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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.

Orthosteric site

+ These equations have been loaded into Allosteric site
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.

G-protein


https://www.graphpad.com/

Allosteric pharmacology analysis for GPCRs

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

« These equations quantify allosteric K K /
effects in terms of cooperativity (the B g/ A
effect of modulator binding on affinity
and/or efficacy of the orthosteric ‘ K / ‘

TN

ligand) and modulator affinity.
RB <—— ARB

Stockton et al. Mol Pharm 1983, 23: 551-7

Ehlert Mol Pharm 1988, 33: 187-94

Lazareno & Birdsall Mol Pharm 1996, 48: 362-78
Hall Mol Pharmacol 2000, 58: 1412-23

Leach, Sexton & Christopoulos 2007, TiPS 28:382-9
Kenakin Nat Rev Drug Discov 2005, 4: 919-27
Ehlert JPET 2005, 315: 740-54

‘ Orthosteric ligand (A)

NN =

D Allosteric ligand (B)



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

Parameters: Monlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics  Flag

Choose an equation

Dose-response - Special, X is log{concentration) Mew

Binding - Saturation

Binding - Competitive

Binding - Kinetics

Enzyme kinetics - Inhibition

Enzyme kinetics - Velocity as a function of substrate

Exponential

Lines

Polynomial

Gaussian

Sine waves

Growth curves

Linear quadratic curves

Classic equations from prior versions of Prism

[Pharmechanics] GPCR allosteric modulator analysis
[Pharmechanics] Allasteric modulation of binding
[Pharmechanics] Allosteric modulation of labeled and unlabeled ligand b

I I [Pharmechanics] Allosteric modulation of signaling, full model
Q u eStI O n S? E m a I I . [Pharmechanics] :IIDsEric mudulaznn of siEnaIinE, combined AlphaBetz
sam.hoare@pharmechanics.com

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.

0 FH EEEEEEEEFRFERFF

The equations are supported by
Pharmechanics, not by GraphPad. | Recenty sed

Interpolate

[ interpolate unknowns from standard curve. Confidence interval:  Mone

Learn Cancel Ok,


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



Baseline considerations

« 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.

* |n 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



Modulation of labeled orthosteric ligand binding

Used for a binding assay in which an allosteric ligand
is titrated versus a single concentration of a labeled Allosteric modulation of binding
orthosteric ligand.
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For equation derivation see here and here. 5 1 500-
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https://molpharm.aspetjournals.org/content/48/2/362.long
https://molpharm.aspetjournals.org/content/33/2/187.long

Modulation of labeled orthosteric ligand binding

Fitted parameters are:

. .. . Allosteri dulati f bindi
o, binding cooperativity between allosteric modulator it itenede LA i folinke ke

and orthosteric ligand 1,800-
. : §$)
Kg, affinity of allosteric modulator § .
7p]
2o
£ S 1,200
©c T
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Ka S B g
R — AR e
T G
02 600
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KB KB / (x ) i i g 8 300_
B is allosteric ligand D
‘ KA/ (x 0 I I I I I I I
_ 11 10 9 -8 -7 -6 -5 -4
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log[Allosteric ligand] (log M)



X values: Log of allosteric
modulator concentration

(units of log M)

Data entry

Y values: Specific binding of

labeled orthosteric ligand
(nonspecific binding subtracted)

W0 0 < | h| & L kN =

-
== | )

=
%

X
log[Alxgsteric ligand] (log M)
X
-10.000
-9.500
-9.000
-8.500
-8.000
-7.500
-7.000
-6.500
-6.000
-5.500
-5.000
-4 500

Group A
A:Y1 AfY2

1558 1488
1464 1524
1453 1454
1467 1442
1373 1387
1242 1207
990 984
736 705
o969 520
a01 042
450 481
489 471

Specific labeled orthosteric

ligand binding

Allosteric modulation of binding

1,800-

1,500+

1,200+
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600-

300+

0

-1

10 9 8 7 6 5 -4
log[Allosteric ligand] (log M)
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Parameters: Nonlinear Regression

Model

Method Compare Constrain  Initial values

Choose an equation

Range Output Confidence Diagnostics Flag

Model

Dose-response - Special, X is log{concentration)
Binding - Saturation

Binding - Competitive

Binding - Kinetics

Enzyme kinetics - Inhibition

Enzyme kinetics - Velocity as a function of substrate
Exponential

New -

Details. ..

