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Abstract
Small-angle X-ray scattering (SAXS) method and membrane osmometry were used to study salt-specific effects of va-

rious 1:1 salts at pH 4.0 and 8.0 on interparticle interactions and thermodynamic quantities in aqueous solutions of hu-

man serum albumin (HSA) at 25 °C. Our results show that Donnan pressures of HSA solutions exhibit stronger depen-

dence on the type of anion than on the type of cation in the solution. However, the presence of different salts in the HSA

solutions only weakly affects the SAXS curves in the accessible q regime (0.1 nm–1 < q < 7 nm–1). SAXS data were

analyzed utilizing generalized indirect Fourier transformation, which indicated weak repulsive interactions between

HSA molecules in all cases. Further, this analysis of the experimental SAXS curves strongly suggests that HSA mole-

cules in the studied solutions have the shape of oblate ellipsoid with dimensions of approximately 8.5 × 8.5 × 4 nm.

Both SAXS and membrane osmometry results can be satisfactorily explained in terms of the strength of the inter-partic-

le interactions and conform to the trends of the Hofmeister series.

Keywords: Human serum albumin, osmotic coefficient, small-angle X-ray scattering, indirect fourier transformation,

Hofmeister series.

1. Introduction
Aqueous solutions of proteins are of substantial

importance for the biological sciences as well as for rela-
ted technologies. Separation of proteins from mixtures
and their purification are among the most important
techniques which require a detailed knowledge of pro-
tein behavior in aqueous solutions. At the molecular le-
vel of description, aqueous protein solutions are multi-
component systems that contain protein molecules, low
molecular weight electrolyte, and water, and display a
complex behavior, which is still far from being comple-
tely understood. Namely, thermodynamic properties of
protein solutions at usual experimental conditions (pH,
concentration and type of added electrolyte) notably dif-
fer from the ideal behavior.1,2 Understanding the beha-
vior of protein in these systems requires knowledge of
the principal forces acting between the protein molecu-
les;1,3,4 these forces are modulated by the presence of a
multi-component solvent. The interaction between pro-

tein molecules can be investigated by X-ray, neutron and
light scattering, by hydrodynamic methods or by stud-
ying colligative properties of the solutions. Among the
latter, Donnan pressure measurements are an important
traditional source of information about protein-protein
interactions.5–7

Despite being discovered already back in 1888 by
Franz Hofmeister, the salt-specific effects are still an intri-
guing topic of modern reserch.8,9 In the present work we
use small-angle X-ray scattering (SAXS) and osmometry
experimental techniques to study salt-specific effects in
the human serum albumin (HSA) solutions with 0.15 M
simple salt. The former method is well suited to reveal the
correlations between the HSA molecules in solution and
also their geometry (size and shape), whereas the Donnan
pressure results provide information on the activity of
simple salt in these systems. The goal of this paper is to
mutually complement and discuss the results of the two
methods and to check if the trends of the Hofmeister se-
ries are followed in the studied HSA solutions.
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2. Experimental and Methods

2. 1. Materials
Salts NaCl, NaH2PO4, NaSCN, NaNO3, LiCl, KCl,

CsCl were purchased from Merck (Darmstadt, Germany),
NaBr from Kemika (Zagreb, Croatia) and NaAc from Flu-
ka. Human serum (HSA) was also obtained from Fluka,
05420, lot 131971445106137. To remove water from the
initial substances the salts were dried in a vacuum drier at
120 °C for 2 hours and the HSA was dried at 40 °C for 24
hours in the presence of P2O5. The molar mass of HSA is
around 67000 g/mol, slightly depending on the isolation
procedure. All solutions were prepared gravimetrically,
i.e. a weighted amount of HSA was dissolved in a weigh-
ted amount of 0.15 M solution of an individual salt. The
HSA solutions from approximately 5 g/L to approxima-
tely 85 g/L have been prepared for the osmometry measu-
rements. Solutions with 20 g/L of HSA were taken for the
SAXS measurements. The pH of HSA solutions were ad-
justed to 4.0 or 8.0 with a small amount of appropriate
acid or base. The choice of acid or base type was such that
ion composition of the HSA solution remained the same,
for example, KOH and HCl were used when the salt was
KCl. The pH was measured by Iskra MA5740 pH meter
(Ljubljana, Slovenia), using a combined glass microelec-
trode InLab 423 from Mettler Toledo (Columbus, OH).
The iso-electric point of HSA is at pH around 5.4.

