
The binding of methyl orange to bovine serum albumin has been investigated by means 
of equilibrium and differential dialysis. 

n order to obtain reproducible and exact results, the binding of the ligand to the 
ust always bc studied. 

A significant bin ing gives with equilibrium dialysis, as well as wit 
dialysis, erroneous results. The correction as proposed by Klotz et al. was an am Dora- 
tion. But the most correct binding curve is obtained by including the membrane bi:,ding 
in the total binding phenomenon. 

INTRODUCTION 

ifferent ligands to macromolecules, and especially to biological macro- 
molecules is the subject of nu ous investigations. 

A great number of physic are described in order to study the inter- 

action between a ligand and eyer and Guttman, 1968). Most of these 

techniques consist in the determination of e unbound ligand. The amount of bound 

drug can be calculated from the difference be een the unbound and the total amount of 

the drug in the system. 
A frequently used method to determine the free species of a ug is dialysis, in its 

Is: either the ‘classical’ e~~ilib~iurn ostenbauder, 1958; 

ss. 1964) or the ‘dynamic’ dialysis ( 
1973) in which the kinetic process 0 
, the se~iii~~er~~e~~b~e mem rane gives a separation between 

Patively smaln molecule, an the mac:omolecule together wit 
molecule complex. The ~I~l~crI~~eabi~ity of the mcnlbrane to macromolecules results in a 
selective diffusiw cvcn when a concentration gradient exists. 

d of dialysis to the binding of met 
was further examined. In the litera 

hikama, 1948) we found different 

ye t 3 bovine serum albumin. T e differences in t arameters n and 



66 

TABLE 1 

BINDING CONSTANTS FOR THE 1NTERACTION MO-BSA 

n = the number of binding sites; K = the intrinsic association constant (l/M) 

PH n K 
- ~- 

Shikama, 1968 6.9 16 3.8 . 103 
Klotz et al., 1946 5.68 22 2.27 * IO3 
Meyer and Guttman, 1970 7.3 22 2.08 - 103 

characterize the binding are due to the circumstances of dialysis used in the various 
studies. This paper will show the effects of membrane binding and pH on the binding 
constants for the interaction between bovine serum albumin and methyl orange. 

MATERIALS AND METHODS 

Materials 
Bovine serum albumin (BSA) fraction V (Sigma Chemical Company) was used 

throughout this study. Methyl orange (MO), was of reagent srade (iMerck) and molecular 
weight 327.34. The dye was determined spectrophotometrically in 0.1 N hydrochloric: 
acid with a Unicam SP 1800 spectrophotometer at a wavelength of 560 nm. Dialysis 
tubing was Visking cellulose membrane (20/32) with an average pore size of 2.4 mn. 

Procedure 
The tubes were cut te a fixed length. They were heated in distilled water at 90°C for 

1 h and subsequently washed several times with distilled water to remove any con- 
taminating substances in the cellophane. Knotted at one end, they were dried by pressing 
between filter paper and then inflated. After filling with suitable quantities of the fluid 
to be dialysed the bags were tightly tied and placed in wide-mouth glass-stcppered glass 
tubes containing phosphate buffer. The glass tubes were then fixed in a tumbling water- 
bath and the temperature was maintained at 25°C during the whole experiment. 

The dialysis bags were weighed before and after the experiment to check the dialysis 
procedure by volume changes. No volume change may occur because of the presence of 
the phosphate buffer which acts as swamping electrolyte. 

In order to determine the adsorption of methyl orange to the cellophane membrmcs, 
the dialysis tubes were filled with solutions of the dye under the same conditions as for 
dialysis. The bags were placed in glass tubes containing the buffer solutions and put in the 
waterbath at 25’C. After dialysis the two compartments were analyzed. 

RESULTS AND DISCUSSION 

Sinding by the dialysis membrane 

When the system consisted only of methyl orange, phosphate buffer and the ccllulosc 
membrane, it was found that the methyl orange concentration decreased very rapidIy due 
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to binding oft ethyl orange by the dialysis membrane. 
Fig. 1 shows the adsorption of methyl orange by e mc,mbrane as a function of time. 