Lines
Polynomial
Gaussian

“Allosteric modulation of binding”

Sine waves

Growth curves

Linear quadratic curves

Classic equations from prior versions of Prism

[Pharmechanics] GPCR allosteric modulator analysis
[Pharmechanics] Allosteric modulation of labeled and unlabeled ligand b
[Pharmechanics] Allosteric modulation of signaling, full model
[Pharmechanics] Allosteric modulation of signaling, combined AlphaBetz

I - i = = = 3 O 2 Y

Ay

For binding assays titrating an allosteric ligand (B) versus a single concentration of a labeled
orthosteric ligand (A). Allosteric ligand conc is the X value, spedfic binding of the orthosteric ligand

is the ¥ value,

[Pharmechanics] Allosteric modulation of binding
Mumerical derivatives

Interpolate

[ ] interpolate unknowns from standard curve, Confidence interval:

Maone

Learn

Cancel

Specific labeled orthosteric

ligand binding

1,800-

1,500+

1,200+

900+

600-

300+

0

Allosteric modulation of binding

-1

-7

I 1 I 1 1
10 9 -8 6 5 -4

log[Allosteric ligand] (log M)
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a

[Pharmechanics] Allosteric
Best-fit values

Bmax

A_nM

KA _nM

Alp

logkB

BO

KB

1985
=3.000
=1.000
0.1039
-7.496
1489
3.188e-008

Results table

Parameters for allosteric modulator

Alp: o, 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)

BO: Binding in absence of allosteric modulator (y axis units)

A) o value > 1 is positive cooperativity, < 1 is negative cooperativity

12



Modulation of labeled and unlabeled orthosteric
ligand binding



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.

Labeled
orthosteric
ligand

>

Allosteric

ligand

Unlabeled

orthosteric
ligand

Specific labeled orthosteric

1,500 8
1,200
900-

600+

ligand binding

300+

04

Allosteric modulation of labeled & unlabeled ligand binding

1,800- [Modulator] (M)

- 0
= 1e-8
-+ 3.16e-8
1e-7
-+ 3.16e-7
< 1e-6
= 3.16e-6
- 1e-5

10 9 -8 -7 6 -5 -4 -3
log[Unlabeled orthosteric ligand] (log M)

14


https://molpharm.aspetjournals.org/content/48/2/362.long

Modulation of labeled and unlabeled orthosteric ligand binding

Fitted parameters are:

Cooperativity between allosteric modulator & labeled or
unlabeled orthosteric ligand (o, & o, respectively)

Affinity of allosteric ligand (Kg) and unlabeled
orthosteric ligand (K )

P(L I(A
IR —— R <——— AR
KB/CXL KB KB/O('A
KL/aL ‘ KA/aA

LRB =—— RB

A is labeled orthosteric ligand
B is allosteric ligand
L is unlabeled orthosteric ligand

Allosteric modulation of labeled & unlabeled ligand binding

1,800+

1,200+

900+

600+

ligand binding

300+

Specific labeled orthosteric

0-

1,500 &

[Modulator] (M)
-0
= 1e-8
-+ 3.16e-8
1e-7
3.16e-7
< 1e-6
= 3.16e-6
- 1e-5

-1

o 9 8 -7 6 -5 -4 -3

log[Unlabeled orthosteric ligand] (log M)

15



Data entry

s X Group A Group B Group C Group D Group E Group F Group G Group H
log[Unlabeled orthosteric ligand] {log M} 0 1e-8 3.16e-8 le-T 3.16e-7 1e-6 3.16e-6 1e-5
4 x X AY1 AY2 B:Y1 B:Y2 Cc:Y1 Cc:Y2 D:Y1 D:Y2 Y1 E:Y2 F:Y1 F:Y2 G:Y1 G:Y2 H:Y1 H:Y2
1 ® -3.00 -7 -40 10 27 -16 £ 15 -25 36 20 17 -44 -7 6 40 17
2 -3.60 66 14 -24 2 1 -1 38 26 -36 5 -20 15 -16 12 23 -22
3 -4.20 108 144 51 81 59 -1 -55 14 -14 19 -38 3 8 10 -16 -14
4 -4.80 291 357 142 158 79 108 39 46 38 -43 -18 -16 -12 44 74 39
5 -5.40 4 749 522 513 307 282 106 146 1 23 -5 40 4 23 19 -43
6 -6.00 1194 1209 1016 1016 732 702 431 438 214 229 140 144 3e-001 44 48 -16
7 -6.60 1410 1403 1293 1301 1232 1219 967 a7 579 527 296 287 224 188 206 203
8 -7.20 151 1501 T 1470 1438 1396 1416 1314 131 1048 1048 779 764 607 617 548 519
9 -7.80 1490 1518 1509 1483 1471 1492 1521 14 1385 1335 1211 1199 1032 1054 1034 1007
10 -8.40 1523 1490 1615 46 1487 1485 1521 1442 1406 1446 1351 1378 1337 1339 1318 1293
11 -9.00 1512 1487 1627 15 1633 1485 1512 1519 1412 1606 1414 1470 1377 1412 1364 1357
12 -9.60 1521 1486 16514 1523\ 156 1518 1472 1928 1609 1604 1436 1470 1430 1439 1431 1434
\/ Allosteric modulation of labeled & unlabeled ligand binding

