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Kinetic Evaluation 5.2

1 — Introduction

Kinetic Evaluation (KE) is the data analysis application that is bundled with the
Autolab SPR Software.

This version of KE has been redesigned incorporating the functionality of the
previous versions of KE while introducing new analysis techniques and improving the
overall workflow of the system.

The remaining sections of this manual are divided into the following topics:

Section 2, Working with KE — This section describes the components that
make up the user interface of the Kinetic Evaluation application.

Section 3, Getting Started with the KE Workflow — This section provides an
example of a typical workflow with the software. This example starts with
opening data files and proceeds to fitting interaction plots using the Analysis
Wizard.

Section 4, Working with Data — An overview of all the file types that the KE
application can open, create, and save.

Section 5, Analyzing the Data — Description of the available analysis tools
within the KE application. The Modeling Wizard, used to create kinetic
models; the Signal Processing tool, used to improve data quality; and the
various Analysis Wizards, used to determine kinetic binding constants.

Section 6, Calibration — A description of calibration curves that can be used in
analyses.

Section 7, Van't Hoff Analysis — A description of analyses versus temperature
that measures thermodynamic properties.
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2 — Working with KE

In this section introduces the user interface of the KE application. The navigation via
various menus and toolbars will be described in the following subsections.

2.1 — User Interface Overview

Figure 2.1 is a typical screenshot of the KE application. In this section each of the
numbered regions in the figure will be explained.

Kinetic Evaluation g@

File  view Tools Help

=N =N |,)Zﬂﬂm #|Legend [ Properties | 3
KIN101-5.kpf | Calibrationd.kef* | KINTOTIBO | KIMT02/80 | KIN1OZIBO | KINT04.1B0 | KIN105.1B0 | Overdayl.kod" | Projectl.kpf 4% || & A+B=AB kp

Ao=4_ 3Plots kod
Create Files ® 32F T T T T T T T T T H A?soci_atmnns =
Mew Overlay Azsociation]
MNew Froject i A Assoriation?
= Dissociation

Dizsociation]

26 A 5

24 - 3l

New Calibration 23
Mew Van't Hoff Project

OpenFiles @
22 -
Measurements (5)

Overlays (1)
Projects (3)
Calibrations (1)
Van'f Hoff Project

Views @)

Response [m°]

View Interaction Plot

View Data Points
View History

Analysis @

Analysis Wizard

Modeling \wizard
Signal Processing

Time [s]

Figure 2.1 - Screenshot of the Kinetic Evaluation application
The following descriptions correspond to the numbers that appear in Figure 2.1.

1.) Opened Files — Files that have been opened are added as tabs. The data within
these files are graphed within the tabs. For more information about the file
types that KE supports, see section 4.

2.) Main Menu — All the functionality of the KE application is accessible via the
main menu (see section 2.2 for more information).

3.) Toolbar — The buttons in the toolbar represent KE functionality (see section
2.3 for more information).

4.) Activity Bar — Provides quick access to commonly used functionality. The
functions in the Activity Bar are grouped into common themes (see section 2.4
for more information).
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5.) Project Navigation Bar — Provides a method to view the data that is stored in
a Project file (see Section 2.5 for more information). This Navigation Bar is
only displayed when a Project file (see section 4.5) is in focus.

2.2 — Main Menu

The main menu provides functionality to access all the features of KE. Figure 2.2
below is a screenshot of the Main Menu.

File  Wiew  Tools  Help

Figure 2.2 - Main Menu of KE
The following subsections describe the Main Menu items.

2.3 — File Menu

The File menu contains functionality that is required to work with files in the KE
application. The screenshot below depicts the File menu.

File | Wiew  Tools  Help

Mew 3

T

Dpen F

Close

Close all

Save
Save Projectz, kpf As, .,
Save all

Print Presview, ..

ol @ &

Primt...

Exik

Figure 2.3 - Main Menu - File
The table below on this page provides an overview of the File menu items.

Table 2.1 — Overview of the File Menu Items

Menu Item Description Additional

New - Overlay... Displays the Overlay Builder dialog Figure 2.4
Section 4.4

New -> Project... Displays the Project Builder dialog Figure 2.4
Section 4.5.1

New —> Calibration... Displays the Calibration Builder Figure 2.4
dialog Section 4.5.2
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Open > Measurement | Opens a Measurement file from disk Figure 2.5
Section 4.3
Open - Overlay Opens an Overlay file from disk Figure 2.5
Section 4.4
Open - Project Opens a Project file from disk Figure 2.5
(including Van’t Hoff) Section 4.5
Open - Calibration Opens a Calibration file from disk Figure 2.5
Section 4.5.2
Close Closes the file in the visible tab
Close All Closes all open files
Save Saves the file in the visible tab
Save As... Saves a copy of the opened file with a
new name
Save All Saves all open files
Print Preview... Opens the Print Builder Dialog Section 4.7
Print... Opens the Print Builder Dialog Section 4.7
Exit Exits the KE application

The File 2New menu item contains sub-menu items as shown in Figure 2.4. To access
these items, click the New menu item and the sub items will appear.

File | View Tools Help

|D Mew 2 m Overlay...
= Open » Praoject... vy

Close Calibration...

Close all

Save Project? kpf As. ..

Print Prewview...

My o) B A

Print...

Exit

Figure 2.4 — File > New Menu

The File Open menu item also contains sub-menu items (Figure 2.5).
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2.3.1 — View Menu

The View menu item contains functionality to show/hide various components of the

File | View Tools Help
D Mew ]
|ﬁ Open » Measurement. ..

Closs s Overlay...
Clase Al Project {induding Van't Hoff)...

= Calibration. ..
Save Project2 kpf As...

(i

E; Print Preview...

&) Print...
Exit

Figure 2.5 — File > Open menu

KE application. The screenshot below shows the View menu.

The View menu contains different items depending on the file type being displayed.
Figures 2.6, 2.7, and 2.8 are screenshots of the three different View menus for each

file type.

File

Wigwy

Tools  Help

Legend

Interaction Plots 3 | Channel 1
Data Points v | Channel 2
Event Log T Temperature
Toolbar Differential
Activity Bar

Options., ..

Figure 2.6 - Main Menu = View (Measurement file)

The table below provides an overview of the View menu items.

Menu ltem

Table 2.2 — Overview of the View Menu ltems

Description

Additional
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Legend is not

Legend Show/Hide the graph legend available for
Analysis files
Measurement files
Chart Properties Show the Chart Properties dialog do not have chart
properties.
See Section 4.6
Shows the data of the file in a graph.
Interaction Plots Measurement files have the option to See Section 4.2.1
show/hide plots
Data Points Show a grid containing the files data See Section 4.2.2
points
Event Log / Depending on the file type this view See Section 4.2.3
History / shows additional data about the file
Summary
Toolbar Show/Hide the Toolbar See Section 2.3
Activity Bar Show/Hide the Activity Bar See Section 2.4
Options... Opens a dialog to allow the user to reset

the application settings

The View menu for an Overlay file provides access to the Chart Properties as shown
in the figure below.

File m Tools  Help
| Legend
Chart Properties

Interaction Plak
Data Painks

Hiskory

Toalbar
Ackivity Bar

[El Opkions...

Figure 2.7 - Main Menu > View (Overlay file)
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The View menu for an Analysis file.

File | “Wigw | Tools  Help
=

Chart Properties

Interaction Plok
[Daka Poinks

Sumnmary

Toolbar
Activity Bar

[EI Options. ..

Figure 2.8 - Main Menu 2 View (Analysis)

2.3.2 — Tools Menu

The Tools menu provides access to functionality to analyze data. The screenshot
below portrays the Tools menu.

File  Wiew | Tools | Help

Analysis Wizard

Modeling Wizard

Signal Processing

i

Figure 2.9 - Main Menu - Tools

The table below provides an overview of the Tools menu items.

Table 2.3 — Overview of the Tools Menu Items

Menu Item Description Additional
Analysis Wizard Opens the Analysis Wizard dialog See Section 5.3
Calibration Wizard Opens the Calibration Wizard dialog See Section 6
Modeling Wizard Opens the Modeling Wizard dialog See Section 5.1
Signal Processing Opens the Signal Processing dialog See Section 5.2
Van’t Hoff Wizard Opens the Van’t Hoff Wizard dialog See Section 7
Manage Overlays Opens the Manage Overlay dialog See Section 4.4.1

2.3.3 — Help Menu
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The Help menu provides access to the KE’s online help system. The screenshot below
shows the Help menu.

File  Miew  Tools Help|

' Search...
43 _onkents. ..
ﬂ Index...

Abaout Kinetic Evaluation

Figure 2.10 - Main Menu - Help
The table below provides an overview of the Help menu items.

Table 2.4 — Overview of the Help Menu Items

Menu Item Description Additional
Search... Opens the online help system and
shows the Search tab
Contents... Opens the online help system and
shows the Contents tab
Index... Opens the online help system and
shows the Index tab
About Kinetic Opens the About dialog Provides the KE 5.1
Evaluation number
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2.4 — Toolbar

The Toolbar contains buttons that launch KE functionality. The screenshot below
illustrates the Toolbar.

[ = = ﬁ | k Fainker ,_')En:u:m E:ESeIect

| Legend &' Properties | .

Figure 2.11 — KE Toolbar

The following gives an overview of the items in the Toolbar.

[

o D W

I; Paoinker

,.) Soom

1 ] Select

i Legend

Propetties

Creates a new Overlay or Project file depending on which type the
user chooses

Opens a Measurement, Overlay or Project file depending on which
type the user chooses (see section 4.1.2)

Saves the file in the visible tab

Saves all the open files

The default mode of the graph. When moving the mouse pointed
over the graph, the coordinates (x,y) will be displayed next to the
mouse icon

Sets the graph to Zoom-mode. Left-click and dragging the mouse
pointer will zoom in on the selected region

Sets the graph to Select-mode. Left-click and dragging the mouse
pointer will select an area of the graph

Shows/Hides the graph legend

Displays the Chart Properties dialog (see Section 4.6)

Creates a sub curve from the selected area of a measurement file
(see Section 4.3.2)

| (3 Manage Overlays  Launches the Manage Overlays dialog (see Section 4.4.1)
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2.5 — Activity Bar

The Activity Bar, as shown in Figure 2.12, is used to access commonly used KE
functionality.

Activity Bar items are enabled or disabled based on the currently displayed file. If the
displayed file does not support a certain action (for example you cannot run the
Analysis Wizard on a measurement file) the item will be disabled.

Mew Overlay
Mew Project
Mew Calibration

Mew Wan't Hoff Project

Measurements (5)
Cverlays (1)
Projects (1)
Calibrations (1)
Wan'f Hoff Project

Views

View Data Points
View History

Analysis

Analysis Wizard

Modeling \Whzard
Signal Processing

Figure 2.12 — KE Activity Bar

The table below provides an overview of the Activity Bar.
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Table 2.5 — Activity Bar Items

Section  Action Description

Create New Overlay Launches the Overlay Builder dialog
Files New Project Launches the Project Builder dialog
New Calibration Launches the Calibration Builder dialog
Opens a measurement file from disk. The
Measurements number to the right of shows the number of

opened measurement files.
Opens an Overlay file from disk. The number to

Open Files Overlays the right shows the number of opened overlay
files.
Opens a Project file from disk. The number to

Projects the right shows the number of opened project

files. Use this to open Van’t Hoff Project files
as well as normal Project files.

Calibrations Opens a Calibration file from disk. The number
to the right shows the number of opened
calibration files.

View Interaction Plot | Shows the data from the file in a graph
View Data Points | Shows the data points from the file in a grid
Views View Event Log/ | Shows additional information about the file.
History / Summary | Different files contain different information
Analysis Wizard Launches the Analysis Wizard
Modeling Wizard | Launches the Modeling Wizard
Analysis | Calibration Wizard | Launches the Calibration Wizard

Signal Processing

Launches the Signal Processing dialog

Van’t Hoff Wizard

Launches the Van’t Hoff Wizard

Figure 2.13 shows the startup state of the Activity Bar. In this state the New Overlay
action is disabled because a prerequisite is that there must be at least one
measurement file open.




12 Autolab SPR - KE User manual

Create Files (=)

Mew Cverlay

Mew Project

Mew Calibration

Mew Wan't Hoff Project
Mew Subcurve

Open Files @

Measurements
Cwverlays

F'mjeclibl
Calibrat_is

Wan'f Hoff Project

Figure 2.13 - Startup state of the Activity Bar

2.6 — Project Navigation Bar

Project files (section 4.5) can contain more than one file. Since there are multiple files
there must be a way to navigate through them.

When a project file is in focus, the navigation bar will be shown on the right of the
screen, as shown in Figure 2.14 below.

= Project2 kpf
A+B=48  3platz. kod
= Azzociation
Azzociation
Azzociations
[=I- Equilbrivirmn
E quilibriurm1

Figure 2.14 - Project Navigation Bar

The Navigation Bar provides links to the data within a project. These links in the
Navigation Bar are grouped into categories.

The Overlay files will appear directly below the name of the project file. For normal
projects, there is only one overlay. For Van’t Hoff projects, there can be more than
one overlay. In Figure 2.14, the name of the overlay file is A+B=AB__3plots.kod.
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The next groups are the analyses that have been performed on the Overlay data. The
analyses are grouped into Association, Equilibrium and Dissociation analysis. The
project in Figure 2.14 contains two association analyses, one equilibrium and no
dissociation analysis.

2.6.1 — Editing Navigation Bar Items

Editing the items in the Project Navigation Bar can be performed by right-clicking on
the item to display a pop-up menu (as shown in Figure 2.15 below).

To rename an item, right-click on the item and select Rename. The item’s name will
be highlighted and the new name can be entered.

= Project? kpf
&d+R=04F  3plots kod
Rename [} T
Remove iation
Azzociations
= Equilbrivirn
E quilibriuinm 1

Figure 2.15 - Renaming a Project Component

2.6.2 — Removing Navigation Bar Items

It is possible to remove an item from a Project via the navigation bar. To remove an
analysis (it is not possible to remove the overlay) right-click on the analysis and select
Remove from the pop-up menu (see Figure 2.16). A confirmation will be required to
complete the removal.

= Project2 kpf
A+B=AB_ Fplots. kod

= Bzgociation
Azgociation
Agzociations

= Equilbrium
E quilibriuirn
Fename

Femove %

Figure 2.16 - Removing an Analysis from a Project
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Note
It is not possible to remove the Overlay file from a Project.

This is done in order to guarantee that the analyses in the Project are always
linked to the correct Overlay file.

2.6.3 — Reanalyzing an Analysis

To reopen one of the analyses in a Project, double-click on the analysis name and it
will be reloaded in the Analysis Wizard (see section 5.3).
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3 — Getting Started with the KE Workflow

This section of the user manual gives an overview of a typical session using the KE
application.

The following flowchart describes the workflow in this section.

