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ABSTRACT
A comparative study on transfer free energies of some amino acids from
water to aqueous urea, a protein-denaturing medium, and water to aqueous
glycerol, a protein-stabilizing medium, is presented. Transfer free energies
have been dissected into cavity term [∆G0t(cav)], electrical term[∆G0t(ele)]
and interaction term[∆G0t(int)]. Interaction term includes all type of interaction like hard soft, hydrogen bond, hydrophobic interaction etc.
Calculation of hard soft parameters of these amino acids and co solvents, by semi empirical method using standard soft ware, reveals that
this type of hard soft interaction contributes significantly to the ∆G0t(int).
 2007 Trade Science Inc. - INDIA

INTRODUCTION
Much attentions[1-6] are now paid to the thermodynamic studies of solute-solvent interaction in protein stabilizing and denaturing media. This is because
the mechanism of solvent induced folding unfolding
of protein can hardly be considered as settled one.
Among the denaturing solutes urea is most effective;
similarly glycerol is a well-known stabilizer. Various
mechanisms have been proposed to explain the protein stabilizing action of glycerol and denaturing ac-

Protein-denaturingstabilizing medium;
Cavity forming free energy;
Zwitter-ion;
Scaled particle theory;
Hard-soft interaction.

tion of urea. Some of them are: (i) weakening the
inter peptide hydrogen bond[7], (ii) alternation of water structure[8,9] by urea or glycerol (iii) reduction of
hydrophobic interaction[10-12], (iv) preferential hydration[13,14] of protein in aqueous urea and aqueous glycerol, are more attractive.
However in order to understand in depth the dynamic of solvent perturbation of protein structure,
i.e. estimation of driving force for urea induced unfolding and glycerol induced folding, it would be of
interest of know the thermodynamics of solvation
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of individual amino acids, the building blocks of pro- action part as equation (2)
tein, in aqueous urea and aqueous glycerol.
(2)
∆G0t(expt) = ∆G0t(cav) + ∆G0t(ele) + ∆G0t(int)
[3,20]
Time to time attention has been paid to deterScaled particle theory has been applied earlier
mine the various thermodynamic properties such as in computation of cavity forming free energies of
molar volume[2], enthalpy of solution[1], solubility of various type of solute as well as zwitter ionic solute
various amino acids in aqueous urea and aqueous in a wide variety of pure and mixed solvent using
glycerol[7,15]. The purpose of such studies is to gain the the following equation
∆Gt (cav) = Gc + RT ln (RT/V)
basic aspect of amino acids solvation.
(3)
Tanford and Nozaki[7] reported free energies of
where
some amino acids from water to aqueous urea from Gc = RT [- ln (1-Z) + {3X/(1-Z)} D + {3Y/(1-Z)} D2 + {9X2/
2
2
solubility measurement. Transfer free energies data 4(1-Z) }D ] 3
Z
=
πN
( z1a + z2b3 ) / σV
A
of some amino acids in aqueous glycerol[15] are also
X = πNA ( z1a2 + z2b2 ) / σV
available. But correlation of experimental transfer free
Y = πNA ( z1a + z2b ) / σV
energies of different amino acids with the interaction
V = M/ρ
parameters like, hydrophilicity, hydrophobicity or soft
In this expression NA is Avogadro’s number, z1 and
hard interaction is a difficult task. This may be due z are the mole fraction of water and urea or glycerol,
2
to the fact that experimental transfer free energies are respectively. ‘D’, ‘a’ and ‘b’ are the hard sphere diamcomposite in nature and consisting of electrical free eter of amino acids, water and urea or glycerol, reenergies, cavity forming free energies and free ener- spectively. ∆G (cav) represents the differences ∆G
t
s
t
gies of interaction. It is expected that the free ener- (cav)- ∆G (cav)=( G – G )+RTln(V /V ). Hard
w
t
s c w c
w
s
gies of interaction of these amino acids will bear a sphere diameters of a mino acids are taken from well
good correlation with the hard-soft type interaction. reported literature data[3] otherwise have been calTherefore, in this paper an attempt has been made culated from reported partial volume data[21] and usto dissect experimental transfer free energies into free ing Farrell’s treatment[22]. In the calculation of ∆G0
t
energies of interaction, cavity free energies and elec- (cav) from water to aqueous glycerol(1mol%) the
trical free energies of transfer.
hard sphere diameters: 2.76 Å[3,20] and 4.94 Å[20,23] for
It may be mentioned that similar dissection of water and glycerol, respectively; the densities:
transfer free energies of different solutes[16-18] includ- 0.9973gm/cc[3,20] for water and 1.0103gm/cc[20] for
ing amino acids[3,19] give better understanding of sol- glycerol, have been used and results are displayed in
ute-solvent interactions.
TABLE 1. ∆G0t(cav) from water to 1mol% urea are
The amino acids studied here are glycine, ala- taken by extrapolating the literature data[19] and are
nine, valine, leucine, phenylalanine in 1mol% of urea shown in TABLE 2.
and 1mol% of glycerol.
When amino acids are transferred from water to
aqueous binary the dielectric constant of media
CALCULATION
change appreciably, so that free energy of transfer
due to electrostatic effect ∆G0t(ele) has been calcuStandard transfer free energies in mole fraction lated using Scatchard and Kirkwood expression[3] of
scale ∆Gt(expt) is obtained by equation
zwitter ion as shown in equation (4)

