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Summary

• Equations for quantifying allosteric modulator 
pharmacology for GPCRs have been derived 
by numerous investigators, for both binding 
and functional assays.

• These equations have been loaded into 
GraphPad Prism in custom templates 
designed by Pharmechanics.

• We are grateful to Harvey Motulsky, Trajen 
Head and the Support desk at GraphPad 
Software for guidance.
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Allosteric pharmacology analysis for GPCRs 

Orthosteric ligand (A)

Allosteric ligand (B)

• Equations for analyzing binding and 
functional data for GPCR allosteric 
modulators are built on classical 
models of ligand-receptor interaction 
(e.g. see diagram on right).

• These equations quantify allosteric 
effects in terms of cooperativity (the 
effect of modulator binding on affinity 
and/or efficacy of the orthosteric 
ligand) and modulator affinity.

1. Stockton et al. Mol Pharm 1983, 23: 551-7
2. Ehlert Mol Pharm 1988, 33: 187-94
3. Lazareno & Birdsall Mol Pharm 1996, 48: 362-78
4. Hall Mol Pharmacol 2000, 58: 1412-23
5. Leach, Sexton & Christopoulos 2007, TiPS 28:382-9
6. Kenakin Nat Rev Drug Discov 2005, 4: 919-27
7. Ehlert JPET 2005, 315: 740-54
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https://molpharm.aspetjournals.org/content/23/3/551.short
https://molpharm.aspetjournals.org/content/33/2/187.long
https://molpharm.aspetjournals.org/content/48/2/362.long
https://molpharm.aspetjournals.org/content/58/6/1412.long
https://www.cell.com/trends/pharmacological-sciences/abstract/S0165-6147(07)00149-6
https://www.nature.com/articles/nrd1875
https://jpet.aspetjournals.org/content/315/2/740.short


Loading equations overview

• Download the relevant Prism template 
from here.

• The equations can be loaded in batch or 
individually into your equation library.

• See “Loading allosteric equations from a 
Prism file” document here for instructions.

• Questions? Email 
sam.hoare@pharmechanics.com

• The equations are supported by 
Pharmechanics, not by GraphPad.

4

https://drive.google.com/drive/folders/1T7hQQXC2g3UJpnFoWcuHcdXaVcTGSg6X?usp=drive_link
https://drive.google.com/drive/folders/1T7hQQXC2g3UJpnFoWcuHcdXaVcTGSg6X?usp=drive_link
https://www.pharmechanics.com/


Equation descriptions and instructions
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Baseline considerations
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• For all the equations, baseline or basal signals are assumed to be zero.

• Binding assays – baseline is nonspecific tracer ligand binding.

• Functional assays – baseline is signaling response in the absence of orthosteric and allosteric ligand.

• In all cases the baseline will need to be subtracted from the data before the data are entered into Prism.
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Modulation of labeled orthosteric ligand binding
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Modulation of labeled orthosteric ligand binding
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Used for a binding assay in which an allosteric ligand 
is titrated versus a single concentration of a labeled 
orthosteric ligand.

For equation derivation see here and here.
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Modulation of labeled orthosteric ligand binding
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Fitted parameters are:
• α, binding cooperativity between allosteric modulator 

and orthosteric ligand
• KB, affinity of allosteric modulator
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Data entry
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X values: Log of allosteric 
modulator concentration 

(units of log M)

Y values: Specific binding of 
labeled orthosteric ligand 

(nonspecific binding subtracted)
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Model
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Results table

Parameters for allosteric modulator
Alp: α, binding cooperativity A

logKB: Logarithm of modulator affinity (log M)
KB: Modulator affinity (M)

Parameters for labeled orthosteric ligand
Bmax (y axis units)
A_nM: Concentration in nM (entered as constant)
KA_nM: Affinity in nM (entered as constant)
B0: Binding in absence of allosteric modulator (y axis units)

A) α value > 1 is positive cooperativity, < 1 is negative cooperativity
12



Modulation of labeled and unlabeled orthosteric 
ligand binding
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Modulation of labeled and unlabeled orthosteric ligand binding

Used for a “Triple ligand” binding assay in which an 
unlabeled orthosteric ligand and an allosteric modulator 
are titrated versus a labeled orthosteric ligand.

Equation derived by Lazareno and Birsdall – see here.
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Modulation of labeled and unlabeled orthosteric ligand binding
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Fitted parameters are:
• Cooperativity between allosteric modulator & labeled or 

unlabeled orthosteric ligand (αA & αL respectively)
• Affinity of allosteric ligand (KB) and unlabeled 

orthosteric ligand (KL)
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Data entry
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[Modulator] (M)X values: Log of unlabeled 
orthosteric ligand 

concentration (units of log M)

Y values: Specific binding of 
labeled orthosteric ligand 

(nonspecific binding subtracted)

Different column groups: 
Different concentrations 
of allosteric modulator.

