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Poly(9-~vinyladenine) was conjugated with agarose gel
to see the interaction with RNA (polyA and polyU) and DNA
for electrophoresis. The conjugated gel showed the
nucleobase selective separation for RNA and could dis-

criminate between single-stranded and double-stranded DNA.

The separation and purification of nucleic acids on the basis of
size, shape and conformation are of great important in molecular biology
and genetics. The chromatographic and electrophoretic techniques have
been widely used for them. The attractive approaches to achieve the
nucleobase-selective separation of nucleic acids have been carried out;
e.g., the use of (1) poly(uridylic acid)(polyU)—agarose1) for the separa-
tion of mRNA containing poly(adenylic acid)(polyA) region, (2) nucleic
1,2'3)

acid bases substituted on silica ge and (3) intercalators such as

4) 5) and quinacrineG) for the separation of

phenyl neutral red, acriflavin,
nucleosides and nucleotides. First successful example for electro-
phoresis by a using nucleic acid analog was demonstrated by Pitha.’) He
prepared poly(acrylamide)-poly(9-vinyladenine)(PVAd) conjugated gel and
investigated the interaction between synthetic polynucleotides and PVAd.
Previously, we found that the PVAd-immobilized silica gel showed the
nucleobase-selective recognition for the separation of nucleosides and
oligonucleotides by means of uprc.8)

In the present study, we prepared the agarose-PVAd conjugated gel to
see the interaction of PVAd with synthesized and naturally occurring
nucleic acids such as RNA (polyA and polyU) and DNA (linear and circular
DNA) for electrophoresis.

PVAd was obtained by the polymerization of 9-vinyladenine with
ammonium persulfate in H,0 in a similar manner reported previously.g)

The obtained PVAd was fractionated by ultrafiltration technique. PVAd
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having molecular weight more than 50000 was used for the electrophoretic
study, since a higher molecular weight PVAd can interact with RNA strongly
by UV spectroscopy.g)

PolyA and polyU were purchased from Sigma Chemical Co. Because the
molecular weight of those samples was very high (more than 100000) and the
distribution of the molecular weight was very broad, both polynucleotides
were sonicated in TE buffer (10 mM Tris and 1 mM EDTA, pH 8.0) with 0.5 M
NaCl. The sizes of sonicated (s)-polyA, polyU, and double stranded (ds)-
(polyA-polyU) were 530 * 200, 470 * 200, and 310 * 100 bp, respectively,
against ¢X174 Hae III and A Hind III restriction enzyme fragments10) from
Toyobo. Agarose gel electrophoresis was performed on a submaline type
gel apparatus (Bio-Rad DNA SUB CELL) at a constant voltage (100 V; ATTO
AE-8350 power supply) for 2h, using TBE buffer (89 mM Tris base, 89 mM
boric acid, and 2 mM EDTA, pH 8). 10 wts of PVAd was dissolved with
agarose. In order to visualize the presence of nucleic acids, gels were

1) for

stained with agqueous ethidium bromide for DNA and methylene blue
polyA, polyU, and ds{polyA-polyU).

Figure 1 shows the electrophoretic patterns of polyaA, polyU, and
ds(polyA-polyU) on agarose (0.7%) (a) and agarose-10%PVAd (b) gels. It
should be noted that the elution of PVAd from gel is negligibly small.
The mobility of the sonicated polyA was not affected by PVAd (lane 1),
although a slight retardation of unsonicated (u)-polyA was observed (lane
8). On the other hand, polyU was strongly adsorbed on the gel containing
10% PVAd (lanes 3 and 10) and the mobility of higher molecular weight
polyU was much decreased and a large amount of polyU was trapped in the
slot. This should be ascribed to the complementary hydrogen bonding
formation of PVAd with polyU. The hypochromic effect of PVAd to polyA
and polyU also supports this. The hypochromicities of u-polyA-PVAd
(MW>50000) and u-polyU-PVAd (MW>50000) are nearly 0% and 23.4%, respec-

12) Similar observation was reported by Pitha who used poly-

tively.
(acrylamide)-PVAd conjugated gel to see the interaction between PVAd and
unsonicated radiocactive polyA and polyU.7)

Complex formation of PVAdA with polyU was confirmed in the electro-
phoretic profiles of lanes 4 and 11 (Fig. 1 (a)), where an equimolar
amount of polyU and PVAd was injected. The significant decrease of the
mobility was observed, while the mobility of polyA and PVAd mixture was
not changed (Fig. 1 (a);lanes 2 and 9).

The mobility of a sonicated ds(polyA-polyU) was examined on both gels
(lanes 6 and 7). Two spots were observed on the agarose-PVAd gel,
whereas a single spot was detected on agarose gel. It is well known that

polyA and polyU form double (polyA-peolyU) and triple (polyA-polyU-polyU)
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123 45 6 7 89 10 1 Fig. 1. Electrophoresis of
RNA on agarose gel (0.7%) (a)
and agarose-10%PVAd gel (b).
Lane 1; sonicated (s)-polyA,
2; s-polyA-PVAd, 3; s-polyU,
4; s-polyU-PVAd, 5; PVAd, 6;
s-(polyA-polyU), 7; s-(polyA-
polyU)-PVAd, 8; unsonicated
(u)-polya, 9; u-polyA-PVA4,
10; u-polyU, 11; u-polyU-PVAd.

Concentration was 13 - 19 mM.

1t 2 3 4 5 6

Fig. 2. Electrophoresis of DNA on agarose gel (a) and
agarose-10%PVAd gel (b). Lane 1; Hind III digests of X DNA,
2; sample 1 heated to 95 °C for 3 min, 3; pUC19, 4; sample 3
heated to 95 °C for 3 min, 5; linear pUC19, 6; sample 5 heated
to 95 °C for 3 min. Concentration of DNA was 1.0 g 11,  The
DNA bands in lane 3 are arranged from bottom to top in the

order ccc- and oc-plasmid DNA and linear chromosomal DNA.
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stranded helices in an equilibrium.13) Therefore, the retarded spot on
the agarose-PVAd gel may be the triple helical complex or extra polyU.

The interaction of PVAd with linear and circular DNA was investigated
by using the same gel (Fig. 2). The mobility of linear ds-DNA (lanes 1
and 5) and circular DNA (lane 3) on the agarose-10%PVAd gel was little
decreased compared to that on agarose only. The dramatic decrease of the
mobility was observed in lanes 2, 4, and 6 (Fig. 2 (b)), where all samples
were denatured by heating to 95 °C for 3 min. In cases of lanes 2 and 6
most of DNA were strongly retarded. This suggests that the denatured,
probably a single stranded DNA was trapped by pvad.'4) In a similar
manner c¢ircular DNA was denatured and injected. The bands of open
circular (¢oc) and chromosomal DNA were almost disappeared on the agarose-
PVAd gel. There have been reported several methods to separate co-
valently closed circular (ccc) plasmid.15) Our method may be applicable
for separating ccc plasmid.

Since a number of synthetic nucleic acid analogs have been prepared
so far,16) most of them may be applicable for electrophoresis to see the
interaction with nucleic acids and to separate them by an affinity of the

analog.
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