
It must also be pointed out that oxidation of adrenalin into adrenochrome in membranes 
containing LPP may be the source of errors in the analytical procedure of determination of 
SOD. The velocity of the adrenalirr-adrenochrome reaction in the presence of membrane frag- 
ments will in fact be determined not only by the ability of SOD to catalyze the reaction 
of dismutation of superoxide anion-radicals: 

2 H  + 

O~ + O~ ~ - ~  H202 q- 30~, 
SOD 

but also by conversion of adrenalin into adrenochrome on account of LPP contained in the 
membrane, independent of the superoxide anion-radical. 
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The mechanism of the decrease in sensitivity of the cells of various organs and tissues 
to insulin in diabetes is not yet clear. There is ample evidence to indicate a reduction 
in the binding of insulin with its receptors in some tissues in states characterized by re- 
sistance to endogenous or exogenous insulin [2, 5, 7, 8, i0]. However, insular insufficiency 
may be manifested in the presence of normal or even increased binding of the hormone with 
its specific receptors, and it is probably caused by disturbances of glucose metabolism at 
stages following activation of insulin receptors. The possibility cannot be ruled out that 
the processes responsible for tissue sensitivity to insulin are regulated by ATP, the ef- 
fector component of the plasma membrane, in both normal and resistant states or against 
the background of deficient production of the hormone. It has been suggested that the 
ability of receptors to bind insulin is regulated by phosphorylation of membrane proteins, 
possibly even of the receptors themselves, and that ATP has a modulating influence on the 
binding of insulin, and in that way it affects its biological action [3, 13]. 
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Fig. i. Specific binding 
of 125I-insulin with cy- 
toplasmic membranes of 
liver (A) and muscles (B) 
of control animals (un- 
shaded columns) and rats 
with diabetes (shaded 
columns). Ordinate, % of 
specific binding of 125I- 
insulin. 

1o 
I 
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Fig. 2. Effect of ATP on specific binding 
of 125I-insulin with cytoplasmic membranes 
of liver (A) and muscles (B) of control 
animals (i) and of rats with diabetes (2). 
Abscissa, ATP concentrations (in moles); 
ordinate, % of specific binding of 125I- 
insulin. Unlabeled insulin -- 500 ng/m!, 
labeled insulin -- i00 pg/ml, membrane pro- 
tein concentration 400 ~g/ml. 

In accordance with the facts described above it was decided to study the effect: of ATP 
on the ability of insulin to bind with cytoplasmic membranes of liver and skeletal muscle 
cells of control animals and of rats with streptozotocin diabetes. 

EXPERIMENTAL METHOD 

Experiments were carried out on male rats weighing 140-160 g. Streptozotocin was in- 
jected intraperitoneally into the animals in a dose of 65 mg/kg body weight. Immediately 
before injection, the preparation was dissolved in citrate buffer, pH 4.6. The blood sugar 
of these animals reached 340 • 60 mg% after 2 days. 

Cytoplasmic membranes of control rats and of animals with diabetes were isolated from 
the liver and muscles by the method in [Ii] and kept at --40~ Some of the membranes were 
preincubated with ATP for I0 min at 20~ Solutions of ATP were added to the membranes in 
a volume of 50 ~I in a final concentration of 10 -3 , 10 -6 , or 10 -I= M. Control samples were 
treated with 50 ~i of buffer and were kept under identical conditions. 

Binding of 125I-insulin with its receptors in the tissues was studied by the method 
in [12]. The reaction mixture contained labeled insulin in a dose of 100-500 pg/ml (spe- 
cific activity 180 ~Ci/~g, about 7000 cpm), a suspension of plasma membranes -- 400 ~g pro- 
tein/ml, and nonradioactive insulin -- 500 ng/ml. Each reagent was added in a volume of 
50 ~i in Krebs--Ringer buffer, pH 7.4. The labeled insulin also contained 3% serum albumin. 
The samples were incubated for 60 min at 30~ At the end of incubation the samples were 
centrifuged for 15 min at 1500g and radioactivity was determined in the residue. The re- 
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sults were expressed as percentages of specific binding of labeled insulin, the value of 
which was calculated as the difference between the radioactivity of samples not containing 
insulin and samples aontaining insulin, relative to total radioactivity of the incubation 
medium. 

EXPERIMENTAL RESULTS 

As Fig. i shows, specific binding of labeled insulin with receptors on the cytoplasmic 
membranes of the liver and muscles was increased in animals with streptozotocin diabetes 
compared with the control. This effect was most marked in muscle membranes. Preincubation 
of membranes with ATP did not affect binding of insulin with the liver and muscle receptors 
of control animals (Fig. 2). However, binding of the hormone with the liver receptors of 
rats with diabetes was sharply inhibited by ATP in a concentration of i0 -s M and was main- 
tained at this level by ATP in a concentration of 10 -4 M. Lower concentrations of ATP 
(10 -12 M) had an additional, although weaker, inhibitory action. 

ATP likewise did not affect binding of insulin with muscle receptors of control animals, 
just as was observed in the liver. Preincubation of muscle membranes of rats with diabetes 
with ATP led to a reduction in the specific binding of insulin with receptors, only in the 
presence of low ATP concentrations (I0 -~2 M). 

