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It is now generally accepted that only those nucleic acids and synthetic polyribonucleo- 
tides which are resistant to destruction by the corresponding cell and blood enzymes are 
capable of inducing interferon synthesis, and that double-stranded polyribonucleotides and 
RNA, which have greater resistance, are better inducers [4, ii]. Increasing the resistance 
of inducers by chemical modifications [7] or by complex formation with polycations [i, 9] 
leads to an increase in their interferonogenicity. However, the possibility cannot be ruled 
out that chemical modifications of inducers, besides increasing resistance to enzymic de- 
struction, may also alter some of their other properties, and the increase in inducing activ- 
ity may take place not entirely on account of the increase in resistance. 

In the present writers' opinion, to answer the question whether the increase in resis- 
tance of inducers to enzymic destruction is responsible for the increase in their interferon- 
inducing capacity, it is essential to obtain and make a comparative study of complexes of the 
same inducer with polycations, in which all known parameters required of substances as inter- 
feron inducers, other than resistance, were left unchanged. 

In the investigation described below insoluble complexes of poly(I)'poly(C) with histones 
from calf thymus and with poly-L-lysine, containing different quantities of the latter and 
free from contamination with the free polycations mentioned above, were obtained and their 
melting point, resistance to nucleases and serum enzymes, and their ability to undergo adsorp- 
tion on cells were studied and compared with their interferon-inducing activity. 

EXPERIMENTAL METHOD 

Complexes of poly(I)'poly(C) with histones from calf thymus and with poly-L-lysine were 
prepared by the method described previously for nucleohistones [3]. The insoluble complexes 
thus formed were repeatedly washed with 0.02M Tris-HCl buffer, pH 7.4, with 0.15 M NaCI, and 
their protein [i0] and RNA [5] content was determined, using standard curves appropriate for 
the components to be determined. 

Interferon-inducing activity of the insoluble complexes was tested on noninbred mice 
after intravenous and intraperitoneal injection of the preparations in~ dose of i00 ~g/mouse 
and in a volume of 0.2 ml. Blood was collected from the subclavian vein at the ~me neces- 
sitated by the experimental conditions. Interferon was titrated on 3-day cultures of L929 
cells, using encephalomyocarditis virus. Adsorption of poly(I)'poly(C) and its insoluble 
complexes was determined on sandwich cultures of L9=9 cells, repeatedly washed with Hanks' 
solution. The materials for testing were added at the rate of 20 ~g poly(I)'poly(C), alone 
or in complex form, to 5 x 104 cells. Adsorption continued for 1 h at 37=C, after which the 
unadsorbed material was collected (by washing off with Hanks' solution) and the content of 
poly(I).poly(C) and protein was determined in it. Liquid with control cells after appropriate 
treatment, was used as the control. 

The action of pancreatic ribonuclease and blood serum enzymes on poly(I)'poly(C) and its 
insoluble complexes was determined as follows: 200 ~g poly(I)'poly(C), free or in complex 
form, in 0.05 M Tris-HCl buffer, pH 7.5, containing 0.15 M NaCI was mixed in an ice bath 
either with human or mouse serum (0.2 ml per sample) or with a solution (~n the same huffer) 
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Fig. i. Action of pancreatic ribonuclease on poly(I)" 
poly(C) and its complexes with histones (I) and poly- 
L-lysine (II). Abscissa, incubation time (in h); ordi- 
nate, E26o of material not precipitated by uranyl ace- 
tate. i) Poly(1)'poly (C); 2-5) complexes with the 
polycation and polyribonucleotide in the ratio of 0.75/ 
1-1.5/1 and 2.5/1 and 3/1 respectively. 
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Fig. 2. Action of human serum enzymes on poly(I).poly- 
(C) and its complexes with histones (1) and with poly- 
L-lysine (II). Legend as to Fig. i. 

