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r ed  was  a d d e d  (up t o  t 00  ~xg/ml) a n d  t h e  cu l tu re s  re-  
i n c u b a t e d  Ior  30 rain.  T h e  m e d i u m  was  t h e n  d i s ca rded  
a n d  t h e  mono laye r s ,  a f t e r  5 wash ings  w i t h  p h e n o l  red  
free H a n k ' s  BSS,  were solubi l ized w i t h  8 ml  of n a t r i u m  
d e o x y c h o l a t e  (2% in H20,  p H  7.3). T h e  n e u t r a l  r ed  
i n c o r p o r a t e d  was  m e a s u r e d  on  t h e  bas is  of p e r c e n t  t r a n s -  
miss ion  a t  530 rim. 

Results. D a t a  of t h e  T a b l e  show t h a t  t h e  i n c u b a t i o n  
of  po l iov i rus  in fec ted  cells a t  41.5°C causes  a c o m p l e t e  b u t  
r eve r s ib le  i n h i b i t i o n  of v i rus  g rowth .  A t  lower  t e m p e r a -  
t u r e s  o n l y  a p a r t i a l  i n h i b i t i o n  is obse rved ,  whi le  a t  h ighe r  
ones  v i ru s  r ecove ry  is n o t  comple te .  

F igu re  1 shows t h a t  t h e  i n c o r p o r a t i o n  of H a U r i d i n e  
in  in fec ted  cells is v e r y  low, b o t h  a t  37 °C a n d  a t  41.5°C 
w i t h i n  2~[2 h a f t e r  in fec t ion ;  t h e r e a f t e r  a s h a r p  increase  
is o b s e r v e d  a t  37°C (up to  a m a x i m u m  a t  t h e  5 t h  h) 
whi le  no  f u r t h e r  inc rease  c a n  be  d e t e c t e d  a t  41.5 °C. 

Vi ra l  p r o t e i n  s y n t h e s i s  is, on  t h e  con t r a ry ,  scarce ly  
in f luenced  b y  s n p r a o p t i m a l  t e m p e r a t u r e s ,  a t  leas t  in  t h e  
ea r ly  s tages  of in fec t ion  (F igure  2). B o t h  a t  37°C a n d  
41.5°C a s ign i f i can t  a m o u n t  of H 3 Leuc ine  is incor-  
p o r a t e d  in v i r a l  a n t i g e n s  w i t h i n  t h e  f i r s t  31/2h; on ly  
l a t e r  a t  41.5~C t h e  u p t a k e  r a t i o  declines,  to  s top  com- 
p l e t e ly  41/2 h a f t e r  infec t ion .  

T h e  poss ib i l i ty  of a c o n t i n u o u s  b r e a k a g e  of v i r a l  R N A  
a t  41.5°C has  been  inves t iga t ed .  D a t a  of F i g u r e  3 show 
t h a t  a t  41.5°C no H a U r i d i n e  is i n c o r p o r a t e d  l a t e r  t h a n  
2~[~ h a f t e r  in fec t ion  a n d  t h a t  t h e  smal l  a m o u n t  of H 3 
Ur id ine  i n c o r p o r a t e d  in  ac id - inso lub le  fo rm w i t h i n  21/2 h 
a f t e r  in fec t ion  is f i rmly  r e t a i n e d  for  a t  l eas t  2 more  h, 
t h a t  is up  to  t he  f i rs t  a p p e a r a n c e  of t h e  c y t o p a t h i c  effect. 

D a t a  of F igu re  4 f ina l ly  d e m o n s t r a t e  t h a t  b o t h  t h e  
la rge  a m o u n t  of  v i r a l  R N A  s yn t he s i zed  a t  37 °C a n d  t h e  
scarce  q u a n t i t y  m a d e  a t  41.5°C w i t h i n  3 h  f rom t h e  
in fec t ion  a re  m o s t l y  r e p r e s e n t e d  b y  R N A a s e  sens i t i ve  
(monohe l ix  ?) molecules ;  t h e y  the re fo re  c a n n o t  be  con-  
s idered  as a r e s idua l  of a n  i n t r ace l l u l a r  b r e a k a g e  b y  
RNAases .  

