Prism 8 curve fitting to rise-and-fall
to steady-state exponential equation
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Here we are going to fit biosensor time
course data to the rise-and-fall to steady-

state equation.

The curve-fitting program is Prism 8, from

GraphPad Software, Inc.
https://www.graphpad.com/scientific-software/prism/

The example will use is PIP2 inhibited by the

M1 muscarinic receptor A maximally-
stimulating concentration of ligand

(carbachol) was used (32 uM).
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https://www.graphpad.com/scientific-software/prism/

First we need to load the equation.

The rise-and-fall equation with drift is not a
built-in equation in Prism.

Instead it is loaded as a User-defined equation.

This can be done easily from a template.

This is shown starting on page 21.

The equation is called: “[Pharmechanics]
Baseline then rise-and-fall to steady-state time
course”

Parameters: Nonlinear Regression X

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Choose an equation

# Recently used A New ~
-| User-defined equations

[Pharmechanics] Baseline then rise-and-fall to steady state time cour: Details. ..

+| Standard curves to interpolate

+ Dose-response - Stimulation Edit...

+| Dose-response - Inhibition

+| Dose-response - Special, X is concentration Delete
+| Dose-response - Spedial, X is log(concentration) =

+ Binding - Saturation Delete All

+ Binding - Competitive

+ Binding - Kinetics

+ Enzyme kinetics - Inhibition

+ Enzyme kinetics - Velocity as a function of substrate
+ Exponential

+ Lines

+ Polynomial

+ Gaussian

+ Sine waves

+ Growth curves o

| Use for time course experiment in which effect is initiated after a baseline period

Initial values might need manual entry
K1, X at midpoint of rise phase

K2, X at midpoint of fall phase
[Pharmechanics] Baseline then rise-and-fall to steady state time course

Numerical derivatives

Interpolate
[ Jinterpolate unknowns from standard curve. Confidence interval:  Mone
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Enter data into Prism data table

4. Prism curve fitting to rise-and-fall to steady-state equation.pzfx:PIP2 M1 receptor, carbachol - GraphPad Prism 8.4.1 (676) — O K
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s Prism curve fitting to rise-and-fall to steady-state equation.pzfx:PIP2 M1 receptor, carbachol - GraphPad Prism 8.4.1 (676) — O
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This brings up the “Analyze Data”

dialogue

Select “Nonlinear regression”

Click “OK”

\

Analyze Data

Data to analyze
Table: PIP2 M1 receptor, carbachol

Type of analysis
Which analysis?

Analyze which data sets?

= Transform, Normalize...
Transform
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Prune rows
Remove baseline and column math
Transpose X and Y
Fraction of total

~ & XY analyses

\‘ MNonlinear regression (curve fit)
Simple linear regression

Simple logistic regression

Fit spline LOWESS

Deming (Model II) linear regression

Interpolate a sta
Column analyses
Grouped analyses
Contingency table analyses
Survival analyses

5 "

ol

Smooth, differentiate or integrate curve
N Area under curve

@-ﬁ:ta rbachol

When you analyze tables or graphs with more
than one data set, use this space to select

which data set(s) to analyze.
\\
Select All Deselect All
Help Cancel @ OK




This brings up the “Parameters:
Nonlinear Regression” dialogue.

Now we select the equation.

Click “User-defined
equations” checkbox.

Note this will only appear if
user-defined equations have
been loaded. See page 21.

Model

Parameters: Nonlinear Regression

Choose an eguation

Method Compare Constrain Initial values Range Output Confidence

A

[+ Recently used

Standard curves to interpolate
| Dose-response - Stimulation

[+ Dose-response - Inhibition

[+ Dose-response - Special, X is concentration
[+ Dose-response - Special, X is log(concentration)

[+ Binding - Saturation
[+ Binding - Competitive

| Enzyme kinetics - Inhibition

| Enzyme kinetics - Velocity as a function of substrate

| Exponential
[+ Lines
[+| Polynomial
[+ Gaussian
| Sine waves
| Growth curves
| Linear quadratic curves
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+
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+
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User-defined equations

Diagnostics Flag

Interpolate
D Interpolate unknowns from standard curve, Confidence interval:

Learn
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Select

[Pharmechanics] Baseline then

rise-and-fall to steady-state time course”

Note this will only appear if the equation

has been loaded. See page 21.

Click on the “Initial values” tab
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Model Method Compare Constrain Initial values Range Output Confidence
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\
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Here we recommend manually
entering X0 (the time the signal starts
to rise) and SteadyState (the
asymptote minus baseline).

Parameters: Nonlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Select Data Set Select All
PIP2 M1 receptor, carbachol:A:Carbachol

To select several data sets, press Control or Shift while selecting.

Parameter Name Choose Automatically Initial Value Hook

L¥7a

Uncheck “Choose Automatically” for X0
and SteadyState.

Enter the estimated X0 and SteadyState _—

values (from visual inspection of the graph)

~ —@ 0.3449612
Baseline 957059
SteadyState

D

K1

Learn Cancel OK




Parameters: Nonlinear Regression X

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

These are the values for this experiment.

Select Data Set Select All

PIP2 M1 receptor, carbachol:A:Carbachol

To select several data sets, press Control or Shift while selecting.

Parameter Name Choose Automatically Initial Value Hook
X0 O] 0.45 (3]
Baseline % 0.997059
SteadyState ] 0.18 Ry
D ~ 0.218061894795 | % |
K1 5.835221513761] |\ |
K2 0.175056645412 | X

Learn Cancel . oK




Now we are going to change a setting
to make the analysis run efficiently.

Prism uses a rigorous method to compute
the error associated with the fitted
parameter values. For complicated
equations this can greatly increase the
fitting time.