2. 2. Osmotic Pressure Measurements

Pressure difference established between the salt so-
lution containing protein molecules and the salt solution
without the protein is known as the Donnan pressure. The
solutions are separated by a semi-permeable membrane
that allows small ions and solvent to travel between the
compartments but prevents protein molecules to diffuse
into the protein-free solution. When the equilibrium is es-
tablished across the membrane the electro-chemical po-
tential μ∼i of all charged species but protein must be the sa-
me in compartments α and β, as well as the chemical po-
tential of solvent μw:

(1)

Proteins are polyampholytes, i.e. molecules being
able to possess both positive and negative charges simul-
taneously, and can be treated as weak polyelectrolytes. In
the recent years several attempts have been made to treat
such systems theoretically.10–12 Assuming that activity
coefficients of the solvent in both compartments are near-
ly equal, as well as that the activity coefficients of small
ions are nearly the same, the following approximate equa-
tion can be derived:13

(2)

where Π is Donnan pressure, R gas constant, T absolute
temperature, ρ density of water, φ osmotic coefficient, mp

molality of protein, and msalt molality of buffer. Eq. 2 pro-
vides a useful tool for obtaining the osmotic coefficients
of protein solutions and the protein net charge Znet.

To quantitatively compare the effect of various salts
on the interactions between protein molecules, an equa-
tion:14

(3)

which correlates osmotic pressure Π to the activity of the
solvent aw, and the Gibbs-Duhem equation:15

(4)

were combined to yield the relation between the Donnan
pressure Π and the activity of added salt a2, assuming con-
stant composition of the solution:

(5)

In these equations Πid stands for ideal osmotic pres-
sure, Πid = cRT, n1 for amount of solvent and n2 amount of
solute in moles. Eq. 5 shows that higher Donnan pressure
reflects higher activity of the small ions in the solution.
One of possible reasons for higher activity of the small
ions could be weaker forces between small ions and pro-
tein molecules, which would in turn result in stronger re-
pulsion between the protein molecules. Thus, one would
expect that stronger repulsive forces between the protein
molecules lead to higher Donnan pressure. However, one
has to bear in mind that the level of hydration of small
ions also influences their activity.

Osmotic pressure measurements were performed us-
ing Knauer membrane osmometer model 73101 (Berlin,
Germany). Cellulose-acetate membranes with a cutoff of
12 kDa were used. The osmometer allows for maximum
pressures of 4000 Pa. After mounting the membrane, the
osmometer was left for baseline stabilization over the
night. Typical measurement time for individual protein
solution was 45 minutes.

2. 3. Small-Angle X-Ray Scattering 
Measurements
Small-Angle X-Ray Scattering (SAXS) spectra we-

re measured with the Kratky compact camera (Anton Paar
KG, Graz, Austria),16 which was attached to a conventio-
nal X-ray generator Kristalloflex 760 (Bruker AXS Gmb-
H, Karlsruhe, Germany) equipped with a sealed X-ray tu-
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be (Cu Kα X-rays with a wavelength λ = 0.154 nm) and
operating at 35 kV and 35 mA. 10 μm thick Ni foil was
used as a filter for primary X-ray beam, which eliminated
a large portion of Cu Kβ line – a large portion of Cu Kα li-
ne, which was of interest for the scattering, was still tran-
smitted. In addition a software monochromator was also
used, which considered only the scattered X-ray photons
within a predefined window of energies and in this way
eliminated also hard X-rays from the detected scattered
light. The samples were measured in a standard quartz ca-
pillary with an outer diameter of 1 mm and wall thickness
of 10 μm. The scattered X-ray intensities were detected
with the position sensitive detector PSD ASA (M. Braun
GmbH, Garching, Germany) in the small-angle regime of
scattering vectors 0.1 < q < 7 nm–1, where q = 4π/λ ·
sin(ϑ/2), ϑ being the scattering angle. The measuring ti-
mes of 20 hours yielded sufficient measuring statistic.
Scattering data were corrected for the empty capillary and
solvent scattering, put on absolute scale using water as a
secondary standard17 and were subsequently further nor-
malized to the scattering at large angles in order to easier
observe small differences in SAXS curves at low q values.
SAXS intensities obtained in this way were therefore not
exactly on the absolute scale and are consequently given
in arbitrary units. Furthermore, they are also still experi-
mentally smeared because of the finite dimensions of the
primary Beam.18

2. 4. Indirect Fourier Transformation of
SAXS Data
Experimental SAXS curves were analyzed with the

