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Abstract—The integral enthalpies of dissolution of L-tryptophan and L-asparagine in aqueous solutions of
sodium dodecyl sulfate (surfactant) at surfactant concentrations of up to 0.05 mol/kg of the solvent are deter-
mined and estimated calorimetrically. Standard values of the enthalpies of dissolution and transfer of amino
acids from water to a mixed solvent are calculated. The calculated enthalpy coefficients of pair interactions
between amino acids and surfactant molecules have positive values. Hydrophobic interactions between
amino acids and surfactants have the dominant effect on the enthalpy characteristics of the interaction in a

three-component solution.
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INTRODUCTION

Model compounds (amino acids, peptides) and
detergents, both ionic and neutral, are widely used in
protein research. Ionic detergents (substances con-
taining a hydrophobic hydrocarbon radical and a
hydrophilic functional group) are effective denatur-
ants. Sodium dodecyl sulfate, an anionic surfactant, is
an excellent example of a denaturant. Denaturation is
normally accompanied by a loss of specific functions
of proteins, which explains the interest in studying the
mechanisms of protein denaturation [1, 2]. This prop-
erty is very often used to isolate proteins and purify
biological lipid membranes [3]. In ionic surfactants,
the electrostatic forces between polar charged groups
of the ionic unit of sodium dodecyl sulfate are repul-
sive, and the hydrophobic interactions of the nonpolar
unit of the surfactant are the preferential attractive
moving forces [4—6]. The main factors in the associa-
tion of protein compounds and ionic surfactants are
thus electrostatic and hydrophobic interactions.

EXPERIMENTAL

The integral enthalpies of dissolution of amino acids
were measured using a variable temperature calorimeter
with isothermal jacket. The calorimeter design, the
operating procedure, and the assessment of the accu-

racy and reliability of measuring the enthalpy of disso-
lution were described in detail in [7].

The concentration of amino acids varied in the
range of 0.004—0.006 mol/kg. The enthalpy of disso-
lution (A, H™) of biomolecules in the studied concen-
tration range (up to 0.006 mol/kg) did not depend on
the concentration of amino acids, so the arithmetic
means of the thermal dissolution effects (A, H™) after
2—3 measurements were taken as the standard values
of A, H°. L-Tryptophan (Sigma-Aldrich, >98%) and
L-asparagine (Sigma-Aldrich, 299%) were recrystal-
lized from water—ethanol mixtures and dried under
vacuum at 343 K for 48 h before each experiment. The
water for preparing the solutions was twice distilled
(specific conductivity, 107 Q7! cm™!). Sodium
dodecyl sulfate (Sigma-Aldrich, 299%) was used with-
out further purification.

RESULTS AND DISCUSSION

Experimental data on A, H° of L-tryptophan (Trp)
and L-asparagine (Asn) in mixed solutions of water
with sodium dodecyl sulfate (SDS) are presented in
Table 1. The dependences of the enthalpies of transfer
(AH°) of amino acids from water to the SDS aqueous
solution studied in this work and in [8] on its mole
fraction (X,) are given in Fig. 1.
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Table 1. Standard enthalpies of dissolution (ASOIHO, kJ/mol)
of L-tryptophan and L-asparagine in water—SDS solutions
at 298.15 K

L-tryptophan L-asparagine
my Ay H° my, A H
0.001 12.74 £ 0.06 0.001 22.58 £ 0.10
0.003 12.77 £ 0.06 0.003 22.59 +£0.10
0.006 12.82 £ 0.06 0.006 22.61 £0.10
0.008 12.86 = 0.06 0.008 22.63+£0.10
0.010 12.89 £ 0.06 0.010 22.64 £ 0.10
0.020 12.98 £ 0.06 0.020 22.66 £ 0.10
0.030 13.04 £ 0.06 0.030 22.57 £0.10
0.040 13.08 £ 0.06 0.040 22.35%£0.10
0.050 13.07 £ 0.06 0.050 22.01 £0.10

Molality of SDS (mol kg™ 1).

The obtained enthalpies of amino acid transfer had
positive values and grew along with the concentration
of the surfactant for L-tryptophan. This resulted from
the overlapping of the hydration shells of molecules of
the investigated substances and the destruction of
hydrogen bonds between water molecules and car-
boxyl, and the amino groups of amino acids, when
they interacted with SDS, which led to the dehydra-
tion of the interacting substances in a three-compo-

AH?, kJ/mol

0.4

0.2

-0.2

-0.4
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nent solution. With L-asparagine, a drop in the
enthalpies of biomolecule transfer was observed at
SDS mole fraction >0.0003, due possibly to an
increase in the electrostatic and donor-acceptor inter-
actions between the side and terminal groups of the
amino acid and the hydrophilic part of the SDS mol-
ecules. Note that with amino acids, the increase in
SDS concentration reduced the enthalpies of transfer,
which could also be due to an increase in the number
of interactions with the hydrophilic part of the amphi-
philic SDS. The enthalpies of transfer were deter-
mined from the different contributions with opposite
charges from different concurrent interactions in the
solution and solvation processes. To analyze the
observed graphical dependences, we used an approach
based on interpreting the interaction between amino
acids and a component dissolved in water, which has
proved to be effective among different researchers [9—
11].

