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A comparative study on translational
diffusion coefficient for some mammalian
serum albumins

Poréwnanie wspdtczynnika dyfuzji translacyjnej
dla albumin surowicy kilku ssakéw

Karol Monkos

ABSTRACT

BACKGROUND
The aim of the present paper is investigation of the volume fraction de-
pendence of the translational diffusion coefficient for some mammalian
serum albumins in aqueous solutions.

MATERIAL AND METHODS
The viscosity of bovine, equine, ovine and rabbit serum albumin aqueous
solutions was measured at temperatures ranging from 5°C to 45°C and in
a wide range of concentrations. The measurements were performed with
an Ubbelohde-type capillary microviscometer.

RESULTS
Translational diffusion coefficient at infinitely dilute solutions D (T) can be
calculated from generalized Stokes-Einstein equation if the hydrodynamic
radius of albumin is known. It gives D (T) in the range from 3.5x10"" m?*/s
(at 5°C) to 10.210" m?/s (at 45°C) for bovine serum albumin, from
3.59x10" m?%/s (at 5°C) to 10.410'' m?/s (at 45°C) for equine serum al-
bumin, from 3.42x10" m?/s (at 5°C) to 9.92x10"' m?/s (at 45°C) for
ovine serum albumin, and from 3.36x10-''m?/s (at 5°C) to 9.74x10'' m?/s
(at 45°C) for rabbit serum albumin. Translational diffusion coefficient for
higher concentrations D(T,®) can be obtained from the relation: D(T,®) =
D (T)n (T)m(T,®), where ® denotes volume fraction and n (T) and n(T,®)

o

are viscosities of water and solution, respectively, at temperature T.

CONCLUSIONS

The obtained results show that the translational diffusion coefficient de-
creases linearly with increasing volume fraction, when ® does not exceed
the value of about 0.1. The dependence of the translational diffusion coef-
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ficient on volume fraction in a broader range of ®, i.e. from dilute to concentrated solutions, is non-
linear and can be described by a stretched exponential function.

KEY WORDS
translational diffusion coefficient, viscosity, Stokes-Einstein equation, serum albumin

STRESZCZENIE

WSTEP
Celem niniejszej pracy jest zbadanie zaleznosci wspotczynnika dyfuzji translacyjnej od utamka
objetosciowego dla albumin surowicy kilku ssakéw w roztworach wodnych.

MATERIAL | METODY
Lepkos¢ wodnych roztworéw albuminy surowicy wotowej, konskiej, owczej i kréliczej zmierzo-
no w zakresie temperatur od 5°C do 45°C i w szerokim zakresie stezen. Pomiary wykonano przy
pomocy kapilarnego mikrowiskozymetru typu Ubbelohde’a.

WYNIKI
Wspotczynnik dyfuzji translacyjnej dla roztworéw rozcienczonych D (T) mozna obliczyc
z uogb6lnionego réwnania Stokesa-Einsteina, jezeli znany jest promien hydrodynamiczny albu-
miny. Daje to D (T) w zakresie od 3.5x10"" m*/s (w 5°C) do 10.2x10"" m?/s (w 45°C) dla albu-
miny surowicy wotowej, od 3.59x10"' m?/s (w 5°C) do 10.4x10"" m?*/s (w 45°C) dla albuminy
surowicy konskiej, od 3.42x10'm?/s (w 5°C) do 9.92x10'! m?/s (w 45°C) dla albuminy surowi-
cy owczej i od 3.36x10" m?/s (w 5°C) do 9.74x10!! m?/s (w 45°C) dla albuminy surowicy kro-
liczej. Wspétczynnik dyfuzji translacyjnej dla wyzszych stezen D(T,®) mozna otrzymac z relacji:
D(T,®) = D (T)n (T)/n(T,®), w ktorej ® oznacza utamek objetosciowy a n (T) i n(T,®) s3, odpo-
wiednio, lepkoscia wody i roztworu w temperaturze T.

WNIOSKI
Otrzymane wyniki pokazuja, ze wspétczynnik dyfuzji translacyjnej maleje liniowo wraz ze wzro-
stem utamka objetoSciowego, jezeli ® nie przekracza wartosci okoto 0.1. Zalezno$¢ wspotczyn-
nika dyfuzji translacyjnej od utamka objetosciowego w szerszym zakresie @, tzn. dla roztworow
od rozcieniczonych do stezonych, jest nieliniowa i mozna ja opisac rozciagnieta funkcja wyktad-
nicza.

