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A hypothetic mechanism of the external effect of viruses, synthetic polyaniones, double-stranded RNAs,
and synthetic double-stranded polyribonucieotides upon a cell is explained. This effect is known to be
followed by the a/B-IFN induction. Double-stranded RNAs and polynucleotides inducing such process are
thought to change their conformation in an outer ionic perimembrane layer of cells and to induce the
specific local deformation of cell membranes giving a signal for the a/B-IFN induction. In the case cf
viruses such a membrane deformation appears on the stage of virus penetration into the cell The a/f-IFN
inducers of intercalating nature are proposed to cause the interferonogenesis in vivo forming complexes
with exogenic RNA molecules and stabilizing their double-stranded sites with a partial complementarity.

The synthesis of interferons (IFNs) as well as of
many other cytokines is regulated by induction, i. e.
by the extracellular IFN genes activation [l1]. The
data concerning the a/f-IFNs confitm their activation
both by viruses and by a lot of different high and low
molecular weight compounds, The IFN-inductive ef-
fect of natural double-stranded RNAs (dsRNAs) and
of synthetic polynucleotides has been studied in detail
[1—4]. However, the earliest IFN-inducing stage as
well as some initial inducer-cell interactions and the
role of such inoteractions for the signal transfer
followed by the gene expression have not been yet
completely investigated.

Almost all the hypotheses describing the IFN
induction mechanism by dsRNAs and synthetic poly-
nucleotides are based on the presumption the dsRNA-
directed induction process to be completely due to
some intracellular events [2, 4]. The main argument
permitting to propose such a presumption is the fact
that the polyribonucleotides having been interacted
with the cell penetrate later inmto it, so these com-
pounds are with no doubt to influence the regulation
of intracellular processes. Besides, the dsRNAs are
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thought to participate in the IFN induction because
they are known to be able to bind some specific
proteins — IFN-induced protein kinase and 2',5'-
oligoadenylatesynthetase — and to change their func-
tional properties [5]. The same presumption is tho-
ught to be right for the cases of virus-indnced IFN
synthesis, the stage of dsRNAs formation able to
induce such synthesis having place during repro-
duction cycles of both DNA- and RNA-containing
viruses [2, 61 The IFN-inducing effect of low mole-
cular weight compounds has been never postulated to
be a result of the dsRNAs effect. The mechanism of
the IFN induction by tilorone-HCI and its derivatives
as well as by some other intercalating IFN inducers
is believed to be due to their direct interaction with
cell genome [3).

The theory postulating the polynucleotide penet-
ration into the cell as a necessary step of the IFN
induction has.not been accepted by all the authors.
An alternative point of view has been proposed
concerning the importance of polynucleotide inter-
actions with the outer cell membrane for the IFN
induction. Such an opinion is based, first of all, on
the experimental data with a poly (I)-poly (C)-complex
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immobilized on an insoluble carrier. This complex
unable to penetrate into the cell has been, however,
detected to induce the IFN synthesis [7, 8]. Besides,
a high quantity of the native and active poly(D)-
poly{C)-complex has been isolated from cell mem-
branes following cellular IFN synthesis [9].

In the cases of the virus-induced IFN synthesis
there is also a pool of experimental data which cannot
be interpreted from the point of view based on the
crucial role of intracellular dsRNA siructures as
conductors of the induction signal. Some purified
virus envelope proteins have been shown to induce the
IFN syathesis [10, 11]. Simultaneocusly, the activity
of the Newcastle disease virus inducing the IFN
synthesis has been detected to be as sensitive to the
guanidine, urea, 2-mercaptoethanol, and heat treat-
ment as the virus infectivity. However, both the
UV-irradiation and the nitrous acid treatment inac-
tivating the viral RNA cause the exponential virus
infectivity loss accompanied with the decrease of the
INF-inducing activity according to the two-phase
kinetics [12]. Finally, sometimes there is no corre-
lation between the virus RNA replication and the I[FN
synthesis.

