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The Мý2* ion effect on conformational transitions in doub]b and triple-helical struсtчrеs formed Ьу роIу(dД) йthPolfdT) has Ьееп sfudied ir Jq ,М cacodylate ьg,3*.рн 
7, *riБlie o,r ЙМ{тh" ;;;БЬs wеrе carriedout Ьу the method of thermal denaturation using UV аЬsоrЬапсе *JЁ"Я"lgh liфt scattering detections of meltingtransitions' Теmреrаturеs of helix-to-coil_ transition of poly(jzq.),poly(dT) апd triplex-to-duplex ofpoly(dA),2polY(CT) 

|nc1l1se 
linearly йth logtМB'l ard mоrе qчiЙуЫЪ" r.si .*" tъut rеsutъ И superposition ofthese transitions at [Mg2+]>15 m}d, At 1Mg'*] >_2б mМ durin! *re шЫtЬg of the both ,t*.t*", aggregation wasОЬsеrvеd which arised, according to ЁiоЪmЛеtа апd co-woriers, Й. to rооочноо ог cross-tЙ ьу Mg2* iопsbridges,between PмiallУ rrпрlаitЯЪоrу-еrJЙds and disappear; ;; the end of melting. It is esиblished that att}e Presence of 0,1 М NaCl mаgцеsiчm ions_do not iЙсе Б"рrлtы гоr*"ttоо оiЪЪ!i"* struсturе inpoИdA),poly(dT) (disproportionation) as is postulated Ьу other аuthЙiп sоmе papers.кЕY woRDS: polynuýlestides; double and tripie helices, mареsium ions, helix-to-coi1 transitions,

Rayleigh scattering

up to now the еfгерt of Mg]* ions оп the.stability of duplex and friplex stгцсturеs and conformationaltransitions of nucleic acids has пй been сощрlеtеlу sшйеа. lt bas ьееп sЬоиm riirа-iйЛiопs stabilize theDNA duPlex but at increased concentrati""Й;y.;;-.; ;;" ,h-;;Й;, aggregation during the,process of helix_to-coil transition, Весаusе of the completeness'of the рhепошепоц it is worur-wbile to-study,similarly mоrеsimple systems with spthetic polynucleotides. Iп опе oisuch workiz1 using calorimetric mеаsurеmепts it wasstud|9d the Mg2+ ion effect оп the helix-to.coil transition of poly(dA).poly(dT) but gave no аffепtiой to thepossible occulTence of 
уоlущеr aggregation Тhе other authors Ь: ,iiai*O Ьу absorption Spectroýcopy йе Mgz*

io1 еfГеСt ОП the transition ofpoly(dA) p9ly(4т) duplex * ,.п u* оiр"мсдl.zроtу(dт) hцеь but the scanФinformation was obtained. The aim оrБ present work was айлii,шаi.iiibi,й;r#;Ж-li
conformational tansitions of duplex and triрlехЪtrrrсщrеs fornred ЬуроИСДl йih poly(dT) aTtn" physiologicai
Na* ion concentration.

MATERIALS AND METHODS
_ ýodiunr salts of poty(dA) poty(dT) and poly(dT) wеrе рчrсhаsеd from Si8rna Chemical Со, and оthеrohemicals used wеrе of analytical gpdo. Foiati trrе'ецреriЙепЬ 10 mМ sodib cacodylate buffer, рН 7,containing 0,1 М NaCl was used as а solvent. The requireilconcentration 