SEOWA KLUCZOWE
wspotczynnik dyfuzji translacyjnej, lepkos$¢, rownanie Stokesa-Einsteina, albumina

INTRODUCTION lian circulatory system, mainly as multipur-
pose transporting molecules and as principal

Albumins are the major protein component of contributors to colloid osmotic blood pressure
blood plasma, but can also be found in inter- (provide about 80% of the osmotic pressure

stitial fluids. They are present in different tis- Of blood). Serum albumins are the principal
sues like gut, liver, muscle or skin. About 30%  carriers of fatty acids in the blood which are
of the total albumin in the whole animal body ~ otherwise insoluble. They also contribute to

is present in the serum [1]. Albumins represent ~ bodily detoxification by binding poisonous
about 60% of total proteins in serum corre- metabolites, such as bilirubin. In clinical situ-

sponding to a concentration of 42 kg/m? [2].  ations, their affinity for different drugs such as
They play an important role in the mamma-  warfarin, ibuprofen, indomethacin and so on
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means that the albumins have a major effect
on pharmacokinetics [3]. The binding affinity
of any drug to albumin is one of the major
factors that determine its availability in vari-
ous tissues.

The amino-acid sequences determined for
a number of mammalian albumins show that
they have internal sequence homology suggest-
ing the proteins evolved from a common pro-
toalbumin of about 190 amino acids and mo-
lecular mass 22 kDa [4, 5]. Mammalian serum
albumins are moderately large proteins, with
primary structure constituted by a single poly-
peptide chain of about 580 amino-acid resi-
dues and molecular mass M = 66.5 kDa [6].
Their secondary structure is formed by 67%
of a helix of six turns and 17 disulfide bridg-
es, and is entirely lacking in B-sheet [2]. The
albumins from different species exhibit high
amino-acid sequence identity with each other.
For instance, the equine serum albumin (ESA)
molecule exhibit sequence identity in 75.5%
with ovine serum albumin (OSA) and in 73.9%
with bovine serum albumin (BSA) [5]. These
similarities of amino-acid sequence among
mammalian albumins lead to the expecta-
tions of the common overall shape of them.
Detailed investigations on the three-dimen-
sional structure of albumins were performed
by X-ray crystallography only for human se-
rum albumin (HSA), BSA and ESA [4, 5, 7].
As appears, HSA in the crystalline state is a
heart-shaped molecule and is highly similar to
ESA. The tertiary and quaternary structure of
HSA and ESA are nearly identical [5].

In solution the environment of albumins is
different than in the crystalline state and their
conformation may change. Usually, a confor-
mation of the experimentally studied albu-
mins is then approximated by an ellipsoid of
revolution with one long semi-axis (a) and two
shorter semi-axes (b). For several mammalian
serum albumins those quantities were deter-
mined by using viscometric measurements
[8-10]. As appears, the values of semi-axes “a”
and “b” for different albumins are similar, but
not identical. Despite similarities in amino-
acid sequences and in the three-dimensional
structure of mammalian albumins, their physi-
cochemical properties in solution are quite dif-
ferent. It was showed by different experimen-
tal techniques including fluorescence spectros-
copy and modelling [2], viscometry [8-10],
dielectric spectroscopy [11], liquid chromatog-
raphy [12], electrophoresis [13], calorimetry

and steady-state fluorescence anisotropy [14]
and circular dichroism [15].

As mentioned above albumins play an im-
portant role as transporting molecules and
knowledge about their translational motions
is of crucial importance. One of the most im-
portant quantity describing the translational
motion of molecules is translational diffusion
coefficient. This quantity can be experimen-
tally obtained by using different experimental
techniques such as fluorescence correlation
spectroscopy [16-18], light scattering [19],
pulsed-gradient NMR [20-22] and others [23].
Some theoretical methods for prediction of
translational diffusion coefficient of proteins
are also available. These methods employ sim-
ple parameters such as molecular weight [24],
radius of gyration [25], both these parameters
[26] or sophisticated bead models which use
atomic level structure of proteins [27-29].
However, the last methods require high resolu-
tion X-ray crystallographic or NMR data that
are not always available. In the present study,
the translational diffusion coefficient for BSA,
ESA, OSA and rabbit serum albumin (RSA)
was determined from generalized Stokes-Ein-
stein equation and viscometry measurements.
The translational diffusion coefficient for the
above albumins was obtained in a wide range
of concentrations (from diluted solutions up to
concentrated ones) and at temperatures rang-
ing from 5 to 45°C. Concentration dependence
of the translational diffusion coefficient was
discussed by using a linear approximation (for
diluted solutions) and by a stretched exponen-
tial function (in the whole range of measured
concentrations).

