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Polarized Fluorescence in the Study of Rotational Diffusion
of Human Albumin during Denaturation under the Action of SDS
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Abstract— Polarized tryptophan fluorescence of human serum albumin (HSA) was analyzed to determine
the parameters of rotational diffusion (rotational relaxation time, rotational diffusion coefficient, and the
effective Einstein radius) of HSA molecules during denaturation under the action of sodium dodecyl sulfate
(SDS). Two stages of HSA denaturation under the action of SDS were shown: (1) loosening of protein glob-
ules and (2) unfolding of the amino-acid chain of the protein. HSA denaturation under the action of SDS is
a two-stage process at pH values lower than the pI of HAS but passes through stage 1 only at pH values higher

than the pl.
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INTRODUCTION

Serum albumin (66.4 kDa) is a globular protein of
human blood plasma. The unique ability of the human
serum albumin (HSA) molecule to bind a wide range
of organic and inorganic ligands determines one of the
main functions of this protein: the transport of physi-
ological metabolites. The interaction between the
HSA molecule and ligands is based on the structural
mobility of this protein molecule, which is provided by
the unique loop folding of the protein polypeptide
chain of 585 amino-acid residues [1]. The secondary
HSA structure consists of a-helical regions and
regions of chaotic folding. About 50—67% of all HSA
amino-acid residues are folded into o.-helices at phys-
iological pH values. The current model of the tertiary
HSA structure is in the form of a “heart” with three
protein domains located at an angle to each other ([1].

Denaturation is the substantial variation of second-
ary and tertiary protein structures, i.e., a disturbance
that disorders the system of noncovalent interactions
without affecting its covalent structure. Denaturation
is usually accompanied by the loss of he functional
properties of the protein, which arouses interest in the
study of protein denaturation mechanisms. lonic
detergents are effective denaturing agents.

Detergents are organic amphiphilic compounds;
their molecules contain hydrophilic and hydrophobic
regions. Several groups of detergents (ionic and non-
ionic) are differentiated by their type of hydrophilic
groups. lonic detergents are divided into anionic, cat-
ionic, and amphoteric depending on the charge of
their surface-active ion. Due to high surface activity,
lipid dissolution ability, and the ability to induce disso-
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ciation and denaturation of proteins and inactivation
of viruses and toxins, anionic detergents are widely
used for preparing medicinal pharmaceutical (e.g.,
bactericidal and disinfecting) substances, as well as
dermatological and cosmetic substances [2]. One of
the extensively used anionic detergents is sodium
dodecyl sulfate (SDS).

Previously, we studied HSA denaturation under the
action of SDS by various spectroscopic methods: the
method of Raman scattering (RC) spectroscopy [3],
the fluorescence analysis method with the fluorescent
nanomarker eosin added to protein solutions [4—6],
and the fluorescence analysis method using the sta-
tionary nonpolarized tryptophan fluorescence of a
protein [7, 8]. This work presents the results of investi-
gation of HSA denaturation under the action of SDS
by the fluorescence analysis methods used in the study
of polarized tryptophan fluorescence of the protein.

The tryptophan fluorescence of proteins is exten-
sively studied to assess the conformational state of pro-
tein molecules [9—11]. The only tryptophan residue
(Trp-214) in HSA islocated in domain II. The fluores-
cent properties of tryptophan in the HSA molecule are
highly sensitive to rearrangements of the protein globule.

It is important to study HSA denaturation under
the action of SDS in the context of HSA’s physiologi-
cal functions in the blood, because it allows us to make
conclusions about the level of maintenance of the
native protein conformation and, consequently, the
retention of its physiological properties under differ-
ent conditions. Based on the analysis of HSA’s polar-
ized tryptophan fluorescence, it would be interesting
to investigate the rotational diffusion of HSA mole-
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Fig. 1. Dependence of the polarization degree P of tryp-
tophan fluorescence (Aqy, = 295 nm) of HSA (5§ uM) on
SDS concentration at different pH values: 3.5 (1), 4.0 (2),
4.5(3),5.0(4,5.5(5), 6.0 (6).

cules in solutions with different SDS concentrations at
different pH values, which is the objective of the
present work.

MATERIALS AND METHODS

HSA solutions were obtained by protein dilution to
a concentration of 5 uM in two different buffer sys-
tems: 0.1 M CH;COOH—-KOH (pH 3.5-5.0) and
0.1 M KH,PO,—0.1 M NaOH (pH 5.5-6.0). Differ-
ent SDS concentrations (0.5—0.7 mM) were added to
HSA solutions at different pH values (pH 3.5—6.0).
Different sucrose concentrations (0—200 mM) were
added to the final solutions for analysis of rotational
diffusion of HSA molecules.

