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SUMMARY 

Translation inhibition, leu-tRNA aminoacylation and double-stranded RNA 
and ATP dependent phosphorylation were examined in interferon-treated and 
control cell-free lysates of leukaemic mouse L 121o R and L I2IO S cells. No differ- 
ences were observed between the respective interferon-treated and control cell-free 
extracts, except for the presence of  an enhanced 67 K dalton phosphoprotein 
fraction in interferon-treated L 12m S cell-free extracts. In non-responding cell- 
free lysates, the lack of stimulation of a 67 K dalton phosphoprotein fraction 
cannot be explained by the presence of an increased level of some inhibitory 
activity, such as a phosphatase. 

In cell-free extracts of  interferon treated cultures, numerous alterations in metabolic 
activity have been observed, such as translation inhibition (Falcoff et al. 1972; Friedman 
et  al. I972; Gupta et  al. I974b; Samuel & Joklik, I974), deficiency in aminoacyl tRNA 
species (Content et  al. 1974; Gupta et  aL I974a), inhibition of mRNA methylation (Sen 
et  al. 1975), activation of a dsRNA dependent endoribonuclease (Sen et  al. I976a), an 
increase in sensitivity of mRNA translation to inhibition by dsRNA (Kerr et al. I974) and 
an increase in the phosphorylation of discrete protein fractions (Lebleu et al. 1976; Roberts 
et  al. 1976; W6renne & Rousseau, 1976; Zilberstein et al. 1976). We have examined trans- 
lation inhibition, leu-tRNA aminoacylation and specific protein phosphorylation in cell 
free lysates from Ehrlich ascites tumour (EAT) cells and leukaemic mouse L 12Io R and 
L I2IO S cells (Gresser et  al. I97O, 1974). L I2IO cells, R and S type, (Gresser et al. 197o, 
1974) were grown in suspension in RPMI 164o medium, supplemented with IO% (v/v) 
foetal calf serum (GIBCO) and gentamycin (50 mg/l). EAT cells were maintained in MEM 
suspension medium, supplemented with IO % (v/v) foetal calf serum (GIBCO) and genta- 
mycin (50 rag/l). At a cell density of approx. 2 x Io n cells/ml, cultures of L 121o R and 
L 121 o S cells were divided and one part was treated with I oo units/ml of partially purified 
mouse interferon (2.8 x lO 5 NIH units/mg of protein) for 18 to 24 h. EAT cell cultures were 
treated in the same way, but the split was made at a cell density of o'3 x io G cells/ml. 

Interferon treatment of EAT and L I2ro S cells resulted in a more than 99"9 % inhibition 
of vesicular stomatitis virus growth after infection of the cultures at a multiplicity of o. I 
(Falcoff et al. 1972); with L 12 lO R cells, no reduction of the yield was observed. The same 
dose of interferon (too units/ml) reduced the growth rate of L 12IO S and EAT cells by 
25 % and 33 % respectively, whereas the growth rate of L I2IO R cells was unaffected. These 
observations are in agreement with the findings of Gresser et al. (197o, I974). Translation 
inhibition of exogenous added mRNA and endogenous leu-tRNA aminoacylation was 
followed in pre-incubated cell-free extracts (Falcoff et al. 1972) of interferon-treated and 
control EAT and L 121 o cells. As shown by others (Falcoff et al. 1972; Friedman et al. 1972; 
Gupta et al. 1974a, Samuel & Joklik, 1974), globin mRNA translation is reduced in extracts 
from interferon-treated EAT cells; in our study up to 55% inhibition was obtained. Our 
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Fig. I. (a) Effects of dsRNA concentration on the phosphorylation of a 67K dalton protein in 
interferon-treated and control cell-free lysates of L I2IO R and L I2IO S cells. Different lysates 
were tested for protein phosphorylation activity. Reactions were carried out in a vol. of o'oI 5 ml; 
dsRNA was added in different amounts (from o to 20480 ng/ml) together with o'5 mM-(Y-8~P)-ATP 
(800 mCi/mmol) and o'25 A~0 unit of each lysate. Incubation was for I5 rain at 30 °C. Ten /d  of 
the in vitro reaction products were subjected to PAGE on IO % (w/v) polyacrylamide gels for 6 h at 
80 V, stained with Coomassie brilliant blue, dried and autoradiographed. Radioactive fractions of 
67K daltons were cut out from the dried gel and the radioactivity determined in a liquid scintil- 
lation counter after addition of 5 ml toluene based scintillation fluid. The radioactivity obtained in 
each 67K dalton fraction was plotted against the tested dsRNA concentration. Interferon treatment 
was as described in the text. G - - - G ,  Cell-free extract of interferon-treated L I2iO S cells; Q - - - O ,  
cell-free extract of control L 12 Io S cells; (3 ..... (3, cell-free extract of interferon-treated L i z Io R 
cells; • ..... • ,  cell-free extract of control L i2IO R cells. (b) Autoradiograms of protein phospho- 
rylation patterns obtained in the different cell-free lysates. Ten/~1 samples of the in vitro reaction 
products were loaded on IO % (w/v) polyacrylamide slab gels, run for 6 h at 8o V, stained, dried 
and submitted to autoradiography. Slot I, z: cell-free lysate of control L ~ 21 o R cells; slot 3, 4: cell- 
free lysate of interferon-treated L I2IO R cells; slot 5, 6: cell-free lysate of control L I2IO S cells; 
slot 7, 8: cell-free lysate of interferon-treated L I2IO S cells. In slots 2, 3, 5, 7, no dsRNA was added 
to the reaction mixture; in slots 2, 4, 6, 8, dsRNA concentration in the reaction mixture was 256o 
ng/ml. The arrow indicates the position of the 67K dalton phosphoprotein fiaction synthesized in 
the different cell-free lysates. Mol. wt. markers, bovine serum albumin (BSA) mol. wt. 68K, oval- 
bumin (OA) mol. wt. 45K and asparaginase (ASP) mol. wt. 33K, are indicated at their respective 
positions in the gel. 
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a t t e m p t s  to  r e p r o d u c e  this  p h e n o m e n o n  in p r e - i n c u b a t e d  ex t rac ts  f r o m  L I2IO R and  