MATERIAL AND METHODS

The following products of the Sigma
Chemical Co. were used in this study: BSA
(A 4503), ESA (A 9888), OSA (A 3264) and RSA
(A 0639). The material was used without fur-
ther purification for all the measurements.
Aqueous solutions were prepared by dissolv-
ing the crystallized albumins in distilled wa-
ter. Such obtained solutions were treated with
filter paper in order to remove possible undis-
solved dust particles. The samples were stored
in a refrigerator until just prior to viscometry
measurements, when they were warmed from
5 to 45°C in 5°C intervals. The pH values of
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such prepared samples were as follows: 5.2 for
BSA, 7.4 for ESA, 7.05 for OSA and 7.0 for
RSA. These values changed only slightly in the
whole range of concentrations. The isoelectric
point of the studied albumins is: (4.70 — 5.4)
for BSA, (4.65-4.9) for ESA, (4.6-4.9) for OSA
and (4.6-5.3) for RSA [13]. So, BSA was stud-
ied in its isoelectric point and the other albu-
mins outside of it.

VISCOMETRY
Viscosity measurements were conducted by
using an Ubbelohde-type glass capillary mi-
croviscometer immersed in a water bath con-
trolled thermostatically at (5 — 45) = 0.1°C
A solution passed once through the viscome-
ter before any measurements were made. Mea-
surements started after several minutes delay
to ensure the system reached equilibrium and
were made in 5°C intervals. The upper limit of
temperature for which the viscosity measure-
ments were made has been established by the
temperature of denaturation. Above the tem-
perature of denaturation the albumins show
a highly pronounced tendency to aggregate.
For the temperatures above the temperature
of denaturation viscosity of the albumins so-
lutions increases with increasing temperature.
The viscosity was measured over a wide range
of concentrations: from 17.6 kg/m? up to 363
kg/m? for BSA, from 12.9 kg/m?* up to 367 kg/
m? for ESA, from 36.5 kg/m? up to 320 kg/m?
for OSA and from 13.9 kg/m* up to 300 kg/
m? for RSA, i.e. in the mono-disperse range. In
this range of concentrations the viscosity data
could be interpreted by assuming a model of
monomeric albumins molecules. The details
are presented in previous papers [9-10]. Solu-
tion densities were measured by weighing and
albumin concentrations were determined by
a dry weight method in which samples were
dried at high temperatures for several hours.

RESULTS AND DISCUSSION

Biological processes often depend on diffu-
sive transport of macromolecules within cells
and tissues. In particular, diffusion of pro-
teins plays an important role in such diverse
biological processes as enzymatic catalysis and
molecular transport. For example, intracel-
lular protein diffusion appears to be a highly
effective mechanism of oxygen and carbon di-

oxide transport. To accomplish most of their
physiological functions proteins have to meet
and recognize each other. The random trans-
lational and rotational Brownian motion of
proteins is necessary to encounter the react-
ing partners and to adopt the adequate mutual
orientation required for subsequent docking
and reaction. Then, knowledge about condi-
tions under which protein diffusion occurs
within cells is of crucial importance. A first
step towards achievement of this knowledge
is the study of protein diffusivity in solutions
with protein concentrations as high as those
found inside cells. One of the most important
hydrodynamic parameter describing dynamic
behavior of proteins in solution is translation-
al diffusion coefficient D.

Translational and rotational movements of
macromolecules (in particular, proteins) occur
simultaneously as a consequence of the spatial
imbalance of random collisions with solvent
molecules within a short time interval. The
problem of large particles diffusing in solution
was studied by Einstein at infinite dilution
[30]. In this limit, interactions between large
particles can be neglected and the interaction
between the large particles and the solvent
particles can be replaced by a randomly fluc-
tuating force. The problem can be then solved
by using the usual Fick’s diffusion equation,
which defines the translational diffusion coef-
ficient.

