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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 structure of poly(G)-poly (C) complexes obtained by the enzymatic 
synthesis on poly(C) template was carried out using the method of affinity sorption. 
This latter was used also for the purification of the synthesized so far complexes from. 
the redundant template as well as for the investigation of the structure of poly(G)X 
Xpoly(C) complexes obtained by the «traditional» mixing of complementary ho mo po-
lynucleotides. It Lν as shon that the degree of template transcription depends on the 
quality of RNA polymerase and the incompleted transcription is connected with the 
inhibition of the elongation of poly(G) chain. 

Introduction. The preparat ion of double-stranded polyribonucleotide com-
plex po ly (G) -po ly (C) by means of poly(G) synthesis f rom GTP on the 
poly (C) "template with the use of bacterial DNA-dependent RNA polyme-
rase as well as the evidence of its high s t ructura l regular i ty had been 
described by us earlier [1]. But it was shown in the course of following-
invest igat ions that the degree of radioactive GTP incorporation into the 
macromolecular fract ion depended on the used lot of commercial RNA 
polymerase. This may be the effect of either the action of con tamina t ing 
RNAses part ial ly hydrolized the template in the course of synthesis or 
the incomplete template t ranscr ipt ion. This work is devoted to the analy-
sis by means of aff ini ty sorption of the s t ructure of p o l y ( G ) - p o l y ( C ) 
complexes obtained in the course of template-dependent synthesis . This 
method was applied also for the purification of resu l t ing complexes f rom 
redundan t unused template as well as for s t ruc tura l invest igat ion of 
«tradi t ional» po ly (G) -po ly (C) complexes obtained by the mixing of com-
plementary polynucleotides in solution [2]. 

Materials and methods. Commercial prepara t ions of DNA-dependent 
RNA polymerase from Escherichia coli (Scientific Research Design-Tech-
nology Inst i tute of Biologically Active Sabstances , Berdsk, Novosibirsk 
•district, Russia) were used. 

Sodium guanosine-S'- t r iphosphate (GTP) («Reanal», Hunga ry ) was 
purif ied directly before use from contamina t ing mono- and diphosphates 
by the ion-exchange chromatography on Dowex 1 x 8 resin in Cl~-form. 
Radioactive [8- 3 H]-GTP with specific activity of 814 TBq/mole was pro-
duced by the All-Union Concern «Isotope». 

Guanosine-5 ' -diphosphate (GDP) and cytidine-5 '-diphosphate (CDP) 
were obtained from Scientif ic-Productive Format ion «Biolar» (Olajne , 
La tv ia) . Sodium sal ts of poly(G) and poly(C) were synthesized f rom 
GDP and CDP correspondingly by means of continuous-f low synthesis 
with the use of bacterial polynucleotide phosphorylase immobilized on 
macroporous glass [3]. 

Prepara t ive scale synthesis of p o l y ( G ) - p o l y ( C ) with the use of RNA 
polymerase was performed on poly(C) template as described earlier [1]. 

Our own modification of the described in the l i terature method of 
DNA immobilization on cellulose powder [4] was used for the prepara-
tion of poly(G)-cel lulose (PGC) which was used as aff ini ty adsorbent 
for po ly(C) . Microcrystal l ine cellulose, qualification «LK — f o r column 
chromatography» was purified from fine components by repeated decan-
t ing of its water suspension and washed with 0,5 N N a O H on paper fil-
ter till the absence of yellow colour of f i l t rate. Then it was washed by 
small aliquotes of 96 % EtOH and air-dried overnight at room tempera-
ture. Po ly(G) was dissolved at a concentrat ion of 2 mg/ml in 1 mM 
EDTA with 10 mM NaCl. Purif ied dry cellulose was added with conti-
nuous s t i r r ing to the poly(G) solution — 1 g per 15—20 m g of p o l y ( G ) . 
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After thorough mixing on magnet ic stirred for 1 hr the mixture was dried 
in rotat ional evaporator and suspended in 7—10 ml of 96 % EtOH per 
1 g of cellulose. This suspension was UV irradiated with vigorous stir-
r ing at 4 °С for 18 hrs at a distance of 15 cm from 3 parallel s teri l izing 
15 W UV-Iamps BUV-15, then dried on paper filter, s u s p e n d e d in 2M 
NaCl solut ion con ta in ing 10 mM EDTA, stirred for 30—60 min and wa-
shed with the same solution at paper filter till the d isappearance of the 
optical density at 260 nm in fi l trate. Final steps were wash ing with wa-
ter, then with 96 % EtOH and air-drying. 

