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Interactions of Ni2* ions witlr АМР, UMP, single-chain poly А, poly U, double-chain poly A.poly U and tfue+
chain poly А,2 poly u havc been studied Ьу the method of differential uv spectroscopy. Тhе coil+helix transition
observed in polynucleotides is due to the Ni2* ion binding to охуgеп atorrrs of рььrдut* gloupý. The nicketr
coordination to Ьаýеý takes place опlу iп the саsе of single AMPs and single-chain роlу А. The formation of а chelate
N7-Ni2u,(РO4Г induces meltirrg of this polymer, Nitelted parts foпrr compact particles тvith йе efЁФive radius
*100а"

КЕY WCIRDS: IrV sресtrоsсору, lromopolynucleotides, metal ions.

Аmопg transition nnetals nickel (atrong йth chrorne) being of the nraximurn cancerogenic index is one of
the rnost toxical [i]. trts possibility to influence frrnctions of biological mасrоmоlесulеs makes interesting strrdies
of tlre Ni2* interaction not only йth паfurаi DNA and nitrogen base derivatives [2,3] but as well йth
homopolynucleotides forming noncanonical single- and rшrltichain helices being of biological frrrrctions [4].
Experimental results_available foT these systems are not епочф. So, interactions of Сч2п ions йth fоur-сhаiп
poly G [5] апd of Cuz*, Mn2*, Ca2u and Mg2* ions йth double-chain poly А and poly с [б] have Ьееп studied.

The present work was аirпеd at the determination of atorns coordinating Ni'o ions in single-, double- and
three-chain polyTrucleotides mопоmеrs of йrich are Амр and uMp. То ascertain ion-induced сопfогmаtiопаl
transitions in these polynucleotides is another task of the rvork.

МАТЕRIАЕ,ý ANI} l\,IЕтнФD

Research objects wеrе potassium salts of роlу А, poly U, poly.A..poly U (AU) and poly А.2 poly U
(ЮU) as well as disodimTl salt nucleoside-5'-phosphates (АМР and UMP). Poly А, poly U and nucleotides wеrе
supplied Ьу Sеrvа (Gemarry) and AU and A2U - Ьу Si_gша Chemical Соmрапу ФSА), NiCl2.6H2O was doubly
Tecrystallyzed, То iпсrеаsе the binding constant of Ni2t ions, nucleotides wеrе solved in acetate Ьufгеr йth the
low (10-ЗМ) concentration of Na* ions, But uпdеr these conditions at roошr tempsratme дU and д2U are irr а
partially metrted state [7] thеrеf,оге AU as а rпоrе stable polymer [7] was solved in lO-'M Nадс and ЮU (and
poly U) was solved in the sаrше solution added йth NaCl. Iп this case thc total I.{a* ion concentration was
З,l0-2М, То avoid the forrnation of nickel hydroxides, acetate buffef йth рНб rvas used. But at 10-2М },{а* and
РНб РОlУ А are аЬlе to fоrm double helices [S]. То elirninate this рrосеss, poly А was dissolved in cacodilate
Ьuffеr 10-2MNa* йthpHT.

Concentrations of nucleotide and polynucleotide phosphorus (Р) wеrе deterTnined Ьу values of
extinction molaT coefficients in UV absorption maxirna [7, 9, 10] йth ап еrrоr not exceeding 0,5Уо. hr all the
cases the value of Р was (tr+0,2).10"4Щ. The Niz* ion concentration ([tli2*]) was evaluated Ьу weight and
сопtrоllеd Ьу the complexonometric method, дп еrrоr in deternrining PrTfl v/as not mоrе than 0;57о.

_ -.r+ .Ni'- ion-induced differential UV Spectfa (Aе"-DUVS) wеrе rеgistегеб u1 1=(20t2fc Mtrr а Sресоrd
М40 spectrophotometer (Саrl Zeiss Jena, Gеrmапу), using the forrr-cuvette measuring scheme. Дi the DUV
Фесtrа obtained correspond to the equilibrium situation that folIows frоm their forTn and intensiff retained fоr
t10-40) miп. In the case of single-chain poly А at JbTi2*l>tO-ЗM Hnetics of spectral changes induced йth the
fornation of light scattering particleý was obsQrvcd.

