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ABS T R ACT Binding of sodium urate to human se-
rum albumin (HSA) was measured by continuous ul-
trafiltration at pH 7.4 and ionic strength 0.16 over the
concentration range 1-13 mg/100 ml. The percent so-
dium urate bound to 5 g/lOO ml HSAwas constant over
this concentration range: 30.3 (SE+0.6)% being bound
at 40C, 22.6±0.3% at 22.50C, and 19.6±0.3% at 37°C.
Derived association constants, assuming one binding site
were 6.0 X 10' M1 (40C), 4.47 X 10' M-1 (22.5°C), and
3.88 x 109 M-1 (370C).

INTRODUCTION
Previous attempts to detect and measure urate binding
to plasma proteins have involved one of several methods.
These have included gel filtration, ultrafiltration in tubes,
and equilibrium dialysis (1-3). However, the experi-
mental methods were difficult to reproduce and failed to
allow conventional analysis of binding characteristics. It
appeared that the weakness of the urate-protein interac-
tion, together with the tendency for bacterial degradation
of urate to occur at room temperature, were important fac-
tors mitigating against the conventional approach to the
problem. Recently, a reproducible equilibrium dialysis
method for measuring urate binding was described (4).
However, optimal binding was only achieved at 40C in
low-molarity buffer. It could be argued that in vitro bind-
ing under such unphysiologic conditions bears little
relevance to the in vivo handling of plasma urate.

To have significance, the binding of urate must there-
fore be examined under the physiological conditions of
pH 7.4, ionic strength 0.16, and temperature 37°C. It
is also desirable to determine the extent of binding over
the concentration range usually encountered clinically,
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3.0-12.0 mg/100 ml. As there has been considerable con-
troversy as to whether urate is bound at all under these
conditions, we have in this study simply measured the
binding of sodium urate, the form in which uric acid
(pK. 5.4) is presumably largely present in plasma, to
defatted human serum albumin (HSA).' Without com-
petition for binding sites from fatty acids, we can then
study the basic reaction and by varying the temperature
establish thermodynamic data for the interaction. With-
out such data, interpretation of the effects of fatty acids
or displacement by competitive-binding drugs is not
possible.

METHODS
Fractional binding of sodium urate was determined with an
Amicon Ultrafiltration Cell (Amicon Corp., Lexington,
Mass.) and by the continuous ultrafiltration technique of
Blatt, Robinson, and Bixler (5). A 50-ml ultrafiltration cell
with PM 10 Amicon membrane was connected via a 1-liter
reservoir to a nitrogen gas cylinder. A pH 7.4 phosphate
buffer solution of calculated ionic strength 0.16 was used for
all experiments. Binding was determined by two separate
runs of continuous ultrafiltration, the cell contents being
constantly mixed by a magnetic stirrer. The ultrafiltration
chamber in the first run contained 50.0 ml of buffer and in
the second, 50.0 ml of 5 g/100 ml defatted HSA (crystalline
human serum albumin, electrophoretically pure, Calbiochem,
San Diego, Calif.). For both runs, the reservoir contained
a solution of sodium urate in phosphate buffer at exactly
15.0 mg/100 ml (789 X 10V M). After pressurization of the
chamber and tubing, ultrafiltration was carried out at 10 lbs/
in'. and ultrafiltrate collected into previously dried and
weighed test tubes. Ultrafiltration was continued until at
least 70 ml of ultrafiltrate, collected in 2-4 ml volumes, had
formed. This allowed the binding of urate to be studied over
the concentration range of 1.0-13 mg/100 ml. At the end of
the experiment, the volume in the chamber was again mea-
sured, as occasionally a continuous small leak of nitrogen
caused a 1-2.0 ml increase in volume of the chamber during

1Abbreviations used in this paper: BSA, bovine serum
albumin; HSA, human serum albumin; P, serum protein.
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the experiment. If this occurred, adequate corrections were
made in the calculations. The volume of ultrafiltrate collected
in each tube was determined by weight to four decimal
places (with correction for temperature).

