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Abstract

The stability of human serum albumin (HSA) is studied before and after incubation with glucose utilizing differential
scanning Calorimetry (DSC) and circular dichroism (CD) techniques. The incubation of HSA with glucose results in its
nonenzymatic glycosylation that is glycosylated HSA (GHSA) formed in glucose concentrations (8.25, 16.5 and 27.5 mM) in a
temperature dependent manner. The DSC profiles of GHSA samples, which indicate changes in heat capacity C,, and C;***
versus temperature, were obtained and the thermal denaturation reversibility of each sample was assessed up to 80 °C. The
melting point (7,,), the change of enthalpy, and the heat capacity for GHSA at different glucose concentrations were obtained.
The results showed that glucose at lower concentrations induces the destabilization of HSA while at higher concentrations
induces its stabilization. In addition, considerable conformational changes in HSA were observed after incubation with glucose.
This was demonstrated through deconvolution of DSC profiles that imply the formation of new energetic domains, which were
further confirmed by the presence of o-helices in the CD spectrum. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction 60% of the plasma protein. It is the major contributor
to the oncotic pressure of blood [1]. In addition, it has

Human serum albumin (HSA) is a single chain been reported that albumin is chiefly responsible for
polypeptide of 585 residues, which comprises about the maintenance of blood pH [2,3]. In human, the

albumin is synthesized by the liver [4] and posses a
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spectrum of ligands. These include inorganic cations,
organic anions, various drugs, amino acids, and per-
haps most important and physiologically available
hydrophobic molecules such as bilirubin and fatty
acids [1,7,8].

There is a large body of evidence that under phy-
siological conditions, glucose reacts nonenzymati-
cally with a wide variety of proteins to form Schiff
bases which then transform to Amadori products that
are relatively stable [9-13]. The nonenzymatic gly-
cosylation of HSA has been demonstrated to alter its
conformation and function [1,14].

The interaction between HSA and glucose has been
studied utilizing a variety of techniques. The study of
conformational and functional changes of HSA after
interaction with glucose by fluorescence techniques
showed two phenomena. The first is the reduction of
fluorescence intensity and the second is a shift in A at
maximum intensity of emission toward lower wave-
length. This implies that conformational changes have
occurred. Alterations in the binding affinity of HSA
for some ligands before and after interaction with
glucose indicates functional changes due to glycosy-
lation [1].

Determination of the glucose exclusive binding
sites on HSA was studied precisely via boronic acid
affinity chromatography and amino acid analysis tech-
niques [15]. In this study, it was declared that Lys 525
is the more preferential site for glucose binding to
HSA when compared to other lysine residues (there
are 60 lysine residues in HSA). Another site that
becomes glycosylated on HSA is Lys 199. Its e-amino
group has a pK, of about 8-8.7, whereas the other
lysines’ e-amino group are likely to have a pK, value
near 11. The lower pK, should favor the reaction of the
amino group with glucose, and in each case the
reactive amino group must be uncharged in order
for glycosylation to occur [15]. Therefore, other lysine
residues do not participate in chemical modifications.

Early studies have shown that nonenzymatic gly-
cosylation occurs only at e-amino groups of lysine
residue in serum albumin [16,17]. In addition, some
percentage of human albumin in serum is naturally in a
glycosylated form. Depending on the technique uti-
lized, this percentage varies, i.e. 615 [18] or 10-12%
[15] were reported by chromatography, 8-16% by
Thiobarbituric acid (TBA) assay [19], 28% by HPLC
methods [20], and 29% by radiolabled technique [21].

The interaction of some ligands with HSA and
GHSA have also been examined. The aspirin binding
to HSA varied when compared to GHSA. A reduction
in the binding affinity to GHSA was observed [18].
Interaction of bilirubin and long chain fatty acids are
also affected after nonenzymatic glycosylation of
HSA. The affinity of binding (K) decreases signifi-
cantly, for example equilibrium constant of binding
(K) for fatty acid to HSA is 20-fold of the binding to
GHSA [17,18]. Similar results were obtained for
salicylate binding [22].

Incubation of glucose with HSA in solution for a
long period of time (at least 10 days) causes another
phenomenon, namely over-glycosylation. The glyco-
sylated lysine residues of two neighboring chains of
HSA interact with each other in an irreversible man-
ner. This product is stable and is known as advanced
glycation end product (AGE), which relates to the
diabetes complications [23,24]. This effect causes
crosslinking of GHSA, hence, influencing its normal
functions. The AGE effect is one of the major causes
of the chronic illness and high mortality associated
with diabetes [25,26].

