x 

p e r i m e n t s .  C e r t a i n l y ,  t h e  r o l e  o f  k e m i c t e r u s ,  b lo o d  p r e s s u r e  and an em ia  

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

h a n d ,  dam age t o  t h e  l i v e r ,  k i d n e y s  or  o t h e r  r e t i c u l o e n d o t h e l i a l  s y s t e m  

o r g a n s  c o u l d  b e  o f  s i g n i f i c a n c e  s i n c e  t h e  o r g a n is m s  s t u d i e d  h a v e  a
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p r e d i l e c t i o n  f o r  t h e s e  o r g a n s .  No g r o s s  damage t o  t h e s e  o r g a n s  was  

e v e r  d e t e c t e d ,  h o w e v e r .

The m arked e f f e c t ,  i n  m i c e ,  c a u s e d  b y  t h e  c o n c o m it a n t  u s e  o f  s e v e r a l  

p a t h o g e n i c  b a c t e r i a  and y e a s t s  and V i ta m in  K -5 c a n n o t  b e  c o n c l u s i v e l y  

e x p l a i n e d  a t  t h i s  t i m e .  I t  i s  e v i d e n t  form  t h e  c o n t r o l s  t h a t  t h i s  i s  a 

r e s u l t  o f  t h e  two b e i n g  u s e d  i n  c o m b in a t io n  and may b e  due t o  a m u l t i p l e  

e f f e c t  im p o s e d  i n  t h e  t e s t  a n i m a l s .  In  a d d i t i o n ,  i t  i s  p r o b a b ly  r e l a t e d  

t o  t h e  b a s i c  immune m ech an ism  o f  t h e  m i c e .  To d e t e r m in e  i f  v i a b l e  c e l l s  

a l o n e  c o u l d  e x p r e s s  t h i s  p h en om en on , o n e  o t h e i  c o n t r o l  s y s t e m  s h o u ld  

h a v e  b e e n  u s e d .  H e a t - k i l l e d  c e l l s  i n  c o m b in a t io n  w i t h  t h e  v i t a m i n  a n a lo g  

s h o u l d  h a v e  b e e n  i n j e c t e d  t o  s e e  i f  p a r t i c l e s  ( c e l l s )  c a u s e d  any v a r i a t i o n .  

T h is  c o n t r o l  m ig h t  h e l p  t o  e s t a b l i s h  w h e th e r  t h e  o b s e r v e d  r e s u l t  was 

in d u c e d  or s u p p o r t e d  b y  a t o x i c  e f f e c t .

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

d e r m a t i t i d i s  s t r a i n  6 0 4 6  w as a s  s h o r t  a s  5 d a y s  A lth o u g h  o r g a n is m s  

w e r e  r e c o v e r e d ,  no  l e s i o n s  w e r e  v i s i b l e  on any o f  t h e  m ic e  p r i o r  t o  

1 8 - 2 2  d a y s .  The m ic e  i n j e c t e d  w i t h  t h e  o t h e r  p a t h o g e n s ,  s i m i l a r l y ,  

sh ow ed  m ore r a p i d  d e a t h  r a t e s  th a n  t h e  m ic e  n o t  r e c e i v i n g  V ita m in  K-5  

t r e a t m e n t .  The f i r s t  o f  t h e s e  d e a t h s  w e r e  n o t e d  b e tw e e n  1 0 - 1 5  d ays  

f o l l o w i n g  i n j e c t i o n .  A g a i n ,  o r g a n is m s  w e r e  r e c o v e r e d  upon a u t o p s y ;  

h o w e v e r ,  l e s i o n s  w e r e  n o t  v i s i b l e  u n t i l  a p p r o x im a t e l y  1 8 - 2 0  d a y s .