"rй;;;; й, .r'."]-С Ьу addition ofMgSoa, PolYnucleotide concentrations wеrе determiqed Ьу UV аьsофапсе] using egin tio,, coeff.cients of12000 М'сm-l for poly(dal,poly(dT) and 8460 У '..'l й"йоrl й60 пm and the tetnperature of 25 оС.
Therrnal denaturafion.profi,les fоr the polynucleotid.; ;й Ъьиь"с Ьу registation of the аьsоrьапсеchange at 260 пm as а fi,mction of temperature. ТЬ investigate uggr"gatioo рrосеSýеS, the temperatrrre dependenceof Rауlеiф scattering of liфt was miаsчrеd at а right Йgtе ЁЬБiОеШ Ъ*аm, at 540 пm.'ДЬsоrрtiоп meltingexpedments wеrе carried out оп SPECORD uvrиS sp-ectrophotometer (VЕВ Carl Zeiss, Jena), Rayleighscattering was mеаsurеd Ъу the method of photon counting оп а iaboratory sресffоflшrimеtеr constructed оп thebasis of а double mопосhтошаtоr DFS-12 (Russia). Abso:rbanc" *С tigm scattering wеrе mеа$геd in tlre same1,0 х 0,2 сm quartz cuvette. The cuvette was inserted into а сорреr йtс.' rvhicliwas heated ЬУ,;а соmрutеr-operated peltier element, Моýтr, а personal computer collected the melting data. меlф ехреriшепк wеrеcarried out at а heating rаtе of l "C/min.

Kшsur,Ts AND DIýCUSSION . '

Fцs, 1 and 2 show melting:urves for poly(dA),poty(dT) and poly(dA).2poly(dT) in Ьчffеr solution йth 0.1мNaCl йthout Mg2* ions_and at different йg';Ъоо".пt чUопs. It is sееп from Fig. 1 that fbr poly(dA),poly(dT)
the опlу shаrр double-helix-to-coil transition (ь1) is realized shifting to hiф temperatures ,rvith the increase
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Fig.l. Тhеrmаl denaturation рrоfilеs of poly(dA).poly(dТ) iп Fig.2.ТЪеrmаl denaturation profiles of роЩdД).2роlу(dТ) iп
19.mм cacodylate Ьчffеr, рн 7, at 0.1 М NaCI аlопе 10mМ cacodylate Ьчffеr, рН Т, aiO,i м ttаёl аIопа(}
1r) апd with different concФtration of added Mgl* and йф *йепt 

"oocЫt 
atioo of added MgSOa: 1ij

ions: (П) lmМ, (^ ) }пМ, (^) 5mм, (+) 10mм, The O:SrriM, (П) 1 шМ, (r) 2 rrrМ, (о) З шМ, (^) 4 шм,
,polymerconc€ntrationwasS5p]vI iпЬаsераirs. (Д) 5mМ,,(+) 7 шlч1, (х) l0 шМ, (r) 15 mМ. The

роIуmеr сопсевtгаtiоп was 1l0 }rM in base tгiplets.

io Мg'* concentration. Fоr the tiplex ýystem poly(dA).2poly(dT) Мо tгansitions аrе observed CIig. 2). The low
tеmреrаПrrе frmtsition characterizes the sераrаtiоп of poly(dT) strmrd bormd йth poly(dA).poly(d-Г) Ьу
Hoogsteen hydrogen bondý (ftanýition 3-+2) йrile the hiф tеmреrаtчrе tanýition соrгеsропds to melting of
poly(dA),poly(dT) itself (2-+1). Hyperchrornicity following the tiplex melting in the absence of Mg2* ions,
lоwеr than that in the рrеsепсе of the ions, evidences the incbmpleteness of фе tiplex stucture formation at
0. 1М NaCl. However, Mg3* ions added, beginning with 1 mм сопсепtаtiоц pro*ot..thе complete attachment of
poly(dT) to poly(dA),poly(dT). As Figs. 1 and 2 shоц Mg2* ions iпсrеаsе tеmреrаМеs of *re bottr transitions
but fоr the transition 3-+2 this effect is essentially hiфеr than for the tarrsition 2-+1. This resulý in the fact that
at [Mg2*] *15 mм the Ьоф transitions mеrgе into one continuous tmrsition from the triplex strчсtчrе to
disordered stгands.

