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Abstract

Calorimetric measurements were carried out at 298.15 K on binary aqueous solutions of glycine, and on binary and ternary

solutions containing the L and D forms of the a-aminoacid leucine at different concentrations of urea or ethanol as cosolvents.

The derived pairwise interaction coef®cients of the excess enthalpies were rationalized according to the preferential

con®guration model. The behaviour shown by glycine, when the concentration and the nature of the cosolvent changes, allows

important observations on the in¯uence of the medium on hydrophilic interactions. For leucine, differences were found

between the values of the homochiral and heterochiral pairwise enthalpic interaction coef®cients. This chiral recognition

depends on the nature and concentration of the cosolvent, which in¯uences differently hydrophilic and hydrophobic

interactions. The results obtained are compared with those found for other model compounds in concentrated aqueous

solutions of urea or ethanol: some comments are made on the possible mode of action of ethanol and urea as protein

denaturants. # 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is well known that, in the solid state, physical

properties of racemic mixtures differ markedly from

those of the pure D or L forms. This is essentially due

to the different distances and topological correlations

between the groups of atoms in the molecules [1]. As a

consequence, all thermodynamic properties that

depend on the solid state energetics, as enthalpies

of solution [2], fusion [3], or solubility, must be

in¯uenced. In the presence of a solvent without chiral

properties, differences between excess properties,

which depend on solute±solute interactions, are likely

to occur. Instead, limiting properties, which depend on

solute-solvent interactions, must be identical. Differ-

ences in the energetics of interactions between L±L (or

D±D) or D±L stereoisomers are usually referred to as

chiral recognition [4±8], chiral selectivity [9] or chiral

interaction [10]. In apolar solvents [11±13] or in DMF

[10,14], chiral recognition has been clearly detected

for protected a-aminoacids bearing alkyl side chains.

In that case, it was attributed to the possibility of

formation of dimeric peptides via H±bonds between

CO and the NH group. On the contrary, many authors

have been claiming that in aqueous solutions of free a-

aminoacids, where dipolar ions predominate, coulom-

bic forces screen the subtle differences in the inter-

actions between molecules of the same or different

Thermochimica Acta 339 (1999) 11±19

*Corresponding author. Fax: +39-81-547-6517

E-mail address: castronuovo@chemna.dichi.unina.it

(G. Castronuovo)

0040-6031/99/$ ± see front matter # 1999 Elsevier Science B.V. All rights reserved.

PII: S 0 0 4 0 - 6 0 3 1 ( 9 9 ) 0 0 2 1 7 - 8



chirality [9,15,16]. For these reasons attention was

mainly focused on non-ionic a-aminoacids deriva-

tives, obtaining encouraging results.

Studies from this laboratory on a-aminoacids

[4,5,17,18] in aqueous solutions, have shown that

the presence of dipolar ions is the main factor that

determines chiral recogniton. In fact, this effect was

not detected when a-aminoacids, bearing unsubsti-

tuted alkyl chains, were investigated in acidic aqueous

solutions, pH 0.13, where dipolar ions disappear [19].

Moreover, when the side chains of an a-aminoacid

bears a hydrophilic functional group, the synergetic

action of hydrophilic and hydrophobic interactions

determines a larger chiral recognition. In such a case,

the effects occurring upon the failure of this interac-

tion are more pronounced [8,17]. Then, the failure of

earlier researchers must be attributed to non-systema-

tic studies of homologous series of aminoacids bear-

ing unsubstituted alkyl chains. On these bases, an

interaction model has been proposed, different from

a simple statistical approach [20]. Namely, two

hydrated, interacting molecules bearing hydrophilic

and hydrophobic domains, interact through a prefer-

ential con®guration, stabilized by the best juxtaposi-

tion of hydrophilic and hydrophobic domains [20].

The most probable con®guration maximizes favorable

interactions between similar domains, while minimiz-

ing unfavorable interactions between unlike domains.