Calculations. Let vi be volume in liters of ith ultrafiltrate
collected, V be volume of solvent in chamber in liters, (R)
be sodium urate concentration in the reservoir, and (M)i
be sodium urate concentration in it' collection. As this is a
closed system the volume of solution entering the chamber in
the ith period exactly equals the volume leaving (vi).
Therefore:

moles into chamber = zvi (R), (1)

moles out of chamber = ,i (Mi, (2)

and moles retained = vi (R) - v, (M)t. (3)

At the end of the ith period, the increase in total concen-
tration in chamber during the Ith period

= V (vi(R) - vi(M)i). (4)

At the end of the nth period, total moles per liter in chamber

1n
V t (v (R) -vi (M)X). (5)

During the nth period, the urate concentration in the ultra-
filtrate collected

= moles per liter free in chamber = (Mn) (6)

Then moles per liter bound in chamber

n R
F_(vi (R) -7!,i(AI)ij)- (Al.). (7)

mg/100 ml

9.0 1

w
LU
D

z
w
w

70

5.0-

3.0-

1.0

(Mx
60(

40

20

In essence a series of separate ultrafiltration experiments
at a constant albumin concentration but increasing concen-
trations of sodium urate is performed in sequence. But in
each section the concentration of total, free, and bound urate
can be precisely calculated or experimentally determined.
As the concentration of urate in the reservoir and the albu-
min in the chamber, and the collection volume (vi) can be
accurately determined, the only limit on accuracy in this
technique is urate analysis. By using autoclaved buffer solu-
tions, sterilized chambers and tubing, and weighing and
freezing of ultrafiltration samples immediately after col-
lection, bacterial degradation of urate was completely
avoided. Urate determination was performed using the method
of Liddle, Seegmiller, and Laster (6).

RESULTS

At all times, with buffer alone in the ultrafiltration
chamber, the concentration of urate in the ultrafiltrate
was equal to the calculated (Eq. 5) total urate concen-
tration of the chamber, and at the end of each such run
the measured urate in the last ultrafiltrate fraction col-
lected equaled the measured total urate in the chamber,
with less than 2% error. There wvas. therefore, no bind-
ing of urate to the membrane and no reflection of urate
from the membrane. That equilibrium of urate with al-
bumin-urate complex was established within the time
of sample collection was demonstrated by ultrafiltration
of an albumin solution immediately after the addition of
urate. Three consecutive 1.0-ml samples of ultrafiltrate
were then collected and, as the urate concentration in
each sample was identical, equilibrium must have been
established within the time of collection of the first
sample. This is in accord with the conlceptual model of
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FIGURE 1 Binding of Na-urate by 5 g/100 ml HSA at pH 7.4, ionic strength 0.16, 22.5°C.
0 0, phosphate buffer; * 0, X X, f0 T, three separate experiments with
5 g/100 ml albumin.
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FIGURE 2 Effect of variation of temperature on Na-urate binding by HSA at pH 7.4, ionic
strength 0.16. The buffer curve was identical at all three temperatures.

ultrafiltration proposed by Terepka, Chen, and Toribara
(7).

At room temperature (22.50C) the percent of urate
bound to 5 g/lOO ml HSA over the urate concentration
range of 1.0-13.0 mg/100 ml (52.6-683.8 X 10' M) was

22.6+0.3% (mean+SE). This was constant over the
whole range and is clearly demonstrated in Fig. 1, where
three separate experiments with 5 g/100 ml HSA are

set out. The accuracy of the technique is shown by the
very small scatter of the data. Fig. 2 demonstrates the
effect of varying the temperature: mean urate bound was

30.3+0.6% at 4°C and 19.6±0.3% at 37°C. At each
temperature, free urate was linearly related to total urate
(r > 0.99), and at all values of total urate the percent
urate at any temperature was significantly different (re-
gression analysis, P < 0.05) from the percent bound at
the other two temperatures. There was an almost linear
decrease in binding when fraction bound was considered
as a function of degrees Kelvin.

