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ABSTRACT .

Poly (2'-azido-2'-deoxyinosinic acid), [pnly (Iz)], was
synthesized from 2'-azido-2'-deoxyinosine diphosphate by the
action of polynucleotide phosphorylase. Poly (Iz) has UV ab-
sorption properties similar to poly (I) and hypochromicitx of
11% at 0.15M Na' and neutrality. In solutions of high Na% ion
concentration, poly (Iz) forms a multi-stranded complex and its
Tm at 1.0M Na't ion concentration was 43°. Upon mixing with
poly (C), poly (Iz) forms a 1l:1 complex having a Tm lower than
that of poly (I)°poly (C) complex in the same conditions. The
effect of substitution at the 2'-position of the poly (I) strand
was discussed in relation to the interferon-inducing activity.

INTRODUCTION .

A number of polynucleotides containing analogues of pyri-
midine and purine nucleotides have been reported.z) The need
to understand the way in which a substituent at the 2'-position
‘of the ribose ring influences the structure and function of the
polynucleotides has led to the synthesis of a variety of com-
pounds of this type. Pyrimidina polynucleotides which contain
3)' 4,5) 7)sub-

-azido ,-aminos), -methoxys)and -ethoxy
stituents have been reported . We have found a new method for

2'-halogeno
8)
the synthesis of 2'-N-substituted nucleosidesg) by way of pur-
ine cyclonucleosides, which are readily available from the
naturally occurring nucleosides. We have previously repofted
the synthesis and properties of poly (2'-azido-2'-deoxyadenylic
acid)lo) as the first purine polynucleotide having 2'-N-substi-
tuents. We found that it possessed unique stacking features
between adenine bases in the neutral form and in the case of
complexing with poly(U). We have also synthesized poly(2'-
amino-2’-deoxyadenylic acid) and studied its physical proper-

ties. 1)
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In this paper we describe the synthesis of poly(2'-
azido-2'~deoxyinosinic acid) [poly(Iz)] catalyzed by E.coli
polynucleotide phosphorylase together with its physical
properties including UV, CD and Tm in neutral media and the
results obtained on mixing with poly(C). It has been found
that the introduction of the azido group at the 2’-position
of 2’-deoxyinosinic acid in the polynucleotide chain led to
the significant increase of the interferon inducing ability

of the complex with poly(C).lz)

Therefore, it seemed of
interest to obtain information on the structure-function
relationships of such an interferon inducer analogous to

poly (I) -poly(C).

Materials and Methods

Synthesis of poly(2’-azido-2’-deoxyinosinic acid)

2’'-Azido-2’-deoxyinosine 5’~phosphate (II)
2'~Azido-2'-deoxyadenosine 5’-phosphate lo)(I, 5000 OD
units, 0.33 mmol) and sodium nitrite (500 mg) was dissolved
in water (5 ml). Acetic acid (4 ml) was added to the solution
which was kept at 37° overnight. 13)

260

The solution was absor-
bed on charcoal, which was washed thoroughly with water.
Elution with 50% ethanol containing 5% conc. ammonia and
evaporation of the eluents gave crude 2'-azido-2’-deoxyinosine
5’-phosphate. The residue was dissolved in water and applied
to a column(12x20 cm) of Dowex 1x2 (formate form). Washing
with 0.175N HCOOH and elution with 0.3N HCOOH gave 2’-azidoj
2'’-deoxyinosine 5’-phosphate (II) (3640 OD250 units, 0.29 mmole,

87%). UV:},ﬁg;‘o 249 nm. Paper electrophoresis: Ry, 1.0.
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2'-Azido-2’~deoxyinosine 5’-diphosphate‘(IV)
2'-Azido-2'~-deoxyinosine 5’-phosphate (3640 OD250 units,

0.29 mmole) was dissolved in water (3 ml) and t-butanol (3 ml).