Discussion and conch,sion. T h e  resu l t s  r e p o r t e d  he re  
c an  b e  s u m m a r i z e d  as  fol lows:  1. A t  c e r t a i n  s u p r a o p t i m a l  
t e m p e r a t u r e s  (41.5°C) t h e  i n c o r p o r a t i o n  of l abe l led  pre-  
cursors  i n to  po l iov i rus  R N A  is s t r o n g l y  reduced .  Th i s  
is n o t  due  to  a c o n t i n u o u s  d iges t ion  of n e o s y n t h e s i z e d  
1RNA molecules  b y  nucleases  bu t ,  r a t he r ,  to  a n  i n h i b i t i o n  
b y  s u p r a o p t i m a l  t e m p e r a t u r e s  of t h e  de novo  syn thes i s  
of v i ra l  R N A .  2. U n d e r  t h e  s ame  cond i t i ons  t h e  overa l l  
syn thes i s  of po l iov i rus  p r o t e i n s  is scarce ly  inf luenced ,  a t  
l eas t  for 3x/2 h a f t e r  infec t ion .  I t  c a n  t h e r e l o r e  be  a s s u m e d  
t h a t  m o s t  of t he  v i r a l  p r o t e i n s  m a d e  a t  41.5 °C ( inc lud ing  
those  respons ib le  for  m e t a b o l i c  b lockade  a n d  c y t o p a t h i c  
effect) h a v e  been  bu i l t  up  in po ly r ibosomes  o rgan ized  b y  
t he  in fec t ing  v i rus  RNAs .  T h i s  gives  t he  o p p o r t u n i t y  to  
use s u p r a o p t i m a l  t e m p e r a t u r e s  for  s t u d y i n g  t h e  d i rec t  
a c t i o n  of a n t i v i r a l  c o m p o u n d s  on  t h e  s y n t h e s i s  of polio- 
v i rus  p ro te ins ,  ru l ing  o u t  a poss ib le  in f luence  of t he  v i ra l  
R N A  repl ica t ion .  

Riassunto. L a  scarsa  incorporaz ione  di  p recu r so r i  del lo 
A R N  in cellule in fe t t e  d a  pol iovi rus  ed i n c u b a t e  a 41,5 °C 

d o v u t a  ad  u n a  in ib iz ione  del la  s in tes i  dello A R N  v i ra le  
pifl che  n o n  ad  u n a  sua  d iges t ione  a d  ope ra  di  nucleas i .  
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Caffeine R e m o v a l  f r o m  G r o w t h  Media  by M i c r o o r g a n i s m s  

T h e  p r o t e a n  m a n i f e s t a t i o n s  of t he  biological  effects  of 
caIfe ine (and  o t h e r  m e t h y l a t e d  x a n t h i n e s )  is exempl i f i ed  
b y  i t s  t o x i c i t y  to  m i c r o o r g a n i s m s  t, p l a n t s  ~ a n d  a n i m a l s  3; 
i t s  roles  as m u t a g e n  4 a n d  e n z y m e  inducerS ;  i t s  i n h i b i t i o n  
of cyclic A M P  h y d r o l a s e s  ~ a n d  t h e  d i m e r  exciz ing e n z y m e  
in  r e p a i r  of D N A ~ ;  a n d  i ts  ab i l i t y  to  re lease  Ca ++ f rom 
t h e  sa rcop la smic  r e t i c u l u m  s. I t s  m o s t  we l l -known  a n d  
p l e a s a n t  a t t r i b u t e ,  t h e  m i l d  s t i m u l a t i o n  occas ioned  b y  
i n t a k e  of beverages ,  is no t  un ive r sa l l y  en joyed .  Thus ,  
10% of t h e  coffee c o n s u m e d  in  t h e  U n i t e d  S ta t e s  a n d  
E u r o p e  is deca f fe ina t ed  9. 

W e  h a v e  cons ide red  biological  a l t e r n a t i v e s  to  t h e  
p r e s e n t  use  of c h l o r i n a t e d  h y d r o c a r b o n s  for  e x t r a c t i o n  
of caf fe ine  f rom coffee. T h e r e  ex is t s  a p a u c i t y  of i n fo rma-  
t i o n  in  t h i s  regard .  Fusarium oxysporum a p p a r e n t l y  
res is ts  t h e  t ox i c i t y  of a n d  grows, a lbe i t  poor ly ,  on  caf- 
feine ~0. Pseudornonas aeruginosa appea r s  to  possess  
x a n t h i n e  d e h y d r o g e n a s e  a n d  ur icase  of r a t h e r  b r o a d  
specif ic i ty  c a p a b l e  of d e g r a d i n g  m e t h y l  x a n t h i n e s  to  
m e t h y l  a t l a n t o i n s  n .  I n  t h e  p r e s e n t  c o m m u n i c a t i o n  we 
show t h a t  caffe ine  c a n  b e  u t i l ized  as sole source  of e i t h e r  
c a r b o n  or  n i t r o g e n  for  g r o w t h  of a b a c t e r i u m ,  Bacillus 
coagulans, a n d  two  fungi ,  Penicillium roquefort a n d  a 
Stemphylium species. 