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

Specific labeled orthosteric

1,800+

1,500+

1,200+

900+

600

ligand binding

300+

04

[Modulator] (M)
-0
= 1e-8
-+ 3.16e-8
1e-7
-+ 3.16e-7
< 1e-6
= 3.16e-6
- 1e-5

T T
-10 -9 -8

7 6 5 -4 -3
log[Unlabeled orthosteric ligand] (log M)
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Model

Farameters: Monlinear Regression X

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Choose an equation

Allosteric modulation of labeled & unlabeled ligand binding

Dose-response - Special, X is log{concentration) Mew -
Binding - Saturation
Binding - Competitive i

Binding - Kinetics etals... 1,800+ [Modulator] (M)
Enzyme kinetics - Inhibition - 0

Enzyme kinetics - Velocity as a function of substrate

Exponential 1 ,500‘
Lines

Polynomial “Allosteric modulation of labeled
P and unlabeled ligand binding”

Sine waves
Growth curves
Linear quadratic curves

Classic equations from prior versions of Prism
[Pharmechanics] GPCR allosteric modulator analysis
[Pharmechanics] Allosteric modulation of binding

[Pharmechanics] Allosteric modulation of labeled and unlabeled ligand
[Pharmechanics] Allosteric modulation of signaling, full model
[Pharmechanics] Allosteric modulation of signaling, combined AlphaBetz

= 1e-8
-+ 3.16e-8
1e-7
- 3.16e-7
< 1e-6
= 3.16e-6
- 1e-5

1,200+

900+

N = e e O Y

600+

ligand binding

300+

5
Titrate allos. ligand (E) and unlabeled orthos, ligand (L) versus a single conc, of ortho. ligand (A).
Unlabeled ortho, ligand is X, Spedfic binding of labeled ortho. ligand is ¥, Alles, ligand cons is
column tite

Specific labeled orthosteric

0-

Suggest manual initial values of Alp T T T T T T
[Pharmechanics] Allosteric modulation of labeled and unlabeled ligand binding -10 -9 -8 -7 -6 -5 -4 -3

Mumerical derivatives

) ’ log[Unlabeled orthosteric ligand] (log M)

Interpolate

[ interpolate unknowns from standard curve. Confidence interval:  Mone

Learn Cancel




Analysis detalls

Parameters: Nonlinear Regression

X
Model Method Compare Constrain  Initial values Range Output Confidence Diagnostics Flag
e ——— e ——— T Allosteric modulation of labeled & unlabeled ligand binding
Bmax Shared, and must be greater than ~ 0 o
A_nM Constant equal to o 3 tB 1 ,800_ [MOdUlatOI’] (M)
KA_nM Constant equal to ~| 1 & kS - 0
B Data set constant (from column tite) ~ " -.qta 1 ,500_ = 1 e_8
AlpA Shared, and must be greater than w| |0 tB N
| o -+ 3.16e-8
logkB Shared value for all data sets w o £ O 1 ,200_
Tt C 1e-7
lngkL Shared value for all data sets w 4 o -8
AlplL Shared, and must be greater than w| |0 tB 8 _5 900+ - 3 1 66-7
Tlke; < 1e-6
. . T G 600 = 3.16e-6
Global analysis — all curves fit | ) -
simultaneously with shared fit | =T 400 # 1e-5
parameters. 2
w 0-
Constrain one parameter relative to another T T T T T T T
~ | must be greater than 1_ times e | -1 O -9 '8 '7 '6 '5 '4 ‘3
v mustbegreater than 1 tmes v | log[Unlabeled orthosteric ligand] (log M)
Learn Cancel |

18



]

Y|

Monlin fit
Table af results

[Pharmechanics] All
Best-fit values

Bmax

A nM

KA _ni

B

AlpA

logkB

loghklL

AlpL

B0

KB

KL

Global (shared)

2012
= 3.000
=1.000

0.7869
-5.008
-5.997
101.0

1509
9.809e-007
1.006e-006

Results table

Parameters for allosteric modulator

AlpA: a,, binding cooperativity on labeled orthosteric ligand #
AlpL: oy, binding cooperativity on unlabeled orthosteric ligand #
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)

BO: 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) a value > 1 is positive cooperativity, < 1 is negative cooperativity

19



Modulation of orthosteric agonist signaling,
full model



Modulation of orthosteric agonist signaling, full model

Used for a signaling assay in which an allosteric ligand is Allosteric modulation of signaling, full model
titrated versus a concentration-response of an orthosteric
agonist. [Modulator] (M)
< 0
Equation derived by Christopoulos — see here. Similar =+ 1e-9

equation derived by Kenakin and Ehlert.

