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AFFINITY SORPTION ANALYSIS
OF THE STRUCTURE OF POLY(G)-POLY(C) COMPLEX
OBTAINED BY MEANS OF TEMPLATE-DEPENDENT SYNTHESIS

The analysis of the siructure of poly(G)-poly (C) complexes obtained by the enzymatic
synthesis on poly(C) template was carried out using lhe method of affinity sorption.
This laiter was used also for the purification of the synithesized so far complexes [rom
the redundant femplate as well as Jor the investigation of the structure of poly(G)X
X poly(C) complexes obtained by the «traditionals mixing of complementary homopo-
tyriucleotides. It was shon that the degree of lemplate iranscription depends on the
guality of RNA polymerase and the incompleted —{ranscription is connected with the
inhibition of the elongation of poly(G) chain.

Introduction. The preparation of double-stranded polyribonucleotide comi-
plex poly(G) -poly(C) by mecans of poly(G) synthesis from GTP on the
poly (C) template with the use of bacterial DNA-dependent RNA polyme-
rase as well as the evidence of its high structural regularity had been
described by us earlier [1]. But it was shown in the course of following
investigations that the degree of radioactive GTP incorporation into the
macromolecular fraction depended on the used lot of commercial RNA
polymerase. This may be the effect of either the action of contaminating
RNAses partially hydrolized the template in the course of synthesis or
the incomplete template transcription. This work is devoted to the analy-
sis by means of affinity sorption of the structure of poly(G) -poly(C)
complexes obtained in the course of template-dependent synthesis. This
melhod was applied also for the purificalion of resulting complexes from
redundant unused template as well as for structural investigation of
«traditional» poly(Q) -poly(C) complexes obtained by the mixing of com-
plementary polynucleotides in solution [2].

~ Materials and methods. Commercial preparations of DNA-dependent
RNA polymerase from Escherichia coli (Scientific Research Design-Tech-
nology Institule of Biologically Active Sabstances, Berdsk, Novosibirsk
disirict, Russia) were used.

Sodium guanosine-5’-triphosphate (GTP) («Reanal», Hungary) was
purified directly before use from contaminating mono- and diphosphates
by the ion-ecxchange chromatography on Dowex 1X8 resin in Cl-form.
Radioactive [8-*H|-GTP with specific activity of 814 TBq/mole was pro-
duced by the All-Union Concern «Isotopes.

Guanosine-5’-diphosphate (GDP) and cytidine-5-diphosphate (CDP)
were obtaincd from Scientific-Productive Formation «Biolar» (Olajne,
Latvia). Sodium salis of poly(G) and poly(C) were synthesized from
GDP and CDP correspondingly by means of continuous-flow synthesis
wilh the use of bacterial polynucleotide phosphorylase immobilized on
macroporous glass [3].

Preparative scale synthesis of poly(G) -poly(C) with ihe use of RNA
polymerase was performed on poly(C) template as described earlier [1].

Our own modification of the described in the literaturc method of
DNA immobilization on cellulose powder [4] was used for the prepara-
tion of poly(G)-cellulose (PGC) which was used as affinity adsorbent
for poly{C). Microcrystailine cellulose, qualification «LK — for column
chromatography» was purified from fine components by repeated decan-
ting oi its water suspension and washed with 0,5 N NaOH on paper fil-
ter iill the absence of yellow colour of filtrate. Then it was washed by
small aliquotes of 96 % EtOH and air-dried overnight at room tempera-
ture. Poly(G) was dissolved at a concentration of 2 mg/ml in 1 mM
EDTA with 10 mM NaCl. Purified dry cellulose was added with confi-
nuous stirring to the poly(G) solution — 1 g per 156—20 mg of poly(G).
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Aller thorough mixing on magnetic stirred for 1 hr the mixture was driced
in rotational evaporator and suspended in 7—10 ml of 96 9% EtOH per
1 g ol cellulose. This suspension was UV irradiated with vigorous stir-
ring at 4°C for 18 hirs at a distance of 15 cmn from 3 parallel sterilizing
15 W UV-lamps BUV-15, then dried on paper filter, suspended in 2M
NaCl solution containing 10 mM EDTA, stirred for 30—60 min and wa-
shed with the same solution at paper filter till the disappearance of the
oplical density at 260 nm in filtrate. Final steps were washing with wa-
ter, then with 96 % EtOH and air-drying.