L 12Io  S cells h a v e  b e e n  unsuccess fu l :  less t h a n  1 %  inh ib i t i on  was  o b t a i n e d  in i n t e r f e ron -  

t r ea ted  cel l -free ext rac ts .  I t  shou ld  be  no t iced ,  however ,  t ha t  these  ext rac ts  a re  less efficient  

in the i r  capac i ty  to  t r ans la te  a d d e d  g lob in  m R N A :  L I2 iO R and  L IZIO S cel l -free ext rac ts  

i n c o r p o r a t e  o n l y  4 ° % and  33 % o f  the  r a d i o a c t i v i t y  o b t a i n e d  wi th  cel l -free ex t rac t s  o f  

con t ro l  E A T  cells. 
Sen et al. (1976 b) s h o w e d  tha t  t R N A  c h a r g i n g  capac i ty  was  i m p a i r e d  in i n t e r f e r o n - t r e a t e d  

p r e - i n c u b a t e d  cel l -free ext rac ts  o f  E A T  cells, especia l ly  fo r  e n d o g e n o u s  leu-,  lys- and  ser- 

t R N A  species. T a k i n g  a d v a n t a g e  o f  this s tudy,  we dec ided  to  e x a m i n e  the  effect o f  i n t e r f e ron  

t r e a t m e n t  o n  a m i n o a c y l a t i o n  o f  e n d o g e n o u s  l e u - t R N A  in the  L I2IO S cel l -free lysate  c o m -  

p a r e d  w i t h  the  E A T  cell-free ext rac t .  In  the  la t te r  cel l -free lysate,  i n t e r f e ron  t r e a t m e n t  
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T a b l e  1. dsRNA and ATP-dependent phosphorylation of  a 67K dalton protein fraction in cell- 
free extracts of  interferon-treated and control L z2Io R and L I2zo S cells and in mixtures of  
varying proportions 

Amount 
of 

cell-free 
lysate Amount of active lysate 
in test L I2~osS30 added (#1) 

Cell-free sample ~ 
lysate tested (#1) None 2'5 7"5 

L 12IORS3oC0"~ I0 42~ - -  - -  
7"5 - -  68 - -  
2.  5 - -  _ _  2 7 0  

L 12IO/~S3oint Io 67 - -  - -  
7"5 - -  85 - -  
2'5 - -  - -  297 

L 12108S30c0  IO 67 - -  - -  
7.5 - -  94 - -  
2"5 - -  - -  2 9 5  

L I2IOSS~oint to 358 - -  - -  

(,7)* 

(b)§ 
L r2Io~Saoco 211 44 I14 237 

6 8 8  - -  - -  

L 1 2 I o ~ S a o i n t  2 5 2  I 2 2  2 3 5  

6 i i  7 - -  - -  

L I2108S~oC0 2 51 IO6  2 6 9  

6 IO8 - -  - -  

L I 2 I o S S z o i n t  2 1 1 6  - -  - -  

6 250 - -  - -  

* 2"5/zl and 7"5 #l cell-free lysate of interferon-treated L I2IO S cells were mixed with 7"5/zl and 2- 5 ~ I  

respectively of the other lysates and assayed for ATP and dsRNA dependent protein phosphorytation; Io/zl 
of each lysate was assayed separately: in one series no dsRNA was added, in a second series dsRNA con- 
centration was I60 ng/ml. The reaction products were subjected to PAGE and further analysed as outlined 
in Fig. I (a). 

