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Relations between high-affinity binding sites for L-tryptophan, diazepam,
salicylate and Phenol Red on human serum albumin
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Binding of L-tryptophan, diazepam, salicylate and Phenol Red to defatted human serum
albumin was studied by ultrafiltration at pH 7.0. All ligands bind to one high-affinity
binding site with association constants of the order of 104-103M-'. The number of
secondary binding sites was found to vary from zero to five, with association constants
about 103 M-1. Competitive binding studies with different pairs of the ligands were
performed. Binding of both ligands was determined simultaneously. L-Tryptophan and
diazepam were found to compete for a common high-affinity binding site on albumin.
The following combinations of ligands do not bind competitively to albumin:
L-tryptophan-Pheno1 Red, L-tryptophan-salicylate and Phenol Red-salicylate. On the
other hand, high-affinity bindings of the three ligands do not take place independently
but in such a way that binding of one of the ligands results in a decrease in binding of the
other ligands. The decreases in binding are reciprocal and can be accounted for by
introducing a coupling constant. The magnitude of the constant is dependent on the
ligands being bound. In the present study, the mutual decrease in binding was more
pronounced with L-tryptophan-salicylate
L-tryptophan-Phenol Red.

Serum albumin is characterized by a capability to
bind extensively a great number of different com-
pounds in a reversible manner. The unique binding
properties of the protein are usually explained by the
presence of several discrete binding regions (Peters,
1975; Sj6holm et al., 1979; Fehske et al., 1981;
Kragh-Hansen, 1981b). However, modulatory ef-
fects among bound ligands are presumably also
important for the binding properties of the protein.
Before assignment of the high-affinity binding sites
of two different ligands to the same binding region
on the protein, it is essential to determine whether a
decrease in binding of one of the ligands caused by
simultaneous addition of the other ligand is the result
of competition or of modulatory effects. Another
important aspect, when ligand-serum albumin inter-
actions are being studied, is that ligands usually bind
not only to one or two high-affinity binding sites but
also to a greater number of low-affinity binding sites.

In order to test the correctness of some important
elements of the albumin binding model proposed
previously (Kragh-Hansen, 1981b), binding studies
involving L-tryptophan, diazepam, salicylate and
Phenol Red, separately and in different combina-
tions, and defatted human serum albumin were
performed. To ensure an accurate analysis of the
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and Phenol Red-salicylate than with

competitive binding studies, the following precau-
tions were taken: (1) the number of mol of ligand
bound per mol of protein was 0.4 or less, to
minimize ligand binding to secondary sites, and (2)
bindings of both ligands were determined simul-
taneously.

Experimental
Materials
Human serum albumin (98% pure) was obtained

from AB Kabi, Stockholm, Sweden. L-Tryptophan
was a product of Cambrian Chemicals, Croydon,
Surrey, U.K. Phenol Red and salicylic acid (sodium
salt) were purchased from Merck, Darmstadt,
Germany. Diazepam (100% pure according to the
manufacturer) was a gift from Dumex, Copen-
hagen, Denmark. L-[5-3H]Tryptophan (sp. radio-
activity 20 or 26 Ci/mmol) and [2-'4Cldiazepam (sp.
radioactivity 57 mCi/mmol) were supplied by Amer-
sham International, Amersham, Bucks., U.K. [7-
14CISalicylic acid (sp. radioactivity 51.7mCi/mmol)
was bought from New England Nuclear, Boston,
MA, U.S.A. All other reagents were of A.R. grade.

Albumin was defatted by using the charcoal
method described by Chen (1967). The aqueous
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solutions of defatted albumin were freeze-dried, and
the resulting powder was stored in a desiccator at
40C until use.

Binding ofindividual ligands to albumin
All experiments were performed in media con-

taining 33mM-sodium phosphate buffer, pH7.0, at
200C. In most cases the concentration of human
serum albumin (mol.wt. 66300) was 0.38mM (2.5%,
w/v). Samples of volume 10ml containing L-trypto-
phan + [3HItryptophan, Phenol Red, salicylate +
[I4C]salicylate or diazepam + ['4C]diazepam with
and without albumin were prepared. The samples
without albumin were controls representing 100%
free ligand.

