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ABSTRACT: The preferential solvent interaction of calf thymus deoxyribonucleic acid (DNA)
in ethanol-water mixtures was investigated by a densimetric method at 25°C. For all solvent
compositions up to 409, (w/v) ethanol, water molecule was preferentially bound to DNA, the extent
of preferential hydration being maximum around 209, ethanol. The free energy of transfer of B-
DNA from water to aqueous ethanol was calculated from the preferential hydration data, and
found to be positive and to increase to 7.9 kcal mol ™! of nucleotide with increasing ethanol content
in the B-A transition region. The free energy of B-A transition induced by addition of ethanol was
also estimated by circular dichroism analysis. On the basis of these results, the mechanism of
stabilization of the B and A structures of DNA was discussed by means of the thermodynamics of
multicomponent solutions (linked function analysis). The ethanol-induced B-A transition was
successfully interpreted in terms of the different hydration levels of both structures as well as the

changes in humidity.
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As revealed by X-ray diffraction studies,
double-stranded DNA exists at least in two
distinctly different forms, depending on the
relative humidity: the high humidity B-DNA
form (approx. 929 relative humidity) changes
to the A-DNA form upon drying at about 75%,
relative humidity.! > Similar conformational
transition from B to A form can be also
induced by addition of high concentration of
ethanol, probably due to the reduced water
activity in the mixed solvents.* ~® These phenom-
ena demonstrate that water plays an impor-
tant role in stabilizing both conformations of
DNA. In contrast to many detailed studies on

t To whom correspondence should be addressed.

DNA-water interaction,” '° however, the

stabilization mechanism for the B and A con-
formations is as yet not fully understood from
the thermodynamic standpoint (free energy
level). From circular dichroism analysis,
Ivanov et al.'' proposed that the B-state is
more stable in water by about 1 kcal mol™! of
nucleotide, as compared to the A-state.
Clearly, this difference in free energy decreases
in the presence of ethanol, leading to the lower
free energy level of the A-state relative to the
B-state. According to the thermodynamic re-
quirements, this process can be expressed by
the following free energy diagram:
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Scheme 1.

where AG$, and AGg, represent the standard
free energies of B-A transition in water and
aqueous ethanol, respectively; AG? and AG}
are the standard free energies of transfer of B-
DNA and A-DNA from water to aqueous
ethanol, respectively. Therefore, further ad-
vanced understanding of the stabilization
mechanism of both conformations should be
reached by evaluating the free energy changes
of each process in this diagram, especially the
transfer process, since they are coupled with
each other.

From this point of view, in this paper, we
have measured the preferential interaction of
solvent components with B-DNA in water—
ethanol mixtures by a densimetric method.
The free energy of B-A transition was also
estimated from the circular dichroism analy-
sis of DNA in these mixed solvents. On the
basis of these results, the stabilization mech-
anism of both DNA structures shall be dis-
cussed in terms of the thermodynamics of
multicomponent solutions (linked function
analysis).!2 14

EXPERIMENTAL

Materials

Calf thymus DNA was purchased from
Worthington Biochemical Corp. (lot 33K 820).
This sample was sonicated in 0.2 M NaCl and
freeze-dried according to the procedures pre-
viously reported.'®* Molecular weight of the
sonicated DNA was estimated to be 2x 10°
from viscosity measurements ([#]=1.23dlg™!
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in 0.2M NaCl at 25°C). Hyperchromicity of
this sample upon heat denaturation was 35%
at 260nm, indicating the intactness of the
native structure. Special reagent grade ethanol
was purchased from Wako Pure Chemicals:
and purified by distillation before use.

Density Measurements

The preferential solvent interaction with
DNA in aqueous ethanol solutions was studi-
ed in l mM NaH,PO,/Na,HPO, buffer (pH
7) at 25°C, using a precision density meter
(Anton Paar DMA 02C). This experiment was
carried out at ethanol concentrations below
409 (w/v) to avoid the precipitation of DNA,
since the DNA concentration used was con-
siderably high (0.1—0.5%). The partial specific
volume of DNA, ¢,, was determined from the
density increment of the solution under two
experimental conditions.