Almost all of the studies described above lack a
thermodynamic point of view of glucose interaction
with HSA. The main goal of the studies described here
is to determine the thermodynamic changes that are
associated with glycosylation of HSA and the inter-
pretation of its conformational changes.

2. Materials and methods

B-p(+)-Glucose was analytical grade and purchased
from Sigma. Membrane filters with 0.2 um pore size
and 25mm in diameter were purchased from
Whatmann (UK). All of the other materials were of
analytical grade and purchased from Merck (Germany).
All solutions were prepared with double distilled water.

2.1. HSA preparation

Cohn albumin fraction V was prepared from normal
adults serum and was further purified by preparative
HPLC (Beckman, reverse phase, C4 column: 21 mm X
250 mm, pump model 125, UV-detector model 168,
USA). The preparation showed 97.3259% purity of
monomeric form when tested by analytical HPLC
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(Knauer type 6400, Tosohaas SK gel-3000, Japan) and
electrophoresis (Ciba Corning-710, Germany) (data is
not shown). The experiment was tested to compare our
prepared fraction V with sample fraction V from
Sigma. The results were markedly consistent with
Sigma fraction V (data is not shown). Since our goal
was the study of nonenzymatic glycosylation of
HSA at physiological conditions therefore we chose
the albumin fraction V. Analytical reversed phase
HPLC was performed on a Vydac C4 column (5 u,
300 ;\, 4.6 mm x 250 mm; buffer A: 0.1% triflouroa-
cetic acid (TFA) in water, buffer B: 0.1% TFA,
acetonitrile/water 4:1 v/v, flowrate: 0.8 ml/min, detec-
tion at 215 nm, gradient: 0—100% B in 30 min, injec-
tion volume: 20 pl; concentration: 1 mg/ml, retention
time: 24.7 min). Preparative purification of Cohn
albumin fraction V was carried out on a Vydac C4
column (21 mm x 250 mm; flow rate: 8 ml/min) with
the same method.

An amount of 2 ml of stock protein solution was
dialysed against sodium phosphate buffer 2.5 mM, pH
7.4 at 4 °C for 72 h. The protein concentration was
determined spectrophotometrically (by UV-3100,
Shimadzu, Japan), using e!% =53 at 280 nm [12].

Under sterile conditions, four separate samples of
protein solution at concentration of 0.6 mM (40 mg/
ml) were prepared (in 2.5 mM phosphate buffer, pH
7.4). In four cleaned glass tubes, three of which
containing glucose at following concentrations:
8.25, 16.5 and 27.5 mM and one with no glucose.
The samples were incubated at 37 °C for 1 week, and
then prepared for differential scanning calorimeter
(DSC) and circular dichroism (CD) studies. The pro-
tein concentrations utilized for DSC and CD were at 2
and 0.15 mg/ml, respectively.

DSC experiments with 0.328 ml cells were carried
out in a computer-matched Scal-1 (Russian Academy
of Science, Pushchino, including Scanscal, Wscal,
Scal-2 software programs). Circular dichroism
experiments were carried out in a computer-matched
Jasco-J715 Spectropolarimeter (Japan) in the range of
185-250 nm at 310 K that includes a thermal unit.
Thermally induced unfolding was assayed at 222 nm
in the range of 25-90 °C. The molar ellipticity was
determined as

_ 0; x MRW
o cxl

(6]

where c is protein concentration in mg/ml and / is the
length of the light path in the cell, 8, is the measured
ellipticity in degrees at wavelength 4, MRW is the
averaged molecular weight of an amino acid residue,
taken as 116.4 [27].

2.2. Thermal denaturation

Thermal induction of unfolding was assayed by
DSC technique. Calibration of the instrument was
carried out automatically using Wscal software
through the input calibration pulse of 25 pW. In this
manner, the calculated sensitivity for the instrument
was equal to 21.53 nW/unit.

Determination of the linear dependence of tempera-
ture on the signal magnitude was performed in the
temperature range of 25-85 °C using Scanscal pro-
gram. The calculated parameters was saved and used
as a calibration file during the thermal scanning.