The binding percentages were determined by
ultrafiltration. Protein and reference solutions (4 ml)
were enclosed in cellophan bags (Visking, 18mm
diameter) and placed in plastic tubes containing two
compartments (Kragh-Hansen et al., 1972). Ultra-
filtrate (200-300,ul), formed by centrifuging the
tubes at 320g for 1-1lh at 200C in a Christ IV KS
refrigerating centrifuge, was collected in the lower
part of the tubes. Control experiments indicated that
all four ligands were fully filterable. The binding
percentages of the ligands were calculated from the
concentrations of the ligand in the ultrafiltrate from
the albumin-containing solutions and the corres-
ponding reference solutions (Kragh-Hansen et al.,
1972). The concentrations of L-tryptophan, sali-
cylate and diazepam were determined by liquid-
scintillation counting. Ultrafiltrate of volume 150,o1
was added to 10ml of Luma Gel (Lumac Systems,
Basel, Switzerland) and its radioactivity counted in a
Packard Tri-Carb spectrometer. The concentration
of Phenol Red was determined spectrophotometric-
ally. A portion (typically 200,ul) of the ultrafiltrate
was diluted with a suitable volume of 10mM-NaOH,
and the absorbance was read at 559nm on a Zeiss
PM2 DL Spektralphotometer.

Binding ofpairs ofligands to albumin
Samples of volume 10ml, with and without

albumin (0.38 mM), were prepared. Simultaneous
binding of L-tryptophan-Phenol Red and of sali-
cylate-Phenol Red was studied. Depending on the
dye concentration, the radioactivity of [3Hltrypto-
phan was quenched by 0-40% and that of [14C1-
salicylate by 0-10% in the presence of Phenol Red.
Corrections for the quenching were made on the
basis of the concentration of Phenol Red. The
presence of L-tryptophan or salicylate did not
influence the spectrophotometric determination of
the Phenol Red concentration.

Simultaneous binding of L-tryptophan-diazepam
and of L-tryptophan-salicylate to albumin was also
studied. The diazepam-containing samples con-
tained 0.1-0.5% ethanol originating from stock

solutions of the drug. The concentration of each
radioactive ligand in ultrafiltrates containing mix-
tures of 3H- and 'IC-labelled compounds were
determined by using two channels of a Packard
Tri-Carb spectrometer.

Results
Binding of individual ligands to defatted human
serum albumin

As a preliminary to the study of ligand inter-
actions, the bindings of L-tryptophan, Phenol Red,
salicylate and diazepam to defatted human serum
albumin were studied individually. The number of
binding sites (n) and the corresponding association
constants (K) were calculated by use of the
double-reciprocal-plot method of Klotz (1946) as
previously described (Kragh-Hansen, 1981a). The
results obtained are summarized in Table 1. All four
ligands bind to only one high-affinity binding site on
albumin, with association constants of the order of
104-105 M-1. n, and K1 calculated for the binding of
L-tryptophan are the same as those reported by
McMenamy & Oncley (1958). These values (Table
1) are comparable with those published by other
authors (Muller & Wollert, 1975; Kober et al.,
1978; Bruderlein & Bernstein, 1979). n1 and K1 for
salicylate binding were found to be 1 and 4.6 x
105 M-l respectively (Table 1). Keresztes-Nagy et al.
(1972), using equilibrium dialysis and frontal gel
chromatography, and Brown & Crooks (1976),
using dynamic dialysis, also reported n, = 1 for
salicylate binding. In those studies K1 was deter-
mined to be 7.1 x 104M-1 and 2.2x 105M-1 res-
pectively. By contrast, Hultmark et al. (1975), using
equilibrium dialysis, calculated that n1 for salicylate
binding is 2 (K1 = 1.3 x 10 M-1). In the present
study, n2 was determined to be 4 and K2 was found

Table 1. Ligand binding to defatted human serum
albumin

n1 and n2 are the numbers of binding sites in the first
and second binding class respectively, and K1 and
K2 represent the corresponding association constants.
The ligand binding was studied over the following con-
centration ranges: L-tryptophan, 0.047-0.188 mM;
Phenol Red, 0.033-8.475 mM; salicylate, 0.038-
1.885mM; diazepam, 0.069-0.710mM. The pH was
7.0. For full experimental details see the text. The
values given in the Table are the averages for six
determinations (± S.D.).

