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Molten globule state of human serum albumin in urea
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Preferential interaction and hydration parameters of
human serum albumin (HSA) as a function of urea
concentration in the entire solubility range are obtained
by partial specific volume measurements. At lower
concentrations (<2 M) of urea, HSA exists in a molten
globule state with an unusually hydrated structure and
increased Stokes radius. Differential mechanism of
interaction of urea at low and high concentrations with
HSA exists. This is in tune and conformity with the

first observation made by Prakash and Timasheff for
other proteins.

Tue role of classical protein denaturants such as urea
and guanidine hydrochloride has always been one tran-
sition of the native to denatured state. But in this large
concentration of the denaturants, there are many inter-
mediates that exist, which are identified and charac-
terized'. One of the main difficulties in experimental
investigations of folding and unfolding of proteins is
the reliable identification and structural description of
the intermediate state/s. But what interests the authors
is — at very low concentration of denaturants what kind
of intermediates are formed? How stable are they? What
is the relevance of such intermediates to molten globule
state? Hence it was thought to investigate especially in
urea the fate of human serum albumin (HSA) at low
concentration of this denaturant as the availability of
the data has been scantier and few references have
shown that such intermediates are possibly existing.
Urea is a denaturant which can bind to proteins,
reversibly in many cases and is exploited to understand
the mechanism of protein folding. Although considerable
progress has been made in experimental studies of the
folding and unfolding, our knowledge is limited by the
difficulty in obtaining structural and kinetic data of
folding intermediates in solution or through crystal-
lographic studies., Hence more detailed studies are needed
to understand the role of solvent and solute with proteins
in solution. In this direction, numerous studies have
dealt with the behaviour of different proteins in urea
solution, but the total mechanism of interaction of urea
with proteins is poorly understood. |
To understand the forces governing the formation
of three-dimensional architecture of proteins from
the primary structure, studies were focused on the
characterization of denatured structure and unfolding/
refolding intermediates under several non-native con-
ditions such as high 1onic strength, extremes of pll, or-
ganic solvents, temperature/pressure variations and mild
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denaturant conditions®. In this direction, efforts were made
to look for the solution behaviour of HSA in urea.

Stabilization of proteins at lower concentration of urea
has been of major concern today, with many reports
showing the urea-induced stability of a variety of proteins
with many different experimental approaches’*. These
intermediates in the protein unfolding pathway include
molten globule state which is characterized at low con-
centration of urea’. But none of these reports precisely
establish the mechanism of interaction of urea at low
concentration with proteins including its relevance in
forming molten globule structures. There were few evi-
dences where many multimeric seed proteins aggregate
at low concentration of urea exhibiting the molten globule
properties. In this context it was important to obtain
quantitative preferential interaction data and structural
properties of HSA in the entire solubility range of urea.

However, the interaction of urea at low concentrations'®
has been shown for the first time by Prakash and
Timasheff'? that there are two kinds of interactions,
namely initially one that is dominated by preferential
hydration at low concentration later, normal preferential
interaction overrides'’. This has been shown in case of
RNase and lysozyme'”.

Preferential interaction of urea and volume changes
in proteins are the subject matter of study in a number
of proteins establishing mechanism of denaturation'"!?,
However, the interaction of urea with HSA at lower
concentrations is not clear. Free energy of stabilization
of proteins in denaturants i1s commonly calculated using

the two state model N==U and the role of Wyman

linkage in such a path and also assuming the linear
dependency of AG_, with denaturant concentrations'™"".
However, it is observed that the linear extrapolation of
AG,, to lower concentrations (<2 M) of denaturants
was not fitting into linear equations as it fits in at
higher concentrations'®. There are few evidences"” to
show that the mechanism of interaction of urea at lower
concentration seems to be different compared to higher
concentration. It was also observed as hydrophobic in-
teraction in the case of multisubunit proteins, where il
aggregates at a narrow range of lower concentration of
urea’”. In the case of HSA, the effect of low concentration
of urea has been studied to understand the phenomena of
intermediate/s, especially from the point of view of hydration
and volume changes. Urea—HSA interaction system is studied
at lower concentration of urea, using preferentiad interaction
parameters and chromatographic techniques. The data at
hicher concentration of urea is also denved to explamn the
structoral state of FISA in these concentrations of ure.
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Methodology
Materials