The measuring heat capacity of protein samples
(C,) versus temperature (T) as described previously by
Privalov and Potekhin [28]. The scan rate was 1 K/min
at a constant pressure of 2 atm over the liquids in the
cells. The heat capacity difference of the cells (in
which one of the cells is loaded with protein solution
to be studied and the other with solvent, containing all
the constituents of the sample solution except for the
protein, i.e. buffer + glucose as the reference solvent)
was measured by the compensation method: the con-
troller automatically monitors the power in the electric
heaters of both cells to maintain identity of their
temperatures at heating, and the difference of these
powers is recorded as a temperature function [28]. The
differential electrical power between the two cells was
normalized using the scanning and the electrical cali-
bration of the calorimeter to obtain a curve of the
relative heat capacity (C,) versus temperature (7). The
calorimetric data were corrected according to Sturte-
vant equations to obtain finally the excess heat capa-
city profiles for calculation of the differences in heat
capacity between the initial and the final state and the
melting enthalpies [29-32].

The thermodynamic parameters were obtained as
described in [27,28,33-39]. The total change of
enthalpy of the system can be obtained by measuring
the area under thermogram (C, versus T profile)

AHora = fT?"Cp dt) where T, and Ty are the initial
and final temperatures that, contain the change of
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enthalpy of native ( fTT Cy dT) and denatured
TTf (O dT) form and transition phenomena at tem-
perature T (AHp) therefore, for every temperature (7)

we can write
Ty
AH = / C,dr )
T,

or

T Ty
AH o1 = AHp(T) + / CydT + / CYdT ()
Ti T

where C)Y, C) are the heat capacities of protein at
native and denatured state respectively, if we rearrange
Eq. (1) for T, then we will have

T Ty
AH = AH(Tw) + / Cydr + / cydr - (3)
ﬂ m
where AH(T,,) is the change of enthalpy due to
denaturation of protein at melting point (7,,). By
ordering the Eq. (2) and combining it with Eq. (3),
we can obtain

Tm
AH(T) = AH(T,) — | AC,dT (4)
T
where
AC, =C) - C) (5)

is the slope of AH(T) diagram.

3. Results
3.1. DSC results

Figs. 1-3 show the variation of C7**** of HSA
versus temperatures when incubated with different
concentrations of glucose, 8.25, 16.5 and 27.5 mM,
respectively. The reversibility of thermal denaturation
of the samples up to 80 °C was assayed by rescanning
after cooling the sample that was previously scanned
thermally. Also, they contain the deconvolution results
of thermal profile (deconvolution of excess heat capa-
city into sequential two-state transitions was carried
out in upward direction (from low to high temperature)
by utilization of Scal-2 software. The resulting decon-
volution parameters were optimized by the fitting
program of the related software. The calculated fitting

error for all of the samples was less than 0.015) that
present energetic domains with special T, and
enthalpy of unfolding (AH,,) as shown in Table 1.
The thermal denaturation profile of HSA in the
absence of glucose was reversible up to 75 °C but
irreversible above 75 °C (data was not shown). There-
fore, the denatured line was not accessible and it is
impossible to obtain the deconvolution profile for
HSA in the absence of glucose. It is important to note
it was previously reported in literature regarding HSA
alone, this process did not allow to obtain the C,
values of the unfolded state, therefore the thermogram
was obtained by heating the protein up to 74 °C and
the C, values of the denatured form was obtained by
simulation using non-linear regression fitting of data
[31,32].

Figs. 1-3 show thermogram of C;***** versus tem-
perature for HSA in the presence of glucose at dif-
ferent concentrations. Fig. 1 demonstrates a small
shoulder (320-325 K) for initiation of compactness
in a part of the protein in the presence of 8.25 mM
(150 mg/dl) glucose. Fig. 2 shows two main peaks that
imply two distinct parts for HSA in the presence of
16.5 mM (300 mg/dl) glucose, which unfold sepa-
rately. After deconvolution, it reveals five energetic

Table 1

Data information for human serum albumin after interacting with
glucose at concentrations such as: 1.5 mg/ml (8.25 mM, including
D1-D3), 3mg/ml (16.5mM, including E1-E5) and 5 mg/ml
(27.5 mM, including F1-F4) at 2.5 mM phosphate buffer, pH 7.4
at 37 °C for 1 week