10-4x K1
Ligand n1 (M-l)

L-Tryptophan 0.95 ± 0.15 1.6 + 0.2
Phenol Red 1.00 + 0.02 3.9 + 0.1
Salicylate 1.03 + 0.04 46 + 2
Diazepam 1.01 + 0.05 47 + 3

10-3xK2
n2 (M- l)

1.0+0.2
4.9 + 0.3
1.9 + 0.3
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5.1 +0.1
3.9 + 0.2
2.2 + 0.2
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Fig. 1. Binding ofdiazepam to human serum albumin
The concentration of albumin was 0.38mm (o) or
0.19mm (0). The experiments were performed in
33mM-sodium phosphate buffer, pH7.0, at 200C.
For full experimental details see the text. The bind-
ing curve is constructed on the basis of the number
of binding sites and the corresponding association
constants given in Table 1. vdia and [Diazepamif
represent the average number of mol of diazepam
bound per mol of albumin and the concentration of
free diazepam respectively. Each point represents
the result of a duplicate experiment.

to be two orders of magnitude lower than K, (Table
1). This is also essentially in agreement with other
data found in the literature. n, and K, calculated for
the binding of Phenol Red to albumin are identical
with the values previously presented (Kragh-Han-
sen, 1981a).

Fig. 1 shows the binding curve for diazepam.
Because of the relatively low solubility of diazepam
in aqueous media the drug was added to the test
solutions as small portions of a diazepam/ethanol
stock solution. The possibility that diazepam is not
completely dissolved in the final solutions was tested
by determining the drug binding at fixed diaze-
pam/albumin molar ratios but at different con-
centrations. As shown in Fig. 1, the binding curves
obtained with 1.25% and 2.5% albumin solutions are
identical, indicating that the drug is fully dissolved
under the present conditions. n, and K1 were
calculated to be 1 and 4.7 x 10 M-1 respectively
(Table 1). These values are very close to those
reported by Miller & Wollert (1973), who used gel
filtration: n, = 1 and K1=4.9 x 10 M-1. Sjodin
et al. (1976) and Brodersen et al. (1977), using circu-
lar dichroism, and Kober et al. (1978), using micro-
particles and equilibrium dialysis, found n, = 1 and
K1 = 1.8 x 10 M-1. Muller & Wollert (1973) used a
medium containing 67 mM-phosphate buffer, pH 7.4,
whereas the other authors mentioned used 5 mm-
sodium phosphate buffer, pH 7.4, containing 100mM-
KCI. The relatively low K1 values reported by Sjodin
et al. (1976), Brodersen et al. (1977) and Kober
et al. (1978) could be caused by displacement of
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diazepam by the high concentration of Cl- ions (cf.
Kragh-Hansen, 198 lb).
On the basis of the results shown in Fig. 1, n2 and

K2 were calculated to be 2 and 1.9 x 103M-1
respectively. Muller & Wollert (1973) and Sjodin et
al. (1976) did not comment on the existence of
secondary binding sites. However, Brodersen et al.
(1977) suggested the existence of such binding sites
but did not determine n2 and K2.
Binding ofpairs of ligands to defatted human serum
albumin