The m ic e  t h a t  s u r v i v e d  th r o u g h  2 0 - 3 0  d a y s  e x h i b i t e d  l e s i o n s  th r o u g h 

o u t  t h e  a b d o m in a l  c a v i t y  ( l i v e r ,  s p l e e n ,  i n t e s t i n e )  and l u n g s .  A lth o u g h  

i n f e c t i o n  w as q u i t e  n o t i c e a b l e  i n  t h e s e  m i c e ,  t h e  m ice  t h a t  e x h i b i t e d  

e a r l y  d e a t h s  ( 5 - 7  d a y s )  may s u g g e s t  a p o s s i b l e  t o x i c  e f t e c t .  M ice  

w h ic h  w e r e  n o t  i n j e c t e d  w i t h  V i t a m in  K-5 show ed  much s lo w e r  d e a th  r a t e s ;
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h o w e v e r ,  i n c r e a s e d  m o r t a l i t y  r a t e s  w e r e  n o t e d  f o l l o w i n g  4 0 - 4 5  d a y s .

F or  c o m p a r a t iv e  r e a s o n s ,  h o w e v e r ,  t h e  e x p e r im e n t s  w e r e  t e r m i n a t e d  a f t e r  

30 d a y s .

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

i n  d e s c r i b i n g  t h e  p h a r m a c o l o g i c a l  c h a n g e s  t a k i n g  p l a c e  i n  t h e  V ita m in  K-5-  

t r e a t e d  m ice „  Once t h e s e  a r e  d e t e r m i n e d ,  e x p e r i m e n t a l l y  in d u c e d  c h a n g e s  

c o u l d  b e  p r o d u c e d  u s i n g  a g e n t s  o t h e r  th a n  V ita m in  K-5 t o  s e e  i f  s u b s e 

q u e n t  i n j e c t i o n  o f  p a t h o g e n i c  m ic r o o r g a n is m s  r e s u l t s  i n  t h e  same  

p h en om en on . In  a d d i t i o n ,  e x p e r i m e n t s  s h o u l d  b e  r e p e a t e d  u s in g  n o t  o n ly  

o t h e r  V i t a m in  K a n a l o g s ,  b u t  a l s o ,  t h e  n a t u r a l  v i t a m i n s ,  K-1 and K -2 .
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CHAPTER VI 

SUMMARY

1 .  The maximum c o n c e n t r a t i o n s  o f  6 - a z a u r a c i l ,  8 - a z a g u a n in e  and p u rom ycin  

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

JB. d e r m a t i t i d i s  s t r a i n  6 0 4 6 ,  s c h e n c k i i  and _H. c a p s u la tu m  

w e r e  d e t e r m i n e d .

A. The f u n g i  e x h i b i t e d  v a r i a t i o n  i n  s e n s i t i v i t y .  s c h e n c k i i  

sh o w ed  t h e  l e a s t  s e n s i t i v i t y  w h i l e ,  i î .  c a p s u la tu m  t h e  

g r e a t e s t .

B. jB. d e r m a t i t i d i s  s t r a i n  6046  c o u ld  grow i n  2 - f o l d  h i g h e r  

c o n c e n t r a t i o n s  o f  6 - a z a u r a c i l  and p u ro m y c in  th a n  d e r m a t i 

t i d i s  s t r a i n  Lba.

2 . M ice  w e r e  fo u n d  t o  show  no n o t i c e a b l e  s i g n s  o f  t o x i c i t y  when r e c e i v i n g

0 . 5  m g /m l d o s e s  o f  V i t a m in  K -5 e v e r y  48  h o u r s ,  f o r  15 d a y s .

3c The t o t a l  DNA and RNA c o n c e n t r a t i o n s  o f  n o r m a l l y -  and i n h i b i t o r -

grow n o r g a n is m s  w e r e  d e t e r m i n e d .

A. The DNA c o n t e n t  was n o t  a f f e c t e d  by  any o f  t h e  i n h i b i t o r  s t u d i e d .

B . P u ro m y c in  d id  n o t  a l t e r  t h e  t o t a l  RNA c o n t e n t  o f  t h e  c e l l s .  

A z a u r a c i l - g r o w n  c e l l s  e x h i b i t e d  d e c r e a s e s  i n  RNA ( t o  a b o u t  10.2%  

o f  n o r m a l)  w h i l e ,  8 - a z a g u a n in e - g r o w n  o r g a n is m s  show ed an i n c r e a s e  

( t o  a b o u t  1 9 .1 % ).

