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Abstract-Activation of phospholipases during prolonged myocardial ischemia could contribute to the 
functional derangement of myocardial cells by altering the phospholipid environment of a number of 
membrane bound proteins including receptors. The present study examined the kinetics of muscarinic 
receptor antagonist [3H]quinuclidinyl benzilate binding ([3H]QNB) to muscarinic receptors of highly 
purified sarcolemmal membranes under control conditions and after treatment with phospholipase A2 
(PLA*; EC 3.1.1.4.). Initial binding rates of QNB exhibited saturation kinetics, when plotted against 
the ligand concentration in control and PLAz treated sarcolemmal membranes. This kinetic behaviour 
of QNB-binding is consistent with at least a two step binding mechanism. According to this two step 
binding hypothesis an unstable intermediate receptor-QNB complex (R*QNB) forms rapidly, and this 
form undergoes a slow conversion to the high affinity ligand-receptor complex R-QNB. The Michaelis 
constant Km of R-QNB formation was 1.8nM, whereas the dissociation constant Kd obtained from 
equilibrium measurements was 0.062 nM. After 5 min exposure of sarcolemmal membranes to PLAzQNB 
binding capacity (B,,,) was reduced by 62%, and the affinity of the remaining receptor sites was 
decreased by 47% (Kd = 0.116 nM). This PLA,-induced increase of Kd was accompanied by a 
corresponding increase of Km, whereas the rate constants kz and k_z of the hypothetical slow conversion 
step (second reaction step) remained unchanged. These results suggest that binding of QNB to cardiac 
muscarinic receptors induces a transition in the receptor-Egand configuration, which is necessary for 
the formation of the final high affinity R-QNB complex. PLAZ-induced changes of the lipid environment 
result in the inability of a part of the receptor population to undergo this transition, thereby inhibiting 
high affinity QNB-binding. 

Key words: cardiac muscarinic receptors; phospholipase A,; sarcolemma; quinuclidinyl benzilate; 
antagonist binding; binding kinetics 

Muscarinic receptors of brain and heart tissue are 
sensitive to changes in their lipid environment [l- 
61. Therefore, increased phospholipase activity, as 
has been suggested to occur during prolonged 
myocardial ischemia [7-131, may interfere with the 
normal function of the cardiac muscarinic receptor 
system. Recent studies have shown that phos- 
pholipase induced hydrolysis of membrane phospho- 
lipids reversibly reduced the number of sarcolemmal 

* Corresponding author. Tel. 0049-7681-29150; FAX 
0049-7681-29144. 

8 Abbreviations: QNB, quinuclidinyl benzilate; PLA2, 
phospholipase Al; K,,,, Michaelis constant; B,,,, maximal 
binding under equilibrium conditions; R, receptor; R,,, 
total concentration of the receptor; R*QNB, unstable 
receptor-QNB complex; R-QNB, stable receptor-QNB 
complex; Kd, overall dissociation constant measured under 
equilibrium conditions; K,, dissociation constant of step 
one; kZ and k_2, rate constants of step two; V,,,,, maximal 
initial association rate; vO, apparent initial association rate 
at a definite QNB-concentration. 

muscarinic receptors identified by [3H]QNB§ 
binding, and also decreased the affinity of the 
remaining receptors [5,6]. As these results and those 
of others suggest, that [3H]QNB binding to 
muscarinic receptors may not follow a simple 
bimolecular mechanism [14,15], we examined this 
possibility further by measuring the effect of PLA2 
treatment of sarcolemmal membranes on the initial 
rate kinetics of [3H]QNB-binding. The present data 
support the hypothesis that QNB-binding to 
sarcolemmal membranes follows at least a two step 
mechanism where the rapid formation of an unstable 
intermediate is followed by its slow conversion to a 
stableligand-receptorcomplex.Membranephospho- 
lipid hydrolysis by PLA2 inhibits QNB-binding in 
part by preventing the slow conversion to the stable 
QNB-receptor complex. 

MATERIALS AND METHODS 

Preparation of sarcolemmal vesicles. Highly 
purified sarcolemmal vesicles were prepared from 
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canine cardiac ventricles according to the method of 
Jones et al. [16] with slight modifications [17]. This 
preparation has been characterized previously, and 
it is comprised of predominantly sealed right-side 
out membrane vesicles [17]. Protein was determined 
according to Lowry et al. [18]. 