Fluorescence studies were carried out with a Perkin
Elmer LS55 spectrofluorimeter; the spectral fluores-
cent characteristics of the samples were studied at
room temperature. HSA tryptophan fluorescence was
recorded in the range of 300—500 nm under light-
induced excitation at the wavelength A.,. = 295 nm.
The degree of polarization (P) of HSA tryptophan flu-
orescence was calculated by /; and /, values in the
maximum of the protein fluorescence emission spec-
trum, where /; and /, were fluorescence intensities
measured with a polarizer with its electric axis running
parallel or perpendicular to the exciting light polariza-
tion. The fluorescence spectra were processed by Per-
kin Elmer FL Winlab.
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RESULTS AND DISCUSSION

This paper presents a study of HSA polarized tryp-
tophan fluorescence. Dependences of the degree of
polarization of HSA tryptophan fluorescence (P) on
SDS concentration were obtained for different pH val-
ues (Fig. 1). Pvalues were calculated by / and /, val-
ues in the maximum of HSA fluorescence emission
spectra.

As is known, changes in fluorescence polarization
are caused, first, by the rotational diffusion of fluoro-
phores and, second, by radiationless energy transfer
(RET) between the fluorophores. The contribution of
the latter (radiationless energy transfer between the
fluorophores) was absent due to the selection of exper-
imental conditions: highly diluted protein solutions
(5 uM) and tryptophan fluorescence excitation at the
farthest long-wave edge (295 nm).

Thus, the polarization of HSA tryptophan fluores-
cence under the given experimental conditions is
influenced only by the rotational diffusion of the fluo-
rophore (the tryptophan residue of the HSA mole-
cule). This polarization of fluorescence of the tryp-
tophan residue of HSA molecule in the general case is
determined by rotation of entire protein molecule
(Brownian diffusion movement), by rotation of HSA
domain II containing the tryptophan residue, and by
rotation of the chromophore (tryptophan) relative to
its immediate environment. The measurements of
polarized stationary HSA fluorescence performed in
this work allow an analysis of the rotation of the entire
protein molecule, while the contributions of rotation
of the tryptophan-containing domain and rotation of
the tryptophan residue relative to its immediate envi-
ronment are considered to be negligibly low.

As one can see from Fig. 1, Pvalues increased up to
1 mM SDS for all pH values, indicating the first stage
of HSA denaturation: the loosening of the globules.

Further increase (to more than 1 mM) in SDS con-
centration at pH values higher than the HSA isoelec-
tric point pl (4.7) practically does not change the P
values (Fig. 1), indicating that denaturation has
stopped at the first stage.

A different character of P dependences on SDS
concentration is observed (Fig. 1) at pH values lower
than the pl: the P value is practically constant at SDS
concentrations of 1—2 mM; further enhancement of P
is observed in the range of SDS concentrations of
2 mM to 4 mM,; this is evidence of increased linear—
lengthwise dimensions of HSA molecules during the
unfolding of the amino-acid chain; as a consequence,
HSA molecules pass over to the second stage of dena-
turation (the stage of complete unfolding). At
increased SDS concentrations of more than 4 mM (up
to 7 mM) the P values are practically constant, indi-
cating complete denaturation of HSA molecules.
Consequently, the two-stage increase of P during the
enhancement of SDS concentration leads to the con-
clusion that HSA denaturation in the presence of SDS
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at pH values below the pl is a stepwise two-stage pro-
cess.

The polarized fluorescence method provides
assessment of the parameters of rotational diffusion of
fluorophores. The quantitative theory of rotational
depolarization was proposed by V.L. Levshin and
E Perrin using the model of rotational diffusion.
Based on this theory, an expression for the degree of
fluorescence polarization P was obtained:

1_ i+(i_l kT,
P P, \P, m’
where 7'is absolute temperature, 1 is solution viscos-
ity, V is volume, k is Boltzmann constant, 1, is the
average time of fluorophore fluorescence quenching
(2.8 sec for the HSA tryptophan), and P, is the thresh-
old degree of fluorescence polarization.

Thus, when changing the solution viscosity (by
adding different sucrose concentrations) and plotting
1/P on the Y axis and 7/n on the X axis, we obtain a
straight line that intercepts a segment equal to 1/P, on
the Y axis.

The slope ratio of this straight line to the X axis

tan(P = (i_l)lﬁ)
P, ¥V

at the known T, value makes it possible to determine
the molecular volume

_ (3= Py)kr,
3P, tan¢@
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and, consequently, the effective hydrodynamic Ein-
stein radius a associated with the molecular volume by
the ratio

3
V:4na.
3

Using these data, it is possible to determine the
time of rotational relaxation (or disordering due to
thermal diffusion) § of the fluorophore by the formula:

g =21,
Tk
where Vis the molecular volume.

For fluorophores, the rotational diffusion coeffi-
cient D, can be determined:

_ kT
rot 61’] V'

The rotational relaxation time, rotational diffusion
coefficient, and effective Einstein radius of HSA mol-
ecules in solutions with different SDS concentrations
at different pH values were determined through varia-
tion of solution viscosity by adding different sucrose
concentrations.

