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Ап enmgetios strrdy of wаtег molecrrle Ьшdiпg to а DNA mаtriх has Ьееп рl,fоrmеd. Bound rrateT molecBles lraTe
been differentiated according to their tlinding energies, the rrаtеr шоIесulеs being suppsed to paгticipate in thrее

ýpes of sorption (hydration}: sогрtiоп tly Lапgшuiт's bmding сепiеrs , sorpfion Ьу Нелry's опеs аrtd mrrltilayer
sогрfiоп. It has Ьееп found that waters of the different sorption ýpes take pmt in ýИbilizing а сеrtяiп DNA
conformatiorr to а differerrt degree, Сопsidеrаfiоп ofthe obtained values offree binding energies within each sorptiori

ýре has shown that wаtсrs bund to LangmuiT"s ceTiters maidy advantage A-DNA stabilization ъtrile ones bouTrd to
Неtцу's centers facilitate B-DNA stabilization. Тhе,wаtеr molecules Ьоцпd in шultilауеr аrе шоIе rmportant fоr
stabilization of both А- arrd В-fоrдr iп comparison wrlh urrordered state, but iаrgеlу fоr В-fоrш. This is dr.ш to
occrгring the basic fonuation cf nrrritilayer part of hydration *lrrolrrrdings at Hgh wаtеr content in DNA.
КЕY IVOaDý: DNA" сопfогшаtiопs, hydratiotr, sоrрtiоц binding епеrgу

Stnrctural state of DNA шоlесulе is well kпшryп to depnd оп its rvater content to а hiф degree [1-З].
While being wetted or dried а DNA ftюlе*ulе undergoes cоnformationa] transitions, i.e., changes of secondary
ýtrucfi}re, For instance, NaDNA dеmопstrаtеs ап unordered stаte at relative humidiý {r.h.) uр to 74-76Уц Ь-
fоrш uр ta 92-94аk r.lr" then NaDNA exists fur В-fопп [З]. Relationship befiryeen DNA struсturе arrd its
proprties makes а ргоЬlеrп of stuф of the DNA-rTatcr ýyýtem undoubtedly of $eat iriterest, Determining
thеrmоdраmiс pвrameters of the DNA-watcr ýystefis аrrd tlreiT variation in hydration-delrydration process is а
part of the рrоЬlеm which is irrprtant to соше to undcrsиnding the DNA organizati*n and funcfioning. Впе of
ы}сh рагаmеtек is binding Ёпеrý of rvater nrolecules to the DNA шаtriх. This eners/ correqponds to the раfi of
DNA sиbilizatiýl eneTý contributed frоm the hydration surroundings. Integral values of binding епеrgr lиve
аkеаф been determirred Ьу both фrесt measlгemenЬ (rпiсrосаlоrimеtr.ч method) [1] апd ful indifect fiи]шеr
(gravimetry and infтared spctroscopy methods) [1, 4, 5], However, suсh data da пеt tell us about energetic
proprties of the distinct water mоlесulеs itt the DNА-rчаtеr interaction

Iп the preserrtpaper anattemptto differentiate the enяptic characteristics of the distinct water malecules
in binding рrосеýs to NaDNA has Ьееп шаdе. The free energies corresponding to the binding proceýses of иzater
mоlесulеs to different hydration center qфеý have been determinedby using dala obtained Ьу microcalorimetry
method anda model of conformatiotr dependart hl,dration of DNA [6].

тЕЕоRY
Gепеrаllу it is шоrs convenient to consider а binding process of sorne sшЬsИ:rсе фottate) оп а maffix

{sorbent) in terms of the binding епеrgi ехсеýý ЬЕ=Е*Ео (Е is епеrry of sorbate-soфent interaction, До is
епеrы of interaction betr+,een sorbate mоlесчlеs in hrlk phase) [1l, The greater а чаluо of the biпding ensrry
excesý АД the stronger interaФion betrveen the sorbed rnolecules and the rпаtriъ which charaИerizes the binding
proceýý demonsfiabý. In case of the hydration rvittrin the DNA-water qуstеm irwolved

_\ ЬЕ{пtsЕtп}-Ео, (1)

where r is tlre rTater content in the ýyýtem expressed as nroles of water реr mole of nucleotides (MH2O/M}{)"
AE(r) is the hydration €пеrgу ехсеýý} Е{п) is tlte hydration (dehydration} епеrý obtained ехреrimешtаllу,
Eg.-40.5H/MH2O - йе mefll enersi of wаtеt-lчаtеr inte,Taction in the bulk phase t1]. ýо, АЕ rерrёsепК binding
епеrry of water шоlmulе Йthа hydration сепtеr of DNA.

