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Conformation of double-stranded complexes of polyriboguanylic acid with halogenated polyribocytidylic acid [poly(C)] was studied
with the aid of differential pulse polarography, terbium fluorescence and circular dichroism spectrometry. It was shown that
halogenation at C(5) of cytosine residues in poly(C) disturbed the ordered structure of the double-helical complex. In addition, this
halogenation does not improve antiviral activity of the polynucleotide complex studied in the system of vesicular stomatitis virus and
the cell culture of chicken embryos, It was concluded that the regularity of the secondary structure of synthetic RNAs might play an
important role in the mechanism of biological activity of these biomacromolecules.

1. Introduction

The double-stranded synthetic RNAs poly-
riboinosinic acid - polyribocytidylic acid [poly(I) -
poly(C)] and polyriboguanylic acid - polyribo-
cytidylic acid [poly(G) - poly(C)] are the most ex-
tensively studied interferon inducers or antiviral
agents [1,2]). In a search for other effective com-
pounds based on polynucleotides numerous mod-
ifications of the polynucleotide complexes have
been performed in the hope that a relationship
beiween structure and biological activity could be
established. Among modifications of the poly-
nucleotide complexes increasing their interferon
inducing or antiviral capacity belong in particular
those which improve the integrity of the secondary
structure of these RNAs [3-8] or, in other words,
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decrease the extent of conformational distortions
in the double-helical arrangement of these bio-
macromolecules.

Of the alterations which have been carried out
on poly(l) - poly(C), the following modifications
improve the interferon inducing activity: substitu-
tion of oxygen by sulphur at the C(2) site of
cytosine [9], substitution of CH for N(7} of hypo-
xanthine [10], covalent binding of chlorodiethylen-
etriaminoplatinum(II) chloride to inosine N(7) [1],
and bromination at C(5) of eytosine [10].

In the case of poly(G) - poly(C), research has
been conducted to determine the effect of inser-
tion of adenine residues in the purine or pyrimi-
dine chain on the conformation and biological
effectiveness of the complexes. The investigation
of these complexes having the ratio of basic and
modifying nucleosides in the range from 10:1 to
90 : 1 made it possible to determine the length of a
continuous segment of poly(G) or poly(C), which

© 1991 - Elsevier Science Publishers B.V.
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is necessary for the maximum biological activity
of their complexes [11,12]. In contrast to the
poly(I} - poly(C) complex, the effect of chemical
modifications of the poly(G) - poly{C) complex on
its interferon inducing or antiviral activity has not
been carried out yet.

In this work preparation of the complexes of
poly(G) with brominated and chlorinated poly(C)
is described. We were inspired to prepare this
double-stranded RNA by the results of DeClercq
et al. [10] who have shown that halogenation at
C(5) of cytosine in poly(C) improves antiviral
activity of the poly(I) - poly(C) complex. We also
compare physical and physico-chemical properties
of double-stranded complexes of poly(G) and
chlorinated or brominated poly(C) with their anti-
viral activity in order to support the view that the
ordered structure of the double-helical RNA plays
an important role in the mechanism of its antiviral
activity.

2. Material and methods

2.1 Synthesis of 5-Br- and 5-Cl-cytidine-5’-diphos-
phate

Ten ml of saturated solution of chlorine or
bromine in CCl, was added dropwise and under
vigorous shaking to 10 ml of the solution of 1.2

Table 1

The characteristics of the derivatives of cytidine-5°-diphosphate

mM cylidine-5'-diphosphate (CDP) in form-
amide, After 30 minutes of stirring 80 ml of ethyl-
alcohol was added and the mixture was incubated
at 4°C overnight. The precipitation of 5-Br-CDP
or 5-Cl-CDP was collected after centrifugation,
washed twice with ethylalcohol and once with
ether and finally dried in vacuum. 5-Br- or 5-Cl-
CDP without further purification were taken for
brominated and chlorinated poly(C) synthesis. The
substitution of the hydrogen atom by halogen in
position 3 of cytosine was confirmed by '"H NMR
spectroscopy (Table 1).