Open
Measurement Files

Create an Overlay
File

Signal Processing
of Overlay

Analysis Wizard to
fit the Interaction
Plots

Create a Project
File with the
Overlay

Figure 3.1 - Standard KE Workflow

3.1 — Opening Measurement Files

In this step we will be loading SPR measurement files into the KE application.

a.) Click on the Measurements item in the Activity Bar as shown in the
screenshot below:

MNew Project
MNew Calibration
MNew Van't Hoff Project

Open Files

Measurements
Crverlays
Projects
Calibrations
Van'f Hoff Project

Figure 3.2 - Selecting the Measurements item
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b.) The measurement files for this example are located in the.../Autolab
SPR/Data folder. On the Open dialog change the Files of type to: Data files
(*.ibo). Select the following data files to open: KIN10l.ibo, KIN102.ibo,
KIN103.ibo, KIN104.ibo, KIN105.ibo, and click Open.

c.) The five files that were opened into the KE application are shown in the
screenshot below. Notice that there is now the number “5” beside the
Measurements item to indicate the number of files opened.

(Kinelic Evaluation E]@\

File  Wew Tools Help

0O = |,)Znnm {lselect §Legend |

KINTOMLIBO | KINT021BO | KINTOZIBO | K\N1U4.IBD‘ KIN105.180

Create Files )

450 F T T T T T T T 0
New Overlay
Mew Project 200 [ 38
New Calibration
New Van't Hoff Project 7%
3580 -
34
300 -
Open Files ® 32
Measurements (5) a50 L Ja0

Overlays
Projects
Calibraticns
Wan'f Hoff Project

200

150

Views @)

Response [m°]

Ll
i 1 1
o [
I b4
Temperature [°C]

100
Wiew Interaction Plot

View SPR Curves
Wiew Data Points o0 20

View Event Log
0 j

s0F

-100

150 |

1 1 1 1 1 | 1 | 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Time [s]

Figure 3.3 - Data Loaded in the KE Application

3.2 — Creating an Overlay

In this step the five measurement files that were opened will be used to create a new
overlay file.

a.) Click the New Overlay item in the Activity Bar as shown in the screenshot
below.
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Create Files

Mew Ohverlay,

Mew Project

Mew Calibration

Mew Van't Hoff Project

Open Files

Measurements (5)

Cwverlays
Projects
Calibrations
Wan'f Hoff Project

Figure 3.4 - Selecting the New Overlay item

17

b.) Example of a new overlay using the Channel 1 data from each of the
measurement files. Select the Channel 1 checkboxes for each measurement as
shown in the screenshot of the overlay builder below. Once all the Channel 1°s
have been selected click the OK button.

Overlay Builder

|

Available plots are indicated with a green background
Cweray plat names can be edited by double-clicking on the name

Select the plots to add to the new overlay

Channel 1 Channel 2 | Differertial

KIN101 C] []
KIN102 Ll []
KIN103 C] L]
KIN104 C] L]

b KIN1DS [¥] [] L]

by

Hep | | Checkal | ok || Cancel |

Figure 3.5 - Selecting the Plots for the New Overlay

c.) A new overlay file will be created and added. Notice in the screenshot below
that there is now a “1” beside the Overlays item in the Activity Bar.
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(Kinelic Evaluation

BEX)

File  Wew Tools Help

D # n |,) Z00m ﬂLegend Prnpertles ‘@Manage Overlays

KINTOT.IED | KIN10Z.IBO | KINT0ZIBO | KIN104.1BO | KIN105IBDI Overlayl kad®

Create Files )

450 F T T T T T T T T T
New Overlay
Mew Project
New Calibration 400 -
MNew Van't Hoff Project
350 -
Open Files @
Measurements (5)
Overlays (1) 300 -
Projects
Calibraticns =
Van'f Hoff Project E
@ 250 -
Z
=
Views &) §
Wiew Interaction Plot 200 -
Wiew Data Points
Wiew History 150
100 -
Conversion Tool —
Modeling Wizard 0=
Signal Processing
I ! I I I

1 1 1 1 | |
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Time [s]

I
2400

1
2600

Figure 3.6 - The New Overlay

d.) You can save this overlay to disk by clicking the Save Toolbar icon.

3.3 — Perform Signal Processing

The overlay created contains an offset. This can be removed by using the Signal

Process feature in KE.

a.) To open the Signal Processing dialog, click the Signal Processing item in the

Activity Bar as shown in the figure below.
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Create Files

Mew Overlay

Mew Project

MNew Calibration

Mew Van't Hoff Project

Open Files

Measurements (5)
Cverlays (1)
Projects
Calibrations

Wan'f Hoff Project

Conversion Toaol
Medeling \Wizard

Signal F'rooessir?b

Figure 3.7 - Selecting the Signal Processing item

b.) The Signal Processing routine to remove the baseline offset is called Zero at
Average. Select this action from the list as shown in the figure below.

Action

Bazeline Cormection | Walue

Blank Subtraction h
Delete Selection
Fazt Fourier Transform

Mathematical Operation | ad an the
Mormalize =L The
Smoath _ il for the
Synchronize ft 1.

Zero at Average u

Figure 3.8 - Selecting the Zero at Average Option

c.) The Zero at Average will take the average of the selected area and subtract this
amount from the entire plot. Select a region in the flat part of the overlay using



20 Autolab SPR - KE User manual

the Selection tool and click the Apply button. The screenshot below shows the
selection of the area that will be averaged.

Signal Processing @

Aiction Legend k Pointer ))Zoo i |E:ESe|act |

Zero at Average v 450

400

The average value of the elements in the
selected area will be set to zer. This will
effect the whole curve. 350

E
Apply To @ 250 3
Full Flot (&) Selected Region 5
&
o
Al &F zo0 ]
Plot #1
Plot #2
Plot #3 150 B
Plot #4
Plot #5
100 |
g £

1 L
Wazts Apply 500 1000 1500 2000 2500

Time [g]

Figure 3.9 - Selecting a Region for the Average to be calculated

d.) The Overlay’s baseline should be now zero, as shown in the figure below.
Click OK to close the Signal Processing dialog.

Signal Processing @
. L
Al Legend k Painter ) Zoom |:_;Se|ect |
Zero at Average v 450 F T T T : -

400 —

The average value of the elements in the
selected arsa will be set to zero. This wil =50 - 3
effect the whale curve.

200 | -
E 250 |- B
Apply To ‘o
&
Full Flat (&) Selected Region S zoo | J
=3
&
Al &
Flot #1 180 = b
Plot #2
Plat #3 100 a1
Plak #4
7] Plot #5
50 - -
opb— Efb

1 1 1 1 I
£pply 500 1000 1500 2000 2500

Time [s]

Figure 3.10 - The Corrected Baseline of the Overlay
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3.4 — Create a Project File

In this step the Overlay file will be added to a new Project file.

a.) Click the New Project item in the Activity Bar as shown in the screenshot
below.

Create Files

@

MNew Overlay
Mew Projecﬁ
Mew Calibra_sn

Mew Van't Hoff Project

Open Files

@

Measurements (5)
Cwverlays (1)
Projects
Calibrations
Yan'T Hoff Project

Figure 3.11 - Selecting the New Project item

b.) Select your Overlay in the dropdown box in the Project Builder dialog as
shown in Figure 3.12. Press OK to create the new Project.

Project Builder ¢
Create New Project

(%) Import an opened Oveday file |O'~reﬂa}r1 kod [v]

) Import an Overday file from Disk
Browse...

) Create New Van' Hoff Project

Help 0K || Cancel

Figure 3.12 - Creating a new Project with the Project Builder

c.) The new Project will be created and displayed in the KE application as shown
in Figure 3.13. A copy of the Overlay has been added to the Project. Any
changes to the Overlay in the Project file will not affect the original Overlay
file.
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Create Files @ . - - . - Overlayl.kod
New Dverlay
New Project 350 i
New Calibration
New Van't Hoff Project
300 - -
OpenFiles (&)
Measurements (5) 250 - 7l
Overlays (1)
Projects (1)
Calibrations — 200 a
Van'f Hoff Project E
@
2
2
Views @ é 150 - o
View Interaction Plot
View Data Points 100 - S
View History
Analysis @ 50 =
Analysis \wizard
0F ks
Meodeling Wizard
Signal Processing
1 1 1

500

1
1000

1500 2000

Time [s]

Figure 3.13 - The New Project File

3.5 — Using the Analysis Wizard to Fit the Data

Now that the Project file has been created we can use the Analysis Wizard to fit the

data.

For this Workflow example we will be performing an Association analysis using the
Monophasic Integrated Rate Equation.

a.) To launch the Analysis Wizard, select the Analysis Wizard item from the
Activity Bar as shown in the figure below.
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Mew Cverlay

Mew Project

Mew Calibration

Mew Van't Hoff Project

Measurements (5)
Crverlays (1)
Projects (1)
Calibrations
Yan'T Hoff Project

Maodeling Wizard
Signal Processing

Figure 3.14 - Selecting the Analysis Wizard

b.) The Analysis Wizard is a step-by-step process that assists the user in analyzing
data. The figure below gives a picture of Step 1 which is displayed when the
wizard is opened. Selected the Association option and click Next.
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Analysis Wizard E]@

Select the Region to Analyze Legend || K Pointer |2 Zoom

300 =

& Association !

Phase in the interaction plot which the analyte
combines with the immabilized ligand to form a 250 | 4
comples

O Equilibrium

Phase in the interaction plot where the observed 200 4
rate of farmation for the complex is zero

E
© Dissociation @

Phase in the interaction plot where the analyte 5 150 | 7
iz remaved from the immobilized ligand =3
©
O Determine Concentrations =

Detemmine the concentrations in the overlay by 100 | e 7]

applying a calibration file
50 - 1]
A
0k =
1 1 1 I 1
500 1000 1500 2000 2500
Time [5]

Figure 3.15 - Analysis Wizard

c.) Step 2 of 7 - In this step the concentration for each of the measurements is
entered. The screenshot below shows the values that are to be entered. Fill out
the concentrations and click Next. Refer to Section 6 for a discussion of using
Calibration Files to set the concentrations.

Enter the Plot Concentrations

Concentration | Unit
e P nM =
Crenrai 1| 100 ni -
G 1| 200 ni -
Gl 1| 400 ni -
P a1 |80 L -

Figure 3.16 - The Concentrations for the Measurements
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d.) Step 3 of 7 — Selecting the Analysis Region. For this analysis all plots are
going to use the same start and end times. Ensure that the Same Region for all
Plots option if selected. Now select any one of the start times with a single-
click and then select the Line tool as shown in the figure below.

Lire b

Figure 3.17 — Select the Line Tool to Specify the Region

Leqend kPninter ,)E-:u:lm

With the Line Tool selected, mouse over the graph to guide the line to the
desired start point and then right-click to set the start time. The screenshot
below illustrates the start time selection. Changes made via the Line Tool are
reflected in the table, and vice-versa. The start and end times are shown with
diamond arrows on the analysis curves.

Once the start point has been selected (the default end point can be used for
this example) click the Next button.

Analysis Wizard - Step 3 of 7 =13
Legend W Pointer 2 Zoom | § Line
Set the Region to Analyze T T T

End

KIN101

1630.00

1630.00

1630.00

1630.00

Response [m"]

KIN105
Channel

Region Options \./

(%) Same Region for All Plots

1630.00

() Unique Regions for Each Flat | i

g W

Show In{dR./dt) vs t

! 1 ! 1
500 1000 1500 2000 2500

Time [g]

Help [ <Back | Net> || Cancel

Figure 3.18 — Using the Line Tool to Select the Start Point

e.) Step 4 of 7 — The graph will now show only the region that was selected in the
previous step (see Figure 3.19). This example will be using the Integrated
Rate Equation method. Make sure that this option is selected and click Next.
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Analysis Wizard - Step 4 of 7 @
Legend k FPointer ,.)Zuum
Select the Analysis Method T T T

250

ﬁlntegrated Rate Equation

Rate equations that are integrated before the 200
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I
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=1

) Numerical Modeling

Complex rate equations that are resolved by
numerical calculations during the fiting process

Response [M°]
w
1}
=

o
a

100

S0

1 1 1 1 I 1 1
o 200 400 GO0 S00 1000 1200 1400

Time [s]

[ < Back ][ MNest > ][ Cancel

Figure 3.19 — The Graph now shows only the selected region

f.) Step 5 of 7 — This example will be using the Monophasic Integrated Rate
Equation. Ensure that this method is selected, as shown in the figure below,
and click Next.

Select the Model to Use
tonophasic sl
Monophasic
Biphazic b

Simple 1:1 interaction madel

Figure 3.20 — Selecting the Monophasic Model

g.) Step 6 of 7 — In this step of the Analysis Wizard the fitting of the model to the
experimental data will take place.

It is strongly suggested that the initial fitting parameters be tested before
starting the fit procedure. To test the parameters, press the Test button as
shown in the figure below
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Configure and Fit the Model

KIN101 Channel 1 | KIN102 Channel 1 | KIN1[4 > |
Include this plot

Chi Sguared :

Mumber kerstions :
Parameter Value Fieed
K= 0.0020 O
E 254 BTT7R ]
Rid) 33.7693 F

| Advanced.. | | Test D\\J[ Run |

Figure 3.21 — Testing the Initial Fit Parameters

The initial fit parameters are acceptable if the model plots (green lines) are of
the same order of magnitude as the experimental data. Figure 3.22 shows the
initial fit plot for this example (which is acceptable).

Analysis Wizard - Step 6 of 7 =)<
Legend k Painter l.)Zoom
Configure and Fit the Model T T T T T T T
450 | -
KIN107 Channel 1 | KIN102 Channel 1| KIN1[.41* |
Include this plat s00 | ]
Chi Squared : o
Number lerations : ]
350 | -
Parameter Value Fixed
Ks 0.0020 O — 300
£
E 254 6778 O =
@
R(D) 33,7698 O £ 260
&
@
= 200
[ Advanced... ] [ Test ] [ Run I 150
(1110,171.1)
100 -
50 f =
1 1 1 1 1 1 1
o 200 400 600 500 1000 1200 1400
Time [s]

Figure 3.22 — Initial Plot of the Fit Parameters

Once the initial fit parameters have been tested, the fitting of the data can be
performed by clicking the Run button.

During the fitting procedure the plot that is currently being fit will be shown in
the tab on the left of the screen. The green model lines for the plots will be
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redrawn upon each iteration of the fitting routine that improves the Chi® of the
fit. Figure 3.23 depicts the fitting of Plot#2. A more detailed overview of the
fitting procedure can be found in section 5.3.

Once the fit procedure has ended, click Next to proceed to the summary.

Analysis Wizard - Step 6 of 7 @

Legend || W Painter | J) Zaom

Configure and Fit the Model T T T T T T

350
Flot #1 | Plat#2 | Plot #3 | Plot #4 | Plot #5

Include this plot
300

Parameter Walue Fired 250 i
Ks 00023 O g -]
E 252.6452 O o —~
o 200 ~
RIO) 368176 O 5
Z
F
[
150 *
Advanced Test

=]
=1

o
2
T
1

1 1 1 1 I
] 200 400 600 800 1000 1200 1400
Time [s]

Figure 3.23 — Running the Fitting Procedure

h.) Step 7 of 7 — The final step of the Analysis Wizard is the summary of the

performed fit. The summary, as shown in the figure below, shows the general
configurations that were used and the final parameter values for each plot.

