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An energetics study of water molecule binding to a DNA matrix has been performed. Bound water molecules have
been differentiated according to their binding energies, the water molecules being supposed to participate in three
types of sorption (hydration): sorption by Langmuir’s binding centers , sorption by Henry’s ones and multilayer
sorption. It has been found that waters of the different sorption types take part in stabilizing a certain DNA
conformation to a different degree. Consideration of the obtained values of free binding energies within each sorption
type has shown that waters bound to Langmuir’s centers mainly advantage A-DNA stabilization while ones bound to
Henry’s centers facilitate B-DNA stabilization. The water molecules bound in multilayer are more important for
stabilization of both A- and B-form in comparison with unordered state, but largely for B-form. This is due to
occurring the basic formation of multilayer part of hydration surroundings at high water content in DNA.
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Structural state of DNA molecule is well known to depend on its water content to a high degree [1-3].
While being wetted or dried a DNA molecule undergoes conformational transitions, i.¢., changes of secondary
structure. For instance, NaDNA demonstrates an unordered state at relative humidity (r.h.) up to 74-76%, A-
form up to 92-94% rh., then NaDNA exists in B-form [3]. Relationship between DNA structure and its
properties. makes a problem of stady of the DNA-water system undoubtedly of great interest. Determining
thermodynamic parameters of the DNA-water systems and their variation in hydration-dehydration process is a
part of the problem which is important to come to understanding the DNA organization and functioning. One of
such parameters is binding energy of water molecules to the DNA matrix. This energy corresponds to the part of
DNA stabilization energy contributed from the hydration surroundings. Integral values of binding energy have
already been determined by both direct measurements (microcalorimetry method) |1] and in indirect manner
(gravimetry and infrared spectroscopy methods) [1, 4, 5]. However, such data do not tell us about energetic
properties of the distinct water molecules in the DNA-water interaction.

In the present paper an attempt to differentiate the energetic characteristics of the distinct water molecules
in binding process to NaDNA has been made. The free energies corresponding to the binding processes of water
molecules to different hydration center types have been determined by using data obtained by microcalorimetry
method and a model of conformation dependent hydration of DNA [6].

THEORY
Generally it is more convenient to consider a binding process of some substance (sorbate) on a matrix
(sorbent) in terms of the binding energy excess AF=F-F; (£ is energy of sorbate-sorbent interaction, Eq is
energy of interaction between sorbate molecules in bulk phase) [1]. The greater a value of the binding energy
excess AF the stronger interaction between the sorbed molecules and the matrix, which characterizes the binding
process demonstrably. In case of the hydration within the DNA-water system involved

AE(n)=E(n)-Eo, 1
™
where 7 is the water content in the system expressed as moles of water per mole of nucleotides (MH,O/MN),
AF(n) is the hydration energy excess, E(n) is the hydration (dehydration) energy obtained experimentally,
E7=40.5kJ/MH,0 — the mean energy of water-water interaction in the bulk phase [1]. So, AF represents binding
energy of water molecule with a hydration center of DNA.

For DNA one can distinguish several types of hydration centers different in their character and strength of
binding [7]. Dividing sorption (hydration) into three types is shown to be adequate to describe the DNA
hydration almost completely [8]. There arc the following types of sorption: a) by Langmuir’s binding centers
supposedly lying on nitrogenous bases (hydration with saturation); b) by Henry’s binding centers disposed
apparently on cation-phosphate groups (hydration without saturation); c) multilayer sorption (hydration of
previously occupied binding sites). It can be shown that such a separation is possible in the framework of
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Gascoyne-Pethig theory provided one chooses appropriate partial distribution functions [6, 9]. We neglect
heterogeneity of binding centers within one hydration type not to complicate the problem. Thus, a binding
energy of water molecules with hydrate-active centers AE is considered as a sum of three summands
representing the contributions to the value of the energy from water molecules sorbed after three mentioned

types:
X, (WAE; + Xg(WAEy + X 1p (WAE; = AE () )

where X;(n), Xy (1), Xpr(n) are the fractions of water molecules bound to Langmuir’s, Henry’s binding centers
and in multilayer with energies AE;, AEy;, and AE,, respectively. It is necessary to note that the partial energies
are considered not to depend on the water content but to be constant for a certain type of sorption.