I n  a d d i t i o n  to  these  t h r e e  species, o t h e r  colonies grew 
on our  aga r  pla tes ,  some of w h i c h  were ident i f ied  as 

ac t i nomyce t e s .  However .  p ro longed  exposure  of t he  
i so la t ion  m e d i u m  was  necessa ry  to  cause  t he  a p p e a r a n c e  
of r e l a t i ve ly  few colonies.  F u r t h e r m o r e ,  n e i t h e r  t h e  
pu r ine -u t i l i z ing  Sordaria brevicollis 1~ no r  a n  a u t h e n t i c  
cu l t u r e  of B. coagulans (NCA 43P) grew in caf fe ine  a t  
t h e  levels  used in t h i s  i nves t iga t ion .  Thus ,  a l t h o u g h  n o t  
r e s t r i c t e d  to  a n a r r o w  group  of mic roo rgan i sms ,  t h e  
ab i l i t y  to  ut i l ize  caffe ine is no t  ub iqu i tous .  
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Removal of caffeine by Stemphylium from culture medium. Fungal 
inoculum, ca. 100 mg dry weight, was incubated in the dark with 
shaking at 20°C in 50 ml of medium containing 0.001M caffeine, 
0.088M sucrose, 0.024M KzHPO 4 and Hoagland's salts (C1- re- 
placing NOn- ). One ml aliquots of medium were withdrawn for 
UV-spectroscopy using a 1 mm light path. The number over each 
curve denotes h after inoculation. Spectra from 220 to 240 nm, 
run but not shown, also exhibited progressive temporal diminution 
of absorbance values at all wavelengths and hence no buildup of 
UV-absorbing intermediatcs. 

Table I. Growth of fungi on caffeine 

Dry weight rag/50 mI 

Nitrogen source • Stemphylium ~ P. roquelorti ~ 
Nitrate, 0.03M 446 459 
Caffeine, 0.01 M 449 397 
Caffeine, 0.02 M 311 370, 
Caffeine, 0.04M 217 279 
Caffeine, 0.a0M 0 0 

Hoagland's salts in 0.088M sucrose with indicated concentrations 
of nitrogen source in 250-ml Erlenmeyer flasks (shake rate = 200 × g) 
were used for growth of isolates at 20°C in the dark for l0 days. 
Each flask was inoculated with ca. 25 mg (dry weight) of the isolate. 
~' Stemphylium was isolated from air on agar containing Czapek's 
medium in 0.01M caffeine, c p. roque]orti was isolated from air on 
agar containing Hoagland's salts (el- replacing NO~-) in 0.01M 
caffeine and 0.08 M sucrose, 

Table II, Rate of purinc removal from fungal culture media 

Loss of purine, [/.moles/hi50 ml • 

Purine Stemphylium P. roque/orti 

Xanthine 24.3 15.5 
Caffeine 11.9 13.3 
Theobromine 13.1 13.7 

Fungal inocula of 25-75 mg dry weight were incubated in the dark 
with shaking at 20°C in 50 ml media containing 0.01M purine in 
0.088M sucrose and Hoagland's salts (CI- replacing NO3- ). After 
24 h aliquots of media were removed every 2 h and the absorbance 
at 273 nm (caffeine and theobromine, Aldrich Chemical Co.} and 
at 267 nm (xanthine, Schwarz Bioreseareh, Inc.) were determined, 
Purine losses were linear over 6 h. Reference to a company or pro- 
duet name does not imply approval or recommendation of the 
product by the U.S. Department of Agriculture to the exclusion 
of others that may be suitable. 