of pancreatic ribonuclease (20 ~g per sample), the samples were made up with the same buffer 
to a volume of 2 ml, and incubated at 37~ for the time required by the experimental condi- 
tions, after which they were transferred back to the ice bath and to each sample 0.4 ml of 
0.25% solution of uranyl acetate in 25% HCI04 was added. After 15 min the samples were cen- 
trifuged, l-ml samples of the transparent supernatant were taken and made up with distilled 
water to 3 ml, and the optical density of the solution was measured at a wavelength of 260 
nm. A correction was made to the results, taking into account the results obtained with con- 
trol samples to determine spontaneous breakdown of the preparations (+ all the components 
except the enzyme, which was added after the reaction had been stopped with uranyl acetate). 
The melting point (Tm) of poly(1)'poly(C) and of its complexes with histones was determined 
in 0.01 M cacodylate buffer, pH 7.0, with 0.15 M NaCI. 

EXPERIMENTAL RESULTS 

The study of the resistance of the insoluble complexes of poly(I)'poly(C) with histones 
from calf thymus and with poly-L-lysine thus obtained to the action of pancreatic ribonuclease 
and human blood serum hydrolases showed that the polyribonucleotide was mQre resistant in com- 
plex form than native poly(I).poly(C) (Figs. 1 and 2). The experiments showed than an increase 
in the content of polycations in the complexes led to an increase in their stability. It was 
also found that complexes with poly-L-lysine were more resistant than complexes containing 
various quantities of histones. Neither poly(I)'poly(C) nor its complexes were hydrolyzed 
in the presence of mouse serum. The study of the action of pancreatic ribonuclease on poly(I)" 
poly(C); 2-5) complexes of mouse serum revealed no inhibitory factors in the latter: In 
this variant of the experiment the degree of destruction of the polyribonucleotide likewise 
did not differ from that in samples containing pancreatic ribonuclease alone. 

T m was studied by the use of soluble comPlexes of poly(I)'poly(C) with histones obtained 
with ratios of histones tO poly(I)'poly(C) of i/i and 20/1 in the original incubation mixture. 
Insoluble complexes could not be used to determine T m because of their rapid sedimentation. 
T m for poly(1)'poly(C) was found to be 63-64~ T m of the complex obtained with the ratio i/I 
was 75~ and T m of the complex obrained with the ratio 20/1 was 88-89~ 
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Fig. 3. Adsorbability of poly(1)'poly(C) and its insol- 
uble complexes with histones and with poly-L-lysine on 
L929 cells. Abscissa: i) poly(1)'poly(C); 2-4) his- 
tone--poly(1) poly(C) complexes with ratio of 0.75/1, 
1.5/1, and 3/1 respectively; 5, 6) poly-L-lysine--poly- 
(1)'poly(C) complexes with ratio of 0.75/1 and 3/i 
respectively. Ordinate, quantity of adsorbed poly(1), 
poly(C) (in % of quantity added). 

TABLE i. Dynamics of Serum Interferon Synthesis after Intravenous Injection of Poly- 
(1).Poly(C) and Its Complexes with Poly-L-lysine and Histones from Calf Thymus into 
Mice 

Inducer 

Poly(I)" pol2(C) 
Historic 7-poly(I) " poly(C) 

complex 
Poly -L-lysine - pbly(I)" poly(C) 

complex 

Ratio between 
components 

0,75/1 
3/1 

0,75/1 
3/1 

Interferon titer (in Units /ml)  in mouse serum at different 
t imes after in jec t ion of 

2h 4h 

4096 8192 
3072 4096 
512 1024 

4096 4096 
256 1024 

ndueer 

8 h 24 h 

2048 128 
2048 192 

128 64 
4096 256 
2048 128 

48h 

<4 
< 4  
< 4  
< 4  
< 4  

Lesend. Here and in Table 2 inducers were injected in a volume of 0.2 ml at the 
ratio of i00 ~g poly(1)'poly(C) (free or in complex form) per mouse; w/w ratios of 
protein to polyribonucleotide in complexes are shown. 