The size of water molecules is negligible in
comparison with the size of proteins mol-
ecules. It means that proteins in aqueous so-
lutions can be treated as Brownian particles
immersed in an ideal, homogeneous, isotropic
and continuous solvent. Translational diffu-
sion of such Brownian particles is driven by
thermal energy and is hindered by friction ex-
perienced by the particles. The translational
diffusion coefficient of spherical particles at
infinite dilution can be then obtained from
a fluctuation-dissipation theory developed by
Einstein [30]. This theory along with the re-
sults of macroscopic continuum hydrodynam-
ics [31] yields the following Stokes-Einstein
equation:

D, (T) = (1)

6 (T)R,

where k is Bolzmann’s constant, T is the abso-
lute temperature, 1 (T) is the solvent viscosity
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and R, is the hydrodynamic radius of the im-
mersed particles. In the case of spherical par-
ticles, the hydrodynamic radius R, is equal to
their radius.

Majority of proteins in aqueous solutions is
aspherical. However, in the first approxima-
tion they can be modeled by an ellipsoid of
revolution with one long semi-axis (a) and two
shorter semi-axes (b). The diffusion of ellip-
soidal molecules was studied by Perrin [32].
According to this study the hydrodynamic
radius of molecules with a shape of prolate
ellipsoid of revolution can be expressed in the
following way:

2 2
a- —b

h: 2 2
a++a —b

In
b

The measure of asphericity of a molecule is
the axial ratio p = a/b. In general, the greater
value of the axial ratio, the greater value of the
hydrodynamic radius of a molecule. For na-
tive HSA and BSA it has been experimentally
proved that the hydrodynamic radius does not
depend on solution pH and temperature [33].
Equation (1) for non-spherical molecules is
called generalized Stokes-Einstein equation.

Proteins in solution are surrounded by wa-
ter molecules, whose structure differs from
that of bulk water. As has been showen by
dielectric spectroscopy, such molecules of
water may be classified into three categories:
(i) buried internal, (ii) ordered on a protein
surface and (iii) disordered [34, 35]. Internal
water molecules fill cavities in proteins inte-
rior and participate in maintaining of the sta-
bility of a protein polypeptide chain. Ordered
water molecules on protein surface, in turn,
are attached to the oxygen, nitrogen, and po-
lar groups through hydrogen bonding. Water
molecules from these two groups are an in-
tegral part of a protein and contribute to its

R

()

hydrodynamic mass and volume. Moreover,
water molecules ordered on a protein surface
contribute to the hydrodynamic friction in
the same way as protein atoms. It means that
they influence the translational diffusion of
proteins. The measure of protein hydration is
the hydration level 8, defined in terms of the
time-averaged mass of water associated with
a protein per unit anhydrous mass of protein.
For albumins & = 0.35 [36]. The molecular
mass of hydrated protein is M, = M (1 + 3) and
it gives the hydrodynamic mass of albumins
M, = 89.775 kDa. Semi-axes of hydrated ESA,
OSA and RSA were obtained from the analy-
sis of temperature dependence of viscosity of
their solutions [9, 10]. These quantities and
hydrodynamic radii calculated from equation
(2) are gathered in table .

Tab. I. The numerical values of the long semi-axis (a), the shorter
semi-axes (b) and the hydrodynamic radius Rh for the studied al-
bumins.

Tab. I. Wartosci liczbowe dtugiej pétosi (a), krétszych pétosi (b)
oraz promien hydrodynamiczny Rh badanych albumin.

Albumin a[nm] b [nm] Rh [nm]
BSA [20,36] 7.70 2.20 3.83
ESA[9] 7.16 2.27 374
OSA[10] 7.41 242 3.92
RSA[9] 7.75 2.39 4.0

As seen from generalized Stokes-Einstein re-
lation to calculate the translational diffu-
sion coefficient of discussed here albumins
in the limit of infinite dilution the values of
hydrodynamic radius and water viscosity
n, are needed. The numerical values of n  can
be found in the standard physicochemical
tables. The values of D (T) obtained from re-
lation (1) for the studied albumins are gath-
ered in table II. Unfortunately there are very
few experimental results of D (T) for these al-

calculated on the basis of equation (1) and (2).

ne na podstawie réwnan (1) i (2).