∆G0t(expt)=∆
∆G0t(m)–RTln(Msrw/Mwrs)

(1)

where M and ρ stand for molar mass and density; subscripts w and s are for water and aqueous
co-solvent, respectively. ∆G0t(m) are taken from well
reported literature data[15] or extrapolating the literature data[7].
The experimental transfer free energies have been
dissected into cavity part, electrical part and inter-
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∆G0t(cav) = k2(1/D2-1/D1)

(4)

Where D1 and D2 are the dielectric constants of
water and co-solvent, respectively, and k2 is constant.
The deduction of the value of k2 have been discussed
elsewhere[3]. ∆G0t(ele) from water to 1mol% glycerol
has been calculated using the dielectric constants
78.74[3,20] and 77.19[20] for water and 1mol% glycerol,
respectively, and the result is 0.174KJ/mol. Trans-
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TABLE 1: Transfer free energies (KJ/mol) of amino acids from water to 1mol% glycerol at 298K
Amino acids
Gly
Ala
Val
Lue
Ph-ala

Hard sphere diameter(A)
3.85
4.20
5.00
5.40
5.60

∆G0t(cav)
-0.052
-0.047
-0.034
-0.028
-0.024

∆G0t(ele)

0.174

∆G0t(int)
0.133
0.148
0.178
0.085
0.050

∆G0t(expt)
0.235
0.275
0.318
0.255
0.200

TABLE 2: Transfer free energies (KJ/mol) of amino acids from water to 1 mol% urea at 298K
Amino acids
Gly
Ala
Val
Lue
Ph-ala

Hard sphere diameter(A)
3.85
4.20
5.00
5.40
5.60

ferred electrical free energy change of amino acids
from water to 1mol% urea, -0.094KJ/mol, has been
taken from the extrapolating result of literature data[19].
Transfer free energies of interaction ∆G0t(int) values have been calculated from experimental free energies of transfer after subtracting the cavity forming
free energy and electrical effect i.e.

∆G0t(cav)
0.030
0.041
0.071
0.087
0.096
η = (I-A)/2

∆G0t(ele)

-0.094

∆G0t(int)
0.075
0.067
-0.007
-0.052
-0.135

∆G0t(expt)
0.011
0.014
-0.030
-0.059
-0.133
(6)

where I and A are the ionization potential and
electron affinity of the molecule. According to
Koopmar’s theorem[23] -∈HOMO=I and -∈LUMO=A.
The energies of HOMO and LUMO of different
amino acids and co-solvents have been calculated by
semiemperical method using arguslab 4.0[24, 25] soft∆G0t(int)=∆
∆G0t(expt)-∆
∆G0t(cav)-∆
∆G0t(ele)
(5) ware and results are shown in TABLE 3.
0
The values of ∆G t(int) from water to 1mol%
glycerol and from water to 1mol% urea are shown in
RESULT AND DISCUSSION
TABLE 1 and TABLE 2, respectively.
It is assumed that, the hard-soft interaction between
Figure 1 shows that the variation experimental
amino acid and co-solvent is guided by difference be- free energies transfer of amino acids from water to
tween the hardness(η) of corresponding molecule. 1mol% glycerol and from water to 1mol% urea with
According to the HSAB principle, it may be consid- the hard sphere diameter of amino acids.
ered lower the difference of hardness higher will be
The positive values of ∆G0t(expt) indicate all
the hard-hard interaction between two molecules. The amino acids are destabilized in glycerol and the destahardness of the molecules has been calculated using bilization is not regular with the size of hydrophobic
the following operational definition as Pearson[23].
side chain of amino acids. On the other hand, in
TABLE 3: ∈HOMO, ∈LUMO and hardness (η) of amino 1mol% urea all amino acids, except gly and ala, are
acids and co-solvents.
stabilized and the stabilization increases with the size
of hydrophobic part of amino acids but destabilizaHardness
Amino acids/
∈HOMO
∈LUMO
co-solvents
(au)
(au)
(η)(ev)
tion of gly and ala are anomalous on this account.
Gly
-0.381
0.008
5.27
TABLE 1 and TABLE 2(third column) shows,
Ala
-0.386
0.011
5.38
unlike the experimental free energies the cavity formVal
-0.379
0.007
5.23
ing free energies of transfer for all amino acids from
Lue
-0.380
0.006
5.23
water to glycerol are favorable while cavity effects
Ph-ala
-0.361
0.001
4.91
are unfavorable during the transfer of amino acids
Glycerol
-0.402
0.092
6.70
from water to 1mol% urea. It may be noted that the
Urea
-0.395
0.012
5.52
sign of DG0t(cav) indicates it is easy to create a cavWater
-0.451
0.125
7.8
ity in glycerol than that of water while it is reverse in
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Figure 1: Variation of transfer free energies
∆G0t(expt) of amino acids from water to aqueous
binary with hard sphere diameter of amino acids
at 298K

