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The Mg®" ion effect on conformational transitions in double- and triple-helical structures formed by poly(dA) with
poly(dT) has been studied in 10 mM cacodylate buffer, pH 7, containing 0.1 M Na', The investigations were carried
out by the method of thermal denaturation using UV absorbance and Rayleigh light scattering detections of melting
transitions.  Temperatures of helix-to-coil transition of poly(dA)-poly(dT) and triplex-to-duplex of
poly(dA)-2poly(dT) increase linearly with log[Mg*'] and more quickly in the last case that results in superposition of
these transitions at [Mg*"]215 mM. At [Mg**] > 20 mM during the melting of the both structures aggregation was
observed, which arised, according to Bloomfield and co-workers, due to formation of cross-links by Mg?** ions
bridges. between partially unplaited polymer strands and disappeared after the end of melting. It'is established that at
the presence of 0.1 M NaCl magnesium ions do not induce the partial formation of the triplex structure in
poly(dA)-poly(dT) (disproportionation) as is postulated by other authors in some papers.
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Up to now the effect of Mg®* jons on the stability of duplex and triplex structures and conformational
transitions of nucleic acids has not been completely studied. It has been shown [1] that Mg®* ions stabilize the
DNA duplex but at increased concentration they induce also the polymer aggregation during the process of helix-
to-coil transition. Because of the completeness of the phenomenon, it is worth-while to study' similarly more
simple systems with synthetic polynucleotides. In one of such works [2] using calorimetric measurements it was
studied the Mg®* ion effect on the helix-to-coil transition of poly(dA)-poly(dT) but gave no attention to the
possible occurrence of polymer aggregation. The other authors [3] studied by absorption spectroscopy the Mg™*
ion effect on the transition of poly(dA)-poly(dT) duplex as well as of poly(dA)-2poly(dT) triplex, but the scanty
information was obtained. The aim of the present work was detailed study of the Mg** ion effect on
conformational transitions of duplex and triplex structures formed by poly(dA) with poly(dT) at the physiological
Na" ion concentration. i

MATERIALS AND METHODS

Sodium salts of poly(dA)-poly(dT) and poly(dT) were purchased from Sigma Chemical Co. and other
chemicals used were of analytical grade. For all the experiments 10 mM sodium cacodylate buffer, pH 7,
containing 0.1 M NaCl was used as a solvent. The required concentration of Mg”* jons was created by addition of
MgSO0,. Polynucleotide concentrations were determined by UV absorbance, using extinction coefficients of
12000 M'em™ for poly(dA)-poly(dT) and 8460 M 'cm™ for poly(dT) at 260 nm and the temperature of 25 °C.

Thermal denaturation profiles for the polynucleotides were obtained by registration of the absorbance
change at 260 nm as a function of temperature. To investigate aggregation processes, the temperature dependence
of Rayleigh scattering of light was measured at a right angle to incident beam, at 540 nm. Absorption melting
experiments were carried out on SPECORD UV/VIS spectrophotometer (VEB Carl Zeiss, Jena). Rayleigh
scattering was measured by the method of photon counting on a laboratory spectrofluorimeter constructed on the
basis of a double monochromator DFS-12 (Russia). Absorbance and light scattering were measured in the same
1.0 x 0.2 cm quartz cuvette. The cuvette was inserted into a copper holder which was heated by a computer-
operated Peltier element. Moreover, a personal computer collected the melting data. Melting experiments were
carried out at a heating rate of 1 °C/min.

RESULTS AND DISCUSSION -

Figs. 1 and 2 show melting curves for poly(dA)-poly(dT) and poly(dA)-2poly(dT) in buffer solution with 0.1M
_ NaCl without Mg** ions and at different Mg** concentrations. It is seen from Fig. 1 that for poly(dA)-poly(dT)
the only sharp double-helix-to-coil transition (2-1) is realized, shifting to high temperatures with the increase
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Fig.1. Thermal denaturation profiles of poly(dA)-pely(dT) in Fig.2. Thermal denaturation profiles of poly(dA)-2poly(dT) in
10 mM cacodylate buffer, pH 7, at 0.1 M NaCl alone 10mM cacodylate buffer, pH 7, at 0.1 M NaCl alone (*)
(®) and with different concentration of added Mgz“ and with different concentration of added MgSO,: (%)
ions: (0) ImM, () 2mM, (A) 5SmM, (+) 10mM. The 0:5mM, () 1 mM, (2) 2 mM, (0) 3 mM, (*) 4 mM,
polymer concentration was 55 M in base pairs. (8) 5SmM, (+) 7 mM, (x) 10 mM, (¥) 15 mM. The