The degree of poly(QG) fixation was checked in the following man-
ner: 100 mg of PGC were suspended in 4 ml of 0,4 N NaOH and incuba-
ted at 37 °C for 48 hrs, then 4 ml of 2,5 % HCIO, were added for 10 min

in the ice bath. After centrifugation
AT the UV absorbance spectrum in su-
pernatant was registered and the
amount of atkaline-splitted GMP
was calculated on the basis of molar
spectral data. The amouni of inuno-
bilized poly(Q) was cqual usually to
1,0—1,1 p moles per 100 mg of PGC.
The interaction of poly(C) or comp-
lexes poly(G)-poly(C) with PGC
was performed at 20 °C with stirring
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poly(G)-poly(C) with added free polv(C)
before interaction with poly(G)-cellulose;
5 = complex poly(Q)-poly(C) with added
free poly(C) afler interaction with poly{(Q)-
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for 4 hrs in 5 mM sodium phosphate, pl1 7,5, containing 100 mM NaCl.

The interaction of poly(G)-poly(C) complexes after templatc-depen-
dent synthesis was performed as follows. To 0,42 ml of the reaction mix-
ture containing 0,15 mM poly(C), 1,5 mM 3H-GTP, and RNA polyme-
rasc [1], 25 w [ of 4 M NaCl and H,;O till 1 m! were added. Then 50 mg
of PGC containing 0,5—0,55 p moles of poly(G) were added and incuba-
tion was proceeded for 4 hrs at 20 °C. Radioactivity of acid-insoluble frac-
tion in the supernatant was measured [I] before and after incubation
with PGC.

Column gel chromatography of samples on Sepharose 2B was per-
formed in usual manner [5].

The method of determining free poly(C) concentration in solution
using the differential pulse polarography at the mercury dropping elect-
rode was described earlier [6]. Automated polarographic recorder model
174 A (PARC, USA) was uscd.

The radioactivity of samples was measured in the liquid scintillation
counter SL-30 («Intertechnique», France).

Results and discussion. First of all the control experiments were
carried out in order to check the binding of poly(C) with PGC in the
presence of complex polyv(G) -poly(C). Fig. 1 shows UV absorbancy spect-
ra of the complex and its mixture with added extra poly(C) both belore
and after the interaction with PGC. We see that the presence oi complex
did not prevent full binding of free poly(C) with PGC.

Then we checked that PGC could bind not only the excess of free
polv(C) but also the imperfecl complex molecules bearing sites ol po-
Iv(C) uncoupled with poly(G). In table 1 the composition of poly(G)
and poly(C) mixtures prepared for complex formation is shown (column
1), in parallel with the degrce of changes in the optical density after the
contact of resulling complexes with PGC (column 2). In addition to the
equimolar ratio poly(G)/poly(C) we used also the excess of poly(C), up
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{o 70 % in molar concentration. All absorbance speclra were almost iden-
tical n their form to the spectrum ol complex at the equimolar ratio of
poly(G) to poly(C), with the maximum of OD at 260--261 nm, so we
do mot give them here. The decrease in total absorbancy after PGC treat-
ment was Jound to be proportional to the molar excess of poly(C). As
far as the mechanical addition of poly(C) to the finished complex resul-
ted in drastic change of the form of summary absorbance spectrum {cfi.
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Fig. 2. Gel-chromatographic pattern on Sepharose 2B of the complex poly(G)-poly{C)
obtained with the 70 % molar excess of poly(C) (tabl. 2, sampie 4} I — heiore intera-
clion with poly{G)-cellulose; 2 — after interaction with poly(G)-cellulose

Fig. 3. Gel-chromalographic pattern on Sepharose 2B of the product of incomplete
template-dependent synthesis: 7 — before interaction with poly(G)-cellulose; 2. - afler
interaction with poly(G)-cellulose

[Fig. 1), we conclude that in the samples 2, 3, and 4 almost all redundant
poly (C) is involved info the inferaction with poly(G). This interaction
is incomplete, but absolutely frec molecules of poly(C) are apparently
absent,

In Fig. 2 gcl chromatography patterns of the sample N 4 with 70 %
molar cxcess of poly{(C) before and after its interaction with PGC is
shown, Most real explanation of their features consists in the extraction
irom this sample in the course of aflinily sorplion of imperfect complex
molecules with the sections of uncoupled poly (C).