2.2 Synthesis of single-stranded poly(3-Br-C),
poly(5-Cl-C) and copolymers containing various
amounts of 5-halogen-cytosine

The synthesis was performed with the aid of
Escherichia coli, Thermus thermophilus poly-
ribonucleotide phosphorylase (PNP) containing no
admixtures of other nucleases in particular
ribonuclease A. PNP was kindly provided by Drs.
Glazunov and Timkovsky from the Laboratory of
Biopolymers of the Institute of Nuclear Physics,
Academy of Sciences of the USSR, Gatchina. The
conditions of synthesis and extraction of polymers
were the same as those described earlier in the
case of poly(C, A) synthesis [12]. In order to get
copolymers with different contents of 3-halogen-
cytosine, a mixture of CDP and 5-halogen-CDP of

Nucleotide Reaction conditions  Yield R{# NMR spectroscopy ° UV absorption
T time (%) M C5) C(6) pHT0
CO W PYCI
Cytidine-5'-
diphosphate - - - 0.55 5.20 5.85 1.75 272 9250
5-Br-cytidine-
5’-diphosphate 20 2 92 0.62 5.20 - 8.60 289 6460
5-Cl-cytidine-
5’-diphosphate 20 1 92 0.64 5.20 - 8.60 286 7100

: The system for thin layer chromatography was dioxan X ammonia X water (6:1:4).
Chemical shifts of downfield peaks (in ppm) observed in the 60 MHz "H NMR spectra at pH 7.0. Chemical shifts are reported

relative to the internal standard TSP.
© Maximum wavelength (nm).
4 Molar extinction cocfficient at Ao (Imol ™ Tem™1).
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the molar ratio in the range from 2:1 to 10:1 was
employed. The molecular mass of polynucleotides
was determined with the aid of Sephadex G-200
using standard conditions [13]. Two sets of prep-
arations were synthesized: poly(5-Br-C, C) (con-
taining 33, 67 and 100% of 5-Br-C) and poly(5-Cl-
C, O) (containing 10, 25 and 100% of 5-CI-C).

2.3 Formation of double-stranded complexes

The double-stranded complexes were prepared
by the incubation of equimolar mixtures of
single-stranded polynucleotides in 0.005 M phos-
phate buffer (NaH,PO,/Na,HPO,), pH 7.0 plus
0.1 M NaCl. The details of this procedure can be
found elsewhere [8]. The stoichiometry of the com-
plexes was estimated by measuring the mixing
curves (a continuous variation experiment) [14,15].
The optical density was measured by means of a
Beckman spectrophotometer, Model 25. The
molecular mass of the polynucleotide complexes
was determined by gel chromatography using
Sepharose 2B; the details have already been pub-
lished [13]. If not stated otherwise, the poly-
nucleotide concentrations given in this paper are
related to the monomer content.

2.4 Methods of physical and physico-chemical char-
acterization of polynucleotide complexes

Differential pulse polarographic (DPP) meca-
surements were carried out on a PAR polaro-
graphic analyser, Model 174A, with a three-elec-
trode system. The working electrode was a PAR
static mercury drop electrode, Model 303A,
medium size. The reference electrode was a
saturated calomel electrode and the auxiliary elec-
trode was a coiled platinum wire. Measurements
were performed at 25°C. The solutions were de-
oxygenated by passing a slow stream of pure
argon through them. Argon was allowed to pass
over the solution during the measurement to
maintain an inert atmosphere. DPP measurements
were carried out with the following apparatus
settings: pulse amplitude —50 mV, voltage scan
rate 2 mV /s, drop time 1.0 s.