T a b l e  I i l l u s t r a t e s  t h e  g r o w t h  of t h e  fung i  in  c u l t u r e  
m e d i a  c o n t a i n i n g  caffe ine  as  sole source  of n i t rogen .  
Stemphylium grew as well  in 0 . 0 1 M  caffe ine  as  in 0 . 0 3 M  
n i t r a t e .  T h e  s u r v i v a l  obse rved  here  is in  c o n t r a s t  to  t h e  
t o x i c i t y  of  caf fe ine  a t  t h i s  level  to  Ceratocystis (Ophio- 
stoma.) 1 a n d  t h e  g r o w t h  of Stemphylium (449 mg)  is m u c h  
g r e a t e r  t h a n  t h e  border l ine  g r o w t h  (25 mg)  of Fusarium 
u n d e r  c o m p a r a b l e  c o n d i t i o n s  1°, 

D i s a p p e a r a n c e  of caf fe ine  f r o m  a c u l t u r e  m e d i u m  of 
a c t i v e l y  g rowing  Stemphylium is i l l u s t r a t ed  in t h e  F igure .  
T h e  s p e c t r a  r evea l  no ev idence  of a c c u m u l a t i o n  of U V  
a b s o r b i n g  ca tabo l i t e s .  T h e  d a t a  of Tab le  I I  s h o w  t h a t  
m e t h y l  x a n t h i n e s  are  as  e f f icac ious ly  c o n s u m e d  b y  
P. roquelorti as  is x a n t h i n e .  T h e  caf fe ine  c o n c e n t r a t i o n  
is a b o u t  5 t i m e s  t h e  c o n c e n t r a t i o n  p r e s e n t  in beverages% 
W e  d e t e c t e d  n e i t h e r  caf fe ine  n o r  U V - a b s o r b i n g  caf fe ine  
c a t a b o l i t e s  in h o n l o g e n a t e s  of  w a s h e d  fungi .  S u c h  c o m-  
p le te  d e g r a d a t i o n  is c o n s o n a n t  w i t h  r e q u i r e m e n t  of 
n i t r o g e n  for g r o w t h  a n d  p r o v i d e s  a m e c h a n i s m  for 
p r o t e c t i o n  f r o m  genet ic  d a m a g e .  

B. coagulans w a s  i so la ted  f r o m  soil on a n  a g a r  con-  
t a i n i n g  0 . 0 1 M  caffe ine  in C z a p e k ' s  m e d i u m .  A l t h o u g h  
s u b s e q u e n t  c u l t u r e s  of  t h e  i so la te  r e m o v e d  ca f fe ine  
r ead i ly  (23 lxmoles/h),  we f o u n d  g r o w t h  to  be  r a t h e r  
s lugg i sh  a n d  var iab le .  G r o w t h  r e q u i r e m e n t s  a p p e a r  to  
be r a t h e r  f a s t id ious  a l t h o u g h  we h a v e  m a i n t a i n e d  v iab le  
c u l t u r e s  for  a t  l eas t  7 m o n t h s .  F u r t h e r m o r e ,  t h e  size 

of  t h e  b a c t e r i u m  in  t h e  i so la tes  w a s  s ma l l e r  t h a n  t h e  
N CA  43P  s t r a i n  b a c t e r i u m  g r o w n  r o u t i n e l y  in t h i s  
l a b o r a t o r y .  T h i s  l a t t e r  o b s e r v a t i o n ,  a long  w i t h  t h e  
e x t e n d e d  e x p o s u r e  t i m e  p r e v i o u s l y  m e n t i o n e d  s u g g e s t  
a degree  o f . se lec t ive  a d a p t a t i o n  13. 

Zusammen/assung. Bacillus coagulans sowie 2 Pilze, 
Penicillium roque/orti u n d  e ine  Stemphylium-Spezies 
w u r d e n  a u f  N A h r b 6 d e n  isoliert ,  welche  K a f f e i n  Ms einzige 
Quel te  fiir K o h l e n s t o f f  u n d  S t i cks to f f  e n t h a l t e n .  Diese 
M i k r o o r g a n i s m e n  v e r m e h r e n  s ich  m i t  de r se lben  Ge- 
s c h w i n d i g k e i t  a u f  Kaf fe in -  wie a u f  N i t r a t m e d i e n .  Dieser  
K a f f e i n - K a t a b o l i s m u s  w~re m6gl i che rwe i se  der  W e g ,  u m  
die Gi f t igke i t  u n d  m u t a g e n e n  W i r k u n g e n  y o n  K a f f e i n  
zu v e r h i n d e r n .  
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