Treatment of sarcolemmal vesicles with PLA2. Bee 
venom PLAz (phosphatide-2-acyl-hydrolase; EC 
3.1.1.4) was purchased from the Sigma Chemical 
Co. (St Louis, MO, U.S.A.). This PLAz is known 
to be of high purity and free of mellitin [19]. PLAz 
was stored at -20” in a stock solution (100 U PLAP/ 
mL) containing 50 mM Tris-HCl (pH 7.4), 5 mM 
CaCl*, and 50% glycerol (buffer I). Under these 
conditions PLAz activity can be retained for at least 
1 year [19]. Ten microliters PLA2 in buffer I were 
added to 1 mL sarcolemmal vesicles (400 pg/mL) 
suspended in 10mM NaHC03, 20mM HEPES 
(pH7.4, 2.5”; buffer II). Control experiments were 
performed in the same way but without PLA2 in 
buffer I. After 5 min of incubation the reaction was 
stopped by dilution with 20 mL ice-cold buffer 
II. Treated sarcolemmal membranes then were 
separated from buffer by two 30 min centrifugations 
at 100,OOOg. Protein recovery after this treatment 
was greater than 85% in control and PLA2 treated 
membranes. Under these conditions a 5 min exposure 
of sarcolemmal membranes to PLA2 results in 
hydrolysis of approximately 30% of the total 
phospholipid pool [5]. 

[3H]QNB-binding assay. Equilibrium binding was 
determined by incubation of [ H]QNB (30-600 PM) 
with 10-15 ,ug sarcolemmal protein for 120 min at 
25” in a 5 mL reaction mixture containing 5 mM 
MgCl,, 20mM Tris-HCl (pH7.4), and 5 mM 
NaH2P04 (buffer III). Binding reactions were 
terminated by rapid filtration through Whatmann 
GF/B filters using a Brandel Cell Harvester 
(Gaithersburg, MD, U.S.A.). Filters were washed 
four times with 5 mL of 50 mM Tri-HCl (pH 7.4), 
and placed in 4mL Biofluor. Radioactivity was 
determined by liquid scintillation spectroscopy 
(Delta 300, Searle Analytic Inc., Des Plaines, IL, 
U.S.A.). Specific binding was determined from the 
difference in [3H]QNB bound in the absence and 
presence of 1 PM atropine sulfate. 

The complete time course of [3H]QNB receptor 
association was measured by adding sarcolemmal 
membranes (final protein concentration: 2 pg/mL) 
to buffer III that contained 60, 150 or 600 pM [3H]- 
QNB. At selected time intervals (0.5-90 min), 
aliquots of 5 mL of the reaction mixture were filtered 
through Whatmann GF/B filters mounted on 
Millipore vacuum manifolds (Millipore Corp., 
Bedford, MA, U.S.A.). The filters were washed 
with 20 mL 50 mM Tris-HCl (pH 7.4), and radio- 
activity was determined as described above. Under 
these experimental conditions only the stable, 
high affinity [3H]QNB-receptor complex can be 
measured, and the formation of this stable receptor- 
[3H]QNB complex is slow \5,6,14,15; Fig. 11. 
Apparent initial rates of [ H]QNB association 
therefore can be estimated without using rapid 
mixing devices by taking aliquots for filtration 0.0, 
0.5, 1.0, 1.5, 3.0 and 6.0min after starting the 
reaction. Apparent linearity of [3H]QNB association 

was observed between the time points zero, 0.5, and 
1.0 min using [3H]QNB concentrations between 
60 pM and 2400 pM. 

CaZcuZutions. Maximal binding of [3H]QNB at 
equilibrium conditions (B,,,) and the dissociation 
constant (&) were determined by double reciprocal 
plots of [3H]QNB binding isotherms (Fig. 4B). 
Maximal binding velocity (V,,) and the Michaelis 
constant (K,) were determined from analysis of 
double reciprocal plots of the initial binding rates 
(va) versus [3H]QNB concentration (Fig. 3B). 

Assuming a two step binding mechanism the 
individual dissociation constants (K, = K,,,; K2 = 
k_2/k2) and the rate constants of the second step (k2 
and k_2) were estimated from the equilibrium 
measurements and the initial rate kinetics as 
described in the Appendix. 

Materials. All chemicals were reagent grade. 
L[~H]QNB and Biofluor were obtained from New 
England Nuclear (Boston, MA, U.S.A.). Atropine 
sulfate was purchased from the Sigma Chemical Co. 
(St Louis, MO, U.S.A.). 