Tab. 11. The numerical values of the translational diffusion coefficient Do(T) (in 10-11 m?/s) for investigated albumins in aqueous solutions

Tab. II. Wartosci liczbowe wspétczynnika dyfuzji translacyjnej Do(T) (w 10-11 m?/s) dla badanych albumin w roztworach wodnych, obliczo-

5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C 45°C
BSA 3.50 4.4 4.83 5.58 6.38 7.24 8.15 9.13 10.2
ESA 3.59 4.24 4.95 571 6.53 7.42 8.35 9.35 10.4
OSA 3.42 4.04 4.72 5.44 6.23 7.07 7.96 8.91 9.92
RSA 3.36 3.97 4.63 5.35 6.12 6.94 7.82 8.75 9.74
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bumins in the literature. The appropriate val-
ues one can find only for BSA. In this case, at
t=20°C values of D (T) are 5.42x10'" m?*/s
[37] and 5.93x10'" m?/s [26,37]. The value
of D (T)=5.58x10"" m?/s (table II) obtained
from the Stokes-Einstein relation at this tem-
perature is within this range. The experimen-
tal value of D (T)=6.75x10"" m*/s obtained at
t=27°C [38], in turn, agrees very well with the
value D (T)=6.72x10"" m?*/s calculated from
equation (1) at the same temperature. Quite
recently, the Stokes-Einstein relation was ap-
plied to calculation of D (T) for hen egg-white
lysozyme [39]. The value of D (T)=11.0x10""
m?/s obtained in this case at 20°C agrees very
well with the experimental values which are
in the range (10.6 — 11.2)x10"" m?/s ([39] and
references therein). The above results strongly
suggest that the generalized Stokes-Einstein re-
lation with the hydrodynamic radius obtained
from Perrin formula can be applied to calcula-
tion of the translational diffusion coefficient
in the limit of infinite dilution for hydrated
proteins for which spatial dimensions are pre-
cisely known.

In many cases, in particular, in biological pro-
cesses in living cells and tissues knowledge
about the translational diffusion coefficient in
the limit of infinite dilution is not sufficient.
To obtain the translational diffusion coeffi-
cient D(c,T) for diluted, semi-diluted or con-
centrated solutions one can use the method
proposed by Wang et al [40]. According to this
method, to obtain the translational diffusion
coefficient of proteins in solutions for concen-
trations higher than zero, the solvent viscos-
ity n_ in the Stokes-Einstein relation should be
replaced by the macroscopic solution viscosity
n(c,T). This assumption leads to the following
relation:

n,(T)

D(c,T) = D (T)
n(e, T)

3)

Correctness of the above equation was suc-
cessfully verified experimentally for differ-
ent proteins such as Lumbricus hemoglobin,
tetrameric hemoglobin and ovalbumin by
Gros [23]. However, it is worth to note that
the above equation is correct only in the case
when the size of solvent molecules is negli-
gible in comparison to the size of dissolved
particles. In the case when the local viscosity
is influenced by the presence of macromo-

lecular co-solutes — such as proteins, RNA’s
etc. the relation (3) has to be corrected to
a somewhat modified form D=D_(n /m)? [17].
As has been experimentally showed the ex-
ponent q in this relation is less or equal to 1
and it depends on the co-solvent’s dimension
and mass. The deviations from relation (3) ap-
pear when the molecular mass of cosolvent
is higher than 10 and become more distinct
as the molecular mass of the co-solvent in-
creases.
The translational diffusion coefficient of
a protein at high concentrations was experi-
mentally obtained for the first time by Wang
et al [40] for ovalbumin. One can also find,
among other, the results of the investigations
of proteins diffusion in concentrated solu-
tions for ribonuclease, myoglobin, aldolase
[41], lysozyme [20, 39] and barstar [20]. In
the present paper the translational diffusion
coefficient of discussed here albumins in the
whole range of measured concentrations and
temperatures has been calculated on the basis
of relation (3).
Protein’s translational diffusion coefficient is
often used as a test of the aggregation state of
proteins in low concentrated solutions. There-
fore, it is important to know the concentration
dependence of this coefficient in dilute solu-
tions. In the case of dilute solutions in which
only monomers of protein are present, the
translational diffusion coefficient of the pro-
tein depends linearly on concentration. This
dependence one can describe in the following
way [42-44]:

