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1 Introduction

1 Introduction

Introduction

This chapter contains important user information, description of safety notices, reference
for regulatory information, intended use of the MicroCal iTC,q, system, a lists of associ-
ated documentation.

In this chapter

This chapter contains the following sections:

Section See page
1.1 Important user information 8
1.2 About this manual 10
1.3 Regulatory information 11
1.4 Associated documentation 12
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1 Introduction
1.1 Important user information

1.1  Important user information

Read this before operating
MicroCal iTCyqq

All users must read the entire Operating Instructions before installing, operating, or
maintaining the instrument. Always keep the Operating Instructions at hand when op-
erating MicroCal iTC .

Do not operate MicroCal iTC,q, in any other way than described in the user documenta-
tion. If you do, you may be exposed to hazards that can lead to personal injury, and you
may cause damage to the equipment.

Intended use

MicroCaliTC,qq is anisothermal titration calorimeter designed for biomolecular interaction
studies in research applications.

MicroCal iTCyqq is intended for research use only, and shall not be used in any clinical
procedures, or for diagnostic purposes.

Prerequisites

In order to operate the system in the way it is intended, the following prerequisites must
be fulfilled:

* Youshould have a general understanding of the use of a personal computer running
Microsoft™ Windows™ in the version provided with your product.

* You should understand the concepts of isothermal titration calorimetry.

* You must read and understand the Safety Instructions as outlined in
MicroCal iTC,p, Operating Instructions.

¢ Theinstrument and software must be installed, configured and calibrated as outlined
in MicroCal iTC,,q Operating Instructions by Malvern Instruments personnel.

8 MicroCal iTC200 System User Manual MAN0O560



1 Introduction
1.1 Important user information

Safety notices

This user documentation contains WARNINGS, CAUTIONS and NOTICES concerning the
safe use of the product with meanings as defined below.

Warnings

WARNING

WARNING indicates a hazardous situation which, if not avoided,
could resultin death or serious injury. It is important not to proceed
until all stated conditions are met and clearly understood.

Cautions

CAUTION

CAUTION indicates a hazardous situation which, if not avoided,
could result in minor or moderate injury. It is important not to pro-
ceed until all stated conditions are met and clearly understood.

Notices

NOTICE
° NOTICE indicates instructions that must be followed to avoid

damage to the product or other equipment.

Notes and tips
Note: A Note is used to indicate information that is important for trouble-free and
optimal use of the product.
Tip: A'tip contains useful information that can improve or optimize your procedures.

MicroCal iTC200 System User Manual MAN0O560 9



1 Introduction
1.2 About this manual

1.2  About this manual

Purpose of the user manual

This user manual provides instructions needed to run MicroCal iTC,q, and to analyze
isothermal titration calorimetry (ITC) data. This user manual is a complement to
MicroCal iTC,y, Operating Instructions.

Typographical conventions

Software items are identified in the text by bold italic text. A colon separates menu levels,
thus File:Open refers to the Open command in the File menu.

Hardware items are identified in the text by bold text (e.g., Power switch).

Text entries that MicroCal iTC,, software generates or that the user must type are rep-
resented by a monotype typeface (e.g., C: \ Ori gi n70\ Sanpl es).

10 MicroCal iTC200 System User Manual MAN0O560



1 Introduction
1.3 Regulatory information

1.3 Regulatory information

For regulatory information regarding MicroCal iTC,q, refer to MicroCal iTC,, Operating
Instructions.

MicroCal iTC200 System User Manual MAN0O560 11



1 Introduction
1.4 Associated documentation

1.4  Associated documentation

Introduction

This section lists the user documentation that is delivered with MicroCal iTC,4, and related
literature that can be downloaded or ordered from Malvern Instruments.

User documentation

The user documentation for MicroCal iTC,q consists of:
* MicroCal iTC,, Operating Instructions

e MicroCal iTC,oy User Manual (this manual)

Related literature

Additional downloadable material can be found at; www.malvern.com/microcal

12 MicroCal iTC200 System User Manual MAN0O560



2 MicroCal iTCyqq

2 MicroCaliTCyqq

Introduction

This section gives an overview of ITC and the MicroCal iTC,, system.

In this chapter

This chapter contains the following sections:

Section See page
2.1 Overview of an isothermal titration calorimeter 14
2.2 Description of MicroCal iTC,qq 18

MicroCal iTC200 System User Manual MAN0O560 13



2 MicroCaliTCyqq
2.1 Overview of an isothermal titration calorimeter

2.1  Overview of an isothermal titration calorimeter

Introduction

Isothermal Titration Calorimeters (ITC) measure the heat change that occurs when two
substances interact. Heat is liberated or absorbed as a result of the redistribution of
noncovalent bonds, for example, when the interacting molecules go from the free to the
bound state.

An ITC mixes the binding partners and monitors these heat changes by measuring the
power required to maintain zero temperature difference between the reference and
sample cells (see Main components of an ITC, on page 15).

The reference cell usually contains water, which has the same heat capacity as most of
the sample buffers. The sample cell contains:

¢ one of the binding partners (often, but not necessarily a macromolecule), and

e astirring syringe, which holds the other binding partner (often, but not necessarily
a ligand).

Procedure

Typically, the ligand is injected into the sample cell, in 2 to 3 pl aliquots, until its concen-
tration is two- to three-fold greater than that of the sample cell material. Each injection
of the ligand results in a heat signature that is first integrated with respect to time and
then normalized for concentration. This titration curve is fitted to a binding model to
extract the affinity (Kp), stoichiometry (n) and the enthalpy of interaction (AH).

An example experimental curve is depicted below.

10.00 4

S

9.00

8.50 4

Hcalisec

8.00

7.50 4

7.00

0.00 333 667 10..00 13.33 16.67 20.00 23.33 26:6? 30.00
Time (min)
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2 MicroCal iTCyqq
2.1 Overview of an isothermal titration calorimeter

Notice that the first injection results in a larger deflection from the baseline, denoting a
larger heat and nearly 100% binding. At the conclusion of the experiment, very little of
the injected substance binds, resulting in little or no deflection from baseline (heat).

Also, notice that the value on the y-axis decreases upon binding. In other words, this is
the power needed to keep the sample cell at the same temperature as the reference
cell.

Heat is given off during the reaction, therefore less power is required to compensate the
temperature differences. This is characteristic of an exothermic reaction. In contrast, an
endothermic reaction results in spikes rising from the baseline and hence, more power
is required to compensate the temperature differences.

Main components of an ITC

The main components of an ITC system are illustrated below:

4 A
d|

1 5

|| - 6

— 7

j_ 8

9

Part Description
1 Sensor
2 Lead screw
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2 MicroCaliTCyqq
2.1 Overview of an isothermal titration calorimeter

Part Description ‘
3 Injector

4 Plunger

5 Stirring syringe

6 Syringe

7 Outer shield

8 Inner shield

9 Sample cell

10 Reference cell

Raw data

The temperature difference between the sample cell and the reference cell is converted
to power and directly read out as raw data. An example of this is depicted below. Each
spike, followed by a return to the baseline, is an injection.