I am not going to reject the opinion concernming
the important role of the intracellular dsSRNA taking
part in the developing of the signal for the IFN
_ synthesis. However, I think that another process
taking place during the primary inducer-cell inter-
actions participates also in this signal development;
this process is a specific local deformation of the cell
outer membrane followed by a series of molecular
events.

‘The primary nucleic acid-cell interaction is due
tothe nucleic acid binding by specific cell receptors.
The existence of such presumably protein receptors
on the cell surface was earlier postulated [13] Later
mucleic acids receptors were isolated and purified,
they were also confirmed to be proteins [14—16].
According to the general receptors function, the next
post-binding stage is the' active transfer of the re-
ceptor-nucleic acid complex into the cell; it shonld be
noted this process to be accompanied by the specific
deformation of the membrane areas where the com-
plex formation and transfer had earlier taken place.

So it should be expected the polynucleotides
binding by the cell receptors to result the analogue or
similar result. According to our up-to-date models,
the cell membranes have on their surface an outer
perimembrane layer as .thick as 10—15 um [14,
17} — glyocalyx functioning as a cellular cation ex-
changer. The glyocalyx structure presenting a specific
giant «polyanions is formed by the carboxylic groups
of N-acetylpeuraminic acid as well as by ionized
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phosphate groups residues and protein amino groups
residues [18]. This polyanion participates in a lot of
metabolic processes accompanied by the dynamic
absorption of cations transferred from and into the
cell through the cell pores determining the electric
potential of the plasmatic membrane surface [18, 19].
The dsRNAs effect on the cell (as well as the effect
of symthetic polyionic IFN inducers including poly-
carboxylates, polysulphates, and polyphosphates [20]
taking place without any receptor-mediated binding)
is thought to be accompanied by moderate cationic
gradients changes followed by cooperative transitions
in membranes. The next additional binding of cations
leads to the shortening of outer membrane areas
causing (due to mutual cations’ repulsion) the for-
mation of the external fluctuating mosaic structure. As
a result of new factors action some fluctuating holes
may also appear on the inner membrane surface, such
a phenomenon having been well described in scientific
literature [21].

At first sight such a process seems to be inde-
pendent on the quantity of strands of the IFN-
inducing polynucleotide as well as on the nature of its
sugar residue. Such an opinion, however, is in con-
tradiction to the well-known fact concerning the
IFN-inducing polynucleotides structure; without any
doubt they are found to contain ribose in their
phosphate-sugar chains and to be double-stranded
molecules [4]. I think the specificity of the IFN-
induction by double-stranded polyribonucleotides
may be due to their conformational properties and
their molecular electrosiatic potentials {22].

Finally, there is also another probable hypo-
thetical mechanism causing the cell membrane defor-
mation following its interaction with dsRNA mole-
cules. The double-stranded polyribonucleotides gre
known to keep the so-called A-copformation having J1
base pairs per a helix step as well as the A'-
conformation with 12 base pairs per a helix step. The
first conformation is usually found in solutioms of
physiological pH and ionic strength values. The
increased salt concentrations cause the polyribomue-
leotide transition to the A'-conformation [2]. Such an
A-A’'-trapsition having place in any double-stranded -
polyribonucleotide bound by more than one receptor,
the following decrease of the contour length of
double-stranded sequences should cause the specific
cell membrane deformation in the binding area. My
opinmion is that the possibility of the mentioned
conformational transition may be due 1o the glyocalyx
ionic environment. .

An indirect proof permitting to suppose the
existence of this last mechanism is the fact that the
IFN-inducing polyribonucleotides lose almost always
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their induction properties after their ribose component
modifications; this component is mostly responsible
for their conformation. Such a conclusion is a result
of data the analysis concerning a lot of double-
stranded polyribonucleotides modified in different
positions [4]. Taking this analysis into consideration
we are now able to understand the inability of DNA
molecules as well as of double-stranded deoxyribo-
nucleotides and DNA-RNA-copolymers to cause the
IFN induction [4]); due to conformational hindrances
they are all unable to be IFN inducers as they do not
possess any A-conformation at physiological ionic
strength values [23 ]