For a-aminoacids the preferential con®guration model

has allowed to explain the chiral recognition detected

in their aqueous solutions [4,5,17,18].

Urea and ethanol act as denaturing agents of pro-

teins and reduce their thermostability. However, being

the former a hydrophilic structure breaker solute and

the latter a hydrophobic structure maker solute, the

mechanisms through which they act must be different,

and the delicate balance of the contrasting forces that

determine the native conformation must be differently

in¯uenced. Many working, often contrasting hypoth-

eses have been formulated concerning the effect of

urea or ethanol on the hydrophobic interaction, which

is generally assumed to be one of the main driving

forces stabilizing the native conformation of proteins.

In order to gain a better understanding of these

problems, we are carrying out a research programme

on the physical chemical properties of concentrated

aqueous solutions of urea or ethanol containing model

molecules, such as a-aminoacids. Here, we want to go

further in the studies concerning chiral recognition by

examining the enthalpic behaviour of aqueous solu-

tions of the L and D forms of leucine in concentrated

aqueous solutions of urea or ethanol, with the aim of

giving a contribution to the problem of the stability of

proteins as a function of the nature of the medium.

Since denaturation requires high concentrations of the

cosolute, in such conditions the solvent must be

considered as a mixed solvent, with properties quite

different from those of pure water. Glycine has also

been investigated in the same experimental conditions,

to get information about the behaviour of a hydro-

philic solute representative of the functional group of

a-aminoacids, i.e., the zwitterion.

The second coef®cient of the virial expansion of the

excess enthalpy as a function of molalities is an useful

quantity to get information about the interaction

mechanism. Through the analysis of homo- and het-

erochiral enthalpic interaction coef®cients we aim to

ascertain whether the hypothesis of preferential con-

®gurations holds for these systems, what are the

various contributions acting in the interaction, and

how the mixed solvent in¯uences chiral recognition

detected for leucine in water.

2. Experimental

Solutes employed were Sigma and Aldrich pro-

ducts. The purity of L- and D-leucine was assessed

by the company to be greater than 98±99%. They were

used without further puri®cation. Measurements of the

heats of dilution were carried out using an LKB ¯ow

microcalorimeter and a thermal activity monitor from

Thermometric. Calorimeters were equipped with a GP

10 gradient programmer, a 500 ml mixing chamber, a

PSV 50 electrovalve and a P3 peristaltic pump (all

from Pharmacia) for the authomatic preparation and

the pumping of solutions into the cells of the calori-

meters. The method has been tested through known

systems. Enthalpies of dilution in water of urea and

hexane-1,2-diol have been determined, and the eval-

uated pairwise enthalpic interaction coef®cients

(hxx = ÿ331 � 3 J kg molÿ2 for urea and hxx =

2999 � 46 J kg molÿ2 for hexane-1,2-diol) were in

a very good agreement with the literature values

(hxx = ÿ350 � 13 J kg molÿ2 for urea [21] and hxx

= 2955 � 46 J kg molÿ2 for hexane-1,2-diol [20]. The
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values of the dilution enthalpies, DHdil, were obtained

from:

DHdil�mi
x!mf

x� �
�dQ=dt�

PS

where (dQ/dt), the heat evolved or adsorbed per unit

time, is normalized to the total mass flow-rate of

mixed solvent per unit time, PS and mi
x and mf

x are

the initial and final molalities, respectively. DHdil is

given in J kg±1 of solvent in the final solution.

3. Results

Molecular interactions can be studied through the

analysis of the excess thermodynamic properties,

which are de®ned as the difference between the values

of that function referred to a real and an ideal solution.

