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SUMMARY - The T - t y p e  i n t e r f e r o n  induced by PHA has been shown 
to be q u a n t i t a t i v e l y  bound to po ly  l - s e p h a r o s e .  The b ind ing  i s  
not  impa i red  by the presence of 50% e thy l ene  g l y c o l .  The 
i n t e r f e r o n - P o l y  I complex could be on ly  d i s s o c i a t e d  at  h igh 
i o n i c  s t r e n g t h .  The homogenous e l u t i o n  p r o f i l e  suggests  t h a t  
a lmost  the whole p o p u l a t i o n  of  P H A - i n t e r f e r o n  molecu les  have 
the p o l y n u c l e o t i d e  b ind ing  s i t e .  Conpar ison of  crude and ammo- 
nium s u l f a t e  f r a c t i o n a t e d  p r e p a r a t i o n s  shows t h a t  the e l u t i o n  
o f  the i n t e r f e r o n  a c t i v i t y  of  the l a t t e r  from po ly  l - s e p h a r o s e  
column was s h i f t e d  to a lower  i o n i c  s t r e n g t h .  Th is  suggests  
t h a t  the p r o t e i n  molecu les  might  be m o d i f i e d  by chemical  or  
enzymat ic  a c t i o n  a f f e c t i n g  the p o l y n u c l e o t i d e  b i nd ing  s i t e .  
The presence of  a p o T y n u c l e o t i d e  b ind ing  s i t e  on immune i n t e r -  
f e ron  (Type T) i s  thus one of  a few common p r o p e r t i e s  to v i r a l  
induced i n t e r f e r o n .  Fu r the rmore ,  t ak i ng  advantage of  t h i s  p r o -  
p e r t y ,  a p r a c t i c a l  p u r i f i c a t i o n  method cou ld  be se t  up. 

INTRODUCTION 

I t  has been r e c e n t l y  shown t h a t  i n t e r f e r o n  induced by 

v i r u s  or  po ly  l . p o l y  C b inds s e l e c t i v e l y  to c e r t a i n  s i n g l e  

s t randed  p o l y n u c l e o t i d e s  such as po l y  I or  po ly  U ( I )  or to 

some spec ies  of  tRNA ( 2 ) .  From t h i s  b i nd ing  p r o p e r t y ,  the 

presence of  a p o l y n u c l e o t i d e  b ind ing  s i t e  on the i n t e r f e r o n  

mo lecu le  has been i n f e r r e d .  The r a t i o n a l  of  t h i s  assumpt ion 

A b b r e v i a t i o n s  : 
po ly  I = p o l y i n o s i n i c  ac id  

po ly  C = p o l y c y t i d y l i c  ac id  

po ly  U = p o l y u r i d y l i c  ac id  

PHA = p h y t o h e m a g g l u t i n i n  
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was based on the conc lus ions drawn from s tud ies  on a ser ies  

of n u c l e o t i d y l t r a n s f e r a s e s  which have a known RNA attachment 

s i t e  (3) .  The f ac t  tha t  several  kinds of v i r a l  induced i n t e r -  

fe rons ,  d i sp l ay  t h i s  p roper ty  led to the suggest ion tha t  the 

po l ynuc l eo t i de  b ind ing s i t e  might be re l a ted  to a r e g u l a t o r y  

f u n c t i o n  of i n t e r f e r o n ,  e i t h e r  in i t s  i nduc t i on  or in i t s  a c t i o n .  

I t  appeared thus i n t e r e s t i n g  to analyse in more d e t a i l s  the 

behaviour  of o ther  c lasses of  i n t e r f e r o n s  as regard to i t s  asso- 

c i a t i o n  wi th a po l ynuc l eo t i de  l i gand .  