After adding morpholine (0.14 ml, 1.2 mmoles) to the mixture,

a t-butanol (4.5 ml) solution of DCC (252 mg, 1.2 mmoles) was
14)

added dropwise under reflux. After refluxing for 4 hr,

the mixture was evaporated in vacuo and the residue was
equilibrated in an Hzo—ether (1:1) mixture. Insoluble material
was filtered off and the aqueous layer was separated and
evaporated. The residue was azeotropically dried with
pyridine several times to give 2’~-azido-2’-deoxyinosine 5'-
phosphoromorpholidate (III) as a hard syrup. To the residue
inorganic phosphate (85% aqueous solution 0.07 ml, 1.03 mmole),
which was previously dried by evaporation with pyridine
together with tri-n-butylamine (0.24 ml,1.0 mmole)and dissolved
" in pyridine (2 ml), was added. The reaction mixture was

kept at 30° for 2 days. The reaction mixture was evaporated
in vacuo, the residue dissolved in water, and applied to a
column of charcoal. The column was washed with water and
eluted with 50% ethanol containing 5% conc. ammonia.

Eluents were concentrated and applied to a column (1l.7x20 cm)
of DEAE-Sephadex A25 (bicarbonate form). Elution was
performed with 0-0.25M triethylammonium bicarbonate buffer

(pH 7.5, total 4 1) in a linear gradient and 20 ml fractions
were collected. Fractions No 161-200 were pooled and
evaporated. 2’-Azido-2’-~deoxyIDP (1575 OD250 units, 43%)

was obtained as an amorphous powder. Paper electrophoresis:
RAMP 1.22. Ratio of base: labile phosphate: total phosphate,
1.0:1.1:2.1.

Polymerization of 2’-azido-2’-deoxyinosine 5‘-diphosphate

The polymerization mixture (12.5 ml) contained Tris-HC1l
(pH 8.5, 80 mM), MnC12(2 mM) , 2'-azido-2'-deoxyIDP (4 mM),
and 2.4 units of polynucleotide phosphorylase per milliliter
of solution. Incubation was performed at 37°.
Progress of the reaction was followed by inorganic phosphate
analyses 15)on aliquots (0.25 ml) removed at various time inter-
vals. (Fig 1) After 17 hrs the mixture was deproteinised with

isoamylalcohol-CHCl3 (1:3 v/v). The organic phases were
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combined and extracted with water. The resulting aqueous
solutions were combined and lyophilized to dryness. The
residue was dissolved ir water and applied to a Sephadex G50
column (l.7x110 cm) which was eluted with water. The polymer
was eluted in the void volumn. The appropriate fractions
containing polynucleotide were combined and dialyzed against

5 1 of 0.01M EDTA-0.01M Tris-HCl (pH 7.0) and then against

5 1 of water. The resulting aqueous solution was lyophilized.
Usually IzDP (50 M moles) was polymerized as described above.
After purification, the yield of poly(Iz) was 75 OD250 units
(7.04 ﬁmoles, 14%). UV: 1 max 247 nm (£ 10,950) at 18° in
0.10M NaCl-0.05N Na cacodylate (pH 7.0).

Physical Measurements

UV spectra were taken with a Hitachi 124 or 200 spectro-
photometer in the same conditions described above.
‘The extinction coefficient of poly(Iz) was determined by in-
organic phosphate analysis after digestion with acid as descri-
bed by Howard et al. 16)
determinations gave 10,950 at A max for poly (Iz).

An average value for the three Pi

CD spectra were taken with a JASCO ORD-UV-5 spectrometer
equipped with a CD attachmant in the presence of 0.1M NaCl
and 0.05M Na cacodylate (pH 7.0). Melting temperature was
measured with a Hitachi spectrometer equipped with a thermos-
tated cell. The temperature inside the cell was measured with
Sibaura thermister Model MGB-III type 218. Mixing curves were
obtained by measuring the absorbance of mixtures which
contained 0.04mM total concentration of poly(Iz) and poly(C)
in the ratios indicated in Fig. 5. Salt concentration was
0.1M NaCl and pH was adjusted to 7.0 with 0.05M Na cacodylate.