D(c,T) =D (T)(1-K  ®) (4)
The linear regression coefficient K is a mea-
sure of interparticle interaction and denotes
the volume fraction of the particles. The vol-
ume fraction ®=N,Vc/M, where N, and V de-
note Avogadro’s number and the hydrodynam-
ic volume of one dissolved protein, respectively,
and c is concentration in kg/m?. Depending on
the kind of interactions between the proteins
the coefficient K| can be negative or positive.
When the resultant of forces between the pro-
teins is attractive the coefficient K is positive
and this means that the translational diffusion
coefficient decreases with increasing concen-
tration. When the resultant of protein’s inter-
actions change from attraction to repulsion
the coefficient K becomes negative and D(c,T)
increases with increasing concentration.
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As mentioned above, protein molecules in
water solution are surrounded by a hydration
shell of water molecules. The hydrodynamic
volume of one dissolved protein modeled as
prolate ellipsoid of revolution with one long
semi-axis (a) and two shorter semi-axes (b)
is V = 4/3 wab?. Taking the numerical values of
semi-axes for hydrated albumins from table I
one can obtain the following values of the hy-
drodynamic volume: 156.1 nm? for BSA, 154.5
nm? for ESA, 181.8 nm? for OSA and 185.4
nm? for RSA. Because the hydrodynamic mass
of albumins M,=89.775 kDa, therefore their
volume fraction one can calculate in the fol-
lowing way: ®=1.047x103 m3/kg xc for BSA,
®=1.036x10"3 m3/kg xc for ESA, ®=1.219x10
3 m3/kg xc for OSA and ®=1.244x10" m?kg
xc for RSA. The translational diffusion coef-
ficient for the studied albumins, calculated
from relation (3), depends linearly on concen-
tration only up to the concentration of about
100 kg/m? (it corresponds to @ of about 0.1).
In this range of concentrations, and for tem-
peratures ranging from 5°C to 45°C, the depen-
dence is linear with the correlation coefficient
r = -0.998. Concentration dependence of the
translational diffusion coefficient for the stud-
ied albumins in dilute solutions is presented
in figure 1. The numerical values of the linear
regression coefficient K, in turn, in the whole
range of measured temperatures are gathered
in table III.

As seen from table III the linear regression co-
efficient K, for a given temperature, is differ-
ent for different albumins. However, for each
albumin it has tendency to decreasing with
increasing temperature. For spherical particles
the coefficient K should be equal to 1.5 [42].
For the studied albumins this quantity changes
from 3.47 (for OSA at 45°C) to 4.55 (for BSA
at 5°C). It shows that in the range of dilute
solutions the rate of decreasing of translation-
al diffusion coefficient with increasing of the

10"xD(c,T) [m?s]
-

(] 001 002 003 004 005 006 007 0038 009 01 011
(o]

Fig. 1. Plot of the translational diffusion coefficient vs. volume
fraction for RSA at 45°C (A), BSA at 30°C (), OSA at 20°C (X))
and ESA at 5°C (e) in aqueous solutions. Experimental points were
obtained on the basis of equation (3); the straight lines show
the fit according to equation (4) with the parameters: Do(T) =
9.622x10-11 m?/s, KD = 3.696 for RSA; Do(T) = 7.286 X 10-11
m?2/s, KD = 4.229 for BSA; Do(T) = 5.214 X 10-11m?/s, KD = 3.553
for OSA; Do(T) = 3.465 X 10-11 m?/s, KD = 4.201 for ESA.

Ryc. 1. Wykres zaleznosci wspétczynnika dyfuzji translacyjnej od
utamka objetosciowego dla RSA w 45°C (A), BSA w 30°C (),
OSA w 20°C (X) i ESA w 5°C (e) w roztworach wodnych. Punk-
ty doswiadczalne otrzymano na podstawie rownania (3); linie pro-
ste pokazuja dopasowanie do réwnania (4) z parametrami: Do(T)
= 9.622X10-11 m?/s, KD = 3.696 dla RSA; Do(T) = 7.286 X 10-11
m?2/s, KD = 4.229 dla BSA; Do(T) = 5.214 X10-11m?/s, KD = 3.553
dla OSA; Do(T) = 3.465 X 10-11 m?/s, KD = 4.201 dla ESA

volume fraction is higher for aspherical parti-
cles than for spherical ones. Moreover, all val-
ues of the linear regression coefficient K are
positive, i.e. the translational diffusion coeffi-
cient deceases with increasing concentration.
It means, that for dilute albumins solutions
both in and outside of their isoelectric point
the resultant of forces between the albumins
is attractive.

Knowledge of the translational diffusion coef-
ficient of proteins in dilute solutions is often
insufficient because the diffusion of proteins
inside cells, in extracellular environment and
even in some physiological fluids is hindered
by the very high concentrations of proteins.
For example, the concentration of protein and

Tab. IIl. The numerical values of the linear regression coefficient KD for investigated albumins in aqueous solutions calculated on the basis of

equation (4).

Tab. IIl. Wartosci liczbowe wspdtczynnika regresji liniowej KD dla badanych albumin w roztworach wodnych obliczone na podstawie réwna-

nia (4).