Domains AH (kJ/mol) T (K) AC, (kJ/mol K)
D1 254.2 326.5 —
D2 431.8 334.2 -
D3 395.9 338.5 -
Total 1081.9 335.68 88.4
El 2124 302.4 -
E2 226.9 312.4 —
E3 186.6 3259 -
E4 424.3 334.5 —
E5 336 3393 -
Total 1386.2 335.38 83
F1 240.7 306.4 —
F2 2754 316.2 -
F3 277.9 325 -
F4 452.6 334.7 -
Total 1246.7 3345 39
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Fig. 1. Thermogram of human serum albumin (HSA) in the presence of 8.25 mM glucose and is incubated at 37 °C, in 2.5 mM phosphate
buffer for 1 week. Subpeaks (D1-D3) were obtained by deconvolution of C7**** profile.

domains (subpeaks E1-E5). In this case, the denatura-
tion of glycosylated human serum albumin (GHSA)
occurred with five states and the melting point (7},)
and the enthalpy of melting of each domain (AH,,)
were obtained and shown in Table 1.

Fig. 3 also shows two distinct peaks for HSA in the
presence of 27.5 mM (500 mg/dl) glucose. This implies
that the denaturation of each part occurred at different
temperatures among the four energetic domains (sub-
peaks, F1-F4) with value of T,,, and AH,,, (see Table 1).

3.2. CD results
The far-UV CD spectra of HSA in the absence and

the presence of different glucose concentrations are
presented in Figs. 4 and 5. As evident, the spectra are

typical for a-helices with two minima at about 208 and
222 nm. According to Fig. 4, in the presence of
8.25 mM glucose, (Fig. 4a) the content of a-helices
decreased, but treatment with a higher concentrations
of the glucose 16.5 mM (Fig. 4d) led to an increase in
the extent of secondary structure. However, treatment
with 27.5 mM glucose (Fig. 4c) led to a decrease in the
content of a-helices in comparison with 16.5 mM and
increase relative to alone HSA (Fig. 4b). To collate the
thermodynamic and structural data, we took the melt-
ing curves for HSA in the absence or presence of
different glucose concentrations, i.e. the CD versus
temperature in the far-UV (222 nm) (Fig. 5).

Fig. 4 shows the far-UV CD spectra of HSA in the
range of 185-250 nm in the absence or presence of
different glucose concentrations (8.25, 16.5 and
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Fig. 2. Thermogram of human serum albumin (HSA) in the presence of 16.5 mM glucose and is incubated at 37 °C, in 2.5 mM phosphate
buffer for 1 week. Subpeaks (E1-E5) were obtained by deconvolution of C;***** profile.

27.5 mM), at 37 °C. The results were expressed as
molar ellipticity, [0]; (degree cm? dmolfl), based on
the average amino acid residue molecular weight
(MRW). Therefore, the sample with 16.5 mM glucose
has more secondary structure (o-helices) than other
samples.

Fig. 5 shows the variation of molar ellipticity of the
cited four samples versus temperature in the range
of 25-90°C. The CD thermal profiles, including
16.5 mM glucose (Fig. 5d), showed a higher right
hand shift relative to other glucose concentrations
indicating that the protein is more stable under this
condition relative to other conditions. Thus, the higher
stability of HSA in the presence of 16.5 mM glucose
corresponds with an increase in o-helices in the sec-

ondary structure, which correlates with DSC results
(E3, Fig. 2).

4. Discussion

The human serum albumin was incubated with
different concentrations of glucose, 8.25 mM (150
mg/dl, the condition of initiation of diabetes mellitus),
16.5 mM (300 mg/dl, the condition of general diabetes
mellitus) and 27.5 mM (500 mg/dl, the condition of
acute diabetes mellitus). It is evident that as the
glucose concentration increases the binding of glucose
to HSA is enhanced, that is more amount of HSA is
glycosylated.
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Fig. 3. Thermogram of human serum albumin (HSA) in presence of 27.5 mM glucose and is incubated at 37 °C, in 2.5 mM phosphate buffer
for 1 week. Subpeaks (F1-F4) were obtained by deconvolution of C;**** profile.