All the nucleotides being IFN inducers — native
dsRNAs as well as synthetic homo- and hetero-
polymers — meet the case concerning the inducers

structure (they are all double-stranded and ribose-,

containing); however, different compounds belonging
to this group of substances are of different IFN
induction ability, the poly(I)-poly(C)-complex pos-
sessing the best ome [4). The differences between a
lot of synthetic polynucleotides are explained as a
result of different length of their monomeric chains in
the reaction medinm; the chains are able also to
interact forming some partially double-stranded sequ-
ences simultaneously in several points. The complexes
obtained are not strictly double-stranded along all
their strands; they contain double-stranded regions of
different lengths interrupted by branching regions,
loops, and perhaps also by some one-stranded regions
as well as by contacts with some neighbour poly-
nucleotide chains [24 }.-All these interactions lead to
the formation of the reticulate «tertiary structures of
polynucleotide complex molecules. Such a structure is
a well-known one for natural dsRNAs. There is an
opinion {25] the IFN-inducting ability of any poly-
ribonucleotide complex is dependsnt on its complexity
degree influencing the complex-cell interactions follo-
wed by the effective/non-effective a/B-IFN synthesis.
The data mentioned above are also applicable to the
poly () -poly (C)-complex whose components are dif-
ferent in their ability to form their own secondary
structure. The poly(I), for example, is able to form
double-stranded structures at physiological pH and
ionic strength values, this process being dependent on
teraperature and salt concentration [4]; the poly(C)
molecules are found to develop a single-stranded helix
{26 ]. So the interactions of these polynucleotides with
their different original configurations leads with the
highest probability to the development of the «tertiary
structures mentioned above and responsible for the
highest ability of the poly(I})-poly(C)-complex to
induce the IFN synthesis.

From the point of view of this hypothesis, the

most important is the fact that the similar tertiary
structure interacting with the -cell membrane is 1o
assure the highest density of membrane components
contacts with double-stranded polynucleotide regions
situated on any local membrane area. It should be
noted such a regularity to be accompanied by increa-
sed complexity of polynucleotide structures corre-
lating with their IFN-inducting ability. Such conside-
rations have already experimental support {25].

In the frame of my hypothesis it is also possible
to interpret the IFN-inducing mechanism of some
compounds named above and belonging to the clas-
sical intercalating substances (. e. actinomycin D,
antrachinone derivatives, trypaflavine, acrydine oran-
ge) [11 as well as of the best known low molecular
weight IFN-inducing compound — tilorone-HCl and
its derivatives able also to intercalate [27, 28]. We
have recently demonstrated the one-stranded RNA
molecule to interact with tilorone ones forming spe-
cific IFN-inducing complexes acting both in vitro and
in vivo [29, 30]. To explain this phenomenon, we
have postulated tilorone to stabilize any partially
complemented areas spontaneously developed in sclu-
tion of any one-stranded RNA preparation. Tilorene
is described to induce the IFN synthesis in vivo only,
but not in the in vitro cultivated cells. This tilorone
property can be explained from the data mentioned
previously in this review; this compound appears to
interact with small RNA molecules present in the
intercellular space in vivo but absent, however, in cell
cultures {31]). In the process of extracellular inter-
actions of such molecules with some tilorone’s stable
double-stranded regions may be also developed; they
are able to act as the IFN-inducers.

So I think-the IFN-inducing ability is the pro-
perty of the tilorone-RNA complex but not of this low
molecular compound itself. A similar situation, i. e.
the stabilization of double-stranded regions of extra-
cellular RNA molecules while their interaction with
intercalating ones followed by IFN-inducing effect of
these complexes, is to develop always in every IFN-
inducing experiment with intercalating compounds.