Fоr DNA olle сЕш distingшish several ýpеs of hydration centers фffеrепt in theif сlrаrасtеr arrd strength of
binding t7]. Dividing sorption фуdrаtiоп) into three tlpes is shown to Ье adequatc to desýibe the DNA
hydration almost cornpletely [8]. Тhеrе аrе the fallolгing ýpes of soTpfion: а) Ф Lапgпuir's binding сеfiеý
suposedly lying оп bases фуdtаtiоп йth ýatпration); Ь) Ьу Henry's bindinc csnterý dispsed
appпently orr cation-phosphate grочр (hydration йthout saturation); с) multilayer sоrрfiоп Фydration of
рrеviоusý occupicd binding sites}. It сап Ье shоиm that such а separation is pssible iп tfue frашеwоrk of
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Gascoyne-Pethig theory provided опс chooses аррrорrйе pfftiяl distribution ftnctions [6, 9]. We negleФ
heмogeпeity of binding ceiltefý йthin опе hуdrаtiоп type not в сошрliсаtе the рrоЬlеш. Тhчý, а binding
епеrry of wаtеr mоlесчlеs йth hydrate-active сепtеrs АЕ is considered as s ýчm of three sчшпаrф
rcpresenting the conlTibutions to the чаIче of thc епеrgу frоm watg mоlесulеs sофd аftеr three mentioned

ýpes:

Хr{п)ЬЕr+Хч{фЬЕч +Х*{фЬЕ6= ЬЕ{п} (2)

rvhere .Yд(lз), Хн @), ЖltФ) afe the fractions of rvater molecules Ьоuпd to Lапgшчir's, Непry's binding centers

and in multilayeT йth епегgiеs Мь Мь апd ЬЕlд, respctively. It is песеsяrу to note tfiat the раrtЪl епегgiеs

аrе considered not to depnd on the water content but to Ье consИшt foT а certaifi ý'p of sarptioш.

It is mоrе gепеrа1 to describe sorption in fTee enerry terms, tlrerefore, proceedirrg to ths free cnergies of
sorption we оЬйiп:

Х{п}ЬG1+ Хp{п)&G" + Хu*{п)ЬGщ = ЬGtп}

where ДGд, AGrr, and ЬGщ же tlre free binding arergies contribпrted to the totдl free binding Фrеrý ДG from
water molecu]es borrnd аftеr diffегеп1 ý,pes.

In the frаmеwоrk of the eqrrilibriЙ thеrmофпаmiсs: ЛG=ДrДr^S oq in the units of RT 
^G=Дl/-А,S,(Неrеftоm ard then ttrтоuфоut all thеrmоdlтrqлпiс раrащеtеrs are expressed in the шцts of .ýt кr 1ole о|

water.) Тhчs, considering the toиl changes of,,binding entropy Дý апd е,пthаlру АЕ corTgsponding to the total

change of sorkd rryater mоlесulе пuцЬеr,lvc Цаче :

Хr(п)ЬG;+Х6@)ЬG" +Хu*{п)ДG* = МlФ) -ДS(и} (4)

The fact that DNA hydration depnds on сопfоrmдtigпаl sиte of the bioplymer [2, З] аllотв us to аýsпmе

that the enerry contribution of each ýре of bound water is сопfтгmаtiопаliфрепdепt, Аý NаDýА exists in three

113rribb *#i.*utЙ очег the rvbbie r.ь. rапgе {urroTdered'sate, д- ап* Ъ-Ьrrп)" we take into accouяt the

**rgy corrtribBtions from water molecules sоrЬеd after types сопсешеd: to the ' sИbilizatio1 of these

confonnational sиtes:

, Хr{п\А(п)ЬG! +Хr{п)В{п}ЬG| +Хr{п}tl{п}ЬG{ +Хч{п)ДtфirG* +Х"{п|В\п)ЬGý + 
(5)

+ Х u @)U (ф bGfl + Х *r(п) А{Ф ЬG Ь +, Х * {п) В (п) ЛGЬ + Х * {п}(} {п) eGUm:, = М{ (r) * 