RESULTS 

Initial rate kinetics of [3H]QNB-binding 

[3H]QNB-association exhibited a monoexpo- 
nential time course at control conditions and after 
PLA2 treatment (Figs lA,B; 2A,B). Under control 
conditions and after PLA, treatment, binding 
equilibrium was reached about 90 min after the start 
of the reaction (Figs lA, 2A). 

The initial rates of [3H]QNB-binding were 
estimated as described in Materials and Methods. 
The dependence of these apparent initial rates on 
total [3H]QNB concentration exhibited saturation 
kinetics both under control conditions and after 
PLA2 treatment (Fig. 3A). The apparent maximal 
velocitiesof [3H]QNB-association V,,,,,, the Michaelis 
constants K,,, obtained from the corresponding 
double reciprocal plots (Fig. 3B), as well as the 
calculated rate constants of the conversion step k2 
and k_, are summarized in Table 1. 

QNB-binding under equilibrium conditions 

[3H]QNB-binding to canine sarcolemmal mem- 
branes measured under equilibrium conditions could 
be characterized by a single class of binding sites 
both under control conditions and after PLAz 
treatment. Under control conditions Scatchard 
analysis of [3H]QNB-binding revealed a B,,, of 
5.8 * l.Opmol/mg and Kd of 62 +- 14 pM. After 
PLAz treatment of sarcolemmal membranes, B,, 
was reduced to 2.2 2 0.5 pmol/mg and Kd increased 
to 116 * 19 pM (N = 4; Fig. 4A,B). These data are 
similar to results reported previously [5,6]. 

DISCUSSION 

The saturation kinetics of the initial rates of [3H]- 
QNB-binding as demonstrated in the present study 
(see Fig. 3A) exclude a simple bimolecular binding 
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Fig. 1. [3H]QNB association under control conditions using 60 pM (A), 150 pM (H), and 600 pM (0) 
[3H]QNB (A). The monophasic time course of [3H]QNB association is demonstrated by the 
corresponding linear semilogarithmic plots (B). Details of the experimental conditions are described 

in Materials and Methods. Values are means f SD of N = 4. 

reaction, since a bimolecular binding mechanism a two step binding mechanism: 

kl 
R + QNB - R-QNB 

k-1 

would result in an initial association rate that linearly 

4 kz 
R+QNB --p R*QNB - R-QNB. 

(stefJ 1) 
k-2 

(step 2) 

depends on the free concentration of the ligand. 
Therefore, the simplest reaction model to assume is 

According to Michaelis-Menten this reaction 
model includes the rapid formation of an unstable 
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Fig. 2. [3H]QNB association after 5 min treatment of sarcolemmal membranes with PLAz using 60 pM 
(A), 150 pM (II), and 600 pM (0) [‘H]QNB (A). The monophasic time course of [‘H]QNB association 
is demonstrated by the corresponding linear semilogarithmic plots (B). Details of the experimental 

conditions are described in Materials and Methods. Values are means -C SD of N = 4. 
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Fig. 3. Dependence of the apparent initial [3H]QNB binding rate on [3H]QNB concentration (A: control 
conditions = black symbols; 5 min PLA2 = white symbols). The Michaelis constant K,,, and the apparent 
maximal [3H]QNB association rate was estimated from the corresponding double reciprocal plots l/u0 
versus 1/[3H]QNB (B). Details of the experimental conditions are described in Materials and Methods. 

Values are means 2 SD of N = 6. 

intermediate R*QNB that is followed by a much 
slower conversion to the final high affinity complex 
R-QNB. The monophasic time course of t3H]QNB 
association (Figs lB,2B) suggests that under the 
present experimental conditions only the final high 
affinity ligand receptor complex R-QNB, but not 
the intermediate R*QNB, is measured. A rapid 
dissociation of the intermediate R*QNB during the 
washing and filtering procedures would be in 
accordance with the assumption of a high rate 
constant k_l, which however cannot be determined 
from the available data. Similar binding mechanisms, 
as suggested here, are known from sequences of 
some enzyme reactions like the phosphorylation of 
sarcoplasmic reticulum calcium ATPase by inorganic 
phosphate [20]. 

