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Abstract 

Interaction between bovine serum albumin and 
Co(I1) cation was studied by equilibrium dialysis- 
differential refractometry, viscometry and dilato- 
metry at different cobalt salt concentrations. Pre- 
ferential absorption parameters and specific viscosity 
were determined from refractometric and viscometric 
measurements. This interaction produces structural 
changes in bovine serum albumin depending on the 
metal ion and protein concentrations. The results 
obtained by refractometric and viscometric tech- 
niques can be correlated with those deduced from 
dilatometric studies. 

Introduction 

Bovine serum albumin, BSA, is a single-chain 
globular protein with a known aminoacid sequence 
[ 1,2]. Its structure has been determined by X-ray 
crystallographic analysis [3]. Optical [4], hydro- 
dynamic [5], electrophoretic [6], dilatometric 

17981 and 13C NMR spectra [9] techniques have 
been used to follow the denaturation of BSA under 
several conditions. 

A pH-dependent conformational change for this 
protein around physiological pH has been described 
[ IO- 121. Zurawski and Foster [ 131 showed evidence 
for the existence of two conformational states and 
a transition from a neutral (N) to a basic (B) form 
as pH increases. This transition is also affected by 
calcium ions [ 14- 161. 

In a previous paper [ 171 we correlated volume 
changes accompanying lysozyme-metal ion inter- 
actions with the solvation and conformation of this 
protein. It has been demonstrated that techniques 
such as dilatometry, viscometry and differential 
refractometry make up a good set in order to 
establish conformational changes in proteins. In the 
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present work a similar study is made for BSA- 
cobalt nitrate systems. The evolution of the h solva- 
tion parameter as a function of cobalt salt concen- 
tration is related to volume changes and specific 
viscosity under the same conditions. 

Experimental 

Albumin used in this study was crystallized and 
lyophylized bovine serum albumin A-4378, lot 
no 38-C-8160, obtained from Sigma Chemical Co. 
and used without further purification. The purity 
of the preparation was checked by polyacrylamide 
gel electrophoresis. 

Molecular weight of the albumin was taken as 
66 000. Analytical reagent grade metal nitrates 
and potassium chloride were obtained from Merck, 
Darmstadt. All solutions were carefully degassed 
before use. 

Volume changes at 30.0 f 0.01 “C were measured 
according to the procedure previously described 
[ 171. The volume change produced by mixing both 
components is referred to as AV. AV values were 
measured 5 to 15 min after mixing. Values reported 
here are averages of two or three experiments and 
could be reproduced to 50.07 ~1, which leads to an 
uncertainly of 5 ml/ 10’ g of protein. 

Blank experiments were run in which the Co(H) 
solutions were mixed with distilled water. Volume 
changes observed in these experiments were sub- 
tracted from those obtained by adding the protein 
uncertainty of 5 ml/lo’ g of protein. 

Differences in refraction index were measured 
with a Brice-Phoenix differential refractometer 
model BP-2000 V at 546 nm and 30 “C, and em- 
ploying a sealed-type differential cell with ground- 
glass stoppers to prevent solvent losses. Calibration 
was made with aqueous solutions of highly purified 
KCl, taking the data of Kruis [ 181 as reference; 
the temperature difference between the bath and 
the cell did not exceed 0.02 “C. Values of (dn/dc), 
were determined by the method of Hertz and 
Strazielle [19] as described previously [20]. Values 
of (dn/dc), were obtained from the refractive index 
differences between protein solutions and their 
dialysates. 
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The membranes used for equilibrium dialysis were 
Wisking tubing from Union Carbide Corporation, 
Chicago, and were pretreated as described by Cooper 
and Wood [21]. 

An absolute error of +0.03 ml/g was estimated 
for all the X measurements. 

Viscometric measurements were made using a 
modified Ubbelhode suspended level viscometer, 
thermostatted at 30 “C. Solutions were subjected 
to dialysis equilibrium and experimental measure- 
ments were carried out comparing flow times of 
each dialysed solution and the corresponding dialysed 
solvent. 