The degree of poly(G) fixation was checked in the fol lowing man-
ner: 100 m g of PGC were suspended in 4 ml of 0,4 N NaOH and incuba-
ted at 37 °С for 48 hrs, then 4 ml of 2,5 % HClO4 were added for 10 min 

in the ice bath. After centr i fugat ion 
the UV absorbance spectrum in su-
perna tan t was registered and the 
amount of alkaline-split ted GMP 
was calculated on the basis of molar 
spectral data. The amount of immo-
bilized poly(G) was equal usually to 
1,0—1,1 μ moles per 100 mg of PGC. 
The interaction of poly(C) or comp-
lexes poly(G) -poly(C) with PGC 
was performed at 20 °С with s t i r r ing 

Fig. 1. UV absorpt ion spectra, / — com-
plex po ly(G) · po ly (C) ; 2 — complex 
po ly (G) · poly(C) with added f ree poly(C) 
before interact ion with poly(G)-cel lu lose ; 
3 — complex poly(G) ·po ly (C) with added 
free poly(C) a f te r interact ion with p o l y ( G ) -
cellulose 

for 4 hrs in 5 mM sodium phosphate, pH 7,5, containing 100 mM NaCL 
The interaction of po ly (G) -po ly (C) complexes after template-depen-

dent synthesis was performed as follows. To 0,42 ml of the reaction mix-
ture conta in ing 0,15 mM poly(C) , 1,5 mM 3H-GTP, and RNA polyme-
rase [1], 25 μ 1 of 4 M NaCl and H2O till 1 ml were added. Then 50 m g 
of PGC conta in ing 0,5—0,55 μ moles of poly(G) were added and incuba-
tion was proceeded for 4 hrs at 20 °С. Radioactivity of acid-insoluble frac-
tion in the superna tan t was measured [1] 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) concentrat ion in solution 
us ing the differential pulse polarography at the mercury dropping elect-
rode was described earlier [6]. Automated polarographic recorder model 
174 A (PARC, USA) was used. 

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

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

Then we checked that PGC could bind not only the excess of free 
poly(C) but also the imperfect complex molecules bear ing sites of po-
ly (C) uncoupled with po ly(G) . in table 1 the composition of poly(G) 
and poly(C) mixtures prepared for complex formation is shown (column 
1), in paral lel with the degree of changes in the optical density af ter the 
contact of resul t ing complexes with PGC (column 2) . In addition to the 
equimolar rat io po ly (G) /po ly (C) we used also the excess of po ly(C) , up 
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to 70 % in molar concentration. All absorbance spectra were almost iden-
tical in their form to the spectrum of complex at the equimolar rat io of 
poly(G) to po ly(C) , with the maximum of OD at 260—261 nm, so we 
do not give them here. The decrease in total absorbancy after PGC treat-
ment was found to be proport ional 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 (cf. 

Fig. 2. Gel -chromatographic pa t tern on Sepharose 2B of the complex poly (G) · poly (C) 
obtained with the 7 0 % molar excess of poly(C) (tabl . 2, sample 4): 1 — before intera-
ction with poly(G)-cel lu lose ; 2 — a f t e r interact ion wi th po ly(G)-ce l lu lose 

Fig. 3. Ge l -chromatographic pa t te rn on Sepharose 2B of the product of incomplete 
templa te -dependent synthesis : 1 — before interact ion with poly(G)-ce l lu lose ; 2 — a f t e r 
interact ion with poly(G)-ce l lu lose 

Fig. 1), we conclude that in the samples 2, 3, and 4 a lmost all r edundan t 
poly(C) is involved into the interaction with po ly (G) . This interaction 
is incomplete, but absolutely free molecules of poly(C) are apparent ly 
absent. 

In Fig. 2 gel chromatography pat te rns of the sample N 4 with 70 % 
molar excess of poly(C) before and after its interaction with PGC is 
shown. Most real explanation of their features consists in the extraction 
from this sample in the course of affinity sorption of imperfect complex 
molecules with the sections of uncoupled po ly(C) . 

After , th is the analysis of the products of template-dependent syn-
thesis of po ly (G) -po ly (C) was performed. The presence of 3 H-GTP in 
incubation mixtures allowed us to determine the degree of the synthesis 
on the basis or radioactive label incorporation into the acid-insoluble 
fraction. In fig. 3 the resul ts of gel chromatography on Sepharose 2B of 
the sample with the degree of completeness of the synthesis near 50 % 
from maximal level before and after the t rea tment with PGC is shown. 
The sample was polydisperse before the t rea tment with PGC and conta-
ined high amount of relatively low-molecular-weight components, but af-

T a b l e 1 
Optical density and differential pulse 
polarography data before and after і he 
inter act ion with PGC for model complexes 
obtained at different molar ratios 

poly (G) / poly (C) 

T a b l e 2 
The results of radioactivity 
measurements in the acid-insoluble 
fraction of the product 
of template-dependent synthesis before 
and after the interaction with PGC 
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ter the aff ini ty sorption its gel chromatographic pat tern consisted of mac-
romolecular fract ion only. It is unclear newertheless what are the compo-
nents of the reaction mixture removed in this w a y — a r e they incomple-
tely t ranscr ibed template molecules of poly(C) (i. e. «part ial» complexes) 
or "they consist of poly (C) molecules that had not contacted with RNA 
polymerase and remained free. 