In tЫs СЗsе DUV spectra induced with charrges in the poly А absorption (^a-(v)) were determined Ьу the
extrapolation method using the formula [11]:
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where ДА(ч) is а change in the optical density of the роlу А solution immediately аftеr the addition of Niz* ions.

^А,. 
= АА at v:vo=329g0 сm-'. The value of the wave е*ропй i iпАпgstrёm fогmчlа rryas dеtеrrпiпеd Ьу the

'0
AA(v) dependence at v<vg where the liфt absorption is absent,

дs well, differerrtial spectra conditioned йth melting of polynucleotide helical links (Де) wеrе

registered йth а Specord UV VIS spectrophotometer. In this case the standard cuyette rлrаs thermostatted at

т:тб while the working опе was heated rrp to 960с and then the spectrrrrn Ash waý taken,

EXPERIMENTAL RESULT,S

мопоппеrs

дМР, In the rапgе of (10a+5.1O-z;M Niz* ions induce АМР D{JV spectra the shape of which coincides
йth that of DUV spectra of Ni2*+dAjrШ соmрlехеs [2]. This evidences the ion interaction Йth nitrogen atoms

of thе adenine ringlГigs tr, 2). In aqueous solutions of Ado atoms coordinating Ni2* ions аrе N1 апd N7. In the

г,дgе of neutrat рЙ чаЙеs the interacfion with Ntr is pref,erential [1З]. Вчt in АМР the rпаiп аtоrп binding Mt2+

ions is N7 [З, 9, 14]. This is, in раrtiсulаr, рrоrлоtеd Йth the Ado anti-confotmation that is suitable fоr the

formatiorr of а chelate including the simultaneous ion binding to N7 and the рhоsфаtе group 0хуgеп (О(Р) i14].
Тhе very strong difference between the shape of АМР (and dAivIP I2]) DUV spectra induced Ьу Ni2* ions апd

that of АМР DUV sресtrа reшlted frorn Nl protonation (Fig. 1} evidences these data.

Fig. 1. Differerrtial UV spectra of АМР, induoed witlr Ni2* ions. 1 - 1,25.10-4\4 Niz*; 2 - 7.10-аМ;

з - 2,5.10-3м; 4 - 3,5.10-2M; 5 - АМР DUV spectrum induced rпith N1 protonation (calculated Ьу йta ftonr [l2]).

UMP. As in the case of dTMP [2], Ni2* ions induce no changes in UMP absorption spectra up to

[Ni'*]:2,5.10-'M that evidences the absence of ion interactions йth heteroatoms of the uracil ring as well as

with oxygen of the sugar ring because deprotonation of hydroxil groups of the pyrimidine ribose induces
significant changes in absorption spectra ofbases [l2]. Besides (and it is essential), fоr ribose hydroxile grоuрs

of LIMP рКu-lЗ+lЗ,7 [12] that rnakes imрrоЬаЬlе the substitution of their protons йth Ni2+ ions. Thus, in
аесоrdапсе йth the data from [З], the only UMP atom binding nickel is О(Р). Вчt the interaction Йth this atom
has no influence оп аЬsоrрtiоп spectra ofnucleotides [12].

Polynucleotides

Роlу А. In the rшrgе of theif low concentrations Ni2* ions induce DIIV spectrъ the shape of rvhich is
'yeverse" to that of DUV spectra resulted &оrп the helix-coil transition of the single-chain poly А (Fig. 3а). Thus,

ёt [Ni2*]<4,10-uM DUV spectra of metal соmрlехеs аrе mainly conditioned йth the rise of the helicý dеgrее of
tire single-chain poly А, induced Ьу the Ni2* ion interaction йth О(Р) that is characteristic of poiy А complexes

йth а11 the Mt2* (Cu, Mn, Со, Mg, Sr, Ва, Ве) ions [9]. At ГNi2*]>4.10-4М the ion binding to adenine of poly А
becomes pronounced and is followed йth melting of helical parts. Indeed, at these ion
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Interaction of Niz* ions with homopolynucleotides., .