At [Mg'-] >20 mМ а sfrопg iпсrеще of Rауlеiф liфt scatteгing was observed drгing the melting ргосеss
both fоr the double- and triple-helical роlуmегs that rvas not yet оЬsеrчеd at 15 mМ Mg2* 1Fig. 3). In this case
absorption melting crrrves Ьесоmе Мо-рhаýs and йе tеmреrаtчrе interval of the tansition Ьrоаdепеd. This is due
to arising of tцrbidity in the solution (that was well observed visually), цihiеh contributes into the аьsогрtiоп
iпсгеаsе. It is rеmаrkаЬlе that the scattering intensity increased with the tеmрегаtчте гisе to а value approximately
corresponding to the tеmреrаfurе of thе tansition midpint (Т,) аftеr wlrich it dесгеаsеd shаrрlу at the fransition
епd. sоше "steps" оп absorption melting счrчеs induced йth the absorption iпgтеаsе due to the medium tmbidiý
аrе observed in the region of this point (Fig. 3). Оп cooling dоwп to the rооm tеmрегаtчге the systems stцdied
rсfчrпеd t0 the ýtarting Strчсtчrе that rпas evidenced Ьу the absorption dаи. But at [Мg1>30 mм fоr the
poly(dA),2poly(dT) system and at tМg'1>50 шМ fоr poly(dA).poly(dT) system огdiпаry aggregation was
observed аlrеаф at the rооm tsmреrаtчrо, resulting in the рrефitаtiоп of the polyneTs.

Arising of the tuгbidiý in the melting рrосеsý чвs оЬsеrчеd in the work [1] in the case of thymus DNд in
the ргеsепсе of some divalent metal ions. The ачthоrs explained this рhепоmепоп йtlr 'hеt aggгegation" caused
ьу ionic Ьгidgе cross-linking Ьем,ееп partially чпwочпd different DNA sfrands. Horrrever, the bridges Ьrеаk аftеr
the complete mеlфg of ,the, double-stand роlупсr stпrсtчrе. Suih ап iпtеrрrФаtiоп based оп theoretical
calculations.[4, 5] suits cornpletely очr саýе. The work [4] showrr that the divalent cation-induced de.crease of
the free епеrр on cгossJinking is sipificant апd is about 35% of the free епегgr сhапgе on sиcking of
nucleotide bases. Тhе wоrk [2] studied Ьу саlоrimеý iпtеrаФiопs of poly(dA).poИdT) йth Mgz* ions, and in
the concentration гапgс of 30-50 шМ the bands in d.s.c. сшчеs in the premeltiпg region wеr€ registered. The
bands being assigned to the fоrmаtiоп of the .fiiple-helical ýtructilre (disproprtionation) as iпteгmediates in the
melting . рrосеýs. But, in очr орЫоп, these bands eviderrce the оссtЕт€псе of the 'het

60 7о

Таrрег*rле, t



Effect of h,{g2" оп dolrble and tгiрlе helix foгmatiCIný,..

бd

п0,Е

Ен
ý

Ё

ýЁ
ts!
Е
ts,aЁ

Е
trz

aggregation" that was гечеаlеd in ош experimarts
чпdф the same conditions. This сопсlчsiоп is
сопЛrmеС Ьу the frct that, fоr example, at 30 mМ
Mg" the t€,mреrаtчrе value at the maximtrm of the
pretansition Ьапd оп d.ý.c. счrче, 75 "С, establistred
in this work coincides rvith the maximrrrn of
derivative for an asce,lrding Ьrаrrсh of liфt
scattering intensity счrvе obtained in оrг work.