Then, the excess enthalpy is obtained by:

HE � H �m�ÿHid � H �m�ÿ�H�
sÿx

�H
�
s � (1)

where H(m) and HE, the absolute and the excess

enthalpy respectively, both refer to 1 kg of solvent

and mx moles of each solute; Hid is the enthalpy of the

ideal solution; H�s is the enthalpy of 1 kg of solvent

and �H
�
x is the limiting partial molal enthalpy of each

solute. According to the treatment of solution proper-

ties originally proposed by McMillan±Mayer [22] and

specifically applied to those of aqueous solutions of

nonelectrolytes by Kauzmann [23] and other authors

[24±26], an excess thermodynamic property, of a

solution containing n solutes, JE, can be expressed

as a virial expansion of molalities of pair and higher

order interaction coefficients, j, as follows:

JE �
Xn

i�1

jikmimk � higher terms (2)

For ternary solutions containing the x and y solutes,

virial coef®cients of the power series of the excess

enthalpies, hxy, as a function of molalities can be

derived from the enthalpies of dilution, DHdil, as

follows:

DHdil�mi
x;m

i
y!mf

x;m
f
y� � HE�mf

x;m
f
y�

ÿ�mf
x=mi

x�HE�mi
x;m

i
y� � hxxmf

x�mf
xÿmi

x�
� hyymf

y�mf
yÿmi

y� � 2hxymf
x�mf

yÿmi
y�

� higher terms (3)

where mi
x, mi

y, mf
x, mf

y are the molalities of the x and y

solutes before and after the dilution process, respec-

tively. According to the Mc Millan±Mayer approach

[22], the h coefficients appearing in Eq. (3) represent

the enthalpic contributions to the Gibbs free energy

coefficients characterizing the interaction between

pairs, triplets or higher order interactions. They impli-

citly account for all variations of solvent±solvent and

solute±solvent interactions. Considering as solvent the

mixture of ethanol-water or urea-water, a solution of

the solute x can be regarded as a binary one and then

Eq. (3) reduces to:

DHdil�mi
x!mf

x��hxxmf
x�mf

xÿmi
x��higher terms

(4)

where DHdil is expressed in J kgÿ1 of mixed solvent,

and the molalities are calculated as moles per kg of

mixed solvent.

Two-solute solutions, as the D and L forms of an

aminoacid, are, instead, ternary solutions which are

characterized by cross-coef®cients evaluated by

means of an auxiliary function DH**:

DH�� � DHdil�mi
D;m

i
L!mf

D;m
f
L�

ÿDHdil�mi
D!mf

D�ÿDHdil�mi
L!mf

L�
� 2hDLmf

D�mf
Lÿmi

L� � higher terms

� 2hDLmf
L�mf

Dÿmf
D� � higher terms

where hDD>hLL and hDL are the homochiral and

heterochiral pairwise enthalpic interaction coeffi-

cients, respectively, in the mixed solvent used. The

values of the coefficients of the excess enthalpies were

obtained by fitting DHdil or DH** by a least-squares

method. The fitting was tried with polynomials of

increasing degree, choosing finally one with the high-

est degree for which all the coefficients are significant

with respect to their own 95% confidence limits. For

most of the examined systems the concentration

ranges studied are limited, so that only the second

homochiral or heterochiral coefficients, hLL and hDL,

are to be determined.

Enthalpic pair interaction coef®cients of glycine in

concentrated aqueous solutions of urea are reported in

Table 1 [27]. The coef®cients increase at increasing

concentrations of the cosolvent, passing from negative

to positive. Homo- and heterochiral enthalpic inter-

action coef®cients for aqueous solutions containing L
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and/or D forms of leucine and various concentration of

urea as cosolvent are reported in Table 2. The homo-

chiral coef®cient decreases at increasing concentra-

tion of urea, while the heterochiral coef®cient shows a

pronounced maximum at 3 m urea. At 7 m urea dif-

ferences between the two coef®cients disappear.

