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EFFECT OF ETHANOL ON THE THERMAL STABILITY OF HUMAN
SERUM ALBUMIN

Anna Michnik” and Zofia Drzazga

University of Silesia, A. Chetkowski’ Institute of Physics, Department of Medical Physics, ul. Uniwerytecka 4
40-007 Katowice, Poland

The effect of ethanol on human serum albumin stability in aqueous solution was studied by use of differential scanning calorimetry.
A deconvolution of DSC traces in 2-state model with AC,=0 and AC,#0 was performed and analysed to obtain information on the
interaction of ethanol with different parts of albumin molecule both fatty acid containing and fatty acid free. The differences in etha-
nol binding affinity for both kinds of albumin were found. At very low concentrations ethanol was observed to be a stabilizer of the

folded state of albumin contrary to the higher concentration where its binding to the unfolded protein predominates.
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Introduction

The study of albumin—ethanol interaction has been vi-
tal to the understanding of how alcohols can affect bi-
ological processes, particularly these in which pro-
teins play an important role. It is known that the
structure of a protein dictates its biological activity.
The structure, stability and thus the function of pro-
tein can be altered by interaction with alcohol.
Two main effects of alcohols on proteins have been
reported: the destabilization of their tertiary structure
and the stabilization of the helical secondary struc-
ture [1]. These combined effects of alcohols may
induce partially folded intermediates.

Human serum albumin, that forms about 60% of
the mass of plasma proteins, is characterised by a re-
peating pattern of three a-helical homologous do-
mains numbered I, II, III, starting from the amino ter-
minus. Each domain is divided into two sub-do-
mains, A and B. At present, not only a detailed struc-
tural but also ligand-binding properties of albumin as
well as dynamic changes within its molecular struc-
ture have been relatively well known [2, 3]. Regard-
ing alcohol-albumin interactions, the direct binding
of ethanol to bovine serum albumin (BSA) has been
suggested [4] and ethanol induced transition from
B-sheet to an a-helical structure was reported for hu-
man serum albumin [5]. Recently it has been pro-
posed that the solvent-mediated effects are dominant
and the binding component is very small to the overall
interaction of trifluoroethanol with BSA [6]. From
differential scanning calorimetry (DSC) studies we
concluded previously [7] that ethanol promotes albu-
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min unfolding and decreases its thermal stability due
to the binding to the unfolded state of protein to a
higher degree than to the native state.

In current study we have used DSC to investigate
the effect of ethanol on the thermally induced unfold-
ing transition of human albumin. Taking into account
human physiology, the most interesting ethanol con-
centration range would be that which corresponds to
the values of blood ethanol concentration after the al-
cohol consumption, i.e. from about 0.1 to 0.5% v/v.
However, such low ethanol concentrations could
cause only very small modifications of albumin DSC
curves. The lowest ethanol concentration (1% v/v)
used in this study has resulted in hardly appreciable
changes. The ethanol concentration of tenth part of M
and the protein concentration of tens uM (suitable for
microcalorimetric measurements) lead to the etha-
nol/albumin molar ratio much greater than that which
can happened in human blood. Nevertheless, at simi-
lar supersaturated experimental conditions for the
binding of ethanol to albumin, the interesting results
on the effects of ethanol on HSA/warfarin interaction
have been obtained [8]. In this study, higher than
physiologically possible, but generally low (having in
mind denaturational consequences) ethanol concen-
trations were used to clarify the effect of ethanol on
albumin thermal unfolding. The thermal behaviour of
two kinds of albumin: fatty acid containing (HSA)
and fatty acid free (HSAf) in aqueous ethanol solu-
tions has been compared basing on deconvolution
analysis of DSC curves.
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Experimental
Materials and methods

Two kinds of human serum albumin: 1) containing
endogenous fatty acids (HSA, lot 111K7612) and
2) defatted (with fatty acid content below 0.0005%;
HSAT, lot 113K7601), essentially globulin free (pu-
rity minimum 99%) were purchased from Sigma.
DSC measurements were carried out for albumin con-
centration 2.25-10° M in the temperature range
20-100°C with the scan rate 1°C min ' by using the
ultrasensitive microcalorimeter (MicroCal VP DSC).
Albumin solutions were prepared by direct dilution of
the lyophilised protein with sterile water or etha-
nol-water solutions. The low ethanol concentrations
(up to 6% v/v) were applied to avoid general
conformational destabilization of the protein. 2—4 in-
dependent experiments for every ethanol concentra-
tion were done. pH of the albumin solutions 6.0£0.5
was not affected by addition of ethanol. All other
DSC experimental details were the same as described
previously [9].