For all cobalt concentrations (or volume fractions 
of component 2) h values are always positive (Table 
I), indicating that albumin is preferentially solvated 
by water (preferential hydration) in the ternary 
system water l-cobalt 2-albumin 3. Maximum 
water solvation occurs at 0.024 M total Co(R), and 
the minimum at 0.048 M Co(R) concentration. 

A Phillips pH meter model PR-9403-01 with a 
semimicro combination electrode was used for pH 
determinations and a Beckman spectrophotometer 
model UV-5260 for spectrophotometric measure- 
ments at 5 10 run. 

The X parameter was compared with the intrinsic 
viscosities obtained by the viscometric technique, 
as described previously [ 171. Relative errors cal- 
culated for (r&/c values are l-2%. When compar- 
ing the results in Fig. 1 it can be stated that the 
(Q.&/C variation as a function of cobalt salt con- 
centration is similar to the evolution of h. At a 
total cobalt nitrate concentration of 0.048 M a 

Results 

By means of dialysis equilibrium and differential 
refractometry, the preferential adsorption (or sol- 
vation) parameter h was obtained for the BSA-Co- 
(II) system at a protein concentration of 7.57 X 
lo-’ M. This technique has been used by other 
authors [22-241 as well as by ourselves in studies 
dealing with proteins in dilute urea solutions [20] 
and lysozyme in cobalt or copper nitrate solutions 
[ 171. The evaluation of X has been previously ex- 
plained in detail [20]. Positive h values represent 
the preferential solvation of water (component 1) 
by protein (component 3), and negative values 
the preferential solvation of metal ion (component 

2). 
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Table I summarizes the experimental data needed 
for h determinations. vo2 is the volume fraction of 
component 2 in the solvent mixture, without protein 
and before dialysis. (dn/dc), and (dn/dc),, are 
variations of refractive index with protein concen- 
tration before and after dialysis respectively, and 
dn/du2 is the refractive index variation with the 
volume fraction of component 2 without protein. 
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Fig. 1. Plot of (nan)/c and h against Co(D) concentrations. 

(0): (n&/c is indicated with an arrow toward the left or- 

dinate; (0): h is the preferential adsorption parameter and is 

indicated with an arrow toward the right ordinate. Protein 

concentration is 7.6 X 10e5 M. 

TABLE I. Values Obtained for Albumin-Cobalt(D) System from Equilibrium Dialysis-differential Refractometric Measure- 

ments. dno/dua = 0.024; PC,,(NO~), = 1.8725 g/ml. 

Equilibrium concentration 

Of) 

0.002 

0.005 
0.014 

0.024 

0.033 

0.048 

0.072 

0.110 

vo2 x 102 

0.004 

0.007 
0.022 

0.037 

0.052 

0.074 

0.112 

0.171 

(dddc), (dn/dc)p 

W/d (ml/g) 

0.192 0.188 

0.197 0.189 
0.195 0.186 

0.198 0.189 

0.195 0.189 

0.188 0.185 

0.191 0.197 

0.193 0.186 

(hmlkl 

0.197 

0.331 
0.378 

0.390 

0.255 

0.135 

0.185 

0.295 
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minimum in (n,n)/c as well as in X is observed. 
Similarly a maximum value in both parameters is 
attained at total cobalt nitrate concentrations 
between 0.014 and 0.033 M. 

It is clear that h is a relative measure of the com- 
position of the binary system in the proximity of 
the macromolecule in relation to the bulk solvent. 
Consequently albumin interacts with the components 
of the binary system water-cobalt, but preferentially 
with only one of them. For this reason cobalt binding 
to albumin has also been studied using difference 
spectroscopy, according to Ahlfors [25]. Albumin 
binding was found to enhance the extinction co- 
efficient for cobalt salt at 510 mn. The absorption 
(510 nm, 30 “C) of a solution containing 1.5 X IO+ 
M Co(H) and 1.5 X 10m4 M albumin was used in 
order to determine er x e2, calculated from the slope 
of the corresponding absorbance against metal salt 
concentration calibration. At several cobalt nitrate 
concentrations the unbound Co(H) was calculated 
at several protein concentrations and association 
constants, K,, were evaluated from Scatchard plots 