Assuming the formation of the intermediate 
R*QNB (step 1) is much faster than its conversion 
to R-QNB (step 2), the initial binding rates (~0) are 
related to the concentration of QNB, as described 
by the following equation (see Appendix eqn 2a; 
see also Fig. 3B): 

1 1 K... 1 

iy)=kz[Rol+kZ[Rol.[QNBl. 
In this equation [Rc] is the total concentration of the 
receptor, which has been estimated by the 
measurement of maximal binding of [3H]QNB (B,,,, 
see Fig. 4). The QNB concentration needed for 
reaching the half maximal binding velocity is 
described by the Michaelis constant K,,,, as obtained 
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Table 1. Kinetic parameters of [3H]QNB-binding to 
sarcolemmal membranes 

Control 5 min PLAZ 

Kd (Ml 
Kr (M) 
k2 (set-I) 
kw2 (set-I) 
V,,, (mol/mg/rW 
&,, (mol/ms) 

6.2 x lo-” 11.6 x lo-” 
1.8 x 10-g 3.45 x 1o-9 

0.014 0.015 
5.0 x 1om4 5.2 x 1o-4 
5.0 x 10-12 2.0 x 10-n 
5.8 x 10-l* 2.2 x 10-12 

Kd = dissociation constant obtained from Scatchard 
analysis of QNB-binding as measured under equilibrium 
conditions. K, = dissociation constant of the first binding 
step that forms the unstable intermediate R*QNB. K, can 
be approximated by the Michaelis constant K, that is 
obtained from the analysis of the double reciprocal plots 
of the initial binding rates versus QNB concentration. k2, 
k_* = rate constants of the slow conversion step (step 2 of 
the binding reaction). V,,,,= maximal initial association 
rate. B,,,= maximal binding determined under equilibrium 
conditions. 

from the x-intercepts of the double reciprocal plots 
l/no versus 1/[3H]QNB (Fig. 3B; Table 1). As the 
conversion of the unstable intermediate complex 
R*QNB to the stable complex R-QNB is rate limiting 
(step 2), the initial rate u. equals the product of the 
rate constant k2 of the second step and the 
concentration of the intermediate complex R*QNB 
(see Appendix, eqn 1). Maximal velocity of QNB- 
binding then can be obtained by extrapolating the 
concentration of QNB to infinite values (see double 
reciprocal plot in Fig. 3B). Under these conditions 
all receptor binding sites are occupied by QNB, and 
the amount of R*QNB equals R9, which can be 
estimated by measuring B,,. The rate constant k2 
can then be estimated by the following equation (see 
Appendix, eqn lb): 

kz = VmaxlRo. 
The rate constant k-2 which describes the rate 
limiting step of the dissociation of the stable ligand 
receptor complex R-QNB, now can be obtained (a) 
from the analysis of QNB-binding under equilibrium 
conditions and (b) from the corresponding steady 
state equation (see Appendix, eqn 6): 

1 k-2 + k2 1 k-&r -.- 
[R-QNBI kz = - * [Rol + kz[Ro] [Q& 

This equation describes double reciprocal plots of 
the saturation isotherms of bound [3H]QNB versus 
free [3H]QNB under equilibrium conditions (Fig. 
4B). In this Figure the x-intercepts represent the 
negative reciprocal values of the dissociation 
constants Kd that are also defined by the quotient 
between y-intercept and the slope of the linear 
curves (Fig. 4B; see Appendix, eqn 7a): 

k-2 .- Kd = K1 k-2 + k2' 

This equation allows the calculation of the rate 
constant k_2 as the values of Kd, K1, and k2 are 

known (see above considerations). The kinetic 
constants of [3H]QNB binding derived from the 
experimental data and the calculations described 
above are summarized in Table 1. Due to the slow 
reverse transition step (k_2) these data show that 
the QNB-concentration needed for reaching half 
maximal velocity of [3H]QNB association is more 
than one order of magnitude greater than the 
concentration needed for half maximal QNB- 
equilibrium binding. 

The assumption that the antagonist QNB induced 
a conversion of the muscarinic receptor agrees with 
earlier results obtained in developing chick hearts 
and porcine atria1 muscarinic receptors [14,15]. 
The potential of ligands to influence receptor 
conformational states is also consistent with the 
hypothesis that antagonist occupied receptors bind 
more tightly to inactive forms of G-proteins [21,22]. 
According to this hypothesis binding of QNB would 
not only occlude the ligand-binding site and thereby 
prevent agonists from acting, but also induce a 
conversion of the muscarinic receptor to a 
conformation that preferably binds to inactive forms 
of inhibitory G-proteins, like the GDP-Gi complex. 