Figure 2 shows the dependences of the rotational
diffusion coefficient D,,, of HSA molecules on SDS
concentration at different pH values. A greater
decrease in D,,, of HSA molecules in SDS solutions
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Fig. 2. Dependence of the rotational diffusion coefficient
D, of HSA molecules (5 uM) on SDS concentration at
different pH values: 3.5 (1), 4.0 (2), 4.5 (3), 5.0 (4), 5.5 (%),
6.0 (6).

was observed at pH values below the PI, indicating the
more profound and intensive protein denaturation. As
well, one can see that the D, of the HSA molecules
was drastically decreased at SDS concentrations
below 0.5 mM at all pH values, demonstrating the
change in geometrical configuration of HSA globules:
the increase in linear—lengthwise dimensions of HSA
molecules during their loosening as a result of passing
through the first stage of denaturation. Further
increase in HSA concentration led to a comparatively
small one-stage decrease in D,,, of HSA molecules at
pH values above the PI and to a greater two-stage
decrease in D, of HSA molecules at pH values below
the PI.

Figure 3 presents the dependences of the rotational
relaxation time &, which reflects the time of disorder-
ing due to heat diffusion of HSA molecules, on SDS
concentration at different pH values. It was found that
the & of HSA molecules in solutions with SDS at all
pH values was significantly higher than the lifetime of
the fluorophore, i.e., the tryptophan residue in HSA
(2.8 ns), which is responsible for the high fluorescence
polarization in HSA solutions.

Figure 4 shows the dependences of the effective
Einstein radius a of HSA molecules on SDS concen-
tration at different pH values. The radius a of the HSA
molecules, determined in such a manner in a spherical
approximation (by the Stokes—Einstein equation),
does not reflect the real geometric dimension of the
HSA molecule, which assumes a more and more elon-
gated nonspherical shape during denaturation under
the action of SDS, but rather shows the effective
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Fig. 3. Dependence of the rotational relaxation time & of
HSA molecules (5 ptM) on SDS concentration at different
pH values: 3.5 (1), 4.0 (2), 4.5 (3), 5.0 (4), 5.5 (5), 6.0 (6).

dimension of HSA molecules, which varies under the
influence of SDS and is convenient for assessing the
degree of protein denaturation in these conditions. It
can be seen that the size of HSA molecules increases
still more considerably at pH values below the PI,
demonstrating the profound protein denaturation that
occurs at these pH values. During enhancement of
SDS concentration, the increase in the a value of HSA
molecules has one stage at pH values above the pl but
two stages at pH values below the pl.

When considering the dependences of P values of
HSA fluorescence and the & and a values of HSA mol-
ecules on SDS concentration, one can see that HSA
denaturation under the action of SDS is a two-stage
process.

At pH values below the pl (4.7), the first stage of
denaturation (loosening of HSA globules) occurs at
SDS concentrations of 1—2 mM and the second stage
(unfolding of the amino-acid chain of HSA mole-
cules) begins at SDS concentrations of 3—4 mM; fur-
ther increase in SDS concentration (above 4 mM)
leaves the system unchanged.

At pH values above the pl (4.7), the first stage of
denaturation (loosening of globules) occurs at SDS
concentrations up to 1—-2 mM, while further increase
in SDS concentration does not lead to more profound
denaturation.

Consequently, more profound and intensive dena-
turation of HSA under the action of SDS takes place
at pH values below its pl due to electrostatic reasons.
At pH values below the pI, HSA molecules, which are
positively charged as a group, are easily bound to
dodecyl sulfate anions (SDS in solution dissociates
into dodecyl sulfate anions and sodium cations),
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Fig. 4. Dependence of the effective Einstein radius a of
HSA molecules (5 uM) on SDS concentration at different
pH values: 3.5 (1), 4.0 (2), 4.5 (3), 5.0 (4), 5.5 (5), 6.0 (6).

which explains the still more profound and intensive
denaturation at these pH values. At pH values above
the protein pl, dodecyl sulfate anions weakly interact
with protein molecules that are negatively charged as a
group, although they preserving some positively
charged regions; therefore, protein denaturation
under the action of SDS at these pH values is less
intensive.

CONCLUSIONS

The rotational diffusion of HSA molecules under
the action of SDS at different pH values was studied by
analysis of HSA polarized tryptophan fluorescence.

The polarization degree of HSA fluorescence,
rotational relaxation time, rotational diffusion coeffi-
cient, and the effective Einstein radius of HSA mole-
cules were determined in solutions with different SDS
concentrations at different pH values.

The following two stages of HSA denaturation
under the action SDS were registered by the obtained
parameters of rotational diffusion of HSA molecules:
(1) loosening of the globules and (2) unfolding of the
amino-acid chain of the protein. It was shown that the
more profound and intensive denaturation of HSA
under the influence of SDS occurs at pH values lower
than the isoelectric point of the protein, due to elec-
trostatic forces. HSA denaturation under the action of
SDS has two stages at pH values below the protein pl
values but only one (the first) stage at pH values above
the protein pl values.
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