RESULTS AND DISCUSSION
IzDP was a substrate for polynucleotide phosphorylase

2+
10)

from E.coli on incubation at pH 8.5 in the presence of Mn

ions. Fig.l shows the time course. As in the case of AzDP,
IzDP was a very poor substrate. The organic phosphate

liberated was 40% after 17 hrs incubation, but the isolated
yield of poly(Iz) was only 14%.
UV _and CD spectra of poly(Iz)

UV absorption of poly(Iz) is shown in Fig 2a. Poly(Iz)
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Fig. 1 Time course of polymerization of 2’-azido-2’-deoxy-
inosine 5’-diphosphate

showed A max 247 nm (£ 10,950) as compared with A max 249 nm
(¢ 12,500) for IzMP. A blue shift of 2 nm of the A max
compared to that of the monomer was observed. The magnitude
of this shift was the same as that observed for poly(I).
Hypochromicity at neutrality in the presence of 0.15M Nat was
calculated as 11% assuming £ of the monomer equal to 12,500.

20 20 260 280 300 (nm)

Fig 2 U.V. and C.D. spectra of poly(Iz) ang poly(I) in
neutral solution containing 0.15M Na .
poly(Iz) ,----poly(I)
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This hypochromicity is smaller than that of poly(I) (15%)
under the same conditions.

The CD spectra of poly(Iz) and poly(I) at 8° in 0.10M
MgCl-0.05M Na cacodylate (pH 7.0) are shown in Fig. 2b.
The CD spectrum of poly(Iz) did not show any positive band
in the UV region (210-320 nm). A trough appeared at around
240 nm ([8]1-5,300).  This suggests,a stacked random coil
structure which was less stable than poly(I) for poly(Iz) in
the neutral solution in the presence of 0.15M Na+.

17 poly(I) associates under appropri-

According to Rich
ate environmental conditions to form a three-stranded helical
complex with three hydrogen bonds involved in stabilization
of each hypoxanthine triplet. Recently Arnott et al, presen-
ted a quadruplet structure for this complex. 18)

As shown in Fig.3, the optical density of poly(Iz) was
decreasad by changing the solvent from 0.05M to 0.95M Na® ion
corncentration. On going from 0.05M to 0.95M, the optical
density at 248 nm was descreased by 19%. This fact suggests
that, while poly(Iz) exists as a random coil structure in
the 0.05M Na+ solution, on increasing the salt concentration
to 0.95M Na+, the polymer associated to an ordered structure
as was found in the case of poly(I).

ABSORBANCE ( 250nm)

Fig.3 U.V. absorption of poly(Iz) at various Na® ion
concentration. 0.95M, --- 0.51M, —.+.—.—0.35M
——ee—..— 0.05M :
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Fig.4 Tm of pgly(Iz)
0.95M Na

ABSORBANCE (250nm)

20 4] 60 80(0)

Temperature—-absorbance profile

" The temperature-absorbance profile of poly(Iz) in
neutral conditions is shown in Fig. 4. While the UV absorp-
tion at 0.15M Na+ ion increased gradually on heating from 0°

to 80° without showing any steep increase indicative of
cooperative melting, the curve taken with 0.95M Na+ ion
showed a sharp transition .at 43°. The Tm (43°) for poly(Iz)
is the same as the Tm (43°) of poly(I). The melting profile
for poly(Iz) is somewhat less cooperative and its hyper-
chromicity on melting is smaller than that of poly(I) (18%).
These facts suggest that the thermal stability of the multi-

stranded complex of poly(Iz) is almost the same as the poly (I)

quadruplex. Therefore, we concluded that the stability
of the three(or four)-stranded complex of polymer is not
affected by substitution of the hydroxyl group by the azido
group at the 2’-carbon of inosinic acid in the polynucleotide
chain.

