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sequence  of even ts  recorded photographicMly  w i t h  an  
e lectronic  flash. Dur ing  this  process, t h e  Entamoeba 
moved  rap id ly  and  came  in con tac t  wi th  Acanthamoeba, 
and when  this  happened  the  p l a sma lema  of the  2 amoebae  
became in ter locked wi th  each o ther  (Figure 1). The  
Entamoeba t hen  g radua l ly  s tar ted  to  draw in t he  Acantha- 
moeba into its cy toplasm.  Somet imes  the  whole amoeba  
was t a k e n  in comple te ly  in t ac t  and could be seen ly ing 
inside t he  food vacuole  in Entamoeba (Figure 2). 

F o r  fu r the r  s t u d y  of th is  phenomenon ,  a m i x t u r e  of 
Entamoeba plus A canthamoeba which had  been kep t  
toge ther  for 10 min  was processed for e lec t ron micro-  
scopy. These  cells were f ixed in buffered g lu ta ra ldehyde  
(pH 7.2) and pos t  f ixed in Osmium te t roxide .  Fol lowing 
ace tone  dehydra t ion ,  t h e y  were embedded  in araldite,  
sect ioned and s ta ined w i t h  lead c i t ra te  and uranyt  
ace ta t e  according to  t he  s t andard  technique.  Sect ions  
were  examined  on fo rmva r  coa ted  grids in a H i t ach i  H S 8  
microscope.  

The  observa t ions  made  in e lectron microscope con- 
f i rmed the  f indings of t he  l ight  microscope.  F igure  3 
shows the  in ter locking of t he  2 amoebae  before the  
ingest ion of Acanthamoeba. The  cell  m e m b r a n e  Of Enta- 
mocha appears  more  e lec t ron dense t h a n  Acanthamoeba 
and  a t  th is  s tage  i t  was  no t  possible to  say  which a m o e b a  
wil l  be  able  to  ingest  t he  other.  F igure  4 shows A cantha- 
mocha lying inside t h e  cy top la sm of Entamoeba. Acantha- 
moeba was easily recognized by  the  large cont rac t i le  

vacuole ,  a more  homogenous  cy top lasm,  and  the  presence 
of mi tochondr ia .  T h e  cy top l a sm of Entamoeba, on the  
o the r  hand,  was granular ,  con ta in ing  a large n u m b e r  of  
e lect ron-dense particles,  and had  no mi tochondr ia .  The  
nuclei  of bo th  Acanthamoeba and Entamoeba are visible 
in the  section. 

The  u l t ima te  fa te  of t he  ingested Acanthamoeba is no t  
known.  Appa ren t ly  t h e y  are  broken down by  Entamoeba, 
as in a number  of cells nuc lear  r e m n a n t s  of Acanthamoeba 
were seen af ter  a few hours  of ingestion*. 

Rdsumd. L' inges t ion  de I'A canthamoeba par  l'Entamoeba 
invadens est observ~e pour  la premiere  fois. El le  a ~t$ 
6tudi6e par  microscopie lumineuse  e t  61ectronique. An  
cours de l ' ingest ion l'Acanthamoeba et  l'Entamoeba se 
r app rochen t ;  leurs membranes  cel lulaires s ' en t re lacen t  
e t  l'Entamoeba ach~ve l ' inges t ion de t'Acanthamoeba. 
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O n  t h e  S y n t h e s i s  o f  P o l i o v i r u s  R N A  at  S u p r a o p t i m a l  T e m p e r a t u r e s  x 

At  cer ta in  supraop t ima l  t empera tures ,  the  incorpora-  
t ion of label led precursors  in pol iovirus  R N A  is reduced 
to insignif icant  levels and virus mul t ip l ica t ion  comple te ly  
p reven ted  Z, s. According  to some au thors  4, t he  phen-  
omenon  is due to  an  inhibi t ion  of v i ra l  R N A  synthesis ;  
according to  o thers  5, i t  would  depend  upon  an equ i l ib r ium 
be tween  a no rma l  synthes is  of v i ra l  R N A  and  its para l le l  
digest ion by  nucleases ac t iva t ed  by  supraop t ima l  t em-  
peratures .  The  ques t ion  is of in teres t  in t h a t  a t  supra-  
op t ima l  t empera tures ,  pol iovirus  proteins  are  synthe-  
sized 6, responsible  for t he  ear ly  b lockade of cell  me tabo-  
l ism and for t he  la te  cy topa th ic  effectLS. I f  these  even ts  
occur  in t he  absence of v i ra l  R N A  synthesis ,  supra-  
op t ima l  t empera tu re s  could be indica ted  to  eva lua te  t he  
d i rec t  effect  of an t iv i ra l  compounds  on the  v i ra l  p ro te in  
synthesis .  