Terbium fluorescence measurements were per-
formed as follows: terbium was added to 8 pg of

polynucleotide at a final concentration equivalent
to twice the monomeric nucleotide content. The
fluorescence intensity was measured after equi-
libration for 60 minutes at 25 °C in the dark. The
fluorescence intensity was measured using a 1 cm
quartz cell in a Shimadzu RF 1540 spectrofluoro-
photometer equipped with a high-pressure xenon
lamp. An excitation wavelength of 290 nm and an
emission wavelength of 546 nm were used. The
entrance and exit slit widths were maintained at 5
nm. TbCl,-6 H,0 (Wako Pure Chemicals) was
made up to 10 mM in distilled water. Other
details of these measurements can be found
elsewhere [20].

Circular dichroism (CD) spectra were recorded
at 25°C on a Jobin Yvon Dichrograph Mark IV
using 1 cm cuvettes.

2.5 Methods of the measurements of biological activ-
ity of polynucleotide complexes

The biological activity, namely the antiviral ac-
tivity, of the complexes was determined by mea-
suring the level of reduction of the number of
plaques of vesicular stomatitis virus (VSV) in
chicken embryo cells. The details of this assay
have already been described elsewhere [11,12].

3. Results and discussion

3.1 Synthesis of halogenated poly(C) and formation
of its complexes with poly(G)

C(5) in cytosine does not take part in the
formation of hydrogen bonds of poly(G) - poly(C)
or poly(G) - poly(5-halogen-C). It is reasonable to
expect that the modification resulting in chlorina-
tion or bromination of poly(C) at C(5) has no
substantial influence on hydrogen bonding in the
poly(G) - poly(C) complex.

Chlorinated and brominated CDP was ob-
tained by the action of free halogen on CDP. The
chlorination and bromination take place quantita-
tively and, because of a short-term reaction, no
disturbance of the unstable pyrophosphate group
of nucleoside-5'-diphosphates is observed. The
characteristics of halogen derivatives of CDP, the
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Table 2

The characteristics of halogen-containing polyribocytidylic
acids

Mpaw E*X107% Yield

Polynucleotide ~ Content of

5-halogen-C  (pH 7.0) (%)

(%)
Poly(C) 0 268 6.3 51
Poly(5-Br-C,C) 33 273 - 38
Poly(5-Br-C,C) 67 279 - 35
Poly(5-Br-C) 100 289 55 30
Poly(5-CI-C,Cy 10 270 - 40
Poly(5-CI-C,C) 25 275 - 40
Poly(3-CI-C) 100 287 5.1 35

* A sy and & have the same meaning as in Table 1.

substrates for the synthesis of halogenated poly(C)
used in our work, are given in Table 1. The
missing signal in '"H NMR spectra of chlorinated
and brominated CDP in D,0 at C(5) gives evi-
dence for a complete replacement of the hydrogen
atom in C(§) position of cytosine.

As shown in Table 2, halogenated poly(C) con-
taining different amounts of halogenated cytosine
in the pyrimidine chain was synthesized. The yield
of brominated or chlorinated poly(C) synthesized
with the aid of PNP is decreased with the growing
content of 5-halogen-C, and is always lower than
the yield of poly(C) synthesized under analogous
conditions. Figure 1 shows the curves of the incre-
ment of inorganic phosphate during halogenated
poly(C) synthesis using PNP. The lower initial
rate of the synthesis of polynucleotides containing
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Fig. 1. The release percentage of inorganic phosphate AP,
during polycondensation in the presence of polynucleotide
phosphorylase of CDP (1), 5-CI-CDP (2) and 5-Br-CDP (3).
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Fig. 2. Mixing curves of equimolar solutions of poly(G) and
poly(5-Br-C) (continuous variation experiment) at 260 nm (a),
280 nm (x) and 290 nm (®): The dependence of optical
density A of mixtures heated at 80°C for 10 minutes on molar
percentage of poly(G) and poly(5-Br-C).

chlorine or bromine is evident. The order of the
substrate activity is 5-Br-CDP < 5-C1-CDP <
CDP.

