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A possible general mechanism of the signal transfer
switching on the o/fS-interferons expression.
1. The local cell membrane deformation as the first

induction stage

Alexander V. Karpov

Danylo Zabototny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine

154 Zabolotny sir., Kyiv, 252143

A hypothetic mechanism of the external effect of viruses, synthetic polyaniones, double stranded RNAs,
and synthetic double-stranded polyribonucileotides upon a cell is exploined. This effect s known fo b
followed by the a/B-1FN induction. Double-stranded RNAs and polynucleotides inducing such process are
thought 10 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 induciiva. Ti 1he ouse of
viruses such a membrane deformation appears on the stage of virus penetration into he cefl. The a/f-1EY
inditcers of intercalating nature are proposed 10 cause the interferonogenesis in vivo fooming complexes
with exogenic RNA molecules and stabilizing their double-stranded sites with a partial complemerntarity.

The synthesis of interfercns (IFNs) as well as of
many other cytokines is regulated by induction, i. e.
by the extracellular IFN zenes activation [I ) The
data concerning the a/f#-1FNs confirm 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 interactions for the signal transfer
followed by the gene cxpression have not been yet
completely investigated.

Almost all the hypotheses describing the IFN
induction mechanism by dsRNAs and synthetic pol:i-
nucleotides arc based on the presumption the dsRNA-
directed indoction process to be compietely due to
some intracellular events 12, 4} The main argument
permilting to propose such a presumption is the fact
that the polvribonucleotides having been interacted
with the cell penetrate later info i1, so these com-
pounds are with no doubt 1o influence the regulation
of inttracellular 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-induced JFIN
synthesis, the stage of dsRNAs formaiion able lo
induce such synthesis having place duriag repro-
duction cycles of both DNA- and RNA-containing
viruses [2, 6]. The IFN-inducing cffect of iow 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 deri atives
as well as by some other intercalaling IFN inducers
is believed to be due to their dircct icteraction with
cell genome [3].

The theory postulating the polynucleotide peve!-
ration into the cell as a necessary step of the 7w
induction has not been accepted by all the anthors.
An alternative point of view has been proposed
concerning the importance of polynucleotide inter-
actions with the outer cell membranc 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 inseluble 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-
paly (Cr-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 4 pool of experimental data which cannot
be interpreied from the point of view based on the
crucial role of intracellular dsRNA structures as
conductors of the induction signal. Some purified
virus envelope proteins have been shown to induce the
1FN synthesis [10, 111 Simultaneously, the activity
of the Newcastle disease virus inducing the IFN
synthesis has been detected to be as sensitive to the
guanidine, wrea, 2-mercaptoethanol, and heat treai-
ment a5 the virgs 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
kiretics [12]. Finally, sometimes there is no corre-
lation between the virus RNA replication and the IFN
synthesis.

[ am not going to riject the opinion concerning
the imporiant role of the intracellular dsRNA taking
part in the developing of the signal for the IFN
synthesis. However, 1 think that another process
taking place during the primary inducer-cell inter-
aclions participales also in this signal development;
this precess is a specific local deformation of the cell
ouwter membrane followed by a series of molecular
events.

The primary nucleic acid-cell interaction is due
to the nucleic acid binding by specific cell receptors.
The existence of such presumably protein receptors
on the cell surface was earlier postulated [13]. Later
nucleic acids receptors were isolated and purified,
they were also confirmed to be proicins [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 shounld be
ncted this process to be accompanied by the specific
deformation of the membrane areas where the com-
plex formaiion 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 1o 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 fornied by the carboxylic groups
of N-acetylneuraminic acid as well as by ionized
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phosphate groups residues and proicin amino groups
residues [18 ], This polyanion participates in a lot of
metabolic processes accompanied by the dynamic
absorption of cations transferred from and inio the
cell through the cell pores determining the clectric
potential of the plasmatic membrane surfacc |18, (9L
The dsRNAs effect on the cell ¢as well as the cff 1
of synthetic polyionic IFN inducers including poly-
carboxylates, polysulphates, and polyphosphates 20§
taking place without any receptor-mediated binding)
is thought to be accompanied by moderate cationme
gradients changes followed by cooperative transiions
in membranes. The next additional binding of caiions
leads to the shortening of outler menibranc arcas
causing (due to mutual cations’ repulsion® ihe for-
mation of the external fluctuating mosaic structure. As
a result of new factors action some fluctualing holes
may also appear on the inner membranc sarface, such
a phenomenon having been well described in sciennific
literature (211

