
 



 



Solution to problem 5. 
Fractional saturation is most frequently defined as y = fraction of binding sites that are 
occupied (number of sites bound/total number of sites).  In this problem, the data was 
created using this definition.  In class we called ν = “mol ligand bound”/”mol protein 
bound” the fractional saturation as well.  You have also seen it defined as the fraction of 
total protein that is in complex.  In fact, we accidentally use both y and ν in different 
parts of this problem, so we will be more careful in the future about defining this term 
each time we use it!  And most answers will be accepted as solutions.  Please go through 
the solution in detail though, and if you’d like you can try creating data using the 
definition for ν and fitting data. 
 
(a)  ν = mol ligand bound / mol protein bound in this case of independent binding sites is: 
n[L]/([L]+Kµ)   
This was derived in class on 3/8/06 and is given as equation 3.30 in the W&T text. 
 
MATLAB code is attached that fits the variable n to the given data.  The fit value of n is 
about 1.17 and from your residual plot you can see that the fit is quite poor.  Note that 
since we fit the equation ν to data created using the equation y, this is not so surprising.  
But even if the data had been created using the cooperative equation ν below, the fit 
would look similarly bad! 
 
(b)  ν = mol ligand bound / mol protein bound in the fully cooperative case is: 
n[L] n/([L] n + Kd) 
And y = fraction of occupied binding sites is: 
[L] n/([L] n + Kd), where Kd = Kµ

n in both equations.  Since the data was created using 
this second equation, we fit the second equation to the data in the code.  However, you 
would just make a small change to Y_cooperative.m to fit the first equation. 
 
Kd is the macroscopic Kd of binding 4 ligands to the receptor at once, and Kµ is the Kd 
of binding just one ligand to one binding site, which was the constant given in the 
problem.  Here, Kd = Kµ

n because the binding is fully cooperative.  Please see the 
attached page of notes for an explanation of this equality.  Here, the fit value of n is about 
3.2 and the residuals from the fit look very random.  Therefore, we assume that the 
binding sites are cooperative. 
 
(c)  We assumed in (b) that the binding sites are fully cooperative.  This means that once 
one ligand binds, all the other binding sites are immediately filled as well.  So for 4 
binding sites, either 0 ligands bind or 4 ligands bind.  This is not a very realistic scenario, 
since for a real protein, one ligand binding may change the protein structure so that the 
affinity is greater for the next ligand, but it will not likely force the next ligand to bind 
immediately.  This unrealistic assumption is still useful for us though because it gives us 
an idea of the amount of cooperativity.  Any value for n greater than 1 means that there is 
some cooperativity.  Usually, you can guess that the number of binding sites (or the 
“valency”) is at least ceil(n) (try this in MATLAB☺) and could even be higher.  A value 
of n=3.2 in this case indicates that there are at least 4 binding sites and they have a high, 
though not perfect, cooperativity between them. 
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1 %problem 5
2 global Kd;
3
4 load 'pset4_data';
5 L = pset4_data(:,1);
6 Ydata = pset4_data(:,2);
7
8 Kd = 1e-4; %M = microscopic binding constant
9
10 n_guess = 4;
11 [n_fit, R, J] = nlinfit(L,Ydata,@Y_independent,n_guess);
12 n_fit
13 for i=1:length(L)    
14     Yfit1(i) = (n_fit.*L(i))./(L(i) + Kd);
15 end
16
17 figure(1);
18 plot(L,Ydata,'r*');
19 hold on
20 plot(L,Yfit1,'b');
21 legend('Y data','Y fit 1');
22 xlabel('[L] M');
23 ylabel('Y');
24 title('Initial data and fit for Y versus L, independent binding assumption');
25
26 figure(2);
27 plot(L,R,'b*');
28 xlabel('[L]');
29 ylabel('Residuals');
30 title('Residuals from fit for Y versus L, independent binding assumption');
31
32 n_guess = 4;
33 [n_fit, R, J] = nlinfit(L,Ydata,@Y_cooperative,n_guess);
34 n_fit
35 for i=1:length(L)    
36     Yfit2(i) = (L(i).^n_fit)./(L(i).^n_fit+Kd.^n_fit);
37 end
38
39 figure(3);
40 plot(L,Ydata,'r*');
41 hold on
42 plot(L,Yfit2,'b');
43 legend('Y data','Y fit 2');
44 xlabel('[L] M');
45 ylabel('Y');
46 title('Initial data and fit for Y versus L, cooperative binding assumption');
47
48 figure(4);
49 plot(L,R,'b*');
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50 xlabel('[L]');
51 ylabel('Residuals');
52 title('Residuals from fit for Y versus L, cooperative binding assumption');
53
54
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1 %fractional saturation Y for independent binding assumption
2 function y = Y_independent(n_tofit, L)
3 global Kd;
4 y = (n_tofit.*L)./(L + Kd);
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1 %fractional saturation Y for cooperative binding assumption
2 function y = Y_cooperative(n_tofit, L)
3 global Kd;
4 y = (L.^n_tofit)./(L.^n_tofit+Kd.^n_tofit);
5
6
7
8
9