First, ¢ was determined as ¢, under the
condition that the molal concentration, m,, of
diffusible component 3 (here, ethanol) remains
to be the same in the solvent and the DNA
solutions. A given amout of DNA sample was
dissolved in a phosphate buffer adjusted to
1 mM infinalalcoholsolutions and exhaustively
dialyzed against the same solvent at 4°C. The
dialysate was exchanged once and dialysis was
then allowed to proceed without interruption
for two days. After equilibrium dialysis, the
DNA concentration in the dialyzed solution
was determined by absorption measurement:
this allowed calculation of the weight of sol-
vent component and of DNA in the buffer. In
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the next step, a given amount of cold ethanol
was carefully weighed into the DNA solution
in tightly closing glass bottles on a Mettler
balance sensitive to 0.01 mg. This solution was
used as DNA stock solution. In a similar way,
the dialysate was diluted with ethanol at an
exactly identical weight ratio of ethanol to
buffer component in DNA solution: molality
of ethanol in the solvent thus prepared was
then precisely identical with that in DNA
stock solution. Then, the DNA stock solution
was diluted with this solvent to prepare five
sample solutions of different DNA concen-
trations (0.1—0.5%). The sample solutions
were introduced into the density meter cell
using a 1-ml syringe and after temperature
equilibration the time lapse was determined.
Second, ¢2 was determined as ¢, under the
condition that the chemical potential of the
component 3, u,, was kept identical both in the
DNA solution and in the reference solvent.
Following the procedures mentioned above,
five sample solutions of different DNA con-
centrations (1.5 ml each) were freshly prepared
by using aqueous ethanol solutions made up to
1 mM phosphate. Each of the solutions was
placed in a cellulose bag (Union Carbide
Corp.) and exhaustively dialysed against the
same solvent for 2 days at 4°C. The dialyzing
system was shifted to 25°C for 5 h prior to the
density measurements. Just before the
measurements, dialysis bags were taken out
individually from the dialysis system with
stainless-steel forceps and the DNA solution in
the bag was removed with 1-ml syringe with
needle for transfer into the density meter cell.
Density of the reference solvent was first mea-
sured, then the samples, and finally the solvent
again. In cases where a significant change of
time lapse was observed for solvent before and
after measurements of the samples, the data
were discarded. In most cases, the partial
specific volume was determined within an ex-
perimental error of +0.005 mlg~!. Detailed
procedures for the densimetric measurements
of preferential solvent interaction were de-
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scribed for
papers.'®!’

protein systems in previous

Determination of DNA Concentration

The DNA concentration was determined
from the absorption measurements of the so-
Iution with a JASCO 505 spectrophotometer
after the density measurements. The molar
extinction coefficient of DNA was assumed to
be 6400M ™! cm™! at 260nm in 1 mM phos-
phate buffer and the average molecular weight
of a nucleotide was taken as 331 for the Na
salt. This extinction coefficient was corrected
for each mixed solvent according to the pro-
cedures described in previous paper'’: it was
6592, 6784, 7040, and 6719 M~ ! cm™! for
ethanol concentrations of 10, 20, 30, and 409
(w/v), respectively. At high DNA concen-
trations, the sample solutions were gravimetri-
cally diluted with solvent on a Mettler balance
before the absorption measurments. The gravi-
metrically obtained dilution factor was con-
verted to a volumetric one from density data
on the solvent and solutions, by assuming the
additivity of their volumes. This factor was
used for calculating the DNA concentration in
the parent sample solutions.