At first sight such a process secms 1o Lo inde-
pendent on the quantity of strands of the i0N-
inducing polynucleotide as well as on the nature of its
sugar residue. Such an opinion, howcver. is in con-
tradiction to the well-known fact coacorning  the
IFN-inducing polynucleotides structurc; withoui 2y
doubt they are found te contain ribosc n thew
phosphate-sugar chains and to be double-sirandes
molecules {4]. | think the specificity of the JFN-
induction by double-stranded polyribonucleondes
may be due to their conformational properfies and
their molecular ¢lectrostatic potentials {22 1.

Finally, there is also another probabic hopoe
thetical mechanism causing the cell membirane defor-
mation following its interaction with dsRNA mole-
cules. The double-stranded polyribonucieotides aie
known to keep the so-called A-conformation having il
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 solutions of
physiological pH and ionic strength valucs. The
increased salt concentrations cause the polyiiboaue-
leotide transition to the A’-conformaticn j2 | LHuce an
A-A’-transition having place in any double-stranded
polyribonucleotide bound by more than cne receptos,
the following decrease of the contour lengih of
double-stranded sequences should causc the speciic
cell membrane deformation in the binding area. My
opinion is that the possibility of the mentioned
conformational transition may be duc to the glyocalyx
ionic environment.

An indirect proof permitting to supposc the
existence of this last mechanism is the facr that the
IFN-inducing polyribonucleotides lose almost always



A MECHANISM OF THE SIGNAL ON THE INTERIERON EXPRESSION

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 pelyribonucleotides modified in  different
positions [4|. Taking this analysis into consideration
we are now able to wnderstand 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
posscss any A-conformation at physiological ionic
strength values {231

All the nucleotides being [FN inducers — native
dsRNAs as well as synthetic homo- and hetero-
polymers — meel 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 differeni IFN
induction ability, the poly(D)-poly(C)-complex pos-
scssing the best ong [4). The differences between a
lot of synthetic polynucleotides are explained as a
resnlt of different length of their monomeric chains in
the reaction medium; the chains are able also to
interact forming some partially double-stranded sequ-
ences simultancously in several points. The complexes
obtaincd are not strictly double-stranded along all
their strands; they contain double-stranded regions of
different lengtihs interrupled by branching regions,
loops, and perhaps also by some one-stranded regions
as well as by contacis 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 wcll-known one for natural dsRNAs. There is an
opinion {25 | the IFN-inducting ability of any poly-
ribonucleotide complex is dependent on its complexity
degree influencing the complex-cell interactions follo-
wead by the effective/non-effective a/3-1FN synthesis.
Tre data mentioned above are also applicable to the
po'y()-poly (C)-complex whose components are dif-
ferent in their ability to form their own secondsry
structure. The poly (D), for example, iy able tc for»
dounble-stranded structures at physiological pH and
ionic strength values, this process being dependent on
teraperature and salt concentration [4]; the poly{(C)
maodecules are found to devciop a single-stranded helix
[20]. So the interactions of these polynucleotides with
their different original configurations leads with the
highest probability to the development of the «tertiary
structurc» mentioned above and responsible for the
highest ability of the poly(D)-poly(C)-complex to
induce the [FN 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 {o
assure the highest density of membranc components
contacts with double-stranded polynucleotide regions
situated on any local membrane area. It should be
noted such a regularity to be accompanicd 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
1o interpret the IFN-inducing mecchanism of soric
compounds named above and belonging to the clas-
sical intercalating substances (i. e, aclinomycin
antrachinone derivatives, trypaflavine, acrvdine oran-
ge) [1] as well as of the best known low molccular
weight IFN-inducing compound — tileri:o-HCl and
its derivatives able also to intercalate |27, 2&{. W:
have recently demonstraied the one-stranded RWNA
molecule to interact with tilorone ones forminsg spo-
cific IFN-inducing complexes acting both s viiro and
in vivo [29, 30]. To explain this phenemenon, wo
have postulated tilorone to stabilize any paruubly
complemented areas spontaneously devcloped in solu
tion of any one-stranded RNA preparation. Tiloronu
is described 1o induce the IFN synthesis in vive oniy,
but not in the in vitro cultivated ceils. This tilorone
property can be explained from the data mentioned
previously in this review; this compound appcars to
interact with small RNA molecules present in the
intercellular space in vivo but absent. however, in celf
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 his low
molecular compound itself. A simiiar situation, i c.
the stabilization of double-stranded rcgions of exira-
cellular RNA molecules while their interaction with
intercalating ones followed by IFN-inducing cifcct o
these complexes, is to develop always in cvery {FN-
inducing experiment with intercalating compournds.

