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SUMMARY

SOLLENNE, NIcHOLAS P. & MEANS, GARY E. (1979) Characterization of a specific
drug binding site of human serum albumin. Mol. Pharmacol., 15, 754-757.

The rapid reaction of p-nitrophenyl acetate with human serum albumin is stoichiomet-
rically inhibited by the binding of ligands in a specific apolar anion binding site. Inhibition
of the reaction by certain ligands, including many drugs, thus affords a convenient and
sensitive means to detect and study their interactions with that site. Procedures for the
general qualitative and quantitative characterization of interactions of ligands with the p-
nitrophenyl acetate reactive site are described and preliminary results obtained with six

well known drugs are presented.

INTRODUCTION

Albumin, the most abundant protein in
human serum, has the unusual capacity to
interact strongly with a wide variety of
apolar compounds. A relatively large num-
ber of essentially independent binding sites
appear to account for the diversity of lig-
ands with which it associates. Binding to
albumin is an important factor in the solu-
bilization and subsequent transport of
many drugs in serum. Due to its relative
abundance and its high affinity for many
compounds, serum albumin is also a major
reservoir and, in such cases, by competing
with tissue receptors may seriously influ-
ence the distribution to target tissues and
organs.

The binding of drugs and other ligands
(e.g., fatty acids (1), tryptophan (2), biliru-
bin (3), etc.) by serum albumin has been
studied by a variety of techniques including
equilibrium partitioning methods (4, 5), gel
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filtration (6), differential spectrophotome-
try (7), ultrafiltration (8), circular dichroism
(9), fluorescence (10), and electron spin res-
onance (11). The results using the last three
techniques in combination with specific
probes have been used recently to study
the binding at particular sites. Detailed
qualitative and quantitative information on
the binding of drugs and their degradation
products to individual sites, however, is still
lacking. Methods to monitor such interac-
tions would be useful for identifying ligands
that might compete for the same site and
are necessary for detailed characterization
of structural and conformational require-
ments of binding.

In this communication we will extend our
studies of the reaction of human serum
albumin with p-nitrophenyl acetate (12) as
a probe to monitor the binding of several
drugs at a specific small apolar anion bind-
ing site.

Reactions of p-nitrophenyl acetate (re-
crystallized Aldrich, Lot #081167) with de-
fatted human serum albumin (Fraction V,
“Essentially Fatty Acid Free,” Sigma) were
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followed by monitoring formation of the
bright yellow p-nitrophenolate ion using a
Cary 118C recording spectrophotometer
equipped with a 25° thermostatted cell
holder under pseudo first-order conditions
with albumin in at least ten-fold molar ex-
cess over p-nitrophenyl acetate, as de-
scribed previously (12)." Appropriate quan-
tities of ligand were mixed with albumin in
a cuvette and incubated several minutes to
allow the temperature to equilibrate. Re-
actions were initiated by the addition of p-
nitrophenyl acetate through a stoppered
hole in the lid of the cell compartment.
Useful absorbance readings were obtained
within three seconds of addition. First-or-
der rate constants were calculated as the
linear least squares slopes of plots of log(A.,
— A,) versus reaction time where A, and A,
are absorptions due to p-nitrophenolate an-
ion at the completion of the reaction (at
least ten half-lives) and at various times
during the reaction, respectively.

The rapid reaction between p-nitro-
phenyl acetate and albumin results in the
irreversible acetylation of a single amino
acid residue (12). Stoichiometric inhibition
of the reaction by strongly bound ligands,
L, appears to reflect the formation of un-
reactive 1:1 ligand-albumin complexes,
HSA-L,

HSA+L 2
(Reactive)

HSA-L
(Unreactive)

(1

Figure 1 shows the decrease in observed
first order rate constants with increasing
concentration of several ligands. Chlordi-
azepoxide (Hoffmann LaRoche) and na-
proxen (Syntex) give results which appear
to represent simple binding isotherms,
where complete inhibition is obtained at 1:
1 ratios of drug to albumin, as expected for
binding primarily at the p-nitrophenyl ace-
tate reaction site. Salicylic acid (Fisher Sci-
entific) and indomethacin (Sigma Chemical
Co.) exhibit unusual binding properties. In-
domethacin does not inhibit p-nitrophenyl
acetate hydrolysis until one molar equiva-
lent is added (Fig. 1) indicating that it is

