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Summary

Homo~ and copolynucleotides derived from 3-methyluridine, 5,6-dihydro-
uridine and 2'-azido-2'-deoxyuridine (dUz) were prepared and evaluated for
antiviral activity either as single strands or as double strands when complexed
with complementary homopolynucleotides. The synthetic materials were not as
active as (4), - (U), or (I)n . (C)n in inducing the interferon system. The
antiviral activity of (A)n . (dUz)n was not affected by treatment with high
concentrations of pancreatic RNase A, whereas this activity was totally abolished
when (A)n . (dUz)n was digested with human serum.

Introduction

Both single- and double-stranded synthetic polynucleotides exhibit a wide
variety of biological activitiesl. One such activity, the induction of interferon,
has been intensively investigated as a means to circumvent the difficulties associ-

ated with the clinical use of human interferon2'4.

Factors, currently believed to
be responsible for determining the efficacy of synthetic polynucleotides as inter-
feron inducers, are () sufficiently high molecular weights, (Z7) existence as a

double-stranded helix with relatively high thermal stability (Tm)ﬁ, (Z71) resistance

to nucleases’ (e.g., pancreatic RNase A), and (Zv) an intact 2'-OH groupg. We
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have evaluated the antiviral activity of several polynucleotides, modified in both
the ribose and the pyrimidine moiety, in order to gain additional information

regarding the structural requirements of such interferon inducers.

Materials and Methods

(A)n and (U)n were products of P-L Biochemicals (Milwaukee, Wisconsin).
(C,D)n9 polymers and (dUz)n10 were prepared by methods previously described.*
Preparation of (m3UMP) was accomplished by a modification of the published

11 ana converted, viq the morpholidatelz, to the 5'-diphosphate

procedure
and polymerized to (maU)n13 using polynucleotide phosphorylase. Enzymatic
copolymerization of the appropriate diphosphates gave (maU,U)nla, (m3U,A)n and
(dUz,A)n. Where necessary, base ratios in the polynucleotides were determined

by digestion of the polymer with alkaline phosphatase and venom phosphodiesterase
followed by chromatography (Whatman No. 1 in Zso-PrOH-NHyOH-H,0, 7/1/2),

elution of the resulting nucleosides and determination of the corresponding

UV absorbance. Base ratios in the (C,D)n polymers were determined as previously
described?.

Degradation of polynucleotides was monitored by one or more of the
following methods: (I) removal of aliquots at various time intervals followed
by paper chromatography in 95% EtOH-1.0 ¥ NH,OAc, pH 7.5, 7/3; (II) UV hyper-
chromicity at Amax of the polynucleotide; (III) CCl3COOH soluble radioactivity from
labeled polynucleotides (Schwarz-Mann).

Polynucleotide complexes were prepared for antiviral assays by mixing-
appropriate molar quantities in 0.10 M NaCl, 0.01 M KH,PO, (pH 7.5) buffer and
incubating for at least 24 hr at 25°. Complex formation was checked by hypo-
chromicity. General techniques used for construction of mixing curves and

14

determination of Tm will be reported elsewhere~".

Solutions of the polynucleotides were diluted in medium containing 300 ug

* The following abbreviations are used for the non-standard bases: D, 5,6-

dihydrouridine; m3U, 3-methyluridine; dUz, 2'-azido-2'-deoxyuridine.
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neomycin sulfate15 per ml and incubated with primary rabbit kidney cells for 24
hr. Treated and control cultures were then challenged with vesicular stomatitus
virus (VSV, MOl = 10). Eighteen to 24 hr later either viral cytopathology (CPE)
was recorded or virus yileld was determined by plaque assay. The biological
activity was defined as the minimal effective dose (MED) or that concentration
of polynucleotide which induced either a 507 reduction in the CPE or a 0.5

log,o reduction in yield of the challenge virus. From previous studiesl6,

it was concluded that the resistance to viral replication is a consequence

of activation of the interferon system. The measurement of the resistance of
stimulated cells to virus challenge is a more sensitive method of assay than the

measurement of any interferon produced17.

Results and Discussion

Three modifications of uridine were examined for their effect on the
antiviral activity of single~ and double-stranded polynucleotides; namely,
5,6—~dihydrouridine (D), 3-methyluridine (m3U) and 2'-azido-2'-deoxyuridine
(dUz). Introduction of these nucleosides into synthetic polynucleotides allowed
examination of several of the hypotheses regarding interferon presented in the
introductory paragraphs of this paper, as well as evaluation of the effect of
loops on the activity of double-stranded complexes. If such alterations produced
reasonable antiviral activity compared with (A), : (U),, we intended to modify

. - (C)n in a similar fashion.

n

Biological Evaluation of the Single-Stranded Polynucleotides

(1) Replacement of cytidine residues in (C)n by (D) (Table I) led to no
significant increase in antiviral activity compared to certain commercial samples
of (C)n preparationsls. (2) Single-stranded polynucleotides (3, ¢) which were
completely resistant to pancreatic RNase A, or which (5, 6, 7, 15) had inter-

mediate degrees of resistancel3 (Table 1) afforded considerably less antiviral

protection than the most active samples of (I)n and (C)nl6. In addition, they
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showed less activity than a commercial sample of (A)n, 8, which is also
resistant to RNase A at moderate enzyme concentrations. (3) There was no
apparent relationship between antiviral activity of the single-stranded
polynucleotides and their secondary structure as judged by T,. For example,

the T, of ¢ is slightly higher than that of &, yet ¢ showed no activity, whereas
8 was active at 10 pg/ml.