DISCUSSION

These studies clearly demonstrate that under physio-
logic in vitro conditions sodium urate is bound to HSA.
The three properties of a solution that affect binding
characteristics are pH, ionic strength, and temperature.
The choice of which buffer to use in determining binding
characteristics is always difficult. Ideally, a bicarbonate/
carbon dioxide buffer system should be used (8) but
is inconvenient. One of the advantages of using phos-
phate buffer is that the association constant of the phos-

phate-albumin interaction is approximately 1.5 X 101 M1
(9), which is not significant when we consider the asso-

ciation constants of most anion interactions with albumin,
and is less than a twentieth of the association constant
calculated from these data for the urate-albumin inter-
action. The ionic strength of plasma is approximately
0.16 and was calculated in these experiments to be 0.158.
The reproducibility of this continuous ultrafiltration tech-
nique is shown in Fig. 1 where three separate runs of
ultrafiltration with 5 g/100 ml of HSAin a chamber are

set out. This and the ease with which binding over a

large concentration range can be studied make this
technique almost ideal for binding studies. However,
in using this technique careful consideration must be
given to the concept of -iltrafiltration (7) and the choice
of membrane (10).

The fraction of sodium urate bound over the concen-

tration range from 1 to 13 mg/100 ml at any particular
temperature was remarkably constant (r > 0.99). This
would at first sight appear unusual, as in general the
fractional binding of a ligand decreases as the ratio of
ligand to protein increases, but, as Goldstein (11) dem-
onstrated, fractional binding at very low concentrations
of ligand may be constant. Weare severely limited in the
study of sodium urate binding by its insolubility and be-
cause a molar ratio of ligand to protein greater than
0.2 is difficult to achieve under physiological conditions.
This value of the ratio of moles of sodium urate bound
per mole of albumin at 10 mg/100 ml total sodium urate
is similar to that found by Alvsaker (1). The effect of
an increase in temperature is clearly to reduce binding
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(Fig. 2) but at 37°C approximately 20% of the total
urate is bound.

Within the range of urate concentration studied only
a single class of binding site was detected. Although
the range of concentration examined was too narrow to
permit accurate calculation of the number of binding
sites (n) the value of the product of n and the associa-
tion constant, nk, was determined by extrapolation of a
Goldstein plot of fraction-bound versus free urate to
zero, when fraction bound = [1 + (knP)-']-'. If n is
assumed equal to one then the association constant k is
6.0 X 10 M-1 (40C), 4.47 X 102 M-1 (22.50C), and 3.88
x 102 M-1 (370C). It is entirely possible that there are
many weaker sites for the binding of urate with corre-
spondingly lower k value (nk is the experimentally de-
termined constant), and the k values given above are
therefore maximum values. These, however, may be
compared to those of other compounds where the k val-
ues have been similarlv determined on defatted HSA or
defatted bovine serum albumin (BSA) (12). Salicvlate
(HSA) ki = 1 x 10,5 M-1, k2= 5 X 10' M-1, and k3= 3 X
10' M-'; phenylbutazone (BSA) ki = 8 X 104 M-1, k2 =

1 X 103 M-1, and k3 = 50 NI-'; and sulfadiazine (BSA)
ki= 7 X 103 M-'. Clearly, these compounds could dis-
place urate if binding sites are shared.

As filtration of sodium urate at the glomerulus is di-
rectly and continuously a function of the concentration
of free urate in plasma. binding of urate to the degree
found in this in vitro study will clearly have an effect
on the renal handling of sodium urate. Moreover, dis-
placement of bound urate by other drugs such as salicv-
late could conceivably induce uricosuria apart from anv
effect on the renal tubular handling of urate. Tissue
deposition of urate might similarly be affected by the
binding and displacement of urate.

These studies have established the basic properties of
HSA-sodium urate interaction, and we can now exam-
ine the interaction of urate with albumin in the presence
of competing drugs and the serum from patients with

gout in order to determine whether their capacity to
bind urate is normal.
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