This data can be copied to the clipboard by clicking the Copy to Clipboard
button.
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Summary

Region: Azzociation A
bodel: Monophasic

Method: Integrated A ate Equation

Maonophasic Kinetic Parameters
ka 87237 £1072.4
kd: 0.002 +0.0004

Advanced Seftings:
Step Size: 0.07 bl

: RINTOT Diifferential || KIN102 Differential | KIN € 1*

Concentration: 2onkd Start: 135.47 Stop: 9300
ChiSquared: 1708580 Mumber of lterations: 27
Parameters: 3 Data Points: 154

Reduced ="2: 11315

P arameter Walle Error Kz
K.z 00020 1.8R04E-5
E 2066979 0.8208 -0.8987
R[0] 22078 02795 07222 [

E+R[0O] 2089057 0.8671

3 b

Advanced Fit Detailz ] [ Copy to Clipboard

Figure 3.24 — Summary of the Fit

I.) The Analysis Wizard is now complete. Press the Finish button to add this
analysis to the project.

j.) The analysis will be added to the Project and will be displayed in the user
interface. Notice that in the Project navigation bar (see left side of the figure
below) the Analysis has been added. To display the Overlay plot again right-
click on the Overlay name.
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Figure 3.25 — Analysis has been added to the Project

This concludes the KE workflow demonstration. The remaining sections in the
manual will go into more detail about everything that was performed in this example.
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4 — Working with Data

This section of the manual provides an overview of the different file types that the KE
application supports.

4.1 — Opening Files

There are three methods to open file in KE. The following subsections give an
example of each.

4.1.1 — Opening a File from the Main Menu

From the Main Menu, Measurement, Overlay, Project and Calibration files can be
opened. Figure 4.1 shows the menu items.

Kinetic Evaluation

File | View Tools Help

1 Mew »

_lﬁ Open k m Measurement. .. N
Qverlay... I"E
Project (incuding Van't Hoff)...

Calibration. ..

(=l

Exit

Figure 4.1 - Opening a Measurement file from the Main Menu

4.1.2 — Opening a File from the Toolbar

Files can be opened from the Toolbar by clicking the open icon as shown in Figure
4.2.

Kinetic Evaluation

File  Miew  Tools  Help

0O IE-_F"[} || W Pointer | 2 zoom | E|Legend E&Properties

Figure 4.2 - Opening a File from the Toolbar
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Different types of files can be opened (Measurement, Overlay, Project and
Calibration files). Upon clicking the open icon in the Toolbar, a selection for what
type of file to open will be made (as shown in Figure 4.3).

X

Select the Type of File to Open

(O Measurement
File containing SPR data [".spr. “ksc, “ibo, “hd]

® Overlay
File containing multiple plots [ kod]

O Project

File containing experment data ar Vant Haoff anahysis
[ kepf, = bowf]

(C Calibration
File containing calibration data [~ o]

Help 0K || Ccancel

Figure 4.3 - Opening an Overlay file from the Toolbar

4.1.3 — Opening a File from the Activity Bar

The third method to open data files in KE is to click on the file type in the Activity
Bar.

Figure 4.4 depicts the action of opening a Project file.
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Create Files

Mew Cverlay

Mew Project

Mew Calibration

Mew Van't Hoff Project
Mew Subcurve

Open Files

Measurements
Owverlays

F'mjeclibm
Calibra

Wan'f Hoff Project

Figure 4.4 - Opening a Project file from the Activity Bar

4.2 — Viewing Files

The KE application allows the user to view all files (Measurement, Overlay, Project
and Calibration) using three different views.

Changing the current view for a file can be performed via the Main Menu (see Figure
4.5) or by clicking on the desired view from the Activity Bar as shown in Figure 4.6.

Kinetic Evaluation

File | Wiew | Tools Help

~u

[ = | Legend
Chatt Propetties

| Interaction Plok !} J

[Data Poinks

£ Legend Propetties

Histary

Toalbar
Activity Bar

IEI Opkions...

Figure 4.5 - Changing the View Mode via the Main Menu
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\iew Interaction Pl
View SPR Curves
View Data Points
View History

Figure 4.6 - Changing the View Mode via the Activity Bar

The following subsections give an overview of each of the views

4.2.1 — Interaction Plot View

The Interaction Plot View is the data plotted in a graph. This view is the default view
for all file types.

Measurement files have the option to show/hide the various plots that they contain.
This functionality is available via the Main Menu and is shown in Figure 4.7. By
default, all components of a Measurement file are displayed (Channel 1, Channel 2,
and Temperature or Differential data on the second Y Axis).
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Kinetic Evaluation

File | Wiew | Tools  Help
M & =] Legend 1 i5elect | & Llegend | .
Chart Properties
| Inkeraction Plats 3 |E Channel 1
Data Points E Channel 2
Event Log E Temperature
E Taakhar Differential
[¥] activity Bar
(=] Options...

Figure 4.7 - Setting the visibility of the Measurement Plots”

4.2.2 — Data Point View

The Data Point View displays the data points of the plots in a grid.

Figure 4.8 shows the Data Point View of an Overlay file.

Kinetic Evaluation I;]IE]E

File  Wew Tools Help

0 & il & [ Foresr]

KIN1O01IBO | KIM1021B0 | KINTOZIBO0 | KINTO41B0 | KINT0SIB0 | Overlapl kod™ | Projectl.kpf®|

___________ Timel Plott -KINIDT | Time2 PloZ -KINTOZ | Time3 Plot3 -KINTO3 | Timed Platd - KIN |
New Overlay r s 26636 5 2025 5 24218 5 e8|
New Project 10 1.7501 10 27078 10 05298 10 29518
:: @::E:ﬁ“lmjm 15 07546 15 21033 15 20728 15 20486

gt 2 09523 20 15922 20 14978 0 14708
e = 070% x5 11941 = 11445 = 1019
e 05683 ) 06861 E 09293 e 0858
....... s 04823 5 05638 S 06908 = 06717
Measurements (5) 40 03416 40 -0.4858 40 05178 40 05356
g:::{f(%) 15 02013 15 03321 15 03953 %5 0332
dip 50 01634 50 0219 50 0321 50 02897
Vianit Hoff Project = 01037 55 0113 55 023 = 01605
&0 00327 &0 00003 €0 01052 &0 0083

i &5 no13s &5 00853 65 0035 65 0022

e 0 0.0851 70 01402 70 01486 0 01122
View iperacn o 75 01168 75 02068 75 0.2054 75 02078
e @ 0.1638 g0 02233 &0 02908 &0 0.2952
View History &5 0.2121 85 02697 & 0.3745 & 0.3725

N 0.2683 20 03488 0 0.4323 E 0.4256
e 03095 a5 04057 % 05044 =& 04593
100 03678 100 04952 100 05348 100 05242
108 04227 106 05508 105 DEE12 108 0.5562
110 04723 10 05848 10 07133 10 05345
115 05175 115 06155 15 07543 115 06502
120 05451 120 06753 120 0795 120 0813
125 06183 125 07455 125 08773 125 nrz g
< I ] [i]

Figure 4.8 - Viewing the data points of an overlay file

“ For users of the Autolab SPR - Springle software the Channel 2 and Differential plots are not
available.
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It is possible to copy this data to another application via the clipboard. To copy the
data, follow the steps below.

a.) Click on the columns that you wish to copy (or click the square in the top-left
corner to select all the data, as shown in Figure 4.9).

-

Kinetic Evaluation

File Miew  Tools  Help

DI Ii' n ﬁ |,)z.:.nm |@Manage Crverlays

FINI07.IB0 | KINTOZIBO | KINTOZIBO | KIN1041B0 | KIN105.

Create Files &) Time? Plat1 - KIN101 Time2
Mew Overlay » 5 -2 BR36 5
New Project 10 1.7501 10
Mew Calibration 15 0.754E 15
MNew Yan't Hoff Project

20 09589 20

25 07035 25

30 05683 30

35 0.4823 35

Figure 4.9 - Selecting all the data points

b.) Press CTRL-C on the keyboard to copy the data

c.) Open the application that you wish to copy the data to (Microsoft Excel is
being used for this example).

d.) Press CTRL-V on the keyboard or click File=>Edit->Paste from Excel’s
Main Menu.

e.) The data points from Kinetic Evaluation will now be copied into Excel as
shown in the figure below.
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2] Microsoft Excel - Book1
@_] File Edit Wew Insert Format Tools Data Window Help T a8 question for helf
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Figure 4.10 - Overlay data copied in a Microsoft Excel worksheet

4.2.3 — Event Log / History / Summary View

The different file types in Kinetic Evaluation contain different details that can be
displayed.

Event Log — Measurement Files

The Event Log, in Measurement files, is generated during the collection of data the
Autolab SPR - Data Acquisition software. This data is read-only in the KE
application. If the measurement file does not contain Event Log information then the
grid will be empty.

The following screenshot shows the Event Log for a measurement.
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Figure 4.11 - Measurement Event Log

History — Overlay Files

Overlay files keep an internal history of the changes made to the file. These logged
items can be displayed by viewing the History of the overlay file, as shown in the

figure below.
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Figure 4.12 - History items of an Overlay file

The history log keeps track of what files were used to construct the Overlay file and
what (if any) actions were taken on the data with the Signal Processing Tool (see
section 5.2).

It is possible to copy this data to another application by clicking the Copy to
Clipboard button.

Summary View — Analysis Files

When an analysis is performed using the Analysis Wizard (see section 5.3) an
analysis is added to the project file. By changing the view of the analysis to Summary,
it is possible to view the results of the fitting. The fitting results can also be copied to
another application by clicking the Copy to Clipboard button.

Figure 4.13 shows the summary view for an Association analysis.



40 Autolab SPR - KE User manual

File  Wew Tools Help

D= @@ [Kem

,:')Znnm | Analysis Yiews -

KINIOLIBO | KIN10ZIBO | KIN103IB0 | KIN104.B0 | KIN105.IB0 | Overlayl kod® | Projectkpf = Project kpf
m - Owerlayl.kod
Nl sfe s UMt (= Aazociation
MNew Overlay -] Association]
Mew Project
New Calibration H
eqgion Aszociation
Mew Van't Hoff Project
S Model tonophasic
Method Integrated R ate Equation
ka (89«05 E4
kd [28+34)E-4
Measurements (5) Step Size 0.0 E
Overlays (1) Mumber of Steps |25
Projects (1)
Calibeabone Iterations Per Step | 1000
Wan'f Hoff Project
Concentration Unit | Start | Stop | Chi Squared | Fitting lterations | K KsEmar  |E
KIN101 Channel 1 20.0000 nM 141 1630 | B3B.6297 |28 0008 | 6.2443E-5|218¢
Camelation | Ks E
Kz
E 03304
RI0) 07y | 038
KIN102 Channel 1 30.0000 ni 141 1630 92 9563 2 00023 | BFZIEE-B| 2584
Corelation | Ks E
Ke
E 0oz
RIO) 07053 |-072
KIN103 Channel 1| 60.0000 ni 141 1630 4.5558E+3 |28 0.0048 | BFEVFEE 303.{@
<] 1l ] [i]
M Copy To Clipboard
Pl (LCope ToCinbone ]

Figure 4.13 — Summary View of an Analysis
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4.3 — Measurement Files

Measurement files are generated using the Autolab SPR — Data Acquisition
application. KE also provides support for measurement files of different formats
KE supports the following file types of measurement files:

Table 4.1 — Supported Measurement Files

File Type File Description
Extension

SPR file Spr DA measurement file (version 4.2)

KE Sub Curve file .ksc Partial measurement made by KE (version 5.0
or greater)

Data file .ibo Legacy DA measurement file (versions older
than 4.2)

Text file Axt Exported data from Biacore or CLAMP

Within the KE application measurement files are treated as read-only files. It is not
possible to change the contents of a measurement file within the KE application.

4.3.1 — Opening a Measurement File with Multiple Plots

Measurement files that are generated by other applications (i.e. Biacore or CLAMP)
may contain more than one measurement per file. If a text file is opened that contains
more than one measurement it is up the user to decide how KE will handle the
measurements. In Figure 4.14 below the user is given the option to open the
measurements as separate files (i.e. 1 file per measurement) or to directly build a new
Overlay (see section 4.4) from the measurements in the file.

File Load Option

Multiple Measurements Detected

v One of the file(z] that you are attempting to open
! % containg more than one measurement. Flease
= select how vou would ke KE to handle this file.

(%) Load the plots and create a new overlap

() Load the plots as separate measurements

o) (o

Figure 4.14 - Multiple Measurements User Prompt

4.3.2 — Creating Sub Curves from a Measurement
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It is possible to select a section of a measurement and copy it into a new file. This
type of file is called a KE Sub Curve.

The following steps show how to create a KE Sub Curve file
a) Open a measurement file

b) Change the graph mode Selection, as shown in Figure 4.15.

Kinetic Evaluation

File  Miew  Tools Help

O = | M Painter ,.:JZDDm E:ESEIE§

|Llegend | .

Figure 4.15 - Changing the Graph Mode to Select

¢) Right-Click and drag the mouse pointer to select the region that you want to
copy into a new measurement file (see Figure 4.16).

(Kinelic Evaluation E]@

File  Wiew Tools Help

[ & [ & | M Painter 42 Zaom E:]Select i legend |

MASS IBD

Creale Files &)

New Overlay ang -
Mew Project

New Calibration

New Van't Hoff Project
New Subcurve

800 -

T00
Open Files &)
Measurements (1)
Overlays

Projects 500 -
Calibrations

Wan'f Hoff Project 400

300

Response [m"]
Temperature [*C]

Views @

Wiew Interaction Plot
Wiew SPR Curves 200
VWiew Data Points
View Event Log 100 H

-100

|

1 L 1 1
500 1000 1500 2000 2500 2000
Time [s]

Meodeling \wizard 900

Figure 4.16 - Selected data to be copied to a sub curve

d) Once the selection has been made, Click the New Subcurve item in the
Activity Bar as shown in Figure 4.17.
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Creaie Files @

Mew Overlay

Mew Project

Mew Calibration

Mew Wan't Hoff Project
Mew Subcurve

Figure 4.17 - Choosing the sub curve option

e) A new file will be created which contains the selected data. Figure 4.18 shows
the new KE Sub Curve file.

-
Kinetic Evaluation E]@
File  View Toolks Help

R ELegend |

Ohe | & Pointer ) Zo
[} Measurement] ksc”
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MNew Overlay

New Project
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/
Open Files @) ! 32
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Overlays
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g "
= ]
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[rd -
e
Viiew Interaction Plot ¥ AT v 22
View SPR Curves 200 -
View Data Points 20

View Event Log

[

1 1 1 L
1500 2000 2500 2000
Time [s]

Meodeling Wizard

Figure 4.18 - The newly created Sub Curve

4.4 — Overlay Files

Overlay files are the result of combing multiple interaction plots (Measurement files)
into one file.
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Note
In order to create a new an Overlay file there must be at least one
Measurement file opened.