It is more general to describe sorption in free energy terms, therefore, proceeding to the free energies of
sorption we obtain:

X, (WAG, + X (WAGy + X, (WAGy = AG(n) 3)

where AG;, AGy, and AG,y are the free binding energies contributed to the total free binding energy AG from
water molecules bound after different types. ’

In the framework of the equilibrium thermodynamics: AG=AH-TAS or in the units of RT AG=AH-AS.
(Herefrom and then throughout all thermodynamic parameters are expressed in the units of RT per mole of
water.) Thus, considering the total changes of binding entropw AS and enthalpy AH correspondmg to the total
change of sorbed water molecule number, we have : ;

X (MAG, + Xy (n)AGH + Xz (n)AGML AH (n) - AS (n) “)

The fact that DNA hydration depends on conformational state of the biopolymer [2, 3] allows us to assume
that the energy contribution of each type of bound water is conformational-dependent. As NaDNA exists in three
possible conformations over the whole r.h. range (unordered state, A- and B-form), we take into account the
energy contributions from water molecules sorbed after types concerned - to the stablhzatxon of these
conformational states:

X, (MAMAGH + X (m)BMAGE + X, (n)U (m)AG] %XH (MAMAGE + X (mBMAGE +

, ) %)
+ X, (WUMAGY + X, (M Am)AGigy +-XM (n)B(n)AGﬁL + X (MU (MAGyy, = AH(n:) - AS(n)

where A(n), B(n), U(n) are the fractions of A-, -confonnahon and unordered form in DNA secondarv structure,
respecuvely, AGis a desirable value of energy contribution to the stabilization of m-th conformation from
water molecules participating in hydration of k-th type (k=L, H, ML; m=4, B, U).

The values of the total change of binding enthalpy AH(n) have been determined in work 1] by using
microcalorimetry technique. This technique allows one to obtain values of Af/(n) in a certain narrow interval of
r.h. (from @, to @) or water content (from 7, to 7). AH(n) cotresponds to the evaporation enthalpy of An water

molecules from DNA matrix, where An=n#; and n=(m+n,)/2. Dependence of entropy AS on water content #
was obtained by Bolbukh and coworkers [10] by using a hydration isotherm analysis. Since there ar¢ nine

unknowns AGy' in equation (5), the values of AIf and AS were taken at nine different values of water content 7.
Thus, writing down equation (5) for nine » values, one can obtain a closed sct of equations:

\
XOmAPmAGE + XPmBYMAGE + XOmUDmAGY +X P AV (mAGy +
+ XD ) BYmAGE + XP U D m)AGY + X AV ()AGyy, +
+ X MBOMAGH + X (n)U(I)(n)AGm AHO () - ASP (),

©)

XOm)A® m)AGH +X§9)(n)3<9>(n)AGf (9)(n)U(9)(n)AGL +XQ AP m)AGH +
+ XD m)BOMAGE + XL U )AGY + X AP (m)AGHy, +
+ XQ mBOMAGE, + X mUP (m)AGY, = AHO (n) - ASO ().

AESEE N
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The values of parameters A(n), B(n), Un), X;(n), Xy (), Xan(n) can be determined from a model of
conformation dependent hydration of DNA [6] where they are variables and AG}" included as parameters. This

model takes into account mutual influence of the DNA hydration and conformational state of DNA, allowing one
‘o simulate hysteresis phenomenon during hydration-dehydration cycle. Considering Jjointly the set of equations
(6) and one featuring in the model of conformation dependent hydration of DNA, we have closed problem. The
problem can be solved by using successive approximation method in which the found values of variables of one
sct are substituted into another set as parameters and then the procedure repeats.

RESULTS AND DISCUSSION

~IH

The most rcasonable and rational values of AG] resulted from solving the problem considered are
presented in tab. 1.

Tablel. Values of the free binding energy changes for water molecules bound after different sorption
types and participating in stabilizing the possible conformational states of NaDNA

AG? Type of conformational state stabilized (m)
Type of sorption (k) A-form B-form Unordered state
L 3.99 3.69 3.57
5 1.97 2.16 1.86
ML 0.18 0.19 0.01

Analysis of AG]" values within each sorption type shows that waters bound to Langmuir’s centers mainly
advantage A-form stabilization while ones bound to Henry’s centers facilitate B-form stabilization. This agrecs
with an idea that hydration of nitrogenous
bases and one of phosphates play the leading
role in stabilizing the A- and B-form of DNA,
respectively [2, 3]. Water molecules bound in
multilayer are more important for
stabilization of both A- and B-form in
comparison with unordered state although
they stabilize largely B-form than A-form.
This is due to the fact that the basic formation
of multilayer part of hydration surroundings
occurs at high water content in DNA [2, 3].