Obained iп оrд work Т* values fог the 2-+l
tansition of poly(dA)._poly(dT) at the рrеsепсе of 2
mМ and 5 mМ of Мg1" аrе iп well ассоrdшrсв with
daи оЬиiпеd Ьу absorption method in [3]. However,
in contast to оtг wоrk, the authors in [3] have also
оЬsеrчеd the 3-+2 transition in addition to the
2+l one (Fig.l). They have postulated that at ttre
indicated concentrations Mg'* ions induce а

ТатщЛчЕ, "С

Fig.3, Теmреrаtчге dependence of the liфt scattering at 540 пm
(А) and аЬsоrЬапсе at 260 пm @) mФsчrеd in the Ьцffеr
containing 0.1M NaCI fоr poly(dA).poly(dТ) with 20mI\,I
(П) ог 30mМ (А) Md- апd fог polfdA).2poly(dQ at
lsmМ (о) оr 20mМ (r) Мgr. Сопсепtгаtiопs of the
polymers were аý in Figs. l апd 2.

dispToportionation of stochiometric
poly(dA).poly(dT). Ноwечеr, очr attention hаs Ьееп
фаwп to the fact that the authors in [3] have used

|оwф mоlаг efiinction coefficient Ьл8600 М
.lсш-t in the ЬеаsчгеmепЬ of t}re-'poly(dA)
gопсепtаtiоп:оR the цrфпg poИdA) Йth poly(dT)
at the sample рrераrаtiоп. Because of this the mоlаг
rBtio 1:l waý not enýured, which probably lead to the
partialy fоrmеd triplex ýtчспlrе.

Fig. 4 demonstates the variation of the
temperaМe of ttre tапsitiоп midpoim for 2-+1 and
3+2 Йth magnesium ion concentation in the rаrrgе
0-15 mIvI, йrеге the аggгеgаtiоп did not агisе, As
сар Ье_sееп, it is fitted well Ьу liпеаг dependence оп
lg[Mc'-] fоr the both transifions.

At [Mg'-] э 15 mМ the botlr dependencies аrе croýsing. ТЫs means that at hiф magnesium iоп concentation the
duplex шrd triplex formations melt simultaneously. Fig.4. shows data from thi *оrК JZ1 about the Mg2* ef1ect on
the transition 2-+1, obtained frоm calorimetric шеаsчrеmепý,. but at low Na* ion concentation in solutions
(PIPES Ьuffеr). Ц thi' case фе Тn, versuý letМg'l plot is Stеереr than ttвt in очr case, that evidences the
епhmsmепt of Mg2* effect on Т. йft dесrеаsБg й,Ъаt m ion сйеrrtаtiоп.

тhе data obtained fоr Mg'* effect сап Ье explained Ьу model theory of crothers [6] and Frank-kamenetskii
[7], whеrе the change in Т, of helix-to-coil transition is ехргеssеs Ьу the equation

L\=(лт4 lлIt)r"[(r+ Krr)u l(r+ цr)*] ,,,
whеrе /"ёlisthe transition enthaý, 7р mrd Trarcthe melting tеmреrаtчrеý of the tmrsition in the absence mtd

рrеsепсе of а ligand respectively, К2 апd Kt are binding сопsИпБ of the ligand йth native and mвlted роliшеr,
в2апd ^в1 аrс the пumьег of phosphate grочрs реr опе botmd ion,c is the ligarrd сопсепtаtiоп,

If r(2 and К1 areindependent оп с and ýс >> l, КlС>> l then frош (l) опе can obиined

4оц) l dlпс)= (fiц ц l лIо1.вr - В,] (2)

Equation (2) explains the liпеаritу of Тц versus tg[Мg'*] plots (Fig.4). Весачsе of ДН fоr the з-+2
nmвition is about ttгeefold less than that foi 2*r1 [8], the steeper dependence fог the first transition in
соmраrisоп with йat fоr the second опе is оЬsеrуеd.
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CONCLUSIONý
At Фе physiologicat сопсепtаtiоп of sodium ions

