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Hydration and struсturе sИte of polyTibocytiCylic acid (poly(€)) have been studied in solutions and humid films.
Tlre rоlе of wаtеr in forTning different structures of роlу(€) was elucidated. kl solutions, the hydration values of
si:rgie-stгand (рН а.5), doйle-strand (рН 7.S) and disоrdегеd (рН 3.3) forms of poly(€) wеrе determined with а
difIerentiai E}IF-dielectroTneteT using the rneastrrenrents of dielectric peгmittivity at wavelength 7,6 пш. hl humid
t'iims, distrilrrrtion of vrater moiecules on the hyciration sites fоr these structureý has beerr founr1 йth IR
sреоtrоsсору" HydTation nrodels ofthe single апd double-strand stгuctrrres оfроlу(rС) wеrе developed using Х-rа5,
and these dаи.
КЕY \ryФRВý: polycl'tidylic acicl" hydrat-ion, iпfrаrеd sресtга, nriltrimeter region, structural transitions,

The usе оf dielectric measurernents in tlie rапgе of rniilimeter rапgе (ехtrеmеlу high fiequencies (ЕЁ{F)) is
lп1роrипt iп а пumhеr of аrеаs of biology and medicine. trn рапiсulаr. they allow one to study the state of wаtеr
: blological solutions [tr].

The rnethods of Х-rау diffraction analysis, NMP, IR and CD spcctroscopy, dielectrometry and оthеrs have
эstаьiishеd the presence of bound water аrоuпd biomacromolecules [2]. such solvent moleпrles attach to the
:r'dГatiorr-active sites 0n the biopolymer surface tfuough hydrogen iэonding, In епеrgу terrns the water mоlесu]с
заi Ье сопsidеrеd кьошпd>> if its епеrgу of interaction with апу hydration center exceeds the mеап епеrgу 0f
,J,ater-water interaction in the iiquid phase.

NumеrОus investigations demonstrated tlrat without detailed knowledge of the fеаaurеs of the interaction
:i biomolecules rvith water thеrе could Ье по cornptrete understanding the properties and behavior of tlre
]аСrОПОlеСulеs. Because the Ьоuпd nrolecrries lrave а lоwеr rrrobility, the correspoлding rеlжаtiоп peak is
:Ьrп'еd пеаr 100 MHz wlrile the peak drre to ordinary water Iocates аrоuпd 20 GHz [З].

Unfortunately, the dispersion of dielectric pcrrnittivity of, bionrolecuies is aiso observed пеаr 100 MHz
:Teating substantial difftculties iш tlre interpretation of dielectric data. Оп the оthеr hand, in tlre millirneter
::lgе the dispersion observed is only duе to the retraxation ofbulk wаtеr and hуdrаtiош leads to а lowerirrg of
:е dielectтic регrпittiчiГу of solution as соmраrеd with that of solvent [1]. This dесrеmепt can Ье used t0 study
_:ic interaction of biornolecuie йth wаtеr,

The present rvork is devoted to tlre investigatiýn of the hydration еш.irопmепt existing аrоuпd роtrу(rС)
plyriboq'tidylic acid). This polynucleotide is kпоwп to form different stntctures iп aqueous solutions as а
:;Лction of the рЦ temperature and ion content [4] At rооm tеrпреrаtшrе and пеutrаl рН, poly(rC) is an
:l,Cered single-strand helix, in the range З,7<рН<5.5 it forms а helical double-strand сошрiсх in rvhich а
: iоtоп is added to the ring rritrogen for each раir of bases (Fig. ] ), Веlоw рН З ,5, through the addition of а
.;;ОПd РrotОП реr base pair, а dissociation into two disordered chains witlr protonatcd cytoýines occurs. It is
:elieved that the hуdrоgеп Ьопd between the protonated алd uпрrоtопаtеd rings mainly stabilizes the
:. ешiрrоtопаtеd cornplex.

21
зс"
45

о .. ....,.. . ii--\ н
н

Figurе 1, Hydrogen bonding between bases iп the hemiprotonated complex.
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The aim of the work is to elucidate the role of water епуirопmепt in the fornration of the different

ýtruсtчrеs of poly(rC).

MATERIALS AND METHODS
We used samples of poly(rC), Г salt, obtained frоm <Sеrча> (Gеrmапу) and KReanal> (Нuпgаry). The

content of the К+ ions in relation to the dry mass of the biomolecule was 6.7%(<Servo) and 8.5%(<RеапаЬ>).