Overlays are built with the Overlay Builder, which is depicted in Figure 4.19. The
Overlay Builder can be opened from the Main menu (File>New->Overlay...) or by
clicking on the New Overlay item in the Activity Bar.

Overlay Builder =
Select the plots to add to the new overlay

Available plots are indicated with a green background
Cweray plat names can be edited by double-clicking on the name

Channel 1 Channel 2 | Differertial
EQUIOTO L] []
EQUIDTI L] []
EQUIDT2 L] []
»  EQUIDI3 L] L]
EQUIDT4 (] C] []
Hep | | Checkal | ok || Cancel |

Figure 4.19 - The Overlay Builder'

To create a new overlay select the interaction plots (by checking the boxes) that you
wish to add. Items that are present in the measurement are presented with a green
background while items with gray background indicate interactions that were not
located in the measurement. To select all available interaction plots, you can click the
“Check All” button.

Once the interaction plots have been selected, press the OK button to create the new
Overlay. Figure 4.20 shows the results of the selections made in Figure 4.19.

" For users of the Springle software the Channel 2 and Differential columns are not
available.
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Figure 4.20 - The new overlay file
The new Overlay file can be saved to disk by clicking File=>Save, or click the save

icon = in the Toolbar.

In general, any files that are opened in KE that contain unsaved data will appear with
a “*” at the end of their name (i.e. the new Overlay name is Overlay.kod*).

4.4.1 — Overlay Manager

Once an overlay is created, it is possible to add or remove measurements from the
overlay before it is saved. Clicking on the Manage Overlay button on the Toolbar, or
Tools = Manage Overlays, to the launch the Manage Overlay Dialog.
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Manage Overlays =

Select the plots to show in this overlay

Available plots are indicated with a green background
Cweray plat names can be edited by double-clicking on the name

Channel 1 Channel 2 | Differertial
P KIN1D1 ] []
KIN102 C] []
KIN103 Ll []
KIN104 C] L]
KIN105 C] L]
Hep | | Checkal | oKk || Cancel |

Figure 4.21 — Overlay Manager dialog before the Overlay is saved

The check boxes will allow the user to add or remove measurements from the overlay.

Note
It is possible to change plot names in the Overlay Manager by Double-
clicking on a plot name.

Once the overlay is saved, each measurement is saved as a single element in the
overlay. Figure 4.22 shows the Manage Overlay dialog after loading and overlay from
disk.

Manage Overlays =
Select the plots to show in this overlay
Awailable plots are indicated with a green background
Oweray plot names can be edited by double-clicking on the name
Channel 1
F Qverday
P KIN101 Channel 1 L] []
KIN102 Channel 1 (] L]
KIN103 Channel 1 A A
KIN104 Channel 1 ] A
KIN105 Channel 1 ] L]
Hep | | Checkal | ok || Cancel |

Figure 4.22 — Overlay Manger dialog after the Overlay is saved
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4.5 — Project Files

Project files are a new concept since KE version 5.0. The purpose of a project file is to
store all analyses that were performed on an Overlay into one file.

4.5.1 — Creating a Project File

To create a new Project file, click File=>New-=>Project... or click on New Project in
the Activity Bar. The following dialog (Figure 4.21) will be shown to assist the user
in selecting how to create the new overlay.

Project Builder ]
Create New Project

(%) Import an opened Oveday file | Oveday1 kod v

) Import an Overday file from Disk
Browse ..

() Create New Van' Hoff Project

Help OK || Cancel

Figure 4.23 - Options to Create a new Project

If there are Overlay files opened in KE, they can be selected in the combo box and
imported into the new Project. If there are no Overlay files opened then it is possible
to import an Overlay file from disk.

Van’t Hoff Projects are a special form of projects that support temperature based
analyses. These projects are discussed in section 7.

Upon clicking the OK button on the Project Builder dialog, a new project file is
displayed, as shown in the Figure 4.24.
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Figure 4.24 - The new project file

When a new Project is created, the Project Navigation Bar (see section 2.5) is
displayed on the left-hand side of the screen. This navigation bar tool is required
because Project files can contain multiple sets of data.

4.5.2 — Performing an Analysis

Analysis files are created by the Analysis Wizard which is described in section 5.3.
Analysis files are a part of a Project file and cannot be saved separately. The
reasoning for this restriction is to guarantee that the analysis is always sorted with the
Overlay file (also stored in the Project file) was used for the analysis.

The result running the Analysis Wizard is that a new analysis will be added to the
project. The project now handles three different types of analysis — Association,
Equilibrium and Dissociation analysis.

4.5.3 — Navigation of a Project File

Project files contain one Overlay file and analysis files. It is possible to view the
different components of the Project file by clicking on them in the Project Navigation
Bar. Figure 4.25 shows the Project Navigation Bar in which an analysis named
Associatonl is selected.
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= Projectl kpf
Owerlay] . kod
= Agzociation

.ﬁ.ssnciatinr[i?

Figure 4.25 - Changing the Visible Plot

4.5.4 — Types of Project Files

In KE 5.1, there now exists three types of project file. The preceding section has
discussed a default project file. One can also create Calibration projects and Van’t
Hoff projects. The differences in these project types are detailed in Table

Table 2.1 — Overview of the File Menu Items

Project Types Purpose Allowed Number of Additional
Analyses  Overlay Files
Project Data analysis | Association | One Overlay File | Section 5.3
Dissociation only
Equilibrium
Calibration Calibration Equilibrium | One Overlay File | Section 6
only
Van’t Hoff Temperature Van’t Hoff | Multiple overlays | Section 7
based allowed
analysis

4.6 — Changing Chart Properties

It is possible to change to look of the graph for Overlay and Project files. By clicking
View->Chart Properties or the Properties button in the Toolbar will launch the
Chart Properties dialog as shown in Figure 4.26 below.

Note
It is not possible to change the plot properties of a Measurement file. The KE
application handles Measurement files as Read-Only documents.
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Chart Properties =

Flots | Chart | Global

Selected Plot Preview

EGQUINN3 Channel 1
EGQUINTZ Channel 1
EQUI0NT Channel 1
EQUIDT0 Channel 1

Properties

Line Symbol
Pattem | Solid | | FiledGircle v
Size 1 v L v

coior | ~ | (N

Hel [ ok ][ Cancel |[ Aoy |

Figure 4.26 - Chart Properties Dialog

The first tab in the Chart Properties dialog is Plots. To change one of the plots in the
graph, click on its name from the list of plots.

Note
It is possible to edit the properties of multiple plots at once. Select multiple
plots by holding down the SHIFT button while clicking on the plot names.

The Line Pattern, Size and Color can be changed by using the dropdown lists on this
dialog.

It is also possible to display Symbols on the data points in the plot by selecting a
Symbol Pattern (by default, Symbol Pattern is set to none).

The next tab in the Chart Properties dialog is for the Chart itself. As shown in Figure
4.27, the Title, Vertical & Horizontal Axis can be configured here.



Autolab SPR — KE User manual 51

Chart Properties X,
Plats | Chat | Glabal

Title

Owerlay plot
Wertical Auxiz

Label Fiesponze [m’]
M arkings : Arial, 10
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Label  |Time s]
Markings : Anal, 10

[ ok J[ canca ][ epob

Figure 4.27 - Chart Properties

The last tab in the Chart Properties dialog (see Figure 4.28) contains the configurable
items that are global (the same) for all opened files.

The Border and Background colors can be changed while the Vertical and Horizontal
gridlines can be shown or hidden.

Chart Properties i,

Plats || Chart | Global |

Colour Scheme Grid Lines

Border Showe Wertical Linez
Backaround Show Honzontal Lines

[ ok ] [ Cancel ] [ Apply

Figure 4.28 - Global Properties

4.7 — Printing Data

In KE it is possible to print the graphs and the files details of the graphs.
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To print a file, click the File=>Print menu item and Figure 4.29, will be displayed.

-
'I!-'rinl: Job Builder - Print E‘
Select the data to be printed

Chant Details Page Margins
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Overlayl kod g Left:
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Right : 1
Equilbrium O a L
E quilbriurn2 O Top:
FPage Orientation
) Portrait
(#) Landscape
) (e

Figure 4.29 - Print Dialog

From this dialog it is possible to configure the items that are to be printed. Figure
4.29, depicts a project file with all of its graphs to be printed. To print file details click
the appropriate check box in the Details column.

The Page Margins and Page Orientation can be also configured from within this
dialog. It is also possible to preview a file by clicking File=>Print Preview in the
main menu. Figure 4.30 shows the print preview of an Overlay file.

Print preview {—_ﬂm

GLO- OMEM®@ s Page 113

2010/06/21 [01:29 PM]

l

Raspon
JE B B @ @ H BB HEEEYY LS

(Overlay kod)

Figure 4.30 - Print Preview Dialog
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5 — Analyzing the Data

This section of the manual provides an overview of the different features that are
available in the KE application to analyze data.

5.1 — Modeling Wizard

The Modeling Wizard is used to construct Rate Equations that are used by the
Numerical Integration method in the Analysis Wizard (see section 5.3).

The process to construct a rate equation is performed in five steps. The following
subsections go over each step in detail.

5.1.1 — Starting the Modeling Wizard

The Modeling Wizard can be opened from the Main Menu (section 2.2)
Tools->Modeling Wizard or from the Activity Bar (section 2.4) Modeling Wizard.

Upon opening the Modeling Wizard the dialog in Figure 5.1 will be displayed.

Modeling Wizard - Step 1 of 5

[ Start
[ Model Infarmation

[ Define Species
P ® Create New Kinetic Model

O Equation Editor Define a custom Kinetic Maodel by defining the
species and specifying the Fate Equation.

[ Summan
O Open Existing Model (* kmd)
Open a Kinetic Maodel [* kmd) that was
previouzly saved,
(e ] [cees

Figure 5.1 — Creating a model

In Step 1 of the Modelling Wizard there are two options to choose from, Create a new
kinetic model or Open Existing Model from disk.
Select the Create New Kinetic Model and click Next.

5.1.2 — Configuring the Modeling Information
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Step 2 of the Modeling Wizard is shown in Figure 5.2. In this step the information
about the model is entered. Every model is given a name and an optional description.

Modeling Wizard - Step 2 of 5

[l Start todel Marne
Click to add a model name

B tadel Informatian
[0 Define Species tdodel Description

[ Equation Editar

[ Surmmary

Figure 5.2 — Model Information Step

To give the model a name, click the text Click to add a model name. To add a
description to the model, click in the Model Description text box and enter the text.

Figure 5.3 shows an example of a model name and description entered.
Add your model name and description and click Next.

Modeling Wizard - Step 2 of 5
[l Start M odel Mare
[ todel Infarmation Monophasic Model
[ Define Species tadel Description
O] Equation Editar Standard 1:1 interaction model
O Summary
l < Back ][ Mest > ] [ Cancel

Figure 5.3 — Information for the Model
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5.1.3 — Defining the Species

In Step 3 of the Modeling Wizard the species that are used in the rate equations will
be defined.

Enter in each unique species for the rate equation, as shown in

Figure 5.4. Once you have entered in your species click the Next button to proceed.

Modeling Wizard - Step 3 of 5
[ Start Define Species
b Madel Infarmation Specify the names of all the species that
) ) will be used in the rate equations
B Define Species
[ Equation E ditor
Mame : |AB Add
[ Summan
M amne Delete
A
B
’ < Back ][ Mext > ] [ Cancel
Figure 5.4 — Defining the Species
( N\

Define Species Only Once

If the rate equation for the model is made up of multiple equations, for
example:

k; kg
—_— —_—
An — A+B S AB
Define each species once even though they may be used in several equations
(A in the rate equation above is the product of the 1*' rate equation and is the

analyte in the second part of the rate equation.
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5.1.4 — Creating the Rate Equations

In step 4 of the Modeling Wizard it is time to construct the rate equation. Use the
dropdown controls on the dialog, as shown in Figure 5.5, to configure the species for
the rate equation.

~

Modeling Wizard - Step 4 of 5 <
[ Start Fiate Equation
2] Model Information Analyte Ligand K Product
" + LV ﬁf ~
[l Define Species )
B Add

[ Equation Editar AB
O Summany Defined Aate Equations

Analyte Ligand Product ka ked

Delete

Figure 5.5 — Creating a rate equation

Once the Analyte, Ligand and Product have been defined, click the Add button to add
the rate equation to the model.

Note

A valid rate equation must consist of at least an Analyte and a Product.

Figure 5.6 shows that the model has one rate equation defined for it. If you wish to
remove a rate equation from the model then select the equation from the defined
equations (click on it to highlight it) and press the Delete button.

Once you have configured your rate equation, click Next to proceed to the next step.
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Modeling Wizard - Step 4 of 5
[l Start Fiate Equation
[ Model Information - Anal‘l'lte__:. . Ligand ko PdeUCt. .
i e v| — w
[l Define Spacies
Add
B Equation Editor
O Summary Defined Aate Equations
Analyte Ligand Product ka kd
B B AB k1 k-1
Delete
[ < Back ” MHext > ] l Cancel ]

Figure 5.6 — Completed rate equation

5.1.5 — Summary of the Model

The last step of the Modeling Wizard is the summary of the completed model. To
make changes to the model click the Back button to return to the step that requires
changing.

Figure 5.7 shows the summary for the Monophasic model that was constructed in this
example.

Modeling Wizard - Step 5 of 5

[l Start tdodel Information

] Madel Informatian MName: Monophasic Model

Standard 1:1 interaction model
[l Define Species

Il Equation Editor

B Summary
Defined Rate Equations
Analyte Ligand Product ka kd
A B AR k1 k-1
’ £ Back ][ Firish l [ Cancel l

Figure 5.7 — Summary of the newly created model
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To end the modeling wizard, click the Finish button. Before the wizard closes the
user will be prompted to save the model.

5.1.6 — Editing an Existing Model

To edit a previously saved model, start the Modeling Wizard and select the Open
Existing Model option in the first step of the wizard (as shown in Figure 5.8). The
selected model will be loaded into the wizard and all the model information will be
automatically entered into the wizard.

Modeling Wizard - Step 1 of 5

I Start
[ Model Infarmation

[ Define Species
O Create New Kinetic Model

[ Equation E ditar Define a custom Kinetic Model by defining the
species and specifying the Rate Equation.

O Summary
& Open Existing Model (*.kmd}
Open a Finetic Model [ kmd) that was
previouzly saved.
[ Mext > I [ Cancel

Figure 5.8 — Opening a Model from Disk

5.1.7 — Advanced Settings

Certain models can have more than one product that contributes to the SPR signal. For
example, in the set of equations that describe a conformal change reaction,

k. ks
—_— —_ %
A+ BT AB — AB

both AB and AB* can contribute to the SPR signal. To indicate to the model that both
AB and AB* are final products, click on the “Advanced” button in step 4 as shown in
Figure 5.9.
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Modeling Wizard - Step 4 of 5
[ Start Rate Equation
[l Model Infarmation f"m.f-‘n.nalyte Ligand kg Product
_ _ ' I bl
[l Define Species
Add
B Equation Editor
1 Summary Defined Rate Equations
Analyte Ligand Product ka kd
A B £B ] 1
AB none ABT k2 k-2
Delate
[ < Back ” Mext » ] [ Cancel ]

Figure 5.9 — Advanced model configuration

Clicking the “Advanced” button will show an additional dialog where the signal
weights can be entered. In Figure 5.10, the signal weights for AB and AB* are set to
be equal, so that each of AB and AB* contribute the same to the SPR signal in the

model.