Circular Dichroism Measurements

The B-A transition of DNA molecule in
ethanol-water mixture was studied by circular
dichroism (CD) measurements with a JASCO
J-40A spectropolarimeter. DNA sample so-
lutions were prepared as follows. First, the
aqueous solution of DNA (1 mg ml™!) was
prepared by dissolving freeze-dried DNA
sample in 1.5mM sodium citrate containing
SmM NaCl (pH 7.0) and exhaustively dialyz-
ing against the same solvent. 0.2 ml of DNA
solution thus obtained was initially intoduced
into a Sml flask and diluted with a prede-
termined amount of water. Then, the required
quantity of cold ethanol was added step by
step, each time with careful stirring, and finally
the flask was filled up with a very small
amount of water. In this way, DNA was
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dissolved in aqueous ethanol solutions with
different ethanol content up to 699, (w/v)
without precipitation. The DNA solution thus
prepared was introduced into a lcm path-
length cell and the CD spectra were measured
as a function of ethanol content. The CD
magnitude was expressed in terms of difference
in the molar absorptivity, Ae (M ~!cm™?).

RESULTS AND DISCUSSION

Preferential Solvent Interaction with B-DNA
The partial specific volumes of DNA in
ethanol-water mixtures, ¢ and ¢$', where the
superscript 0 refers to the state of infinite
dilution of DNA, were measured under the
respective conditions of identical molality and
identical chemical potential of ethanol be-
tween the solvent and the DNA solutions. The
experimental results are shown in Table I and
plotted against ethanol content in Figure 1.
The ¢9 and ¢ were found to be 0.545 mig™!
in dilute buffer solution without ethanol, al-
most identical with literature values.'® It is
seen that ¢9 increases with increasing ethanol
content while it decreases slightly at low
ethanol content. This indicates that the volume
change in the transfer of DNA from water to
aqueous ethanol solutions is essentially pos-
itive: the volume increase on transferring into
309 ethanol is estimated to be 12 mlmol ™! of
nucleotide. This volume change is evidently
the net one due to the desorption of bound
water and the adsorption of ethanol (the con-
tribution of conformational change of DNA is
not involved here, since the conformation is
still in the B form within this low ethanol
concentration region). Although it is im-
possible to estimate each contribution sep-
arately, we may ascribe a fair part of the
volume increase to dehydration of the DNA
molecule. In contrast with @9, ¢9 shows a
dramatic dependence upon ethanol concen-
tration, suggesting a complicated mode of
DNA-solvent interaction. These are the first
experimental data for ¢9 of DNA in aqueous
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ethanol solutions, while some values have been
assumed in ultracentifugal analysis.'®

From a combination of ¢9 and ¢9, the
preferential interaction parameter of ethanol
(component 3) with DNA (component 2),
(093/092) 1, 4y, uy» Was calculated by use of the
following equation'?

(693/692)T,u1,u3 = po(d’(z) - (b(z))/(l —pov3) (1)

where g; is the concentration of component 7 in
gram per gram of principal solvent, water
(component 1); p, is the density of the mixed
solvent; and v; is the partial specific volume of
component 3. The v; values were determined
from the density measurements to be 1.160,
1.159, 1.194, and 1.223ml g~! at ethanol
concentrations of 10, 20, 30, and 409, (w/v),
respectively. The preferential interaction pa-
rameter on a molal basis, (0m;/0my)r ,, .. i-€.,
the number of moles of component 3 bound to
a mole of component 2, is calculated as follows
by using the molecular weights of component
i, M,

(Omy/omy) P T (M,/M;)(0g5/0g,)r, HiH3 @)

As shown in Table I, the calculated values
of (093/092)1,u,,u, OF (Oms/Omy)y . . are
negative, indicating a deficiency of ethanol
molecules in the immediate domain of DNA,
i.e., preferential binding of water. The corre-
sponding preferential hydration parameter,
(091/092), 4, uy» Was calculated from

(591/592)1,;“.,‘3 = —(1/93)(593/692%,u,,u3 3)

The (09,/095)r,,,.,, Values obtained are listed
in Table I and plotted against ethanol con-
centration in Figure 1. Clearly, the degree of
preferential hydration increases with increas-
ing ethanol content, reaches a maximum value
at around 209 ethanol, and then decreases. It
is interesting to note that this maximum ap-
pears at around the ethanol concentration that
ethanol shows the minimum partial molal vol-
ume and the maximum activity coefficient in
water. This suggests that the DNA-solvent
interaction in ethanol-water mixtures is di-
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Table 1.

