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Summary

Regulation of cAMP binding to human erythrocyte membranes by ATP and cytosol
was characterized through measurements of the kinetic association and dissociation
constants (k, and k_,).

The cytosol fraction of human erythrocytes as well as 1 mM ATP decreased the rate
constant (k,) of association of [*H]cAMP with human erythrocyte membranes. However,
the effect of 1 mM ATP on the association kinetics was much greater than that of the
cytosol fraction.

On the other hand, the cytosol fraction and 1 mM ATP increased the rate constant
(k.,) of dissociation of bound [*H]cAMP from the human erythrocyte membranes.
However, the cytosol fraction affected the dissociation kinetics to a far greater extent than
1 mM ATP. Thus, although both cytosol and 1 mM ATP decreased the affinity of [*H]-
cAMP for binding sites on humen erythrocyte membranes at equilibrium, the detailed mode
of their action on the membrane [*H]cAMP binding sites appears to be different.

Introduction

Binding of adenosine cyclic 3’,5’~monophosphate (cAMP) to membrane receptors is
important in regulation of cell functions. With respect to membrane cAMP binding sites
in human erythrocytes, intracellular binding of cAMP to the inner surface of membranes
was shown to be much less than its binding to isolated membranes where most of the
cytosol constituents were removed®. Further, equilibrium binding studies revealed that
intracellular cAMP binding to membrane appeared to be mainly regulated by adenosine 5~
triphosphate (ATP)”. However, it is apparent that ATP regulation (inhibition) of cAMP
binding to membranes observed through equilibrium binding experiments does not accu-
rately reflect the effect of ATP on the kinetics of the cAMP binding process. Therefore,
ATP as well as cytosol regulation of cAMP binding to human erythrocyte membranes was
characterized through measurements of the kinetic association and dissociation constants
(k, and k_,).
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Materials and Methods

Materials. cAMP, ATP and bovine serum albumin were obtained from Schwartz-Mann
Co. and Sigma Chemical Co. [PH]cAMP was purchased from Amersham Co. Other

chemicals were of reagent grade.

Preparation of erythrocytes and erythrocyte membranes. Blood from young healthy male
donors (19-31 years old) was collected directly into heparinized vacutainer tubes. The
blood was centrifuged at 4°C and washed five times with 10 mM Tris buffer containing 150
mM NaCl (pH 7.8). Each erythrocyte preparation was monitored with a cell count of
erythrocytes, reticulocytes and leukocytes including a leukocyte differential count.

The residual leukocyte count in the erythrocyte preparations was 0.01+0.002%, with
0.066+0.021% reticulocytes. Membranes were prepared from washed erythrocytes essen-
tially by a modification® of the method of Dodge et alb.

[3H]cAMP binding assay. The [*H]cAMP binding assay using isolated human eryth-
rocyte membranes was performed essentially by the method of Rubin e¢f al*. The assay
mixture (0.1 ml) contained 40 mM potassium phosphate buffer (pH 7.0), 8 mM MgSQO,, 50
nM [*H]cAMP (10,000-13,000 cpm/pmol), and 33-40 ug of membrane protein. Association
kinetics; after incubation for various times at 30°C, 2.0 ml of ice-cold 20 mM potassium
phosphate buffer (pH 6.0) was added to the reaction mixture. The diluted reaction
mixture was filtered through a 24-mm cellulose ester (Millipore) filter with a 0.45-gm
pore size. The filters were washed with 10 ml of ice-cold 20 mM potassium phosphate
buffer (pH 6.0) and dried in scintillation vials. The membrane bound [*H]cAMP in the
filters was measured as previously described”. Nonspecific binding was defined as those
counts not displaced by excess amounts of nonradioactive cAMP (10 M) and was
subtracted from the total [*H]cAMP binding to obtain the specific binding. Dissociation
kinetics; after the binding of [*H]cAMP to human erythrocyte membranes reached equilib-
rium through 50 min incubation at 30°C, the reaction mixture was diluted 100-fold into 40
mM potassium phosphate buffer containing 8 mM MgSO, (pH 7.0) and subsequently
incubated for various times at 30°C. The residual membrane bound [*H]cAMP was
determined as described for association kinetics. Although the speed of the agitation of the
water bath used for the previous [*H]cAMP binding studies” was set at 120 cycles per
minute, it was raised to 150 cycles per minute in this study to ensure sufficient mixing of
the reaction mixture during the rapid phase of association and dissociation. The kinetic
parameters (k, and k_,) were estimated according to a previously described method®.

Chemical analysis. Protein concentration was determined by the method of Lowry ef al®.
The non-hemoglobin protein was determined as described previously”.
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Results and Discussion

The rates of association and dissociation of [*H]cAMP binding to isolated human
erythrocyte membranes are shown in Figs. 1 and 2. The kinetic parameters (k, and k_,)
obtained from the experimental data in Figs. 1 and 2 are shown in Table I.
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Fig. 1. Rate of association of [*H]cAMP with human erythrocyte membranes.
O, No additives (control); @, plus 1 mM ATP; &, plus cytosol fraction
(4 mg protein/0.1 ml reaction mixture).
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Fig. 2. Rate of dissociation of [*H]cAMP bound to human erythrocyte mem-
branes.
0, no additives (control); @, plus 1 mM ATP; &, plus cytosol fraction
(4 mg protein/0.1 ml reaction mixture).
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Table I. Kinetic Parameters Derived from Data in Figs. 1 and 2.

Assay conditions k; (MY, min™) k_; (min™")
No additives 1.78 X107 1.82X10"2
+Erythrocyte. hemolyzates 6.45% 10° 1.16X 101
(cytosol fraction)
+1mM ATP 2.91x10° 3.85x1072

Although the dissociation curve (Fig. 2) suggests the presence of multiple classes of
[3H]cAMP binding sites (rapidly and slowly dissociating binding sites) in human eryth-
rocyte membranes, only k_, was determined because the rate of dissociation of [*H]cAMP
from the slowly dissociating binding sites was too slow to analyze without computer
programs. In addition, neither ATP nor cytosol appeared to have a significant influence
on the rate of dissociation of [*H]cAMP from the slowly dissociating binding sites (Fig.
2).

As shown in Fig. 1, at equilibrium of [*H]cAMP binding, in the presence of the cytosol
fraction or 1 mM ATP, the [*H]cAMP binding to human erythrocyte membranes was only
14.2% or 19% of the control binding.

As shown in Table I, the cytosol fraction as well as 1 mM ATP decreased the rate of
association of [*H]cAMP with membranes and increased the rate of dissociation of bound
[*H]cAMP from the membranes. However, the effect of 1 mM ATP on the association
kinetics was much greater than that of the cytosol fraction. On the other hand, the cytosol
fraction affected the dissociation kinetics to a far greater extent compared to 1 mM ATP.

The apparent kd for high affinity [*H]cAMP binding sites calculated from k, and k_,
values for the control binding, binding in the presence of the cytosol fraction and binding
in the presence of 1 mM ATP were 1.02 nM, 18 nM, and 13.2 nM, respectively. Therefore,
both cytosol and 1 mM ATP decreased the affinity of [*H]cAMP for high affinity binding
sites on human erythrocyte membranes, though the detailed mode of their action on the
membrane [*H]cAMP binding sites appears to be quite different. The results obtained in
this study suggest the existence of other factors which contribute to the regulation of
intracellular membrane cAMP binding in human erythrocytes.
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