Mgz* яlbilйes double- апd tiple-helix strцсfiшеs fоrшеd
Ьу poly(dA) with ply(dý. Тецrреrаttrгеs of duplex-
rапdопп ;coil:-iand triplex-duplex transitions iпсrеаsе
linearily iwith lg[Mg't] апd mоrе quicНy iп фе second
case that Tesultý in sчрегроsitiов ofthe bottr tansitions at
the ddtcrmined'conc,entration of Mg2- ions. This was
оЬsеrчеd iп the рrеsепt work at tМс2+] > 15 mМ fоr
poty(dA).2poly(dТ) wiф the сопсепtаtiоп of l00 FIчI
base triptets. At h;gЬ mоlаr ratios Mg2*/ polynucleotide
(in оur case it is rпоrе rhan 200). During melting of the
роllшеrs aggregation is оссчrrеd due to fоrmаtiоп of
сгоss-liпlý Ьу Мg'* bridges Ьемееп pмially unplaited
роlуrпеr staвds. It is eýtablished that at the presenrce of
0.1 М NaCl rnagnesium ions do not iпdчсе the pfiial
fomlation of the triplex ýtrчýtчrе in poly(dA).poly(dT)
(disрrорогtiопаtiоп) as is postulated Ьу оthеr аuthоrs in
ýоmе рареБ,

м
; 3З0

t*-

320

и0

310

Fig.4, Effect of Mg2* оп the tеmреrаtчrе at tansition
midpoinв (TJ for double- and triple-sbanded
complexes tоrmеd between poЩdA) aod
poly(dT): T,2'l determined frоm Fig-l (о) апd Fig.2
(А); Т,3'? deterrnined from Fig.2; (^ ) аrе the data
of Hopkins at al.,,[2] calorimetrically derived fог
poly(dA).poly(dT) in aqueous PIPES Ьчffеr (+).
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ВIUIИВ IOHIB Mg1* Н{.ЦРОХ_ ТД ТРЬСХfiIРДJЬНI ФоРмувднпя мIж
PoLY(dA) тА PoLY(dT)

В.М. Зозуля, А.С.Щербакова, Ю.П. Блаlой
Фiзuко,rrвхнiчнuй iнсmumуm на3ькuх mемлЕраrпур iM. B,I. BepKiHa Нацiоttальноi дкаdемit Наук YKpBiiHu

XapKiB, 310Iб4, пр Ленiна 47, YKpattta,

Вlдчено вгцпlз ioHb Mg'* т1 к9нформачiйнi пФеход{ У lpox- та трьохспiральнIо( структурах, сформованrя
Mix poly(dA) та poly(dT) у l0 mМ KaKoд{JraTHoMr ýуФепi, РН 7, що йспrгь б.t М Na*. ДiосЙЬ*ення цроведево
метOдом термiчноi денаryрацii 3 ЕикористанRям УФ спектроскопii та роrеiвського розсirовакrrя сiiтла дlя
0трим.lпЕI крнвuх IUIaBлеHIUI. Темпе,ратlryи псреходiв спiраrь-кrrубок дIя poly(dA)9oly(dT) та тиIшекс-
дплскс лlп poly(dA),2poly(dT) пiвiftro пi.цвшrцоютьСЯ З lg[Mgu+], гл бЬrд Imижо в останньому випад(у, цо
призводIть до 3JIиття псреходЬ гtри [Mgz*I > 15 mlЩ. При [Mg2{ > 20 шМ вцродов]s пIIав]Iе}Iня обох структlр
було вюIвлено агрегацiю, що винц(аJIiл, згiдrо Блумфшду та спiвавmрй, iз-за поцеIЕtцхrх зшиаок, цо
формуються йigгками ioHb Mgz+ мiж чаfiково розIшsтеш{ми павrпой*rи пояirrеру, Ь зrrш,ала'" iсй
IutaBлeвrUI. Виявлеfiо, що в щ}ис)rпrостi 0.1 М NaCl iomr'мапriю не iцryкуотъ-виIlЁкti€яЕя tlac11oBo
сформованих типлекснш( структу? у poly(dA).poly(dT) (дlсгlропорцiftriсть)l як пocтyJIьBilнo iкцими авторами
в деякшt роботах.
кIIючовI СЛоВА: полiяукпеоfl{дr, подрifпri та поцiйвi спiралi, ioHп магяirо, перехiд спiраrь-кlryбок,
реле'lвеьке розсirовашrя свiтла