Partial specific volumes and preferential interaction parameters of DNA in aqueous

ethanol solutions at 25°C*

Ethanol conen. b3 ¢3’ (0931091 sy (091/093)1 115 (ams/amz)T,m,u;b
(5#2/6m3)T,P,ch
w/vY% my mlg™? mlg™! gg ! gg! molmol ™!
0 0 0.545 0.545

10 247 0.535 0.510 —0.179 1.58 —-1.29 390

20 5.68 0.559 0.305 -2.07 7.91 —14.9 980

30 10.1 0.580 0.321 —1.87 4.03 —134 340

40 16.6 0.655 0.420 —1.66 2.18 —12.0 110

* Solvent: 1 mM NaH,PO,/Na,HPO, (pH 7).
® M,=331.
¢ (cal/mol- nucleotide)/(mol - ethanol/1000 g H,O).

(ml/g)

2

~ 8t
™ (b)
S~
2
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7
3
=
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o
X
g
- 2F
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Figure 1. The partial specific volumes (a) and the

preferential hydration parameters (b) of DNA in water-
ethanol mixtures (1mM phosphate buffer, pH 7) at
25°C. @9 and @9’ represent the partial specific volumes
under the respective conditions of identical molality and
identical chemical potential of ethanol between the
solvent and DNA solutions.

rectly affected by the thermodynamic proper-
ties of these mixed solvents.

Preferential solvent interaction is strictly a
thermodynamic effect as shown by the follow-
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ing relationships:

(0m3/0my) 1 p,
=—(03/0my)1 pm)/(O13/OM3) 1 p oy, (4
(Ot3/0my) 1 p my=(Opt2/OM3) 1 p m,
= — RT(M,/M;)(1/m,
+01ny3/0m3)(093/092) 1, 4y, s (%)

where 7y, is the activity coefficient of com-
ponent 3 (ethanol). Therefore, the chemical
potential change of DNA with ethanol, (du,/
Om3)r p.m,» can be calculated by using the
preferential interaction data and by estimating
the term (0 1n y;/0m;) from the vapor pressure
data of ethanol-water mixtures (International
Critical Table, 1928). The results of such calcu-
lations are listed in the last column of Table I
and plotted against molal concentration of
ethanol in Figure 2. The positive values of
(0py/0m3)r p. ., indicate that an introduction
of ethanol into the aqueous DNA solution
enhances the chemical potential of DNA mol-
ecule and the system is thermodynamically
destabilized. This is also expected from the fact
that DNA precipitates at high concentrations
of DNA and ethanol.

Since (Ou,/0ms) 1 p, ., is a function of ethanol
concentration (m,), integration of this param-
eter with respect to m, should yield the total
free energy change of DNA when transferring
it from water to aqueous ethanol, AGB

trs

755



K. Gekko, T. SAkAKI, and H. SHINDO

Ethanol (w/v %)

0 _10 20 30 40 « 59 60 61
T T T T T T T
L 1 N 8
o -
£ PR
s | /N 3 g
o o8f e le >
— ’/’ E
£ osf
’é\’, II -1 4
’ Qs
s ouf 4 ¢
3 /
= ; 42
02t K
o ’l, 1 1 1 1 “ 0
0 5 10 15 20 45 50 55

Ethanol (m; )

Figure 2. The chemical potential change of DNA by addition of ethanol at 25°C. AG} was obtained by
integrating graphically the (0u,/0m;)1p .,—m; plots with respect to m,. Both vertical coordinates are

expressed in unit, kcalmol ! of nucleotide.