4 .  The e f f e c t  o f  t h e  i n h i b i t o r s  on u l t r a v i o l e t  s e n s i t i v i t y  was s t u d i e d

A. C e l l s  grow n i n  t h e  p r e s e n c e  o f  6 - a z a u r a c i l  d id  n o t  d i f f e r

a p p r e c i a b l y  from  t h a t  o f  n o r m a l ly - g r o w n  o r g a n is m s .

106
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B. O r g a n ism s  i n c u b a t e d  i n  t h e  p r e s e n c e  o f  8 - a z a g u a n in e  e x h i b i t e d  

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

P u r o m y c in -g r o w n  c e l l s  w e r e  fo u n d  t o  b e  e x t r e m e l y  s e n s i t i v e  t o  

u l t r a v i o l e t  l i g h t .

C. The a d d i t i o n  o f  t h e  n a t u r a l  p u r i n e  or p y r i m i d i n e  t o  th e  p l a t e  

c o u n t  medium d id  n o t  e n h a n c e  r e c o v e r y .

5 .  G l u c o s e ,  f r u c t o s e ,  m onosodium  g lu t a m a t e  and x y l o s e  w e r e  fou n d  t o

s t i m u l a t e  t h e  o x y g e n  u p ta k e  o f  a l l  t h e  o r g a n is m s  t e s t e d .

A. R l b o s e  s t i m u l a t e d  u p ta k e  i n  d e r m a t i t i d i s  s t r a i n  LBa and H.

c a p s u l a t u m , h o w e v e r ,  no  r e s p i r a t i o n  c o u ld  b e  d e t e c t e d  i n  

d e r m a t i t i d i s  s t r a i n  6046  or  s c h e n c k i i  w i t h  t h i s  same  

s u b s t r a t e .

B . O rg a n ism s c u l t u r e d  i n  t h e  p r e s e n c e  o f  6 - a z a u r a c i l ,  8 - a z a g u a n in e  

and p u r o m y c in  e x h i b i t e d  r e d u c e d  r e s p i r a c o r y  a c t i v i t y  on a i l  - f e  

s u b s t r a t e s  t e s t e d ,  P u ro m y cin  was fou n d  t o  b e  t h e  s t r o n g e s t  

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

C. When n o r m a l ly - g r o w n  f u n g i  w e r e  e x p o s e d  t o  V ita m in  K -5 ,  a marked  

i n h i b i t i o n  o f  o x y g e n  u p ta k e  was n o t e d .

6 .  The r e l a t i v e  p a t h o g e n i c i t y  o t  n o r m a l l y -  and i n h i b i t o r - g r o w n  c e l l s

w e r e  s t u d i e d .

A. O rg a n ism s  grow n i n  t h e  p r e s e n c e  o t  6 - a z a u r a c i l  c a u s e d  m o r t a l i t y  

r a t e s  i n  m ic e  w h ic h  w e r e  s i m i l a r  t o  t h e i r  n o r m a l ly -g r o w n  

c o u n t e r p a r t s .

B. D i s t i n c t  r e d u c t i o n s  i n  m o r t a l i t y  r a t e s ,  o f  m ic e  w e r e  n o t e d  when  

i n j e c t e d  w i t h  8 - a z a g u a n i n e -  o r  p u ro m y c in -g r o w n  c e l l s .  Purom ycin-  

grow n o r g a n is m s  w e r e  fo u n d  t o  b e  t h e  l e a s t  v i r u l e n t .
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7 ,  M ic e  w h ic h  u n d e r w e n t  V i t a m in  K-5 t r e a t m e n t  show ed  c o n s i d e r a b l y

h i g h e r  m o r t a l i t y  r a t e s ,  when s u b s e q u e n t l y  i n j e c t e d  IP w i t h  p a t h o g e n i c  

b a c t e r i a  and f u n g i  th a n  u n t r e a t e d  m ic e  or  m ic e  r e c e i v i n g  a p l a c e b o .
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