In Table 3, enthalpic pair interaction coef®cients for

aqueous solutions of glycine in concentrated aqueous

solutions of ethanol are reported. At increasing con-

centration of ethanol, the coef®cient for glycine shows

an opposite behaviour with respect to that exhibited in

the presence of urea; namely, it goes rapidly toward

values much more negative than in water. In Table 4,

the homo- and heterochiral coef®cients for leucine at

different concentrations of ethanol are given. The

former shows a maximum, while the latter diminishes

rapidly at increasing concentration of ethanol. Both

coef®cients change sign at 9 m ethanol. Chiral recog-

nition detected in ethanol is opposite in sign with

respect to that exhibited in urea. In Fig. 1, the enthalpic

coef®cients for leucine and glycine are reported as a

function of the concentrations of urea (Fig. 1a) and

ethanol (Fig. 1b).

4. Discussion

The results presented in this work aim to give an

indirect contribution to the understanding of the phe-

nomena occurring upon the denaturation of proteins

by high concentrations of urea or ethanol. Comparison

between the properties of solutes in water and in

water-cosolvent mixtures is useful for obtaining a

deeper insight into the factors promoting the unfolding

of biopolymers in such solutions. It must be under-

Table 1

Enthalpic pair interaction coefficients for glycinea in concentrated

aqueous solutions of of urea, at 258C

(mU)b (hxx)b (mU)b (hxx)c

0 ÿ404 � 9 5.00 ÿ15 � 5

0.100 ÿ334 � 5 7.00 53 � 8

1.00 ÿ298 � 6 9.00 109 � 3

3.00 ÿ140 � 5

a The data reported are taken from [18].
b Concentration of urea, mol kgÿ1.
c Uncertainties reported are 95% confidence limits, J kg molÿ2.

Table 2

Homo- and heterochiral enthalpic pair interaction coefficients for leucine in concentrated aqueous solutions of urea at 258C

(mUrea)
a (hLL)b nc c.r.d (hDL)b nc c.r.d

0 1269 � 9e 1059 � 36

1.00 1122 � 14 20 0.054±0.034 1305 � 26 20 0.046±0.034

3.00 957 � 10 20 0.054±0.035 1669 � 36 20 0.05±0.032

5.00 1153 � 20 13 0.054±0.035 1328 � 36 20 0.052ÿ0.034

7.00 1116 � 12 32 0.057±0.037 1149 � 22 20 0.046±0.026

9.00 1177 � 28 12 0.040±0.021 1105 � 50 20 0.040±0.022

a Concentration of urea, mol kgÿ1.
b Uncertainties reported are 95% confidence limits, J kg molÿ2.
c No. of experimental data.
d Concentration range.
e [4].

Table 3

Enthalpic pair interaction coefficients for glycine in concentrated

aqueous solutions of ethanol, at 258C

(mEtOH)a (hxx)b (hxxx)c nd c.r.e

0 ÿ404 � 9f ÿ
1.00 ÿ339 � 10 ± 27 0.28±0.16

2.00 ÿ746 � 18 ± 24 0.13±0.07

3.00 ÿ1055 � 50 378 � 78 16 0.22±0.15

5.00 ÿ1148 � 42 737 � 70 40 0.20±0.07

7.00 ÿ1299 � 20 ± 24 0.11±0.07

9.00 ÿ1693 � 20 ± 45 0.24±0.15

11.0 ÿ2324 � 52 1254 � 138 27 0.14±0.08

a Concentration of ethanol, mol kgÿ1.
b Uncertainties reported are 95% confidence limits, J kg molÿ2.
c J kgÿ2 molÿ3.
d No. of experimental data.
e Concentration range.
f [18].
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lined that the conclusions which will be drawn about

the model systems presently investigated are based

only on enthalpic data: Gibbs energy data, however,

would be necessary for a more satisfactory interpreta-

tion.