polymer concentration was 110 pM in base triplets,

in Mg®* concentration. For the triplex system poly(dA)-2poly(dT) two transitions are observed (Fig. 2). The low
temperature transition characterizes the separation of poly(dT) strand bound with poly(dA)-poly(dT) by
Hoogsteen hydrogen bonds (transition 3—2) while the high temperature transition corresponds to melting of
poly(dA)-poly(dT) itself (2—»>1). Hyperchromicity following the triplex melting in the absence of Mg2+ ions,
lower than that in the presence of the ions, evidences the incompleteness of the triplex structure formation at
0.1M NaCl. However, Mg** ions added, beginning with 1 mM concentration, promote the complete attachment of
poly(dT) to poly(dA)-poly(dT). As Figs. 1 and 2 show, Mg?*" ions increase temperatures of the both transitions
but for the transition 3—2 this effect is essentially higher than for the transition 2—1. This results in the fact that
at [Mg®'] #15 mM the both transitions merge into one continuous transition from the triplex structure to
disordered strands.

At [Mg’"] 220 mM a strong increase of Rayleigh light scattering was observed during the melting process
both for the double- and triple-helical polymers that was not yet observed at 15 mM Mg?®* (Fig. 3). In this case
absorption melting curves become two-phase and the temperature interval of the transition broadened. This is due
to arising of turbidity in the solution (that was well observed visually), which contributes into the absorption
increase. It is remarkable that the scattering intensity increased with the temperature rise to a value approximately
corresponding to the temperature of the transition midpoint (T,,) after which it decreased sharply at the transition
end. Some “steps” on absorption melting curves induced with the absorption increase due to the medium turbidity
are observed in the region of this point (Fig. 3). On cooling down to the room temperature the systems studied
returned to the starting structure that was evidenced by the absorption data. But at [Mg2+]230,‘mM for the
poly(dA)-2poly(dT) system and at [Mg**]250 mM for poly(dA)-poly(dT) system ordinary aggregation was
observed already at the room temperature, resulting in the precipitation of the polymers.

Arising of the turbidity in the melting process was observed in the work [1] in the case of thymus DNA in
the presence of some divalent metal ions. The authors explained this phenomenon with “net aggregation” caused
by ionic bridge cross-linking between partially unwound different DNA strands. However, the bridges break after
the complete melting of the double-strand polymer structure. Such an interpretation based on theoretical
calculations [4, 5] suits completely our case. The work [4] shown that the divalent cation-induced decrease of
the free energy on cross-linking is significant and is about 35% of the free energy change on stacking of
nucleotide bases. The work [2] studied by calorimetry interactions of poly(dA)-poly(dT) with Mg®" ions, and in
the concentration range of 30-50 mM the bands in d.s.c. curves in the premelting region were registered. The
bands being assigned to the formation of the triple-helical structure (disproportionation) as intermediates in the
melting  process. But, in our opinion, these bands evidence the occurrence of the “net
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Fig.3. Temperature dependence of the light scattering at 540 nm 3—>2 with magnesium ion concentration in the range
(A) and absorbance at 260 nm (B) measured in the buffer 0-15 mM, where the aggregation did not arise. As
containing 0.1M NaCl for poly(dA)-poly(dT) with 20mM can be seen, it is fitted well by linear dependence on
(0) or 30mM (&) Mg”" and for poly(dA)-2poly(dT) at 1g[Mg?*] for the both transitions.
15mM (o) or 20mM (M) Mg®". Concentrations of the
polymers were as in Figs. 1 and 2.