L-Tryptophan-diazepam. Binding of various con-
centrations of L-tryptophan to albumin in the
presence of a constant concentration of diazepam is
shown in Fig. 2(a) (V symbols). In these experi-
ments the concentration of free drug varied from
0.40pM to 0.59#M, depending on the L-tryptophan
concentration. Fig. 2(b) shows the converse experi-
ments (V symbols), i.e. binding of various con-
centrations of diazepam in the presence of a
constant concentration of L-tryptophan. The free
concentration of the amino acid varied from
0.135mM to 0.189mm, depending on the diazepam
concentration. In Figs. 2(a) and 2(b) the dotted
curves represent binding of L-tryptophan and diaze-
pam respectively in the absence of the other ligand
(Table 1). If the two ligands bind independently to
albumin, the experimental points should follow these
curves. This is obviously not the case; binding of
L-tryptophan decreases the binding of diazepam and
vice versa.

The possibility that the diminished binding rep-
resents competition for a common high-affinity
binding site on albumin was analysed by the
following equations:

- = KA[Af]
VA =1 +KA[Af] + KB[Bf] (1)

KB[BfI
VB= 1 +KB[Bf] + KA[Af] (la)

In these general formulations vA and jB are the
average numbers of mol of A and B bound per mol
of protein respectively, KA and KB are the asso-
ciation constants of ligand A and B respectively,
and [Af] and [Bf] are the concentrations of the free
forms of the ligands. In the present context A and B
stand for L-tryptophan and diazepam respectively.
With the knowledge of the concentration of total
diazepam (Fig. 2a) or of L-tryptophan (Fig. 2b), the
association constants of the ligands (Table 1) and
the concentration of albumin, it is possible, by the
use of the above-mentioned relationships, to cal-
culate Trrp as a function of the concentration of free
L-tryptophan (Fig. 2a) and to calculate di,a as a
function of the concentration of free diazepam (Fig.
2b). Fig. 2 shows that the experimental points are
well described by the calculated binding curves

137



U. Kragh-Hansen

0.3

0.2 [

0.1

0 0.01 0.02 0.03
[Tryptophanlf (mM)

0.8

0.61

.4

0.4

0.21

0.04 0 0.001 0.002 0.003
[Diazepamlf (mM)

Fig. 2. Binding ofL-tryptophan and diazepam to human serum albumin
(a) Binding of L-tryptophan (0.025-0.1 10mM) to albumin (V) in the presence of diazepam (0. 13 7 mM). (b) Binding of
diazepam (0.035-0.156mM) to albumin (v) in the presence of L-tryptophan (0.376mM). The concentration of
albumin was 0.38 mm, and the media contained 33mM-sodium phosphate buffer, pH 7.0, at 200C. For full
experimental details see the text. The dotted curves (. ) represent binding of L-tryptophan (a) and diazepam (b)
without addition of the other ligand. The broken curves (----) are theoretically calculated curves for binding of
L-tryptophan (a) and diazepam (b) assuming competition of the ligands for a common high-affinity binding site on the
protein. In the case of binding of diazepam the small contribution from ligand binding to low-affinity sites is added.
vTrp and i;dI represent the average numbers of mol of L-tryptophan and diazepam bound per mol of albumin
respectively, and [Tryptophanif and [Diazepamif the concentrations of free L-tryptophan and free diazepam
respectively. The points show the average of three duplicate experiments.

(broken curves). These findings indicate that L-
tryptophan and diazepam compete for a common
high-affinity binding site on albumin.

L-Tryptophan-salicylate. Binding of various con-
centrations of L-tryptophan to albumin in the
presence of a constant concentration of salicylate is
shown in Fig. 3(a) (A). The concentration of free
drug varied only slightly in these experiments. In
Fig. 3(b) the results of the converse experiments are
shown (A), i.e. binding of various concentrations of
salicylate to albumin in the presence of a constant
concentration of L-tryptophan. The concentration of
free amino acid varied from 0.145mM to 0.162mM.
The Figures show that the two ligands do not bind
independently to albumin. The broken curves in
Figs. 3(a) and 3(b) are the theoretical binding curves
for L-tryptophan and salicylate respectively, if the
ligands compete for a common high-affinity binding
site on albumin calculated as described in the
preceding subsection. It is seen that the experi-
mentally obtained data do not follow these theo-
retical curves. This means that the ligands bind to

two different high-affinity binding sites on the
protein. However, a mutual decrease in binding of
the two ligands is observed. The following approach
is an attempt to quantify this decrease.