After .this the analysis of the products of template-dependent syn-
thesis of poly(G) -poly(C) was performed. The presence of *H-GTP in
incubation mixtures allowed us to determine the degree of the synihesis
on the basis or radioactive label incorporation into the acid-insoluble
fraction. In fig. 3 the results ol gel chromatography on Scpharose 2B of
the sample with the degree of completeness of the synthesis near 50 %
from maximal level before and after the {reatment with PGC is shown.
The sample was polydisperse before the treatment with PGC and conta-
incd high amount of relatively low-molecular-weighl components, but al-

Tabice | Tabie 2

Optical densily and differential pulse The results of radioactivity
polarography daia before and after the measurements in ithe acid-insoluble
interaction with PGC for model coniplexes fraction of the product

oblained «f differeni molar ralios of templafe-dependent synihesis hejore
poly(G)/poly(C) and after the interaction with PGC

| DPP current

atl a potential The radicactivity

10D, (lecrease EEWERY in acid-insoluble fraction, cpm
Molar ratio lz\flcf.:!oinl(‘ructi- of -1.1V. na HeriseTubIE et
poly (G)/poly (C) [on with PGC,
0y . =0 0’ o
"o *;f&"(’zc ]",f(t‘(g Iﬂcogf’r:f’t]‘ésgzo o) | Complete synthesis
{

N 1. 1/1.0 10 0,04 =0,01 Before PGG|Afler PGC|Before PGC|Atter PGE
N 2. 1/1,1 23 0,07 <001 |
N 3. 1I/1.3 45 0,25 <0,01
N 4. 1/1,7 60 0,57 <001 218418 103112 1700161715410
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ier the affinity sorption its gel chromatographic pattern consisted of mac-
romolecular fraction only. It is unclear ncwertheless what are the compo-
nents of the reaction mixture removed in this way — are they incomple-
tely transcribed template molecules of poly(C) (i. e. «partial» complexes)
or they consist of poly(C) molecules that had not contacted with RNA
pelymerase and remained free.

We are sure that the results of following experiments answer this
question. We used now the specific curcumstance that radioactive *H-la-
bel is present in the macromolecular component in the poly(G) strand
only. It is obvious thercforce that combining the measurements of OD and
radioactivily distributions permits the discrimination of compleiely free
polv(C) molecules from free poly(C) mojeties in the imperfect poly (G) X
X poly{C) complexes. The results are presented in table. 2. We sec that
incuhation with PGC of reaction mixture with aboul 50 % level of po-
Iv (G} synthesis resulted in two-fold decrease of *H amount in the acid-
insoluble fraction. At the same time the amount of radioactive label in
the analogous fraction of the product of complete template-dependent
svnthesis did not change after the incubation with PGC.

We conclude that after the incomplcte template-dependent synthesis
the reaction mixture confains considerable amount of imperfect complex
molccules resulting {rom the incomplete template transcription and ha-
ving rather lengthy free poly{C) sequences. Thesec imperfect complex
molecules just bind with the affinity sorbent. Our results show also that
the method of affinity sorplion permits the purification of poly(G) -po-
Iv(C) preparations, both from {emplate dependent synthesis and tradi-
tional, from contaminating imperfect molecules.

It was shown by us earlier [6] that differential pulse polarography
(DPP) at a mercury dropping electrode is a sensilive quantitative mect-
hod for measuring {he amount of free poly(C) sequences in the molecu-
les of polyribonucleotide complexes. This method was applied now in or-
der to obtain additional evidence of the purification of our samples from
the redundant free poly(C). The results of polarographic current measu-
rements for model complex preparations before and after their interaction
with PGC are shown in table 1 (columns 3 and 4). They confirm that
free polyv(C) completely disappeared after treatment with PGC. The ana-
logous measurements for the products of incomplete template-dependent
svithesis gave identical results which by this reason aren’'t shown here.