At [Mg®*] ~ 15 mM the both dependencies are crossing. This means that at high magnesium ion concentration the
duplex and triplex formations melt simultaneously. Fig.4. shows data from the work [2] about the Mg** effect on
the transition 2->1, obtained from calorimetric measurements, but at low Na* ion concentration in solutions
(PIPES buffer). In this case the T,, versus Ig[Mg®'] plot is steeper than that in our case, that evidences the

enhansment of Mg”* effect on T,, with decreasing in sodium ion concentration.
The data obtained for Mg®* effect can be explained by model theory of Crothers [6] and Frank-Kamenetskii

[7], where the change in Ty, of helix-to-coil transition is expresses by the equation
AT, =(RLT. /AH)ln[(1+K2c)Bz /(1+ K‘c)B'] 0

where AH is the transition enthalpy, T and T}, are the melting temperatures of the transition in the absence and
presence of a ligand respectively, K> and K are binding constants of the ligand with native and melted polimer,
Bzand Bj are the number of phosphate groups per one bound ion, ¢ is the ligand concentration.

If K; and K are independent on ¢ and K¢ >> 1, K¢ >> 1 then from (1) one can obtained

AAT,)/ Ainc) = (RRT, | AH)[B, - B,] @

Equation (2) explains the linearity of Ty, versus 1g[Mg**] plots (Fig.4). Because of AH for the 332
transition is about threefold less than that for 2—»1 [8], the steeper dependence for the first transition in
comparison with that for the second one is observed.
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Fig.4. Effect of Mg® on the temperature at transition
midpoints (T,) for double- and triple-stranded
complexes formed between poly(dA) and
poly(dT): T,>"' determined from Fig.1 (o) and Fig.2
(4); T,>? determined from Fig.2; (*) are the data
of Hopkins at al. [2] calorimetrically derived for
poly(dA)-poly(dT) in aqueous PIPES buffer (+).
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BILIMB IOHIB Mg?* HA IBOX- TA TPhOXCITIPAJIbBHI ®OPMYBAHHS MIK
POLY(dA) TA POLY(dT)
B.M. 3o3yas, A.C. llep6akosa, }O.I1. Baaroii
Pizuko-mexniuruil incrmumym nusskux memnepamyp im. B.1. Bepxina Hayionansnoi Axademit Hayx Yxpainu
Xapxis, 310164, np Jlenina 47, Yxpaina.

Busyero Brums ioHis Mg?* Ha kondopManiifHi nepexoan y ABOX- Ta TPHOXCHIPAILHMX CTPYKTypax, copMOBAHHX
mix poly(dA) Ta poly(dT) y 10 mM kakomunatromy Gydepi, pH 7, mo micrurs 0.1 M Na+. Jocmimkenns IPOBEIEHO
METOZIOM TEepMi4HOi AeHAaTypauil 3 BUKOPHCTAHHAM Y CneKTpockomii Ta PesIeiBCKOro PO3CIOBAHHA CBITNA s
OTPUMAHHJ KpHBHX IUIaBlieHHA. Temnepatypu nepexoais cmipamb-kiyGok mis poly(dA)-poly(dT) Ta Tpumiexc-
myruteke fia poly(dA)-2poly(dT) ninitso nigsummorotses 3 Ig{Mg?*], Ta 6ibin WBMIKO B OCTAHHBOMY BHTIAJKY, ILO
IIPH3BOJMTE A0 3MTTS Nepexomys mpu [Mg2t] 2 '15‘ mM. ITpu [Mg?*] 2 20 mM BriponoBx nnasieHHst 060X CIPYKTYp
Oylno BHSBNEHO arperauilo, WO BHHHKANA, 3riqHo Baymdingy Ta cniBaBTopam, is-3a TIOTIEPEYHMX 3IUMBOK, LIO
GopMytoThCs MicTKaMH ioHIB Mg+ MiX YaCTKOBO DO3IUIETEHHMH JAHIOTAMH nojimepy, Ta 3HMKAna B KiHI
mnapneHns. Busisneso, mo B mpucytrocti 0.1 M NaCl jonw’ Marmilo He iHAYKYIOTh BHHHKHEHHS HACTKOBO
c)OpMOBaHKX TPHIUTEKCHHX CTPYKTYP ¥ poly(dA)-poly(dT) (mcnponopuiiinicTs), SK MOCTY/IbBAHO iHIIMMH aBTOPaMH

B JesKHX po6oTax.

KJIIOYOBI CJIOBA: mnonmiHykneoTwa, MomBifii Ta noTpifiHi cnipani, iomM Marwino, nepexia CHipaJIb-KITy60K,

peneiBcbke po3CiloBaHHS CBiT/IA