Solutions in the range 3<рН<5.5 wеrе prepared Ьу the addition of НС1. Fот microwave nreasrшements, 1%

solution was used. Fоr infrared studies, thin uniform films of poly(rC) w€rе prepared and deuterated as

described previously [5]. The wet films in the relative hunnidity (г,h.) interval from 0 Ю 96"^ wеrе derived in
the spcial cuvette, The degree of protonation was constaлt uр to r.h.-86%.

MeasuTements in millimeter range wеrе саrriеd out Ьу the differential diеlесtrоmеtгiс rnethod developed

Ьу us [6]. The decrement of the complex dielectric permittiviф Дt' = t!ои"пt - €|оыiоп = Ь€| - iДt'| was

detennined. The knowledge of the соmрlех permittivity апd conductivity о measured at ,f =10kHz rnade it

possible to calculate the effective dielectric consant of solution q which is characteristic раrаrпеtег of the

Debye theory of fluids

€'-€-
whеrе t* is the high-freqшency linrit of dielectric permittivity. The validit5, of the

description of the relaxation of,pure water lvas shown in а пumЬеr of rvorks [З],
The IR spectra rvere rесоrdеd r,vith the UR-20 twо-Ьеаш spectrometer, NaCi prism. spectral slit lvidth

6 cm-l at 1700 сш-l.

RESULTý АND DISCUSSION
Table 1 presents the results of dictrectric measurernents, The initial ехреrimепtаi values аrе the differences

between tlre attenuation Аа and phase shifts ДВ of the solvent and solution. Frоrп these findings the

analogous differences ЛЕ/ , Лlli and А4 havebeen deterrnined (forwater я/=l8 and g'i =28.5 at 2ЗOС).

Ехреrimепtаl еrrоrs for Дs/ and Agll are within 0.02 and 0.03. respectively.

The degree of hydration al (g water реr g solшte) or r (the пumЬеr of Ьоuпсt rvater rnolecules per

nucleotide) mау Ье found frоm the data obtained. its value is proportional (in the first аррrохimаtiоп) to the

dielectric dесrеmепt аrld can Ье derived as

гd =А u,lp.r,(",-"*) *u, t2)

rчhеrе с is the concentration of роlу(rС), у is the spcific vоlumе of роlу(rС), р is coefficient depending uроп

tlre fоrm of the polymers. According to the earlier рареr [7], its rneaning чаriеs frоrп 1.5 (sphere) to ]..56

(фiпdеr). Rесепflу. it Ьесаmе possible to obtain the degree of DNA hydration (В fопп) using the dielectric
meaýurements in the rапgе of dispersion of Ьоuпd wаtеr [З]. This value (r =19) is in аgrееmепt rvith оur
estimation of DNA hydration if the чаluе ofp is assumed to Ье 1.65. All the values of и in the ТаЬlе have Ьееп

calculated using this value.

Table 1. Results of the dielectгic llleasurementý (]'=230С) of poly(€)
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Relaxation and spectroscopic manifestations of hydration, . .

The millimetef mеаýчrеmепь demonstrate that at рН 8 the аmоuпt of water molecules which got into
srong interaФion йth single-stranded роlу(€) is equal to 7{,

IR specffoscopy in rvet films make it possible to stшdy the stages of the formation of different structures of
biopolymers апd thgir hydration Фells. Analysis of фе changes in IR sрсtrа occurring йttr wetting allorvs one
ь find the atomic g[оuрý which are hydration centers апd to dсtermine the order апd degree of theiT fitting Ф
чаtеr mоlесшlеs.

То оЬиiп such information оп роlу(rС) rve derived IR spcctra of the fiIms foT different humidities in the
rчion of absorption of the iпtrа- and the extraring vibrations of basos (1500-1750 сш'l1 and in the region of
Фsоrрtiоп of ribose апd phosphates РО; (900-1350 сrг'). The depndences of the frequencies у and

intensities R оп r wеrе found frоm these spectra.
At the initial sиgе of sorption (0<r.h.<447ф the results of IR studies in the above regions point to the

bonding of water molecules йth such centers аý atomý of the }i1, Nз and, pssibly, the groups Cz:O and NHz

(hýе), Оа, and ОН (ribose), РО, фhosphate),
With furthеr change in п in the interval 44a/o<t.h.<86Yo (to п = 10), thc IR hypochromism and high-

ftequency shifts of the bands of'the intraTing vibTations and also the арреаrапсе of the band at |292 сm|

Феат to Ье duе to the ordering of qtosine rings and to the trajrsition of роlу(rС) to the firlly ordered single-
strапd structrrre.