! Best results are obtained at albumin concentra-
tions close to Ky In our hands, concentrations from
approximately 10 times to 0.1 times K are satisfactory.
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Fi16. 1. Inhibition of the reaction between human
serum albumin and p-nitrophenyl acetate by increas-
ing concentrations of ligands
Reactivities in the presence of increasing amounts
of naproxen (M), chlordiazepoxide (O), salicylic acid
(®) and indomethacin (J) expressed in terms of ob-
served first-order rate constants, k, as a ratio to that
in their absence, ko are plotted versus the mole ratio
of ligand to human serum albumin (HSA) at 6.5 X 10~°
M under conditions given in Table 1.

bound preferentially at another site and not
at the p-nitrophenyl acetate site until the
primary site is saturated. Salicylic acid
causes a gradual loss of reactivity consistent
with its binding competitively at more than
one site. Still other drugs have little or no
effect on reactivity with p-nitrophenyl ace-
tate even when in large excess, thus dem-
onstrating their low affinity for the reactive
site. Dissociation constants,

_ [HSA][L]
[HSA-.L]
for those ligands that interact primarily
with the p-nitrophenyl acetate reactive site
can be determined from the observed inhi-
bition, as previously described (13)% accord-
ing to the relationship:
[HSAJeree & — ks
[HSA)ow ko — ks

where k and ko are the first-order rate con-
stants in the presence and absence of inhib-

Kq 2

(&)

2 A preliminary account of this work was presented
at the 174th National Meeting of the American Chem-
ical Society, Chicago, Ill. August 29, 1977, Division of
Biological Chemistry Abstract No. 64.
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itory ligand, respectively, and k5 is that in
the presence of a large excess of ligand due
to other reactions of p-nitrophenyl acetate
(12), according to the relationship

[LigandJow  Ka
T + [HSALow  (4)
ko—kp ko— ks

Thus, as shown in Fig. 2, plots of [Li-
gand]wm/l - (k - kg/k - kB) versus ko -
ks/k — ks) give straight lines, the slopes of
which are equal to K; and with intercepts
equal to the concentration of binding sites
(14-16).

Values of dissociation constants deter-
mined using Eq. 4 for the drugs ibuprofen
(Upjohn), chlorodiazepoxide, naproxen,
and a(o-chlorophenoxy)-isobutyric acid
(Sigma Chemical Co.), all of which appear
to follow simple 1:1 binding isotherms, are
shown in Table 1.

These data are presented as an example
of the power of this method to examine
ligand binding at a specific site of albumin.
That site appears to be an important bind-
ing site for many small apolar anions in-

Ko=Ky

K-k,

FiG. 2. Inhibition of the reaction between human
serum albumin and p-nitrophenyl acetate plotted ac-
cording to Eq. 4

Data for naproxen (@) and salicylic acid (CJ) taken
from Fig. 1 and for a(o-chlorophenoxy)-isobutyric acid
(O) under the same conditions, plotted according to
Eq. 4. Dissociation constants obtained as the linear
least squares best fit slopes are given in Table 1,
intercepts indicating binding site concentrations are
6.5 x 107° 9.6 X 107° and 6.6 X 10~ M, respectively.
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TABLE 1

Dissociation constants calculated for several drugs

Dissociation constants (K,) obtained by monitoring
the inhibition of the reaction between human serum
albumin and p-nitrophenyl acetate under pseudo first-
order conditions in 0.06 M triethanolamine/HCI buffer
pH 8.0, u = 0.02 M at 25°.

Compound ka

Ibuprofen 73+20x10°Mm
Chlordiazepoxide 25+02x107°Mm
Naproxen 85+20x107"m

a(o-Chlorophenoxy)

isobutyric acid 1.3£02X107°m

cluding many drugs (see Table 1) and for
straight chain saturated fatty acids with ten
or fewer carbons (13).2 The described
method can be used to determine dissocia-
tion constants for ligands interacting pri-
marily with that site and to identify quali-
tatively ligands subject to competition for
that binding site. Ligands which do not
bind at the same site result in no inhibition
while those interacting simultaneously at
other sites give complex isotherms which
cannot be quantitatively evaluated by the
presently described procedure. The tech-
nique is quite simple, requires very small
quantities of albumin and ligand, and
avoids difficult analytical techniques for
each ligand since it is based on a property
of the protein and not that of individual
compounds. In addition to dissociation con-
stants, the method also provides a measure
of binding site concentrations or, in the
presence of competing ligands, a measure
of binding site availability.

Finally it should be mentioned that the
same reaction and its inhibition can be ob-
served similarly in human serum (13).? By
studying the interaction of a series of sys-
tematically varied compounds with this
site, we hope to determine its size, shape,
and general composition.
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