In p a r t i c u l a r ,  the immune i n t e r f e r o n  (T - t ype )  induced by 

s t i m u l a t i n g  immunocompetent c e l l s  w i th  mi togens,  such as the 

T-mitogen PHA, which was shown to be a n t i g e n i c a l l y  unre la ted  to 

v i r a l  induced i n t e r f e r o n  (4) .  PHA- in te r fe ron  d i f f e r s  also from 

v i r a l  i n t e r f e r o n  by i t s  l a b i l i t y  at pH 2 (4 ) .  T- type i n t e r f e r o n  

shows p r o p e r t i e s  s i m i l a r  to those of i n t e r f e r o n  induced by spe- 

c i f i c  ant igen when i n j ec ted  in s e n s i t i z e d  mice ( type I I  i n t e r -  

fe ron)  (5 ) .  

We have r e c e n t l y  repor ted (6) tha t  PHA- in te r fe ron  prepa- 

r a t i o n s  d isp ]ayed s i g n i f i c a n t  molecu lar  he te rogene i t y  but show 

hydrophobic p r o p e r t i e s  s i m i l a r  to v i r a l  induced i n t e r f e r o n .  

We descr ibed in t h i s  paper, the b ind ing p r o p e r t i e s  of  

the immune induced PHA- in te r fe ron  to poly l -Sepharose and show 

t h a t  i t  has, as a common p roper ty  to v i r a l  induced i n t e r f e r o n  

a po l ynuc l eo t i de  b ind ing s i t e .  Fur thermore,  we show also t h a t  

tak ing  advantage of t h i s  po l ynuc l eo t i de  b ind ing  c a p a c i t y ,  a 

p r a c t i c a l  p u r i f i c a t i o n  method could be set up. 

METHODS 

Murine PHA i n t e r f e r o n  was prepared using spleen c e l l s  
from nu~e--~e-Ce-rozygous mlce (nu/+) ( supp l ied  by the Centre de 
S~ lec t i on  et d 'Elevage d'Animaux de Labo ra to i r e  CSEL,France) 
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e s s e n t i a l l y  as descr ibed in (7 ) .  In shor t  : spleen c e l l s  were 
suspended at the c o n c e n t r a t i o n ' o f  Ix lO 7 c e l l / m l  in RPMI 1640 
medium (F low) ,  supplemented wi th  5% f e t a l  c a l f  serum, 2 mM 
91utamine and 4 mg% gentamic in ,  and incubated wi th  3 pg/ml of 
p u r i f i e d  PHA (Wellcome) in Pet r i  dishes (Munclon 90 mm) f o r  
24 hours at 37°C in a humid i f ied  incuba to r  (5% C02). Ce l ls  
were then spun o f f  and the supernatant  f rozen at -70°C u n t i l  
used (crude i n t e r f e r o n ) -  t i t e r s  of i n t e r f e r e n  were in the 
range of 500-1000 ~/ml.  For same exper iments ,  crude i n t e r f e r o n  
preparat ionswere p r e c i p i t a t e d  wi th ammonium s u l f a t e  to a f i n a l  
s a t u r a t i o n  of 42%, the p r e c i p i t a t e d  removed and the supernatan t  
concent ra ted  under vacuum and d ia lyzed  aga ins t  phosphate bu f fe red  
p h y s i o l o g i c a l  sa l i ne  (ammonium s u l f a t e  f r a c t i o n a t e d  PHA- in te r fe ron )  

T i t r a t i o n  of i n t e r f e r o n  was performed by a cy topathogen ic  
i n h i b i t i o n  t e s t  ( 8 ) I  in L - ce l l  monolayers using v e s i c u l a r  stoma- 
t i t i s  v i r us  as a chal lenge v i r u s .  A l l  i n t e r f e r o n  t i t e r s  are expres-  
sed in i n t e r n a t i o n a l  re ference u n i t s .  P ro te in  concen t ra t i on  was 
measured by a f l u o r o m e t r i c  assay (9) w1-~t-~ bovine serumalbumin as 
the standard 

A f f i n i t y  chromatography was performed at room temperature 
at  a f low ra te  of 1 m l /h r  fo r  adsorp t ion  and 4 ml/h f o r  desorp- 
t i o n .  F r a c t i o n s ,  200 pl were c o l l e c t e d  i n to  p l a s t i c  tubes ; I00 pl 
a l i q u o t s  were d i l u t e d  immediately wi th I00 ~I of I% bovine serum- 
albumin and used fo r  i n t e r f e r o n  t i t r a t i o n .  