Human serum albumin, Cohn fraction V (essentially
fatty acid free, lot 42 H9313) and urea (83 F0483) were
obtained from Sigma, USA. HSA was passed through
Sephadex G-100 and the separated monomer was dialysed
against triple glass distilled water at 4°C for 24 h and
checked for homogeneity. The urea solutions were pre-
pared according to standard procedures?'?%, Dialysis mem-
brane was obtained from Spectrum, USA. The buffer
salts were of analytical grade obtained from Merck India
Ltd, Mumbai, India. Triple glass distilled and deionised
water was used 1n all the experiments.

Preferential interaction of urea

Preferential interaction parameters were obtained from
densimetry method using Anton Paar DMA-58 ultra-
precision densitymeter at 20 £0.01°C according to stan-
dard procedures®>**, The data was analysed for thermo-
dynamical parameters using a three-component system:
water, protein and denaturant as components 1, 2 and

3 respectively, following the standard notations®%.

Size-exclusion HPLC studies

HPLC experiments were carried out using a Shimadzu

L.C-RA series chromatographic system with a SPD-6AV
ultraviolet detector. A Progel-TSK, G2000 SWXL
(300 x 7.8 mm) (Supelco) column was pre-equilibrated
with buffer containing specific concentrations of urea
before loading the protein. HSA dissolved in buffer
containing spectfic concentrations of urea and dialysed
against the same for 24 h at 10°C. The dialysed samples
were centrifuged at 10,000 rpm for 1 h at 10°C before
loading on to the column and the exact protein concentration
in urea was determined with appropriate corrections for
molar absorption coefficient of HSA. In all the experiments,
50 ul of HSA of concentration 20 mg/ml and a flow rate
of 1.5 ml/min was used. The Stokes radius of HSA was
calculated using standard procedure”.

In order to quantitate the urea interaction and see the
hydrodynamic changes in the HSA molecule, partial
specific volume measurements were made both at con-
stant molal and constant chemical potential conditions.
The density of different HSA concentrations ranging
from 5 to 25 mg/ml in single urea concentration was
measured and converted to partial specific volume using
the standard method described under materials and
methods. The isomolal value remained fairly constant
in all the urea concentrations below 8 M. But the iso-
potential values changed significantly. The values of
HSA for isomolal and isopotential conditions, respec-
tively, for diftferent concentrations given are 1M

(0.735 ml/g, 0.739 ml/g), 6 M (0.733 ml/g, 0.722 ml/g)

832

and 8 M (0.734 ml/g, 0.730 ml/g) respectively. These are
the average values of four identical experiments with
an error bar of +0.001 ml/g. It is well documented in
the literature that normally increased partial specific
volume of protein under isopotential conditions in a
three-component system indicates the preferential hydra-
tion of the macromolecule®.

Table 1 shows the changes in preferential interaction
parameters (§,) with increasing urea concentration having
more data points below 3 M. There was a negative
preferential interaction of HSA till 2 M concentration
of urea where it reaches a maximum with §, value of
-0.0215+0.0063 g/g. Above 2M concentration, prefe-
rential interaction of urea predominates as observed by
the positive values of £, The isomolal value of HSA
remained fairly constant but isopotential values increased
below 2 M concentrations of urea. There is a steep
increase in the preferential interaction of urea between
2M and 6M, reaching a maximum at 6 M with the
&, values of 0.0646 g/g. Preferential interaction parameter
and related parameters with error bars at low and high
concentrations of urea at 20°C are shown in Tables 2
and 3 respectively. |