AG = py(m3) — p,(0)= J (Ou,/0m3)y b, dmsy
o
6)

where p,(m;) and p,(0) refer to the chemical
potential of the DNA in aqueous ethanol and
in water, respectively. As shown in Figure 2,
the relationship between (0p,/0m;)r p ., and
m; cannot be expressed by a simple equation,
then the integration was done graphically by
estimating the area under the curve. It is seen
from Figure 2, that AG® increases with in-
creasing ethanol concentration in a sigmoidal
pattern. By assuming simple extrapolation to
higher ehtanol concentrations, the chemical
potential of B-DNA can be expected to in-
crease by about 7.9 kcal mol ~! of nucleotide in
the ethanol concentration range of B-A tran-
sition for the DNA molecule.

B-A Transition

Figure 3 shows the CD spectra of DNA in
water—ethanol mixtures. The peak at around
270 nm shifts to shorter wavelength, accom-
panying an increase in intensity by addition of
ethanol. This change in CD spectra is con-
sistent with earlier observations*®!! and thus
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Figure 3. The circular dichroism spectra of DNA in
water—ethanol mixtures at 25°C. The solvents contain
0.06 mM sodium citrate (pH 7) and 0.2mM NaCl. The

ethanol concentration for each curve is presented in the
figure.

demonstrates the conformational change of
the DNA molecule from B form into A form.
Through addition of a large amount of
ethanol, however, the peak intensity op-
positely decreased without affecting the peak
wavelength, proportionally to the ethanol con-
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Figure 4. The CD magnitude of DNA at 270nm as a
function of ethanol concentration at 25°C. The solvents
are same as those in Figure 3. [DNA]=0.04 mgml*.
The fractions of B and A forms were calculated as
indicated in the figure by assuming the same linear
dependences of CD magnitude on ethanol concentration
in the transition region as in the pure B and A states.
Inset: the free energy change of B-A transition as a
function of ethanol concentration. The AGg, is ex-
pressed as the value per mole of a cooperative fragment.
The symbols O and @ refer to the data at 270 and
280 nm respectively in 0.06 mM citrate (pH 7) containing
0.2mM NaCl. The symbol A refers to the data at
270 nm in 0.5mM NacCl.

tent after going through a maximum at about
649 ethanol. This feature can be seen more
clearly in Figure 4 where the CD magnitude at
270nm was plotted against ethanol concen-
tration. There could be two possible origins for
such depressed spectra at high ethanol con-
centrations: one is solvent perturbation of CD
spectra of A form and the other is precipi-
tation of DNA molecules. However, no con-
firmative evidence could be found for the
latter possibility: the absorbance of DNA so-
lution is comparable at low and high ethanol
concentrations and dilution of high ethanol-
content solution gives CD spectra identical to
those at corresponding low ethanol concen-
trations. In the present study, therefore, it was
assumed that the depressed CD magnitude at
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high ethanol concentrations is due to the sol-
vent effect on the CD spectra of A form, while
DNA molecules may partially exist in aggre-
gated form. Such depression of the magnitude
by ethanol was also observed for the B form
spectra in dilute ethanol solutions but with
much less effect compared with the A form
spectra. By assuming that the CD magnitudes
of B and A forms in the transition region,
Aeb,, and Aey,,, have the same linear de-
pendences on ethanol concentration as in the
pure B and A states (see Figure 4), the equilib-
rium constant of B-A transition, K, was calcu-
lated from the equation
K=[A]/[B]= (A&y70— A6§70)/(A3970 — Agyq0)
(7
The free energy of B-A transition, AGg,
(= —RTInK), are plotted as a function of
ethanol concentration in inset of Figure 4, in
which the results obtained by monitoring the
CD magnitude at 280nm are also included.
Evidently, AGy, is a linearly decreasing func-

tion of ethanol concentration, allowing an
evaluation of the free energy of B-A transition
in water without ethanol, AG3,, by linear
extraporation. The AG}, value thus obtained
was 21.2+0.8 kcal mol™! in 0.06 mM sodium
citrate (pH 7) containing 0.2mM NaCl, and
19.8 kcal mol™! in 0.5mM NaCl without
buffer. Here, it should be noted that these
values refer to the free energy per mole of a
fragment cooperatively participating in the
transition. Although no definite value is yet
known for the number of base pairs involved
in such a cooperative fragment, the order of
ten base pairs has been proposed.!!-20-2!
Assuming that this fragment consists of 20
base pairs as estimated by Ivanov et al.,!! the
AG$, per nucleotide could be estimated to be
about 1 kcal mol ™! of nucleotide. This value is
completely in agreement with the result ob-
tained by Ivanov et al.!! from the linear extrap-
olation of AGy,-water activity plots.