Non-bonding interactions in aqueous solutions of

non-electrolytes have reached a good qualitative

understanding from the analysis of the excess thermo-

dynamic properties using a statistical group additivity

approach [21]. The analysis of the Gibbs free energy

coef®cients through this approach has led to the

conclusion that the interaction between similar

domains, having the same effect on water structure,

is thermodynamically favourable [28]. From that we

hypothesized the existence of a preferential con®g-

uration in solution between two hydrated interacting

molecules: this con®guration allows the best juxtapo-

sition of the hydrated functional groups and, contem-

poraneously, of the hydrophobically hydrated alkyl

chains [20]. This working model, referred to as the

`preferential con®guration model', accounts qualita-

tively for the sign and magnitude of the parameters

used to characterize non-bonding interactions in aqu-

eous solutions of nonelectrolytes, namely the pair

coef®cients of the excess thermodynamic properties

[20]. The physical meaning of a pair interaction

coef®cient is related to the changes in the thermo-

dynamic property when two hydrated molecules are

brought from an in®nite distance, where only solute-

solvent interactions are operating, to a ®nite distance

where hydrated solute-hydrated solute interactions

occur. This working model was successfully

employed to explain chiral recognition occurring in

aqueous solutions of a-aminoacids bearing unsubsti-

tuted alkyl side chains [4,5]. Among the various

favorable con®gurations of two interacting molecules

having the same or different chirality, the one juxta-

posing linearly the charged groups of zwitterions is

supposed to prevail. This side-on con®guration, that

well juxtaposes also hydrophobic domains, should

mainly contribute to building up the pairwise homo

or heterochiral coef®cients. Signi®cant differences

between homochiral and heterochiral interactions

must not be expected. On the contrary, the con®gura-

tion responsible of chiral recognition should be that

juxtaposing the four electrical charges simultaneously

[4,5,8,17,18]. When two hydrated, interacting mole-

cules have the same chirality, the side chains lye in the

same half-space determined by the imaginary plane

containing the charged groups. The opposite occurs

when molecules of different chirality are involved.

The two con®gurations determine different interac-

tions between the side chain residues. This is

obviously an extreme representation and many inter-

mediate cases must necessarily exist. When chiral

recognition is not detected in water, using a cosolvent

able to in¯uence differently the intensity of hydro-

philic and hydrophobic interactions should allow to

detect that effect.

The present study aims at verifying the effect of

urea or ethanol on the chiral recognition exhibited by

leucine in water. The enthalpic interaction coef®cients

for the aminoacid in water are positive, thus, indicat-

ing a typical behaviour of prevailingly hydrophobic

solutes [4]. In concentrated aqueous solutions of urea,

the homochiral coef®cient undergoes a ¯at decrease:

then, in the homochiral interaction, the attenuation of

hydrophobic interactions throughout the entire range

Table 4

Homo- and heterochiral enthalpic pair interaction coefficients for leucine in concentrated aqueous solutions of ethanol at 258C

(mEtOH)a (hLL)b nc c.r.d (hDL)b nc c.r.d

0 1269 � 9e 1059 � 36

2.00 1555 � 16 16 0.10±0.061 680 � 70 16 0.060±0.036

5.00 1332 � 34 13 0.054±0.035 874 � 40 20 0.052±0.034

7.00 753 � 13 20 0.057±0.037 415 � 30 20 0.048±0.032

9.00 ÿ628 � 8 16 0.044±0.028 ÿ999 � 70 16 0.026±0.016

a Concentration of ethanol, mol kgÿ1.
b Uncertainties reported are 95% confidence limits, J kg molÿ2.
c Number of experimental data.
d Concentration range.
e [4].
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of concentration of urea is the prevailing effect. The

same occurs for alkan-1-ols [29], alkan-m,n-diols

[29], N-acetylamides of a-aminoacids in 7 mol lÿ1

[30] or 8 mol lÿ1 urea [31], and amides in 6 mol lÿ1

guanidinium chloride [32]. In contrast, the hetero-

chiral coef®cient becomes at ®rst more positive, then

decreases (Table 2, Fig. 1a), and at 9 mol kgÿ1 of urea,

it reaches the same value as in water. This marked

variability indicates that the action of urea on the

hydrophilic domains is larger for the heterochiral pair,

which is less stabilized by hydrophobic interactions,

compared to the homochiral pair. At low concentration

Fig. 1. a Homochiral (&) and heterochiral (*) enthalpic interaction coefficients for leucine and for glycine (D) as a function of urea molality,