.

Advanced Settings

X

b 4B 1
ABT 1

“Wheight Factor

[

Ok

][ Cancel ]

Figure 5.10 — Setting the signal weights

5.2 — Signal Processing

It is possible to improve data quality in the KE application by using the Signal
Processing tool. Signal processing can be performed on Overlay files only. Overlays
that are a separate file (*.kod) or part of a Project file (*.kpf) can be used in the Signal

Processing tool.

The Signal Processing dialog can either be opened by clicking from the Main Menu
Tools>Signal Processing or clicking on the Signal Processing item in the Activity

Bar as shown in Figure 5.11.
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Analysis @
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Modeling Wizard
Signal F'rocessin%

Figure 5.11 — Selecting Signal Processing

Once the Signal Processing dialog has been opened it will appear as shown in Figure
5.12.

Signal Processing [ = @

Legend k Pn\nt;r*'..) Zoom |E:]Selatt
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found slope [ the baseline drift ]

Apply Ta
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Al

Flat #1

Plot #2

Plot #3 2‘
Plt #4 -
Plot #5

Response [M°]
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3 Time [g]

Figure 5.12 — Signal Processing Dialog
The following descriptions correspond to the numbers that appear in Figure 5.12.

1. Actions — Select which signal processing technique to perform on the data.
The following subsections will explain each of the available actions.

2. Apply To — This section is used to specify which interaction plots are to be
included in the signal processing technique and how the technique will be
applied. There are two options for how the technique will be applied, it can
process the entire plot or only a portion of the plot that is selected via the
Select mode (click the Select button and with the right mouse button down
drag the mouse to select a region).

3. Apply/Undo — Once the technique and the plots that will be processed have
been configured, press the Apply button to run the action. If the action did not



Autolab SPR — KE User manual

61

perform the desired effect then this action can be undone by pressing the Undo
button. There is no limit to the amount of times an action can be applied.

4. Overlay Data — The overlay data is updated upon each press to the Apply
button. All signal processing changes can be viewed in this graph.

5. Graph Toolbar — The figure below depicts the tools that are available for the
Signal Processing dialog.

Leqend h Poinker ,._J Zoarm [:E Select

Figure 5.13 — Signal Processing Toolbar

The Toolbar contains the following items:

Table 5.1 — Toolbar Items

Toolbar Item Description
Legend Show/Hide the legend for the Overlay
Pointer This is the default mode of the graph
Zoom Left-click and dragging the mouse pointer on the graph
will zoom in on the selected region
Select Left-click and dragging the mouse pointer will select a

region for the signal processing action to process

The following subsections will give an overview of each of the Signal Processing

techniques.

5.2.1 — Blank Subtraction

The Blank Subtraction action subtracts the selected plot from the other plots that are
selected in the Apply To section of the Signal Processing dialog. Blank Subtraction
can execute on a selected region or the full plot.

To use the Blank Section action, select the plot that you wish to use as the blank (as
shown in Figure 5.14). This plot will then be subtracted from the other selected plots.

Action

Blank Subtraction w

Plat #1 hd

The zelected plot will be subtracted from
all the checked plats.

Figure 5.14 — Blank Subtraction Options
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The following screenshots show the effect of using the Blank Subtraction action. The
effect of the blank subtraction is can be seen in Figure 5.16 as the Response intensity
has been reduced.

Legend k Painter ,.)Zoom E:ESelect

T T T T T T T T T
258 —

Response [m*®]

1] 10 20 a0 40 a0 60 70 a0 a0
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Figure 5.15 — Overlay before Blank Subtraction
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Figure 5.16 — Response Intensity is reduced after Blank Subtraction

5.2.2 — Delete Selection

The Delete Selection action deletes the selected region of the plot. This action is
available only for a selected region and cannot be used with the Full Plot option.
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The selected region of the plot is removed while any plot information before and after
the deleted region is retained. The data that remains after the deleted region is moved
to the end of the plot that is still remaining before the deleted region.

The following two figures are before and after screenshots of the Delete Section
action.

Legend k Pointer ) Zoom E:ESelect

Fesponse [m®]
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Time [s]

Figure 5.17 — Select a Region to be Deleted
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Figure 5.18 — Result of the Delete Selection Action
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5.2.3 — Fast Fourier Transform (FFT)

The Fast Fourier Transform (FFT) action is a filtering technique used to reduce high
frequency interference in the plots. This action can be applied to a selected region or
to the full plot(s).

The Figure 5.19 shows plots that contain high frequency noise.

Legend | k Painter |)‘> Zaam E:ESelect
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0 10 20 30 40 50 ] 70 a0 a0
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Figure 5.19 — Noisy Data

To improve the quality of the plots, select the Fast Fourier Transform action and click
the Apply button.

There is an intermediate step in the FFT action. The user must select the region of the
frequency plot they wish to retain for each plot that is being filtered. In the frequency
plot the data at the lower frequency is what is to be retained. Select the area of the
graph that contains intensity above the baseline. Figure 5.20 depicts this selection.



Autolab SPR — KE User manual 65

a5 FFT Frequency Response @
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Figure 5.20 — Region of the spectrum to retain
After selecting the region to retain for each plot the filtered plots will be presented as
shown in Figure 5.21.

Legend | W Poinker | J0 Zoom 1§ 1Select

Response [m]

1 1 1 1 1 1 1 1 1
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Figure 5.21 — Result of the Fast Fourier Transform

5.2.4 — Mathematical Operation
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The Mathematical Operation action performs the operation that is selected by the user
on the selected plot(s). The available operations, as shown in the figure below, are
Addition, Division, Multiplication and Subtraction.

To use this action, select the operation that you wish to perform and enter in the Value
to assign to this action. Next select the plots that this action will be applied to and
select the region of the plot(s) that will be affected (it is also possible to use the Full
Plot option).

Action

b athematical Qperation v Walue |3

Additan [+] v

Addition [+]

Diivigion [£] peration is
kultiplication [x] Blue.
Subtraction [-]

Figure 5.22 — Mathematical Operation Options

Figure 5.23 and Figure 5.24 shows the result of multiplying one of the plots in the
Overlay by three.

Legend kPointer ,.')Zoom E:ESelect

Respanse [m"]
z

100

a0

1 1
500 4000 1500 2000 2500
Time [s]

Figure 5.23 — Overlay before the Mathematical Operation is applied
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Figure 5.24 — Multiplication of a Plot by Three

5.2.5 —Normalize

The Normalize action subtracts the offset of the first Response data point (y axis)
from the rest of the plot. This technique is useful to quickly remove an offset from the
data. This action is only available to the Full Plot.

Figure 5.25 and Figure 5.26 show the effect of executing the Normalize action.

Legend k Painter ,_)Zoom |E:ESelect |
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Figure 5.25 — Overlay before Normalize Action
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Legend k Painter ,)Zoom E:ESelect
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Figure 5.26 — Overlay after Normalize Action

5.2.6 — Smooth

The Smooth action performs a Savitzky-Golay smoothing filter on the selected data.
This action can be executed on the full plot or the selected region within the plot(s).

To perform the Smooth action select Smooth from the list of actions, as shown in
Figure 5.27. The polynomial used in the filter is set by the user, either 2™ or 4™ order
(default: 2™ Order).

The number of points in the smoothing window is defined by the equation 2(m+1)
where the value of m is determined by the user via the Value dropdown list (see
Figure 5.27).

Action
Smooth w | Value [ |w
3|
2nd Order v 4
] 5
A Savitzky-Golay filker iz uzed to zmog ?
the plot with an n-th order polynomial.
uzer does not input the actual windo
zize but a smooth factor [m). The win 10 r
zize iz 27+,

Figure 5.27 — Smooth Options

The screenshot Figure 5.28 is before and Figure 5.29 is after the Smooth action.
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Figure 5.28 — Overlay before Smoothing
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Figure 5.29 — Result of the Smooth Action

5.2.7 — Synchronize

The Synchronize action removes the selected region between plots so a common
starting time can be achieved.

Typical data in which this action should be applied is shown in Figure 5.30. Notice
that the starting times of the association regions do not start at the same time point.
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Legend k Pointer ) Zoom E:]Select

200 - I

250

Response [m°]
g g

=
o
=}

S0

I 1 I I I I
o 200 400 &00 200 1000 1200 1400 1600
Tirme [s]

Figure 5.30 — Association Regions starting at Different Times

To synchronize the starting times, Zoom in on the starting points of the plots and use
the Select tool (in the Signal Processing Toolbar) to select the region to synchronize.
Figure 5.31 depicts this selection.

Legend k Painter ‘/.J'Zoom E:ESelect

100 Fg

Fesponse [m®)

1 1 1
400 120 140 160 180
Time [s]

Figure 5.31 — Selecting the Region to Synchronize

Ensure that the Synchronize action is selected and the plot to be synchronized is
selected in the list of plots.
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The following figure depicts the result of the synchronization.
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Figure 5.32 — Result of the Synchronize action

5.2.8 — Zero at Average

The Zero at Average action averages the value of the data in the selected region and
subtracts this value from the entire plot. The user must select a region before using
this action as the Full Plot option is not possible.

The following Figure 5.33 and Figure 5.34 are before and after screenshots of the
Zero at Average action. Note that the plots have been zoomed into a region to clearly
demonstrate the action.
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Figure 5.33 — Zoomed in and Selected Region to Zero
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Figure 5.34 — Result of the Zero at Average action
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5.3 — Analysis Wizard

The Analysis Wizard is used to determine the kinetic binding rates of the interaction
plots that are measured with the Autolab SPR Data Acquisition software.

This section gives an overview of the features of the Analysis Wizard. A step-by-step
example of how to use this wizard is given in the Getting Started with the KE
Workflow section of the manual (section 3.5).

The Analysis Wizard can only be opened when a Project file (section 4.5) is created
or a saved Project file is opened from disk.

To launch the Analysis Wizard click Tools=>Analysis Wizard from the Main Menu
or click on the Analysis Wizard item in the Activity Bar as shown in Figure 5.35.
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Create Files =)

MNew Cverlay

Mew Project

MNew Calibration

Mew Van't Hoff Project
New Subcurve

Open Files @

Measurements (5)
Civerlays (1)
Projects (1)
Calibrations
Wan'f Hoff Project

Views ()

View Interaction Plot
View SPR Curves
View Data Points
iew History

Analysis Wizard
Calibration ".*J"lzg_n;

Conversion Tool
Modeling Wizard
Signal Processing
Wan't Hoff Wizard
Monte Carlo Wizard

Figure 5.35 — Launching the Analysis Wizard from the Activity Bar

The screenshot below (Figure 5.36) depicts the first step that is shown when the
Analysis Wizard is opened.
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Figure 5.36 — The Analysis Wizard

The following descriptions correspond to the numbers that appear in Figure 5.36.

1. Action Area — This region of the Analysis Wizard is where all the user
options and configurations take place. Each step in the wizard will
present a new panel.

2. Overlay Data — The Analysis Wizard uses the Overlay data from a
Project file. This graph will display the Overlay plots and eventually
will show only the region of the plots that is selected by the user to
analyze (section 5.3.3).

3. Graph Toolbar — The figure below depicts the tools that are available
for the Analysis Wizard dialog. The Plots toolbar option is not
available until the end of the Analysis Wizard process (see section
5.3.7).

Legend k Poinker ,..Jznnm Plots -
»  fAnalysis Plok
Residual Plak
Bokh Plots

Figure 5.37 — Analysis Wizard Toolbar

4. Navigation Buttons — To move step-by-step through the Analysis
Wizard use the Next button. To move to a previous step in the wizard
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use the Back button. To quit the wizard at anytime use the Cancel
button.

The following subsections provide a detailed overview of each step in the Analysis
Wizard.

5.3.1 — Selecting the Region to Analyze

The first step in the Analysis Wizard is to specify which type of analysis is to be
preformed. Figure 5.38 shows the first step of the wizard.

The available analysis options are:

e Association — Region in the Overlay where the analyte (injected sample)
combines with the immobilized ligand (sample on the gold disk) to form a
complex. This is the region in the graph that has a positive slope.

e Equilibrium — Region in the Overlay when there are no more ligand locations
remaining for the analyte bind with. This is the region in the graph where the
slope of the line approaches zero.

e Dissociation — Region in the Overlay where the analyte is removed from the
immobilized ligand. This region of the graph has a negative slope.

e Determine Concentrations — The concentrations of an overlay can be set
from a previously calculated Calibration curve (See Section 6 for creating
Calibration curves). Section 5.3.13 details how to apply a calibration curve to
an overlay to determine the concentrations.

Select the Region to Analyze

(*) Association
haze in the interaction plot which the analpte
ambines with the immobilized gand o form a
comples
) Equilibrium

Phaze in the interaction plat where the obzerved
rate of formation for the comples iz zero

) Dissociation
Phaze in the interaction plat where the analyte
iz removed from the immobilized ligand

O Determine Concentrations

Determine the concentrations in the owverlay by
applving a calibration file

Figure 5.38 — Select the Region to analyze
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Note

Equilibrium Analysis contains different steps in the Analysis Wizard. The
Equilibrium Analysis process is described in the following sections:

a.) 5.3.8

b.) 5.3.9

c.) 5.3.10

d) 5.3.11

e.) 5.3.12
Determine Concentrations contains different steps in the Analysis Wizard.
These steps are described in the following sections:

a.) 5.3.13

b.) 5.3.14

c.) 5.3.15
L d.) 5.3.16

5.3.2 — Specify the Concentrations

The second step of the Analysis Wizard is to specify the concentrations of the
interaction plots.

As shown in Figure 5.39, the concentration value is entered and the unit of the
concentration is specified.

Note

If the concentration of the interaction plot is for example 100 nM then enter in
100 and select the nM units. Do not enter 100e-9 unless the M unit is selected.
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Enter the Plot Concentrations

Concentration | Unit
KIN1O1 it hd
b i 20 M
rrit
KIN102 i
Differertial | 22 i
KINTO3 v
Differential | 22 ni
KIN104 v
Differential | 52 i
KIN1OS v
Differential | 120 ni

Figure 5.39 —Specifying the Concentrations

It is possible that the concentrations were already supplied before running the
Analysis Wizard. One such method to determine the concentrations is to run the
Analysis Wizard and select “Determine Concentrations” from a Calibration curve.
This process is detailed in section 5.3.13.

If the concentrations were determined from a Calibration curve, the user will get a
warning.