Orthosteric
agonist

Signal with basal subtracted
(% of maximum system effect)

[ *

] 0_.. -
Allosteric l l l l l l l l
ligand 13 12 11 -10 9 -8 -7 -6 -5

G-proteln log[Orthosteric agonist] (log M)

21


https://molpharm.aspetjournals.org/content/68/5/1484.short
https://www.nature.com/articles/nrd1875
https://jpet.aspetjournals.org/content/315/2/740.short

Modulation of orthosteric agonist signaling, full model

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:

* a, binding cooperativity

* [, signaling cooperativity (effect of allosteric modulator
on efficacy of orthosteric agonist)

Ka Ta

_ > .
A is orthosteric agonist R ~N AR S'Qnal

B is allosteric ligand
Kg J r Kg/ OLJ r
Kal @

Signal «———RB <—= ARB — Signal

g BTa

—
N o
A G S

Signal with basal subtracted
2

(% of maximum system effect)

o
]

Allosteric modulation of signaling, full model

[Modulator] (M)
- 0

= 1e-9

-+ 3.2e-9

42 11 0 9 -8 -7 6 -5
log[Orthosteric agonist] (log M)

22


https://royalsocietypublishing.org/doi/10.1098/rspb.1983.0093

Data entry

2 X Group A Group B Group C Group D Group E Group F Group G Group H
log[Orthosteric agonist] (log M) 0 1e-9 3.2e-9 1e-8 ® 32e-8 1e-7 3.2e-7 1e-6
4 X A:Y1 A:Y2 B:Y1 B:Y2 c:y1 c:Y2 D:Y1 D:Y2 E:W1 E:Y2 F:Y1 F:Y2 G:Y1 G:Y2 H:Y1 H:Y2
1 -12.500 0.7 8.5 -1.2 0.9 6.2 0.7 6.5 25 11.0 7.0 20.2 21.2 24.3 28.9 34.3 304
2 -12.000 25 2.1 -3.0 -1.5 -1.8 -3.1 -1.2 28 7.0 8.8 19.0 18.7 252 29.7 259 271
3 -11.500 0.9 1.0 0.4 0.7 55 4.6 4.0 0.7 8.2 8.5 2386 219 305 30.2 271 29.4
< ? -11.000 34 3.2 3.2 1.2 0.4 54 3.1 8.7 10.3 6.5 211 226 27.0 301 32.0 35.7
5 -10.500 1.3 -0.1 5.0 1.2 1.8 -3.7 7.1 1.9 12.3 11.9 19.8 215 28.1 31.7 39.0 41.6
6 -10.000 -0.9 -0.6 9.7 0.6 -1.5  -3.1e-002 8.1 5.3 17.0 18.6 25.0 34.3 30.8 31.7 426 40.7
7 -9.500 9.0 8.6 1.2  4.4e-002 7.6 26 18.2 7.0 295 26.5 452 41.9 50.3 51.2 61.3 51.7
8 -9.000 4.1 -1.9 6.5 5.1 12.0 14.1 21.2 298 43.9 48.1 61.8 586 69.5 67.0 756 72.9
9 -8.500 8.1 7.1 17.8 13.3 26.8 29.3 46.7 49.9 66.6 65.1 77.4 776 79.5 83.2 855 85.3
10 -8.000 243 18.4 ® 34.2 304 46.8 50.7 66.1 67.8 79.4 79.7 85.0 86.5 90.2 81.1 84.0 84.2
11 -7.500 358 35.6 50.7 51.8 65.8 50.6 77.5 81.7 90.5 84.6 911 90.0 84.7 86.6 858 93.3
12 -7.000 41.8 42.0 59.1 60.5 76.3 87.9 832 80.0 854 90.6 94.4 87.7 90.2 855 87.6
13 -6.500 499 51.3 70.1 67.8 77.9 80.8 822 88.8 89.6 88.3 849 87.3 94.3 86.6 90.4
14 -6.000 50.9 50.7 68.7 65.0 76.0 83.2 87.2 88.5 86.8 90.1 89.0 95.9 90.4 89.1 92.6
15 -5.500 54.0 48.0 68.0 65.7 77 86.8 83.5 88.1 90.7 93.7 91.7 93.5 91.9 87.9 88.3
16 -5.000 48.7 47.7 63.0 64.5 748 87.2 82.9 84.8 96.9 93.0 93.0 90.6 92.6 94.7 80.8
] \/ Allosteric modulation of signaling, full model
X values: Log of orthosteric Different column groups: [Modulator] (M)
. . D H - 0
agonist concentration Different concentrations - 109
. 120
(units of log M) of allosteric modulator. |
+ 3.2¢-8 ¥

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

orthosteric and allosteric ligand)

Column headers:

Allosteric modulator

concentration in M

Signal with basal subtracted
(% of maximum system effect)

©
?

= 3.2e-7

)
?

I
?

)
?

