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STUDY OF HYBRIDIZATION OF COMPLEMENTARY
SINGLE-STRANDED POLYNUCLEOTIDES POLY(rA) AND POLY(rU)
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The study of the interaction of intercalators ethidium bromide (EtBr),
methylene blue (MB) and groove binding compound Hoechst 33258 (H33258) with
single-stranded synthetic polyribonucleotides poly(rA) and poly(rU) has been
carried out by the method of UV-melting, at ionic strengths of the solution 0.04 M
and 0.1 M. Stirring of poly(rA) and poly(rU) by equal-molar concentrations was
shown to result in hybridization with formation of double-stranded (ds-) structure
poly(rA)-poly(rU). It was revealed that EtBr, with higher degree in comparison with
MB, stimulates hybridization and stabilizes the formed ds-structure poly(rA)-
poly(rU). It was also found out that the hybridization process and affinity of EtBr
and MB depend on the ionic strength of the solution and these processes occur much
more effectively at the ionic strength 0.04 M. On the other hand, it was shown that
the groove binding ligand H33258 practically does not affect the stabilization of the
formed ds-structure poly(rA)-poly(rU).

https://doi.org/10.46991/PYSU:B/2023.57.2.126

Keywords: synthetic polynucleotides, hybridization, intercalator, groove
binding ligand, ionic strength of the solution, melting curve.

Introduction. Nowadays one of the most actual and important topics of
molecular biophysics is the study of the interaction of low-molecular compounds
with nucleic acids (NA) [1, 2]. These interactions, along with their fundamental
value, lie at the basis of bioanalysis that use NA with various length and sequence
for molecular recognition [3, 4]. Bioanalytic methods are based on biosensor
technologies, which permit solving number of biological, medical as well as genetic
important problems [5, 6]. Genochips and genosensors are referred to these
instruments, by which the interaction of NA complementary chains with different
length and sequence is possible to detect. It occurs due to the formation of stable
adenine-thymine (uracil) and guanine-cytosine pairs, which is called hybridization
process and owns high specificity. In fact, using genosensors (genochips) one can
register complementary binding of different NA chains and modulate this process
varying different factors [7]. Hybridization between various ss-molecules of NA can
be assessed by different physical methods — absorption, fluorescent spectroscopies
or UV-melting method. It should be mentioned that hybridization is the most
important phase of operations on NA-chips or NA-sensors [8, 9].
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NA are important biological targets for numerous compounds. Many of them
have applicative value, since they make possible to control transcription processes,
DNA reaction with RNA, including formation of hybrid helices DNA-RNA and
triplexes of ds-DNA and RNA. Among such compounds intercalators have a special
value. It is connected with the fact that intercalation is possible only into ds-DNA,
since they are also markers of hybridization process. Particularly, for intercalators
ethidium bromide (EtBr), acridine orange (AQO), methylene blue (MB) the optic and
fluorescent properties change while intercalating, which can be used for registration
of signal of biochips and biosensors [10-13].

The present work is aimed at studying the hybridization process between
complementary ss-polynucleotides poly(rA) and poly(rU) both in presence and in
absence of EtBr, MB as well as non-intercalator Hoechst 33258 (H33258).

Materials and Methods. In the experiments ultrapure synthetic polynucleo-
tides poly(rA) (P9403), poly(rU) (P9528), MB, EtBr, H33258 (all preparations from
“Sigma” (USA)), bi-distilled water, NaCl, Na-citrate, Na;EDTA (in working
solutions with concentration 10~ M) were used. Concentrations of all used prepa-
rations were determined spectrophotometrically, using the following coefficients of
extinction: &gs=76000 M 'cm™ for MB [14], &s=5700 M 'cm™' for EtBr [15],
£345=42000 M 'em™ for H33258 [16], &5=10500 M'cm™ for poly(rA) and
£60=9500 M'em™! for poly(rU) [17]. Experiments were carried out at ionic strengths
of the solution — 0.04 M and 0.1 M, pH=7.0.