One effect of phospholipid hydrolysis by PLA2 on 
muscarinic receptor antagonist binding is the 
reduction of B,,,. In terms of the hypothetical 
reaction model described above, PLA2 treatment 
may convert a part of the available receptors resulting 
in the inability of these receptors to form the stable 
R-QNB complex. However, the kinetics of the slow 
conversion step (step 2) of the remaining receptor 
sites were unaltered. Their reduced affinity, as 
described by the overall dissociation constant Kd, 
therefore is solely due to the increase in the 
dissociation constant of the first rapid step K1 (see 
Table 1). 

The effect of PLA2 on [3H]QNB-binding resembles 
a “linear mixed type inhibition” [23] that can be 
described by the following hypothetical reaction 
scheme: 

4 
R + QNB - R*QNB - R-QNB. 

1 
Kl 1 k-2 

I I r lPLA2 
Ra + QNB -a RB*QNB 

K1 

According to this reaction scheme phospholipid 
hydrolysis by PLA2 leads to a conversion of a part 
of the receptor population R to Ra. PLA2 
induced conversion may also involve the unstable 
intermediate R*QNB. Although with lower affinity, 
as described by the dissociation constant K1, the 
receptor population R” may still be able to interact 
with QNB to form an unstable intermediate 
Ra*QNB. However, Ra*QNB is not able to directly 
convert to a stable high affinity complex between 
the receptor and QNB, forming Ra-QNB. In the 
presence of PLA2 therefore, some of the available 
receptor population will always be in the non- 
productive Ra*QNB form, thereby reducing maximal 
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Fig. 4. Dependence of [3H]QNB binding at equilibrium conditions on the free concentration of [3H]- 
QNB (A: control conditions = black symbols; 5 min PLAZ= white symbols). The saturation isotherms 
were converted to double reciprocal plots l/bound [3H]QNB versus l/free [3H]QNB (B). Kd was 
estimated from the x-intercepts, which correspond to the quotient between the slope (m) and the y- 
intercepts (b). From the equation Kd = m/b the rate constant k2 was calculated as outlined in Discussion 

(for mathematical details see also Appendix). Values are means 5 SD of N = 4. 

binding (B,,,) but also maximal association rate 
(V,,,). Furthermore, a portion of the receptor 
population will always exist in the lower affinity Ra 
form, thereby reducing overall affinity Kd (see Table 
I). 

In summary, the present results support the 
concept that antagonist binding to cardiac muscarinic 
receptors is not a simple bimolecular reaction but 
likely involves a transition between at least two 
receptor-ligand configurations. These different 
receptor-ligand configurations may play a role in 
discriminating between G-protein conformations 
[21,22]. Furthermore, this antagonist mediated 
transition of the receptor strongly depends on the 
integrity of the lipid environment and can be 
inhibited by PLA,-induced phospholipid hydrolysis 
of sarcolemmal membranes.’ 
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APPENDIX 

As outlined in the Discussion, the saturation 
kinetics of the apparent initial rates of [3H]QNB- 

binding (see Fig. 3) exclude a simple bimolecular 
binding reaction, since a bimolecular binding 
mechanism would result in an initial association rate 
that linearly depends on the free concentration of 
the ligand. The following hypothetical reaction 
scheme for QNB-binding to cardiac muscarinic 
receptors therefore is assumed: 

4 
R+QNB ‘k_ R*QNB 2 R-QNB. 

1 k-z 
(step 1) (step 2) 

According to Michaelis-Menten the free receptor R 
and the ligand QNB are in a rapid equilibrium with 
an unstable intermediate complex R*QNB, and the 
much slower conversion of R*QNB to the stable 
complex R-QNB is rate limiting (step 2). 

Estimation of V,,,,, K,, K, and kz by analysis of the 
initial rate kinetics 

Ideally, under initial rate conditions the con- 
centration of the final complex R-QNB is almost 
zero, and the dissociation of the final complex R- 
QNB (backwords reaction) can be neglected. Under 
these conditions, and under the assumption that the 
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conversion of the unstable intermediate complex 
R*QNB to the stable complex R-QNB is rate limiting 
(step 2), the initial association rate DO equals the 
product of the rate constant k2 of the second step 
and the concentration of the intermediate complex 
R*QNB: 

u. = k,[R*QNB]. (1) 

Maximal velocity (V,,,) of QNB-binding therefore 
can be obtained by extrapolating the concentration 
of QNB to infinite values (double reciprocal plot, 
Fig. 3B). Under these conditions all receptor binding 
sites are occupied by QNB, and R*QNB equals R. 
(=&ax). 