Fig, 2, Concenfuational dependences of furtensities of DUVS ехtrеmа of АМР and polyrucleotides, induced йth Niz* ions.
1-v:З6500cntlANФ;;2-v:39500cml(single-chainpolyA);3-v:39000em-'(AЦ;+-v:jsooO.*'1*iogto"iuin
polyU); 5 - ч:З7000 cmt (A2U), а and Ь - Де.чаIuеs calculated Ьу forrnula (1) (i=4).

concentrations the longwave isobestic point оп D{,W sресtrа of poly А shifts to the shortwave side (Fig. 3Ь) and
ivrff the rise of the nickel content the derivative ta(AB/a([Ni'*])] goes thrочф zero and changes its sig1 (Fig.
2;. This result is in а qualitative agreement йth оthеr ехреrimепtаl data [9], according to r,йiсlц mЙИg оr
helical parts of the single-chain роlу А is observed in the presence of all the transition metal ions. It is esserrtial
thatat 2,5,10-'MNi2*theshapeofpolyADUVspectraissimilartothatofDLГVspectraofNi2*complexesйth
АМР that evidences the ion coordination йthлN7 (Fig. 3Ь), Accordingly to the NMR spectroscopic data
obИined for роlу А complexes with h{п2* and Cu2* ions [15, 16], melting оiйеliсаl раfis is conditioned йи tb.
fonnation of chelates N7-Mt2+-o(P). As Fig, 2 shovlъ, the melting |rо".** is сЪореrаtiче that is, perhaps,
conditioned йth positive cooperativity of the Мс* ion binding to bases of single-chain polyrпicleotioes 1Ф1. riД
scattering observed at [Ni2"]>10-зМ meets the Апgstrёm forrrrula [i 1] йtil the exponent index ix4. Such а чаluе
of i evidences the formation of particles йth tho effectivs radius r"<100А [17]. The inertial radius (\) of the
single-chain statistical coil is an order of magnitude hiфеr [18]. Such а difference betweenr. and
& eйdences cotnpaction of the single-chain роlу А in the rапgе of concentrations

Fig. З. Differential UV spectra of single-chain poly А, induced with Ni 2* ions.
а: rеgiоп of preferential binding to рhоsфаtеs - 1 -6.10-6М Ni2n;2 - 1,5.10-5М; 3 - 1,25.10"4м;4 _ sресrчm дс1 induced
with helix-coil tгansition of single-chain poly А.
Ь:rеgiопofionbindingtoadbnine-i-8,10-t\,{Ni2*,2-2,5,10,зМ{саlсчlаtеdЬуfоrmчlа1,i--4).с-дмрDWqр€сtпш
induced with 0,035м Ni2n (See Fig, 1).
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Fig. 4, Differential Uгv ýpectfa of dоuЬlе-сhаiп Fig. 5. Differentiai UV spectTa of threg,chain poly А,2

polyA.polyU, irrduced wiф Ni2n ions, polyU, induced ЬулМ2* ions,

;"j|;ilЫ ; 
j_s,s,tозм,з_lо,М4_sресtrчmдq l -5,5,10-fuNi2*;2 - 2,10-fu;3 - 4,10fu;4- 10-'М

iцduсеd Ьу helix-coil fiansition of AU. С , the sаrце as Й (spectra refer to left ordinate); 5 - sресtrum Ав1 induced Ьу

Fig. З. helix-coil transition of A2U (tеfеrs to riфt ordinate).

colTesponding to the Niz* ion binding to the adenine ring. The formation of сошрасt paПicles with r"-100А was

оьsегчеd Ьу us earlier in microphotographies of poly д in tи" рrеsепсе of the hiф conce_ntration of Са2* ions

[l9]. Compaction of poly А is аЪаusе of newhypochromicity of its absorption at [Ni2*]>10€M (Fig. 2).

poly U. Niz* ions induce no changes in absotption spectfa of the coiled poly U чр to 2,10-ЗМ Ni2* 1Гig.