^ý(ru}

whеrе,4(r),8(п), U(п) аrе the fractions of fu, B-conformation and uпоrdегеd fоrm in DJ.{A sесопdагу Strrrcture,

qespctivpty; ДGf, is а dеsirаьtе чаluе of errergл сопtriьutiоп to the sиbitйation of ru-th сопfеrшаfiоп from

waterftoleculesparticiptinginhydrationofft{hqФe$nIэ.H,ML;Iп=A,B,(J}. _ 
,,

Тhе чаluеs 0f the toЫ сhапgе of binding enthalpY АН{п) have Ьsеп det€fiItifled irr rтoTk [1] Ьу using

rnicrocalorimeny tяchrrique, This technique allows one to оьиiп values of Дщr) in а certain пiЕIоw iшеrvаl of
r.h. (frоm Фr to tр2) оr water contfflt (from ri ta пz}. N{п) oorresponds to the cTapration enthalpy of Ди water

molccules ftom DNA mafiix, whеrе Дп=ru2*п1 апd п=(п14-паУ2. Dsрепфпсе of епtrор5l Д,ý оп wаФr ýontent r
was oъained Ьу Bolbukh апd coworkeв tlO] Ьу Bsing а hydrdion isоthеrm шаlрis, since thеrе ше nine

unknorryns 
^Gr 

in eqrration (5), the чаluеs of 
^FJ 

and Дý wеrе иken at nine different values of water content и,

Thus, writing dшпп eqratiorr (5} fоr nine и valBeq опе can obtain а closed set of eqвations:

x !l) q4 Ht|'t p7 bG! + хР t п1д{r ) lп;дGf + хf } lп;уtl) (и)дGfl + х ft' цп7,а0| (и)дGf +

+ х$) 1r1 вtl) 1л 1лсf + .rý) 1 пуч Ф (п} лсН + х ff qц Htt @J ьG !6 +

+ хflllsвt|\ {п1лGfu + хfllпlut|l руьС|* = цr8l q91* 

^,ý(')(n),

х f) ру дt9> р1 ьG! + х f} 149{9) q4 ьф + хlЯ) 1п;u(9) 1иlасf + х ýl ру дtll (п)ДG$ +

+ х!|} qп1вtg\ qпlлGf + x$lq Eu{9\ p1bc|, + xftq4a{9} q4bC!* +

' 
* Х\}1пуgtЧllп|ьGВuа+хf}qпlчr'lq4ьсfo= дl1'}qцу-*{Я)lr},

{

-

(з}

t6)
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Binding епеrgУ differerrtiation оf rryater nrolecules in DNA hуdrаtiоп slrell

The r"alues of parameters l(л), В(п}, lj{ll), ,{r{0, Хн (п), Х1,6{п) can Ье determined frоm а model of
:,lпiоппаtiоП deprrderrt hyФation оf DNA [6J where they аrе variables апd Ь(;{ included аý parameters. This
::odel ta}ies into account mutuаl influerrce of the DNA hydration and confbrrnatiorral stяtе of DNд, allowing orre
-: simu]ate hlt,steгesis рhепоmепоп duriпg h,Tdratiorr-dehydratiorr сусlе. Corrsidering jointly the set of equatiorrs
i l and mre fcaftгing in the model of confornration depndent hydration of DNA wJ ьаче closed problern. The

:гоьlеm сап Ье solved Ьу using successive аррrохimаtiоп mefirod in w,hich the fouпd yalues оf variables of опе
--t аrе sйstituted irrto arotlrer Set aS parameters апd then the рrосеdurе reFats.

RESULTS AND DISCUSSION
The nrost rcascnable and rаtiопаl r,a]ues of AGf' resrrlted frош solving the problenr considered are

:геsепtеd irr иЬ, l

l'able1 , Va]rres of rhe 1tee bintling епеrgу changes iтlr rvater molecrrles Ьоuпd аIlеr dilfuent sоrрtiоп
trpes and participating iл stabrlizing the possible conГorTrratioria] states of NаDNд

ЬG, Тlре of confomational state sйbilized {л)