It would also like to note another piayswe-
chemical property of tilorone which might have been
correlated with its higher IFN-inducing abidity com-
paring to other iniercalating substances. The tilorone
molecule contains lateral chains linked to a {lzooes
nucleus; so the stacking interaction betwecn its chro-
mophore and the DNA bases has been found 1o be
rather lower comparing to the other «classicals inter-
calating compounds. So the lateral intercalating is
here more profitable from the energetic point of view,
the intercalated tilorone side chains having bcen
located in DNA grooves [32). If this sitvation takes
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also place with the double-stranded RNA molecules
the regional weakening of the negative charge in the
sugar-phosphate dsENA backbone is to cause the
rapprochemcnt of the nearcst double-stranded regions
and the formation of the tertiary reticulate structure
discussed above. The similar consequences are to be
canscd dug to tilorone binding to the neighbour
single-siranded regions possessing already some dou-
ble-stranded arcas.

Finally, the proposed hypothesis concerning the
crucial role of the local cell membrane deformation in
the process of the signal transfer necessary for the
IEN synthesis permits aiso to interpret the 1FN-
inducing mechanism of viral infections. In fact, the
viruses are demonstrated to inferact with the cell
membrancs in the leci 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 embrye fibroblasts is shown to be
accompanied by the local modifications of hydro-
phobic plasmatic membrane zoness in the points of
virus 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 decpest changes in cell membranc lipids,
their destabilizalion and re-orientation [35]. The
situation observed here possesses a lot of fealurcs
interent to the result of the local membrane defor-
mation. The fact itself that the dsRNA-directed IFN
synthesis lakes 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 {0 mention that the IFN-inducing
effect of a such nom-specitic physical factor as laser
irradiation cannot be interpreted in the frame of
curreni 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 differcnt types of IFN-
incducing compounds are accompanied with the same
process, i. ¢. with the local cell meribrane dofor
mation_ | think this process to be a rather general cell
reaction developing after the extracellular influence of
all the IEN inducers; this process somewhat similar to
the simple mechanicat c¢ffect on the cell possesses,
however, some specificity inhibiting the IFN system
incuction after any extracellular signal.

It is well known thai the development of the
extracellular specific signai due to the influence of
many biologically active substances interacting with
the cell membrane leads to the transfer of this signal
medialcd by so-called <«secondary messengers»
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(cAMP, c¢GMP, Ca”™ ions) [371. A similar siluation
can be also observed following the mechanical influ-
ence on the cell membrane [38—40]. Tt seems very
probable the principal role in the process of the signal
transfer after the membrane deformation te be playved
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 - and f#-1FNs
synthesis.

Unfortunately, we have not meanwhiie obtained
but the fragmentary data permitting to discuss the
problem concerning the direct effect of the ccll
membrane state on the IFN induction. For example.
ihe cell treatment by neuraminidasec or hy con-
canavalin A are described to inhibit the IFN svnthesis
without any effect on the level of poly<li-polyv(C;
adsorption by cells [41}. It has been afso shown the
cell treatment by ouabaine, a glycoside substance
belonging to the specific inhibitors of Mg™, Na', K .
and ATP transport through the ccll membranc. stops
completely the influgnza B virus induced IFN sva-
thesis without changing the virus adsorption. Such an
effect has been completely eliminated after the pre-
paration’s washing off from thc cells {42 All thesc
data convince the hypothesis concerning the nrincipal
role of the glyocalyx and perimembranc ions sialc io
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 hyvpothesis and 10
determine the nature of the signal swilching on the
induction of the - and S-IFN synthesis.