Figure 2: Variation of transfer free energies ∆G0t
(cav) of amino acids from water to aqueous binary
with hard sphere diameter of amino acids at 298K

urea. Figure 2 shows that transfer cavity forming free
energies increase with the hard sphere diameter of
amino acids in both co-solvents.
Recently, Graziano[25] explained that the sign of
0
∆G t(cav) depends on diameter and density of the co
solvent. These two parameters affect ∆G0t(cav) in
opposite way i.e. cavity forming free energy increases
with decrease in hard sphere diameter and increase in
number density of co-solvent. The hard sphere diameter and number density of both urea and glycerol are
higher than water but during transfer to aqueous glycerol the increasing effect of hard sphere diameter
predominates while number density of aqueous urea
prevails, rendering unfavorable ∆G0t(cav). Admittedly, authenticity of this cavity calculation will be
guided by the uncertainties that are incorporated via
solute and solvent diameter and densities of the solvent. Previously[19], for the sake of satisfaction we
have calculated cavity term varying the solute diameter to ±0.2A and solvent diameter to ±0.05A but
these variation does not affect the physical reliability of the result of SPT calculation. However, in
this present calculation the solute and solvent parameters have been taken from standard literature
data or have been derived from literature data using
well-established relation.
The electrical effect during transfer of amino
acids from water to aqueous glycerol and aqueous
urea are just reverse to cavity effect. The ∆G0t(ele)
from water to 1mol% glycerol of all amino acids is
unfavorable due to lower dielectric constant of aqueous glycerol while higher dielectric constant of aqueous urea electrically favors the transfer of amino acids

from water to 1mol% urea.
Figure 3 shows the variation of transfer interaction free energies with hard sphere diameter of amino
acids. The positive values of ∆G0t(int) indicate all
amino acids are destabilized in aqueous glycerol and
the destabilization curve shows a maximum for valine. ∆G0t(int) from water to aqueous urea gradually
decreases with increase in the hard
Sphere diameter of amino acids. Like experimental transfer free energies, the transfer free energies of
interaction indicates phenylalanine are most stabilized
in aqueous urea but the destabilization of glycine and
alanine are now regularized with the size of hydrocarbon side chain. The unfavorable and favorable observed interaction energies may be explained in terms
of hard soft interaction between amino acids-water,
amino acids-co-solvent and water co-solvent. The differences of hardness(Figure 4) indicate that the interactions of urea-amino acids are stronger hard-hard
type while water-amino acids are weaker hard-soft
type. Therefore, during transfer of amino acids from
water to aqueous urea the favorable interaction energies seem to be partly guided by hard soft interaction.
The addition of glycerol to amino acids solution
in water the weaker hard-soft interaction of wateramino acids converted into three weaker hard-soft
interactions i.e. water-amino acids, water-glycerol and
amino acids-glycerol. These weaker hard soft interactions in aqueous glycerol lead the unfavorable free
energies of interaction on transfer. It is interesting
to note that, with respect to hard soft interaction the
anomalous most favorable and least unfavorable interaction energies of phenylalanine in aqueous urea
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and in aqueous glycerol, respectively, the other interaction like hydrophobic hydration due to its larger
hydrophobic side chain, are to be further considered.
Analysis of dissection studies reveals that like
the experimental free energies the various driving
forces of solvation of amino acids in aqueous urea
and aqueous glycerol are work in opposite way. Cavity effect favors the transfer of all amino acids from
water to aqueous glycerol while it is harder to create
a cavity for accommodation of any amino acid in
aqueous urea than that of water. Again, due to lower
dielectric constant the amino acids are destabilized
in aqueous glycerol but transfer of amino acids is
electrically favorable from water to higher dielectric
aqueous urea media. Like the experimental transfer
free energies the interaction free energies of transfer
reveal the amino acids are comparatively more stabilized in aqueous urea than in aqueous glycerol.
These transfer free energies of interaction are partly
guided by hard soft interaction.
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