Let us consider the following general scheme:
A

P < PA

{K BA
B

BP - BPA

A
where P represents a protein possessing one binding
site for ligand A and one binding site for ligand B.
The various K values stand for association con-
stants. If A and B bind independently to P, then KBA
is the same as KA' and KAB is equal to KB. In all
other situations KBA = x.KA and KAB =x*KB' i.e. the
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Fig. 3. Binding ofL-tryptophan and salicylate to human serum albumin
(a) Binding of L-tryptophan (0.047-0.188 mM) to albumin (A) in the presence of salicylate (0.113 mM). (b) Binding of
salicylate (0.038-0.151 mM) to albumin (A) in the presence of L-tryptophan (0.376mM). The concentration of
albumin was 0.38 mm, and the media contained 33mM-sodium phosphate buffer, pH 7.0, at 200C. For full
experimental details see the text. The dotted curves (.....) represent binding of L-tryptophan (a) and salicylate (b)
without addition of the other ligand. The broken curves (----) are theoretically calculated curves for binding of
L-tryptophan (a) and salicylate (b) assuming competition of the ligands for a common high-affinity binding site on the
protein. .-, Theoretical binding curves assuming ligand binding to separate high-affinity binding sites with
mutual interactions (for further details see the text). In drawing the theoretical curves for salicylate binding the small
contribution from ligand binding to low-affinity sites is added. vTP and is8, represent the average numbers of mol of
L-tryptophan and salicylate bound per mol of albumin respectively, and [Tryptophanif and [Salicylatelf the
concentrations of free L-tryptophan and free salicylate respectively. The points show the average of three duplicate
experiments.

association constants are affected to the same extent.
The factor x could be called a coupling constant.
Co-operative binding and anti-co-operative binding
are characterized by x > 1 and x < 1 respectively. In
the case of binding of L-tryptophan and salicylate to
albumin, x < 1 (cf. Fig. 3).
The values of x were calculated as follows. The

concentration of total protein (P) is equal to the
sum of the concentrations of P, PA, BP and BPA:

Pt =p +pa + bp + bpa (2)

This relationship is readily transformed to:

Pt=p+KA.p.a+KB.b.p +x.KA.KB.a.b-p (2a)

where a and b stand for the concentration of free A
and B respectively. Furthermore, the concentration
of bound A (A) is given by:

Ab =At-Af=KA.p.a+ x.KA.KB.a.b.p (3)
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where At and Af represent the concentration of total
A and free A respectively. Subtracting eqn. (3) from
eqn. (2a) gives:

Pt-Ab=p+KB.b.p (4)
Since Pt, At, Af, KB and b are known, it is
possible to calculate p. Inserting p, and the known
values for KA and a, in eqn. (2a) gives x.

On the basis of the experimentally obtained data
shown in Fig. 3(a), x was determined to be
0.21+ 0.04 (S.D.), i.e. binding of L-tryptophan to its
high-affinity binding site decreased the association
constant for salicylate by the factor 0.21. Calcu-
lations performed with the data shown in Fig. 3(b)
resulted in x= 0.24 ± 0.07 (Table 2). A statistical
analysis showed that the accordance between the
two sets of coupling constants is highly significant
(P>0.40). As a control on the relevance of the
coupling constants, theoretical binding curves for the
two ligands were constructed. As seen in Figs. 3(a)
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and 3(b), both curves (- .-) are in accordance
with the experimental findings.