The molecular mass of our polyribocytidylates
was not lower than 200,000-300,000 g/mol, which
is a necessary condition for obtaining highly active
preparations of their double-stranded complexes
[12,13].

3.2 Physical and physico-chemical properties of
complexes of poly(G) with halogenated poly(C)

The molecular mass of the complexes was about
2x10% g/mol. Thus the presence of chlorine or
bromine in the 5 position of cytosine has no
influence on the molecular mass of the poly-
nucleotide complexes.

A hyperchromic effect in the ultraviolet spectra
of poly(G) - halogenated poly(C) complexes is ob-
served at 260 nm and a hypochromic effect is
found at 280 and 290 nm. Figure 2 demonstrates
the mixing curves of poly(G) and hrominated
poly(C) recorded by measuring absorbances at
260, 280 and 290 nm (the continuous variation
experiment {14,15]). The break on these curves at
different wavelengths, i.e. the maximum extent of
the complex formation, is observed at equimolar
ratios of the polynucleotides. The course of the
mixing curves recorded at the same wavelengths
for chlorinated poly(C) is analogous. These data
show that the complexes of poly(G) with chlo-
rinated or brominated poly(C) are double-stranded
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like the complex of poly(G) with non-modified
poly(C).

The effect of bromination and chlorination at
C(5) of cytosine of single-stranded poly(C) on the
CD spectrum of this polynucleotide is essentially
identical. Figure 3 shows the marked CD spectral
changes for poly(C) on increasing the level of its
halogenation. The preminent positive CD band at
275 nm is decreased in magnitude and undergoes
also a red shift. Fully halogenated poly(C) yields
the main positive CD band, the intensity of which
is reduced to less than 50% and shifted by more
than 20 nm. The formation of a complex between
poly(G) and poly(C) or its halogenated analogues
is clearly reflected in the CD spectra (Fig. 4).
Although the CD spectrum of poly(G) complexed
with halogenated poly(C) is substantially different
from that of A-RNA, namely poly(G)- poly(C)
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Fig. 3. Circular dichroism spectra of single-stranded poly(C),
its halogenated analogues, poly(G) (A, B) and double-stranded
complexes of poly(G) with poly(C) and its halogenated ana-
logues (C, D). The spectra were obtained in a medium of 0.1 M
sodium phosphate, pH 7.0. A: (X X)) poly(C);
(a 4) poly(5-Br-C, C), the content of halogenated cyto-
sine was 30%; (®@ ®) poly(5-Br-C), the content of
halogenated cytosine was 100%; (O------ 0) poly(G). B:
(X ) poly(C); (a a) poly(5-CI-C, C), the con-
tent of halogenated cytosine was 20%; (@ ®) poly(5-Cl-
C), the content of halogenated cytosine was 100%; (O------ o)
poly(G). C: (X xX) poly(G) - poly(C); (& 4)
poly(G)- poly(5-Br-C, C), the content of halogenated cytosine
in poly(C) was 30%; (e @) poly(G)-poly(5-Br-C), the
content of halogenated cytosine in poly(C) was 100%. D:
(X X) poly(G) - polv(C); (a A} paly(G)-poly(s-
CI-C, ©), the content of halogenated cytosine in poly(C) was 20
%; (® ®) poly(G)- poly(5-Cl-C), the content of
halogenated cytosine in poly(C) was 100%.
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Fig. 4. Differential pulse polarograms of poly(C), its
halogenated analogues and their complexes with poly(G) in a
medium containing 0.3 M CsCl with 0.05 M sodium phos-
phate, pH 6.8. A: poly(C), B: poly(5-Br-C), C: poly(5-CI-C).
Curves 1-single-stranded polynucleotides at a concentration of
2x10™* M, curves 2—their complexes with poly(G) at a con-
centration of 4X107* M.

f16], determination of details of the secondary
structure of these homopolynucleotide complexes
needs further investigation.