It would also like to note another physico-
chemical property of tilorone which might have been
correlated with its higher IFN-inducing ability com-
paring to other intercalating substances. The tilorone
molecule contains lateral chains linked to a fluorens
nucleus; so the stacking interaction between its chro-
mophore and the DNA bases has been found to be
rather fower comparing to the other «classical» inter-
calating compounds. So the lateral intercalating is
here more profitable from the energetic point of view,
the intercalated tilorone side chains having been
located in DNA grooves [32]. If this situation takes
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also place with the double-stranded RNA molecules
the regional weakening of the negative charge in the
sugar-phosphate dsRNA. backbone is to cause the
rapprochement of the nearest double-stranded regions
and the formation of the tertiary reticulate structure
discussed above. The similar consequences are to be
cansed due to tilorone binding to the .neighbour
single-stranded regions possessing already some dou-
ble-stranded areas.

Finally, the proposed hypothesis concerning the
crucial role of the local cell membrane deformation in
the process of the signal tfransfer necessary for the
IEN synthesis permits also to interpret the IFN-
inducing mechanism of viral infections. In fact, the
viruses are demonstrated to interact with the cell
membranes in the loci of their contact, this primary
interaction influencing significantly the cell metabo-
lism and the cell membrane changes [33] In parti-
cular, the process of the influenza virus penetration
into the chicken embryo fibroblasts is shown to be
accompanied by the local modifications of hydro-
phobic plasmatic membrane zones in the points of
virns binding {34]. The interactions of the human
immunodeficiency virus (HIV) and the Sendai virus
with the cell followed by the syncytia formation cause
also the deepest changes in cell membrane lipids,
their destabilization and re-orientation [35]. The
situation observed here possesses a lot of features
inherent to the result of the local membrane defor-
mation. The fact itself that the dsRNA-directed IFN
synthesis takes place earlicr comparing to the virus-
inducted one [1, 2] may be due to the cell membrane
deformation differences caused by these IFN-in-
ducing agents.

It remains fo mention that the IFN-inducing
effect of a such non-specific physical factor as laser
irradiation cannot be interpreted in the frame of
current hypotheses [36].

To summarize all the data given in this review, 1
would like to note all the discussed cases of the cell
primary interactions with the different types of IFN-
inducing compounds are accompanied with the same
process, i. e. with the local cell membrane defor-
mation. 1 think this process to be a rather general cell
reaction developing after the extracellular influence of
all the IFN inducers; this process somewhat similar to
the simple mechanical effect on the cell possesses,
however, some specificity inhibiting the IFN system
induction after any extracellular signal.

It is well known that the development of the
extracellular specific signal due to the influence of
many biologically active substances interacting with
the cell membrane leads to the transfer of this signal
mediated by so-called «secondary messengers»
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(cAMP, cGMP, Ca® ions) [37]. A similar situation
can be also observed following the mechanical influ-
ence on the cell membrane [38—40]. It seems very
probable the principal role in the process of the signal
transfer after the membrane deformation to be played
exactly by the secondary messengers both in a lot of
described cases of gene regulations and in the process
of the genes activation coding the o- and B-IFNs
synthesis.

Unfortunately, we have not meanwhile obtained
but the fragmentary data permitting to discuss the
problem concerning the direct effect of the cell
membrane state on the IFN induction. For example,
the cell treatment by neuramimidase or by con-
canavalin A are described to inhibit the IFN synthesis
without any effect on the level of poly{l)-poly(C)
adsorption by cells [41]. It has been also shown the
cell treatment by ouabaine, a glycoside substance
belonging to the specific inhibitors of Mg*", Na', K,
and ATP transport through the cell membrane, stops
completely the influenza B virus induced IFN syn-
thesis without changing the virus adsorption. Such an
effect has been completely eliminated after the pre-
paration’s washing off from the cells [42]. All these
data convince the hypothesis concerning the principal
role of the glyocalyx and perimembrane ions state in
the process of the signal transfer.

It think the next investigations concerning the
cell membrane function in the IFN induction process
are to verify the validity of this hypothesis and to
determine the nature of the signal switching on the
induction of the a- and S-IFN synthesis.