Curves analysis was performed with MicroCal
Origin software. The signal obtained with the albu-
min solution was corrected for by the signal of an
identical solution without the protein and for the dif-
ference in heat capacity between the initial and the fi-
nal state by using a sigmoidal baseline.

Results and discussion
Effect of ethanol on albumin DSC curves

The effect of increasing ethanol concentration on
HSA and HSAf DSC denaturation endothermic peak
is shown in Fig. la and b, respectively. The HSA tran-
sition temperature 7}, (temperature at the maximum
excess molar heat capacity Cp, max) decreases with eth-
anol concentration increase. In the case of HSAf the
changes caused by ethanol are more complex. T},
shifts to higher temperatures up to 2% v/v ethanol and
subsequently, above this concentration, DSC curve
becomes clearly bimodal. The temperature of the
maximum of lower-temperature peak 7, decreases
successively with increasing ethanol concentration
while that of the higher temperature peak 7,,,; remains
practically constant up to 10% v/v (not shown here
but documented in earlier paper, where the effect of
higher ethanol concentration was investigated [7]).
An interesting effect of AC, diminution in the
presence of ethanol is visible in Fig. 1 (the post-tran-
sition heat capacity base lines move down with in-
creasing ethanol concentration). The disappearance
of AC, on unfolding in aqueous ethanol solutions can
be probably interpreted similarly to the case of
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Fig. 1 DSC curves for a — HSA and b — HSAf in the presence
of various concentration (in % v/v) of ethanol

ubiquitin in aqueous methanol [10] where a AC,, value
fell close to zero above about 30% v/v methanol.

Reversibility

The equilibrium criterion usually applied is the
reproducibility of the trace in a second heating of the
sample, the so-called calorimetric reversibility.
We checked (results not shown) that after scanning up
to 100°C the albumin unfolding transitions were not
reproducible on reheating a sample both in aqueous
and ethanol solutions. The reversibility was better for
HSA than for HSAf but not greater than 15%. Fig-
ures 2a and b illustrates the results of experiment done
for more detailed determination of the transition re-
versibility in 3% v/v ethanol. Both kinds of albumin
were successively heated up to 60, 70, 80, 100°C with
inter-scan cooling to 20°C. In Table 1 the percentage
reversibility (£3%) in water and 3% v/v ethanol solu-
tions has been compared. It should be noted that the
reversibility in pure aqueous solutions is somewhat
better than in aqueous—ethanol mixture.

Deconvolution analysis

The lack of reversibility and scan rate effects are the
features of DSC transition that restrict the application

J. Therm. Anal. Cal., 88, 2007
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of equilibrium thermodynamic to its analysis. Our in-
vestigations show that the denaturation of albumin is
only partly reversible, probably due to aggregation of
unfolded molecules at high temperatures. A slight
scan rate effect has also been found [11] indicating an
occurrence of some kinetic distortion. However, the
applicability of reversible thermodynamic to appar-
ently irreversible processes for the case of reversible
unfolding followed by a rate limited irreversible step
might be permissible as it has been previously dis-
cussed [12]. We find that the process analysed in this
study falls into this category of permissibility. Thus,
an attempt of DSC curve fitting in 2-state model was
undertaken. A deconvolution of HSA traces were per-
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Fig. 3 The curve fitting of HSA DSC profile for a — aqueous
and b — 3% v/v ethanol solution; 2-state model with
AC,=0