2). In the range of 2.10-3М<ГNi21<3.10-2М only а weak hypochromicity of the роlу U absorption (Fig. 2) is

observed (in the absence оf_liфt scattering), conditioned Ьу ordering of the smаll пuшьеr of роý u links оп the

ion intsraction йth О(Р). Thus, in the range from 10'5М to З.lOJМ }-Tiz* ions do not bind to heteroatoms,of the

.;r:acil ring and their interaction йth phosphates induces nocompaction of the polymer.

роlу д.роlу U, The shape of the AU DUV spectra induced Ьу Ni2* ions is а 'tпirrоr reflectiorf' of that of
the дU пtЙ spictra resulted frош the disruption ofthe double helix (Fig. 4). This mеапs that at 0,01М Na* AU
at 200С а) has iome пumЬеr of disordered links and ь) Niz* ions. eliminate these "defects" and restore the helical

strцcture ofthe pol1nucleotide. In accordance with Fig. 2, the niokel-induced coil-helix transition is ап essentially

noncooperative рrо"е*, that may Ье induced йth negative cooperativity of the Ni2* ion interaction Йth AU,
charact&istic, in principle, of йе Mtz* ion binding to oTdered helices of different struсturаl organization levels

[20, 21]. дs in the nickel presence роlу U retains mainly the попоrdеrеd state, the Tize of the helicity dеgrее of
дU is induced Ьу the Ni2* ion irrteraction with single-chain parts of poly А. The shape of nickel-induced DUV
spectra of дU shows that uр to З.10'2М Niz* ions do not interact Йth ring heteroatoms of the polynucleotide

аЪепiп" thоuф the binding io N7A in the polynucleotide is principally poisible [22]. The absence of the Ni2*

interaction йth this atom of the AU double helix is, реrhарs, condifioned Ьу the Ыф rigidity of its sugar-

рhоsфаtе bone, preventing frоm the formation of N7-Ni2*-(РО+Г tуре ohelates while Ni2*-N7A complexes аrе

iharacterized йtb very tоЙ ЬЬСИg consиrttý. Fоr ехашрlе, 1о, Ц2++N7 Ado соmрlехеs the value of К is 8hГI

[13] that is such а binding type is able to manifest itself orrly at molar nickel concentrations. Besides, the steric

accessibiliф of N7A in helical strцсfirrеs is lower than iB value in АМР {Ьу 2,5 times, in ассоrdапсе with

theoretical calculations [23]). Thus, the data obtained permit to conclude that the гestoration ofthe AU helical
зtчJсtшrе йth Nf* ions results frоm their interaction Йth oxygen atoms of phosphate groups.

Роlу А.2 poly U. Vеry low hypochromicý of A2U absorption, induced Ьу Ni2* atoms, eviderюes that

the ntrrnber of "defects" in its strчсtrге is insipificant (Figs 2, 5). The shape of DUV specМ ýrows that, as in
the case of AU, Niz* ions restore the A2U helical strчсtцrе оп their interaction Йth phosфate grоuрs of melted

раrts of the adenine chain while the binding to N7A is фsent uil to +.tO'fu Ni2*. The participance of this аtоm

in the system of hydrogen bonds supporting ttre triple,helix [22] makes this rеsult natural. As well, the data

obtained show that the Ni2+ ion binding to phosphates of ordered parts of the adenine cЪain as vrell as to ordered

and попоrdеrеd parts,ofuracil chains has по iпfl.чепсе оп the conforrnational state ofthe polynucleotides strrdied,

As Fig. 2 shows, quantiйtive changes in absorption specfa of poly U and A2U аrе similar. But small

values of spectal changes for the both polynucleotides аrе conditioned йth difГerent causes - Йth the smаll
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шшьеr of melted parts in the A2u triple helix and йth а low tendency of uracil derivatives to fоrm stacked
sfructures [22].

The work has been реrfоrmеd under the financial suрроrt of the US Civilian Research and Development
Foundation (CRDF Grant UNl _435).
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