E l e c t r o p h o r e s i s .  E lec t ropho res i s  was performed in po l yac r y -  
lamide slab gels a ~ c r i b e d  by Laemmli ( I I ) ,  wi th  T r i s - g l y c i n e  
b u f f e r  in the presence of sodium dodecyl s u l f a t e  (SDS). The s lab 
gel was 0.5 mm t h i c k  a l lowing to v i s u a l i z e  p ro te i n  band at O.l pg 
l e v e l .  The p ro te ins  were s ta ined wi th coomassie b lue.  

P o l y i n o s i n i c  acid Sepharose was prepared according to 
Wagner et al ( I 0 ) .  Samples of poly I -  agarose were also obta ined 
from Choay Labora to ry ,  Par is .  E s s e n t i a l l y  the same r e s u l t s  were 
ob ta ined .  

RESULTS 

When crude PHA- in te r fe ron  was chromatographed on a po ly  l -  

Sepharose column in low i on i c  s t reng th  bu f f e r  (T r i s -HCl  lO mM, 

pH 7 . 5 ) ,  no s i g n i f i c a n t  i n t e r f e r o n  a c t i v i t y  was found in the break 

through f r a c t i o n s  ( f i g u r e  I ) .  During washing a s l i g h t  a c t i v i t y ,  

i f  any, was detected in the f i r s t  f r a c t i o n s  suggest ing tha t  a 

very  small p o r t i o n  of i n t e r f e r o n  molecules was merely re tarded on 

the column. On the c o n t r a r y ,  the t o t a l i t y  of i n t e r f e r o n  a c t i v i t y  

was almost recovered from the columns by high concen t ra t i ons  of 

KCI. In f a c t ,  one major peak of i n t e r f e r o n  a c t i v i t y  was e lu ted 

around 0.4 to 0.6 M KCl and a minor peak of a c t i v i t y  at 1,0 M 

e l u t i o n .  Such e l u t i o n  p r o f i l e  w i th  two f r a c t i o n s  having i n t e r f e r o n  

a c t i v i t y  suggests the presence of d i s t i n c t - m o l e c u l a r  species 
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Figure 1.- Chromatography of murine PHA-interferon 0 n poly l-Sepharose column. 
A sample o f T  O-frO-u-nits of crude-PHA-interferon (in 4 ml containing 2.2 mg protein/ml) 
was dialyzed overnight against I0 mM Tris-HCl buffer, pH 7.5. The dialyzed sample 
was loaded onto a polyl-Sepharose column (1 ml bed volume) equilibrated with the 
same Tris buffer. After the washing step with 3 volumes of the Tris buffer (Eli a 
l inear concentrations gradient of KCI (E2) formed by mixing 2 ml of E I and 2 ~l of 
I M KCI in E I ,  was app!ied to the column. The overall recovery of interferon act i -  
v i ty  was complete. 92% of the act iv i ty  was recovered with the gradient . 

o f  i n t e r f e r o n  as i t  has been observed wi th  o ther  types of  a f f i -  

n i t y  chromatography (6) .  

To asce r t a i n  tha t  t h i s  behaviour  is not due to the presence 

of a large amount of  serum and o ther  p ro te ins  in the PHA- in te r fe ron  

p r e p a r a t i o n ,  another  sample of PHA- i n te r f e ron ,  obta ined a f t e r  

ammonium s u l f a t e  f r a c t i o n a t i o n ,  was used f o r  the chromatography.  