S

9.00

8.50 4

Hcalisec

8.00

7.50 4

?.m T . T T T . T T T ¥ T T . T T T ¥
0.00 3.33 6.67 10.00 13.33 16.67 20.00 23.33 26.67 30.00
Time (min)
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2 MicroCal iTCyqq
2.1 Overview of an isothermal titration calorimeter

Injection heat

The individual injection heats are calculated by integrating the raw data (power) from
each injection over time. The figure below depicts each individual injection heat,
normalized by the amount of titrant injected, as a function of the molar ratio of titrant/cell
material in the sample cell. The fitted curve of a 1:1 binding model is overlaid in red. A
general illustration of how the thermodynamic parameters n, Ky, and AH are related to
the titration curve is also overlaid.

kcal/mole of injectant

0.0 0.5 1.0 15 2.0

Molar Ratio

In the case of this simple 1:1 binding experiment, the enthalpy is directly measured/fitted
as the heat of 100% binding. The stoichiometry is intuitively denoted by the midpoint of
the titration, between 100% binding and 0% binding. The steepness of the rise to
saturation is related to binding affinity. For any given system, the steepness of this region
is also directly related to the sample concentration.

Data analysis will be explained in more detail in Chapter 6 Data analysis using Origin, on
page 118.

MicroCal iTC200 System User Manual MAN0O560 17



2 MicroCal iTCyqq
2.2 Description of MicroCal iTC,q

2.2 Description of MicroCal iTC5qq

Introduction
MicroCal iTC,q provides detailed insight into binding energetics.

The system has a 200 pl sample cell and provides direct measurement of the heat
absorbed or evolved as a result of mixing precise amounts of reactants. The sample and
reference cells are made from Hastelloy™, a highly inert material.

Data analysis is performed using Origin™ software, wherein the user obtains the stoi-
chiometry (n), dissociation constant (Kp), and enthalpy (AH) of the interaction. The Origin
software can also be used to fit more complicated models.

18 MicroCal iTC200 System User Manual MAN0O560



Primary components of

MicroCal iTC,qq

2 MicroCal iTCyqq
2.2 Description of MicroCal iTCyq

The primary components of MicroCal iTC,q are illustrated below.

1

Reagent bottles

Part Description

2

Loading syringe

3

Cleaning module

Washing module

Fill port adapter (FPA)

Pipette

Wash/load station

Titrant loading station

Calorimeter

MicroCal iTC200 System User Manual MAN0O560
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2 MicroCaliTCyqq
2.2 Description of MicroCal iTC,q

Connections at the rear of the
MicroCal iTCyqq cell unit

The illustration below shows the rear of the MicroCal iTC,q cell unit.

Part Function ‘
1 Fan

2 Main power switch

3 Power fuses

4 IEC 320 inlet power receptacle

5 USB connectors

6 WP activity indicator

20 MicroCal iTC200 System User Manual MAN0O560



3 Installation

3 Installation

Introduction

This chapter describes how to set up MicroCal iTC,, before a run, the installation of
MicroCal iTC,q, software and settings for Windows 7.

Information about Networking, see Section 9.2 Networking, on page 299.

In this chapter

This chapter contains the following sections:

Section See page
3.1 Setting up MicroCal iTC,q before a run 22
3.2 Installing MicroCal iTC,qq software 35
3.3 Settings for Windows 7 49
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3 Installation

3.1 Setting up MicroCal iTC,, before a run

3.1 Setting up MicroCal iTC,qy before a run

Introduction

This chapter describes the preparations and how to set up MicroCal iTC,q, before a run.

In this chapter

22

This chapter contains the following sections:

Section See page
3.1.1 Fluid connections 23
3.1.2 Bottle preparation 27
3.1.3 Hardware connections 30
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3 Installation
3.1 Setting up MicroCal iTC,y, before a run
3.1.1 Fluid connections

3.1.1 Fluid connections

Fluid connections on the

MicroCal iTC,qq instrument
Fluid connections for the MicroCaliTC,, system are provided. To mount the connections,
follow the steps described below:

Step Action

1 Connect the line from the top of the
cell cleaning module to port C3 on
the left side of the washing module.

2 Connect the line that originates at the
side of the cell cleaning module to
port C4 on the left side of the washing
module.

4 Connect Syringe Needle Cleaning Tube (ASY020512) from the port on the
Wash Dry Station on the right side of cell unit (left image below) to port C2
on the right side of the washing module (right image below).

Pi

Ipete
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3 Installation

3.1 Setting up MicroCal iTC,, before a run
3.1.1 Fluid connections

24

Step Action

5 Connect the red ferrule (see arrow) of the fill port adapter (FPA) (ASY020506)
to port C1 on the right side of the instrument.

6 Screw the FPA into the top right block in the rear of the washing module,

and turn it down until it is flush with the top of the housing.

MicroCal iTC200 System User Manual MAN0O560



3 Installation
3.1 Setting up MicroCal iTC,y, before a run
3.1.1 Fluid connections

Connect tubing from the bottles

To connect the tubing from the bottles to the bottle adapter, follow the steps described

below:
Step Action
1 o Connect the blue bottle to the water inlet port
e Connect the red bottle to the methanol inlet port
o Connect the white bottle to the buffer inlet port
Note:
Do not over-tighten.
2 Remove the securing nut from the top of the waste bottle and slide
the open end of the waste tubing through it.
3 Slide the ferrule over the tubing with the cone end facing towards

the securing nut, see the illustration below.

Note:

The opposite end of the waste tube should be installed in the C5 port
on the washing module. See the step-action table in Fluid connections
on the MicroCal iTC,, instrument, on page 23 above.

MicroCal iTC200 System User Manual MAN0O560 25



3 Installation

3.1 Setting up MicroCal iTC,, before a run
3.1.1 Fluid connections

26

Step

4

Action

Insert the waste line (connected to the C5 port on the washing
module) into the grey (waste) bottle and tighten the securing nut
until it is finger tight.

Bundle the three fluid lines from the adapter and position them so
they will not interfere with your experiments.

MicroCal iTC200 System User Manual MAN0O560



3 Installation
3.1 Setting up MicroCal iTC,, before a run
3.1.2 Bottle preparation

3.1.2 Bottle preparation
Before running an experiment, you may need to perform one or all of the following tasks:
* Bottle preparation
*  Filling bottles
®  Priming tubing
* Emptying the waste bottle

Bottle preparation

Use this procedure to prepare the bottles before using the washing module. There are
three bottles that you must maintain:

o Water: bottle with blue top
e Methanol: bottle with red top

o Buffer: bottle with white top

Filling bottles

Although the bottles do not have to be full before you begin a procedure, you should
make sure that there is sufficient volume in each bottle to perform the required procedure.

To fill the bottles, follow the steps described below:

Step Action

1 Verify that the system is in an idle state.

MicroCal iTC200 System User Manual MAN0O560 27



3 Installation
3.1 Setting up MicroCal iTC,, before a run
3.1.2 Bottle preparation

Step Action

2 Unscrew the plastic cap of the bottle by turning it
counter-clockwise.

3 Fill bottle using standard lab procedures.

4 Tighten the cap by turning clockwise until snug.

Priming tubing

Use this procedure to prime the tubing from the bottles to the washing module to make
sure that the full volume is delivered. This procedure is required only if the tubes leading
from the bottles to the washing module have been drained of fluid and contain air.

Step Action

1 Make sure all bottles have sufficient volume and all fluid lines are connected.
2 Click Cell Buffer Rinse (Short) on the Instrument Controls tab.
3 Click Syringe Wash (Long) on the Instrument Controls tab.