Cytosine and its monomeric derivatives are
polarographically reducible [17]. They yield a pH-
dependent polarographic reduction current in the
potential range around —1.5 V. Bromination and
chlorination of cytosine at C(5) does not resuit in
a loss of reducibility of cytosine and its mono-
meric derivatives. For instance, 5-Br-CDP or 5-Cl-
CDP vyield similar polarographic reduction cur-
rents as the non-modified CDP (not shown).
Guanine and its monomeric derivatives are
polarographically non-reducible.

Single-stranded poly(C) and its brominated and
chlorinated analogues at a concentration of 2 X
10™* M in the medium of 0.3 M CsCl plus 0.05 M
sodium phosphate, pH 6.8, yielded a high DPP
peak at a potential close to —1.4 V (Fig. 4, curves
1). While poly(C) and poly(5-Br-C) yielded this
peak at —1.40 V, the peak of poly (5-CI-C) ap-
peared at a potential that was by ca. 60 mV more



236 E.M. Kogan et al. / Halogenated poly(rG) - poly(rC}

positive and almost double that of the non-mod-
ified poly(C). Polarographic reduction of cytosine
residues is responsible for the peak of poly(C) [18].
Because of the fact that monomeric brominated
and chlorinated derivatives of cytosine yield a
similar polarographic reduction current as does
non-maodified cytosine and its monomeric deriva-
tives, it is reasonable to expect that it is electrore-
duction of halogenated cytosine residues which is
responsible for the appearance of the polaro-
graphic peaks of single-stranded halogenated
poly(C). The nature of the difference in the peak
heights and peak potentials of poly(C), poly(5-Br-
) and poly(5-CI-C) has not been so far investi-
gated in detail. Preliminary results revealed that
these diffcrences might be also connected with
dissimilarities in molecular mass and adsorbability
of the polynucleotide since single-stranded poly-
nucleotides are polarographically reduced only in
the adsorbed state and their adsorption is diffu-
sion controlled [19].

It has already been demonstrated [8] that the
formation of double-stranded complexes of
poly(G) with poly(C) results in a suppression of
the polarographic reduction current of poly(C).
This is so because the primary reduction sites in
cvtosine residues are hidden inside the double-
helical complex and are involved in hydrogen
bonding. These facts represent a steric hindrance
for electron transfer from the electrode to cyto-
sine-reducible groups. The small DPP peak yielded
by poly(G) - poly(C) sample (Fig. 4A, curve 2),
apparently corresponding to a small amount of
single-stranded poly(C) appears to be due to the
existence of segments in poly(G) during the com-
plex-forming process in which the guanine re-
sidues are unable to be hydrogen-bonded with
bases in poly(C) [8].

In the case of the complex of poly(G) - poly(C),
the height of the small peak of poly(C) (Fig. 4A)
corresponded to ca. 3 X 107° M single-stranded
poly(C), i.e. only ca. 1.5% of cytosine residues in
poly(C) were not paired with those of guanine in
poly(G). When, however, the same DPP analysis
was carried out with the complexes of poly(G)
with brominated or chlorinated poly(C) (Figs.
4B,C, curves 2), the height of the peak of the
halogenated poly(C) corresponded to ca. 37 and

Table 3

Physico-chemical analysis of halogenated polyribocytidylic acid
and its complexes with poly(G)

Polynucleotide DPP Fluorescence
peak of Th** poly-
height nucleotide
(nA)? complex b

Poly(C) 9.06 0.8

Poly(G) 0.00 100.0

Poly(5-Br-C) 11.43 1.0

Poly(5-C!-C) 1714 35

Poly(G)- poly(C) 0.14 04

Poly(G)-poly(5-Br-C) 421 0.6

Poly(G) - poly(5-Cl-C) 1.86 1.1

* Single-stranded polynucleotides at a concentration of 2 X
10~ * M, double-stranded polynucleotides at a concentration
of 4x107% M. Medium: 0.3 M CsCl with 0.05 M sodium
phosphate, pH 6.8.