TABLE 2. Dynamics of Serum Interferon Synthesis after Intraperitoneal Injection of 
Poly(1)'Poly(C) and its Complexes with Poly-L-lysine and Histones from Calf Thymus 
into Mice 

Inducer 

Poly(I)" poly(C) 
His tone-poly(I)"  poly(C) 

complex 

Poly-L- lys ine-poly(I )"  
poly(C) complex 

Ratio oetweeJ~ 
components 

0,5/1 
0,75/1 

1,5/I 
3/1 
6/1 

0,5/1 
0,75/l 

1,5/1 
3/i 

Interferon ti ter (in Uni t s /ml)  in mouse serum at different t imes after 
in ject ion of inducer 

16 h 

640 
768 
768 
192 
192 
544 

1280 
5120 

640 
192 

24il 

80 
80 

144 
40 
72 

144 
1152 
2175 

288 
192 

48 h 

< 4  
<4 
<4 
<4 
48 
I0 

<4 
<4 

8 
68 

4 h  8h 

1280 4608 
2304 4350 
2304 4352 

576 2162 
96 576 
48 288 

2304 9024 
4608 9024 

288 2304 
48 384 

72h 

<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 

The study of adsorption of poly(1),poly(C) and its insoluble complexes with histones and 
poly-L-lysine on L929 cells showed that under the experimental conditions up to 10% of the 
poly(1)'poly(C) was adsorbed (Fig. 3). The adsorbability of the complexes was greater than 
that of the poly(1)'poly(C) alone and it increased with an increase in the polycation content 
in the complexes. 

Investigation of interferon-inducing activity of the substances studied in experiments 
on mice showed that histone--poly(1)'poly(C) complexes, with ratios of 0.5/1 and 0.75/1 be- 
tween their components, were just as effective as poly(1)'poly(C) alone both by intravenous 
and by intraperitoneal injection. An increase in the histone content in the complexes led to 
a decrease in their interferon-inducing ability. Similar results also were obtained in ex- 
periments with poly-L-lysine-poly(1)'poly(C) complexes, except that, when injected intraperi- 
toneally, complexes with a ratio of 0.5/1 or 0.75/1 between their components were more effec- 
tive than native poly(1)'poly(C) (Tables land 2). 
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In the experiments with poly(I)'poly(C) and its insoluble complexes with histones and 
with poly-L-lysine described above, of the conditions required by synthetic polyribonucleo- 
tides as inducers of interferon synthesis [2, 4, ii], resistance to nucleases and T m were 
changed (increased), whereas all the other parameters remained unchanged. According to data 
in the literature, these changes in the inducers ought to have increased its interferon- 
inducing activity. However, only complexes characterized by a low poly-L-lysine content pos- 
sessed, besides increased resistance to nuclease action, higher interferon-inducing ability 
when injected intraperitoneally. 

Together with data in the literature on the necessity for resistance of an inducer of 
polyanionic character to enzymic destruction in the cells and in the body as a whole for mani- 
festations of interferon-inducing ability [2, 4, ii], and also that not every increase in 
resistance of the inducer is accompanied by an increase in interferon-inducing ability [6-8], 
leads to the conclusion that resistance to destruction is, although essential, not a property 
which determines the effectiveness of the polyanions as an inducer of interferon synthesis. 
The decisive factor which renders a polyribonucleotide (or polyanion) resistant to destruc- 
tion by enzyme systems of the cells and of the body as a whole is a porperty which is modi- 
fied through binding of the inducer with the polycations. It can be tentatively suggested 
that one such property, determin&ng the interferon-inducing ability of the polycation, is its 
"specific capacity," taking the term "capacity" to mean the total quantity of proteins which 
is bound by the inducer under the given conditions. Preliminary loading of poly(I)'poly(C) 
with polycations reduces its charge and, consequently, its "capacity," and this reduces its 
interferon-inducing effectiveness, despite the increase in its resistance to destruction by 
the corresponding enzymes, the increase of Tm, and increased adsorbability on cells. 
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