UV-melting of hybrid duplexes poly(rA)-poly(rU) and their complexes with
the mentioned ligands was carried out on UV-VIS spectrophotometer Unicam
SP-8-100 with thermostating cells for cuvettes. Solutions of the samples were placed
in hermetically closed quartz cuvettes with 1 c¢m pathway length. Heating of the
solutions was realized via Temperature Program Controller SP 876 Series 2. All
experimental data and melting curves were treated in Microsoft Excel software.
Experimental error was about ~5—6%.

Results and Discussion. Effect of intercalators EtBr, MB and groove binding
compound H33258 on the hybridization of synthetic complementary homopoly-
ribonucleotides poly(rA) and poly(rU) was studied by the method of UV-melting. In
the Fig. 1, the melting curves of hybrid ds-poly(rA)-poly(rU) and its complexes with
MB at the ionic strength of the solution 0.04 M (curves 1 and 2, respectively) and
0.1 M (curves 3 and 4, respectively) were presented. It was revealed from the
obtained data, that while mixing with equal-molar concentrations, poly(rA) and
poly(rU) hybridize. Though, hybridization occurs practically completely with
formation of ds-structure, as a result of which the hypochromic degree composes
36-40%. It should be mentioned that the hyperchromic degree of ds-poly(rA)-
poly(rU) at denaturation is about 35-36%, as it was obtained in [18].

Hybridization process between poly(rA) and poly(rU) takes place both in
absence and in presence of MB. Meanwhile, in the result of the formation of ds-
structure the melting curves of the complexes poly(rA)-poly(rU)-MB (curve 2) were
shifted toward high temperatures as compared to the melting curve of hybrid
poly(rA)-poly(rU) (curve 1) at the ionic strength of the solution 0.04 M, as it was
obvious in Fig. 1. Obviously, MB, binding to hybrid ds-polynucleotide, stabilizes
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the structure. Though, at the ionic strength of the solution 0.1 M, the melting curve
shift of the complexes poly(rA)-poly(rU)-MB toward high-temperature region is
small. It indicates that the interaction of MB with poly(rA)-poly(rU) depends on the
structural state of this polynucleotide and is more preferable in conditions at which
poly(rA)-poly(rU) is in ds-state and is available for the binding of ligand molecules
[19]. Being an intercalator, MB, however, not always binds to NA by this mode. The
obtained data indicate that at the ionic strength of the solution 0.04 M ds-helix of
poly(rA)-poly(rU) is more available for MB binding, than at 0.1 M. Most apparently,
at high ionic strengths of the solution poly(rA)-poly(rU) transits to more compactly
wrapped state, as a result of which it becomes less available for binding of this ligand
by intercalation mode. This fact permits us concluding that MB can completely
intercalate into ds-NA in that case, when their helix is unwrapped.
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Fig. 1. Melting curves of hybrid ds-poly(rA)-poly(rU) and its complexes with MB at the ionic strength of
the solution 0.04 M (curves 1 and 2, respectively) and 0.1 M (curves 3 and 4, respectively).

Analogously, the melting curves of the complexes of hybrid poly(rA)-
poly(rU) with classical intercalator EtBr were obtained and presented in Fig. 2. As
it is obvious from the presented Figure, the stabilization effect of ds-structure of
poly(rA)-poly(rU) by this ligand is more pronounced, than for MB, because a
significant shift toward high temperature region takes place at the ionic strength of
the solution 0.04 M in relation with the melting curve of poly(rA)-poly(rU).
Moreover, the melting curve shift of the complexes poly(rA)-poly(rU)-EtBr at the
ionic strength of the solution 0.04 M prevails over the analogous shift, taking place
at the ionic strength of the solution 0.1 M.