The findin316’18’19 that certain commercial samples of (I), or (C)n were
able to induce the interferon system at relatively high concentrations led to
the suggestionl6 that the active samples of single-stranded polynucleotides might
be contaminated by a polycation or possess a conformation intermediate between
a helix and a random coil which in turn would lead to increased resistance to
RNase and higher antiviral activity. The results presented here show that
resistance to pancreatic RNase A does not lead to antiviral activity in a

single-stranded polynucleotide,

Biological Evaluation of the Double-Stranded Polynucleotides

As the results in Table I clearly show, none of the modified synthetic
double-stranded polynucleotides (12, 13, 14) were as active as (A), * (U)n or
(I)p = (C), in providing antiviral protection in rabbit kidney cells treated
with VSV, The differences became even more dramatic when 10 and 16 were tested
at lower concentrations under the same conditions. While the most active synthetic
preparations (12, 13) provided protection at 1 ug/ml, 10 and 16 (with neomycin)
protected against viral infection at < 0.001 ug/ml. These results permit the
following conclusions: the 2'-0H group of the ribose moiety of the (U)n strand
of (A)n . (U)n is required for maximum interferon inducing ability. Replacement

of the 2'-0H of (C)_ by 2'-#8, 2-c120, 2'-ocu;?! 22

, or 2'-0Ac“” also leads to
dramatic decreases in the ability of the corresponding (I)n complexes to induce
interferon. Since the effect of introducing such substituents (aside from

2

g2l and OAczo) into the purine member of the duplex has not yet been examined,

and since the effect of more diverse substituents (F, NHz, SH) at C-2' has not

been determined, it is probably premature to conclude that an absolute
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requirement for the 2'-~OH exists. (2) A highly ordered complementary base-
paired complex is a necessary but not sufficient condition for maximum inter-
feron stimulating capacity. One example of this is compound 77, the triply-
stranded complex, which 1is about a thousandfold less active than 10, the double-
stranded complex (also see ref 6)., The most striking example is I2 which has
been shown9’14 to possess a double-stranded structure with a Tm at least equal
to 10, Yet 12 is a thousandfold less effective as an interferon inducer. (3)
Resistance of the double-stranded complex to pancreatic RNase A is not a good.
guide for predicting antiviral activity. Compound I2 is totally resistant to
high concentrations of RNase A, yet is much less active than 10 which is
degraded at the same RNase A concentration. (4) Although compounds 13 and 14
have similar molecular weights and Tm's, 13 has significant antiviral activity,
whereas 14 is completely inactive. At least two interpretations are possible,
(a) the presence of m3U in 13 renders the (A)n more susceptible to degradationm;
(b) the purine member of the polynucleotide duplex may be more important than
the pyrimidine strand in the induction process. Such a possibility has been

24-26

indicated in other experiments (5) The reduction of activity brought

about by the nonbase pairing nucleotide m3U is probably due to formation of loops
in the polynucleotide duplex25

Effect of Human Serum on Biological Activity

Since it has been shown that human serum contains an activity which

degrades double-stranded polynucleotides27’28

, and since 12 is totally resistant
to high concentrations of pancreatic RNase A, we evaluated the effect of
preincubating several polynucleotide duplexes with gerum on their ability to
provide antiviral protection in the hope that the resistance of 12 to
degradation would lead to an effective increase in its activity in comparison

to 16 or I0. The results (Table I) were surprising in that 12, completely
resistant to RNase A by chemical criteria, showed complete loss of antiviral

activity after incubation with human serum,

In a separate experiment, we compared the effect of RNase A and human
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serum. Using experimental conditions described in Table I, we found that serum
(13%) caused a tenfold drop in the activity of (I), - (C),, while RNase A

(10 ug/ml) caused a > hundredfold drop. (A)n . (dUz)n (12), however, showed no
decrease in activity upon prior incubation with RNase A (10 ug/ml), but lost
all activity when preincubated with hHuman serum (13%). These results indicate
that the human serum nuclease(s) which degrade (D, (C)n may have a different
substrate specificity from pancreatic RNase A. Because of the importance of
such a possibility with regard to the design of polynucleotide interferon
inducers for human usage, we are presently engaged in further studies to
elucidate the nature of this serum activity.
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