Тlре of sorption (fr) А-fоrm В-fогrп unordered sиte

L з"99 з.69 з.57

н 1.97 2.16 1,86

1,tI 0. l8 0,]9 (},01

Arral*l,sis оГ ДGl l,alues и,ithii: eaclr sorptiOn ý,р slrows that waters bourrd to Lапgmuir's centers mainiv
:Jr алИgс A-form sиbilization T,,lrile ones Ьоtшd to t{crrry's сепtеrs faciliиte B-form stabilization, This agrecs

witlr an idea tlrat hydration of nitrogenous
bases and one ofphosphates plal, the leading
rоlе in sabilDing the А- and В-fоrm оГ DNA.
respectively [2, З]. Wbter шоlесшlеs bourrd in
шuitilауеr ate ftlоrе irпроrt;шt fоr
Stabilйation of both А- and В-fоrm irr
соmраrisоп with unardered state alilrough
they sИbilize lаrgеý В-fогяr than А-fоrm.
This is duе to thе fact that the basic formation
of пrultilа_чеr part of hydration surroundings
occrrrs at hiф W?ter content ifi DNA [2, ЗJ.

Comparison of the results obtained п{th
ехреrimепИl ones [1] is presented in fig.1. In
this figurе the еrрrimепИl lajues of
enthalpy change М{",1 [1] and the Аffiд values

calcrrlated frош set (6) Ьу using ЛGr
otrtained here and A,9ftz) [10] аrе plotted as
dependencies оп tlre water content п. It is
seen that the сurчеs coincide well споuф
oyer the interval ог the water content
considered. Deviation of the theoгetical
results fтош the experimental ones does tot
exceed the values of схрriшепИl егrоr,
which attests adequate approximatiorr in the

calculation ot bG{ achieved during solving
the рrоЬlеm, Decrcase of the enthalpy values
Йth the water coýtent groЙh fur the system
inфcates that the fraction of water molecules

,-

a)с.

:)

р

0 5 l0 15 20

п. MH'O/MN

}-ig.1. Dqendencies of enthalpy change obЫned
exprTimerrtally [1| аrrd calculated iп this woTk

on the wаtеr content.
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strongly bound to рriшаry hydration centers {Langmuir's and Hetry's ones) on the DNA matrix redrrces duе to

incrcase of тveak secondary sorptiolr of water 
" 
i.e- multilayer sorption.
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В даъшоЙ рабйе щрово.ryrтIосЬ из}л{€Еие црцесса связываниl, молек1ý tsо,ФI с матриt{ей fЩЖ. Произведено

раздехенке молýкуЛ волы мдrатНой оботrоцсrt Д{К пО ID( энергшIм связывания. При этом Ередюлага]lось" qто

il{олек_Yлы во,фI могуг у{астВовать В цроцессах сорбrцм (гидратвrцтlt)трех тиIIов: софrцм на Лэlгrtшоровские цеЕ|ры

овязыtsанrLъ софrцпr rra Гетцrиевсrие цеrцры связываниrI и мутътислойtной сорбrцпr, т.е. сорбrцпr lla уже зfiulтые

места связыВаrпrя, Обнарlжеяо? что молекуJш во.щI, сорбированные по раз]I!I!týо}цi 1шI},, fiрIш*{ают у{асlие в

стабшшrзаlцлrТ опредеrrеrЙоЙ конqор*rпМ Д{К в разшаrшоt степенЕ Ана.плtз поJIучеЕIrьrх эначеtlй свободъо<

энерглй связьвйш *олекул Ео,шI в.преДелах каждого типа сорбцшлоказаt, чl1] вода, связаннаlI с Лэrгlчtоровсiспл,r

центtяллъ гj]t[вЁым образом способстъуег стабrлшзаrд*t А_д{к. В то же Bp€MjI основI€tя poJb молекуд Bo,ФI,

связ;rшл1q С ГенриевскrоМ цекfра}fi{ за&ltючаетýя в стабшпваrцаи в-дк. Молекушr во,щl, образуrошryrе мультислой,

тиrболее вах*ш для стабrgпr-заrвтл как Д-, так и Вфор*ш ЩЖ по сравнеfiию ý Ее}шорядочеЕIым состояниеш хOтя в

боьшей]мtР u* *.u*rrЯ В-форлш. Такое rrоведетлtе MOJIеIq,TI мультислоЯ можgг объясЕtrIься теМ факгоьц T го

оýновЕое форлллровалМо муJIьтиýлоя цроисхФ.&{т rц)и BbiýoKoM содержанш{ Bo.щI, 1,.е. когда идет образоваrпrе В-

форьшШIК
КЛIОIIЕВЫЕ СЛОВА; Д{Ii конформаrри, IиJsаIilsý, сорбrия" эЕýрIия связыванйI