Comparison of the results obtained with
experimental ones [1] is presented in fig.1. In
this figure the experimental values of
enthalpy change AM.,, [1] and the AH,;, values

calculated from set (6) by using AGY

obtained here and AS(r) [10] are plotted as
dependencies on the water content n. It is
seen that the curves coincide well enough
over the interval of the water content
considered. Deviation of the theoretical
results from the experimental ones does not
exceed the values of experimental error,
which attests adequate approximation in the

calculation of AG{" achieved during solving

the problem. Decrease of the enthalpy values
with the water content growth in the system
indicates that the fraction of water molecules

(O8]
T

AH, RT units per mole water

n, MH,0/MN

Fig.1. Dependencies of enthalpy change obtained
experimentally [1] and calculated in this work
on the water content.
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strongly bound to primary hydration centers (Langmuir’s and Henry’s ones) on the DNA matrix reduces due to
increase of weak secondary sorption of water , i.e. multilayer sorption.
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B jamHod pa0oTe MPOBOMHIOCH H3YYEHME MPOIECCa CBA3BIBAHMA MOICKYI BOJBL C warpurreit JIHK. IIpomsseseHo
pasienenye MoTeKyl BOIsI ruppatHoit oGonouku JHK 1m0 mx sHeprusiM CBS3bIBAHUL TIpu sToM TIpeoNaraoch, 4ro
MOJIEKYJTB! BOJSI MOTYT Y4ACTBOBATH B TIpOLeccax copOIM (THIPaTAIMH) TPEX THIIOB: COPOIMH Ha JIPHrMIOpOBCKHE TIEHTPHI
CBS3BIBAHIEL, COPOIMM HA [ eHPHEBCKYE LECHTPHI CBASBIBAMMS W MYSIbTHCIORHOMN copOrmi, T.€. copOLMM Ha YK€ 3aHATHIE
MecTa CBs3bIBaHms. OGHApYKEHO, YTO MONEKYIbI BOBL, COPCHPOBAHHBIE 110 PA3THYHOMY THILY, IPHHAMAIOT ydacTHe B
cTabmmsarpy onpenenennol xondopmaigm JIHK B pasmrumoll cTeleHy. AHAIM3 MOTYYEHHBIX 3HaveHU CBOOOIHBIX
SHEPTHH CBA3LIBAHKS MOTICKYI BOJBI B IpE/ielax KajkI0ro THIIa COPOIHH IOKA3AT, Y10 B0/, CBS3AHHAL C JISHr MIODOBCKIME
HEHTPaMH, FIABHBIM 00pasoM croco0CTBYET CTabHIM3aiML A-JIHK. B 10 e BpeMd OCHOBHAS POMb MONCKYT BOJIBL,
CBSBAHHEIX ¢ | eHPHEBCKUMY IEHTPaMH 3aKiTioyaetes B cTabumnarmy B-/IHK. Monexynst BojpL, olpasyionme MyIbTHCIIOH,
HanOoNee BAKHB! TS CTaCIIH3ALIH Kak A-, Tak 1 B-bopMst JTHK 110 cpaBHEHHIO ¢ HEYIIOPSAOUECHHEIM COCTOSHIEM, XOTS B
GonbIielt Mepe 510 Kacaerca B-dopMbl. Takoe IOBEJICHUE MONEKYT MYIBTHCIOS MOKET OGBACHATRCS TeM (axroM, 4To
ocHOBHOE (POPMHPOBAHME MYJIBTHCION TIPOHCXOMUT IIPH BBHICOKOM COJICPIKAHMM BOJBL, T.€. KOIJia HMACT obpasopanue B-
dopmer JTHK.

KJIXOYEBBIE CJIOBA: JIHK, koropmariy, rujipaTarys, CoOpOIMsL, SHEPIHS CBA3pIBAHIA




