
The  sera, t aken  7 days  af ter  the  last  inject ion,  were 
pooled and used for conjugat ion .  The  globul in f ract ion of 
the serum was con juga ted  wi th  fluorescein i so th iocyana te  
on celitea according to the  m e t h o d  described by  RINDER- 
RNECm: 6. The  uncon juga ted  dye was r emoved  by  passing 
the se rum th rough  a co lumn of Sephadex  G25 L The se rum 
was then  absorped twice  agains t  r abb i t  l iver  powder  be- 
fore use. 

\iN 

Fig. 1. The difference in the intensity of fluorescence between the 
cysts and the trophozoites after treatment with anti-cyst serum. 

The trophozoite is indieatcd by an arrow. 

/ 
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The  cysts f luoresced br igh t ly  af ter  being t r ea ted  wi th  
an t i -cys t  se rum for 30 rnin in a se rum di lu t ion of 1:5 
m a d e  wi th  physiological  saline. This  react ion has been  
described previous ly  s and is a t rue  an t i gen -an t i body  re- 
ac t ion  as i t  does no t  occur  wi th  normal  s e r u m  and  is 
inhib i ted  by  p r e - t r e a t m e n t  of cysts  wi th  uncon juga t ed  
an t i - cys t  serum. 

The  t rophozoi tes  of E. invadens also showed some 
fluorescence when  suspended in an t i - cys t  s e rum in a 
di lut ion of 1:5. However ,  i t  was possible to modi fy  this  
reac t ion  by  absorping an t i -cys t  se rum agains t  a h e a v y  
suspension of t rophozoi tes .  The  absorped sera then  pro-  
duced a negligible f luorescence of  t rophozoi tes  bu t  con- 
t inued  to  produce  an in tense  f luorescence of t he  cysts .  
F igure  I shows the  difference in the  in tens i ty  of fluores- 
cence be tween  a cys t  and a t rophozo i t e  a f te r  being t r ea ted  
wi th  an t i -cys t  serum. In  some cases exeys ta t ion  of the  
amoeba  occurred dur ing  the  ~rea tment  w i th  an t i -cys t  
se rum and Figure  2 shows a t rophozoi te  emerging  f rom a 
large ape r tu re  in the  cyst.  The  t rophozo i te  shows negli- 
gible f luorescence bu t  the  remain ing  cys t  wall  is b r igh t ly  
f luorescent .  This  s t u d y  indicates  t h a t  the  surface ant igens  
of the  cys t  are  di f ferent  f rom those  of t he  t rophozoi tes  
and t h a t  thls  difference is recognizable  by  the  f luorescent-  
an t ibody  technique.  Inves t iga t ions  are  a t  p resent  in pro-  
gress to compare  t he  in terna l  ant igens  of t he  cysts  w i t h  
t h a t  of the  t rophozoi tes  using the  gel-diffusion technique .  

Rdsumd. La t echn ique  des an t icorps  f luorescents  a 6t6 
appl iqu6e $ l '6 tude  de la re la t ion an t ig4nique  des cystes  
et  des t rophozo[ tes  d'Entamoeba invadens. Le s6rum ant i -  
cyste  p r6a lab lement  absorb6 par  les t rophozoi tes  a mont r6  
chez ces derniers  une f luorescence n4gligeable mais  il 
con t inua  a produi re  une  f luorescence intense chez les 
cystes,  ce qui  ind ique  que  les ant igbnes de surface des 
cystes  sont  diff6rents  de ceux des t rophozoi tes .  

V. ZAMAN 

Department o/Parasitology, Faculty o/ Medicine, 
University o/ Singapore, Singapore 3, 12 June 1967. 

Fig. 2. Arrow marks the trophozoite emerging from a large aperture 
in the cyst which has been treated with anti-cyst serum. The remain- 
ing cyst wall is brightly fluorescent but the trophozoite shows 

negligible fluorescence. 
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The Implications of the Temperature- 
Independent Binding and the Temperature- 