0. B. Kapnos

Moxnueuil yHiBEpCANBHMI MEXAHIZM nepesasi Curuary 1o
excapecii renis a/f-iurepdeporin. 1. Jlokaabna Jedopstaniy

KNITHHHOT MeMOpaHy 9K NOYATKOBBLIN €TAN MYkl

Peatome

Ha ocuosl Qawnux aimepamypu | GAACHUX OO spotiasits
cRPOBY BCMAHOEHINU ZINOMEMUMHUL MEXARISM JORHUMALC ) S e
8y HO KAIMUHY SupYCia, CURMEMUHRUX NORIAHIONIA,
aux PHK i cunmemuynux 0BORGRYIOZOBUX TTORINUlon i Rk,
axudl npuszsodums do indykuil af B-inmepdepornic. Hawn wu: mucd.
Wo ya indyicyin v sunadxy deonanyocoeux PIHK i novinyicieomudis
06yMOGAENT KONDOPMAUIIHUMUY SMIMGMUE QAU RLiNepis ¢ g
MEMOPAHHOMY (OHHOMY WIAPE CaimuH, Oal (i 3A1E BUI RGO D
cneyudivny noxanphy decopmayio kaimunnol sesfipoi, e ¢
ofuur 3 cucnanic 00 HOykuil ofB-inmepdeponie. ¥ witiodiy
gipycie nodifna depopmauis membpanu INGCHIOCNLCA 1w CInaaii
FXHBOZO NPONUKHERHA ¥ Kaihwry. Trdyxmopu of f-inmepdieponis
IHMEPRANIMOPHO! NPUPOOU, CKOPIlM 30 8Ce, GUNKMLKIIGING (HHILf-
PepoHoeeHe3 i Vivo 30 PAXYHOK YMEOPEHHN KOMWACICS 3 eI -
numu morexyramu PHK, cmabirisytonw Txui denaangoenasi &
JIAHKY 3 RQCMKOB0I0 KOMHACMENMAPHICALIO.
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A. B. Kapnosa

Bo3MOMHGIF YHUBCPCABHHLIN MEXAHWAM TEPENayM CHIHANa K
skcpeccin renan af-narepdeporos. 1. Jlokansnan pedopmaums

KIIE TOMHOH MBMﬁp&Hh] KK HAYd/JBHBUA Tan HHIYKLHH

Peaiome

Ha ocnosariuu danHblX rumepamypst U cobcMaeeHHbIX uceaedosariil
npednpuiRma NORMEQ YCManoaums culOMeMUYecKUii. Mexanusm
BREULHCZ, GOIOCHTINGUS HA KALICY GUPYCOS, CUHMENTHNECKUX RO-
ARQMUOMGCSE, dgycrupeitbnbix PHK w cunmemuveckux 08ychupais-
uor noAwpubionykaconiudos, npusodswui K endyicyuu of B-unmep-
deponne. Hpednorazaenics, wmo 3ma undyKyut 6 cayiae 06ycru-
panoneix PHK & noaunykacomudos pfycaoenena KoHOOPMALHOH-
HELMI UMEHenaMu QuHHBIX ROSIMEPOS 8 NPUMEMOPANHOM HOH-
HOM. CTQ¢ KASTHON; ORA6E I W3 MEHEHUS Sot3blAQIONT Cheyupuie-
KM ROKGALNYID DehopMUIIG IGICRIOMHOE MeEMBDANLI, AGARIONLY-
Wes 00HuM w3 CHIHANOE K& unOvxyuy af B-unmepdeponos. B cayuae
Bupycoe nododnaa dehopaauus membpanst npoucxodum uwa cma-
i wx APOHMKHDGeHNS 8 kaemicy. Hrdykmope a/ B-unmepdeponoa
HHNIEPRALAMODIOL RPUpodol, CKOPEE BCE20, duiIbteOm unmepde-
POROZENE: L VNG GCardomans oBpaI0eanus KOMRIEKCR ¢ IKI0ECH-
Hotsn moseryaexy. PHK, cmabuiu3upys ax d8ycHupaisibie yia-
CIREHL C WACTHUILHON KOMATEMEHIIPHOCHIBH).
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