Generalized Indirect Fourier Transformation GIFT19–24

which is an extension of the Indirect Fourier Transforma-
tion method IFT.25–27 The latter is a model-free method ap-
propriate only for dilute particulate systems with negligib-
le interparticle interactions; for higher concentrations its
generalized version with the modeled interparticle interac-
tions has to be used. GIFT is based on the assumption that
the scattering intensity  I(q) can be represented as a pro-
duct of the form factor P(q) and the structure factor S(q):23

(6)

where n is the number density of scattering particles.
Form factor represents the intra-particle scattering contri-
butions and can be written as the Fourier transformation
of the pair-distance distribution function p(r):25,26

(7)

where r is the distance between two scattering centers wit-
hin the particle. Pair-distance distribution function serves
as a tool for the determination of the scattering particles’
geometry.23,28 At distances r bigger than the maximum di-

mension of particle the p(r) function adopts the value of
zero and in this way provides a useful tool for determina-
tion of the particle’s maximum dimension. Further, from
the shape of this function the type of scattering particles’
symmetry can be deduced. Structure factor S(q) is impor-
tant in the case of considerable interparticle interactions,
when it significantly contributes to the total scattered in-
tensity. In the real (r) space inter-particle interactions can
be described via the total correlation function h(r) = 
g(r)-1, with g(r) being the radial distribution function and
r the distance between the centres of particles.29 Similarly
to the connection between P(q) and p(r) through Eq. 7, al-
so S(q) and h(r) form the Fourier transform pair:

(8)

Various models and methods are incorporated in the
GIFT software package offering the use of appropriate
structure factor S(q). In the present study we were espe-
cially interested in the interparticle interactions between
the HSA molecules and in their effect on the SAXS spec-
tra, therefore the interparticle interactions had to be consi-
dered very carefully. For this reason a rather complex mo-
del of monodisperse charged hard-spheres with Yukawa
potential and Rogers-Young (RY)30 closure relation was
used. The latter approximation represents a combination of
the Percus–Yevick31 closure relation that works well for
short-ranged interactions and hypernetted chain (HNC)
closure relation, which performs the best for systems with
long-ranged (usually electrostatic) interactions.22 RY clo-
sure relation is designed to treat strongly correlated sys-
tems with repulsively interacting particles. For this reason,
it is a good choice for the study of inter-particle correla-
tions in the case of highly charged HSA particles screened
by the presence of ions of simple salts. In the GIFT proce-
dure the RY structure factor model is described by two pa-
rameters, i.e., concentration of salt and the dielectric con-
stant of the solvent, which are kept fixed, and additional
three parameters, i.e., volume fraction ϕ, radius R, and ef-
fective charge Zeff of the scattering particles, which can be
varied during the evaluation.22 Due to the strong correla-
tion between the parameters ϕ, R, and Zeff, one of them is
usually also fixed during the evaluation in order to get
physically reasonable values for the remaining two para-
meters.22 However, due to the high concentration of simple
salt in the studied HSA samples interparticle interactions
turned out to be substantially screened; therefore they we-
re only weakly expressed in the SAXS curves leading to
the necessity to fix one additional parameter of the structu-
re factor. Correspondingly, we chose to fix the radius (R =
4.25 nm was selected according to the resulting p(r) func-
tion) and volume fraction (ϕ = 0.02 was a reasonable guess
obtained according to the sample composition). Conse-
quently the effective charge Zeff was the only remaining pa-
rameter of the structure factor that was actually varied du-
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ring the evaluation of SAXS data, therefore all the diffe-
rences between the individual S(q) were fully reflected in
the resulting value of this parameter. Furthermore, the ef-
fective charge Zeff anyway represents a rescaled charge of
the scattering particle and therefore has less physical mea-
ning.32 The latter fact is, however, not only the consequen-
ce of the definition of Zeff but also the consequence of the
evaluation procedure itself. Nevertheless, the form factor
P(q) and the corresponding p(q) function, which are consi-
dered as the model-free results, are usually successfully
determined in such GIFT evaluation of the SAXS curves.
Namely, utilizing the simulated data it has been also shown
that the interparticle interactions are usually approximated
rather well even in the case of the unphysical resulting va-
lues of structure factor parameters, and that the evaluation
still leads to the correct results for the form factor P(q) and
pair distance distribution function p(r).22