t L I2IogSz0co: cell-free extract of control L I210 R cells; L I2IOgS30int: cell-free extract of interferon- 
treated L I2IO R cells; L I2IoSSa0co: cell-free extract of control L ]2to S cells; L I2IOSSa0int: cell-free 
extract of interferon-treated L iz Io  S cells. 

:~ Figures given in the table are net counts: c t /min (6710 = ct /min ( 6 7 K ) + a ~ a - c t / m i n  (67K)-d~NA. 
§ Samples of each lysate and mixtures of varying proportions were tested under conditions of phosphory- 

lation at a saturating amount of dsRNA (128o ng/ml) see (Figure I a). Ten #1 samples of the in vitro reaction 
were subjected to PAGE and further analysed as described in Fgire I (a). 

II Counts (a2p ct/min) are not corrected for background activity, 

p r o v o k e d  a 45 % r e d u c t i o n  o f  the  l e u - t R N A  c h a r g i n g  capaci ty ,  whe rea s  no  c h a n g e  was  

n o t e d  in the  i n t e r f e r o n - t r e a t e d  p r e - i n c u b a t e d  cel l -free ex t rac t  o f  L IZIO S cells, c o m p a r e d  

w i t h  its con t ro l  cel l -free lysate.  

P h o s p h o r y l a t i o n  o f  specific p ro t e in  f r ac t ions  in i n t e r f e ron - t r ea t ed  cel l -free ext rac ts  d u e  to  

the  ac t i va t i on  o f  an  A T P  and  d s R N A  d e p e n d e n t  p r o t e i n  k inase  has  b e e n  well  d o c u m e n t e d  

(Leb leu  et al. I976 ;  R o b e r t s  et al. I976 ;  W 6 r e n n e  & R o u s s e a u ,  I976 ;  Z i lbe r s t e in  et al. 
I976).  I t  was  o f  in te res t  to  k n o w  w h e t h e r  a c o r r e l a t i o n  exis ted be tween  the  d s R N A  depend-  

en t  p h o s p h o r y l a t i o n  o f  a 6 7 K  d a l t o n  p ro t e in  and  the  sensi t iv i ty  o f  L ~2to cells to in te r fe ron .  

Cel l  f ree  ex t rac ts  were  p r e p a r e d  f r o m  i n t e r f e r o n - t r e a t e d  a n d  con t ro l  L 121o R and  L I2 IOS  

cells. T w o  x Io  ~ cells were  spun  down ,  w a s h e d  in buffer  A (35 mM-Hepes ,  p H  7 '5 ;  146 

mM-NaC1;  I2  raM-glucose),  s u s p e n d e d  in o '5  ml  buffer  B (25 mM-Hepes ,  p H  7"5: 8o mM- 
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KC1; 4 mM-Mg(OAc)~; 6 mM-2-mercaptoethanol) containing o'4% (v/v) of Nonidet 
P4o (Shell Co.) and lysed during I5 min at o °C. The cell-free lysate was spun down (2 x z 
rain) at 96oo g in an Eppendorf minicentrifuge and the supernatant fraction passed over a 
Sephadex G25 column, equilibrated in buffer B. Samples of the eluent were tested for pro- 
tein phosphorylation or stored in liquid nitrogen until used. 

Protein phosphorylation in crude extracts was performed as described previously (Lebleu 
et al. I976), except that (V-~2P)-ATP concentration was adjusted to o'5 mM and 8oo 
mCi/mmol.  The dsRNA added was that of P. chrysogenum mycophage; incubation was for 
r 5 min at 3 ° °C. Samples of the in vitro reaction product were subjected to PAGE described 
by Zilberstein et al. I976, through a slab gel containing Io% (w/v) polyacrylamide 
for 6 h at 8o V. Radioactive fractions, corresponding to 67K dalton, were cut out of 
the dried gel using the autoradiogram as a guide and counted in a liquid scintillation counter. 