Materials and methods. Act inomyc in  D and neut ra l  red 
were ob ta ined  f rom Merck;  cr is tal l ine insulin f rom Li l ly ;  
peroxide-free  phenol  and e thy l  e ther  f rom Mal l inkrodt ;  
Sephadex  G 1 0 0  f rom P h a r m a c i a ;  H 3 Ur id ine  ( 5 T ;  
24,000 m C / m M )  and H* Leucine  (15,200 m C ] m M )  f rom 
Amersham.  H e L a  cells (American t y p e  cul ture  collection) 
were  grown in Eag le ' s  M E M  plus 10% calf  serum, p H  7.3, 
supp lemented  wi th  0.01 U / m l  of insulin to  p r even t  a 
possible ant ipol io  ac t i v i t y  of ac t inomycin  D 9. Pol iovi rus  
t y p e  1 (Brunhenders)  was used th roughou t .  

Comple te ly  conf luen t  cell  monolayers  in smal l  pe t r i  
dishes (108 cells) were infected wi th  1 ml  of v i ra l  sus- 
pension (30 p laque  forming  uni ts  - P F U / c e l l  in H a n k ' s  
BSS)  a t  4°C for  I h, washed  3 t imes,  supp lemen ted  wi th  
H a n k ' s  B S S  (3 ml,  p H  7.3) and incuba ted  a t  d i f ferent  
t empera tures ,  in wa te r  bath .  A t  pref ixed  t i m e  intervals ,  
t he  ent i re  cul tures  were frozen and thawed  3 t imes,  the  
debris  r emoved  by  cent r i fuga t ion  (5000 xg ,  5 rain) and 
P F U  t i t r a t ed  according to  the  DULBECCO technique  x0. 

F o r  the  eva lua t ion  of the  overa l l  v i ra l  R N A  synthesis,  
cell  monolayers ,  infected as above,  were added  wi th  
H a n k ' s  B S S  conta in ing  ac t inomyc in  D (2 ~g]ml) and 
H 8 Ur id ine  (1 ~C[ml) and incuba ted  e i ther  a t  37°C or 
a t  41.5°C (for more  de ta i l s  see results).  A t  var ious  t i m e  
in te rva ls  cells were  scraped f rom the  glass w i t h  rubber  
pol iceman,  washed  3 t imes  in cold H a n k ' s  B S S  sup- 
p l emen ted  wi th  unlabel led  uridine (50 ~g/ml),  preci-  
p i t a t ed  twice  a t  4°C in t r ichloroacet ic  acid (5% in H,O) 
and dr ied a t  37 °C for 20 h. Prec ip i ta tes  were dissolved 
in Soluene and r ad ioac t iv i t y  was de te rmined  in a Packa rd  
sc int i l la t ion coun te r  (scinti l lat ion f luid:  7 g PPO,  0.6 g 
d i m e t h y l  P O P O P ,  1000 ml  Toluene).  

R N A a s e  sens i t iv i ty  of v i ra l  R N A  was de t e rmined  in 
phenol  ex t rac t s  ob ta ined  wi th  t he  technique  of  GIERER 
and SCHRAM~ n modif ied  by  MUNTONI e t  al.~* f r o m  cells 
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i n f e c t e d  a n d  s u p p l e m e n t e d  w i t h  a c t i n o m y c i n  D a n d  H a 
U r i d i n e  a s  i n d i c a t e d  a b o v e .  O n e  h a l f  of  e a c h  e x t r a c t  
(1 m l )  w a s  t r e a t e d  w i t h  c r i s t a l l i n e  R N A a s e  (0.4 ~ g / m l )  
a t  2 2 ° C  for  5 ra in ,  a c c o r d i n g  t o  t h e  m e t h o d  of  PLAGE- 
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Fig. 1. Cumulative uptake of H ~ Uridine (l [zC/ml) in infected cells 
at  37°C (1) and at 41.5°C (2). 

MANN a n d  SWIMM 12. F r a c t i o n a t i o n  w a s  p e r f o r m e d  in  
S e p h a d e x  G 1 0 0  c o l u m n s  { 2 0 × 0 . 9 c m ;  b e d  1 8 m l )  i n  
T r i s - E D T A  b u f f e r  (0.01 a n d  0 . 0 5 M ,  p H  7.3). 1 m l  f r a c -  
t i o n s  w e r e  c o l l e c t e d  ( f low:  8 m l / h )  a n d  u s e d  fo r  r a d i o -  
a c t i v i t y  m e a s u r e m e n t  ( s c i n t i l l a t i o n  m e d i u m :  7 g P P O ,  
0.1 g d i m e t h y l  P O P O P ,  333 g T r i t o n  X 100, 667 m l  
T o l u e n e ) .  