Warning: Equilibrium Analysis Using Calibration
r' You executing an Equilibrium Analysis where the concentrations were setfrom an equilibrium calibration curve.
) Y'g This analysis using calibration curves derived from Equilibrium will merely return the results in the Calibration analysis.
[ Daon't show this dislog again

Figure 5.40 -- Equilibrium concentration warning

Because the concentrations were determined from a Calibration curve, and the
calibration curve uses an equilibrium analysis (see section 6.1), running the
equilibrium analysis will simply return the same analysis from the calibration
analysis.

5.3.3 — Specifying the Start/End Times of the Analysis

The next step in the Analysis Wizard is to specify the start and end times for the type
of analysis region that was selected.

In general the following guidelines should be followed when selecting the start/end
times:
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e Association — The start time is the start of the positive sloped curve while the
end time is where the slope levels off towards zero.

e Equilibrium — Use the same starting point as Association and the end time will
be the time right before the slope changes to a negative value (this is the start
of Dissociation).

e Dissociation — The start value is the start of the region with a negative slope
while the end region is where the slope levels off to zero.

To select the start and end times the following instruction dialog will be presented to
the user.

L o

Instruction
r', There are two wavs to zetthe analvziz region:
4 "E

1. Select the startfend value that vou wizh to change and
trpe in the new value.

2. Select the startfend value that vou wizh to change and
uze the line tool to set the new value with the mousze.

[] Dar't shaw this dislog again

Figure 5.41 —Instructions for Selecting Start/End Times

This dialog (Figure 5.41) explains that there are two methods of setting the analysis
times. If you don’t require this message it can be removed from the wizard by clicking
the Don’t show this dialog again checkbox and clicking OK.

The first method is to manually enter the times. To enter a value, double-click the
desired cell and enter in the time. Figure 5.42 shows the end time for KIN101 Channel
1 being manually entered.

There are two Region Options to select on the dialog. The default, Same Region for
All Plots, will copy your entered time to all interaction plots. The Unique Regions
for Each Plot will allow the user to enter custom start/end times for each plot.
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Set the Region to Analyze

Start End

> Chawat 1313 (1500
g1 14313163000
a1 14313 183000
a1 14313 163000
a1 14313 183000

Figure 5.42 — Changing the End Point Manually

The second method to change the analysis times is to use the graph’s Line Tool to
visually set the times.

The steps to use this method are:

Click (single click) on the time that you wish to change

Click on the graph Line Tool (Line button in the toolbar) to activate it.
Drag the mouse pointer over the graph to select the desired time

Click (single click) to set the time

Figure 5.43 highlights the items that are used in this method.

Analysis Wizard - Step 3 of 7 p— @
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A End 350 [~ =
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1 ]
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Channel | 14279 163000
1 1
KIN103
Channel | 14279 1630.00
:
KIN104
Channel | 14279 1630.00
:
KIN105 ]
Channel | 14279 163000
-

Region Options
(%) Same Region for All Plots
() Unigue Regions for Each Flat

| g
=]

Show In{dR./dt) vs t

1 1 1 1
500 1000 1500 2000 2500

Help | <Back || Net> || Cancel

Figure 5.43 — Using the Line Tool to Select the Start Time
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It is possible to obtain additional information about the association starting point of
the curve. Selecting Unique Regions for Each Plot and Show In(dR/dt) vs. t will
overlay the logarithm of the derivative versus time, and can be useful to see mass
transport effects. This option is only available when unique regions are used for each
plot. The user has to set each starting and ending point for each plot. The overlay of
the derivative curve is shown in Figure 5.44.
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Figure 5.44 — Showing the derivative of the curve to aid in setting the Start Time

5.3.4 — Selecting the Analysis Method

The next step in the Analysis Wizard is to select the method that will be used for the
fitting of the data. Figure 5.45 depicts a screenshot of this step.

Note
This Analysis Wizard step is not required for Equilibrium Analysis.
For Equilibrium Analysis, skip to section 5.3.8.

The current Kinetic Evaluation application provides two analysis methods:

Integrated Rate Equation — These equations are pre-integrated before they are used
in the fitting routine. Due to this pre-integration step this model cannot handle
complex rate equations. The available integrated rate equations are Monophasic and
Biphasic. It is not possible for the user to create custom integrated rate equations.
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Numerical Modelling — This is a more complex method in which the rate equations
are integrated numerically during the fitting process. The benefit of having the rate
equation numerically integrated is that more complex models can be used. It is
possible for users to construct rate equations to use with the Numerical Modelling
method (see section 5.1 for more details).

Select the Analysis Method

) Integrated Rate Equation

Rate equations that are integrated before the
fitting process

) Numerical Modeling

Complex rate equations that are resolved by
numerical calzulations during the fitting process

Figure 5.45 — Selecting an Analysis Method

5.3.5 — Selecting the Model to Use

The next step in the Analysis Wizard is to specify which model to use. This step
differs depending on which analysis method was selected in previous step (see section
5.3.4).

Figure 5.46 is a screenshot of the models that are available for the Integrated Rate
Equation method. The model is specified by selecting it from the drop-down list. A
brief description is displayed for the currently selected model.

Select the Model to Use
tonophaszic w
tonophaszic
Biphaszic b

Simple 1:1 interaction model

Figure 5.46 — Selecting the Integrated Rate Equation

If you have selected Dissociation analysis, a third model option will appear,
Rebinding Monophasic, as shown in*Figure 5.47. This is a monophasic model that
incorporates terms related to rebinding .

“ See, for example, Schuck and Minton, “Analysis of Mass Transport-Limited Binding Kinetics in
Evanescent Wave Biosensors” Analytical Biochemistry 240, 262-272 (1996)
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For the fit to the monophasic rebinding model to converge, it is necessary for the user
to supply some input parameters, Bnax and Ka/Ky (see the Schuck and Minton paper
for definitions). Bmax can be determined from an equilibrium analysis, and if
equilibrium analyses have been performed, it can be imported from an opened
equilibrium analysis by using the combo selection box. The box is not shown if

equilibrium analyses have not been performed. Ka/Ky is typically a small number <<
1.

Select the Model to Use
RebindingManophasic w
Monophasic
Rebinding Manophasic
Biphasic an

additional rebinding correction.

For the fits to converge, you must
supply values for B{max) and
k{a)/k(tr). If you have run
equilibrium analyses, you can select
B(max) from one of those analyses.
Otherwise, an estimation of B{max)
is provided

Rebinding Parameters
Bimz<) from W

Bimax) 9.4266E+3
kaleftr)

Figure 5.47 — Selecting the Integrated Rate Equation

Selecting a model for the Numerical Analysis method is similar to the previous
process except the user can also load a custom model from disk.

The models in the drop-down list, as shown in Figure 5.48, are the models that are
located in the Autolab SPR Models folder (..\Autolab SPR\Models). When a model
is selected the model is displayed and the description of the model is shown.
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Select the hModel to Use
b onophaszic. kmd [*
Selected Model

Monophasic Model

kl:

Drezcription
Standard 1:1 interaction model

Figure 5.48 — Selecting the Numerical Analysis Method

To select a custom model use the Browse button to select a Kinetic Model
Description file (*.kmd).

If the selected model does not already exist in the standard modelling folder then a
prompt will be given to copy the selected model. Figure 5.49 shows this user prompt.

-,

Copy Selected Model

i The selecked model is not in the default model Folder
Do ol wish ko copy ik therey?

[ s l [ Mo

Figure 5.49 — Prompt to Copy a Model to the Default Model Folder

5.3.6 — Configuring and Fitting the Model

The next step in the Analysis Wizard is the configuration of the fitting parameters.

On first open of this step the information dialog, shown below, will be shown to
explain that for best results use the Test button to ensure that the initial parameters are
in range of the experimental data. In range means the model plots should be in the
same order of magnitude as the experimental data.

If you do not wish to see the information dialog the next time the wizard is run click
the Don’t show this dialog again checkbox.
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¥ o

Instruction

,f'-.___t In this step the actual takes place.

L
For best rezultz, the initial fitting parameters can be
plotted by preszing the Test button.

Cnce the initial values are cloze to the data plots, press
the Run button to start the fitting.

[] Don't show this dialog again

Figure 5.50 — Additional Instructions for Fitting Data

The configuration of the fitting parameters for the Integrate Rate Equation method
(see Figure 5.51) and the Numerical method (see Figure 5.52) are quite similar. The
difference between the two methods is that the Integrate Rate Equation method uses a
separate set of fitting parameters for each interaction plot while the Numerical
Modelling method uses one set of parameters for all plots.

Numerical Modelling uses the Global Analysis technique in which all of the plots are
fit at the same time to the same set of parameters values. The benefit of using global
analysis is that it ensures that the selected model does in fact fit to the experimental
data because the binding constants are the same in all interaction plots (only the
concentrations differ). The initial values of the parameters are shown in Figure 5.52.

Configure and Fit the Model

Flot #5 | Plat #4 | Plot #3 | Plat #2 || Plat #1
Include this plot

Chi Squared Chi
Mumber [terations ; [terations
Parameter Yalue Fixed
kg 0.0045 ]
E B2 BEYR F
R 0 |
[.ﬁ.dvanced... ] [ Test ] [ Fiun ]

Figure 5.51 — Integrated Rate Equation Parameters
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tonophasic Model
Chi Squared : Chi

Murnber [terations : [terations
Farameter " alue Fired
b 8359767 FI
k1 B.2837E+5 F
k-1 0.0007 F
Advanced... ] [ Test ] [ Run ]

Figure 5.52 — Numerical Analysis Parameters

In certain numerical models, such as mass transport, the forward and reverse rate
equations may need to be kept equal. The fit can be forced to fix one parameter equal
to the value of another parameter. This can be accomplished by setting the value of
the second parameter “=" sign and the name of the first parameter to which it should
be fixed. This is shown in Figure 5.53.

Al=p+B=AF
ChiSquared: 1.5276E+3
Mumber [terations ; 14
Farameter Walue Fixed
b a4 FORz2 .
k1 RONA3E+7 F
k-1 =k1 Fi
k2 1.6854E+6 Fi
k-2 00038 Fi
Advanced... ] [ Test ] [ Run ]

Figure 5.53 — Fixing a numerical fitting parameter

In this case, the fit will be evaluated with K-1 always having the whatever value the
fit finds for K1.

To start the fitting process, after the initial parameters have been tested, click the Run
button. During the fitting process the model plots (green lines) will be updated on the
graph for each successful improvement in fitting to the experimental data.

The Advanced button is used to configure the parameters of the fitting routine. The
Advanced Setting dialog, shown in Figure 5.54, consists of the following parameters.
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e Step Size — Step size between iteration
e Number Steps — Number of steps with defined step size
e Max. Iterations — Maximum number of iterations

Advanced Settings |

' WARNING: These parameter
Q settings are for advanced users

Step Size om
Mumber Steps : 10
M ax. [terations : 1000
Help l [ Cancel ] [ (] 8

Figure 5.54 — Advanced Fitting Parameters
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5.3.7 — Viewing the Analysis Summary

The last step of the Analysis Wizard is a summary of the process that was executed.

The figure below is a screenshot of the summary step for an Integrated Rate Equation
analysis. The final parameters for each interaction plot are listed as well as the final
modelling plot (green plots).

To copy this data to another application use the Copy to Clipboard button.

-

Analysis Wizard - Step 7 of 7 E]@]W

Summary Legend | M Pointer | ) Zoom | Plaks =
Region: Association A
Model: Monophasic

Method: Integrated Rate Equation

4
0.009 |- |
Monophasic Kinetic Parameters
ka [3.3£0.41E4
kd: [-4.6£29)E-4
0.008
Advanced Settings:
Step Size: 0.01 [~

KIN102 Differential | KIN| 4| #

Concentratior: 20nkd Start: 145 Stop: 2411.85
Chi Squared: 8852267 Mumber of [terations: 28 0.008
Parameters: 3 Data Points: 454
Reduced x"2: 1.9628

Ks

Parameter | Value | Enor Ks gots
ks 00016 37579E-6
E 217.5144 01854 01733
RI0) 11.22785 02012 07085 - 0.004
E+R(0) 2287419 02736
0.003
0.002
< >
Advanced Fit Details ] [ Copy to Clipboard 0.001 - i | | | i | | ]
2208 3208 4208 52-08 62-08 7208 82-08 92-08 1207
Concentration [M]
[ < Back ] [ Finizh ] [ Cancel

Figure 5.55 — Summary for the Integrated Rate Equation Fit
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Summary

Regon: Azsociation
kodel Monophasic Model
Method: Mumerncal Integration

Advanced Settings:
Step Size: 0.01
MHumnber af Stepz: 10
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{ Monophasic Model |

Start; 135 Stop: 900

Chi Squared: 3.7832E+4 Mumber af [terations: 9
Parameters: 4 Data Points; 766
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Parameter Walue Errar a}

b 3532540 02472
kal 5.9585E+4 533087 05703
kdl 0aooos  37357E-E 0813

Advanced Fit Detailz ] [ Copy ta Clipboard

Figure 5.56 — Summary for the Numerical Analysis Fit

Once fitting procedure has been completed it is possible to view the goodness of fit of
the model using a Residual plot. To view the Residual plot, click Plots=>Residual
from the Toolbar as shown in the figure below.

Legend kPDinter o~ Zoom | Plaks -
Analysis Plak
»  Residual Plok

Bokh Plots

Figure 5.57 — Displaying the Residual Plot

The Residual plot shows the difference between the model and experimental data. A
model that is a good fit will have a residual plot where all the data points are
randomly scattered around zero.

Figure 5.58 is a screen shot of a Residual plot for the example data. From this plot we
can see that the model selected does not fit the data. The next step would be to repeat
the analysis process with the Biphasic model.
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Figure 5.58 — Residual Plot

The following figure is of an analysis in which the model fits the experimental data
well. Notice that the residual plot in randomly scattered around zero.
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Legend k Pointer ))Zoom Flats =
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Ks 20001 O T ote? | 3
E 0.5000 O ‘o
] ok sibe 1
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o
o 1e-07 [ —
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ze07 |- 1
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(ome) [ JCmm ] | . :
3
407 [ 3
X ol L
-5e-07 [ 1
.
.
-5e-07 |- 1
L 1 I L 1 I 1 1 I
] 05 1 1.5 2 25 3 25 q 4.5 5
Time [g]
[ { Back ][ Nest > ] I Cancel

Figure 5.59 — Example of a Well Fitting Model

The summary data will be saved with the analysis and added to the Project once the
Close button on the wizard is clicked. The summary of the analysis will be still
available by clicking on the Main Menu View->Summary or by selecting the View
Summary option in the Activity Bar.
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5.3.8 — Equilibrium Analysis

Equilibrium analysis uses a number of different steps from either Association or
Dissociation analysis.

Note
This section is for Equilibrium Analysis Only.

5.3.9 — Equilibrium Analysis: Plots at Equilibrium

The first distinction follows immediately after setting the start and end points for the
plots. In step 4, each plot is fitted to see if it has reached equilibrium. First, a dialog
discussing the fit appears, as shown in Figure 5.60.

Info

i Click the "Fit” button to fit the equilibrium curves. The fit will determine which curves are with 1% of their fited maximum value.

‘You can change the thresheld value for considering fits at equilibrium in the textbox. You can choose to exclude curves by using the checkboxes after the fit is finished.