T T
A3 412 -1

T
-10

T
9 -8 -7 -6

log[Orthosteric agonist] (log M)
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Model

F"‘aramet.erz: ND.FIHHEEI’.REgrE'S.SI-Dﬂ | *
Allosteric modulation of signaling, full model

Model Method Compare Constrain  Initial values Range Output Confidence Diagnostics Flag

Choose an equation [MOdU'HtOT] (M)

Dose-response - Special, X is log{concentration) Mew -
Binding - Saturation --- O
Binding - Competitive Details. ..
Binding - It'metlcs o - 1 e_9
Enzyme kinetics - Inhibition
Enzyme kinetics - Velocity as a function of substrate 1 20— 3 2e_9
Exponential -
Lines

Polynomial “Allosteric modulation of signaling,

Gaussian

Sine waves full model”
Growth curves
Linear quadratic curves

Classic equations from prior versions of Prism

[Pharmechanics] GPCR allosteric modulator analysis
[Pharmechanics] Allosteric modulation of binding

[Pharmechanics] Allosteric modulation of labeled and unlabeled ligand b
[Pharmechanics] Allosteric modulation of signaling, full model
[Pharmechanics] Allosteric modulation of signaling, combined AlphaBetz

t

RN
o
T

3.2e-8
1e-7

o)
T

I e e

I
<

For functional assays combining orthosteric agonist (4) and allosteric ligand (B). Orthosteric
agonist conc is the X value, the signal response is the ¥ value, and the signal response for
different allosteric ligand concs go in seperate columns.

Signal with basal subtracted
2

(% of maximum system effect)
(o))
o

[Pharmechanics] Allosteric modulation of signaling, full model

Mumerical derivatives
L &

o
1

Interpolate

| | | | |
-2 11 10 -9 -8 -7 -6 -5

log[Orthosteric agonist] (log M)
Learn Cancel o4

=
w

[ ] interpolate unknowns from standard curve. Confidence interval:  Mone




Analysis detalls

Parameters: Nonlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Parameter Name Constraint Type Value

Em Shared value for all data sets ~

TauA Shared, and must be greater than ~ 0
logkB Shared value for all data sets v

Alp Shared, and must be greater than ~ 0

Bet Shared, and must be greater than v 0
B Data set constant (from column title) ~

Taub Shared, and must be greater than ~ 0
logkA Shared value for all data sets v

n Shared, and must be greater than ~ 0

Global analysis — all curves fit
simultaneously with shared fit
parameters.

Hook

!

8
8

-

t
A
g
t

e

A

-

8

Constrain one parameter relative to another

v must be greater than 1 times
v must be greater than 1 times
Learn Cancel

Allosteric modulation of signaling, full model

[Modulator] (M)
- 0

= 1e-9

3.2e-9

t

RN
o
T

3.2e-8
1e-7

o)
T

I
<

Signal with basal subtracted
2

(% of maximum system effect)
(o))
o

o
1

42 A1 40 9 8 7 6 5
log[Orthosteric agonist] (log M)

=
w
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Analysis tip

 Parameters: Nonlinear Regression X Allosteric modulation of signaling, full model

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

[Modulator] (M)

Parameter Name Constraint Type Value Hook
Em Constant equal to 100 A -o- O
TauA Shared, and must be greater than 0 lS
logkB Shared value for all data sets ;; - 1 e-9
Alp Shared, and must be greater than ~ 0 lS 1 20— = 3 i 2e-9
Bet Shared, and must be greater than v 0 lS
B Data set constant (from column titl ~ 5; 1 OO-
Taub Shared, and must be greater tha ~ 0 lS 3 . 29-8
logKA Shared value for all data sets ~ 5 80- 1 e_7
n Shared, and must be greater fhan ~ 0 lS

Recommend constraining Em (system maximum

Signal with basal subtracted
(% of maximum system effect)
(o))
o

effect) if this value can be independently 404
determined, e.g. as the Emax of a full agonist.
| | 20+
Constrain one parameter relative to another
v must be greater than 1 iz v 0_ I e e e S PR
v must be greater than 1 times ~

42 41 10 9 8 7 6 5
Learn Conel log[Orthosteric agonist] (log M)

=
w
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V|
1 [Pharmechanics] Allost
7 | Bestfit values
K Em =100.0
4 Tauh, 1.072
5 logkB -6.977
B Alp 12.50
[ Bet 8.922
8 B
g TauB 0.4903
10 loghCA -7.459
11 n 0.9983
12 KA 3.472e-008
13 KB 1.054e-007
14 ECH0 A 1.672e-008
15 ECs50 B 7.075e-008
16 Emax A 51.72
17 Emax B 32.90
18 | Std. Error
19 Tauh 0.03466
20 logkB 0.05005
21 Alp 1.535
22 Bet 1.173
23 Taub 0.02371
24 logheA, 0.05261
25 n 0.05099
26 Emax A 0.7945
27 Emax B 1.068

Results table

Signal with basal subtracted
(% of maximum system effect)