Since AGy, and AGY, have been evaluated
above, we now could complete the free energy
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Figure 5. The free energy levels of B and A forms of
DNA in water and 609 (w/v) ethanol at 25°C. Each free
energy value is expressed in kcalmol™* of nucleotide.

diagram as shown in Scheme 1 by coupling
these values with the free energy of transfer,
AG}, found by measurement of preferential
solvent interactions. As example, in Figure 5
are represented the free energy levels of B and
A forms at the midpoint of equilibrium (about
609, ethanol). For the large AG3, relative to
AGg,, the free energy of transfer of A-DNA
from water to aqueous ethanols, AG?, should
be smaller than that of B-DNA, AGE, since
AG{}+AGBA=AG%A+AG;}. Thus, the confor-
mational stability of DNA in ethanol-water
mixtures can be interpreted in terms of sol-
vent interaction with its two conformational
states. A more detailed discussion will be
given below based on linked function analysis.

Linked Function Analysis

For the present three-component systems,
the dependence of the equilibrium constant of
B-A transition upon the solvent variables,
dInK/dIna, is ascribed to the difference in
the preferential binding of solvent com-
ponents, Avy and Av,, between the B and A
states!314

(dInK/dIna;)=Av,

=(0m3/6m2)'},m,“ _(ama/amz)l';.m.us (®)
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Figure 6. The equilibrium constant of B-A transition
of DNA as a function of activity of solvent components
in water-ethanol mixtures at 25°C (Wyman plots). The
solvents contain 0.06 mM sodium citrate (pH 7) and
0.2mM NaCl.

(dInK/dIna,)=Av,
=(aml/am2)?,ul,u3 _(6ml/am2)g,u1.u3

®

where a;, m;, and y; are respectively the ac-
tivity, molal concentration and chemical po-
tential of the component indicated by the sub-
script 1 (water), 2 (DNA), and 3 (ethanol); and
the superscripts B and A refer to the two final
states. As shown in Figure 6, plots of
In Kvs.Ina,, or Ina,, give a linear relationship
in the B—A transition region, where the activity
of ethanol and water in their mixtures was
calculated from the vapor pressure data. From
the slopes of the lines, Av, and Av, were
estimated to be —27 and 100 mol mol~! of a
cooperative fragment, which correspond to
—1.4 and 5mol mol™! of nucleotide, respec-
tively, by assuming 20 base pairs for the
fragment.'' On the other hand, coupling eq 5
to eq 8 yields
(aﬂz/ama)?.t’,mz‘(aﬂz/ams)l;m.mz
= — RTAv;(1/m3+ 01ny;/0m,) (10)

Since the values in parentheses on the right-
hand side of this equation are always positive
within the ethanol concentration region used,
the positive Av, leads to (dm,/0m,)%., ,.>
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(@msfomy)2. s a0 (/O oy < (o]
0my)%. p.m,- This indicates that the ethanol mol-
ecule is preferentially excluded from the sur-
face of B-DNA more strongly than from that
of A-DNA and the resulting thermodynamic
instability of the B form should be reduced by
a displacement of the equilibrium towards the
A form.