After 120 min the adsorption rern~~ed constant. The ad.;orption is also dependent on 
both the concentration of metby~ organe and the size of the membranes. By keeping the 
size of the dialysis bags consort throu~out the different experiments the binding by the 
l~cmbrane is 0~1~ a f~~ct~~~ of the coRcen~atio~ of methyl orange. The amount of 
methyl orange adsorbed (Fig. 2) increased with increasing concentrations of the dye and 
~~~11~ reached sat~ratjo~. The relative amount ads&bed decreased as the concectration 
of methyl orange i~crea~d. The binding by the membrane in the presence or absence of 
~bulnin is not the same, es~cially for the lower concentrations of methyl orange. This 
t_,?comes very clear where the absorbed amount is expressed as a per cent of the total 

The binding to the ~~embrane can be treated as an adsorption phenomenon of the 
~~~~ir-ty~ and may be considered as analogous to binding of one group of binding 

sites on a ~~acrotilo~ec~~le (~~~~er and Guttman, 1970; Pedersen et al., 1977): 

r 
. = n*K”DF 

1 + K’DF 
(1) 

where r* is the amount of ligand molecules bound per amount of membrtie and K* is 

1. . . 
------- o- . 

,.-.--* 
_.-:= 

./ 

"g MO adsorbed % MO adsorbed 

lo 20 30 LO 50 60 70 
mg/lOO ml a 60 90 120 mxn 

r?&. 1. hss of AiQ to the dialysis menWane. ~1, MO in inside and outside of dialysis bag; A,MO inside 
of the dialysis bag; , MO outside of the dialysi; bag. Initial cont., 60 pg MO/ml. 

Fig. 2 Adsorption of MO to the dialysis membrane. 0, in the absence of albumin; AA, in the presence 

of albumin. Albumin concentration = 1 - 10 4 ml-t. Length of the membrane 11 cm (visking 20/32). 
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the association constant for binding to the membrane, n* is the amount of binding sites 
and DF is free-drug concentration. 

For the binding of methyl orange to the dialysis membrane (Fig. 3) we found the fol- 
lowing parameters: n* = 0.015 and K * = 0.557. They indicate that the ligand has a lower 
affinity for the membrane than for the specific binder of interest, namely the protein. 

Ligand -pro tein binding 
To study the binding between methyl orange and albumin the technique of dialysis 

was used under various forms. They all appear very simple but they did not always result 
in the same binding curve. The differences were due to binding of the dye by the mem- 
brane. 

When using equilibrium dialysis and having the possibility to measure the two 
compartments (method A), the binding to the membrane is easily excluded and the ob- 
tained binding curve represents only binding to the macromolecule. 

But when measuring only the protein-free side (method B), the ligand seemed to have 
a greater affinity for the protein. For such cases Klotz et al. (1946) proposed to make a 
correction, by using a control tube, where the macromolecule was replaced by buffer 
(method C). After determination of the concentration of the ligand in the control tube 
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. ‘i . . . . ‘1 . . . 
‘. .‘.q 

0.001 4003 PO05 r 

+r 

Initial concentration 

Fig. 3. Scatchard pht for the binding of MO to the dialysis membrane. 

Fig. 4. Quantitative differential dialysis method. Binding MO-albumin. MO concentration = 40 mg/ 
100 ml. Albumin concentration = 1 - 104 ml-l. Dialysis time: l , 30 min; A, 60 min; m, 120 min; 0, 
180 min. 
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outside of the cellophane bag, it was possible to calculate the total amount of drug 
remaining in the dialysis system. This value was used by him to calculate the protein- 
bound amount of the dye in the protein solution. 

Recently Pedersen et al. (1977) described a more correct calculation for the amount 
of ligand bound by the cellophane in presence of the protein (method D). 

The quantitative differential dialysis method (Polderman et al., 1974) (method E) 
which was proposed as an alternative for the study of slowly attained equilibria and 
applied by us (Bontinck and Kinget, 1976) for the study of micellar binding, was applied 
here as well for further evaluation. In this method a drug-macromolecule solution was 
dialysed against a series of different concentrations of the same ligand. After a few hours 
the solutions were analyzed and the decrease or increase in concentration of the methyl 
orange was plotted against the starting concentrations. A straight line was obtained. The 
intersection with the X-axis gives us the vafue of the free ligand concentration. The slope 
of the line is determined by the period dlrring which it was dialysed. When using this 
method the drug was only measured in one compartment. 

A test solution was dialysed during 30, 60, 120, or 180 min and there was a shift in 
the intersection with the X-axis for some periods (Fig. 4). Which means that there is a 
different quantity of drug free for one consl;nt quantity of total ligand and macromole- 
cule. As a control, both compartments were analyzed for the different dialysis periods. 
After dialysing for 30 min, there was no diffusion from one compartment to the other. 
We noticed a decrease in the methyl orange concentration on both sides of the dialysis 
membrane. After establishing the mass balance we calculated the quantity of drug 
adsorbed to the membrane. After dialysing for 60 min an exchange had taken place. In 
the period between 120 and 180 min there was no difference anymore in the intersec- 
tion with the Xaxis. By correcting the starting concentrations for the Linding to the 
membrane (method F) we obtained with this method a binding curve comparable with 
the curve of equilibrium dialysis where both compartments were analyzed. 