mU , and b) as a function of ethanol molality, mEtOH.
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of urea, the attenuation of hydrophilic interactions is

the prevailing effect: at higher concentration of cosol-

vent, the attenuation of hydrophobic interactions

makes the coef®cient to diminish, reaching almost

the same value as in water. The different trends of the

coef®cients determine a chiral recognition, which

disappears at high concentrations of urea (about

7 mol kgÿ1). In these conditions, the interaction

between zwitterions becomes almost athermal, as

unravelled in a preceding study on a-aminoacids in

concentrated aqueous urea [27]. There, evidence was

given that the contribution of the functional group

varies from a negative to an almost null value, under-

lining a transition towards a thermochemically unfa-

vorable behavior at increasing urea concentration. The

same features are shown by glycine in urea, whose

literature coef®cients are reported in Table 1 [27] and

Fig. 1a. That behaviour could be due partially to the

increased dielectric constant of the medium deter-

mined by urea, an effect reducing the electrostatic

interactions between the functional groups, and then

their contribution in forcing interactions between

hydrophobic domains. The consequent loss of enthal-

pic favourable contributions determines a reduced

ability of imposing a con®guration leading to chiral

recognition, hence, the disappearance of the last

effect. The large values of the enthalpic coef®cients,

comparable to those obtained in pure water, indicate

that water released to the bulk undergoes a large

enthalpic and entropic change, being the ®nal state

(bulk) less structured than pure water for the presence

of urea. To conclude, while zwitterions become `inac-

tive' towards chiral recognition, hydrophobic interac-

tions are still effective, even in concentrated urea (7±

9 mol kgÿ1), thus, determining identical and positive

values for the homo and heterochiral coef®cients. The

same phenomenon occurs in 1 mol lÿ1 HCl, where this

aminoacid does not present chiral recognition because

of the absence of the zwitterion [19].

The behaviour shown by glycine in concentrated

aqueous solutions of ethanol evidentiates that the

nature of the medium greatly in¯uences the strength

of non-bonding interactions. As reported in Table 3

and Fig. 1b, at increasing ethanol concentration, the

coef®cients become much more negative than in pure

water. Ethanol, less polar than water, lowers the

dielectric constant of the medium potentiating hydro-

philic and, in particular, electrostatic interactions,

which give a negative contribution to the enthalpy.

For leucine, the change in the structure of the solvent

and the decrease of the dielectric constant determine

two opposite effects. Hydrophilic interactions

improve, and the consequent enhanced cooperativity

of hydrophobic interactions between the alkyl side

chains determine a higher homochiral coef®cient and

a lower heterochiral one (Table 4, Fig. 1b). On the

other hand, ethanol, a well known structure maker

solute promotes the ice-like structure of liquid water.

Then, its presence as cosolvent lowers the energetic

level of the bulk, and solvent molecules released upon

pairwise interaction, relaxing from the hydration

cospheres to a more structured medium, undergo a

smaller enthalpic and entropic change than in the

presence of urea. At increasing concentrations of

ethanol that leads both coef®cients to be smaller than

those obtained in water, and determines the inversion

of their sign at mEtOH > 7 mol kgÿ1 of ethanol (see

Table 4). These results agree with those for diols in

highly concentrated aqueous solutions of ethanol

(9 mol kgÿ1) [33]. There, a new phenomenological

behaviour occurs: diols, typical hydrophobic structure

maker solutes (hxx > 0 in water), are described by

negative enthalpic pairwise coef®cients, which

usually characterize typical hydrophilic structure

breaker solutes (hxx < 0 in water). Since the hydro-

phobic interation is commonly considered as entropi-

cally driven because Tsxx > hxx > 0 in water, then, at

increasing concentration of cosolvent, the driving

force must change from entropic to enthalpic [33].