Most apparently, in the case of EtBr the structural state of ds-NA plays an
important role for the binding. On the other hand, at the ionic strength of the solution
0.1 M the shift toward high temperature region for the complexes poly(rA)-
poly(rU)—EtBr is much higher, than that for MB. These data are in good accordance
with the obtained ones in the work [18], concerning to the interaction of the
mentioned ligands with ds-DNA. Our obtained data also allow to conclude that for
EtBr intercalation, ds-structure of hybrid poly(rA)-poly(rU) is more available at the
ionic strength of the solution 0.1 M, than that for MB.
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Fig. 2. Melting curves of hybrid ds-poly(rA)-poly(rU) and their complexes with EtBr at the ionic
strength of the solution 0.04 M (curves 1 and 2, respectively) and 0.1 M (curves 3 and 4,
respectively).

Melting curves of the complexes of hybrid poly(rA)-poly(rU) with non-
intercalator, groove binding compound H33258 were obtained and presented in
Fig. 3. This ligand specifically binds to AT-sequences of DNA, though, it preferably
interacts with its ds-structure. As it is obvious from the presented Figure, for this
ligand radically another scenario is revealed, as compared to intercalators EtBr and
MB. Despite the fact that H33258 preferably binds to ds-NA, the melting curves of
poly(rA)-poly(rU) and the complexes poly(rA)-poly(rU)-H33258 coincide, which
practically does not depend on the ionic strength of the solution. In the work [20] it
was shown that H33258 forms a complex with synthetic ds-polynucleotide poly(rA)-
poly(rU), which serves as a model for ds-RNA and preserves ds-structure in the
interval of the change of the ionic strength of the solution 0.02 <7< 0.1 M. Though,
our obtained data indicate that H33258, most apparently, does not affect the
hybridization between poly(rA) and poly(rU), while EtBr and MB can facilitate this
process with following stabilization of ds-structure after hybridization.

1-8

0.9 4
0.8 4
0.7 q
0.6 4
0.5 4
0.4 4
0.3 4
0.2 4
0.1 4

20 25 30 35 40 45 50 55 60 65

Fig. 3. Melting curves of hybrid ds-poly(rA)-poly(rU) and its complexes with H33258 at the ionic
strength of the solution 0.04 M (curves 1 and 2, respectively) and 0.1 M (curves 3 and 4,
respectively).
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The results obtained in [20] also indicate the biphasic nature of the melting
curves of the complexes of H33258 with poly(rA)-poly(rU), as well as with its
deoxy-analogue poly(dA)-poly(dT). In the case of H33258 complexes with hybrid
ds-poly(rA)-poly(rU) the melting curves are monophasic, which also indicates that
this ligand does not affect the hybridization of single-stranded complementary
polynucleotides poly(rA) and poly(rU) and does not invoke conformational
reconstructions of hybrid RNA.

Conclusion. The obtained data indicate that the mixing of complementary
polynucleotoides poly(rA) and poly(rU) results in hybridization with formation of
ds-structure. Though, the classical intercalator EtBr, intercalator MB and groove
binding compound H33258 bind to formed ds-structure of synthetic poly(rA) and
poly(rU) at ionic strengths of the solution 0.04 M and 0.1 M. The obtained data show
that EtBr with higher degree, than MB, stimulates the hybridization and stabilizes
the formed ds-structure poly(rA)-poly(rU), meanwhile, the hybridization process
and affinity of EtBr and MB to these polynucleotides depend on the ionic strength
of the solution. The obtained data also indicate that these processes take place with
much more effectiveness at the ionic strength of the solution 0.04 M. On the other
hand, it was revealed that the groove binding ligand H33258 practically does not
influence the stabilization of forming ds-structure poly(rA)-poly(rU). These data
indicate that the intercalators EtBr and MB affect more effectively the hybridization
between poly(rA) and poly(rU), while the groove binding H33258 either does not
influence or has a weak effect on this process.