Treatment of data 
Non-cooperative l&and-protein binding may be described as analogous to the law of 

mass action by means of equation (Esdall and Wyman, 1958): 

(2) 

where r denotes moles of drug bound per mol of binding protein, ni represents the 
number of binding sites in the i’th class with the intrinsic association constant Ki, and DF 
is the concentration of unbound ligand, i means the number of classes of binding sites. 

If a model with one class of binding sites is assumed,, the equation is often written in 
the following form: 

r 
- = nK - Kr 
DF 

(3) 

which on plotting ~/DF as a function of r gives the Scatchard plot. 
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When there is ‘binding to the dialysis membrane, the membrane binding must be taken 
into account in the treatment of the dialysis data. For simultaneous binding to the rnem- 
brane and to the macromolecule we have used the following equation: 

%KlDF 
r=l+K,D~+ 

XI~GDF -_i__ 
1 + K~DF 

where the first term represents the binding to the protein, and the last term the binding 
to the membrane. The membrane binding is mathematically treated as though a second 
macromolecule species is present. 

The Scatchard plot for the binding of methyl orange to BSA is linear and is shown in 
Fig. 5. This is indicative for equivalent and non-interacting binding sites, i.e. the binding 
sites have an equivalent binding activity and the binding of one of the anions does not 
affect the binding of a second. 

The slope of the line and the intercept on the abscissa give us the values of the binding 
parameters. The straight line which we obtained with equilibrium dialysis where both 
compartments were measured (Fig. 5) gave us a binding constant K = 3.773 * lo3 and a 
binding capacity n = 15.04. 

The parameters (see Table 2) obtained from an equilibrium dialysis, where only the 
protein-free compartment is analyzed and disregards the binding to the membrane, give a 
higher degree of binding (method B). The same can be said of the quantitative differential 

60 
I 

5 IO 

Pig. 5. Scatchard plot for the binding cbf MO to BSA ot pH 7.3 and to = 25’C. %cquilibrium dialysis 
two compartments analyzed; A, methol of Klotz et al., 1946. 
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TABLE 2 

SUMMARY OF THE BINDING PARAMETERS FOR THE DIFFERENT METHODS USED AT 
pH 7.3 AND to = 25°C. 

Methods described in the text. n = the nwnber of binding sites; K = the intrinsic association constant 

(l/M). 

Method n K 

A 15.04 3.773 * 103 
B 18.53 3.419 - lo3 
C 13.81 4.08 * 10’ 
D 15.92 3.595. lo3 
E 18.62 3.110 * lo3 
F 15.2? 3.531 * IO3 

dialysis method where no correction was made for loss to the membrane (method E). 
Correction by this method for binding to the membrane gives us parameters (method F) 
which are comparable with those of equilibrium dialysis where both compartments are 
determined. 

If it is chemically impossible to analyze the protein-free side, then the correction 
(method C) as proposed by Klotz (Fig. 5) gives a remaining difference, due to the fact 
that the binding to the membrane in the presence or absence of albumin is not the same 
(Fig. 2). 

This problem can, however, be solved by considering the membrane as another binding 
species. Then the binding data are calculated according to Eqn. 4 (method D). The 
parameters of the second term which represent the membrane binding are given by a 
separate study. The binding parameters for the interaction dye-BSA obtained by Eqn. 4 
coincide with those of equilibrium dialysis where both sides of the dialysis system were 
determined. 

Especially when one can only measure the protein-free compartment and when the 
binding to the membrane is important, this treatment of the dialysis data is the most 
correct one. The binding study was also performed at pH = 5.7. The binding parameters 
found at this pH are given in Table 3. 

TABLE 3 

BINDING MO-BSA AT ~145.7 AND to = 25°C. 

Methods described in the tat. n = the number of binding sites; K = the intrinsic association constant 

(l/M). 

Mcthod n K 

A 21.5 2.456 - lo3 
B 22.5 1.84 . lo3 
i: 21.4 3.009 - 103 
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The association constants at this pH are smaller but there is a higher capacity as indi- 
cated by the higher values of n. 

The pH at which the experiments are performed will also affect the degree of binding 
and should be mentioned in survey tables of protein binding studies. 
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