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Abstract The complexes of lysozyme with the anionic surfactant sodium dodecyl sulfate
(SDS) and the cationic surfactant dodecyltrimethylammonium bromide (DTAB) have been
investigated by isothermal titration calorimetry at pH = 7.0 and 27 °C in a phosphate buffer.
A new direct calorimetric method was applied to follow the protein denaturation and study
the effect of surfactants on the stability of proteins. The extended solvation model was used
to represent the enthalpies of lysozyme+SDS interaction over the whole range of SDS con-
centrations. The solvation parameters recovered from the new equation are attributed to the
structural change of lysozyme and its biological activity. At low SDS concentrations, the
binding is mainly electrostatic with some simultaneous interaction of the hydrophobic tail
with nearby hydrophobic regions of lysozyme. These initial interactions presumably cause
some protein unfolding and expose additional hydrophobic sites. The induced enthalpy of
denaturation of lysozyme by SDS is 160.81 ± 0.02 kJ·mol−1. The lysozyme-DTAB com-
plexes behave very differently from those of the lysozyme-SDS complexes. SDS induces a
stronger unfolding of lysozyme than DTAB. The induced enthalpy of lysozyme denaturation
by DTAB is 86.46 ± 0.02 kJ·mol−1.
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1 Introduction

Denaturation studies are capable of yielding information about the native state of a protein in
terms of its cooperativity, intrinsic stability, and the nature of forces required to maintain its
three-dimensional structure [1–5]. Denaturation can provide additional information on the
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structure, properties and function of a protein. The relationship between structure and func-
tion can be sought in many ways, and ligand binding may be used more than other methods
due to its more important role in biological systems. Interaction of a protein with a surfac-
tant (e.g., at a cell membrane) plays an important role in many biological processes. Many
proteins possess specific binding sites for surfactants [6–22]. It is established that surfactants
can be broadly divided into those that complex to proteins by bringing about unfolding of
the tertiary structure and those in which the tertiary structure is maintained. Sodium dodecyl
sulfate, an anionic surfactant, and dodecyltrimethylammonium bromide, a cationic surfac-
tant, have been used extensively, and they fall into the former (unfolding) category for many
proteins. There are also some proteins that are resistant to denaturation by surfactants under
certain conditions. The interaction of the anionic surfactant SDS with lysozyme and other
proteins has been widely investigated for its binding isotherms, energetics and phase be-
havior [10, 21, 23]. It has been shown that, at the beginning of the interaction and at low
concentration of SDS, the trend is specific and electrostatic. The negative SDS ion binds
to positive residues, neutralizes the protein surface charges and leads to precipitation and
turbidity of the solution. Reducing the net charge of the protein sets the stage for penetration
of the hydrophobic tail of SDS and leads to conformational changes of the protein at higher
concentrations. At the same time, it has been reported that lysozyme keeps its compactness
at low SDS concentrations despite secondary structural changes [23].

The conformational transition of protein molecules resulting from the presence of dena-
turing agents has been studied extensively in order to elucidate the factors responsible for
the thermodynamic stability of the native and denatured forms. A central goal of such stud-
ies is to determine whether intermediate states occur in the denaturation process. In order to
resolve this problem, it is of great interest to have a direct calorimetric determination of the
molar enthalpy change for denaturation. In this paper, a procedure is described for the direct
calorimetric determination of denaturation enthalpies for a protein in the presence of dena-
turing agents. The method has been applied to the reversible transition of lysozyme between
its native and unfolded configurations in aqueous SDS and DTAB solutions at 27 °C.

2 Materials and Method

2.1 Materials

Hen egg-white lysozyme was obtained from Sigma. Sodium n-dodecyl sulfate (SDS) and
dodecyltrimethylammonium bromide (DTAB) were purchased from Merck. Protein concen-
trations were determined from absorbance measurements at 277 nm in 1 cm quartz cuvettes.
The molar extinction coefficient of lysozyme was 7690 L·mol−1·cm−1. All other materials
and reagents were of analytical grade, and solutions were made in a 50 mmol·L−1 phosphate
buffer using double-distilled water.

2.2 Methods

The isothermal titration calorimetric experiments were performed with a four-channel com-
mercial calorimetric system (Thermal Activity Monitor 2277, Thermometric, Sweden), sim-
ilar to that reported earlier [24–29]. The titration vessel was made from stainless steel. A sur-
factant solution (30 mmol·L−1) was injected with a Hamilton syringe into the calorimetric
titration vessel that contained 1.8 mL of lysozyme solution (68 µmol·L−1). Thin (0.15 mm
inner diameter) stainless steel hypodermic needles, permanently fixed to the syringe, reached