formed assuming AC,=0 and the three-component
transition. The same model has been applied success-
fully for the description of bovine serum albumin
(BSA) denaturation transition [9] and the three com-
ponents have been correlated to the domain structure
of albumin. The representative results of DSC curve
fitting in 2-state model are shown in Figs 3a and b for
HSA aqueous and 3% v/v ethanol solution, respec-
tively. The only visible differences are the narrowing
of two lower temperature peaks (decrease of HHW,
the width in half height) and decreasing of transition
temperature of the third peak. Figure 4 illustrates the
ethanol concentration dependencies of component
transition temperatures 7; and denaturation enthalpies
AH; (i=1, 2, 3). One can see an increase of 77 and 75
with increasing ethanol concentration but only up to 2

Table 1 Reversibility of HSA and HSAf denaturation process in aqueous and 3% v/v ethanol solutions after preliminary heat-

ing to different temperatures

Reversibility/%
HSA HSAf
7/°C water 3% v/v ethanol water 3% v/v ethanol
60 100 100 100 100
70 95 85 90 81
80 70 58 42 31
100 13 15 7 5
J. Therm. Anal. Cal., 88, 2007 451
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Fig. 4 The thermodynamic parameters (£tSEM) of the

three-component denaturation transition for HSA in
aqueous ethanol solutions obtained from 2-state model
with AC,=0 (circles, squares and triangles for I, IT
and III peak, respectively; open — transition tempera-
tures 7}, solid — AH,)

and 1% v/v, respectively. 753 remains constant in the
same ethanol concentration range. An increase of
transition temperatures with increasing ethanol con-
centration indicates ethanol binding to the native
form of albumin. At ethanol concentration above
2% v/v (0.3 M), all T; decrease with increasing etha-
nol concentration, pointing out ethanol binding to the
unfolded albumin molecules. The lack of essential
AH; changes (within the experimental errors) was ob-
served except a decrease of AH3 in 6% v/v ethanol.

It was not possible to obtain good fitting of
HSAf DSC curves in 2-state model with AC,=0 nei-
ther at assumption of two nor three components tran-
sitions, particularly in the case of aqueous ethanol

mixtures. We applied another 2-state model (also
available in MicroCal Origin software), with AC,#0.
The obtained results of fitting for HSA and HSAf in
aqueous and 3% v/v ethanol solutions are shown in
Fig. 5 and the corresponding thermodynamic parame-
ters: T, AH;, ACy; (i=1, 2, 3) accompanying the com-
ponent thermal transitions in the presence of increas-
ing ethanol concentration are presented in Figs 6a
and b. A pre-transition slope of 0.6 kJ mol™' °C? has
been obtained for the C, value of both albumins in
water and slightly higher for HSA in ethanol solu-
tions. The finding that the sum of three two-state tran-
sitions describes well denaturation of HSA suggests
that these transitions can be correlated with three al-
bumin domains. There are no essential differences be-
tween 7T; and AH,; values received in model with
AC,=0 and AC,#0 for HSA.

Based on the results presented in Figs 6a and b,
one can compare the effect of ethanol on nondefatted
and fatty acid free albumin. In the case of HSAf the
pronounced increase of 75 (5.6°C) is observed in the
presence of 0.3 M ethanol suggesting the ethanol
binding to the native albumin domain (or part) un-
folding in the middle temperature range. The maximal
T, and T, increase for HSA, indicating ethanol bind-
ing to the native state of two first albumin domains
(going from lower to higher temperatures), is only 2.1
and 2.6°C, respectively. It means the weaker binding
effect for HSA than for HSAf and confirms the
Avdulov et al. [4] suggestion about the interaction of
ethanol with fatty acid binding sites on albumin. Be-
cause a primary site for shorter-chain fatty acids is lo-

20 - 20 -
HSA HSAf
0 0%ethanol 0 0%ethanol
—20 204
40 40
—60 | ~60 4
- —80 - 80
& 100 ~100
‘Té 0. 20 30 40 S0 60 70 80 90 100 110 0. 20 30 40 50 60 70 80 90 100 110
2 o Soeethan 0]  ethanol
© 26
40 46
—60 60 :
-804 86 ’
100 106 ]
20 30 40 50 60 70 80 90 100 110 20 30 40 S0 60 70 80 90 100 110
Temperature/°C Temperature/°C