[[] Dont show this dialog again

Figure 5.60 — Dialog indicating a fit for equilibrium will occur

Once the dialog is dismissed, the user has the option to test each plot to determine if it
is at equilibrium. The data table first shows the maximum value of R¢q determined
from the data. The maximum value as estimated from a fit is not yet shown. To fit the
data, click on the Fit button. This is shown in Figure 5.61. Each curve will be
considered at equilibrium if:

e Its maximum value from the data and from the fit are within the threshold

value (in Figure 5.61, that is 1%),

e Orthe maximum value from the data is greater than the fit maximum value.

The fit threshold can be changed in the text box if necessary.
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Set Plots Not At Equilibrium

o | | Notat

Data | Fitting Equilibri
P KIN1D1 Channel 1 25725 | — ]
KIN102 Channel 1 |287.34 | — O
KIN103 Channel 1 32224 | — ]
KIN104 Channel 1 33715 | — ]
KIN105 Channel 1 35815 | — ]

Threshold to consider curve at equilibrium

0.01 Fit [

Figure 5.61 — Table of equilibrium plots before fitting for equilibrium

Once the Fit button is clicked, each curve will be fit for equilibrium and the results
presented, as shown in Figure 5.62. In the figure, the maximum from the fit is shown
in the column next to data column. If the fit indicates that the plot is not at
equilibrium, the Not at Equilibrium checkbox will automatically be checked. This is
shown in the area marked 1 in Figure 5.62.

Furthermore, the extrapolated fits will be shown in the area marked 2 in Figure 5.62.
This is shown to aid the user in deciding the goodness of fit. If the user believes the
plot is not at equilibrium, the user can check the Not at Equilibrium checkbox to use
the value from the fit instead of the value from the data.
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Figure 5.62 — Equilibrium via extrapolation

5.3.10 — Equilibrium Analysis: Outlier Analysis

Step 5 of an Equilibrium analysis will attempt to identify outlier points on the
equilibrium plot. Outliers are identified by using a Lorentz fit as described in the
paper by Motulsky and Brown. Standard fitting techniques assume that the data
points are Gaussian distributed around the true values. The Gaussian distribution has
large “tails” and the fits are pulled by these tails to towards outliers. The Lorentz
fitting technique replaces the assumption that the data points are Gaussian distributed
with the assumption that the data points are Lorentz distributed. Because the Lorentz
distribution has narrower “tails,” it is not affected by outliers to the degree that the
Gaussian fit is. This technique allows for more robust identification of Outliers.

On entry into Step 5, a dialog box is shown that indicates if the Lorentz fit identified
any outliers. This dialog is shown in Figure 5.63.

“ Motulsky and Brown, “Detecting outliers when fitting data with nonlinear regression — a new method
based on robust nonlinear regression and the false discovery rate”, BMC Bioinformatics, 7:123 (2006)
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-~

QOutlier Analysis

\]::J The Lorentz fit indicates no outliers

[ ] Don't show this dialog again

Figure 5.63 — Dialog box indicating the presence or absence of outliers

Figure 5.64 shows the results of the outlier analysis. The blue curve shows the fit
using the Lorentz analysis. The red curve is the standard Gaussian fit. In the figure,
the two curves are nearly identical, indicating that although the second data point
might appear to be an outlier, it is not.

Analysis Wizard - Step 5 of 7 o0&y
Legend ‘ k Painter |,J Zoom
Set Plots to Exclude from Final Fit T T T T T T T
Exclude 350 [ hd u
e 0 MO TOOOE OO L. RENER I
»  KIN101 Channel 1 | AT
KIN102 Channel 1 O 300 | 1
KIN103 Charnel 1 O i
KIN104 Channel 1 O 250 ]
KIN105 Channel 1 L]
= 200 -
E fl
=
& |
150 1 -
|
100 -
50 e -
0w ]
1 1 1 1 Il 1 1 1
] 1e-07 2e-07 3e-07 4e-07 5e-07 Ge-07 Te-07 8e-07
Concentration [M]
Help [ <Back || Nea> [ Cancdl |

Figure 5.64 — Outlier analysis showing the Lorentz fit (blue) and the standard Gaussian fit (red)

The table on the left allows the users to manually exclude data points that the user
believes are outliers. When a data point is excluded, the Lorentz curve (blue) remains
the same, while the Gaussian fit (red) is updated to ignore the excluded points. Figure
5.65 shows the plot with two excluded points (the red “X” data points).
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Figure 5.65 — Outlier analysis with two excluded data points

5.3.11 — Equilibrium Analysis: Analysis

The last two steps of the Equilibrium Analysis do not require user interaction. Once
the concentrations and start/end times are configured a Response at Equilibrium (Regq)
vs. Concentration graph will be plotted.

By nonlinear fitting of the data in the Req vs. Concentration graph, as shown in Figure
5.66, the affinity constant (Kp) and Bmax Values can be determined.
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Figure 5.66 — Equilibrium Analysis

The user can modify the results of the fit by making a depletion correction”. The
depletion correction depends on the analyte molecular weight and the volume of the
analyte in the Autolab SPR. By default, the analyte volume is 60 pl for the Autolab
SPR. The effect of the depletion correction is shown in Figure 5.67. Here, a depletion
correction was applied that changed both Kp and Bpax.

The standard way to apply a depletion correction is to first adjust all of the
concentrations according to the formula:

SR
AR = [l = 7

where S is the device surface area, a is the calibration constant, M, is the analyte
molecular weight and V is the analyte volume.

However, this would involve modifying the measured data. Instead, KE uses the fully
integrated equilibrium equation®

1
Req = ﬁ{([AO] + Rmax B + KD) - \/([AO] + Rmax B + KD)Z - 4‘[AO]Rmax .B}

S
ﬁ_aMAV

“ See, for example, de Mol, N.J and Fischer, M.J.E, “Kinetic and Thermodynamic Analysis of Ligand-
Receptor Interactions: SPR Applications in Drug Development” Handbook of Surface Plasmon
Resonance. Ed. Richard B.M. Schasfoort and Anna J. Tudos. Cambridge: RCS Publishing, 2008. 123-
172

" See equation 23 of Edwards, P.R., et al, “Second-Order Kinetic Analysis of 1Asys Biosensor Data: Its
Use and Applicability” Anal Biochem, 263, 1-12 (1998).
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Figure 5.67 — Equilibrium analysis after applying a depletion correction

5.3.12 — Equilibrium Summary

The last step in the Equilibrium Analysis is the summary.

Note
This section is for Equilibrium Analysis Only.

The Equilibrium Analysis summary step, as shown in the figure below, shows the
fitted data on the Req vs. Concentration graph and the data points used to construct the
graph. The affinity constant (Kp) and the Bnax Value are also presented.

The data on the summary step can be transferred to another application by clicking the
Copy to Clipboard button.
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Figure 5.68 — Equilibrium Summary

The summary data will be saved with the analysis and added to the Project once the
Close button on the wizard is clicked. The summary of the analysis will be still
available by clicking on the Main Menu View->Summary or by selecting the

View Summary option in the Activity Bar

5.3.13 — Determine Concentrations

The analysis wizard can be used to set the concentrations of a set of measurements by
applying a concentration Calibration curve. Creating a Calibration curve is described
in Section 6.

To calculate the concentrations for a set of measurements from a Calibration, select

“Determine Concentrations” on the first panel of the Analysis Wizard, as shown in
Figure 5.69.



Autolab SPR — KE User manual

Select the Region to Analyze

O Association
FPhaze in the interaction plat which the analyte
combines with the immobilized ligand to form a
complex

O Equilibrium

Phase in the interaction plat where the observed
rate of farmation for the complex iz zera

© Dissociation
Phase in the interaction plat where the analpte
iz remaved from the immobilized ligand

® Determine Concentrations

Determing the concentrations in the overlay by
applving a calibration file

99

Figure 5.69 — Select Determine Concentrations

The analysis wizard will proceed in four steps. Each step is similar to a step in the
Equilibrium analysis, but the steps occur in a different order. Because setting the
concentrations from a calibration curve uses an equilibrium analysis, the user should
not use this method to set the concentrations if they then want to perform an
equilibrium analysis (see section 5.3.2). Doing so will simply return the equilibrium
analysis that was initially used to create the calibration curve.

5.3.14 — Setting the Region to Analyze for Determining the Concentrations

The concentrations are determined by fitting each of the measurements via an
equilibrium analysis. Therefore the next step is to set the region to fit, as shown in

Figure 5.70
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Figure 5.70 — Set the Start/End points for determining the concentrations

5.3.15 — Determine plots not at equilibrium
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The next step is to determine which plots are not at equilibrium. By clicking the “Fit”
button as shown in Figure 5.71, the plots will be fit to a set of equilibrium curves.
However, it is not required to try to determine if the curves are at equilibrium; if the
“Max from Data” valid, the user can elect to continue to the next step by clicking the
“Next” button.
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Figure 5.71 -- Apply Equilibrium fit to data

If the user decides to fit the plots, the plot panel will show the data along with a
regression curve, as shown in Figure 5.72.
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Figure 5.72 -- After Equilibrium fit

Similar as was shown in the Equilibrium Analysis (Figure 5.62), the “Determine
Calibrations” analysis will show plots not at equilibrium. The Not at Equilibrium
checkbox will automatically be checked. This is shown in the area marked 1 in Figure
5.72. Furthermore, the extrapolated fits will be shown in the area marked 2 in Figure
5.72. This is shown to aid the user in deciding the goodness of fit. If the user believes
the plot is not at equilibrium, the user can check the Not at Equilibrium checkbox to
use the value from the fit instead of the value from the data. In Figure 5.72, only
“KIN101 Differential” (the red plot) is considered to be Not at Equilibrium.
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5.3.16 — Apply the Calibration file

The final step of determining the concentrations is to apply the calibration curve to the

equilibrium data. This process is shown starting in Figure 5.73.
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Figure 5.73 -- Applying the Calibration curve

Initially, the user must select a calibration to use to calculate the concentrations. The
user can select to use
e A Calibration file (.kcf) loaded from disk, as shown in the circled “Browse”
button
e A previously loaded Calibration, which will be shown in the “Use existing
calibration” combo-box.

Once a calibration is selected, the calculation can be executed, as shown in the circled
“Execute” button in Figure 5.74.
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Figure 5.74 -- Loading a Calibration File in preparation to execute the calibration

Once the concentration calculation is completed, the calculated concentrations will be
shown in the table (circled in Figure 5.75). In addition, the calibration curve will be
shown, with blue data points for the original calibration curve data, and pink points
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for the calculated concentrations. This plot is shown in more detail in Figure 5.76
after the “Legend” button in the Toolbar was pressed.
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Figure 5.75 -- Calibration after calculating the concentrations
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Figure 5.76 -- Concentration curve showing the calculated concentrations after the “Legend”
button was pressed

It is possible that a given calibration curve cannot be applied to the current data. This
situation can occur when the Requiiibrium Of the extrapolated data from Step 3 is greater
than the Bwax Of the calibration curve. In this case, the warning dialog shown in Figure
5.77 will appear.
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Figure 5.77 -- Warning for invalid concentration calculation

This inconsistency is shown in Figure 5.78. The Requitibrium for “KIN105” is 357.41,
which exceeds the Byax 0f the calibration curve (which is roughly 340). In this case, it
is not possible to calculate a concentration for “KIN105”, and that entry is empty in

the table.
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Figure 5.78 -- Missing concentration

At this point, the user should load a different calibration curve and execute a new

concentration calculation.
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6 — Calibration Analysis

Calibration analysis is a special kind of equilibrium analysis. It is used to derive a
calibration curve that can be applied to Association or Dissociation measurements to
determine the concentration values.

6.1 — New Calibrations

To begin a calibration, select New Calibration, either from the activity bar as shown
in Figure 6.1, or from the File menu. This will start the process to create a new
calibration project.

Creaie Files @

Mew Overlay

Mew Project

Mew Calibration

Mew Van't Hoff @jm
Mew Subcurve

Open Files @

Measurements
COwverlays (1)
Projects
Calibrations
Wan'f Hoff Project

Figure 6.1 — Creating a calibration project

Once the New Calibration is selected, the Calibration Builder dialog box is shown.
The Calibration builder is shown in Figure 6.2. Just like in the Project builder, the
user can select to add either an opened overlay file, or to import an overlay from a file
on disk.
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Create New Calibration

(%) Import an opened Oveday file |O'u'eda'_.r1 kod [v]

) Import an Overday file from Disk

Browse...

OK || Cancel

6.2 — The Calibration Wizard

Figure 6.2 — The Calibration Builder dialog.

Once the Calibration Builder is completed, a new calibration project is created. This
project is shown in Figure 6.3 and it is very similar to a default project. However, only
Signal Processing and the Calibration Wizard are available for calibration projects.
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Figure 6.3 — A newly created calibration project

To launch the Calibration Wizard, select Calibration Wizard from the Activity bar

as shown in Figure 6.4.
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Analysis @)

Calibration Wiza r@'

Signal Processing

Figure 6.4 — Launching the Calibration Wizard from the Activity bar

The Calibration Wizard is similar to the Analysis Wizard (see section 5.3) but it only
runs a simplified equilibrium analysis.

6.3 — Specifying the Concentrations

As with the Equilibrium analysis, the first step is to set the concentrations, as shown
in Figure 6.5.

Calibration Wizard E]@
Enter the Plot Concentrations Legend | K Fointer | j) Zoom
Concentration | Unit T T T T
KIN102 [v] E £l
Channel 1 2 i 350
e |
FIN101 ¥
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Channel1 | 200 ni 250 [ ]
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Channel1 | 400 i E200f .
2
KIMN105 =
, Chatnel 1 500 § 150 | =
@
i3
100 — A
50 —
0pFp— F\-
=
1 1 1 1 1
500 1000 1500 2000 2500
Time [s]

Figure 6.5 — Plot Concentrations for the Calibration Wizard

6.4 — Specifying the Start/End Times of the Analysis

Step 2 is to set the plot ranges, as shown in Figure 6.6. This procedure is the same as
procedure for a regular analysis.
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Figure 6.6 — Setting the plot ranges for a Calibration project

6.5 — Extrapolation to Equilibrium

Step 3, as shown in Figure 6.7, determines any plots that are not at equilibrium by
fitting the data. The fit is accomplished by pressing the Fit button. Any plots not at
equilibrium will be checked in the Not at Equilibrium column. The fit extrapolations
are shown in the plot area.
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Figure 6.7 — Equilibrium extrapolation for a Calibration project

6.6 — Outlier Analysis

The calibration analysis looks for outliers in exactly the same way that the
Equilibrium analysis looks for outliers, using the Lorentz fit. The outlier analysis is
shown in Figure 6.8.
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Figure 6.8 — Outlier analysis for a Calibration project
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6.7 — Equilibrium Fit

Step 4 is the Equilibrium fit for the Calibration project. Figure 6.9 shows the fit to the
data.