The r e s u l t s  of  such f i l t r a t i o n  are i ] l u s t r a t e d  in f i g u r e  2. The 

e l u t i o n  p r o f i l e  showed tha t  the main i n t e r f e r o n  a c t i v i t y  peak 

was e lu ted  around 0.5 M as p r e v i o u s l y  observed. However, 

s i g n i f i c a n t  amounts of i n t e r f e r o n  a c t i v i t y  were found in the 

break through and washing f r a c t i o n s .  In a d d i t i o n ,  the e l u t i o n  

p r o f i l e  revealed a broad d i s t r i b u t i o n  of  a c t i v i t y  along the 

g r a d i e n t  from 0.2 M to 0.8 M, a l b e i t  the a c t i v i t y  on both s ides 

of the major peak was ra the r  low. Fur thermore,  no a c t i v i t y  was 

e lu ted  by 1.0 M KCI. The s l i g h t l y  d i f f e r e n t  behav iouro f  these 
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Figure 2.- Elution prof i le of ammonium sulfate fractionned PHA-interferon from t~ 
poly I- agarose-e-b-y~KTT-g~ient. 

An interferon preparation, I ml, containing 2,500 units of interferon act iv i ty  and 
5.7 mg of protein per ml, was dialyzed against I0 mM Tris-HCl buffer pH 7.5 (El) a M 
applied on a column of poly I- agarose (0.5 ml bed volume). The column was washed 
with i ml of E l and then, a linear gradient of KCI (Ep) was developed by mixing 
1.8 ml of E I a f d  1.8 ml of i M KCI in E I. The column ~as f ina l ly  eluted with 
i ml of I H KCI (E3). The overall recogery of interferons ac t iv i ty  was 95%. 

two types of PHA- in te r fe ron  samples might be due e i t h e r  to modi- 

f i c a t i o n s  of the i n t e r f e r o n  molecules in t roduced dur ing the 

ammonium s u l f a t e  f r a c t i o n a t i o n  or to e l i m i n a t i o n  of some i n t e r -  

f e r r i n g  p ro te in  by the same procedure.  The essen t i a l  fea tu re  

remains tha t  the m a j o r i t y  of the PHA- in te r fe ron  a c t i v i t y  was 

re ta ined  on poly l -Sepharose and e lu ted  from t h i s  l i gand  at 0.5 M 

KCI. Such high concen t ra t i on  of KCl needed fo r  desorp t ion  i n d i c a -  

ted tha t  PHA- in te r fe ron  bound t i g h t l y  to the po l ynuc leo t i de  

l i g a n d ,  as j u s t  the case observed wi th  mouse v i r a l  i n t e r f e r o n ( 1 ) .  

Since i t  has been shown r e c e n t l y  t ha t  immune i n t e r f e r o n  

has a p o t e n t i a l  f o r  hydrophobic i n t e r a c t i o n s  ( 6 ) ,  a chromatography 

was developped in the presence of 50% ethy lene g l yco l  to m in i -  

mize such i n t e r a c t i o n s .  The r e s u l t s  of such exper iments are shown 

in Figure 3. A PHA- in te r fe ron  sample (ammonium s u l f a t e  f r a c t i o n a t e d )  
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Figure 3.- Binding of murine PHA-interferon to po l_~Sepharose  in the presence 
of 50% ethylene glycol.  

0.5 ml of an interferon preparation identical to that used under Fig.2, and di luted 
with 0,5 ml of ethylene glycol was applied to a poly I -  Sepharose column (0.5 m] 
bed volume), equi l ibrated with the same buffer. After charging the column was washed 
with I0 mM Tris-HCl buffer pH 7.5 (El) and f i n a l l y  eluted with I M KCI in mM Tris HCI 
buffer pH 7.5 (E3). The overall rec6very of the interferon a c t i v i t y  was complete. 
About 90% of the a c t i v i t y  was recovered by elut ion with E 3. 