After tubings have been primed (visibly clear of air), the system uses the majority of the
remaining procedure time to dry the syringe. This occurs with approximately eight minutes
remaining in the procedure. You can let the procedure finish or click Cancel at this time.

Emptying the waste bottle

Use this procedure to empty the waste bottle.

Step Action

1 Verify that the system is in an idle state.

28 MicroCal iTC200 System User Manual MAN0O560



3 Installation
3.1 Setting up MicroCal iTC,y, before a run
3.1.2 Bottle preparation

Step Action

2 Unscrew the grey cap of waste bottle by turning the lid counter-clockwise.
3 Empty the waste according to your laboratory waste handling procedures.
4 Reattach the cap by turning it clockwise until it is snug.

MicroCal iTC200 System User Manual MAN0O560 29



3 Installation

3.1 Setting up MicroCal iTC,, before a run
3.1.3 Hardware connections

3.1.3 Hardware connections

Introduction

30

The washing module, the MicroCal iTC,q, controller PC and the MicroCal iTCyq, cell unit
are connected through a standard USB 4-port hub.

The following hardware is required to connect the three parts of MicroCal iTC,q:
* One USB 2.0 4-port hub

*  One type A-B (mini) USB connector

e Two type A-B (standard) USB connectors

Description

|
Q
3
-+

USB 2.0 4-port hub

USB Connector type A

USB Connector type B (mini)

USB Connector type B (standard)

MicroCal iTC200 System User Manual MAN0O560



3 Installation
3.1 Setting up MicroCal iTC,y, before a run
3.1.3 Hardware connections

Mounting the hardware
connections

To mount the hardware connections, follow the steps described below:

Step Action

1 Identify the only cable with the USB type B (mini) cable end.
Connect the type B (mini) cable end to the USB hub.

Connect the USB type A end of that cable to the labeled Controller PC USB

port.
2 Connect the USB type A ends of two USB cables to the hub.
3 Connect the USB type B ends to the USB 1 and USB 2 connectors on the

rear of the MicroCal iTC,q, cell unit. For illustration, see Connections at the
rear of the MicroCal iTC,p, cell unit, on page 20.

4 Place the washing module on top of the MicroCal iTC,q cell unit.

When properly positioned, the feet on the washing module will fit into the
depressions on the top of the cell unit to keep it from sliding off.

5 Connect the USB type A end from the washing module to the hub.

MicroCal iTC200 System User Manual MAN0O560 31



3 Installation
3.1 Setting up MicroCal iTC,, before a run
3.1.3 Hardware connections

Step Action

6 Connect the green grounding strap wire between the washing module and
the MicroCal iTC,qq cell unit.

Theillustration below shows the rear of the washing module and the MicroCal
iTCph00 cell unit.

32 MicroCal iTC200 System User Manual MAN0O560



3 Installation
3.1 Setting up MicroCal iTC,, before a run
3.1.3 Hardware connections

Electrical connections for the cell
unit
To connect the cell unit to the electrical supply, follow the steps described below:

Step Action

1 Connect the power cord to the IEC 320 inlet power receptacle on the back
of the cell unit. (For illustration, see Connections at the rear of the
MicroCal iTC,q cell unit, on page 20.)

2 Connect the power plug to a main power supply receptacle with a 3-wire
protective Earth ground and a Ground Fault Circuit Interrupter (GFCI).

WARNING

Always plug the instrument into a Ground Fault Circuit Interrupter
(GFCI).

Electrical Connections for the
Washing Module

The illustration below shows the washing module power supply unit.

-

To connect the washing module to the electrical supply, follow the steps described below:

Step Action

1 Connect the power cord from the power supply to the power receptacle on
the rear of the washing module.

2 Connect the power supply to a main power supply receptacle with a 3-wire
protective Earth ground and a Ground Fault Circuit Interrupter (GFCI).
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3 Installation
3.1 Setting up MicroCal iTC,, before a run
3.1.3 Hardware connections

WARNING

To enhance safety always plug the instrument into a Ground Fault
Circuit Interrupter (GFCI).
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3 Installation
3.2 Installing MicroCal iTC, software

3.2 Installing MicroCal iTC,qq software

Introduction

If a previous version of software is installed on the controller, then follow the software
update instructions described in Section 3.2.1 Updating the software, on page 36 otherwise
follow the instructions for a full installation in Section 3.2.2 Complete installation of the
software, on page 41.

In this section

This section contains the following topics:

Section See page
3.2.1 Updating the software 36
3.2.2 Complete installation of the software 41
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3 Installation
3.2 Installing MicroCal iTC, software
3.2.1 Updating the software

3.2.1 Updating the software

Note: Installation of the control software requires administrative privileges.

Removing previous versions of
the OriginAddOn application

To remove previous versions of the OriginAddOn application, follow the steps described
below:

Step Action

1 Navigate to Start:Control Panel.

2 Select Add/Remove Programs (Windows XP) or Programs and Features
(Windows 7).

3 Select OriginAddOn and click Remove/Uninstall.

Updating the control software

The control software CD contains the following applications:

* MicroCaliTC,q, software

USB driver for injector

e USB driver for data aquisition
* InitDT service

¢ Netruntime

To update the control software, follow the steps described below:
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3 Installation
3.2 Installing MicroCal iTC, software
3.2.1 Updating the software

Step Action
1 Insert the CD into the CD-ROM drive of the PC.
The CD runs automatically and the MicroCal Setup window appears.

Note:
If the CD does not start automatically, run iTC200Setup.exe from the CD.

MicroCal iTC200 Software

iTC200 Software Full Install

iTC200 Software Update
Injector USB Driver

Data Acquisition USE driver
Install InitDT Service

Install .Net Runtime

Exit
2 Click on the iTC200 Software Update button for the installation to start au-
tomatically.
3 Follow the on-screen instructions and click Finish when the installation is
complete.
4 Select the option to restart the computer. Shortcut icons are created on the

desktop automatically.

Setup has finished copying files ta your computer. Befare pou can
uze the program, you must restart pour computer.

Select one of the fallowing options and click DK, ta finish setup.

@) ez, | want to restart my compter now.

(73 Mo, | will restart my computer later.

5 Exit the main menu, remove the CD and keep it in a safe place after the ap-
plications has been installed as described.
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3 Installation

3.2 Installing MicroCal iTC, software
3.2.1 Updating the software

Updating analysis software

38

The MicroCaliTC,qy Analysis Software and License CD (formerly called the Origin analysis
software installation CD) contains the following applications:

* Origin 7.0 (for scientific graphing and analysis)
* Origin Service Pack 4

* MicroCal AddOn for Origin 7.0 (for data analysis specific to MicroCal iTC,q4 applica-
tions)

To update the Origin Data Analysis Add-On follow the steps described below:

Step Action

1 Insert the CD into the CD-ROM drive of the PC.

The CD runs automatically and the MicroCal's Setup window appears.

T
1. Install Origin 7.0

TN TENT

2. Install Origin Service Pack 4 |
3. Install Origin Data Analysis Add-On |-
| -

2 Install only the Origin Data Analysis Add-On.
3 Click the Install Origin Data Analysis Add-On button.
Note:

Make sure that the Yes, | wish to install an Add-On disk now option is
checked in the pop-up window.