3. Results and Discussion

3. 1. Osmotic Pressure
The Donnan pressure of HSA solutions was measu-

red at two different pH values, 4.0 and 8.0. In order to ob-
tain the protein’s net charge Znet and the osmotic coeffi-
cient φ of the solution Eq. 2. was fitted to the experimen-
tal data. The obtained results are represented in Table 1
with the corresponding experimental data and fits shown
in Figure 1, Figure 2 and Figure 3. Examination of the
collected results indicates that HSA molecules at pH 4.0
carry a net charge of about +15 e0, whereas at pH 8.0 the
net charge of the molecules is about –20 e0. The iso-elec-
tric point of the HSA is at pH around 5.4, therefore such
charge polarity reversal going from pH 4.0 to 8.0 is expec-
ted. The fitting procedure yields osmotic coefficient va-
lues in the range of 0.76–0.86; the result indicates sub-
stantial deviations from the ideal behavior. 

Figure 1 displays experimental data of sodium salt
solutions of HSA at pH 4.0. Protein solutions which con-
tain Br– ions exhibit lower Donnan pressure than solutions
containing Cl– and H2PO4

– ions. As explained in the Expe-
rimental and Methods section, larger Donnan pressure ref-
lects larger activity of the small ions, which could be the
consequence of weaker attraction between the protein mo-
lecules and small counterions. Accordingly, such behavior
could speak in favor of stronger repulsive forces between
HSA molecules. However, one has to be aware of the fact
that due to a rather large molar ratio salt/HSA in the sam-
ple, the small ions are the actual species that contribute
substantially to the colligative property such as osmotic ac-
tivity – in this sense the small ions are the actual particles
that build up the Donnan pressure. Of course, the HSA ma-
cromolecules cooperate in the overall Donnan equilibrium,
but they influence Donnan pressure mainly indirectly by
interacting with the small ions. Nevertheless, arranging an-
ions into a series and beginning with the anion which is ex-
pected to induce the strongest repulsive interactions bet-
ween HSA molecules, gives the following order: H2PO4

– >
Cl– > Br–. The results for protein net charge presented in
Table 1 are in very good agreement with the data available
from the literature33 with the only exception in the case of
H2PO4

–. This net charge value is substantially larger than
the other two at pH 4.0. Although this is a large deviation it
could be at least partially explained by the influence of the
size of hydrated anions. Similar explanation of the anion
size effect was already used in the study of lysozyme solu-
bility in polyethylene glycol-electrolyte mixtures.34 Na-
mely, the size of hydrated anions increases in order Br– <
Cl– <H2PO4

–, with the H2PO4
– anion correspondingly cau-

sing the weakest screening between the HSA molecules.
Similarly, the effect of anions on the behavior of pro-

tein solutions at pH 8.0 is shown in Figure 2. SCN– ions
exhibit the highest Donnan pressures and are therefore ex-

Table 1: Net charge Znet and osmotic coefficient φ of HSA solu-

tions with various 0.15 M salts at pH values of 4.0 and 8.0 as result-

ing from the fits of data in Figures 1–3 according to Eq. 2.

pH Salt Znet φφ
NaH2PO4 27 0.63

4 NaCl 15 0.84

NaBr 14 0.76

NaSCN –21 0.85

8 NaNO3 –21 0.80

NaCl –20 0.82

NaAc –22 0.69

CsCl –20 0.86

8 NaCl –20 0.82

LiCl –19 0.85

However, one has to note that Eq. 3 assigns a single
value of the osmotic coefficient to a range of solutions
with different HSA concentrations.

Figure 1:The salt-specific effect of various anions on Donnan pres-

sures of HSA solutions at pH 4.0. Filled symbols denote experi-

mental data, whereas lines represent the fits according to Eq. 2.
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3. 2. Small-Angle X-Ray 
Scattering Intensities

The results of the Donnan pressure measurements of
the HSA solutions with various salts were complemented
with the SAXS study of the same solutions. SAXS measu-
rements were performed for the 20 g/L HSA samples (mp

≈ 0.0003 mol/kg) in 0.15 M salt solutions at pH 8.0 and
are presented as anionic and cationic series in Figure 4.
Already from the raw experimental SAXS data shown in
Figure 4 one can observe that the scattering curves practi-
cally coincide from moderate q values on, while slight dif-
ferences can be observed in the regime of small values of
q. Such differences between the individual SAXS curves
could be easily explained with the help of Eq. 6. Namely,
if one assumes constant form factor of the scattering par-
ticles and increasing repulsive liquid-type interactions
between them, such lowering of the SAXS intensity in the
low q regime would be expected. However, due to Fourier
transformation relating the real and reciprocal space quan-
tities it is rather dangerous to interpret the raw SAXS data

Figure 3: The effect of cations on Donnan pressures of HSA solu-

tions at pH 8.0. Symbols denote experimental data whereas lines

represent the fit according to Eq. 2.