Column headers: 
Allosteric modulator 
concentration in M
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Model
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“Allosteric modulation of labeled 
and unlabeled ligand binding”
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Analysis details
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Global analysis – all curves fit 
simultaneously with shared fit 

parameters.
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Results table
Parameters for allosteric modulator
AlpA: αA, binding cooperativity on labeled orthosteric ligand A

AlpL: αL, binding cooperativity on unlabeled orthosteric ligand A

logKB: Logarithm of modulator affinity (log M)
KB: Modulator affinity (M)

Parameters for labeled orthosteric ligand
Bmax (y axis units)
A_nM: Concentration in nM (entered as constant)
KA_nM: Affinity in nM (entered as constant)
B0: Binding in absence of allosteric modulator (y axis units)

Parameters for unlabeled orthosteric ligand
logKL: Logarithm of unlabeled orthosteric ligand affinity (log M)
KL: Unlabeled orthosteric ligand affinity (M)

A) α value > 1 is positive cooperativity, < 1 is negative cooperativity 19



Modulation of orthosteric agonist signaling,
full model

20



Modulation of orthosteric agonist signaling, full model
Used for a signaling assay in which an allosteric ligand is 
titrated versus a concentration-response of an orthosteric 
agonist.

Equation derived by Christopoulos – see here. Similar 
equation derived by Kenakin and Ehlert.
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Modulation of orthosteric agonist signaling, full model
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An understanding of the operational model of agonism is 
required to apply this equation and interpret the results.

The model allows for agonism of allosteric modulator (but 
not inverse agonism).

There are two cooperativity factors:
• α, binding cooperativity
• β, signaling cooperativity (effect of allosteric modulator 

on efficacy of orthosteric agonist)
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Data entry
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Model
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full model”

24



Analysis details
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Global analysis – all curves fit 
simultaneously with shared fit 

parameters.

25



Analysis tip
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Recommend constraining Em (system maximum 
effect) if this value can be independently 

determined, e.g. as the Emax of a full agonist.
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Results table
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Results table
Parameters for allosteric modulator
Alp: α, binding cooperativity on orthosteric agonist A

Bet: β, signaling cooperativity on orthosteric agonist A

logKB: Logarithm of modulator affinity (log M)
KB: Modulator affinity (M)
TauB, signaling efficacy of allosteric modulator
EC50 B, EC50 of allosteric modulator (M)
Emax B, Emax of allosteric modulator (Y axis units)

Parameters for orthosteric agonist
logKA: Logarithm of orthosteric agonist affinity (log M)
KA: Orthosteric agonist affinity (M)
TauA, signaling efficacy of orthosteric agonist
EC50 A, EC50 of orthosteric agonist (M)
Emax A, Emax of orthosteric agonist (Y axis units)
n, transducer Hill slope of orthosteric agonist

System parameter
Em, system maximum effect (Y axis units)

A) Cooperativity value > 1 is 
positive cooperativity, < 1 is 

negative cooperativity
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Issues with full model
• The full model (fitting α and β independently) can work well when the allosteric 

modulator changes the orthosteric agonist  Emax, or when the allosteric 
modulator or orthosteric agonist is a partial agonist.

• The full model does not work well when the only effect of the modulator is to 
shift the EC50 of a full orthosteric agonist. Under these and some other 
conditions the variability of the fitted values can be very large.
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Very large 
SE values!
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Modulation of orthosteric agonist signaling, 
combined αβ model
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Modulation of orthosteric agonist signaling, combined αβ model

Used for a signaling assay in which α and β cannot be 
independently determined, e.g. when the only effect of the 
modulator is to shift the EC50 of a full orthosteric agonist.

A reduced equation was derived by Christopoulos that 
allows a combined allosteric parameter (αβ) to be 
estimated when the orthosteric agonist is a full agonist – 
see here.
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Modulation of orthosteric agonist signaling, combined αβ model

An understanding of the operational model of agonism is 
required to apply this equation and interpret the results.

Model allows for agonism of allosteric modulator (but not 
inverse agonism).

There is a combined cooperativity factor:
• αβ, binding cooperativity multiplied by signaling 

cooperativity.
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Data entry

X values: Log of orthosteric 
agonist concentration 

(units of log M)

Y values: Signal response with basal signal 
subtracted (basal is signal in the absence of 

orthosteric and allosteric ligand)

Different column groups: 
Different concentrations 
of allosteric modulator.

Column headers: 
Allosteric modulator 
concentration in M
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Model
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Analysis details

-13 -12 -11 -10 -9 -8 -7 -6 -5
0

20

40

60

80

100

Allosteric modulation of signaling, combined AlphaBeta

log[Orthosteric agonist] (log M)

Si
gn

al
 w

ith
 b

as
al

 s
ub

tra
ct

ed
(%

 o
f m

ax
im

um
 s

ys
te

m
 e

ffe
ct

) 0
1e-9
3.2e-9
1e-8
3.2e-8
1e-7
3.2e-7

[Modulator] (M)

1e-6

Global analysis – all curves fit 
simultaneously with shared fit 

parameters.

35



Analysis details
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Recommend constraining Em (system maximum 

effect) if this value can be independently 
determined, e.g. as the Emax of a full agonist.
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Results table
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Results table

Parameters for allosteric modulator
AlpBet: αβ, binding cooperativity on orthosteric agonist (α) multiplied by 
signaling cooperativity on orthosteric agonist (β)
logKB: Logarithm of modulator affinity (log M)
KB: Modulator affinity (M)
TauB, signaling efficacy of allosteric modulator
EC50 B, EC50 of allosteric modulator (M) A

Emax B, Emax of allosteric modulator (Y axis units)

Parameters for orthosteric agonist
logEC50A : Logarithm of orthosteric agonist EC50 (log M)
EC50 A, EC50 of orthosteric agonist (M)
Emax A, Emax of orthosteric agonist (Y axis units)
n, transducer Hill slope of orthosteric agonist

System parameter
Em, system maximum effect (Y axis units)
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A) In this example the EC50 B value 
is meaningless because the allosteric 
modulator did not stimulate signaling.
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