4 Click Next.
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3.2 Installing MicroCal iTC, software
3.2.1 Updating the software

Step Action

5 The destination directory path will be automatically loaded.
Click Next.

“Y'ou should install the Origin Add-0n into a destination where you
hawe Drigin already installed.

iE \Program Files\OriginLab'Origin?*

Browse... I

< Back I Mext » I Cancel

6 The software prompts for the add-on disc.

Please ingert the first Add-0n Disk.

Specify the path for the digk, then click OK.

Browse...

Cancel I

Note:

All add-on software is located on the analysis software installation disc and
there is no need to insert any additional disc.

7 Specify the path for the disc by clicking the Browse button.
8 Select the CD drive that has the analysis software installation disc in it.
Tip:

This is usually the D \ drive.
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Step Action

9 Double-click on the custom folder, addon_disk_7.20 and click OK.

Please choose location of nest disk.

Path:

|daddon_disk_7.20

Directories:

[= dn
Bz addor_disk_7.20 [
1 customdiskversior| = Cancel
£ fithunc -
£ originc i
£ samples -

ok

»

Dirives:

| = D L‘ M etwork. . |

The path is now specified.

10 Click OK to continue.

It may take a few minutes for the files to be installed.
11 Once the files have been installed, follow the on-screen instructions.

12 Click Finish to complete the installation.

After installing all the applications, exit the main menu, remove the CD and keep itin a
safe place.

Restart the PC to complete the setup.
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3.2 Installing MicroCal iTC, software
3.2.2 Complete installation of the software

3.2.2 Complete installation of the software

Note: Installation of software requires administrative privileges.

Installing the control software
The control software CD contains the following applications:
*  MicroCaliTC,q software
e USB driver for injector
e USB driver for data acquisition
* InitDT service
* Netruntime
To install the control software, follow the steps described below:
Installing the MicroCal iTC,q, software

To install the MicroCal iTC,q software, follow the steps described below:

Step Action

1 Insert the CD into the CD-ROM drive of the PC.
The CD runs automatically and the MicroCal Setup window appears.
Note:
If the CD does not start automatically, run iTC200Setup.exe from the CD.

MicroCal iTC200 Software

iTC200 Software Full Install
iTC200 Software Update
Injector USB Driver

Data Acquisition USE driver
Install InitDT Service

Install .Net Runtime

Exit

2 Click on the iTC200 Software Full Install button for the installation to start
automatically.

3 Follow the on-screen instructions and click Finish when the installation is
complete.
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42

Step Action

4 Restart the computer.

Reboot computer to complete updati

Setup has finizhed copying files bo your computer. Before you can
uze the program, You rmust restart pour computer.

Select one of the following optionz and click OF. to finish setup.

@) ez, | want bo restart my computer now,

(7 Mo, | will restart my computer later.

Be sure to select the option to restart the computer. Shortcut icons are cre-
ated on the desktop automatically.

Installing the driver for the injector USB

To install the USB driver for the injector, click the Injector USB Driver button in the main
menu to start the installation. A command window opens while the driver is being in-
stalled. This window closes automatically when the driver installation is complete.

Installing the driver for data acquisition USB

To install the USB driver for data acquisition, follow the steps described below:

Step Action

1 Click the Data Acquisition USB driver button in the main menu.
2 Follow the on-screen instructions.
3 Click Finish when the installation is complete.

Installing .Net runtime
Note: Installation of .Net runtime is necessary before installing InitDT service.

To install the .Net runtime application, follow the steps described below:

Step Action

1 Click the Install .Net Runtime button.
2 Follow the on-screen instructions.
3 Click Finish to complete the setup.
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3.2 Installing MicroCal iTC, software
3.2.2 Complete installation of the software

Installing InitDT service

Note: The InitDT service is a low level service that runs in the background of the
MicroCal iTC5q software. This service operates only in the Windows adminis-
trator mode.

To install the InitDT service, follow the steps described below:
Step Action
1 Click the Install InitDT Service button.

2 Follow the on-screen instructions. Use the default settings.

i InitDTSetup

Select Installation Folder

The installer will install InitDT S etup to the: follawing folder.

Toinstall in this folder, click "Mext". To install to a different folder, enter it below or click *'Browse™.

Browsze..
Disk Cost...

Cancel | < Back | Mext »

3 Click Next to continue with the installation.

4 Click Close to exit the setup after the installation is complete.

After installing the applications, exit the main menu, remove the CD and keep it in a safe
place.

Restart the PC to complete the setup.

Installing analysis software

The MicroCaliTC,qy Analysis Software and License CD (formerly called the Origin analysis
software installation CD) contains the following applications:

e Origin 7.0 (for scientific graphing and analysis)

e Origin Service Pack 4
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3.2 Installing MicroCal iTC,, software

3.2.2 Complete installation of the software

44

* MicroCal AddOn for Origin 7.0 (for data analysis specific to MicroCal iTC,q, applica-
tions)

To install the analysis software follow the steps described below:

Step Action

1 Insert the CD into the CD-ROM drive of the PC.

The CD runs automatically and the MicroCal's Setup window appears.

1. Install Origin 70

TN TEN T

2. Install Origin Service Pack 4

3. Install Origin Data Analysis Add-On |
I J s

2 Install each application in the main menu as described later in this section.

Installing Origin 7.0
To install Origin 7.0, follow the steps described below:

Step Action

1 Click the 1. Install Origin 7.0 button to start the installation.

2 Click on Origin 7.0 in the pop-up window.
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3.2 Installing MicroCal iTC, software
3.2.2 Complete installation of the software

Step Action
3 Follow the on-screen instructions to continue.

The Origin Setup window for Customer Information appears.

Origin Setup &‘
Customer Information

Please enter your information,

Please enter your name. the name of the company for whom you work and the product
serial number.

User Mame,

|User

LCompany MName:

|MicrUCa|
Sernial Mumber:
|GE3S=1-9478-5555555
< Back Mext > | Cancel
4 Enter the User Name and Company Name.
5 Locate the serial number on the front of the CD case or on the Origin box.

Enter this number including the dashes, in the Serial Number text box.
6 Click Next.

The Origin Setup window for Destination Directory appears.

QOrigin Setup E‘

Destination Directory

Specify a destination directory far Ongin® 7.

C:\Program Files\OriginLab\Origin7

Browse...

< Back Mext > | Cancel
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3.2.2 Complete installation of the software

46

Step

7

9

10

Action

The destination directory path will be automatically loaded.
Click Next.

Follow the on-screen instructions. It is recommended to use the default
settings.

Click Finish to complete the installation.

Exit the Origin 7.0 setup.

Installing Origin Service Pack 4

To install Origin Service Pack 4, follow the steps described below:

Step
1

2

Action
Click the 2. Install Origin Service Pack 4 button.
Follow the on-screen instructions.

Click OK to acknowledge the Patch Warning pop-up.

[ patch Warning

Old File not found. However, a file of the same name was
e 2N found. Mo update done since file contents do not match.

e il

Installing Origin Data Analysis Add-On

To install the Origin Data Analysis Add-On, follow the steps described below:

Step Action

1 Click the Install Origin Data Analysis Add-On button.
Note:
Make sure that the Yes, | wish to install an Add-On disk now option is
checked in the pop-up window.

2 Click Next.

3 The destination directory path will be automatically loaded.

Click Next.
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4

3 Installation
3.2 Installing MicroCal iTC, software
3.2.2 Complete installation of the software

Action

The software prompts for the addon disc.