1261. 
Figure 2 shows the results obtained for D expressed 

as mol of bound ligand/lO’ g protein at different 
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Fig. 2. Plot of V against total cobalt(H) concentrations. 
8 values indicate mol Co(U) bound to albumin/105 g protein. 
(a): 1.9 x 1O-5 M; (0): 3.8 x 1O-5 M; (0): 7.6 x lo-’ M 
and (0): 1.5 X lo4 M of BSA respectively. 

protein concentrations, as a function of total metal 
ion concentration (free t bound). P increases at 
low salt concentrations up to about 0.014 M; after 
a plateau it increases again markedly between 0.024 
and 0.048 M. This effect is more pronounced at low 
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protein concentrations. From D results and plotting 
P/v x c vs. g/c (being v, unbound cobalt concentra- 
tion and c protein concentration, both expressed as 
molarities) the association constants, K,, may be 
evaluated (Fig. 3). K, determined in this way are 2.0 
X 10v3 M-r and 2.9 X 10e3 M-’ for albumin concen- 
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Fig. 3. Scatchard plots for albumin-Co(I1) systems. (A): 
7.6 X 10m5 M and (B): 3.8 X lo-’ M of BSA respectively. 

trations of 7.6 X lo-’ M and 3.8 X lo-’ M respec- 
tively, and are close to those described by other 
authors [27,28]. 

On the other hand, viscometric results have been 
compared to those obtained by the dilatometric 
technique. Intrinsic viscosities of proteins are 
proportional to the corresponding hydrodynamic 
volumes, and volume changes can be used to deter- 
mine the partial molar volume of protein [29,30]. 
Consequently both may be compared from a quali- 
tative point of view. 

Volume effects for albumin-Co(U) interactions 
at protein concentrations of 7.6 X IO-’ M and 
3.8 X lo-’ M are shown in Fig. 4. The experimental 
procedure is based on those described by Katz and 
Ferris [31] and Katz and Roberson [32] and has 
been used by us as described previously [17]. 
Volume effects are always positive and are a function 
of metal concentration. It is observed that 6V in- 
creases with increasing metal concentration until 
a maximum is attained at 0.033 M, which corre- 
sponds to 251 ml/lo’ g of protein for 7.6 X IO-’ 
M albumin and 243 ml/ 10’ g of protein for 3.8 X 
10e5 M albumin. For higher metal ion concentra- 
tions, 6V decreases reaching a minimum at 0.048 
M. Qualitatively, the variation of 6V as a function 
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Fig. 4. 6V isotherm produced by the reaction of albumin 
with cobalt(I1). (0): 3.8 X lo-’ M and (a): 7.6 X lo-’ M 
of BSA respectively. 

of cobalt nitrate concentration (Fig. 4) is similar 
to the variation of (nsp)/c and h under the same con- 
ditions (Fig. I). 

Discussion 

Albumin is present in many biological fluids 
and binds a wide variety of organic and inorganic 
ligands [33]. The behaviour of bovine serum albumin 
in cobalt nitrate solutions has been examined in terms 
of the preferential solvation parameter, h, deduced 
from dialysis equilibrium-differential refractometry, 
and compared with the results of intrinsic viscosity 
and dilatometric experiments. 

The dependence of preferential solvation of BSA 
upon concentration of cobalt nitrate salt is given 
in Fig. 1 and Table I. h determination at 30 “C 
indicates that BSA solvates preferentially water in 
all the metal ion concentration range used, in con- 
trast with dilute urea solutions [20]. A striking 
feature of the results is the large amount of prefer- 
ential water binding that occurs with BSA in relation 
to lysozyme in the same range of metal concentra- 
tions [ 171. On the other hand the X isotherm ex- 
hibits a maximum at ~0.03 M total metal concentra- 
tion and a minimum at 0.05 M (Fig. I). Changes 
in h seem to be related to variations in binding of 
the other component, the metal ion (Fig. 2). As the 
preferential solvation gives a measure of the differ- 
ence between solvent composition in the protein 
domain and outside it, the decrease in the preferen- 
tial solvation of one component (i.e. water in the 
metal concentration range between 0.03 and 0.05 
M) implies a selective binding of the other component 
to the protein, metal ion (Figs. 1 and 2). 