5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C 45°C

BSA 4.55 4.51 439 433 4.25 4.23 4.27 4.29 4.29
ESA 4.20 4.15 413 4.09 4.08 4.07 4.05 4.03 3.99
OSA 3.66 3.54 3.56 3.55 3.55 3.52 3.49 3.55 3.47
RSA 3.77 3.74 3.70 3.87 3.66 3.7 3.66 3.70 3.70
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RNA molecules in the cytoplasm of Escherich-
ia coli is 300-400 g/l and they occupy 20-30%
of the total cellular volume [45]; muscle cells
contain about 23% protein by weight, red
blood cells have about 35% protein by weight,
eye lens contains crystalline proteins at con-
centrations of (20-50)% by weight [19] and
so on. An understanding of the translational
diffusion phenomenon of proteins in con-
centrated solutions, i.e. in solutions contain-
ing high concentrations of a single solute and
in crowded solutions, i.e. in solutions where
a solute is present in a concentrated solution
of another solute is necessary to correctly
model passive intracellular transport. This
process regulates such cellular functions as sig-
nal transduction [46], self-assembly of supra-
molecular structures [47], kinetics of reaction
[48], embryogenesis [49], gene transcription

10Mx<D(c,T) [m?/s]
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Fig. 2. Plot of the translational diffusion coefficient vs. volume frac-
tion of BSA in agueous solutions at t = 45°C (e), t = 25°C (A) and t
=5°C(#). Experimental points were obtained on the basis of equa-
tion (3); the curves show the fit according to equation (5) with the
parameters: Do = 10.16X10-11 m?/s,  =14.32and v =1417at t =
45°C; Do = 6.38X10-11 m?/s, p=14.73 and v = 1.428 at t = 25°C;
Do =3.5X10-11m?/s, B=16.29 and v=1437att=5°C.

Ryc. 2. Wykres zaleznosci wspotczynnika dyfuzji translacyjnej od
utamka objetosciowego BSA w roztworach wodnych dla t = 45°C
(+), t =25°C (A) it =5°C (). Punkty doswiadczalne otrzymano
na podstawie rownania (3); krzywe pokazujg dopasowanie zgodnie
z réwnaniem (5) z parametrami: Do = 10.16X10-11 m?/s, B = 14.32
iv=1417dlat=45°C; Do=6.38X10-11m?/s, p=14.73iv =1428
dlat=25°C; Do=3.5X10-11m?/s, =16.29iv =1437dlat=5"C.

[50] or transport of small molecules and ions
[51].

Proteins diffusion, both in concentrated solu-
tions and crowded solutions, is influenced by
strong intermolecular interactions. It causes
that the dependence of the translational diffu-
sion coefficient of proteins on concentration
becomes non-linear. It can be described be
a stretched exponential function [16, 18, 52]:

D(c,T)=D,(Texp (-p@") (5

where B and v are scaling parameters. Figure
2 shows a plot of the translational diffu-
sion coefficient vs. volume fraction for BSA
for three temperatures in the whole range of
measured concentrations. Figure 3, in turn,
shows this plot for ESA at t = 5°C, OSA at
t = 25°C and RSA at t = 45°C. In the last case,
different temperatures were chosen to avoid
partial overlapping of the results. The curves
show the fit to the experimental points ob-
tained by using the above relation with  and
v treated as adjustable parameters. The nu-
merical values of those parameters obtained
in such a way for the studied albumins are
presented in Table IV and V. As seen the
scaling parameter  decreases with increas-
ing temperature for all studied here albu-
mins. For each fixed temperature, it reaches
the highest value for BSA. This is the only
albumin which was studied in solutions
at isoelectric point. This suggests that, for
a given protein, the rate of decreasing of the
translational diffusion coefficient with in-
creasing concentration is the highest in so-
lutions at isoelectric point. The second pa-
rameter v, in turn, is — for a given albumin
- constant in the range of estimated errors, in
the whole range of measured temperatures.
However, as for parameter B, it also reaches
the highest value for BSA for each fixed tem-
perature. Because of lack of any theoretical
treatment of the problem of concentration
dependence of the translational diffusion
coefficient, the experimental values of the
scaling parameters § and v are very valuable.
Their values for a different sort of proteins
can give indications for building such a theo-
ry, and in the same time can be a test for the
theory.