Dependent Action of Interferon 

A n u m b e r  of ve r t eb r a t e  sys tems  h a v e  been shown to 
respond to virus  infect ion by  produc ing  in terferon 1. In te r -  
feron is the  n a m e  g iven  to a group of prote ins  which  are 
capable  of in i t ia t ing  the deve lopmen t  of an  an t iv i ra l  s ta te  
in ceils of the  appropr i a t e  species. Many  studies h a v e  
shown t h a t  in ter feron itself is n o t  d i rec t ly  ant iv i ra l .  
Ra the r ,  in te r fe ron  induces the  fo rmat ion  of an  an t iv i ra l  
s ta te  in t r ea t ed  cells. This  induc t ion  is known to require  
bo th  D N A  dependen t  R N A  synthesis  and prote in  syn-  

thesis *,s, bu t  i ts detai ls  are no t  known.  In  fact,  even  the  
na tu re  of ini t ial  in te rac t ion  be tween  cells and  in te r fe ron  
is unclear .  BARON and BUCKLER were unable  to  show t h a t  
t he  induc t ion  of an  an t iv i ra l  s t a te  b y  in te r fe ron  invo lved  
de tec tab le  loss of in ter feron f rom the  m e d i u m  4. This  
raised the  ques t ion  of Whether  in ter feron b inding  or  

A. ISAACS, Adv. Virus Res. I0, i (1963). 
J. TAYLOR, Biochem, biophys. Res. Commun. Id, 447 (1964). 

3 R. M. FREIDMAN and J. SONt~ABXUD, Nature 203, 366 (1964). 
4 C. E. BUCKLER and S. BARON, Fedn Proe, Fedn Am. Sots exp~ 

Biol. 24, 318 (1965), 
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a b s o r p t i o n  was  r equ i red  for i n t e r f e r o n  ac t ion .  Logic led 
m o s t  worker s  to  a s sume  t h a t  i t  was  a t  l eas t  b o u n d ,  b u t  
e x p e r i m e n t a l  s u p p o r t  for  t h i s  d e d u c t i o n  h a s  b e e n  wan t ing .  
I would  l ike to  r e p o r t  r esu l t s  t h a t  s u p p o r t  t h e  c o n v i c t i o n  
t h a t  cells m u s t  b i n d  i n t e r f e ron  as  a necessa ry  p ro logue  to  
t h e  i n d u c t i o n  of a n  a n t i v i r a l  s t a t e .  

I n  t h e s e  e x p e r i m e n t s ,  m o n o l a y e r  cu l t u r e s  of p r i m a r y  
ch i ck  e m b r y o  cells were  exposed  to  i n t e r f e r o n  a t  e i t h e r  
0 °C or  37 °C for  1 h.  A t  t h e  close of t h i s  hour ,  t h e  cells 
were  w a s h e d  twice  w i t h  cold E ag l e ' s  MEM.  I m m e d i a t e l y  
a f t e r  wash ing ,  se lec ted  0°C a n d  37°C samples  were  
t r e a t e d  w i t h  40 °C, 0 .25% t r y p s i n  for  3 rain.  T he  t ryps in i -  
za t ion  was  s t o p p e d  b y  t h e  a d d i t i o n  of cold M E M  c o n t a i n -  
ing 10% fe ta l  calf  s e r u m  (FCS). Th i s  m e d i u m  was  im-  
m e d i a t e l y  r e m o v e d  a n d  rep laced  w i th  w a r m  (37°C) 
M E M  + FCS. The  cell l aye r  was a l lowed to ' hea l '  in  th i s  
m e d i u m  for 2 h a t  37 °C u n d e r  h u m i d i f i e d  5 %  CO2-95 % 
air.  A t  t he  close of t h i s  i n c u b a t i o n  t h e  m e d i u m  was  
r e m o v e d  a n d  1 ml  of Seml ik i  F o r e s t  Vi rus  p r e p a r a t i o n  
(26 pfu /ml)  was  added .  Af te r  30 rain,  t h e  v i rus  was  
r e m o v e d  a n d  rep laced  w i t h  a 1% a g a r  in  n u t r i e n t  m e d i u m  
F-10 ove r l ay  6. Af te r  48 h of i n c u b a t i o n  a t  37°C in a 
h u m i d i f i e d  5 %  CO~-95% air  a t m o s p h e r e ,  t h e  layers  were  
s t a i n e d  w i t h  I N T  (0.1% I o d o n i t r o t e t r a z o l i u m  viole t ,  
0 .8% NaC1, 2°/0 glucose solut ion)  a n d  t h e  p l aques  coun ted .  