HSA, has three nearly equal domains (convention-
ally referred to as I, II and III). Furthermore, each
domain is divided into two near symmetrical subdo-
mains named A and B [40,41]. The X-ray crystal-
lographic data and the three-dimensional structure of
HSA showed two distinct segments. One extra com-
pacted segment as the head of HSA molecule, which is
the result of intermolecular interactions of IA, IB and

ITA subdomains. Whereas another segment, the tail of
the molecule, is more extended than the head part and
contains IIB, IITA and IIIB subdomains. The stability
of the tail is less than the head part and has a loose
conformation when compared to the head region
[40,41] (see Figs. 2 and 3 from references [40,41],
respectively). The Trp 214 is conserved in mammalian
albumins and plays an important structural role in the
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Fig. 4. The molar elipticity of human serum albumin (HSA) vs. wavelenghts, (a) 8.25 mM glucose, (b) in the absence of glucose, (¢) 27.5 mM
glucose, and (d) 16.5 mM glucose and in 2.5 mM phosphate buffer, pH 7.4 at 37 °C after 1 week incubation.

formation of the ITA binding site by limiting the
solvent accessibility. In addition, it participates in
additional hydrophobic packing interactions between
ITA and IIIA interface. This is the reason that HSA
takes the heart shape [41]. The complete X-ray con-
formational structure, including the six subdomains, is
demonstrated in [40,41].

The studies of energetic domains (D, E and F) of
GHSA with more detail were performed by DSC and
CD techniques. The deconvoluted profile of DSC for
GHSA (8.25 mM) showed three energetic domains
(Fig. 1). The interaction of glucose with HSA com-
pacts some part of the structure. Glucose interacts with
Lys 525 at first (placed in IIIB) imposing the shoulder
(around 324 K). This demonstrates a decrease in
interaction of IIIB with its neighboring subdomains.
There is higher thermal stability for subdomains of A

relative to subdomains of B. This is due to each
subdomain of A having two more s—s bonds as well
as more o-helices relative to each subdomain of B. On
the other hand, subdomains of IB and IIB fenced by IA
and IIA, and IIA and IIIA, respectively [40,41] (see
Figs. 2 and 3 from [40,41], respectively). Therefore,
the subdomain of IIIB having more freedom related to
subdomain of IIB and unfolds thermally first, hence,
the subpeak of D1 is related to IIIB. In addition, there
are six almost equal subdomains for HSA and the AH,,,
for D1 (254 kJ/mol) shows a value of near to one-sixth
of total AH of denaturation (1082 kJ/mol). Precision
of T,, and melting enthalpy values which have been
determined for each thermal profile was confirmed
through the double repeating of the experiment with
the new injection of the sample and reference solu-
tions into the related cells of the instrument.
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Fig. 5. The molar elipticity of human serum albumin (HSA) vs. temperatures, at wavelength of 222 nm, (a) 8.25 mM glucose, (b) in the
absence of glucose, (c) 27.5 mM glucose, and (d) 16.5 mM glucose in 2.5 mM phosphate buffer, pH 7.4 at 37 °C after 1 week incubation.

The values of enthalpy and T}, for D3 (Fig. 1) are
equal to 395 kJ/mol and 338.5 K, respectively. The D3
corresponds to subdomains ITA and IITA. The ITA and
IITA subdomains have powerful hydrophobic interac-
tions between their interface [41] contributing to the
higher stabilization of their structure (higher 7). The
subpeak of D2 belongs to IA, IB and IIB. However, I[IB
is restricted by III and IA via their powerful hydro-
phobic interactions, and IA and IB are placed at
compacted head region. Therefore, the thermal unfold-
ing of D2 must be higher than D1, but less than D3.

When glucose concentration is increased to
16.5 mM, the corrected DSC profile demonstrated
two distinct physical peaks, or its C;**** profile has
two phases (Fig. 2). Thus, the thermal denaturation of
different segments of GHSA under this condition
occurs at two distinct phases with less co-operativity