Allosteric modulation of signaling, full model

-
o
T

o
T

o))
T

IN
T

N
T

o
]

[Modulator] (M)
aalll)

= 1e-9

-+ 3.2e-9

N
w

42 A1 40 9 8 7 6 5
log[Orthosteric agonist] (log M)
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[Pharmechanics] Allost:

Best-fit values
Em
TauA
logkB
Alp
Bet
B
TauB
loghlA,

n

A

KB
ECE0 A
ECs0 B
Emax A
Emax B

Std. Error
Tauh
logkB
Alp
Bet
TauB
loghA
n
Emax A

Emax B

=100.0
1.072
-6.977
12,50
5.922

0.4903
-7.45%
0.9983
3.472e-008
1.054e-007
1.672e-008
7.075e-008
5172
32.90

0.03466
0.05005
1.635
1173
0.02371
0.05261
0.05099
0.7945
1.068

Results table

Parameters for allosteric modulator

Alp: a, binding cooperativity on orthosteric agonist #
Bet: B, signaling cooperativity on orthosteric agonist #
logKB: Logarithm of modulator affinity (log M)

KB: Modulator affinity (M)

TauB, signaling efficacy of allosteric modulator

ECS50 B, ECg, of allosteric modulator (M)

Emax B, E,,, 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

ECS50 A, EC;, of orthosteric agonist (M)

Emax A, E, ., of orthosteric agonist (Y axis units)

n, transducer Hill slope of orthosteric agonist

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

System parameter negative cooperativity

Em, system maximum effect (Y axis units)

28



Signaling response (% system max)

Issues with full model

- : : |
« The full model (fitting oo and 3 independently) can work well when the allosteric 1"' -

) ] ] [Pharmechanics Very |arge
modulator changes the orthosteric agonist E__,, or when the allosteric ) Bestfitvalues | oF yaluag!
modulator or orthosteric agonist is a partial agonist. 5 Em '

4 TauA 3227
« The full model does not work well when the only effect of the modulator is to 5 | logkB 6.988
shift the EC, of a full orthosteric agonist. Under these and some other 6] b 01878
" - . 7 bet 726.9
conditions the variability of the fitted values can be very large. e &
R\ 9 TauB 0.005170
Qe° 10 logKA 5.489
PAM agonist increasing Emax of partial agonist : g ’
11| n 0.9964
Emax reduction [Modulator] (M) ECS50 shift of full agonist x 12 KA 3.245e-007
< 0 — b ]
120+ [Modulator] (nM) X 1204 = 169 % 100~ [Modulator] (M) e 13 KB 1.028e-007
.0 E + 3200 E 0 14 EC50A 9.752e-009
= = = 1e-9
1007 = 1e-9 % 1007 80§ % 807 « 3.2e-9 15  Std. Error
+ 3.2e-9 > + 3.2e-8 ¥ 5+ 7y ' -
80 o 80 S 16 TauA 12 61
ool ~ 3208 9 ol = 3207 g | oot 17 logkB 0.04202
8 o 40-
s a = 3.2e-7 18 alp 18.16
a0 = 3267 § <0 a’é’) . 19 bet 702839
ey <—§ 201 s 20 TauB 0.01524
| 2 i 2 0 T T T T T y
0-13 42 11 0 9 8 7 6 5 -4 2P 0—13 12 11 10 9 8 7 6 -5 ® 3 a2 41 0 D 8 7 & 5 '“ loghA 0.1818
log[Orthosteric agonist] (log M) log[Orthosteric agonist] (log M) log[Orthosteric agonist] (log M) Y. n 0.02749
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Modulation of orthosteric agonist signaling,
combined of3 model
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Modulation of orthosteric agonist signaling, combined o8 model

Used for a signaling assay in which o and 3 cannot be
independently determined, e.g. when the only effect of the
modulator is to shift the EC;, of a full orthosteric agonist. Allosteric modulation of signaling, combined AlphaBeta

[Modulator] (M)

A reduced equation was derived by Christopoulos that 100
allows a combined allosteric parameter (a3) to be 23

estimated when the orthosteric agonist is a full agonist — o T 80
see here. £ E
S
. v w

Orthosteric = o 0]
agonist =
0O S

£ £ 407
Ly

%“6 20-
D 0 R

0

_ -13
Allosteric . :
ligand log[Orthosteric agonist] (log M)

G-protein
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https://www.nature.com/articles/npp2009194

Modulation of orthosteric agonist signaling, combined o8 model

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

Allosteric modulation of signaling, combined AlphaBeta

Model allows for agonism of allosteric modulator (but not [Modulator] (M)

inverse agonism). _ 1007
T O
o0

There is a combined cooperativity factor: & T 80
* o}, binding cooperativity multiplied by signaling o GEJ

cooperativity. ? *g 504
g %)
© £
O >

£ £ 407
B
Ka | TA | = E

Ais orthosteric agonist R ~ AR Slgnal 83"6 207
B is allosteric ligand (7) o\o

KB KB / (04 = 0

13 12 11 10 -9 -8 -7 6 -5
Ka! O‘. log[Orthosteric agonist] (log M)