Why then is B-DNA more preferentially
hydrated than A-DNA in ethanol-water mix-
tures? It may be pertinent to discuss this
reason at the molecular level, since such sol-
vent interaction of DNA is directly related to
the stabilization mechanisms of both confor-
mations. Preferential interaction is related to
the total binding number of solvent com-
ponents with DNA molecule, v (mol mol ™' of
nucleotide), by the following equation®?~2*

(1n

By combining this equation with eq 8, Av; can
be expressed as

(ama/amz)r,m,u; =v3—(ma/m)v,

AV3 = (am3/am2)?.u1.u3 _(am3/am2)?.u1,u3

=(v3—v)—(my/m)(v7 —vY)  (12)

Thus, the difference in preferential solvent
interaction between A and B states is decided
by the balance of total interactions of water
and ethanol with the respective states.
Although v, and v; cannot be determined from
preferential interaction data only, it would be
possible to evaluate qualitatively the difference
in the respective values for the two confor-
mational states by taking into consideration
the nature of the molecular surface of DNA
accessible to solvents.

In general, preferential solvent interaction is
determined by the two factors: (1) the steric
exclusion principle?® and (2) the affinity be-
tween solvent components and the binding
sites on the polymer. Since the molal volume of
ethanol is about three times larger than that
of water, water molecules should be more
dominantly accomodated statistically in the
immediate domain of DNA molecules.
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According to Alden and Kim,?® the solvent-
accessible surface area of B-DNA is con-
siderably larger than that of A-DNA.
Therefore, B-DNA could bind a larger amount
of water and ethanol molecules compared to
A-DNA (v,®>v,* and v;®>v,*). It is probable
that since v, >v;, the difference in v; between
both conformations is larger than that in v,,
leading to Av; >0 in the transition region (m;/
m; =0.7—1.2), that is, the enhanced preferen-
tial hydration of B-DNA comparing with A-
DNA (see eq 12).

The second factor is the affinity of solvent
components for the polymer. There are three
types of water binding sites on the surface of
DNA molecules, ionic groups, polar groups
and nonpolar groups. Clearly, the ionic and
polar groups are antagonistic to ethanol as
expected from the precipitation of salts and
sugars in aqueous ethanol solutions. On the
other hand, the nonpolar surface is preferable
for binding ethanol molecules, as judged from
the negative transfer free energy of nonpolar
groups from water to aqueous ethanol.?’
Therefore, the ionic and polar groups would
contribute to preferentially exclude ethanol
molecules from the surface of DNA and op-
positely nonpolar groups would contribute to
preferentially bind them. Thus, the greater
exposure of the ionic and polar groups relative
to nonpolar carbon exposure, as revealed by
calculations of surface accessibility,?® should
be a dominant factor in the preferential hy-
dration of DNA in ethanol-water mixtures.
The increased preferential hydration of B-
DNA could be reasonably explained by the
fact that B-DNA has a_ greater exposure of
ionic or polar groups and a lesser exposure of
nonpolar surfaces compared to A-DNA.?5

It is well known that the B conformation is
stable at high humidity (water activity), chang-
ing to A conformation with decreasing hu-
midity. This conformational change has been
ascribed to the degree of hydration which is
required to maintain the respective confor-
mations: A form binds about 9 to 10 water
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molecules per nucleotide but extra water mol-
ecules are required in B form, a total of about
18 per nucleotide.” The similar results were
derived from the surface accessibility calcu-
lations.?® If these amounts of hydration are
assumed unchanged in ethanol-water mix-
tures, eq 12 predicts that v;® is larger than v;*
by 0.6—6.7 molecules per nucleotide, depend-
ing on the ethanol content in the transition
region. These values may be overestimated
since the actual amount of hydration of DNA,
especially in B form, would decrease by ad-
dition of ethanol. However, such calculation
demonstrates that ethanol molecules bind
more extensively to B-DNA than A-DNA in
the thermodynamic sense, as predicted above.
In conclusion, the enhanced preferential hy-
dration of B-DNA compared to A-DNA can
be ascribed to the relatively larger amount of
hydration overcoming the binding of ethanol.
In this sense, the B-A transition induced by
addition of ethanol could be, in principle,
interpreted in terms of the different hydration
levels of both states as well as the changes in
humidity.
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