Hybridization experiments of poly(Iz) with poly(C)

It is well known that poly(I) forms a double-stranded
complex upon mixing with poly(C). Poly(dI) also shows
similar complex formation with poly(C) or poly(dC).

We examined the complex of poly(Iz) with poly(C) by the
continuous variation method. Poly(Iz) and poly(C) at 0.04 mM
base concentrations were mixed in various ratios as indicated
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in Fig.5 in the presence of 0.15M Na+ at pH 7.0.
The curves at 250 nm, 260 nm and 270 nm clearly showed
formation of a 1:1 complex, poly(Iz)-poly(C), as in the case
of poly (I) -poly(C).

As shown in Fig. 6, this complex formation by poly(Iz)
and poly(C) was also supported by measurements of CD before
and after the mixing of two components. The CD curve before

W04
b3 250nm
b
g | zom
2 —
0z} 72"
0 2 B0 100(°%
g&'f(%wo 2 8 B B 1P

Fig.5 Mixing experiment of poly(Iz) and poly(C)

(8)=10%
30

20

10

Fig. 6 CD spectra of poly(Iz) and poly(C) (1:1)
before and after mnixing ----- before mixing,
after mixing
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the mixing showed a peak at 277 and a trough at 235 nm.
After the mixing the curve changed to a completely different
one, which had two peaks at 277 nm and 245 nm, and a trough
at 262 nm. The amplitude of the long wavelength CD band
descreased as compared to that before mixing, and its shorter
wavelength CD band was reversed in sign with an increase in
magnitude. These changes indicate complex formation in the
mixture.
Thermal stability of the poly(Iz)-poly(C) complex

The temparature-absorption profile at various ionic

+
strengths are recorded. The Tm was 41° at 0.15M Na
ion concentration, 51° at 0.15M Na+ ion concentration, 58°

at 0.35M Na* ion concentration, 61° at 0.55M Na+ ion concentra-
tion and 64° at 0.95M Na+ ion concentration. The Tm of poly
(Iz) -poly(C) complex was 11° lower than that the Tm of poly (I)
-poly (C) reported to be 62.5° at 0.15M Na+ ion concentration.
These Tm's showed a linear relationship with the ionic
concentration as shown in Fig.7.

It has become evident that the presence, absence, or
modification of the 2’-hydroxyl group of polynucleotides

(Nd)
10

o1

o014

20 40 & 8 (0

Fig.7. Relationship of Na' concentration and Tm of
poly (Iz).poly(C) ( — ), Poly(I)-poly(C)( =----)
and poly(dI)‘poly (C) ( — - — = — ).
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results in significant differences in the conformation and
relative stabilities of the ordered structures of such poly-
nucleotides. Generally, double-stranded homopolymer pairs
seem to follow a trend that the ribose duplexes have a higher
Tm than the deoxyribose duplexes as well as the hybrid
duplexes}g) We have reported previouslylo) that the poly (Az)
forms a 1:2 complex with poly(U) in 0.15M Na® solution and
this complex has a Tm higher than that of poly(A)-2poly(U) or
poly (da) - 2poly (U) . 2%
duplex, as described above, this complex has Tm's lower than

In the case of the poly(Iz)-poly(C)

those of the ribose duplex, poly(I)-poly(C), but has Tm's
higher than those of the hybrid helix, poly(dI)-poly(C), at
Nat ion concentrations between 0.05 and 0.96M. These results
suggest that, not only the size of the 2’-substituent, but
also its interaction with solvent molecules must be taken into
account for the stabilization of the complex.

In conclusion it might be emphasized that the introduction
of the azido group to the 2’-position of purine nucleotides in
polymer chains caused rather small changes in the physical
properties as compared to ribopolynucleotides. The enchance-
ment of interferon-inducing activity by the 2’-azido group
may be ascribed to resistance of poly(Iz) to enzymatic
degradation.
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