between them (compared to Fig. 1) [32]. The first peak
is connected to a certain rearrangement, as a result of
which it becomes more compact and its capacity for
intramolecular interaction changes [35]. This impor-
tant observation was also noted with CD technique.
As evident, temperature dependencies of the CD
elipticity was not sigmoidal (S-shape) which is not
a characteristic of cooperative ‘“‘all-or-none” melting
process. This confirms with the calorimetric results
and shows that the hydrophobic interactions between
the tail (via ITIIA) and the head (via IIA) of HSA were
decreased after incubation with glucose. This is per-
haps due to the ability of glucose to compact the
subdomains via binding to HSA and/or alterations
in physical properties of the surroundings. Therefore,
the thermal denaturation of the tail and the head parts
of GHSA molecule appear more distinctly. The result
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of interaction of the glucose with HSA is the com-
pactness of the subdomains that take part in these
interactions. Thus, after glycosylation of HSA inter-
subdomains interactions were reduced. This is the
reason for reduction in co-operativity between the head
and the tail parts in thermal denaturation and also a
more clear distinction between energetic domains were
observed. The deconvolution of C;*** profile of GHSA
(16.5 mM) introduces two energetic domains at the tail
part, two energetic domains at the head part and one
small subpeak (E3) that is common between the two
parts (Fig. 2). The latter suggests that in this situation
the protein obtains a new structure, o-helix, which is
confirmed by the CD results. Thus, the interactions
between the tail and the head do not diminish comple-
tely. According to conformation of subdomain A, that
was reported by crystallographers, it has two extra
disulfide bridges and two additional stable a-helices
when compared to subdomain B [41]. The subpeaks of
El and E2 relate to IIB and IIIB subdomains, respec-
tively. Since both subdomains IIB and IIIB are placed at
the tail part and both having nearly the same structure.
However, IIIB has a specific site for glucose that
increases its stability in a manner of T, (see Table 1).
The subpeak E4 is specified to IIIA and IB subdomains,
because of the hydrophobic interactions between ITA
and IITA subdomains mediated by increased interac-
tions with glucose. Here, the structural stabilization of
IIIA is reduced (7, is reduced to 334.5 K) that corre-
sponds to the T, of IB. Finally, ES belongs to IA and ITA
because of more compactness of the head part, IIA that
contains Lys 199 (the second site of glucose binding)
improving the stability of the head part. The increment
of AH of unfolding in this case corresponds to the CD
results that includes the presence of more helices.
The C;*** profile for interaction of HSA with
glucose at 27.5 mM (Fig. 3) shows two portions of
thermal denaturation than in Fig. 2. This implies that
hydrophobic interactions between the tail and the head
are disrupted at this glucose concentration. The co-
operativity between the tail and the head decreases due
to increasing concentration of glucose. Deconvolution
of C;**** shows three subpeaks at the tail and one
subpeak at the head. According to X-ray crystallo-
graphy data, the DSC deconvoluted peak analysis
shows three subpeaks (subdomains) for the tail and
one for the head. The subpeaks of F1-F3 belong to
IIB, IIIB and IIIA, respectively since at tail part IITA

has higher stability and IIIB is more stable than IIB
due to binding of glucose at Lys 525. Finally, the F4
relates to the extra compacted head part of HSA in the
presence of glucose that includes IA, IB and ITA
subdomains. In this circumstance the hydrophobic
relation between the head and the tail was separated
completely.

In summary, our results show the hydrophobic
interactions between IIA and IITA subdomains that
prepare the heart shape for HSA, having an effective
role on stability of IITA subdomain. Since this relation-
ship diminishes considerable at 16.5 mM glucose
concentration and disrupts at 27.5 mM glucose
concentration, the T, of IIIA reduces from about
338-325 K. Furthermore, this interaction prepares a
suitable situation for creation of ligand binding sites at
ITA subdomain. Thus, after glycosylation of HSA in
diabetic patients the affinity of many ligands must be
altered inevitably, especially the ligands that corres-
pond to this site such as aspirin and long chain
fattyacids. It is important to note that after glyco-
sylation of HSA the affinity binding of long chain
fattyacids is reduced considerably by one-twentieth
[1] and for aspirin by half [19]. Although the binding
sites (Lys 199) [1,15] are minimally occupied by
glucose, it is the conformational changes that occur
upon glycosylation which has the main impact. This is
perhaps true for other HSA ligands and it is very
important for diabetic patients that should be consid-
ered.

We can conclude that the conformational changes
were occurred due to incubation of HSA in the pre-
sence of glucose at different concentrations. The
decrement of secondary structure (o-helices) accom-
panying with lower stability were happened at low
glucose concentration (8.25 mM) while the increment
of a-helices concomitant with higher stability induced
at higher glucose concentrations (16.5 and 27.5 mM).
The interaction of HSA with glucose reduced the
interrelationship of subdomains in the tail while the
head becomes more compacted.
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