Figure 4: Experimental SAXS curves of 20 g/L HSA in various

salt solutions at pH 8.0. The curves are normalized to coincide at

large q values for the sake of clarity and are therefore on an arbi-

trary scale although very close to an absolute scale.

a)

b)

Figure 2: The effect of anions on Donnan pressures of HSA solu-

tions at pH 8.0. Symbols denote experimental data, whereas lines

represent the fit according to Eq. 2.

pected to induce the strongest repulsive interactions bet-
ween HSA molecules. The series of anions at pH 8.0 is
thus as follows: SCN– > NO3

– > Cl– > Ac–. It is evident that
the trend of Donnan pressures shows the reversal in the an-
ion sequence in respect to the Hofmeister series when
changing from pH 4.0 to 8.0. It is also evident that the ef-
fect of anions on Donnan pressure is stronger at pH 4.0
where they act as counterions than at pH 8.0 where they act
as coions of the protein. In this sense these results are the
consequence of the charge polarity reversal of the HSA
molecules with the increase in the pH from 4.0 to 8.0.

The influence of various cations on the Donnan
pressure of HSA solutions is in general less pronounced
than that of anions. The results of the Donnan pressure
measurements for cation series at pH 8.0 are shown in
Figure 3 and reveal the following order of cations with de-
creasing activity in the studied samples: Cs+ > Na+ > Li+.
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directly. Consequently, these data were interpreted utili-
zing the GIFT19-24 evaluation technique. The results for
the cationic and anionic series are depicted in Figure 5
and Figure 6, respectively. They are presented in a form of
pair-distance distribution function p(r), revealing the in-
ternal structure and geometry of scattering particles, and
structure factor S(q), representing the information on the
interparticle interactions. The shape of the p(r) functions
in Figure 5a reveals that the scattering particles are homo-
geneous with maximal dimensions around 8.5 nm in all
cases. This proves that the form factors P(q) are indeed
more or less constant in the studied samples and that the
slight differences in the SAXS spectra from Figure 4 can
be attributed solely to the differences in the interparticle
interactions. Further, comparing the shapes of the resul-
ting p(r) functions (black lines) with those of the simula-
ted p(r) functions (grey lines) for a spherical particle with
diameter D = 8.5 nm, prolate ellipsoid with semi-axes a =

b = 2 nm and semi-axis  c = 4.25 nm, and oblate ellipsoid
with semi-axes a = b = 4.25 nm and semi-axis c = 2 nm
clearly reveals nearly perfect match in the case of the ob-
late ellipsoid. The latter is thus the correct geometry of
HSA molecules in these solutions. All these findings are
also true for the results presented in Figure 6a. We can on-
ly briefly comment the shoulder observed in the p(r) func-
tion of the sodium acetate sample, which is stretching a
little further out than in other cases. We interpret it in a
sense that the ionic cloud of the rather large acetate anions
most probably develops a sufficient scattering contrast to
be able to contribute to the form factor and apparently
slightly increase the observed size of HSA molecules in
this sample.

Inspecting further the structure factor results shown
in Figure 5b and Figure 6b we can clearly observe an in-
creasing repulsive interparticle interactions between the
HSA molecules in the sequence Cs+ < K+ < Na+ < Li+ for

Figure 5: GIFT results of the experimental SAXS curves from

Figure 4a – cation series. (a) Resulting model-free pair distance di-

stribution functions p(r) and (b) the corresponding modeled struc-

ture factor curves S(q). Inset: resulting structure factor parameter

values for the effective charge Zeff. For the sake of clarity p(r) func-

tions are normalized to the same height.