Previous studies have shown that viscometric [ 17, 
301 as well as dilatometric techniques [7, 34,351 

are a good tool to detect conformational changes. 
The addition of metal ions, such as copper(H) to 
lysozyme [17,36] or copper(I1) to albumin [30, 
371 causes a change in volume effects. These changes 
increase as the protein concentration diminishes [17, 
30,361 and the more pronounced changes were 
interpreted as being due to protein structural alter- 
ations. The dilatometric studies reveal that the 
volume effects produced by protein-cation inter- 
action are determined primarily by the protein 
[30,32,36] and the type and concentration of 
cation involved [ 17,321. Inspection of data in 
Fig. 4 show that volume effects produced by 
albumin-cobalt(I1) interaction differ substantially 
from those obtained for albumin copper(R) [30] 
and lysozyme-cation interaction [ 171. Volume 
changes are higher than those obtained for lyso- 
zyme-Co(H) systems [ 171 and lower than those 
detected for BSA-Cu(I1) ones [30]. The 6V at 
0.05 M Co(H) are in good agreement with those 
described by Katz and Roberson [32]. The 
interaction of Co(H) with albumin produced a 
volume increase with increasing cation concentra- 
tion up to 0.03 M, which may be correlated with 
an increase in X. Furthermore, the decrease ob- 
served in 6V between 0.03 and 0.05 M is accom- 
panied by a diminution in h. That is, volume 
changes are a consequence of the high or low water 
solvation, as has been already observed for lyso- 
zyme [17]. 

As in the case of copper(I1) [38,39] cobalt(H) 
can complex carboxylate residues, nitrogen donor 
atoms, and the peptide backbone. Carboxylate groups 
have more hydrogen-bonded water than do nitrogen 
donor atoms such as lysine. Similarly, the carbonyl 
oxygens in the peptide backbone characteristically 
have more water bonded than to N-H groups [40]. 
These data lend credence to the hypothesis that 
coordination to an oxygen donor atom will release 
more water than the corresponding process involving 
nitrogen donor atoms [37]. 

On the other hand, the analysis of the dilatometric 
isotherms provide information about conformational 
changes of proteins in solution [7,34,41]. The 
present results show a change in the sign of the slope 
of the 6V isotherm between 0.03-0.05 M, signifying 
that BSA undergoes a structural change. BSA upon 
dilatometric titration gave evidence for at least 
three structural transitions as a function of pH. 
Although the protein ligand interaction determines 
the character of consequent volume effects [35], 
pH and the ionic environment plays a small but 
significant role in the overall AV process. It may 
be noticed that buffers and supporting electrolytes 
were avoided to preclude competitive binding 
effects [37], but these studies were conducted 
outside the pH range where pH transitions were 
detected. It is tempting to conclude that the observed 
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changes in pH solutions (between 6.1 and 5.4) 
are not related to the present structural change. The 
pH contribution to the volume change results only 
in a quantitative correction of an l-3% of the 
parameter evaluated for the protein-metal inter- 
action. 

It has been described also that the uptake of 
Co(R) by the carboxyl sites of BSA tends to induce 
conformational changes [42] and that the coordina- 
tion of Cu(I1) to BSA at pH 7.4 produces a cooper- 
ative binding isotherm and a curvilinear volume 
isotherm [37], indicating that cupric ions can 
produce a structural transition similar to the alkaline- 
induced neutral transition [15] at salt copper con- 
centration below 5 X IO-’ M. The present experi- 
ments show a gross transition between 0.03 and 
0.05 M of metal ion. Studies with copper(R) [30] 
or lysozyme [ 171 indicate a similar metal ion- 
dependent conformational change. A salt can produce 
structural alteration or denaturation by direct inter- 
action with the macromolecule, or indirectly by 
altering solvent properties [23]. The foregoing 
evidence suggest that structural alteration ob- 
served in BSA is not due to a direct salt binding but 
rather to a general effect of the salt on the solvent 
because, although the lower magnitude, it occurs 
over the same range of metal ion concentration than 
is observed for lysozyme [ 171 or for BSA itself 
in copper nitrate solutions [30,36]. 
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