s imi lar  to that used in experiment i l l u s t r a t e d  in Figure 2, was 

made in Tris-HCl buffer 10 mM pH 7.5 containing 50% ethylene gly-  

col and chromatographed through a poly I-Sepharose column e q u i l i -  

brated with the same buffer. I t  is clear that leakage of i n t e r f e -  

ron a c t i v i t y  in both pass-through and washing fract ions was simi- 

lar  to that observed in the absence of ethylene g lycol .  About 90% 

of the i n i t i a l  a c t i v i t y  were retained on poly I-Sepharose even in 

the presence of 50% ethylene glycol and could be recovered by I M 

KCI e lut ion.  These results strongly suggested that hydrophobic in-  

teract ions are not pr imar i ly  involved in the binding of PHA-inter- 

feron to poly I l igand. The binding property leads us to postulate 

that immune interferon could have a polynucleotide binding s i te  as 

we have previously postulated for mouse v i ra l  interferon ( I ) .  This 

s i m i l a r i t y  between v i ra l  and immune inter feron (type T} may have 

important s igni f icance. 

A pract ical  aspect could be immediately drawn from th is  

binding property. Indeed, from experiments described under f igure  2, 
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Figure 4.- Electrophoretic patterns of fract ions of crude PHA-interferon af ter  
chromatography on ' poly I -  Se_pharose. 

Polyacrylamide-SDS gel (15%) was performed as described in Methods. 
Chromatography was described in Fig. I .  Lane I (dialyzed s tar t ing  sample 5 ul )  ; 
lane 2 ( Fraction I0, 5 ~I) ; lane 3 ( Fraction 25, 20 ~I) ; lane 4 ( Fraction 44 
30 ~I) ; lane 5 ( Fraction 45, 30 ~ I )  ; lane 6 ( Fraction 46, I0 ~I ) .  The pos 
t ions of the molecumar weights markers are indicated by arrows. 

the KCI peak f ract ion had a speci f ic  a c t i y i t y  of IxlO 5 u/mg protein 

with a 200 fold pu r i f i ca t ion  from the i n i t i a l  material in one step. 

Even with a crude preparation described in f igure l ,  a speci f ic  ac- 

t i v i t y  of 1.6xlO4u/mg protein could be obtained in the 0.5 M KCI 

e lut ion peak. Analysis of d i f fe ren t  f ract ions from such a f f i n i t y  

chromatography by electrophoresis on polyacrylamide-SDS gels 

showed c lear ly  that the main contaminant in the pur i f ied f ract ions 

is the serum albumin (Figure 4). I t  is thus rather easy to e l im i -  

nate this main protein by appropriate procedure. 

DISCUSSION 

The T-type interferon induced by PHA has been shown to be 

quan t i ta t i ve ly  bound to poly I ligand immobilized on Sepharose. 

The binding is not at a l l  impaired by the presence of 50% ethy- 
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l ene  g l y c o l ,  m i n i m i z i n g  the i n v o l v e m e n t  of  hyd rophob i c  i n t e r a c -  

t i o n s .  The i n t e r f e r o n - p o l y  I complex cou ld  be o n l y  d i s s o c i a t e d  at  

h igh  i o n i c  s t r e n g t h  (around 0.5 M KCI) .  With the crude P H A - i n t e r -  

f e ron  p r e p a r a t i o n ,  the e l u t i o n  p r o f i l e  o f  the a n t i v i r a l  a c t i v i t y  

from the a f f i n i t y  ch romatog raph ic  column and developped w i t h  a 

s a l t  c o n c e n t r a t i o n s  g r a d i e n t  showed a r e l a t i v e  homogenei ty  

a l b e i t  a smal l  p o r t i o n  e l u t e d  o n l y  a t  I M KCI. Even the ammonium 

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

p r o f i l e .  Such ch romatog raph ic  b e h a v i o r  suggested t h a t  a lmost  the  

whole p o p u l a t i o n  o f  the P H A - i n t e r f e r o n  mo lecu les  have a p o l y n u c l e -  

o t i d e  b i n d i n g  s i t e  w i t h  a s i m i l a r  a f f i n i t y  to po l y  I .  Th is  p a r t i -  

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

on o t h e r  a f f i n i t y  so rben ts  such as Concava l i n  A - S e p h a r o s e , A f f i - g e l  