" Relative fluorescence. Fluorescence of poly(G) was arbi-
trarily set at 100.

11%, respectively, of halogenated cytosine residues
in poly(C) that were not paired with those of
guanine in poly(G). Hence, it would appear that
the extent of the ordered secondary structure of
the complexes of poly(G) with halogenated poly(C)
is markedly lower in contrast to poly(G) - poly(C)
prepared under identical conditions. It should be
also noted that bromination of poly(C) resulted in
a less ordered or intact complex with poly(G) than
did chlorination of poly(C).

Fluorescence of terbium ion-—nucleic acid com-
plexes provides a sensitive specific probe for base
residues in distorted nucleic acids [20,21]. The
interaction of Tb*" with non-hydrogen bonded
guanine residues or the guanine residues present
in distorted double-stranded regions of nucleic
acids in which only the vertical stacking of the
base-pairs is altered has been shown (o result in a
substantial enhancement of the fluorescence of
this reaction [20].

The rclative intensity of terbium fluorescence is
greatly enhanced for poly(G) (ref. [21] and Table
3). On the other hand, a small fluorescence en-
hancement of terbium was observed for single-
stranded poly(C) and its brominated and chlo-
rinated analogues (Table 3). The formation of a
double-stranded complex of poly(G) with poly(C)
and halogenated analogues resulted in a marked
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decrease of the terbium fluorescence enhancement
(Table 3). The quenching of fluorescence by the
polynucleotide complex formation is likely to be
connected with an involvement in base pairing of
all the guanine residues. This could be considered
as an inconsistency with the results obtained by
means of DPP analysis. The latter results indicate
37 and 11% of non-paired cytosine residues in the
complex of poly(G) with brominated and chlo-
rinated poly(C), respectively. The explanation may
lie in the fact that poly(G) strands have a strong
tendency to form four-stranded helices [21] involv-
ing tetrads of hydrogen-bonded guanosine re-
sidues. If the complex is to be formed in an
equimolar mixture of poly(C) and poly(G) rela-
tively extensive secondary structure of poly(G) has
to be unwound during the complex-forming reac-
tion. The tendency of single-stranded poly(C) to
form a complex with poly(G) is obviously a factor
contributing to this unwinding process. Hence,
halogenated poly(C) may have the capability to
unwind a stable secondary self-structure during
the complex-forming process reduced in compari-
son with non-modified poly(C).

It was shown [22] that bromination of the poly-
ribonucleotide complex poly(G-C) - poly(G-C)
can induce in this double stranded nucleic acid a
conformational alteration resulting in the forma-
tion of a new structure having features of the
left-handed Z-conformation observed for DNA. It
is evident, however, that our poly(G) - poly(5-Br-C)
samples cannot adopt a Z-like conformation. This
conformation has been so far observed only in
polynucleotides having alternating purine-
pyrimidine sequences, i.e. in the polynucleotides
in which a dinucleotide is the basic repeating unit.
It is very likely that our sample of poly(G)-
poly(5-Br-C) {composed of the homopolynucleo-
tides) cannot adopt the Z-conformation. Neverthe-
less, these facts indicate that in particular
bromination of the polynucleotides containing
guanine and cytosine residues results in a confor-
mational stress contributing to the transition of
the polynucleotide complex to the left-handed Z-
form. Thus, although halogenation of poly(C) can-
not induce a transition of poly(G) - poly(C) to the
Z-conformation it may contribute to the decrease
of the stability of its right-handed A-conformation

and consequently to the less ordered duplex of
this polynucleotide complex. This lowered regular-
ity of the polynucleotide complex could be re-
flected by the higher number of the conforma-
tional distortions, which could be responsible for
the high DPP current yielded by the complex of
poly(G) with poly(5-Br-C) (Fig. 4B).