CONCLUSIONS

Stokes-Einstein equation with the hydro-
dynamic radius calculated on the basis of
Perrin formula allows the calculation of the
translational diffusion coefficient for serum
albumins in aqueous solution in the limit
of zero concentration. Such way obtained
translational diffusion coefficient decreases
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Fig. 3. Plot of the translational diffusion coefficient vs. volume
fraction of RSA at t = 45°C (e), OSA at t = 25°C (A) and ESA at
t = 5°C () in aqueous solutions. Experimental points were ob-
tained on the basis of equation (3); the curves show the fit ac-
cording to equation (5) with the parameters: Do = 9.739X10-11
m?/s, p =7.756 and v = 1.214 for RSA; Do = 6.226 X10-11 m?/s,
B = 8.403 and v = 1.255 for OSA; Do = 3.587X10-11 m?/s,
B=1.64and v = 1294 for ESA.

Ryc. 3. Wykres zaleznosci wspétczynnika dyfuzji translacyjnej
od utamka objetosciowego RSA dla t = 45°C (), OSA dla
t=25°C(A)iESAdlat="5°C () w roztworach wodnych. Punkty
doswiadczalne otrzymano na podstawie réwnania (3); krzywe
pokazujg dopasowanie zgodnie z rownaniem (5) z parametra-
mi: Do = 9.739X10-11 m?/s, B = 7.756 i v = 1.214 dla RSA;
Do = 6.226%X10-11 m?/s, B = 8.403 i v = 1255 dla OSA;
Do =3.587X10-11m?/s, B =11.64 iv =1.294 dla ESA.

with increasing temperature. In the range of
dilute solutions, i.e. when the volume frac-
tion of albumins does not exceed the value
of approximately 0.1, the translational dif-
fusion coefficient decreases linearly with
increasing concentration. Linear regression
coefficient for a given albumin slightly de-
creases with increasing temperature (within
the range of the experimental errors). For
each fixed temperature, it reaches the high-
est value for BSA, which was studied in so-
lutions at isoelectric point. Concentration
dependence of the translational diffusion
coefficient from dilute to concentrated so-
lutions is non-linear and can be described
by a stretched exponential function. Two
scaling parameters B and v in this function
depend on temperature in a different man-
ner. The parameter decreases with increasing
temperature, and the second parameter v, in
the range of estimated errors, is constant in
the whole range of measured temperatures
for all studied albumins. However, for each
fixed temperature, both parameters reach the
highest value for BSA, i.e. for albumin stud-
ied in solutions at isoelectric point.

Tab. IV. The numerical values of the scaling parameter B from equation (5) for investigated albumins in aqueous solutions.
Tab. IV. Wartosci liczbowe parametru skalowania B z réwnania (5) dla badanych albumin w roztworach wodnych.

5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C 45°C

BSA 16.29 15.78 15.30 14.97 1473 14.59 14.53 14.39 14.32
+0.91 +0.88 +0.88 +0.84 +0.80 +0.77 +0.71 +0.68 +0.62

ESA 11.64 11.36 11.29 11.20 1nn 11.09 11.05 10.94 10.89
+0.78 +0.76 +0.73 +0.71 +0.68 +0.65 +0.63 +0.62 +0.62

OSA 8.91 8.68 8.60 8.48 8.40 8.37 8.30 8.30 8.31
+0.54 +0.53 +0.50 +0.49 +0.48 +0.47 +0.46 +0.44 +0.46

RSA 8.52 8.26 8.18 8.16 8.00 7.90 7.86 7.76 775
+0.55 +0.54 +0.51 +0.45 +0.46 +0.43 +0.43 +0.41 +0.39

Tab. V. The numerical values of the scaling parameter v from equation (5) for investigated albumins in agueous solutions.
Tab. V. Wartosci liczbowe parametru skalowania v z réwnania (5) dla badanych albumin w roztworach wodnych.

5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C 45°C

BSA 1.437 1.435 1.430 1.428 1.428 1.430 1.432 1.426 1.417
+0.030 +0.030 +0.032 +0.031 +0.031 +0.030 +0.028 +0.027 +0.024

ESA 1.294 1.288 1.293 1.296 1.300 1.304 1.308 1.307 1.310
+0.035 +0.035 +0.034 +0.034 +0.033 +0.032 +0.031 +0.031 +0.031

0SA 1.257 1.249 1.253 1.252 1.255 1.258 1.258 1.261 1.261
+0.034 +0.035 +0.033 +0.033 +0.033 +0.032 +0.032 +0.031 +0.032

RSA 1.216 1.208 1.212 1.219 1.216 1.212 1.215 1.210 1214
+0.033 +0.033 +0.032 +0.029 +0.030 +0.028 +0.028 +0.027 +0.026
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