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The relationship between macroscopic constants derived from the Adair equation and the
proposed Ca?*-CaM binding model with free Ca®" access

Here we establish the link between the mathematical models for the modified Adair equation and the
Ca’*-CaM-specific binding model that allows non-sequential free access and release of ions. We
compare the Adair equation with the proposed model and derive the relationship between the

macroscopic affinity constants that can be obtained by applying the two models.

In order to characterize the Ca®*-CaM interaction properties, recently published data from calcium
binding experiments have been fit with the Hill and Adair equations [1-8]. In particular, the modified
Adair equation [9] for flow diaysis-derived Ca®* binding data was used to calculate macroscopic
dissociation constants [3]. However, the “dumbbell” shape of CaM molecule with two pairs of EF-
hand Ca?* binding sites suggests that the ions appear to have free access to these sites at any given
time. The probability of binding depends on the dissociation constant of each site, but can change
when CaM undergoes a conformational transition due to ion binding at other sites or interaction with
another protein. We sought to compare the difference in consecutive binding (the modified Adair
equation) and CaM structure-observed free Ca®* binding and release from EF-hand loops (Equation 2

in Materials and Methods).

The amount of Ca’* bound to CaM according to the sequential binding mechanism (the modified Adair
model) is given by Equation (1) in [3] (without the term for non-specific binding):
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where y and x are the bound and free Ca® concentrations, respectively, and a= ! ,
AK1
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macroscopic Ca* dissociation constants for CaM obtained from the experimental Ca?*-CaM binding

curve using the Adair model.

Multiplication of both the numerator and denominator by K, - K, - Kacs - Kaca transforms (1) into
the following equation:
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The amount of Ca®* bound to a protein with four Ca’* free access binding sitesis given by:
X+ Kindl X+ Kind2 X+ Kind3 X+ Kind4

where Kina1, Kingz, Kinga, Kinas are the macroscopic Ca?* dissociation constants from CaM obtained from
the experimental Ca?*-CaM binding curve using the model for a multisite protein with free Ca** access

to EF-hand binding sites.

The comparison of the denominators of the nonsequential binding and the Adair models reveals the
following relationship between macroscopic constants:
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The system of equations (4) has a rather complex solution. In order to estimate a simple relationship
between the two models, we assume that the binding affinities are close to each other. In this case the
eguations (4) can be presented as.
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Or more explicitly the relationship between the macroscopic constants from the non-sequential binding

and sequential binding modelsis given by:
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It follows from the relationship (6) that while one of the four macroscopic constants derived using the
modified Adair equation [3, 9] is exactly the same as the constant obtained using the multisite binding
model with free ligand access, the other three model constants are significantly different. The

equilibrium dissociation constants for the second, third and forth binding sites will differ by factors of
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assumptions made to describe a biochemical reaction on the values of the resulting dissociation

constants.
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