I Flease insert the first Add-On Disk.
=] )
) Specily the path for the disk, then click OK.

Path

s
oK Cancel i
Note:

All addon software is located on the analysis software installation disc and
there is no need to insert any additional disc.

Specify the path for the disc by clicking the Browse button.
Select the CD drive that has the analysis software installation disc in it.

Tip:
Tip: This is usually the D:\ drive.

Double click on the custom folder, custom_d_itc_200 and click OK.

Flease chooze location of nest disk.

Path:

|dhaddor_disk_7.20
|| Directories:

= dn -~ Ok
B addon_disk_7.20 [

2 customdiskyversior

=3 fitfunc N
23 origine
£ samples -

Dirives:

| = Dt L’ Metwork.... |

The path is now specified.

Click OK to continue.
It may take a few minutes for the files to be installed.
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3.2 Installing MicroCal iTC, software

3.2.2 Complete installation of the software
Step Action

9 Once the files have been installed, follow the on-screen instructions.

10 Click Finish to complete the installation.

After installing all the applications, exit the main menu, remove the CD and keepitin a
safe place.

Restart the PC to complete the setup.
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3.3 Settings for Windows 7

After a full installation on a Windows 7 operating system running computer, the config-
urations described in:

e Section 3.3.1 Modify the Origin 7 configuration for Windows 7, on page 50,

* Section 3.3.2 Modify the MicroCal iTC5,, software configuration for Windows 7, on
page 52, and

* Section 3.3.3 Modify the user account control settings for Windows 7, on page 54

must be made.
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3.3.1 Modify the Origin 7 configuration for Windows 7

Note: This procedure is only required if you are installing software on a PC with a
Windows 7 operating system. If the operating system is Windows XP, skip this
procedure and move to the next procedure.

Step Action

1 Click the Start button on the Windows 7 operating computer, select Com-
puter, and then navigate to the Origin installation folder, C: \ Pr ogr am
Files\OriginLab\Origin7.

2 Locate and right-click the Origin 7 application file, Origin70.exe and select
Properties.
3 In the Origin70 Properties dialog box, select the Compatibility tab and then

click Change settings for all users.

4 In the Compatibility for all users dialog box, make the following modifications:

e Under Compatibility mode, select Run this program in compatibility
mode for:, and then select Windows XP (Service Pack 3).

e Under Privilege Level, select Run this program as an administrator.
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3.3 Settings for Windows 7
3.3.1 Modify the Origin 7 configuration for Windows 7

Step Action

5 In the Origin70 Properties dialog box, click OK.

In the next image, all five steps required to make Origin compatible with
Windows 7 are displayed.
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3.3.2 Modify the MicroCal iTC,,, software configuration for
Windows 7

Note: This procedure is only required if you are installing software on a PC with a
Windows 7 operating system. If the operating system is Windows XP, skip this
procedure and move to the next procedure.

Step Action

1 Click the Start button on the Windows 7 operating computer, select Com-
puter, and then navigate to the ITC,, installation folder, C: \ | TC200.

2 Locate and right-click the ITC,q, application file, ITC200.exe and select
Properties.
3 In the ITC,q, Properties dialog box, select the Compatibility tab and then

click Change settings for all users.

4 In the Compatibility for all users dialog box, make the following modifications:

e Under Compatibility mode, select Run this program in compatibility
mode for:, and then select Windows XP (Service Pack 3).

e Under Privilege Level, select Run this program as an administrator.

e Click OK.
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Step Action

3 Installation
3.3 Settings for Windows 7
3.3.2 Modify the MicroCal iTC,, software configuration for Windows 7

5 In the ITC200 Properties dialog box, click OK.

In the next image, all five steps required to make ITC,,, compatible with
Windows 7 are displayed.
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3.3.3 Modify the user account control settings for Windows 7

3.3.3 Modify the user account control settings for Windows 7

Note: This procedure is only required if you are installing software on a PC with a
Windows 7 operating system. If the operating system is Windows XP. do not
perform this procedure.

Windows 7 operating systems ship with the user account control settings modified to
prevent the following warning message from displaying:

# User Account Control

¢ Doyou wantto allow the following program from an
unknown publisher to make changes to this computer?

Program name:

Publisher: Unkmnown
File origin: Downloaded from the Internet
- )
) Show details Yes. || Mo
Help me decide Change when these notifications appear

This message can occur if the regional settings are modified and potentially every time
the user double-clicks the ITC,44 software icon. Although harmless, you should disable
the mechanism that causes this to display.

Step Action

1 Click the Start button on the Windows 7 operating computer, select Control
Panel, and then select Action Center.

2 In the left pane of the Action Center window, click Change User Account
Control settings.
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Step Action

3 Drag the notification bar to Never notify, and click OK.
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4 Restart the system.
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4 Control software

4 Control software

Introduction

This chapter describes the control and data acquisition software that is delivered with
MicroCal iTC,qq. The user interfaces are also described in detail. See Chapter 5 Performing
a run, on page 87 for instructions on how to operate MicroCal iTC,q.

In this chapter

56

This chapter contains the following sections:

Section See page
4.1 Overview 57
4.2 MicroCal iTC,qq software 58
4.3 Origin for real-time data display 84
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4.1 Overview

41 Overview

Software components

The MicroCal iTC,q is delivered with two software components as outlined in the table
below.

Software compo- Description

nent

MicroCal
iTC,qq SOftware

This software is used to control
MicroCal iTCyq. See Section 4.2
MicroCal iTC Software, on page 58.

Origin Accessed via | Origin is supplied for manual data
the MicroCal analysis. See Chapter 6 Data analysis
TCyppsoftware. | using Origin, on page 118. Itis men-
tioned here, because an instance of
Origin may be opened during data
collection for real time display, though
is not necessary. See Section 4.3
Origin for real-time data display, on
page 84
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4.2 MicroCal iTCy, software

4.2 MicroCal iTC,qq software

Introduction

The MicroCal iTC,qq software controls the calorimeter.

The MicroCal iTC,q software is able to start an in

stance of Origin that can be used for

real-time data display, see Section 4.3 Origin for real-time data display, on page 84. For
manual data analysis, a separate instance of Origin should be used, see Chapter 6 Data

analysis using Origin, on page 118.

This section describes the user interface for the MicroCal iTC,, software.

In this section

58

This section contains the following topics:

Section

4.2.1 Starting MicroCal iTC,q software

4.2.2 MicroCal iTC,q, software interface overview
4.2.3 MicroCal iTC,q, software control buttons
4.2 .4 Experimental Design tab

4.2.5 Advanced Experimental Design tab

4.2.6 Instrument Controls tab

4.2.7 Real Time Plot tab

4.2.8 Setup tab

4.2.9 MicroCal iTC,q, software menus

See page
59
60
61
62
65
72
77
78

80
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4.2 MicroCal iTCyq software
4.2.1 Starting MicroCal iTC,q, software

42.1 Starting MicroCal iTC,q, software

The MicroCal iTC,qq software is used to control the MicroCal iTC,q instrument directly.
The software and hardware need to be started in sequence for correct initialization.

To start the MicroCal iTC,q, software, follow the steps described below:

Step Action

1 Start the computer and log in to Windows.

2 Turn on the MicroCal iTC,q, instrument using the Power switch at the rear
of the unit.

3 Start the MicroCal iTC,q, software.

Result: The MicroCal iTC, software is launched.