The results of physical and physico-chemical
studies of the complexes of poly(G) with
brominated or chlorinated poly(C) indicate that
the extent of the ordered double-stranded struc-
ture of these complexes is somewhat lower than
that of poly(G)- poly(C). It was suggested [3-8]
that the regular and intact double-helical structure
of the polyribonucleotide complex is essential for
interferon inducing and antiviral activity of this
nucleic acid. It is therefore possible to anticipate
that the double-stranded complexes of poly(G)
with brominated or chlorinated poly(C) will not
exhibit a better biological activity than the com-
plex of poly(G) with non-modified poly(C). More-
over, the complex containing chlorinated poly(C)
was more intact than the complex containing
brominated poly(C). Therefore, the latter complex
was expected to exhibit a lower interferon induc-
ing or antiviral activity than the complex with

0I o UIZ o UTI.
CONCENTRATION { ugi/mt)
Fig. 5. Relative antiviral activity of the complexes of poly(G)-
poly(5-C1-C, €) differing in the content of 5-Cl-cytosine in the
cell culture of chicken embryos: The dependence of the con-
centration decrease of vesicular stomatitis virus AD expressed
in plaque-forming units (PFU) on the polynucleotide complex
concentration in pg/ml. The content of 5-Clcytosine in
poly(C) was 0% (curve 1), 10% (curve 2), 25% (curve 3), and
100% (curve 4).
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Fig. 6. Relative antiviral activity of the complexes of poly(G)-
poly(5-Br-C, C) differing in the content of 5-Br-cytosine in the
cell culture of chicken embryos: The dependence of the con-
centration decrease of vesicular stomatitis virus AD expressed
in plaque-forming units (PFU) on the polynucleotide complex
concentration in pg/ml. The content of 5-Br-cytosine in
poly(C) was 0% (curve 1), 33% (curve 2), 67% {curve 3), and
100% (curve 4).

chlorinated poly(C). The verification of the latter
assumption was subject to further investigation.

3.3 Amtiviral activity of the complexes of poly(G)
with halogenated poly(C)

Figures 5 and 6 show the results of the investi-
gation of antiviral activity of the complexes of
poly(G) with halogenated poly(C) samples used in
physical and physico-chemical studies. A decrease
of antiviral activity of the polynucleotide complex
in the cell culture of chicken embryos with the
growing content of 5-halogen-cytosine in poly(C)
was observed. However, the complexes containing
chlorinated poly(C) were somewhat more active
than the complexes containing brominated poly
(C). A 10% content of 5-Cl-cytosine in poly(C)
had only little influence on the activity of the
complex (Fig. 5, curve 2). The complexes of
poly(G) with completely brominated poly(C) were
inactive (Fig. 6, curve 4), while an activity was
exhibited by the complex of poly(G) with com-
pletely chlorinated poly(C) under analogous con-
ditions (Fig. 5, curve 4).

Our observation that the complex of poly(G)
with fully brominated poly(C) almost completely
lost its antiviral activity even though its significant

part (ca. 60%) remained in the ordered conforma-
tion deserves further explanation. We propose that
the extensive disturbance of the regular secondary
structure induced by the complete bromination of
poly(C) does not apparently comply with the con-
formational demands made on polyribonucleotide
complexes with a significant antiviral activity, A
rough estimate of the extent of distortions in the
conformation of poly(G) - poly(C) which results in
a complete loss of its antiviral activity is ca. 40%.

4. Conclusions

Chlorination and bromination at C(5) of cyto-
sine in poly(C) do not improve antiviral activity of
double-stranded poly(G) - poly(C) studied in cell
culture. Moreover, physical and physico-chemical
investigations reveal that the regular double-heli-
cal conformation of the poly(G) - poly(C) complex
is disturbed as a result of the halogenation of
poly(C). Hence, the results of this work support
the view that the regular and non-disturbed sec-
ondary structure of polyribonucleotide complexes
is an important factor determining their biological
activity. Differential pulse polarographic analysis
of polynucleotide complexes appears to be a very
sensitive and simple assay for testing the quality
of these RNAs from the point of view of their
interferon inducing or antiviral activity.
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