0. B. Kapnoe

MoxxnuBHit yHIBEpCAIbHUY MEXaHi3M nepegaui curvany pc
excripecii renis o/f-inrepdeponie. 1. Jloxamsua pedopmanis
KIITHHHOT MeMOpaHu SX TIOYaTKOBBIM eran IHxyxil

Pesrome

Ha ocHosi danux aimepamypu i 6aacHux Oocnidxens 3pobagHo
cnpoby 8CMAROGUNIUL ZiNOMEMUMHUL MEXAHI3M B08HIUIHLOZ0 GNIL-
8y Ha KniMuHy 6UDYCI8, CUHMEMUYHUX NONMIQHIOHIE, J6ORTHUIZO-
eux PHK i cunmemuunux 060nanyioz08ux nonipubOHyknepmusie,
axuii npuzeodums 8o inOYKYIT o B-inmepdpeponia. Ilpunycragmocs,
wo ys indyxyis y eunadxy dsonanyoeoeux PHK { noninyknrecmudia
00y MoaneHa KOHGOPMAUIIHIMIL SMIHOMIL OQHUX nOxiMepie & npt-
MexOpanroMy [OHHOMY wapt kaimun; Oanl 4l 3MiHW GUICULKQIONTL
cnequdiniy noxanbHy Oedopmayiio KAimuHHOI memOpani, wo €
odnunm 3 cuzranie do indyxyil afB-inmepdeponie. ¥V eunudry
sipycie nodibna degopmayis membpanu 3dilcrocmbes. na cmadil
IXHbOZO NDOHUKHEHHS Y kuimuwny, ITndykmopu afB-inmepdeponis
inmepxansmopnoi npupodu, cKopiul 3a 8Ce, GUKAUKQOMb [Hmep-
deporozenes in Vivo 3a paxyHOK YMBOPEHHA KOMHAEKCY 3 eK30ZeH-
numn monexynamu PHK, cmabinisyroww Txni Geonaryiozosi Oi-
JIHKIL 3 HACMKOBOK KOMNAEMEHINADHICILIO.
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A. B. Kapnos

BoaMoXHbLT YHMBEPCANbHBIA MEXAHM3M TEPEfadu CHMIHANA K
sKcupecciy reHos «ff-umtepdeporos. 1. JloxansHas nmedopMauud
KIETOUHOH MeMmOpambl KAK HAYAILHLTE STAIN MHIYKLKHA

Pestome

Ha ocHosanuu danrerx uumepamypel & CODCMEEHHbEX LCCAL006aHLI
npetnpuUHIma nONLMKG YCmarosums ZUNOMMEMUMECKUL MEXTHUSM
BHEUIHE2O B030eficmeus HA Kemicy BUDYCOS8, CUHMENIUHECKUX No-
AuaHUOHO8, Osycnupansubx PHK u cunwmemuveckux 98ycnupans-
HbL nomupuboryKeomudos, npudodswul k undykyny of f-unmep-
Peporos. Ipednonazaemes, wmo ama uHGYKyUa @ cnywce O8ycru-
panvHblx PHK u nomuykneomudog 06YCA0GNEHA KOHPODMAUUOH-
HOLMU USMEHEHUAMU OQHHBIX NOJUMEDOB 6 HPUMEMODAHHOM WOH-
HOM CROg KNemoK; Guage 3mil UBMEHEHUS. Gbi3bIGaION cheyupuye-
CKYI0 NOKANbHYFD dedopmayuto KNEMOUHOL MeMOpanel, SGILIOWY-
H0Cst OGHUM U3 cuzHAn0S K urlyxyu ol B-unmepdeporos. B caywae
supycos nopdobnaa Oedpopaayun mexbpaner npoucxodum na cma-
Buit ux npoHukHoseHuUR 6 Kaemiy. Hudykmopoi a/f-unmepdeponos
UHIEPKANAMOPHOIL npupodel, CKOpee 8Cez0, 8bi3bldarom unmepge-
DOHOZeHES i Vivo acnedcmeue 00pa3osaHiis KOMIALKEA C FK302eH-
Hbtmu sonekynamu PHK, cmabuausupys ux G8yCnupaisHule yia-
CRUCHL € HACHIMHOIL KOMNIEMEHIAPHOCHIBIO.
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