4 To open an instance of Origin for real-time data display, select System:Es-
tablish DDE Link To Origin.
Note:

It is normally not necessary to start Origin for real-time data display, since
real time data can be viewed directly in the MicroCal iTC,, software.
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4.2.2 MicroCal iTC,, software interface overview

422 MicroCal iTCyyq software interface overview

1
ZM
3 T ing ITC @ 30 °C r-u.u!

Lsaed Fun Fils, ., Save Foun Fle... St
5 i Design | Ad Expars Dasign| Cantiols | Final Time Plot 1 Selup
Part Function
1 Displays the time left until the end of the run when an experiment is in
progress.
2 Menus, see Section 4.2.9 MicroCal iTC,, software menus, on page 80.
3 Current MicroCal iTCyq, status.

On start up, the status System I nitiation - Please Wit isdis-
played. After a few seconds, the system heats or cools to the preset tem-
perature. Once the instrument reaches the set temperature, it thermostats

at that temperature.

4 Control buttons, see Section 4.2.3 MicroCal iTC 5, software control buttons,
on page 61.

5 Control tabs:

e Experimental Design, see Section 4.2.4 Experimental Design tab, on
page 62.

e Advanced Experimental Design, see Section 4.2.5 Advanced Experi-
mental Design tab, on page 65.

e Instrument Controls, see Section 4.2.6 Instrument Controls tab, on
page72.

e Real Time Plot, see Section 4.2.7 Real Time Plot tab, on page 77.

e Setup, see Section 4.2.8 Setup tab, on page 78.
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4.2.3 MicroCal iTC,q, software control buttons

423 MicroCal iTC,qq software control buttons

The control buttons are used to save and load experimental run parameters, display
and update current run parameters and to start and stop a run.

= &

Load Run File. .. Save Run File,..

Part

Load Run File...

‘3

Display Run Param, Update Run Param,

> @

Skark Skop

‘ Function

Loads previously saved parameters. The parameters are loaded
into the Advanced Experimental Design tab.

Run parameters can be loaded from two types of files:

o Adata file from a previous experiment (*.itc)

o Asetup file (*.inj)

Save Run File...

Saves the currently displayed run parameters to a setup file
(*.inj)

Display Run
Param.

Displays the current run parameters for a run in progress.

This button is active when MicroCal iTC,, is in a non-idle state.

Update Run
Param.

Updates the run parameters for a run in progress. Most com-
monly, this would include changing injection parameters. In
some instances, experimental parameters may be changed
while a run is in progress, but it is not advised.

This button must be clicked for run parameter changes to take
effect.

Start

Starts the run using the current parameters present in the Ad-
vanced Experimental Design tab.

Check that all parameters are correct and that a valid, unique
data file name has been entered before clicking this button.
The system prompts for confirmation if any files will be overwrit-
ten.

Stop

Aborts the run immediately.
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4.2.4 Experimental Design tab

The Experimental Design tab permits the user to simulate basic experimental runs.
Three experimental modes are available with different recommended protocols.

For greater control over injection protocols, the Advanced Experimental Design tab is
used. See Section 4.2.5 Advanced Experimental Design tab, on page 65.

Experi IDesign | i Design|

Controls

I

Real Time Plot Il Setup

1. Experimental Mode

Highest Quality ~| _Help

2. Starting Values

Click Calculate button

Estimated Yalues:

N 1 Help
kd - ['nooooor M Help
4H [ qg kealmde | Help

NDH (kealimole)

Temperature 5 Degrees C©

Data File Name
[ delault itc

{ Update Experimental Curve

Optiores
1 UseKa[1M)
Plot

[ @ nH & Raw

Malar Ratio

Results

Tatal Heat (weall

9143 Help
Cell M)

Change | [50 Help
Syringe (M)

Change | [500 Help
CValue

Changs | [&@ Help

Legend

D ‘within Optimal Range
[0 Outside Optimal Flange:

B Cuside Suggested ange
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Experimental
Mode

4 Control software
4.2 MicroCal iTCyq software
4.2.4 Experimental Design tab

‘ Function

Choose an experimental mode. The three modes available are:

e Highest Quality

This uses 20 injections and a c-value of 100. These param-
eters produce data that is clear and easy to fit.

e Minimum Protein

This uses 10 injections and a c-value of 5, resulting in the
use of the least amount of sample necessary for a success-
ful titration.

e High Speed

This simulates one long, six-minute injection and automat-
ically populates the Advanced Experimental Design tab
with single-injection mode run parameters. See Sec-

tion 6.6.14 Single injection method (SIM), on page 238.

More information about c-value and calculating cell concentra-
tion can be found under Section 5.1.4 Calculating cell concentra-
tions, on page 93.

Enter the number of binding sites, n, if this is known. Press enter
to move on to Kp,

Kd

Enter the estimated binding constant, Kp, if known. Click the
Help button for guidance depending on sample and titrant.
Press enter to move on to AH.

AH

Enter the estimated heat of binding, AH, if known.

Temperature

Update
Experimental
Curve

Enter the desired run temperature.

Calculates a simulated result that is displayed in the plot in the
center of the tab area.

Use Ka (1/M)

Selecting this option uses a binding constant (K,) instead of a
dissociation constant (Kp).

Plot

MicroCal iTC200 System User Manual MAN0O560

Select whether to view the simulation plot using raw heat per
injection (AH) or the heat normalized to the molar ratio (Raw).
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4 Control software
4.2 MicroCal iTCy, software
4.2.4 Experimental Design tab

Part ‘ Function ‘

Results This area displays values for cell concentration, syringe concen-
tration, and a c-value that predicts the sigmoidicity of the curve.
These values may be changed by clicking the corresponding
Change button. Also, click the Help button for explanations.

The C Value box is color coded as specified in the Legend box
below. Optimal values will provide the best experimental results.
Values that are outside of optimal range will not yield the best
results. Values that are extremely outside of optimal range may
not yield usable data.

Tip: Warnings, such as, Heat s too high for the instrument to nea-
sur e, appear in the status bar near the top of the tab. Carefully look at the
simulated curve and make sure that the shape and values are reasonable
before commencing a run.
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4 Control software
4.2 MicroCal iTCyq software
4.2.5 Advanced Experimental Design tab

425 Advanced Experimental Design tab

Overview
The Advanced Experimental Design tab permits detailed specification of the run param-
eters.
C Design Design| Contrals | Real Time Plot | Setup
== 1
Total # Injections 14 Volume (ul) 2
Cell Temperature [°C.) 25 Duration (sec.) 4 1
Reference Power [peal/sec. (0 - 12.25) 11 Spacing [sec.] 150
Initial Delay [sec.) 60 Filter Period [sec.) 1
Syringe Concentration [mM) 05 Edit Mode
Cell Concentration (mH] 0.05 & All Same & Unique @ Apply To Rest
Stirring Speed (RPM) 1000 olme Duration S pacing Filter |
Data File Name | defaull.itc 11 g:; 2:3 :gg 1
Feedback Mode/Gain 3 2.0 4.0 150 1
<> None $Low 4 High | 4 20 10 150 1
Available Titration Volume z g:g ::3 : ?3 } ——3
Mot Available - 7 2.0 4.0 150 1
8 2.0 4.0 150 1
B 9 2.0 4.0 150 1
Update 10 2.0 4.0 150 1
Kd dH - i 11 2.0 4.0 150 1
000000] 1 Eom 12 20 10 150 1
NDH 13 2.0 4.0 150 1
o MNOH o 14 2.0 4.0 150 1
4
g -5,000
-10,000
o 1 2
Hormalized Molar Ratio
Function
1 The controls in the Experimental Parameters area are used to change
general parameters for the experimental run. See Experimental parameters,
on page 66.
2 The controls in the Injection Parameters area are used to change injection

parameters. The current parameters are displayed in the injection list. See
Injection parameters, on page 68.