As s h o w n  in t he  Table ,  exposure  to  i n t e r f e r o n  a t  0 °C 
for  1 h,  fol lowed b y  w as h i ng  a n d  s u b s e q u e n t  t r yps in i za -  
t ion ,  r e su l t ed  in a m a r k e d  r e d u c t i o n  in t h e  d e v e l o p m e n t  
of a n t i v i r a l  a c t i v i t y .  On t h e  o t h e r  h a n d ,  i n c u b a t i o n  a t  0 °C 
for  1 h, fol lowed b y  a n  i n c u b a t i o n  a t  37 °C for 30 m i n  
r e su l t ed  in t h e  d e v e l o p m e n t  of  s u b s t a n t i a l  a n t i v i r a l  
ac t iv i ty .  Clearly,  a f t e r  1 h i n c u b a t i o n  a t  37°C, t h e  
d e v e l o p m e n t  of t h e  a n t i v i r a l  s t a t e  is i n sens i t i ve  to  t h e  
p ro t eo ly t i c  ac t ion  of t r yps in .  Also, as i n d i c a t e d  in t h e  
Table ,  e x p e r i m e n t s  to  d e t e r m i n e  t he  effects  of t e m p e r -  
a t u r e  a n d  t r y p s i n i z a t i o n  on  p l a q u e  f o r m a t i o n  d e m o n -  
s t r a t e d  t h a t  t he se  fac to rs  were  w i t h o u t  a n y  s ign i f i can t  
ef fec t  of i n fec t iv i ty .  

These  resu l t s  d e m o n s t r a t e  t h a t  t h e  in i t i a l  s t ages  of 
i n t e r f e r o n  a c t i o n  m a y  b e  s e p a r a t e d  i n to  2 s t eps ;  t h e  f i rs t  
t e m p e r a t u r e  i n d e p e n d e n t ,  t h e  second t e m p e r a t u r e  de-  
p e n d e n t .  T h e  in i t i a l  s tep  in  i n t e r f e r o n  ac t ion  is a process  
in  wh ich  i n t e r f e r o n  b i n d s  to  t he  cell. Since t h i s  b i n d i n g  
occurs  a t  0 °C, i t  is i n d e p e n d e n t  of m e t a b o l i s m  d r i v e n  
m e m b r a n e  ac t iv i ty .  Once b o u n d  a t  0 °C, t he  i n t e r f e ron  is 
n o t  r e m o v e d  b y  washing ,  a n d  r e m a i n s  on  t h e  sur face  of 
t h e  cell, r ead i ly  suscep t ib le  to  a t t a c k  b y  t r y p s i n .  The  
second step,  d u r i n g  w h i c h  t h e  i n d u c t i o n  of a n t i v i r a l  

a c t i v i t y  becomes  in sens i t i ve  to  t h e  ac t ion  of t r yps in ,  is 
t e m p e r a t u r e  d e p e n d e n t .  One  m a y  conc lude  f rom these  
o b s e r v a t i o n s  t h a t ,  w h e n  cells a re  exposed  to in te r fe ron ,  
some of i t  b ecomes  t i g h t l y  b o u n d  to  t h e i r  surface.  There -  
fore, some in te r fe ron ,  h o w e v e r  sma l l  t h e  a m o u n t ,  is in  a 
sense  t a k e n  u p  b y  t h e  cells, W h e t h e r  or n o t  i t  is subse-  
q u e n t l y  t a k e n  in is q u i t e  a n o t h e r  m a t t e r .  