* We are sure that the resul ts of fol lowing experiments answer this 
question. We used now the specific curcumstance that radioactive 3H-Ia-
bel is present in the macromolecular component in the poly(G) s t rand 
only. It is obvious therefore that combining the measurements of OD and 
radioactivi ty distr ibutions permits the discrimination of completely free 
poly(C) molecules from free poly(C) mojeties in the imperfect p o l y ( G ) X 
Xpo ly (C) complexes. The resul ts are presented in table. 2. We see that 
incubation with PGC of reaction mixture with about 50 % level of po-
Iy(G) synthesis resulted in two-fold decrease of 3H amount in the acid-
insoluble fract ion. At the same time the amount of radioactive label in 
the analogous fract ion of the product of complete template-dependent 
synthesis did not change after the incubation with PGC. 

We conclude that af ter the incomplete template-dependent synthesis 
the reaction mixture contains considerable amount of imperfect complex 
molecules resu l t ing from the incomplete template t ranscr ipt ion and ha-
ving rather lengthy free poly(C) sequences. These imperfect complex 
molecules just bind with the affinity sorbent. Our resul ts show also that 
the method of aff ini ty sorption permits the purification of po ly (G) -po-
Iy(C) prepara t ions , both from template dependent synthesis and tradi-
tional, f rom contamina t ing imperfect molecules. 

It was shown by us earlier [6] that differential pulse polarography 
( D P P ) at a mercury dropping electrode is a sensitive quant i ta t ive met-
hod for measu r ing the amount of free poly(C) sequences in the molecu-
les of polyribonucleotide complexes. This method was applied now in or-
der to obtain addit ional evidence of the purification of our samples from 
the redundan t free po ly(C) . The results of polarographic current measu-
rements for model complex prepara t ions before and after their interaction 
with PGC are shown in table 1 (columns 3 and 4) . They confirm that 
free poly(C) completely disappeared after t rea tment with PGC. The ana-
logous measurements for the products of incomplete template-dependent 
synthesis gave identical resul ts which by this reason aren' t shown here. 

We are sure therefore that the affinity sorbent is capable to extract 
from the samples described here both unused poly(C) template and the 
imperfect complex molecules. Their possible remainder is obviously be-
hind the f rames of the sensitivity of the methods used here. In order to 
es t imate addit ional ly the completeness of this extraction we could use 
the resul ts of our previous work where the hydrolysis of poly (G) - poly (C) 
complexes by human blood nucleases was investigated. We used comp-
lexes obtained in template-dependent synthesis as well as by t radi t ional 
mixing and s tandardized them in accordance with the criteria elaborated 
by us earlier [5]. It was shown that complexes which had in gel chroma-
tographic pat tern 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 see in sepharose 2B after 
PGC t rea tment only one peak without re tardat ion in the gel, this could 
serve as addit ional evidence of full extraction of one-stranded regions 
and molecules. 

The main conclusion of this work is that the affinity sorption on po-
ly (G)-cellulose allows us to analyze the s t ructure of complexes p o l y ( G ) x 
Xpo ly (C) and to isolate the most regular part from their preparat ions . 
As for the incompleteness of the template-dependent synthesis in case of 
some lots of RNA polymerase, it is clear now that it is connected ra ther 
with the inhibition of poly (G) chain elongation than with the decreasing 
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the number of initiation centers which allows to some poly(C) molecules 
to remain unused. We think that this may be the effect of σ subunit de-
f i c i e n c y in definite lots of enzyme [9] but addit ional invest igat ion is 
n e e d e d i n order to confirm this assumption. 

The authors are gra teful to Dr. Ё. A. Glazunov for his helpful assis-
tance in the synthesis of polynucleotides and to Prof. E. N. Kazbekov for 
criiical read ing of the manuscr ipt . 
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В Л И Я Н И Е ВИТАМИНА E НА СТРУКТУРНО-ФУНКЦИОНАЛЬНУЮ 
ОРГАНИЗАЦИЮ ХРОМАТИНА П Е Ч Е Н И В УСЛОВИЯХ 
П О В Р Е Ж Д Е Н И Я ТЕТРАХЛОРМЕТАНОМ 

Π оказанί частичное коррегирующее действие витамина E на структурно-функциональ-
ную организацию ядерного хроматина печени крыс, нарушенную в условиях интокси-
кации тетрахлорметаном. Оно опосредуется, прежде всего, антиоксидантным действием 
а-токоферола, что выражается в нормализации течения реакций спонтанного и ин-
дуцированного переокисления липидов в активной и низкоактивной фракциях хрома-
тина. Введение витамина E приводит также к частичной нормализации активности 
эндогенных РНК-полимераз, ДНК-полимеразы β и к стимуляции активности реплика-
тивной ДНК-полимеразы а в активной фракции хроматина. Описан процесс взаимо-
действия а-токоферола с фракциями хроматина in vitro. Интоксикация тетрахлорме-
таном мало влияет на способность репрессированного хроматина к комплексообразо-
ванию с витамином Е, но усиливает связывание его с активной фракцией хроматина. 
Выявлены различия в природе химического взаимодействия активной и низкоактивной 
фракций хроматина с α-токоферолом in vitro, свидетельствующие о различной локали-
зации витамина E в хроматине. Взаимодействие витамина E с хроматином, частично 
восстанавливает его структуру, нарушенную в результате интоксикации, что наряду 
с антиоксидантным эффектом является одним из возможных механизмов его гено-
протекторного действия. 
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