Thus, based on the received results, one can conclude that MB and EtBr may
become good markers in genosensor technologies. These data can be useful in
treatment of biosensors and biochips on the basis of nucleic acids, as well as at the
choice of biologically active compounds that affect the hybridization of ss-NA.
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2.<. UN4dUunusuv

UNUMLGUGLSUr UhUGLGU NOLhLAFULENASP Y LEN
POLY(rA)-h Gd. POLY(rU)-b <PLDIIBUUL
NFUNFUsUuUb/rORE8NFLL

Munidbwuhpyty £ pbwbpupuwmnpitp  Ephnhnidh ppndhnh  (ER),
dtphtitught Juunywh (U4Y) L wlnunid Juuynn dhwgnipinit Hoechst
33258-h (H33258) thnpuwgntignijeyniiipn Whwpnew (17-) uhtiptinhl] wynjhtiniljtin-
whnbbtip poly(rA)-h b poly(rU)-h htim M U-hwpdwibh dhennny, nLonyph 0.04 U
L 0.1 U hntwlul nidtph wuwydwbhitpnid: 8nyg L wpygt), np poly(rA)-h
poly(tU)-h huwninuip Eyyhinuyhtt Ynbghnmpughwbbpny hwigblgimy E
hhpphnugiw@® tplynew junnigyuwdph wnwewgdudp: Pugwhwyunyt k£, np
ER-U wytih dko swthny, pwh UY-p, jupwind £ hhpphnugnidp b juyni-
twgnid £ wnwpwugwd  poly(rA)-poly(rU) wnjhinijtinmhnh  tplynpw
Junnigwopp: 8nyg E wmpyt), np hhpphnugdwd ypngtiup W ER-h ni UG-h
twudwlgnipniip jupuwd th ndnyph hntwui nidhg b wnuyt)
wpnynibwdbn - Yhpyny wbnh &b nbbtbnd  0.04 U hnbwlub  nidh
wyuydwbitpmd: Puguwhuwynytb) £, np wiinumd Juunn hquitiy H33258-n
gnpdtmjubtinid sh wgpnid wnwewgwd tplpnpuw junnigyudph poly(rA)-
poly(rU)-h Juynitnipyub Ypu:

3. 0. MOBCHUCSH

UCCIEAOBAHME IN'MBPUIM3ALINN KOMITJNIEMEHTAPHBIX
OJJHOLEITOYEYHBIX ITOJIMHYKIIEOTUIOB POLY(rA) 1 POLY(rU)

IIpoBeneno wuccrnenoBaHre B3aUMOAEUCTBHS WHTEPKAIATOPOB OPOMHCTOTO
stuaus (B3), metuneHoBoro cunero (MC) u xenodkoBoro coemuneHuss Hoechst
33258 (H33258) ¢ ogHOICTIOYEUHBIMUA CUHTETUIECKIUMHU TTOTUPUOOHYKICOTHIAMHU
poly(rA) u poly(rU) metogom Y ®-maBnenus npu HOHHHBIX cuiiax pactsopa 0,04 u
0,1 M. Tlokazano, uro cmemmuBanue poly(rA) u poly(rU) B SKBHMOJSIPHBIX
KOHLIEHTpPAMAX TMPHUBOAUT K TrUOpHau3anMu ¢ 0Opa3oBaHHEM JBYXILETOYCYHOU
CTPYKTYphl. BrisiBneno, uro B2 B Oombuiedd crenenu, mo cpaBHeHnio ¢ MC,
CTUMYJIIPYET THOPHAM3AIMIO W CTa0MIM3UPYeT OOpa30BaBIIYIOCS IBYXIIEIIO-
YeuHyI0 CTPYKTYpY poly(rA)-poly(rU). BeisgBieHo, 9T0 mpoiiecc rHOPUAU3ALNUN U
cpozactBo b3 n MC 3aBHCAT OT HOHHOH CHIIBI pacTBOpa U Hanbonee 3 HEKTHBHEI
npu nonHo# cuie 0,04 M. OGHapyKeHO, YTO KETOOKOBO CBSI3BIBAIOLIMICS JIUTaHA
H33258 mnpaktuueckum He BIUSAET Ha CTaOWIM3anni0 OOpa30BaBINCHCS NIBYX-
LETOYeYHOH CTPYKTYpHI poly(rA)-poly(rU).
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