Phenol Red-salicylate. Binding of various con-
centrations of Phenol Red to albumin in the presence
of a constant concentration of salicylate, and the

Table 2. Coupling constants (x) characterizing mutual
interactions between albumin-bound ligands

Ligand A
(various
total con-

centrations)
L-Tryptophan
Salicylate
Phenol Red
Salicylate
L-Tryptophan
Phenol Red

Ligand B
(constant
total con-
centration)

Salicylate
L-Tryptophan
Salicylate
Phenol Red
Phenol Red
L-Tryptophan

X (±S.D.)
0.21 +0.0450P°
0.24 + 0.071.50> P>0.40
0.30 + 0.080.20 > P > O. 0l
0.35 + 0.10 >p>0.0
0.60O+0.07)ow,10>P>0.

converse experiments, was also investigated (not
shown). The binding of both ligands was determined
simultaneously in all the experiments. It was found
that the two ligands bind neither independently nor
competitively to albumin. As with the simultaneous
binding of L-tryptophan and salicylate, the results
were best described by ligand binding to two
different high-affinity sites with mutual interactions.
Calculations, made as outlined above, gave x values
of about 0.3 (Table 2).

L-Tryptophan-Phenol Red. Binding of various
concentrations of L-tryptophan to albumin in the
presence of a constant concentration of Phenol Red
is shown in Fig. 4(a) (L). The concentration of free
dye was determined to vary from 0.0 15 mM to
0.018mm. In Fig. 4(b) the results of the converse
experiments are shown (P). The concentration of
free amino acid varied from 0.173 mm to 0.279 mM.
The Figures show that the two ligands bind neither
independently nor competitively to albumin. As in
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Fig. 4. Binding ofL-tryptophan and Phenol Red to human serum albumin
(a) Binding of L-tryptophan (0.047-0.188 mM) to albumin (M) in the presence of Phenol Red (0.177mM). (b) Binding
of Phenol Red (0.035-0.177mM) to albumin (E) in the presence of L-tryptophan (0.376mM). The concentration of
albumin was 0.38 mm, and the media contained 33mM-sodium phosphate buffer, pH 7.0, at 200C. For full
experimental details see the text. The dotted binding curves (....) represent binding of L-tryptophan (a) and
Phenol Red (b) without addition of the other ligand. The broken binding curves (----) are theoretically calculated
curves for binding of L-tryptophan (a) and Phenol Red (b) assuming competition of the ligands for a common
high-affinity binding site on the protein. -, Theoretical binding curves assuming ligand binding to separate
high-affinity binding sites with mutual interactions (for further details see the text). In drawing the theoretical curves
for Phenol Red binding the small contribution from ligand binding to low-affinity sites is added. iTrp and jPR represent
the average numbers of mol of L-tryptophan and Phenol Red bound per mol of albumin respectively,, and
[TryptophanIf and [Phenol RedIf the concentrations of free L-tryptophan and free Phenol Red respectively. The
points show the average of three duplicate experiments.
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Relations between high-affinity binding sites on albumin

the two foregoing examples, the results are best
described by ligand binding to different high-affinity
sites with mutual interactions. The average coupling
constants calculated on the basis of the experi-
mentally obtained data are 0.60 and 0.52 res-
pectively (Table 2). The statistical analysis showed
that the accordance between the two sets of
constants is relatively poor. Nevertheless, theoretical
binding curves, constructed by using a common x
value of 0.55, fit the experimentally obtained data in
Fig. 4(a) and 4(b) quite well, especially when
compared with a competitive binding scheme.

Discussion

The binding model for serum albumin previously
put forward (Kragh-Hansen, 1981b) can be sum-
marized briefly as shown in Table 3. Binding regions
numbers 1, 4 and probably also 5 are very specific,
whereas binding regions numbers 2, 3 and 6 seem to
be less specific and to be capable of high-affinity
interaction with several different ligands.