-

Calibration Wizard - Step 5 of 6 E]@“

Equilibrium Analysis Legend || K Painter | J) Zoom
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Change Device Settings 1 1 | L L
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[ < Back ][ Mest > ][ Cancel

Figure 6.9 — The Equilibrium analysis for a Calibration

6.8 — Summary

Figure 6.10 shows the summary for the Calibration analysis, with the fit values for
Bmax and Kp. These values can be extracted to the clipboard if necessary.
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Figure 6.10 — Summary of a Calibration Analysis

Figure 6.11 shows the Calibration project in the main KE window. In the right panel
is the project navigator; here we have a Calibration file with the extension .kcf, the
overlay from which the calibration was derived, and the one calibration analysis under

the node Calibration.
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Figure 6.11 — A Calibration Project with one Calibration Analysis
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6.9 — Using Calibration Files

As discussed in section 5.3.2, one can use calibration files saved to a .kcf file to set
the concentrations of an Association or Dissociation analysis.
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7 — Van’t Hoff Analysis Wizard

7.1 — Introduction

Van’t Hoff analysis is a technique that links changes in the affinity constant (Ka) with
respect to temperature to the thermodynamic properties AH, AS and AC, (Delta
Enthalpy, Delta Entropy and Delta Heat Capacity).

The integrated Van’t Hoff equation is:

nk, ST 480 _AC, HT —T°j_ In(lﬂ (Equation 7.1)
RT R R T To

In Equation 7.1 the logarithm of the affinity constant is related to (1/T) and the
constants AH°, AS° and AC,, where each constant is evaluated at a reference
temperature T° (typically 25° C). Since there are three free parameters, at least four
measurements of Kp at different temperatures are required to over —constrain the three
fitted constants. This requirement means that the user should measure Req versus Time
for five concentrations, at four separate temperatures (typically in the range 10° — 40°
C), for a total of at least 20 measurements.

7.2 — Creating a Van’t Hoff Project

A Van’t Hoff Project is created through the New Project builder. Select New Project
from the Activity bar, or File 2New Project (Including Van't Hoff Projects) ... from
the File Menu. These actions will launch the New Project builder, as shown in Figure
7.1

Project Builder ]
Create New Project

) Import an opened Oveday file

() Impart an Overay file from Disk
Browse...

(%) Create New Van' Hoff Project

Help oK || cancel

Figure 7.1 — The New Project builder with the Van’t Hoff option selected.

Select the Create New Van’t Hoff Project radio button and click OK. This action
will launch the Overlay importer.
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7.3 — Importing Overlays

The Van’t Hoff analysis requires at least four overlays. Each overlay corresponds to
multiple measurements (each taken at different concentrations), with each set of
overlay measurements taken at the same temperature.

The Van’t Hoff Project Builder is shown in Figure 7.2. The Van’t Hoff Project
Builder will allow the user to import multiple Overlay files. These overlay files will
either be already open in KE (as shown in the figure), or can be imported from disk.
Van’t Hoff Projects are the only projects that allow multiple overlay files to be added
to the same project file.

Van't Hoff Project Builder =
Select the overlays to add to the project

Wan't Hoff Analysis requires at least 4 overdays

Impart an overday from Disk

Add ..
|se in Vant Hoff Project

P Oveday_temp_1
Cweray_temp_2
Cwerday_temp_3
Owerday_temp_4
Cwerday_temp_5

Hep | [ Check Al oK || Ccancel

Figure 7.2 — The Van’t Hoff Project Builder, used to import multiple overlay files to a Van’t Hoff
Project.

Once the overlay files are selected, the user can import the overlay files into the Van’t
Hoff project by clicking OK. The Van’t Hoff project will then be displayed in the
main KE window. The Project Navigator shows the new Van’t Hoff project
(VantHoffProjectl.kvf) with the five imported overlays. Each overlay corresponds to
measurements taken at a single temperature. The Van’t Hoff project is the only
project type where multiple overlay files can be imported into one project.
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Figure 7.3 — The Van’t Hoff Project in the main KE window.

At this point, one could execute Signal Processing on each of the overlay files, if
necessary. Signal Processing is discussed in Section 5.2.

7.4 — Saving and Loading Van’t Hoff Projects

Van’t Hoff Projects are saved with a .kvf file extension. These project files can be
loaded from the Open Files Activity bar by selecting Projects or from

File 2Open 2Project (including Van't Hoff Projects)... By default, the Open file
dialog will default to regular Project files with a .kpf file extension. The user can
change this to the .kvf file extension as shown in Figure 7.4 to load Van’t Hoff Project
files.
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Figure 7.4 — Selecting Van’t Hoff Project Files (*.kvf) to load in the Open File dialog.

7.5 — Van’t Hoff Equilibrium Analysis

The Van’t Hoff analysis uses affinity data in the calculation. To provide the affinity
information, each Overlay file must go through an Equilibrium analysis using the

Analysis Wizard, as discussed in Section 5.3.8.

To launch the Analysis Wizard, select it from the Activity Bar, as shown in Figure

7.5.

Analysiz

®

Analysis ‘.*ﬁzard{b

Maodeling \Wizard
Signal Processing
Wan't Hoff Whzard

Figure 7.5 — Selecting the “Analysis Wizard”
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This action will launch the Analysis Wizard, which is discussed in detail in Section
5.3. There is one significant difference between a default Analysis and one in the
Van’t Hoff project. Because the user can import multiple overlay files in a Van’t Hoff
analysis, the first panel of the Analysis wizard will allow the user to select the overlay
to analyze from a drop-down combo box, as shown in Figure 7.6.

Analysis Wizard - Step 1 of 7 ][5
Legend k Pointer 3.) Zoom
Select the Analysis to Launch T T T T T

@ New Analysis
Create a new analysis for the selected project

Owveray_temp_1 kod ] 50

Overay_temp_1kod

L3

Response [m"]

w
=1

20

10

1 1 1 1
500 1000 1500 2000 2500
Time [s]

=

Figure 7.6 — Selecting the overlay for a new analysis in a Van’t Hoff Project

For the second and subsequent analyses, the wizard will either allow the user to create
a new analysis from a selected overlay file, or to open a previously-created analysis,
as shown in Figure 7.7.
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Figure 7.7 — Selecting to either create a new analysis or open an existing analysis in a Van’t Hoff
Project.

The equilibrium analysis process must be repeated for each overlay file in the Van’t
Hoff Project file. Figure 7.8 shows the results for the project after this process is
complete. There are seven overlay files and seven equilibrium analyses.
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Figure 7.8 — The Van’t Hoff Project in the main KE window after all the equilibrium analyses are
complete. The project navigator shows seven overlay files and seven analyses.
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7.6 — Van’t Hoff Analysis Wizard

Once the requisite equilibrium analyses are completed, the user can launch the Van’t
Hoff Wizard, by selecting Van’t Hoff Wizard from the Activity bar. This is shown in
Figure 7.9.

Analysis @

Analysis Wizard

Modeling \wizard
Signal Processing
Wan't Hoff ".*ﬁzard{b

Figure 7.9 — Launching the Van’t Hoff Wizard from the Activity bar.

Step 1 of the Van’t Hoff Wizard is to select the Ka fits that will be used in the Van’t
Hoff Analysis. Figure 7.10 shows the first panel of the Van’t Hoff Wizard. On the left
is a table of the Equilibrium Analyses. The first column of the table shows the
temperature of measurement.

The temperature is the average of the temperature measurements in each of the
measurement in the given overlay. If the standard deviation of the temperature
average is greater than the Temperature Variation Threshold, the analysis will not be
used by default. This means that the Include column will be unchecked.
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Figure 7.10 — Initial panel of Van’t Hoff Wizard.

121

If the user adjusts the Temperature Variation Threshold, the wizard will automatically
exclude measurements whose standard deviation is larger than the threshold. In Figure
7.11, the threshold has been set to an arbitrary low number, and all the analyses have

been automatically excluded.

Van't Hoff Analysis Wizard E]@
Legend k Painter ,.)Zoom E:ESeIect E Line
Select Analyses for Van't
Hoff Analysis T T T T T T T
b -
Temperat.
rcl Include
Equilibrium 1 37.408 ... O -
Equilibrium2 34542 . O
Equilibrium3 25.880 ... O 3
Equilibriumé4 25,357 .. O
»  Equilibrium5 20.968 ... [] =
Equibiumé 16705 | [] 2 ]
£
Equilibrium7 12564 | O 2
§ J
G;Qre Variation Threshold
0.000
25
1 1 1 1 1 I 1 1
1e-07 2e-07 3e-07 4e-07 5e-07 6e-07 7e-07 8e-07
Time [5]

Figure 7.11 — Adjusting the Temperature Variation Threshold may exclude overlays whose
temperature standard deviation shows too much variation.

Because the Van’t Hoff Analysis requires four K data points to over-constrain the
three constants in the fit, if the user includes less than four analyses, the Next button

will be disabled, as shown in Figure 7.12.
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Figure 7.12 — Van’t Hoff analysis requires four equilibrium analyses. Including less than four will
disable the “Next” button.

Step 2 of the Van’t Hoff analysis is to do the actual fit. Click on the Next button to
show the second panel of the Van’t Hoff Wizard. This panel is shown in Figure 7.12.

The results of K versus (1/T) are plotted in the graph window. The results for the fit
to Equation 7.1 are shown in the summary area. The results for AH°, AS° and AC,, as
evaluated at the reference temperature T°, can be copied to the clipboard for
importing into other programs.
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Figure 7.12 — The results of the Van’t Hoff Analysis.

Once the analysis is complete, the Van’t Hoff Project can be saved.
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8 — Monte Carlo Wizard

8.1 — Introduction

Monte Carlo is a technique that uses pseudo-random numbers to vary the fit. This
technique is used to cross-check the results of the fit for consistency, and also to
validate the error estimates for the fit.

Under the Monte Carlo technique, the fit is run multiple times under differing
conditions. The result of each “run” of the fit is then compared to the original fit.

Kinetic Evaluation has a Monte Carlo Wizard that can generate two types of Monte
Carlo simulations:

1. Vary initial parameters: for each run of the Monte Carlo, the starting points of
the fit are varied by a percentage fraction of the fit values. The fits are then
tested to see if the fit converges to the same final fit values.

2. Add noise to the data: for each run of the fit, a random amount of “noise” is
added to each data point. Because the data is modified, the fit will typically
converge to a different result. However, the average value of all of the Monte
Carlo fits should be consistent with the original fit value.

8.2 — Running the Monte Carlo Wizard

To run the Monte Carlo wizard, select an existing analysis within a project. Select
“Monte Carlo Wizard”.
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8.1- Selecting the Monte Carlo Wizard

Selecting “Monte Carlo Wizard” will launch the Monte Carlo Wizard.
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8.2 — The Monte Carlo Wizard

The wizard has the two options discussed above. Each of these options will be
discussed below in the following sections. One feature common to both types of
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Monte Carlo runs is the number of runs that will be executed for the Monte Carlo. The
default number of runs for integrated equations is 100. For numerically integrated
equations, the default is 25. The numerically integrated equations use a lower default
as they are more computationally intensive. The user can change the default number
of runs.

8.2.1 Monte Carlo Analysis of Numerically Integrated Fits

If the user has selected a Monte Carlo analysis of a fit that uses numerical integration,
they will see an initial warning:

N,

Numerical Integration Monte Carlo @

3 | Monte Carlo runs based on numerically integrated fits
1 2
< can take longer than those based on integrated models.
Chose the number of iterations appropriately.

[[] Don't show this dialog again

Figure 8.3 — Numerical Integration warning

If the original fit was run against a numerical model that cannot be found by KE, the
user will see this warning

Cannot Find Model

'E This analysis was created using a numerical integration model.
.

KE cannot find the numerical integration model " used to create this fit,

The Monte Carlo analysis cannot continue.

Figure 8.4 — Cannot find model

The Monte Carlo wizard cannot continue. The user should refit the data using the
Analysis wizard before attempting to use the Monte Carlo wizard.

8.3 — Run the Monte Carlo

The second panel of the Monte Carlo wizard is shown in Figure 8.5. The Wizard

shows one histogram for each parameter in the fit. In this example, there are three
floated parameters in the fit, Ks, E and R(0). For each run of the Monte Carlo, an
entry will be added to the histogram for each parameter.

The table on the left shows one tab for each plot that is fit. In the table are listed the
three parameters of the fit, along with the original fit value, the average of all Monte
Carlo runs, and the standard deviation of the Monte Carlo runs.
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Once the user clicks the “Start” button, the Monte Carlo will commence.
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Figure 8.5 — Start of running the Monte Carlo

Once the user clicks “Start” the Monte Carlo runs begin. There is a progress bar that
indicates the number of completed runs. While the Monte Carlo is running, all buttons
except the “Stop” button are disabled.

As the runs progress, the table of the Monte Carlo average and standard deviation are
updated. The histograms also update as a Monte Carlo run is completed. This progress

is shown in Figure 8.6.
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Monte Carlo Analysis Wizard - Step 2 of 3
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Figure 8.6 — The Monte Carlo wizard when the Monte Carlo is running

Figure 8.7 shows the second panel of the Wizard when all runs of the Monte Carlo
have finished. A Gaussian plot with the average and standard deviation of the
parameter values is overlaid on each histogram.
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Figure 8.7 — The Monte Carlo run completed
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8.3.1 — Vary the Start Parameters

The first option for the Monte Carlo is to vary the starting point of the fit. In this
option, the parameters that are used as starting points for the fit are varied by the
specified percentage (although they are not varied negative). The fits are then run to
determine if the final parameters that are determined from the fit are the same as from
the original fit.

This technique allows the user to determine if the original fit found a “local
minimum” of the fit, or if the original fit converged to an absolute minimum. If all of
the varied parameter runs end up converging to the same set of final parameters, the
user has confidence that the reported parameters are the best fit for the given model. It
is important to realize that the presence of only one set of final parameters does not
mean that the chosen model is a good fit to the data. It only means that there is one set
of parameters that work for that model.

This technique is not a true Monte Carlo because the actual data is not modified.

8.3.2 — Add Noise to the Data.

The second option for the Monte Carlo is to use a random number generator to add a
random amount of noise to the actual data. Here the data points are changed. The
noise is selected from a Gaussian distribution with a standard deviation equal to the
“noise” factor input by the user.

Figure 8.8 shows the result of a “noise” Monte Carlo where 10 millidegrees of noise
was added to the data. The fits show that the Monte Carlo average is very similar to
the original fit values. The standard deviation of the Monte Carlo values is larger than
the estimated uncertainties on the original fit due to the addition of the 10 millidegrees
of noise in the data.
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Monte Carlo Analysis Wizard - Step 2 of 3
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Figure 8.8 — Monte Carlo results for ""noise"" fit

8.4 — Monte Carlo Summary

The final panel of the Monte Carlo wizard (shown in Figure 8.9) summarizes the

Monte Carlo run.
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Figure 8.9 — Monte Carlo Summary Panel
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The user can copy the results of the Monte Carlo runs to the clipboard. These results
can be pasted into a text editing program or a spreadsheet such as Microsoft Excel.
The summary will show the Chi Squared for each run of the fit, and the parameter
values.
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Figure 8.10 — ""Copy to Clipboard" results
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