Signal «——RB <—— ARB — Signal

g ﬁTA
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https://royalsocietypublishing.org/doi/10.1098/rspb.1983.0093

Data entry

Table format:

‘ x

X

log[Orthosteric agonist] {log M)

X

-12.000
-11.500
-11.000
-10.500
-10.000

-9.500
-9.000
-8.500
-8.000
-7.500
-7.000
-6.500
-5.000
-5.500
-5.000
-4.500

Group A

6.5
6.7
0.7
33
-3.1
10.0
12.2
269
853
74.5
83.0
98.6
94.3
92.5
93.1
102.0

7.6
04
0.3
-3.2
3.0
-9.0
5.9
201
47.0
71.3
89.1
90.6
90.9
96.7
105.0
59.1

Group B
1e-9

B:Y1
1.0
25
1.5
0.8
7.6
1.5
17.6
40.0
67.2
84.6
103.9
914
95.4
104.0
106.4
92.7

B:Y2
-1.2
-1.6
3.4
42
1.7
4.0
216
420
74.1
82.3
89.4
91.9
96.7
102.0
99.2
1011

Group C
3.2e-9

C:¥1
43
23
5.0

C:¥2

N
0.1
5.9
32
2.1
214
36.2
53.9
85.2
927
103.8
99.7
100.2

101

104.3

Group D
le-§
D:Y1 D:Y2

35 0.2
1.6 -15
34 -1.2
58 48
10.3 1.5
254 283
852 836
81.8 775
91.5 91.9
97.45 1004
98.9 1021
859 102.7
105.5 95.6
100.3 979
104.3 109.9
97.2 914

Group E
® 32038

4.2
4.9
31
134
26.0
534
78.6
92.3
95.6
05.5
99.3
01.0
93.8
001
02.9
99.1

E:Y2
-3.48
-1:1

3.8
8.5
28.4
56.6
73.3
937
91.8
100.0
107.0
98.5
90.9
94.7
108.1
104.0

Group F
le-7

F:¥1

0.8
23
4.0
26.5
373
63.3
82.8
100.6
100.3
1004
100.2
ar.y
98.7
99.6
98.6
107.7

F:Y2

1.8
52
3.8
220
414
701
98.3
90.9
106.4
102.8
97.6
99.3
97.5
100.8
103.3
98.1

Group G
3.2e-7
G:Y1

20
13.2
74
222
46.7
81.3
95.5
96.6
93.5
100.5
94.1
97.8
99.7
104.8
104.4
103.0

G:Y2

0.9
43
7.5
289
55.2
81.2
89.2
991
93.5
103.0
arT
96.9
101.3
109.5
100.2
98.1

Group H
le-6

H:Y1

2.2
4.6
10.5
26.4
50.2
76.6
93.8
97.5
96.5
100.2
103.7
1041
103.3
97.8
95.8
103.2

H:Y2
2.6
4.5
9.0

269
857
79.5
86.49
94.1
98.0
98.2
1031
100.5
98.49
1021
103.9
96.8

X values: Log of orthosteric
agonist concentration

(units of log M)

Different column groups:
Different concentrations

of allosteric modulator.

Column headers:

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

orthosteric and allosteric ligand)

Allosteric modulator
concentration in M

Allosteric modulation of signaling, combined AlphaBeta

Signal with basal subtracted
(% of maximum system effect)

-
o

. [Modulator]
-0

| = 1e-9
+ 3.2e-9

©
o

o
<

+ 3.2e-8

I
?

= 3.2e-7

N
?

13 12 -1

(M)

-0 -9

-8

-7 -6

log[Orthosteric agonist] (log M)

-5
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Parameters: Monlinear Regression

Model Method Compare Constrain  Initial values Range Output Confidence Diagnostics Flag

Choose an equation

Dose-response - Special, X is log{concentration) Mew
Binding - Saturation
Binding - Competitive Details. ..

Binding - Kinetics
Enzyme kinetics - Inhibition

Enzyme kinetics - Velocity as a function of substrate
Exponential

Lines

Gaussian
Sine waves

combined AlphaBeta”

Polynomial “Allosteric modulation of signaling,

Growth curves
Linear quadratic curves

Classic equations from prior versions of Prism

[Pharmechanics] GPCR allosteric modulator analysis
[Pharmechanics] Allosteric modulation of binding

[Pharmechanics] Allosteric modulation of labeled and unlabeled ligand b
[Pharmechanics] Allosteric modulation of signaling, full model
[Pharmechanics] Allosteric modulation of signaling, combined AlphaBet:

N = e e O Y

L

-
For functional assays combining orthosteric agonist (A) and allosteric ligand (E) for fitting combined
AlphaBeta. Ortho. agonist conc is X value, signal response is ¥ value, and signal response for
different allosteric ligand concs go in seperate columns.