Fig. 5 The curve fitting of HSA and HSAf DSC profiles for aqueous (0%) and 3 v/v% ethanol solutions; 2-state model with

AC,#0 (— — experimental, - — theoretical curve)
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Fig. 6 The thermodynamic parameters (£tSEM) of the
three-component denaturation transition for a— HSA
and b — HSAf in aqueous ethanol solutions obtained
from 2-state model with AC;#0 (set of columns from
left to right for each ethanol concentration corresponds
subsequently to: 7y, 75, T5 (in °C), AH,, AH,, AH; (in
10 kJ mol ™), AC,1, ACpa, ACps (in kJ mol ™' °C™)

cated in subdomain IIA [3], it is probable that ethanol
binds favourably to this site.

At the higher ethanol concentration (above 0.3 M)
all 7; for HSA and T, for HSAf decrease due to the
binding of ethanol to the unfolded parts of protein. The
denaturation enthalpies corresponding to component
transitions I, I1, III increase with theirs increasing tran-
sition temperatures in aqueous as well as in ethanol so-
lutions in the case of HSA while for HSAf, all AH; are
very similar. The interpretation of the results for HSAf
is difficult due to the bimodal character of unfolding.
For a mixture of protein plus ligand one might observe
in DSC endotherm two peaks corresponding to
ligand-bound and free protein, particularly in the case
of very tightly binding ligands [13]. Because the bind-
ing of ethanol to albumin is rather weak [4, 7], in this
case the bimodality may arise from the separate un-
folding of different fragments of albumin molecule and
ethanol binding to both native and unfolded state of al-
bumin with different affinities. At high concentration
ethanol may cause the loosening of defatted albumin
structure acting as denaturant. The unfolding of more
expanded molecule may proceed in wider temperature

J. Therm. Anal. Cal., 88, 2007

range and can be bimodal. The similar bimodal charac-
ter of defatted bovine serum albumin appearing also in
aqueous solutions at certain pH and ionic strength was
discussed earlier [9, 14].

The heat capacity change of protein unfolding
AC, provides us with important information about the
changes of exposure of polar and non-polar amino ac-
ids residues to the aqueous solvent [15]. This is dem-
onstrated in Fig. 6 that AC,,; is positive for both HSA
and HSAf, practically does not depend on ethanol
concentration up to 2% v/v and slightly increases
above this concentration but only for HSAf. AC,; is
positive in aqueous solution, close to zero for HSA
and negative for HSAf in ethanol solution. ACy; is al-
ways negative. The heat capacity of a system depends
on the number of excited states that are thermally ac-
cessible under the prevailing conditions. Its value is
different for a solution in which water is free com-
pared with one in which it is interacting with a
biomolecule. The heat capacity increases when ther-
mally labile water structuring occurs around dis-
solved non-polar groups while dissolution of polar
groups causes a substantial decrease in heat capac-
ity [10, 16]. It is difficult to dissect the various contri-
butions to the AC, from the folded and partially
folded structures themselves and from the changes in
solvent ordering around non-polar and polar groups.
The present data do not permit more detailed analysis
of the particular AC); values, however the conclusion
that differences between HSA and HSAf thermal un-
folding in the presence of ethanol occur, may be
drawn out. Particularly, the differences concern the
middle temperature component transition which is
probably connected with the unfolding of central (II)
albumin domain.

Conclusions

The results suggest that at the very low concentration
ethanol is a stabilizer of the folded state of albumin
due to its binding to the native state of protein. The
maximal increase of transition temperature, greater
for HSAf than for HSA, has been observed for the
middle albumin domain after addition of 0.3 M etha-
nol. A primary site for short-chain fatty acids located
in subdomain IIA may be considered as preferred
binding site for ethanol. At higher concentration,
above about 0.5 M ethanol acts as denaturant, binds to
unfolded state of albumin and decreases its stability.
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