In the present study I have investigated the
relation of the high-affinity binding site of diazepam
to the binding scheme represented by Table 3.
Competitive binding studies with L-tryptophan and
diazepam (Fig. 2) revealed that the two ligands
compete for a common high-affinity binding site.
This finding indicates that the high-affinity binding
site of the drug is placed in region 2. Various
findings, of a more indirect nature, published by
others are in accordance with this conclusion. For
example, Muller & Wollert (1975) and Sjoholm et
al. (1979) observed that the presence of diazepam
diminished the binding of L-tryptophan to albumin.
Fehske et al. (1979), who studied binding of the
same two ligands to chemically modified albumin,
also suggested the existence of a common high-
affinity binding site for L-tryptophan and diazepam.
The results presented in Fig. 4 are best described

by assuming, in accordance with the model, that
L-tryptophan and Phenol Red interact with two
different high-affinity binding sites. This finding is
consistent with other results from this and other
laboratories. Results reported by Kragh-Hansen et
al. (1974) suggested that Phenol Red and bilirubin
share a common high-affinity binding site on
albumin. The high-affinity binding sites for L-trypto-
phan and diazepam are probably placed in the same
region (cf. above). Finally, Brodersen et al. (1977)
observed independent high-affinity binding of diaze-
pam and bilirubin.

Table 3 also suggests that albumin possesses one,
or possibly more, drug-binding region(s). The
high-affinity binding site for salicylate seems to be a
representative of such a region. The results obtained
in the present study support such a proposal by
indicating that L-tryptophan, Phenol Red and
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Table 3. Scheme for binding regions located on serum
albumin

Binding
relgion Ligand bound with high affinity

1 Long-chain fatty acid ions
2 L- and D-Tryptophan

L-Thyroxine
Octanoate
Chlorazepate
p-Iodobenzoate
Cl- ion

3 Bilirubin
lopanoate
Certain dyes (e.g. phenolsulphonphthalein dyes)

4 Cu2+ and Ni2+ ions
Haemin
Salicylate
Sulfaethidole
Sulfathiazole
Chlorpropamide
Tolbutamide
Indomethacin

5
6

salicylate bind to three different high-affinity bind-
ing sites. Moreover, the literature contains sup-
porting evidence for a separate binding site for
salicylate. Brodersen (1974) concluded that the
high-affinity binding sites of bilirubin and salicylate
are not in common. Competitive binding studies by
Tabachnick (1964) indicated that the high-affinity
binding site for salicylate is not the same as that for
L-thyroxine [which probably is the same as that for
L-tryptophan (Tritsch & Tritsch, 1963)]. Further-
more, the effects of adding long-chain fatty acid ions
to different albumin/salicylate combinations indi-
cated that salicylate does not share a high-affinity
binding site either with these acids or with L-
tryptophan or diazepam (Rudman et al., 1971). It
also seems unlikely that salicylate binds with a high
affinity to regions 4 and/or 5 (Kragh-Hansen,
1981 b). All the studies cited in this and the foregoing
sections were performed with human serum albumin.
Table 3 also includes the names of some other drugs
that probably bind competitively to the high-affinity
salicylate-binding site.

High-affinity bindings of L-tryptophan, Phenol
Red and salicylate, however, do not take place
independently. Binding of one of the ligands to
albumin diminishes the simultaneous high-affinity
binding of the other two ligands. The decrease in
binding can be accounted for by the introduction of
a coupling constant, i.e. the factor by which two
different ligands mutually affect their association
constants during simultaneous binding to albumin.
The decrease in binding was found to be reciprocal,
as expected from thermodynamic considerations
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[see, e.g., Wyman (1964) and Weber (1972)].
Furthermore, the magnitude of the coupling con-
stant is dependent on the ligands being bound. In the
present study, the mutual decrease in binding was
more pronounced with L-tryptophan-salicylate and
Phenol Red-salicylate than with L-tryptophan-
Phenol Red. The present study emphasizes that a
detailed investigation has to be made before a
decrease in binding of a ligand caused by the
presence of another ligand can be interpreted as
binding to a common binding site.
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discussions and to Ms. Connie Hylander for technical
assistance. Thanks are also due to Dumex, Copenhagen,
Denmark, for the gift of diazepam. This work was
supported by the Danish Medical Research Council,
Aarhus Universitets Forskningsfond and P. Carl Peter-
sens Fond.
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