The rigorous method can be turned off to
make the analysis run faster.

Click on the “Confidence” tab

Select Data Set

Baseline
SteadyState
7 ;

K1

K2

Parameters: Nonlinear Regression

PIP2 M1 receptor, carbachol:A:Carbachol

To select several data sets, press

Parameter Namp

ontrol or Shift while selecting.

Choose Automatically

KAXANDOR O

Initial Value
0.45

997 5'7'
0.18
0.2180618947/95
5.835221513761

175056645412

Learn Cancel
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“Asymmetrical” is the rigorous
error calculation method

To turn it off, click the

Parameters: Nonlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Confidence intervals (CI) of parameters

[ calculate CI of parameters
Confidence level: 959 v
Output Format:  'Range ("1.23 to 4.56") v

(®)iasymmetrical (profileikelihood) CI:
Recommended because they are more accurate. Can be slow.
[[] Compute even when the fit is ambiguous and the CIs would be difficult to interpret.

—@ () Symmetrical (asymptotic) approximate CI

“Symmetrical” radio button

Less accurate so not recommended. Matches Prism 1-6 and most programs. Faster to calculate.
Show SE of parameters
Confidence or prediction bands
[[]Plot confidence fprediction bands
-onfidence level: |G58G
Confidence bands

Prediction bands
Pradict bands show vou Hhe :.| aly il'i:' stion of additiona 'JI-"|-'-"1 Py
Ambiguous fits and unstable parameters
(® Identify “ambiguous” fits, Matches Prism 8. 1 and earlier.
() Identify "unstable” parameters. A new (8.2) feature from Prism Labs.
(O) Neither. Just show the best-fit values even when the fitis problematic.

[[JMake these choices the default for future fits.

Learn Cancel oK




Click “OK” to run the analysis

Parameters: Nonlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence Diagnostics Flag

Confidence intervals (CI) of parameters
Calculate CI of parameters

Confidence level: |95% v
Output Format: | Range (*1.23 o 4.56") v|
() asymmetrical (profile-ikelihood) CI

Recommended because they are more accurate. Can be slow.

Compute even when the fit is ambiguous and the CIs would be difficult to interpret.

Less accurate so not recommended. Matches Prism 1-6 and most programs. Faster to calculate.

[+] Show SE of parameters
Confidence or prediction bands

[[]Plot confidence fprediction bands
Confidence level: |G58%g
Confidence bands

inds show you the likely location of the TRUE curve,

sy wou the likely location of additional data points

[[JMake these choices the default for future fits.

Learn




This is the fitted curve
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Reviewing the results



Click “Nonlin fit” to bring
up the results table
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) New Data Table... 2 Bestfitvalues
v Info » 3 X0 0.4589
) 4 Baseline 0.9995
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010141001324
2318102852
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Data are fit well by the equation: R?= 0.995

Half-time K1
26 Half-time K2
27 Goodness of Fit

28 Degrees of Freedom 60
29 R squared 0.9954
30 Sum of Squares 0.001309
3 Sy.x 0.004671
32 Constraints
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35 K1 K1=1"K2
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Calculating the initial rate and k¢



Use this formula to calculate the initial rate:

Initial rate = SSR x (Dk; — (D — 1)k,)

Initial rate = 2.73 NFU.min1

Since we are using a maximally-
stimulating concentration of ligand,
k. is equal to the initial rate,

NFU, normalized fluorescence units
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Loading equations into Prism from a file



First, download the file containing the equations to your computer.

Then openit.

| [V = | Equations

Home Share View

T Preview pane &H| Extra large icons [&=] Large icons I [ ]'
== Medium icons == Small icons - ! |:|]':|v
Navigation [Tl Details pane | Ef: 1t =2 Detail < o e
pane by ~
Panes Layout Current view
&« v 1T « Manuscripts > AGM initial rate analysis > Equations
Fas
Name Date modified
o L Rise-and-fall time course equations 3/27/2020 8:22 AM

1 item

[ ] item check boxes

[ ] File name extensions

Ed
o
o

Hide selected  Options

[] Hidden items items

Show/hide

v U | Search Equations
Type Size

GraphPad Prism 8 Project

-

1,507 KB
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GraphPad Prism contains an equation
editor for the input of user-defined
equations.

There is a sharing method that
simplifies the loading of equations
written by other users.

This avoids the need to write in the
equation and all the fit settings.

This process is described in this
presentation.

Parameters: Nonlinear Regression

Model Method Compare Constrain Initial values Range Output Confidence

Choose an equation

[+ Recently used A

- User-defined equations

+| Standard curves to interpolate

+ Dose-response - Stimulation

+| Dose-response - Inhibition

+| Dose-response - Special, X is concentration

+| 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

+ Lines

+ Polynomial

+ Gaussian

+ Sine waves

+| Growth curves

v

| Use for time course experiment in which effect is initiated after a baseline period

Initial values might need manual entry
K1, X at midpoint of rise phase

K2, X at midpoint of fall phase
[Pharmechanics] Baseline then rise-and-fall to steady state time course

Numerical derivatives

Interpolate
[ Jinterpolate unknowns from standard curve. Confidence interval:  None

Learn

Cancel

Diagnostics Flag

New ~

Details...

Edit...

Delete

Delete Al




(We are going to Ioad\

the equation from
the Results sheet.

\. .

~N
The equation we need is

called “Baseline then rise-

and-fall to steady-state”
N Y )

4. Rise-and-fall time course equations for AGM.pzf:Curve: Nonlin fit of Baseline then rise-and-fall to steady state - GraphPad Prism 8.4.1 (676)
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o

Select the equation
you want by clicking
on the “Nonlin fit”
Results tab.
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