[Pharmechanics] Allosteric modulation of signaling, combined AlphaBeta

Mumerical derivatives

Interpolate

[ ] interpolate unknowns from standard curve. Confidence interval:  Mone

Learn Cancel

Mode

Signal with basal subtracted
(% of maximum system effect)

Allosteric modulation of signaling, combined AlphaBeta
[Modulator] (M)

f b ¢

N
T

-0

-

t

: T T T
-12 11 10 -9 -8 -7 -6 -5

log[Orthosteric agonist] (log M)
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Analysis detalls

Parameters: Nonlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Global analysis — all curves fit
simultaneously with shared fit
parameters.

Parameter Mame Constraint Type Value Hook
Em Must be greater than ~| 0 A
logkB Shared value for all data sets e 5
AlpEiet Shared, and must be greater than ~ 0
B Data set constant (from column title) ~ ;\
TauB Shared, and must be greater than w0
logECS0A Shared value for all data sets e 5
b Shared, and must be greater than ~| 0 tB

Constrain one parameter relative to another

~  must be greater than 1 times
~ must be greater than 1 times
Learn Cancel

Allosteric modulation of signaling, combined AlphaBeta
[Modulator] (M)

Signal with basal subtracted
(% of maximum system effect)

; - I I I
-3 12 11 -10 -9 -8 -7 -6 -5

log[Orthosteric agonist] (log M)
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Analysis detalls

Parameters: Nonlinear Regression *

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Parameter Mame Constraint Type Value Hook

100 A

Em Constant equal to w

logkB Shared value for all data sets 5

AlpBet Shared, and must be greater than 0 &
B Data set constant (from column title) ~ ;\ |
TauB Shared, and must be greater than w0 &8 '

logECS0A Shared value for all data sets e 5
b Shared, and must be greater th ~| 0 tB .

Recommend constraining Em (system maximum
effect) if this value can be independently
determined, e.g. as the Emax of a full agonist.

Constrain one parameter relative to another

~  must be greater than 1 times e

~ must be greater than 1 times v

Learn Cancel :

Signal with basal subtracted
(% of maximum system effect)

Allosteric modulation of signaling, combined AlphaBeta
[Modulator] (M)

; - I I I
-12 11 10 -9 -8 -7 -6

log[Orthosteric agonist] (log M)
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Results table

i

4
[Pharmechanics] Allosteric

= RS- B - L R N

20 | =]

10
11
12
13
14
15
16
17
18
19
20
21

Monlin fit

T able of results

Best-fit values

Em
logkB
AlpBet

B

TauB
logECH0A
n

KB

ECH0 A
EC50 B
Emax A (=Em)
Emax B

Std. Error

logkB
AlpBet
TauB
logECE0A
n

Emax B

I
Global (shared)

=100.0
-7.512
26.05

2.980e-008
-7.962
0.9850
3.078e-008
1.090e-008
-7.512

=100.0
2.980e-008

0.03715
1.663
0.007104
0.02321
0.018594
0.007104

Signal with basal subtracted
(% of maximum system effect)

Allosteric modulation of signaling, combined AlphaBeta
[Modulator] (M)

P - I I I
-3 12 11 -10 -9 -8 -7 -6 -5

log[Orthosteric agonist] (log M)

ST



i

2

Monlin fit

T able of results

[Pharmechanics] Allosteric

Best-fit values

Em
logkB
AlpBet

B

TauB
logECH0A
n

KB

ECH0 A
EC50 B
Emax A (=Em)
Emax B

Std. Error

logkB
AlpBet
TauB
logECH0A
n

Emax B

Global (shared)

=100.0
-7.512
26.05

2 980e-008
7.962
0.9850
3.078e-008
1.090e-008
T7512A

=100.0
2.980e-008

0.03715
1.663
0.007104
0.02321
0.018594
0.007104

Results table

Parameters for allosteric modulator

AlpBet: of3, binding cooperativity on orthosteric agonist (o) multiplied by
signaling cooperativity on orthosteric agonist (3)

logKB: Logarithm of modulator affinity (log M)

KB: Modulator affinity (M)

TauB, signaling efficacy of allosteric modulator
EC50 B, EC;, of allosteric modulator (M) A

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

Parameters for orthosteric agonist

logECS50A : Logarithm of orthosteric agonist EC;, (log M)
ECS50 A, ECg, of orthosteric agonist (M)

Emax A, E, ., of orthosteric agonist (Y axis units)

n, transducer Hill slope of orthosteric agonist

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

A) In this example the EC50 B value
is meaningless because the allosteric
modulator did not stimulate signaling.
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