Therefore, if [QNB] >> K,,,: 

[R*QNBl = [&I 

(R,, = total concentration of binding sites = B,,,) 

DO = Wol = Vmax. (14 
As the maximal velocities (V,,,) were obtained by 
the double reciprocal plots l/u0 versus l/QNB (Fig. 
3B), and the concentration of R. can be estimated 
by measuring B,, (Fig. 4B), the rate constant k2 
can be calculated by the following equation: 

k2=%. (lb) 

According to Michaelis-Menten u. is also described 
by: 

Vmax[QNBl 
“’ = K,,, + [QNB]’ 

As Vmax = kz[Ro] (see eqn la) eqn (2) can be 
rearranged as follows: 

1 1 K,i, 1 -. 
u, = k2[Rol+ kz[R,,] [QNBI’ 

(24 

y=b+m.x (2b) 

Equation 2a describes straight lines corresponding 
to the double reciprocal plots shown in Fig. 3B. 
These linear curves are defined by the y-intercept 
b = l/k,[Ro] and the slope m = K,/k&]. K,,, 
depends on the rate constants of the hypothetical 
two step binding mechanism as follows: 

k_l + k2 
Km=-----. 

kl 
(3) 

Under the assumption that k2 < < k_l and kl, the 
Michaelis constant K,,, approximates to the value of 
the dissociation constant of the first reaction step 
K,. 

Therefore, if k2 << k_l: 

K,=?=K,. 

the binding reaction is reached at binding equilibrium: 

k,QNB k, 

R e R*QNB 
k-1 

‘k R-QNB . 
2 

From this reaction model three receptor states, 
R, R*QNB and R-QNB can be differentiated. 
According to the King-Altman method of deriving 
steady state velocity equations [23,24], the formation 
of any receptor state depends on the following 
interconversion patterns, which are the product of 
all rate constants and associated ligand concentrations 
that read along the lines leading to the receptor 
species in question (see above reaction model): 

[R] + k_&* (44 

[R*QNB] + k&,[QNB] (4b) 

[R-QNB] + k,kz[QNBl (4c) 

PoI + (14 + (lb) + (14, (44 

where [Ro] represents total receptor concentration. 
The relation of the concentrations of the final 

product [R-QNB] and the total receptor [R,] then 
is: 

[R-QNB] k&dQNBl 

PO1 = k_&* + k,k_JQNB] + klk2[QNB] 
(5) 

‘R-QNB1 = k_,k_2 + [QNB]kl(k_2 + k2) (54 

[R-QNB] = 
(k-2 + W + k-&d[QNBlh. c5bI 

W,l 

If k-,/k1 = K1 (see eqn 3a), eqn (5b) can be 
rearranged: 

1 ke2 + k2 1 
=--.~+&&(6) [R-QNB] kz 

y=b+m.x. (64 

This is the equation of a straight line, as seen in Fig. 
4B, where (k-2 + k2/k2.[&]) is the y-intercept (b) 
and (k-2.Kl/k2.[R0]) is the slope of the line (m). 
The intercept on the abscissa (x-intercept) then can 
be calculated as follows: 

x = - b/m = - l/Kd (6b) 

k-&&dRol 
Kd = : = (k-* + k2)/k2[RJ (7) 

The relation between the overall dissociation 
constant of QNB-binding Kd as measured by 
experiments in binding equilibrium, and the 
dissociation constant K1 of the first step of the 
reaction as obtained from the kinetic experiments is 
now described as follows: 

Estimation of k-, by analysis of the steady state 
kinetics 

As the ligand-receptor complex R-QNB is the 
endproduct of the binding reaction, steady state of 

Kd= Kl& 
2 2 

Kdkz 
k-2 = ~ 

Kl - Kd’ 

(74 

(7b) 
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Kd is obtained from the experiments in binding 
equilibrium (x-intercept of Fig. 4B), K1 is obtained 
from the kinetic measurements (x-intercept of Fig. 
3B), and k2 can be calculated as described above by 
eqn (lb). 
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