We are sure therefore that the affinity sorbent is capable {o extract
from the samples described herc both unused poly(C) template and the
imperfect complex molecules. Their possible remainder is obviously be-
hind the frames of the sensitivity of the mcthods uscd here. In order to
estimate additionally the completeness of this extraction we could usc
the results ol our previous work where the hydrolysis of poly(G) -poly (C)
complexes by human blood nuclcases was investigated. We used comp-
lexes obtained in template-dependent synthesis as well as by traditional
mixing and standardized them in accordance with the criteria claborated
by us curlier [5]. It was shown that complexes which had in gel chroma-
tographic patiern on sepharose 2B only one peak eluted directly after
void volume had not been by no means destroyed by serum nucleases.
We concluded that they did not contain sufficient amounts of one-stran-
ded contaminants and regions which are much more sensitive to RNAses
than double-stranded RNA [8]. As far as we scc in sepharose 2B after
PGC t{reatment only one peak without retardation in the gel, this could
scrve as additional evidence of full extraction of one-siranded regions
and molecules.

The main conclusion of this work is that the affinity sorption on po-
Iy {G)-cellulose allows us to analyze the structure of complexes poly{G) X
Xpoly(C) and to isolate the most regular part from iheir preparations.
As for the incompleteness of the template-dependent synthesis in case of
some lots of RNA polymerase, il is clear now that it is connccted rather
with the inhibition of poly(G) chain elongation than with the decreasing

26 ISSN 0233-7¢Z7. BIIOMMOIIMEPBI 11 KJAETKA, 1893, T. 9. Ne 3



ibe number of initiation centers which allows to some poly(C) molecules
{0 remain unused. We think that this may be the effect of ¢ subunit de-
ciency in definite lots of enzyme [9] but additional investigation is
reeded it order to confirm this assumption.

The authors are grateful {o Dr. E. A. Glazunov for his helpful assis-
ismice in the svnihesis of polynucleotides and to Prof. E. N. Kazbekov for
srical reading oi lhe manuseript.
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BJINANNE BUTAMUHA E HA CTPYKTYPHO-OYHRIHHTOHAJNBHYIO
OPTAHN3AIINIO XPOMATHHA NEYEHN B YCJOBIAX
HOBPERIEHNA TETPAXJIOPMETAHOM

TTORGBCLDY W ICTHRROe ROPPLSUPYIOWLE JCECTEOUC BUTAMUHA F Na CTPYRTYPHO-(DYHRIUORA A~
i HPGHUGLRIIO A0CPHORO XPCMATURG RCUCHIL KPOlL., HAPYUICHHGIO & YCA06HIX UHYORIU-
swatitine rerpaxaopyeronosm. OHO onocpeGy2rcs. apesde 8Ue20, ANTUORCUCAHTREM JdelicTaues
A-TOKOHEPOAA, HTO BOIDUKACTCS 8 HOPLAAUIQQUU TCHCHIL DOUKUNE CRORTANNO20 (L 1~
JGYUPOBARHO20 NCPCORUCALHUS AUNUO08 6 GKTUGHOML 1 KUBKOAKTUSHONL (IPARKQUSX Xposid-
TuRA. Beederue eutasunn E npusodut Taxwe K wGUTHNOG HOPMOIUSGUUNH ARTHANOCTIL
sndozennbix PHK-noausepas, JHK-noaumepasst B u K CTuMyASyun GRTUBHOCTU PORAUKC-
ruenon JUTK-noansepasor o 8 axkTugrol  gpaxinu xpovarura, Oniean npoyece 6aausto-
OeffeTens -TOROPePOAR ¢ (Ppakyuamu xposaruna in eitro. Hutokcusanqus verpaxaopse-
TAMOM ATUAO GIUACT KO CHOCOBHOCTH PEAPCCLUDOCUHHNZO XPOMATURT K KOMIACKCOOOPI30-
satuo o cur@yunon I, HO YCUAUsueT C8ABIBAHNE 020  CRTUCHOd (Dpartued xpoMarus
Lotanaenot parauus g apupode XuMuEecko2o GaaundeieTaua aRTHEHOE (1 HUGKOSIT I8 0(
GPURTLL XPOMUTURS © 0-TORIOPOI0N (N DIlro, CONOCTOALCTEHIOUNC O PESIHHHROT 20K A1t
Mg gurTasuna £ oo xpoyatune. BaGumoOdencTaue sutasiusa Fo¢ XpomMaTyHOM waCTUMHO
COCCTOROGAVGACT 020 CTPYRTYPY, MAPYUICHHYIO G pU3Yabiare UHTOKCUKQUIL. 470 HOPLQY

GHTHORCUGGHTHOLY  3(OPeRTOM A0AA0TCT OOHUM  H3  GOBMONHLIX HCXOHUSIMOG 20 20HO-
HPOTORTOPROZD OCCTENA.
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