Figure 6: GIFT results of the experimental SAXS curves from

Figure 4b – anion series. (a) Resulting pair distance distribution

functions p(r) and (b) the corresponding modeled structure factor

curves S(q). Inset: resulting structure factor parameter values for

the effective charge Zeff. For the sake of clarity p(r) functions are

normalized to the same height.

a) a)

b) b)
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the varying cations and in the sequence COOH– < Cl– <
NO3

– for the varying anions. These sequences conform to
the Hofmeister series. For the case of anions a similar
SAXS results have already been reported.35 Interestingly,
the sequence for anions agrees with the order obtained
from the interpretation of the Donnan pressure measure-
ments. However, the trend of expected interparticle repul-
sions between the HSA molecules obtained from the Don-
nan pressure results for varying cations seems to be just
the opposite as the trend of interparticle interactions re-
vealed by the SAXS results. At this point we have to stress
that the interparticle interactions in the form of structure
factor S(q) are the actual direct result of the SAXS data in-
terpretation. On the contrary, the Donnan pressure measu-
rements directly reveal the trends in the change of the ac-
tivity of the small ions, while the trend of expected repul-
sions between HSA molecules based on this activity chan-
ges is only a possible consequence. As can be seen in
Figure 2 and Figure 3, it is also true that the Donnan pres-
sures at this specific HSA concentration show larger diffe-
rences in the case of anion series than in the case of cation
series. Thus, some further studies of these cation series
might be of interest to clarify some of these qualitative
discrepancies between the results of both methods. In any
case, the S(q) curves in Figure 5b and Figure 6b reveal re-
pulsive interparticle interactions in all cases. However, ac-
cording to the S(0) values these interparticle interactions
are not very pronounced. This is a consequence of the
strong screening effect of simple salts, which are added at
rather high concentration. In comparison to the net charge
of the HSA molecules obtained from Donnan pressure re-
sults the effective charge values seem to be rather low, but
one has to bear in mind that the effective charge anyway
represents a rescaled charge of the scattering particle and
therefore has no clear physical meaning.32

Eventually, we have to comment the present fin-
dings on the HSA solutions in terms of our previous simi-
lar investigations.2,36 Namely, we seem to obtain somew-
hat puzzling results for the actual geometry of the HSA
molecules in solutions. It is true that we have used diffe-
rent batches of HSA for every individual study but all of
them were purchased from the same company with the sa-
me lot number. Nevertheless, due to the fact that one can
actually find different structures of HSA in the literatu-
re2,36–40 we suspect that HSA in solutions is obviously rat-
her tricky either in terms of stability or in terms of various
possible conformations varying from oblate ellipsoid of
maximal dimension about 8.5 nm to prolate ellipsoid of
maximal dimension approximately 14 nm.

4. Conclusions

Thermodynamic properties of aqueous protein solu-
tions are governed by complex interactions among all spe-
cies in the solution. Both non-electrostatic and electrosta-

tic forces contribute to the non-ideality of these solutions
which was in our case clearly evidenced with the Donnan
pressure results. With this investigation we were able to
demonstrate that the effects of various simple salts on the
Donnan equilibrium and small-angle X-ray scattering of
HSA solutions follow the Hofmeister series. We interpre-
ted the results in terms of different activities of the ions in
solutions and different repulsive liquid-type interactions
between the HSA molecules. We were also able to demon-
strate that oblate ellipsoid with dimensions 8.5 × 8.5 × 4
nm is the correct geometry of HSA molecules in these so-
lutions.
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Povzetek
S pomo~jo metode ozkokotnega rentgenskega sipanja (SAXS) in membranske osmometrije smo raziskali specifi~ne

vplive razli~nih 1:1 soli na meddel~ne interakcije in termodinamske koli~ine vodnih raztopin ~love{kega serumskega al-

bumina (HSA) pri 25 °C in pH 4.0 ter 8.0. Rezultati so pokazali, da je donnanski tlak tak{nih HSA raztopin mo~neje od-

visen do tipa aniona kot od tipa kationa soli v raztopini. Zanimivo pa je, da prisotnost razli~nih soli v HSA raztopinah le

rahlo vpliva na eksperimentalne rezultate SAXS v dostopnem obmo~ju sipalnih vektorjev q (0.1 nm–1 < q < 7 nm–1). Si-

palne krivulje so bile ovrednotene s pomo~jo posplo{ene indirektne Fourierove transformacije, ki je razkrila, da so v

vseh raziskanih raztopinah interakcije med HSA molekulami odbojne. Pokazala je tudi, da so HSA molekule v teh raz-

topinah oblike oblatnega elipsoida z dimenzijami pribli`no 8.5 × 8.5 × 4 nm. Predstavljeni rezultati se skladajo s trendi

Hofmeistrove vrste in so se dali tudi zadovoljivo dobro razlo`iti v smislu razli~nih jakosti meddel~nih interakcij.