Thus, ЕНF (solution) and IR (wet films) results at рН 8 аrе close to each other and show that 8-10 Ьоuпd
wfier mоlесulеý aro песеsýаrу to fоrrп the oTdered ýtпrФчrе of poly(rC).

Frоm the dielectric data proscnted in ТаЬlе l, it foПows ttrat at рН 4.5 the hydration of роtrу(rС) is 8-9

шоlесчlеs of wаtеr реr nucleotide (doubtre-stranded helical stflrcture).
The dependences of у апd R оп п @Н 4,6, 0<r?<2-3) fоr the absorption bands associated Йth the intra-

amd the extraring vibrations of cytosine mау also Ье explained Ьу hydtation. The hydration centerý are the same

s ttose at neutral рН region and take раrt in the hydrogen bond Ьемееп the cytosines of Мо opposite poly(rC)
cbins.

The rise of the intensiý of the band at 970 сrгl as rvell as the арреатапсе of the bands at 1059 сm-1 and

ЕtsЗ cmi (0<?<5) of ribose соrrеsропd to the fоrrпаtiоп of bonds ЬеМееп rvater molecules and the atoms О.,

шd ОН. The rvater bridges connecting these atoms апd phosphates, cytosines and atorns Оr, and Оr, of

rigtrbouring strands ше fоrmеd, This process sйbilizes the double-helical cornplex.
Furthеr wetting (2<п<7) leads to tho changes in intensiý and position of some bands associated with

йгаtiопs of bases and ribose. These effects indicate the fоrmаtiоп of the double-helical conformation. Final
я*ilization of the соmрlех иkes place Йth increase in the wаtеr content to п=9.

This чаluе firlly agrees with tfoe ЕНF findings, Thus, this amount mау Ье considered to Ье necessary for
fu sвbilization of'double-helix poly(rC) both in solution and in filшs.

. Dielectric meaýurements show that the poly(rC) hydration at рН 3.3 is 11 water rnolecules реr nucleotide.

ýЕпre in this case the double-stranded cornplex dissociates йth elimination of base pairing water bridges and
adcred helical сопfоrrпаtiоц it might Ье anticipated that the hydTation at рН 3.З might not exceed the

lфration at рН 8. The greater value rvhich is observed is арршепflу due to the protonation of Nз (65% at

Ё 3.3). It is kпотчп that the hydration number fоr pToton is 10 [8], so that the poly(rC) сhаiц except Ц, binds
5 m!еr molecules. This чаluе is very close to IR daи (иd). Eorvever, the latter value mау also Ье explained ф
1ggregation of poý(rC) in acid Tegion ФН<З).

coNcLUýIONs
Analysis of ЕНF and IR sfudies demonýtтates that hydration of the роЦrС) helical forms is about 10

w molecules per nucleotide, The hydration sites of роlу(rС) аrе atomic gloups С2=О, NH2, Оо, Ni, Nзапd

Ю; . It is shоъчп that the binding of water rnolecules together these grочрs plap а шаiп rоlе for the formation

dtb helical ýtructufoý of poly(rC).

Wе thank I.V. Sysa for help in ЕНF measurements. This work was supprted ф the State Foundation of
fudаmепИl Investigations (Grапt No2,4/759).
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пошриБоцштщдиJIовоf; кислоти
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В рботi дослilркешо гiдратщilо та струкгурне етаIювище полiрибоrрtтлrдшовоi rсrслmи (полi-рЩ) в po3tlиHax та
воJIопФЁ rшiвках. Визrичено рль вод.t у формуваrпri рiзrпо< струкгур полi-рЩ. 3а допомогоrо дrфереlщifсtого НВЧ-
дiаrектрометра BшvripшTo дiеlrекгри.пту проrпшсriстъ розwшЬ полi-рЩ rв довтш*тi :вшri 7,б tvш. 3кайДеНо

гiдратаuiiпri .пrсла одrоспiраlьноi (рН=4,5), ,Фохспiра.тьноi фН=7,8) та неупорядФваrrоi (рН=3,3) фОРМ ПОЛiРЩ,

Щеrгри гiщатацii IýD( сФуIr:fур виIийдено з iнфрачервошо< спекгрЬ вологlD( rшЬок. За rппм та ргrггенiвсысплl
даними рзвиЕуго гiдраташfuу модеJь одIо- 

"а 
дрохспiралыrоi сгруrсури лолi-рId.

КiIЮЧОВI СЛОВА: подiреrбоlиmдшrова юlспOта, гiдратадЩ iнфрачервонi спектри, мiлiмчгровrй дiаrизон,
cTpyKTypнi перходt.