Preliminary experiments with different concentrations of dsRNA indicated that in cell 
free extracts of interferon-treated L IzIO S cells, a 67K dalton phosphoprotein fraction was 
increased and the amount produced depended on the concentration of dsRNA added. 
This test was repeated with the four different cell free lysates: increasing concentrations of 
dsRNA (from o to 2o48o ng/ml) were added to the reaction mixtures and the extent of 
phosphorylation measured (Fig. r a). Page analysis indicates that in all cell-free lysates, 
a 67K dalton phosphoprotein is already present without addition of dsRNA, but a good 
response to dsRNA is only observed in the cell-free extract of interferon-treated L IzIO S 
cells. A maximal amount of 67K dalton phosphoprotein is formed for 25oo ng/ml of 
dsRNA added (Fig. I a, b). Stimulation by dsRNA of a 67K dalton phosphoprotein in the 
other lysates remains low, even at high concentrations of dsRNA (Fig. I a). Low levels of 
67K dalton phosphoprotein formed in non-responding cell-free lysates, could be a result of 
enhanced phosphatase activity antagonizing the protein kinase activity. Such a mechanism 
was proposed by Revel et al. 0977) to explain the role of dsRNA, stimulating overall phos- 
phorylation by inhibition of a phosphatase action that would otherwise degrade newly 
synthesized phosphoprotein. This hypothesis was tested indirectly (no phosphatase activity 
measurements were made) by mixing active and non active cell-free lysates in different 
amounts under conditions of protein phosphorylation. In one series no dsRNA was added, 
in a second series dsRNA concentration was I6O ng/ml, which means a non saturating 
level (see Fig. r a). Table I (a) illustrates the net amount of 67 K dalton phosphoprotein 
formed under different conditions tested: net c t /min (67 K) = ct /min (67K)+~A--  
(67K)_a~A. The extent of 67K dalton protein phosphorylation is proportional to the 
amount of cell free lysate of interferon-treated L I 2 IOS cells present in any reaction mixture. 

Addition of any other cell free lysate leads to a decrease in the level of 67K dalton phos- 
phoprotein produced, as expected by the dilution factor only, but does not inhibit its 
formation. With mixtures of varying proportions, similar results are obtained. 

To rule out a possible redistribution of dsRNA between the reaction components, phos- 
phorylation reactions were performed at a saturating amount of dsRNA (I28o ng/ml) 
with active and non-active lysates. These confirmed the stated observations: the amount of 
67K dalton phosphoprotein fraction obtained is a simple sum of separate activities present 
in each lysate (Table I b). Consequently, phosphorylation of a 67 K dalton protein fraction 
in non-active lysates does not seem to be stimulated by the addition of protein kinase con- 
taining cell-free lysate of interferon-treated L I2 ~o S cells. 

In pre-incubated cell-free extracts of interferon-treated L Izio S cells, leu-tRNA amino- 
acylation is unaltered and exogenous mRNA translation shows no inhibition, compared 
with its control extract. The latter observation agrees with the statement made in studies 
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with interferon-treated cell-free lysates of mouse cells (Kerr et al. 1974) and recently in 
extracts from HeLa  cells treated with human fibroblast interferon (Shaila et al. 1977). In 
these cases, as in that presented here, specific biological and biochemical phenomena 
ascribed to interferon action are found, but translation inhibition of exogenous added m R N A  
in interferon-treated cell-free lysates cannot be detected. This would mean that the in vitro 
observed inhibition of m R N A  translation is not directly linked to interferon in vivo action 
or, in certain cell types, is only expressed when cells are infected before interferon treatment, 
or requires addition of dsRNA in vitro (Kerr et al. 1974). 

Alteration in the pattern of  phosphorylated proteins in interferon-treated cell-free extracts 
is a sensitive indicator of  interferon action (Roberts et al. I976; Lebleu et al. I976; Zilber- 
stein et al. 1976; W6renne & Rousseau, I976). In cell-free extracts of  interferon-treated 
L 121o S cells, a 67 K dalton phosphoprotein is enhanced and the extent of  its increase 
depends on the amount  of dsRNA added to the reaction mixture. The curve shape that is 
obtained with the different lysates after phosphorylation as described in Fig. I (a) and the 
results from the mixing experiments (Table I a) do not indicate that the cell free lysates 
contain different levels of  phosphatase activity. Resistance to interferon treatment in 
L 121o R cells, is not a consequence of an increased phosphatase content in these lysates. In 
any case, the reaction mechanism that leads to the formation of a 67K dalton phospho- 
protein in cell-free lysates of  L I21o cells, depends on three characteristics: sensitivity to 
interferon, interferon treatment and addition of dsRNA. In contrast to the findings of  
several authors (Lebleu et al. I976; Roberts et al. 1976; Zilberstein et al. i976) we did 
not find other increased phosphoprotein fractions in cell-free extracts of  interferon-treated 
L I21O cells. 
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