At low concentration of urea up to 2 M, there is
decrease in AV values, reaching a maximum value of
-233 16 ml/mol and the transition passes through to
the positive side at 3 M wurea with a .value of
199+ 18 ml/mol. This transition is possibly due to
changes 1n the transition from hydrated molecule at
lower concentration of urea to that of the unfolided
molecule at higher concentration of urea and an equi-
librium existing between the two. And the equilibrium
shifts toward the unfolding process as the concentration
of urea increases. The AV reaches a maximum value at
around 5.6-6 M, after which it decreases with a value
at 6 M being 997 + 60 ml/mol. This decrease in the
AV value after reaching a maximum is possibly due to
the unfolding of protein molecule and exposure of a
number of both hydrophobic and hydrophilic sites to bulk
solvent, leading to the net change in the preferential
interaction, which is lower. At higher concentration, the
data follows a direct relation between AV and urea con-
centration as observed for other proteins also''.

The size of the protein was determined by a direct
method of size exclusion HPLC and the Stokes radius
of HSA was calculated. Figure 1 shows the Stokes
radius of HSA at different concentrations of urea. HSA
at lower concentrations of urea eluted much earlier with
lower distribution coefficients than the HSA ‘in native
buffer. At 0.5 and 1.6 M of urea there was 9 and 6%
increase, respectively, in the Stokes radius of HSA -
molecule compared to native HSA, whereas at 4 M about
15% increase was seen. Urea at these concentrations
did not affect the permeation capabilities of the stationary
phase of the column.
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Figure 1. Stokes radius of hwiuah serum albumin as a function of

urea concentration calculated from size exclusion-HPLC experiments.
Urea did not alter the permeation properties of the gel matrix.

These results show a transition in the size of the
protein which initially increases by about 6 A units up
to a concentration of 1 M urea, above which it plateaus
and above 1.5M urea there is a constant increase in
the average size of the protein. It is significant to note

that the Initial increase in the size of the molecule is

due to the hydration status of the molecule, possibly in
the molten globule state. At higher urea concentrations,
the HSA size increases in a manner similar to that
observed for a large number of proteins.

Preferential exclusion overrides the preferential inter-
action of urea, resulting in the net decrease of preferential
interaction above 8 M concentration of urea when com-
pared to binding at the plateau region. Therefore, for
any meaningful evaluation of preferential interaction or
preferential hydration data, one has to evaluate the &,
value over the entire concentration range of denaturant
and not at single point measurement, indicating the
nature of subtle changes that can occur in the protein
as reflected in the &, results in the present study. Here
there is a fine balance between binding and exclusion.
These observations are similar to the interaction of MgCl,
(ref. 28) and DMSO” with different proteins. The
thermodynamics and the molecular meaning of binding
are explained clearly in a three-component system®.

The sedimentation velocity data was collected for HSA
both at native state and at 1.8 M urea concentration
where maximum changes were observed in terms of
preferential interaction/preferential hydration and Stokes
radius. The sedimentation coefficient decreased from a
native S,,,, value of 428 to 3.88S. This can only be
possible if the molecule has an increased buoyant density,
(I - Vp), of the solution. The increased hydration shell
of the protein must be the driving force to increase the
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buoyant factor, thus decreasing the sedimentation coef-
ficient of the protein molecule.

The results suggest that, as indicated in the case of
RNase and lysozyme'® and in HSA also there are two
major structural features in urea. One, molten globule
state of the protein at lower concentration of urea and
second, the unfolding process of the protein leading to
the denatured state at higher concentration of urea. There
is a remarkable transition between the two structures as
evidenced by the above data, which clearly indicates
the role played by water at lower concentration of urea
in increasing the hydrodynamic volume of the protein
and secondary structural alterations typical to molten
globule state. At higher concentration of urea the profile
indicates the typical denaturation process as seen in large
number of proteins. These data have substantial thermo-
dynamic implications in the behaviour of proteins at lower
concentration of non-electrolyte denaturant like urea and
can only be explained by the existence of molten globule
state of HSA in these concentrations of denaturant.
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