T h e  loss of suscep t ib i l i t y  to  t r y p s i n  a t  37 °C does n o t  
h a v e  a u n i q u e  i n t e r p r e t a t i o n .  Th i s  toss cou ld  re f lec t  t h e  
m o v e m e n t  of i n t e r f e r o n  f rom i t s  v u l n e r a b l e  pos i t i on  o n  
t h e  cell  m e m b r a n e  to  a t r y p s i n  inaccess ib le  s i te  ins ide  t h e  
cell. S u c h  a n  e x p l a n a t i o n  would  be  a n a l o g o u s  to  t h e  loss 
of s e n s i t i v i t y  to  n e u t r a l i z i n g  a n t i b o d y  as  a v i ru s  pene-  
t r a t e s  f rom t h e  ou t s ide  to  t h e  ins ide  of t h e  cell  in  a t e m p e r -  
a t u r e  d e p e n d e n t  process  ~. A l t e r n a t i v e l y  to  p e n e t r a t i o n ,  
t h e  i n t e r f e r o n  molecule  may ,  in  a t e m p e r a t u r e  d e p e n d e n t  
process,  i n i t i a t e  t h e  cha in  of e v e n t s  l ead ing  to t he  deve lop-  
m e n t  of t h e  a n t i v i r a l  s t a t e  whi l e  ou t s ide  t h e  cell. I f  t h e  
i n i t i a t i o n  process  were  c o m p l e t e d  a f t e r  on ly  a few m i n  a t  
37 °C, s u b s e q u e n t  d e s t r u c t i o n  of t he  i n t e r f e r o n  molecu le  
b y  t r y p s i n  would  be  w i t h o u t  effect. T h e  sugges t ion  t h a t  
a p ro t e in  molecule  a t t a c h e d  to t h e  o u t e r  su r face  of a cell 
c an  p r o f o u n d l y  af fec t  i n t r a c e l l u l a r  m e t a b o l i s m ,  f inds 
a n a l o g y  in t h e  b e h a v i o r  of a g roup  of p ro t e in s  k n o w n  as 
Col ic insL T h e  a t t a c h m e n t  of a col icin molecu le  to  t he  
wal l  of a suscep t ib le  E. coli b a c t e r i u m  can  cause  t h e  d e a t h  
of t h a t  cell. Th i s  colicin i nduced  d e a t h  does n o t  i nvo lve  
t h e  e n t r y  of t he  colicin molecule  i n to  t h e  cell, s ince  t r e a t -  
m e n t  of col ic in t r e a t e d  cells w i t h  t r y p s i n  soon a f t e r  t h e  
b i n d i n g  p r e v e n t s  t h e  a c t i o n  of t h e  colicin, a n d  t h u s  spares  
t h e  cells s. However ,  a f t e r  a suf f ic ien t  i n c u b a t i o n  a t  37 °C, 
t r e a t m e n t  w i t h  t r y p s i n  does n o t  p r e v e n t  t h e  l e t h a l  ef fects  
of col icin on  t r e a t e d  bac te r i a ,  A decis ion as  t o  w h e t h e r  
i n t e r f e r o n  t r iggers  t h e  f o r m a t i o n  of a n  a n t i v i r a I  s t a t e  f rom 
a n  ex t r ace l lu l a r  or  i n t r a c e l l u l a r  loca t ion  m u s t  b e  de fe r red  
un t i l  f u r t h e r  e x p e r i m e n t s  h a v e  b e e n  conduc ted* .  

_Rdsumd. Des exp*r iences  u t i l i s a n t  la  t e m p e r a t u r e  e t  la 
t r y p s i n e  son t  d$cr i tes ;  elms d 6 m o n t r e n t  q u e  la  p h a s e  
in i t i a le  de Fac t ion  de  l ' i n t e r f e r o n  c o m p o r t e  deux  ~tapes.  
L a  p r e m i e r e  cons i s te  darts la f i xa t i on  de l ' i n te r fe ron .  El le  
a l ieu a 0 °C e t  n ' e s t  pa s  sous la  d 6 p e n d a n c e  du  m 6 t a b o -  
l i sme cellulaire.  L a  deuxi&me ~tape,  au  cours  de  laquel le  
l ' i n t e r f e r o n  li~ a m o r c e  le d 6 v e l o p p e m e n t  de la r6s i s t ance  
an t iv i r a l e ,  d6pend  du  m ~ t a b o l i s m e  cel lula i re  et  es t  t e rmi -  
n6e au  b o u t  de 45 rain.  D e u x  m o d N e s  de l ' 6 t ape  sensible  
g la t e m p 6 r a t u r e  son t  pr~sent~s  e t  discut~s.  

Effect of incubation temperature and trypsin on interferon action 

Sample Inter- Incubation Trypsin Plaques % 
feron a temperature Controlb 

R. A. GOLDSBY 

Department o[ Biology, Yale University, New Haven 
(Connecticut 06520, USA),  t June 1967. 

1 -- 0 ~C + 26 (24-29-26) 100 
2 -- 37 °C + 26 (25-27} 100 
3 + 0 °C - 2 (3-2-1) 8 
4 + 0°C + 19 (21-16-19} 77 
5 + 0 ° (I h) to + 7 (5-8) 27 

37 ° (30 rain) 
6 + 37 °C -- 0 (0-1-0) 0 
7 + 37°C + 1 (1-0-1-) 4 

a 25 units of crude chick interferon, t, Calculated on the basis of 
26 pfu/ml under standard assay conditions. 

R. G. HAM, Expl Cell Res. 29, 515 (1963}. 
C. E. HOFFMAN, E. M. NEU~AYER, R. F. HAa*F and R. A. GOLDSBY, 
J. Bact. 90, 623 (1965). 

7 i2. JACOB, L. SIMINOVITCIt and E. L. WOLLMA•, Annls Inst. 
Pasteur, Paris 83, 295 (1952). 

s M. NOMURA and M. NAKAMURA~ Biochem. biophys. Res. Commun. 
7, 306 (1962). 

9 This research has been supported by grants from the Connecticut 
Research Commission and the American Cancer Society. 