In three-component amino acid—surfactant—
water systems, the molecules of hydrated solutes are
located at the distances of short- and long-range inter-
actions. As a result, the hydrate shells of molecules
overlap in the investigated system, which alters the
physicochemical parameters characterizing the inter-
particle molecular interaction in the solution. The
enthalpies of amino acid transfer calculated in this
work were determined by the sum of thermodynamic
contributions with opposite charges. Thermochemical
changes occurring in a multicomponent system can be
described by a simple equation of enthalpy contribu-

| J
0.6 0.8 1.0
x, x 1073, mole fraction

Fig. 1. Dependences of enthalpies of transfer AUHO of (7) glycine [8], (2) L-cysteine [8], (3) L-tryptophan, and (4) L-asparagine
from water to SDS-water mixtures on SDS mole fraction X, at 298.15 K.
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tions to the thermodynamics of the dissolution of
amino acids:

AH = —AH, — AH, + AH, + AH, + AH,, (1)

where AH, denotes bipolar ion interactions between
the polar centers of amino acids (carboxyl, carbonyl,

amino groups) and the —OSO; and Na™ units of SDS;
AH, represents donor—acceptor interactions caused by
the O=C—NH, side group of L-asparagine and the
oxygen atoms of the hydrophilic unit of SDS; AH; is
for hydrophobic ion interactions between the zwitter-
ions of amino acid molecules (dipeptide) and the lipo-
philic groups of the SDS surfactant; AH, denotes
hydrophilic—hydrophobic interactions between the
hydrophilic side chain of amino acids molecules and
the hydrophobic part of SDS molecules; and AH; rep-
resents  hydrophobic—hydrophobic  interactions
between hydrophobic amino acid groups and the eth-
ylene moiety of SDS molecules.

The first and second types of interactions made a
negative contribution, while the third, fourth, and
fifth ones, which predominate throughout the range of
surfactant concentrations, made positive contribu-
tions to the A, H° of amino acid transfer from water to
the SDS aqueous solution. To quantify the interparti-
cle interactions in aqueous solutions, we performed a
regression analysis using the McMillan—Mayer theory
[12] by calculating the enthalpy coefficients of pair
interactions (4,,) of biomolecules with SDS. The con-

centration dependences of A, H° = fim,) of amino

acids in SDS aqueous solutions were processed using a
third degree polynomial:

AsolliO =

where m,, is the SDS molal concentration; ay, a,, a,, a;
are approximation coefficients, calculated according
to the least squares method.

ay+am, + a2m£ + a3m;, 2)

As a result of our regression analysis, equations
were obtained for L-tryptophan and L-asparagine in
SDS aqueous solutions, respectively:

A H® = (12.70 £0.01) + (19.20 £ 1.18)m,, — ..., 3)
R=0998 SD=0.008, N =9

A H® = (22.56 £0.01) + (10.95 £ 1.01)m, — ..., @
R=0.999, SD=0.004 N =09.

The values of the free terms of Egs. (3), (4) corre-
spond to the standard enthalpies of dissolution of
L-tryptophan and L-asparagine in pure water, which
are in good agreement with our earlier determined and
literature values. For example, A, H(Trp) = 12.36 +
0.03 [13], ALH'(Trp) = 12.70 = 0.06 [14],
A HY(Asn)=20.95 + 0.14 [13], A, ;H’(Asn) = 24.06
[15], A H(Asn) = 22.57 £ 0.10 [16]. The enthalpy
coefficients of pair interactions (4,,) were calculated
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Table 2. Enthalpy coefficients of pair interactions (4,
kJ kg mol™2) of amino acids with SDS in aqueous solutlons
at 298.15 K

Glycine
7.54 +0.34 [8]

L-cysteine

8.49 + 0.44 [8]

L-tryptophan|L-asparagine
9.60 £0.59 | 548 £0.36

using the equation A,, = a,/2 [17]. The values obtained

for amino acids in SDS aqueous solutions are given in
Table 2.

All of the calculated coefficients and the #4,,
obtained in [8] had positive values in water—mixed
solvents. This means the endothermic processes asso-
ciated with the structural rearrangement of the three-
component solution and the release of water mole-
cules from the hydrate shells of amino acids and SDS
predominate over direct interactions of the solvated
polar groups of interacting molecules.

Coefficients 4, of the amino acids fell in the Trp >
Cys > Gly > Asn series. Hydrophobic interactions
characterize the process of molecular association by
nonpolar substances or nonpolar units of amphiphilic
compounds in aqueous solutions. Different electro-
static interactions and hydrogen bonds in three-com-
ponent systems also promote hydrophobic interac-
tions, which raises the endothermicity of dissolution
[18]. Replacing the hydrogen atom in the glycine mol-
ecule with the hydrophobic—hydrophilic CH,-SH
group in cysteine raises the enthalpy coefficient of
interaction with SDS, which also testifies to the dom-
inance of hydrophobic effects in the investigated range
of concentrations and the structural reorganization of
the three-component system. The presence of ben-
zene and indole rings in tryptophan classifies it as a
group of classical hydrophobic amino acids, which is
reflected in the highest 4,, at interaction with SDS.
The lowest enthalpy coefficient of pair interaction for
Asn is determined by the presence of an additional
center of specific solvation O=C—NH, in it, which
raises the exothermicity of dissolution due to direct
interactions with the hydrophilic unit of SDS.

A linear dependence of enthalpy pair interaction
coefficients (4,,) of amino acids with SDS on the
hydrophobicity parameters of biomolecules (g) was cal-
culated in [19]: A, = (7.98 £ 0.56) + (0.19 £ 0.08)g.
There is an increase in the enthalpy pair interaction
coefficients (4,,) of amino acids with SDS as hydro-
phobicity falls in the Trp > Cys > Gly > Asn series,
which testifies to the predominance of hydrophobic
effects in the investigated range of concentrations,
processes of association of alkyl nonpolar side chains
of biomolecules with the SDS solvophobic unit, and
an entropy component in the thermodynamics of the
dissolution of biomolecules in a surfactant solution.
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