INTERNATIONAL ]OURNAI . OF
Biological
Macromolecules

STRUCTURE, FUNCTION AND INTERACTIONS

s

ELSEVIE International Journal of Biological Macromolecules 37 (2005) 28-34

www.elsevier.com/locate/ijbiomac

Identification of pitfalls in the analysis of heat
capacity changes @-lactoglobulin A

Annemarie M.M. van Teeffeleh Marcel B.J. Meinder?, Harmen H.J. de Jong#-*

aWageningen Centre for Food Sciences, Diedenweg 20, 6700 AN Wageningen, The Netherlands
b Wageningen University and Research Center, Wageningen, The Netherlands
¢ TNO Nutrition and Food Research, Zeist, The Netherlands

Received 27 July 2005; received in revised form 10 August 2005; accepted 10 August 2005
Available online 28 September 2005

Abstract

Information on changes in heat capacity() of proteins upon unfolding is used frequently in literature to understand possible follow-
up reactions of protein denaturation, like their aggregation propensity. This thermodynamic property is intrinsic to the protein’s archidecture a
unfolding and should be independent of the approach used to evaluate it. However, for many proteins, the reportedvé@lesrfoconsiderably.
To identify whether the origin of these discrepancies lies within the experimental approach chosen and/or in the too simplified unfolding models
used in the analysis of the data, we chopdactoglobulin A, a relatively small protein, but disputed for its two-state unfolding, and established its
AC, from tryptophan fluorescence, near-UV circular dichroism and differential scanning calorimetric measurements. In view of the large variation
for the obtained\ C, (between 3.2 and 104 0.8 kJ/(mol K)), it is evident that: (1) the sensitivity of different approaches to the structural changes;
(2) irreversibility of unfolding; (3) non-ideal two-state unfolding behaviour need to be considered prior to interpretation. While the firstisvo poi
can be addressed by using multiple approaches, the applicability of the selected unfolding behaviour for the analysis is often less easy to establis
In this work, we illustrate that by checking the wavelength-dependence used to detect protein conformational changes a tool is provided that give
a direct insight in the validity of the interpretation in these studies. An experimentally validated determinaticp aflows a more proper use
for the mechanistic understanding of protein denaturation and its follow-up reactions, avoiding pitfalls in the interpretation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (AG®) is positive, i.e. where the folded state prevails. For a
two-state system, the dependence\@i® as a function of tem-
Hyperthermophilic microorganisms have adapted to theiperature is typically parabolic, where the sum of all enthalpy
ambient temperatures in many ways. An important prerequieontributions to the globular stability determines the magnitude
site for survival under stress-conditions is that its proteins havef maximal stability, while the change in heat capacity between
to adapt their folding stability properties. On the one hand, theéhe folded and unfolded conformer affects the width of the curve
globular protein structure needs to be stable enough to resigtee e.g. Becktel and Schellm@j). An increase in heat capac-
proteolytic or chemical degradation, but on the other hand, foity upon protein unfolding originates from the ordering of polar
proper functioning, dynamic transitions from the native to moresolvent molecules around the newly exposed non-polar groups
unfolded states are essential. Structural stabilization, for exanin proteins that were originally buried in the core of the native
ple, by intensifying or extending the ionic network on the proteinstructure. Any residual structure in the unfolded state results,
surface, will also result in large activation energies for (partialtherefore, in a lowering of the change of heat capacity’y)
unfolding[1]. An alternative route is to widen the temperature-upon unfolding. A possible mechanism to achieve this is by
range, where the protein’s free energy change for unfoldingntroduction of intramolecular disulphides in the protein, since
these bonds reduce the conformational space in the unfolded
form significantly [3]. On the other hand, internal chemical
* Corresponding author. bonds may hinder a desired local flexibility and complicate the
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The presence of residual structure in denatured proteins has 3(AH)

been reported to impart directly any follow-up reactions, Iike,A p= 8(Tm) (3)
m

for example, in amyloid formationACp-values are generally
directly coupled to changes in accessible surface axés@)  Inthis case, a system-parameteris varied, like pH, ionic strength,
(see e.g. Gill and Wadg4]), and provides this information that Or other components that affect the solvent quality. This provides
can be used to develop mechanistic views on protein (un)folding series o\H's with correspondingm’s, from whichACp can
processes. Insight it Cp-values is desirable, not only for a be established from the slope of the relation.
better understanding of life science issues, for example, in under- Often, however, in literature, a single approach is selected for
standing the mechanisms behind protein aggregation diseaség¢ determination oA Cp without validation of its applicability.
but also to optimise the use of proteins in biotechnological appliThis work aims to re-establish the reported differenceA )
cations. for a single batch of3-lactoglobulin A and to illustrate how