3 The injection list shows the parameters for each injection that will be per-
formed during the run.

4 The simulated graph is calculated based on values from the Experimental
Design tab but can be altered here based on the entries in the Experimen-
tal Parameters area. See Experimental parameters, on page 66.
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3 Installation

3.1 Setting up MicroCal iTC, before a run
3.1.1 Fluid connections

26

Step

4

Action

Insert the waste line (connected to the C5 port on the washing
module) into the grey (waste) bottle and tighten the securing nut
until it is finger tight.

Bundle the three fluid lines from the adapter and position them so
they will not interfere with your experiments.
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Part

Reference Power

4 Control software
4.2 MicroCal iTCyq software
4.2.5 Advanced Experimental Design tab

‘ Function

Enter a value for reference power. The raw signal (DP) baseline
will equilibrate near this value.

The reference power is a small constant amount of power
supplied to the offset heater of the reference cell. This causes
the DP feedback system to supply compensating power to the
sample cell to equilibrate the temperatures. The best choice
for the reference power setting can be determined by the an-
ticipated size and sign of the titration heats. The table below
gives some guidelines.

Expected reaction Suggested reference power

type

Large exothermic Large value (~10 pcal/s using high
feedback)

Large endothermic Small value (~0.5 pcal/s)

Unknown Intermediate value (5 pcal/s using
high feedback)

Note:

The titration heats must not cause the DP to exceed the usable
range (0 to 4.15 - passive feedback, 0 to 12.25 - high feedback,
etc.).

Initial Delay Enter the time (s) between the start of the run and the first in-
jection (standard value 60 s). This is necessary to establish a
baseline before the first injection.

Syringe Concentra- | Enter the concentration (mM) in the syringe.

tion

Cell Concentra- Enter the concentration (mM) in the cell.

tion

Stirring Speed Enter the sample cell stirring speed in rpm (recommended value

is 1000 rpm). Faster stirring may be necessary if the sample
cell contains suspended particles, for example, agarose beads.

Data File Name

Enter the data file name (itc file). For best file naming, see File
naming recommendation, on page 71.
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4 Control software
4.2 MicroCal iTCy, software

4.2.5 Advanced Experimental Design tab

Part ‘ Function ‘
Feedback The feedback mode affects both response time and sensitivity.
Mode/Gain High gain provides the fastest response time. No gain (passive
mode, None) provides the highest sensitivity.
Most ITC reactions require using the High setting.
Monitoring long, slow thermal processes (for example, kinetics,
metabolic rates) might benefit from using the None (passive)
or Low settings.
Kd Displays the value entered in Section 4.2.4 Experimental Design
tab, on page 62.
dH Displays the value entered in Section 4.2.4 Experimental Design
tab, on page 62.
Update Updates the simulated experimental curve, based on the pa-
Experimental rameters displayed above in the Experimental Parameters
Curve areq.

Injection parameters
The Injection Parameters and injection list are described below.

68

Note: The injection parameters can be changed during a run but will be applied only
when the Update Run Param. button is clicked
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4 Control software
4.2 MicroCal iTCyq software
4.2.5 Advanced Experimental Design tab

Injection Parameters

VYolume [ul] pi
Duration [sec.] 4
Spacing [zec_] 150
Filter Period [sec.] 1
Edit Mode
£ All 5ame < Unique 4 Apply To Rest
Walume Duration Spacing Filker I
1 0.4 0.8 150 1
2 2.0 4.0 150 1
3 2.0 410 150 1
4 2.0 410 150 1
5 2.0 410 150 1
b 2.0 410 150 1
Fi 2.0 4.0 150 1
8 2.0 4.0 150 1
9 2.0 410 150 1
10 2.0 410 150 1
11 2.0 410 150 1
12 2.0 4.0 150 1
13 2.0 410 150 1
14 2.0 4.0 150 1
Part ‘ Function
Volume (uL) Enter the volume (ul) of titrant to be injected from the pipette

into the sample cell for the injection(s) selected in the injection
list.

Duration (sec.)

Enter the time (s) that the instrument should take to inject the
titrant into the sample cell for the injection(s) selected in the
injection list.

The default value is twice the value entered in the Volume text
box for the multiple injection method, and ten times the value
entered in the Volume text box for the single injection method.
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4 Control software
4.2 MicroCal iTCy, software
4.2.5 Advanced Experimental Design tab

Part ‘ Function ‘

Spacing (sec.) Enter the time (s) between the beginning of the injection(s) se-
lected in the injection list and the beginning of the next injection
{or end of run).

The injection spacing must allow enough time between injec-
tions to allow the DP signal to return to the baseline after an
injection peak deflection. Typical values for this parameter
range from 90 to 180 s, depending on the feedback mode,
temperature and reaction kinetics.

Note:

For the single injection method, the spacing should be at least
90 s greater than the duration.

Filter Period (sec.) | Enter the time period (s) over which data channel conversions
are averaged to smooth the data. A longer filter period will result
in smoother data, at the cost of time resolution. However, data
will always be read out at a 1 s interval.

Edit Mode Select the edit mode for the injection list.
Edit Mode ‘ Description ‘
All Same All injections will have the same parame-
ters
Unique Only the selected injection(s) will be altered

Apply To Rest | Applies the parameters for the currently
selected injection to all subsequent injec-
tions

Injection list Select the injection(s) to edit in the injection list.

The user should also remember that:

* Injection parameters and some experimental parameters can be changed during a
run or just before a run starts, respectively. Clicking the Update Run Param. control
button will apply those changes.

* The plot on the bottom left corner is tied to the values displayed in both the experi-
mental and injection parameters areas. Changing cell and syringe concentrations,
and the injection parameters and clicking the Update Experimental Curve button
affects this plot.
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4 Control software
4.2 MicroCal iTCyq software
4.2.5 Advanced Experimental Design tab

File naming recommendation

When reading multiple datasets into Origin, the last 10 characters of the file name (ex-
cluding the file extension and underscore characters) must be unique and not start with
anumeric value. Incorrect naming can be corrected by renaming the files manually. This
only affects the simultaneous analysis of multiple datasets. Single datasets can always
be read into Origin.

Examples of good file names:

File Name Reason name is good Resulting Origin

worksheet name

011511_1l.itc Although name starts with a number,the | a0115111
011511 2.itc name is under ten characters and thus | 49115112
- the last digit is not truncated. The result-
ing Origin worksheet names are unique.

Test_011511_1.itc = The tenth character is not numeric and est0115111
Test_011511_2.itc thus the last digit is not truncated. The e5t0115112
resulting Origin worksheet names are
unique.