F o r  t h e  e v a l u a t i o n  o f  v i r u s - i n d u c e d  p r o t e i n  s y n t h e s i s ,  
i n f e c t e d  m o n o l a y e r s  i n  H a n k ' s  B S S  (5 × 10" cells)  w e r e  
t r e a t e d  w i t h  H ~ l e u c i n e  (1 ~ C / m l )  i m m e d i a t e l y  f o l l o w i n g  
i n f e c t i o n .  A t  p r e f i x e d  t i m e  i n t e r v a l s ,  ce i l s  w e r e  w a s h e d  
5 t i m e s  w i t h  H a n k ' s  B S S ,  f r o z e n  a n d  ~ h a w e d  5 t i m e s  i n  
0.5 m l  o f  H a n k ' s  B S S  a n d  f i l t e r e d  t h r o u g h  Mi l l i po re  
f i l t e r s  (0.45 ~zm). F i l t r a t e s  w e r e  t r e a t e d  w i t h  1000  n e u -  
t r a l i z i n g  u n i t s  (0.1 m l )  o f  a n t i p o l i o  t y p e  1 r a b b i t  i m m u n e  
s e r u m  a n d  i n c u b a t e d  a t  3 7 ° C  fo r  3 h a n d  a t  4 ° C  fo r  
10 h .  T h e n  0.1 m l  o f  a n t i r a b b i t  ; , - g lobu l i n  s e r u m  w a s  
a d d e d  a n d  t h e  i n c u b a t i o n  a t  3 7 ° C  a n d  a t  4 ° C  r e p e a t e d .  
P r e c i p i t a t e s  w e r e  c o l l e c t e d  b y  m e a n s  of  M i l l i p o r e  f i l t e r s  
(0.45 ~ m ) ,  t r e a t e d  w i t h  1 0 %  t r i c h l o r o a c e t i c  a c i d  a t  4°C ,  
d r i e d  a t  3 7 ° C  a n d  c o u n t e d  in  a s c i n t i l l a t i o n  c o u n t e r  as  
a b o v e .  

T h e  c y t o p a t h i c  e f f e c t s  ( C P E )  w e r e  e v a l u a t e d  o n  t h e  
b a s i s  of  t h e  i n t r a c e l l u l a r  u p t a k e  o f  v i t a l  s t a i n s .  I n f e c t e d  
ce l l  m o n o l a y e r s  (5 × 108 cells)  w e r e  i n c u b a t e d  w i t h  10 m l  
o f  H a n k ' s  B S S  a t  37°C.  A t  v a r i o u s  i n t e r v a l s  n e u t r a l  
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Fig. 2. Cumulative uptake of I13 Leucine (1 ~C/ml) in viral antigens 
at  37°C (1) and at 41.5°C (2). 

Effect of supraoptimal temperatures on the growth of poliovirus 
1 Brunhenders in HeLa cells (virus inoeulum 30 PFU]cell × 10 ~ cells) 

(oc) PFU produced PFU produced 
after 6 h at  different after 6 more h 
temperatures (°C) at  37°C 

37 8 × 107 1,2 × l0 s 
39 2.5 X 107 6,3 x 107 
39.5 6.6 × 10 ~ 7.1 x 107 
40 7.2 x l0 s 5.4 x 107 
40.5 1.5 X l0  s 8.2 x 10 7 
41 6 x  104 4 .2x  107 
41.5 <~ 104 5.1 x 107 
42 < 10 4 2.3 x 10 6 
42.5 ~ 10 4 4.1 x 105 
43 < 10 ~ 8 x 10 4 
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Fig. 3. 1. Cumulative uptake at 41.5°C of H s Uridine (l[zClml) 
added 2.30 h after infection. 2. Persistence in infected ceils at  
41.5°C of H 3 Uridine (1 [~C/ml) incorporated within 2 .30h after 
infection. 3. Neutral  red (100~.g/ml) incorporated in uninfected 
ceils at 41.5°C. 4, Neutral  red in infected cells at 37°C. 5. Neutral 
red in infected ceils at  41.5~C. 
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Fig. 4. RNAase sensitivity of viral RNA extracted from infected 
cells 3 h after infection. I. Untreated viral RNA. 2. Viral RNA 
treated with 0.4~xg/ml of RNAase. Separation through Sephadex 
G i00 of phenol extracts from infected cells labelled with H s Uridine 
(1 ~tC/ml). 
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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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