In some way, when the increase in the structure of the

medium becomes relevant, diols behave as hydropho-

bic structure breaker solutes. For leucine, the very

different trends of homo and heterochiral coef®cients

determine a chiral recognition constantly more rele-

vant than in pure water, especially at low concentra-

tions of ethanol. Since the heterochiral coef®cient

behaves qualitatively as that for glycine in the same

conditions, then it is representative of a system in

which hydrophilic interactions play a major role. In

our opinion, this is a strong evidence of the presence of

the con®guration stabilized by the interaction between

zwitterions and with the alkyl chains laying in two

different half-spaces. On the contrary, the homochiral

coef®cient presents the same trend as for diols, namely

solutes whose hydrophobic interactions are forced by

the enhanced hydrophilic interactions. As a conclu-
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sion, the study in mixed solvents con®rms the validity

of the preferential con®guration model used to explain

the results obtained in water.

The picture provided here has strong implications

with the mechanism of chemical denaturation of

globular proteins induced by concentrated aqueous

solutions of urea or ethanol. The delicate balance of

intra- and inter-molecular interactions responsible for

the only biologically active conformation in water is

modi®ed at increasing concentration of a denaturant.

The high concentrations required for urea or ethanol to

be effective indicate that they are non-speci®c agents,

which probably operate through different mechanisms

on the various elements of macromolecular structures.

For globular proteins, many working hypotheses have

been formulated concerning the effect of urea on the

hydrophobic interaction [34], which is generally

assumed to be one of the main driving forces stabiliz-

ing the native conformation [35,36]. However, doubts

have been raised about the major importance of that

interaction: it has been shown that hydrophilic inter-

actions are highly directional, they depend on the

speci®c sequence of the aminoacids along the chain,

and they are speci®c to the solvent. Then, they are as

important as hydrophobic interactions in highly spe-

ci®c processes such as protein association, protein

folding and molecular recognition [37±39]. The strong

repulsion between apolar residues and peptide back-

bone (CONH-phobicity) should also be taken into

account [40]. The knowledge of the enthalpic coef®-

cients relative to model systems of biological interest,

in pure water [20], in concentrated urea [27,29] and in

ethanol [33], together with the results reported by

other authors [31,32], allows us to make some con-

siderations on the possible mode of action of these

chemical denaturants on globular proteins. It must be

clearly underlined that our approach is tentative and

oversimpli®ed, since only enthalpic information is

available. When interacting with a substance contain-

ing both polar and hydrophobic groups, urea solvates

preferentially the polar groups, being positive the

contribution to the Gibbs free energy of the mixed

urea-alkyl chain interaction [20,28]. Then, it competes

with water in solvating the hydrophilic peptide groups

on the surface of globular proteins. These favourable

intermolecular interactions disrupt the intramolecular

peptide-peptide hydrogen-bonds: at the same time,

also hydrophobic interactions are attenuated by the

presence of that amount of urea. The protein swells

exposing the hydrophobic residues to water, and the

penetration of water into the interior destabilizes the

compact native conformation causing denaturation.

This view is in agreement with the ®ndings coming

from molecular dynamics simulation studies [41]. On

the other hand, the denaturation mechanism provoked

by high concentrations of alcohols and glycols [42]

must be necessarily different from that acting in the

presence of urea. For diols, evidences have been given

that, in highly concentrated aqueous ethanol, the

solvation cospheres are `ethanolated' [33]. Namely,

the alkyl residues tend to interact with ethanol, and

interaction between molecules of the same species are

attenuated. Then, for a protein in the same experi-

mental conditions, it can be envisaged that the hydro-

phobic core, hidden in water, could adapt well to the

solvent medium, and the denaturation determined

mainly by hydrophobic interactions of the alkyl resi-

dues with the cosolvent.

Work is in progress concerning the in¯uence of

other cosolvents on the interactions in the aqueous

solutions of model molecules of biological interest.

Among these cosolvents, saccharides are especially

interesting, because they act as stabilizers of the native

conformation of a protein against thermal denatura-

tion.
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