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SUMMARY

STEBBING, NOWELL, AND K. M. DAWSON: The formation of complexes between
� polynucleotides, carboxymethylcellulose and polylysine which are anti-viral in mice

without inducing interferon. Mol. Pharmacol. 16, 313-323 (1979).

Poly(rI) and poly(rC) can each be wrapped with a colloidal complex of low viscosity
carboxymethylcellulose and polylysine, without formation of precipitates, to form com-

� plexes containing 10 mg/mi polynucleotide material. From its resistance to ribonuclease
� treatment and inability to anneal to poly(rC) we conclude that the carboxymethylcellulose

� polylysine wrapped poly(rI) is really wrapped. Migration ofwrapped poly(rI) and wrapped
� poly(rC) in agarose gel electrophoresis demonstrated that the negative charges of the

polynucleotides were neutralized by wrapping. The double-stranded polynucleotide,

poly(rI) .poly(rC), could also be wrapped by the same procedure but only to a final
� polynucleotide concentration of 2 mg/mi. The wrapping procedure should be effective for

any polynucleotide. Mixtures of equal masses of wrapped poly(rI) and wrapped poly(rC)
do not produce detectable serum interferon concentrations in mice when both polynucle-
otides are administered at 25 �tg/mouse or less while wrapped poly(rI) - poly(rC) produces
high concentrations of serum interferon. However, at equal polynucleotide doses
the wrapped single-stranded polynucleotide preparations can produce the same degree of
resistance to infection with encephalomyocarditis virus as wrapped poly(rI) .poly(rC).

INTRODUCTION

Certain regimens for treating mice with
poly(rI) and poly(rC) or derivatives of
poly(rC) have shown anti-viral activity
against various picorna and toga-virus in-
fections under conditions where the poly-
nucleotides do not form double-stranded
structures and interferon is not induced (1-
3). Using poly(rI) and poly(rC) this situa-
tion was achieved by administering
poly(rC) 4h after poly(rI) (1), but with
poly(rI) and copolymers containing princi-
pally 5-hydroxycytidylate, the two poly-
mers could be administered together since
they do not anneal (3). These anti-viral

effects are consequent on the polymeric
nature of these materials since the nucleo-
sides and nucleotides alone are without ac-
tivity (4) and if the polymers are too short

the activity is decreased or lost (5). Al-
though it is clear from these results that
degradation of poly(rI) and poly(rC) by nu-

cleases in the animals is not rapid, it seemed
possible that greater activity could be
achieved by limiting nuclease attack of
the polymers. A method for wrapping the
double-stranded polynucleotide, poly(rI).
poly(rC), developed by Levy et al. (6), pre-
vents its degradation by the high leveLs of
double-strand specific nucleases which are
to be found in the serum of primates. We
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found to degrade poly(rI) .poly(rC), in con-
trast to the report of Levy et al. (6) who
claimed that pancreatic ribonuclease was
also effective. In control experiments we
found that addition of carboxymethylcel-
lulose-polylysine to poly(rI) - poly(rC) at 50
pg/mi just prior to the addition of enzyme
could completely inhibit the degradation of
the polynucleotide, suggesting inactivation
of the enzyme by the colloid or perhaps
very rapid complexing of the polynucleo-
tide. We therefore examined the ability of
nuclease to degrade poly(rI) .poly(rC) in
the free state and when mixed with
wrapped poly(rI) .poly(rC). The results, in
Fig. 2, show that with 750 units/mi of the
nuclease, free poly(rI) - poly(rC) is com-
pletely degraded within 2 hours since there
is an increase in optical density of 100%.

The change in optical density of the car-
boxymethylcellulose-polylysine wrapped
poly(rI) . poly(rC) is insignificant over a pe-
riod of 5 hours. However, a mixture con-
taming both the free and the wrapped
poly(rI) .poly(rC) at the same final concen-
trations showed a change in optical density
over 5 hours that could be entirely ac-
counted for by degradation of all the free
poly(rI) . poly(rC). From the initial slopes

we estimate that the rate of degradation
of poly(rI) . poly(rC) is inhibited by 62% by
the wrapped poly(rI) .poly(rC). That the
changes in optical density occurring in the
presence of micrococcal nuclease represent
degradation of the polynucleotides and that�
the absence of optical density changes for,
wrapped poly(rI) .poly(rC) represent no,
degradation, was confirmed by looking for
nucleotide monophosphates by thin layer
chromatography of the incubation products
after 5 hours.

Preparation and characterization of

carboxymethylcellulose-poly lys me

wrapped poly(rI) and poly(rC). A homoge-
neous material without any precipitate was
obtained on pumping poly(rC) at 20 mg/mi
in 0.85% NaCl into an equal volume of a
colloidal complex containing 40 mg/mi car-
boxymethylcellulose and 12 mg/mi polyly-
sine. This material remained stable for 5ev-
eral hours at 4#{176}but did not redissolve after
lyophilization. The use of these higher con-
centrations was not possible with poly(rI)
since a precipitated material was formed
even when the pumping rate was reduced
to 5 mi/hr and at NaC1 concentrations of 0
to 1.5%. However, a satisfactory complex
was formed when poly(rI) at 4 mg/mi was
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FIG. 2. The effect on optical density at 248 nm of 750 units/rn! micrococcal nuclease added to po!y(rI).

po!y(rC), wrappedpoly(rI)-po!y(rC) and a mixture ofthese two

S #{149},50 pg/mI poly(rI) . poly(rC); S t, 25 pg/mi wrapped poly(rI) . poly(rC); A-A, 50 pg/nil poly(rI).

poly(rC) plus 25 �zg/ml wrapped poly(rI) . poly(rC). Enzyme was added at time zero and the samples incubated

at 37#{176}in 0.85% NaCl, 10 mss Hepes, 0.5 nmi CaC12.