202, and b l u e - s e p h a r o s e  on which P H A - i n t e r f e r o n  p r e p a r a t i o n s  

d i s p l a y  a s i g n i f i c a n t  degree o f  m o l e c u l a r  h e t e r o g e n e i t y  ( 6 ) .  Th is  

h e t e r o g e n e i t y  migh t  ma in l y  r e s u l t  from the d i f f e r e n t  degrees o f  

g l y c o s y l a t i o n  w h i l e  the i n t e r a c t i o n  of the p r o t e i n  w i t h  the p o l y -  

n u c l e o t i d e  migh t  be r e l a t e d  to a c o n s t a n t  domain o f  the p r o t e i n  

mo ie ty .  However, t h i s  p a r t i c u l a r  domain ass igned  f o r  n u c l e i c - a c i d -  

p r o t e i n  i n t e r a c t i o n  cou ld  be impa i red  by chemical  or enzymat ic  m o d i f i -  

c a t i o n s .  Indeed,  we d id  f i n d ,  in  some cases,  ammonium s u l f a t e  f r a c t i o -  

nated p r e p a r a t i o n s  which showed an e l u t i o n  p r o f i l e  from the po ly  l -  

Sepharose column s h i f t e d  on a lower  i o n i c  s t r e n g t h  r e g i o n .  More 

d rama t i c  was the p r o f i l e  de r i ved  from a p u r i f i e d  f r a c t i o n  o b t a i n e d  

w i t h  pheny l -Sepharose .  Par t  of  the a n t i v i r a l  a c t i v i t y  was no more 

bound to the po l y  I ] i gand  (data not  shown).  We i n f e r  t h i s  as a 

r e s u l t  o f  the d e g r a d a t i o n  of  the p o l y n u c l e o t i d e  a t tachment  s i t e  

d u r i n g  p u r i f i c a t i o n  p rocedure .  Th is  even tua l  m o d i f i c a t i o n  o f  the 

p r o t e i n  mo ie ty  is  under s tudy .  
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The p r o p e r t y  of  b i n d i n g  to p o l y n u c l e o t i d e  cou ld  revea l  a s t r u c t u r a l  

or  f u n c t i o n a l  homology between d i f f e r e n t  c l asses  o f  i n t e r f e r o n s .  

Comparat ive s tudy  performed in  human l e u c o c y t e  i n t e r f e r o n  showed 

t h a t  the a n t i v i r a l  a c t i v i t y  cou ld  be d i s s o c i a t e d  from the p r o p e r t y  

o f  p o l y n u c l e o t i d e  b i n d i n g ,  w h i l e  the spec ies  s p e c i f i c i t y  seemed to 

be c l o s e d l y  r e l a t e d  to the presence or the absence of  the p o l y -  

n u c l e o t i d e  b i n d i n g  s i t e  (Thang et  a l .  u n p u b l i s h e d  d a t a ) .  

The p resen t  s tudy  on the i n t e r a c t i o n  between P H A - i n t e r f e r o n  and 

p o l y i n o s i n i c  ac id  does not  a l l ow  to draw any c o n c l u s i o n  from the  

p o i n t  o f  v iew of  the s t r u c t u r e  and the f u n c t i o n  r e l a t i o n s h i p .  

However, v i r a l  i n t e r f e r o n  (12) as w e l l  as T - i n t e r f e r o n  (13) or  

Type I I  i n t e r f e r o n  (14) d i s p l a y  immune r e g u l a t i o n  p r o p e r t i e s .  One 

cannot  p rec lude  the p o s s i b i l i t y  t h a t  the p o l y n u c l e o t i d e  b i n d i n g  

domain cou ld  be the s i t e  i n t e r a c t i n g  w i t h  a c e l l  r e c e p t o r  f o r  

immune response .  To t h i s  r ega rd ,  one r a i s e s  the q u e s t i o n  whether  

o t h e r  l ymphok ins  produced at  the same t ime t h a t  immune i n t e r f e r o n  

would have a l so  the p o l y n u c l e o t i d e  b i n d i n g  p r o p e r t y .  
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