In literature, many different Cp-values forB-lactoglobulin  pitfalls in the interpretation can be identified.
unfolding have been reported, varying between 5 and
12kJ/(molK) as the two most extremfs6]. In view of the 2. Materials and methods
above-described importance for the interpretation of this ther-
modynamic property, it is the aim of this work to study the origin 2 ;. paterials
of these discrepancies in more detail. To this end, a number
of tools described in literature to determingy, is evaluated. B-Lactoglobulin (b-Lg) was isolated and purified (>98%
Bovine milk whey proteing-lactoglobulin A is a relatively  pyrity) from fresh cow milk (A:B ratio 60:40) using the pro-
small protein (18.2kDa), and its structure and thermodynamigocol as described by de Jongh ef4b]. Separation of the two
properties have been well documentfi8]. This protein  genetic variants was performed on a Source 15Q column (Phar-
has, however, often been described to unfold via intermediatgacia) eluting the proteins in 20 mM bis-Tris (pH 6.0) buffer
states[9], while denatured proteins are well-known for their and using a 0-1 M NaCl gradient in 10 column volumes, and
aggregation tendend¢0]. Moreover, since at near neutral pH, detection of the proteins at 214 nm. The two variants displayed
this protein is dimeric, interference of the dissociation coupledy separation at baseline level. The pooled fractions were dialysed
unfolding (DCU) could be expectdd1,12] Together with the  extensively against demineralized water and stored4dt°C.
presence of a multiplicity of fluorescent chromophores, thiss-| actoglobulin A (b-LgA) had a purity >99% as demonstrated

protein is an ideal case to study the pitfalls in the interpretatiorhy SDS-PAGE analysis and capillary electrophoresis.
of ACp-values.

Direct measurement ok Cp, is complicated. Generally, two
indirect approaches are employed to estabfigl}-values for
protein unfolding. The firstis based on the determination 6f

by determining the fraction unfoldeg,) and folded £) protein 2‘2;5{'1és:/|’hermalt””ledi’rgt.exljerimems d by dissolving 1.1
using a spectroscopic tool as a function of a denaturant con- urea stock solution was prepared by dissolving .19

centration, like that of urea or guanidinium, using the following of urea/ml of phosphate buffer (composed of equal amounts of
equationg13]: a 20 mM NaHPO; and 20 mM NaHPQy; (pH 7.0)). A 100ul

of a protein stock solution (0.75mg/ml in 10mM phosphate
5 fu buffer pH 7.0) was diluted in 1.5 ml of urea-solution in phos-
AG” = —RT InK = —RTIn (ff) phate buffer, yielding final urea concentrations between 0 and
8 M. First, the samples were incubated at @Cfor at least 15 h,
and AG = AG(H,0) — m [denaturant] (1) a condition shown to be sufficient to reach an apparent equi-

h is th nd ) v d ined librium in fluorescence intensity (unpublished results). Prior to
whereR Is the gas constant antian experimentally determine measurement, the samples were incubated for at least 1 h in the

parameter. Performing these studies at various temperaturgs,,o, hath connected to the fluorescence cell at a selected exper-

allows one to construct the free energy envelope as describ‘?ﬁ\enttemperature (between 10 and'@3. After incubation, the

by Pace and Shajt4]: sample was transferred to a thermostatted 1 ml quartz cell. The
fluorescence emission was recorded between 300 and 400 nm
) using a Cary Med Eclipse (Varian) fluorimeter upon excitation
?) gt 295 nm using a scan speed of 100 nm/min and slit widths of
nm.

2.2. Fluorescence spectroscopy

m m

T T

where AH is the enthalpy change of the denaturation process

with a midpoint temperaturéy,. Determination oAH andTy,, 2.2.2. Thermal unfolding experiments

using, for example, differential scanning calorimetry, provides A 0.05mg/ml protein, containing 0-1.2 M urea, was prepared

then a data-set that can be analysed using&avith ACp as  as described above. The sample was heated from 15 t©C100

single fitting parameter. with a heating rate of 1 K/min. The fluorescence emission was
An alternative approach can be followed based on the definirecorded at 360 nm upon excitation at 295 nm using slit widths

tion (e.g. Pace and Laurerjfss]): of 5nm.
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