Increased binding of insulin with plasma membranes from the liver of rats with strep- 
tozotocin diabetes also was observed by Davidson and Kaplan [4], who showed that in diabetes 
the receptor binding capacity is considerably increased, although the affinity of the re- 
ceptors for insulin is not increased. An increase in the number of insulin receptors in 
adipocytes, but no increase in their affinity for the hormone, also was observed in rats 
with streptozotocin diabetes by Masato et al. [9]. They observed no change in the degree of 
association between receptor binding and the glucose transport system, on account of which 
the sensitivity of the adipocytes to insulin was reduced. 

In rats with alloxan diabetes we also observed a twofold increase in insulin binding 
with receptors of hepatic cytoplasmic membranes [i]. Streptozotocin diabetes led to an in- 
crease in binding of insulin in membranes of the liver and, in particular, of the muscles. 
Preincubation of liver and muscle membranes from control animals with ATP for i0 min did 
not disturb receptor binding with the hormone subsequently. However, interaction between 
receptors and insulin was sharply inhibited in both tissues in the membranes of animals 
with diabetes that bound insulin more intensively after preincubation with ATP. Chang and 
Cuatrecasas [3] found no effect of ATP on specific binding of insulin with fat cells of 
intact animals, although under these circumstances ATP inhibited insulin-stimulated glucose 
transport. Inhibition of insulin-stimulated transport of sugars in muscle tissue after 
preincubation under anaerobic conditions was observed by Yu and Gould [13] and Gould [6]. 
Loss of sensitivity to insulin was associated with a decrease in binding of ~51-insulin. 
In this case the ATP reserves in the muscle were exhausted. 

These results may be evidence in support of the view that ATP has a modulating influence 
on the biological action of insulin. The fact that in our observations ATP did not affect 
the binding of insulin with membranes of healthy animals, but inhibited this process in 
membranes of liver and muscle tissue of animals with diabetes, may probably be attributable 
to the presence of heterogeneous receptors in these tissues, and also to the fact that more 
intensive phosphorylation of some membrane proteins or of the group of receptors responsible 
for inhibiting binding of the hormone with some of those receptors, takes place in diabetes. 

Another interesting fact is that inhibition of binding of insulin in muscle tissue 
took place in the presence of ATP concentrations significantly below physiological (10 -12 M). 
In the liver, these same ATP concentrations gave an additional inhibitory effect, although 
maximal inhibition of insulin binding was observed with physiological ATP concentrations 
(10 -3 M). This difference in ATP concentrations inhibiting binding of insulin in liver and 
muscle tissues may also be evidence that binding in these tissues takes place in several 

ATP-dependent stages. 

1. 
2. 
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Much experimental evidence has now been obtained to show that virions of a number of 
influenza viruses contain fractions of low-molecular-weight RNA (ImwRNA) which play an im- 
portant role in virus reproduction processes [3]. In virions of influenza serotype A the 
writers discovered an ImwRNA with sedimentation constant of 4S and studied its priming 
properties in a cell-free reverse transcription system [2]. 

In the investigation described below, a method of molecular hybridization was used to 
study the nature of the ImwRNA fraction and the possibility of its interaction with the 
high-molecular-weight RNA (hmwRNA) of the virions. 

EXPERIMENTAL METHOD 

Accumulation and purification of influenza virus (strain A/Texas/i/77a), extraction of 
RNA from the virions, its electrophoresis in 8% polyacrylamide gel (PAG), and isolation of 
the 4S ImwRNA and hmwRNA fractions were carried out as described previously [2]. By elec- 
trophoresis of RNA in 8% PAG followed by extraction of individual fractions, 4S RNA and 
other forms of ImwRNA, including 4.5S, 5S, and so on, can be clearly separated [i]. The 
4S RNA of the virions which was investigated was thus an electrophoretically pure fraction. 
DNA from chick embryonic skin and muscle tissue cells was isolated by the phenol-detergent 
method, using RNase A (Sigma, USA) and pronase (Ferak, Berlin). RNA was labeled with 125I 
with the aid of chloramine T [4]. The specific activity of the preparations reached 2.105 
cpm/~g RNA. Reassociation of DNA and hybridization of ~25I-4S RNA with a large excess of 
cellular DNA and hmwRNA of the virions was carried out as described in [i0]. Competitive 
hybridization of :=5I-4S RNA with a large excess of cellular DNA in the presence of unlabeled 
4S RNA from chick embryos was carried out in a solution of 0.4 M Na-phosphate buffer, pH 
6.8, containing 40% formamide and 0.2% sodium dodecylsulfate [8] at Cot = 8-10 moles.sec/ 
liter. 

EXPERIMENTAL RESULTS 

It will be clear from Fig. 1 that virion 4S ImwRNA formed duplexes with DNA from chick 
embryonic cells within the range of concentrations of the latter corresponding to Coti/2 = 
8 moles.sec/liter (curve i). Comparison of curves 1 and 3 shows that DNA sequences hy- 
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