Examples of bad file names:

File Name Reason name is bad Resulting Origin

worksheet name

011511 testl.itc Because a number was the all511test

011511 _test2.itc tenth character, aletteris 41157 1test
added as a prefix and the last
My EDTA Test character is truncated. Since | a1Sept2011
01Sept2011_1.itc the last character was the alSept2011
My EDTA Test unique character, the work-
01Sept2011_2.tc sheet names are now identical
and will not load properly in
Origin.
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4 Control software
4.2 MicroCal iTCy, software
4.2.6 Instrument Controls tab

426 Instrument Controls tab

Overview

The Instrument Controls tab contains controls for direct operation and basic mainte-
nance of the MicroCal iTC,q instrument. The tab is illustrated below.

Experi IDesian | Ad d E I Design|’ Instrument Controls |, Real Time Plot 1 Setup
Ic Pipett Washing Module
Th Control Pipette Controls )
Set Paint [°C) [Ed:' Cell and Syringe Wash
- Open Fill Port B
30 El [Eﬂ:' Syringe Fill
p
Close Fill Port Cell Bulel Rinse
Set Jacket Temp (Shart)
g
[m]?l i Cell Wifer Rinve
P Purge->ReFill Long)
SetUp

Pulse Size:

Distance Up
o bn|

/?
Detergent Soak and
Rinse (Long)

= 1
- % @ ul " inches
Duration:

IW Pulse On

Syringe Wash [Short)

Syringe Wash (Long)

1. Remove Old Tip

Dy Syri
2_Install New Tip Iy Synnge

3. New Tip Installed

i
b

Part Function ‘

1 The ITC control pane contains controls for thermostat control and for ad-
ministration of a calibration pulse. See ITC control pane, on page 72.

2 The Pipette control pane helps in cleaning the syringe and changing the
plunger tip, which should be done when wear is visible (see Chapter 7
Maintenance, on page 253). See Pipette control pane, on page 74.

3 The Washing Module control pane permits loading of the syringe and
cleaning of the instrument. See Washing Module control pane, on page 75

ITC control pane
The thermostat and pulse controls are described below.

The Thermostat Control is used to manually set the temperature of the MicroCal iTC

instrument.
Note: The MicroCal iTC,y, software will take control if a run is started.

The Pulse Control is used to administer a DP calibration pulse. This is not intended for
normal operation.
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4 Control software
4.2 MicroCal iTCyq software
4.2.6 Instrument Controls tab

ITC

Thermostat Control
Set Point [*C)

130 2

Set Jacket Temp |

Pulse Size:
-5

Duration:

300

Pulze Control
Set Up

i

Pulse On

Part Function

Set Point Use the arrow buttons to set the desired thermostat tempera-
ture. Click the Set Jacket Temp button to apply the change.

Set Jacket Temp Starts thermostatting MicroCal iTC,q at the temperature
specified in the Set Point box.

Pulse Size Enter the size of the calibration pulse, in units of pcal/s.

Duration Enter the duration of the calibration pulse in seconds.

Pulse On Starts the calibration pulse.
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4 Control software
4.2 MicroCal iTCy, software

4.2.6 Instrument Controls tab

Pipette control pane

The pipette controls are described below.

74

Pipette

Distance

o7

Pipette Controls
Open Fill Port
Close Fill Port

11
Purge->ReFill
Up

i« ulL " inches

1. Remove OId Tip |
2. Install New Tip |
3. New Tip Installed |

Part ‘ Function

Open Fill Port Moves the plunger tip to a position above the fill port on the
side of the syringe.

Close Fill Port Moves the plunger tip down so that it blocks the fill port.

Purge->Refill

Pushes the pipette tip all the way down and back up again, to
dislodge bubbles, if any, on the sides of the syringe.

Distance Enter the distance (by volume, ul or in inches) to move the
pipette tip up or down.

Up Moves the pipette tip up by the distance specified in the Dis-
tance text box.

Dn Moves the pipette tip down by the distance specified in the
Distance text box.

Remove Old Tip Positions the plunger appropriately for tip removal.

Install New Tip Positions the plunger appropriately to install the tip.

New Tip Installed | Positions the plunger appropriately to install the syringe.
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4 Control software
4.2 MicroCal iTCyq software
4.2.6 Instrument Controls tab

Washing Module control pane
The Washing Module control pane is described below.

The basic washing operation is described in Section 5.3 Cleaning the cell and syringe
before performing an experiment, on page 103.

‘Washing Module
Cell and Syringe Wash

Syringe Fill

Cell Bulﬁ Ringe
(Short)

g
Cell Water Rinse
[Long)

A
D etelgeng oak and
Rinse [Long]

Syringe Wash [Short)

e onters|
Syiinge Wash [Long)

2

Dy Syringe

Cancel

Part Function

Cell and Syringe Cell wash with buffer
Wash

Syringe wash with water and methanol, followed by drying

Syringe Fill Fills the syringe with titrant from the micro-centrifuge tube

Cell Buffer Rinse Cell rinse with buffer

(Short)

Cell Water Rinse Extended rinse of the cell with water

(Long)

Detergent Soak Manual detergent soak and automated water rinse of cell
and Rinse (Long)

Syringe Wash Standard syringe rinse with water and methanol, followed by
(Short) drying

Syringe Wash Extended syringe rinse with water and methanol, followed by
(Long) drying

Dry Syringe Syringe drying
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4 Control software
4.2 MicroCal iTCy, software
4.2.6 Instrument Controls tab

Function

Cancel One click: stops current procedure and empties waste
Additional click: cancels emptying of waste
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4 Control software
4.2 MicroCal iTCyq software
4.2.7 Real Time Plot tab

4.2.7 Real Time Plot tab

The Real Time Plot tab displays the current data. If no run has been started, the graph
will be blank. The contents of the tab are described below.

E e Design |, imental Dergn| Contiols | Freal Timn Plist | Setup
[ Tempe)—— —— DP (uCals)

25.357 9.6 ‘

e

Mo

WAl

TE+

1L

a0,

1400 1600 1400 2000 270

fm(suc.‘)'
DPToals ——————————

Zoom +0.05 | Zoom + 0.5 | [ Show an | 1] Plot Ifle Data |

Part ‘ Function

Temp (°C) Displays the current temperature of the MicroCal iTC 5 instru-
ment.

DP (uCal/s) Displays the current MicroCal iTC,q, DP measurement.

Zoom +0.05 Changes the vertical range to the last data point, plus or minus
0.05 pCal/s.

Zoom + 0.5 Changes the vertical range to the last data point plus or minus
0.5 pCal/s.

Show All Rescales the y-axis so that all the data points are visible.

Plot Idle Data Selecting this option plots the current DP readings even if no
run is currently being performed.
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4 Control software
4.2 MicroCal iTCy, software
4.2.8 Setup tab

428 Setup tab

The Setup tab contains some miscellaneous functions that are illustrated and described
below. The functionality described below is available only if the DDE link is established
with Origin. (System:Establish DDE Link to Origin).

[ad Design|  Instument Cantrols | Real Time Plot T

| Design

Setup

Data File Path...

C:\ITC200Ndata
Setup File Path...  [C:AITC200vsetup

User Setup

Init. Setup File

Cunient User

¥ Axis Scale —

|Lastrun1.inj

Cells Boot Temp. 30

Default User -

ro

<5
Save User
[+]
Add User
@
Erase User

Origin Real-Time Plot Dptions

[ Pre-Scan Data Mode
< meal/min.
4 ucalfsec.
G Export Cenl Data
Part ‘ Function ‘
Data File Path File path where data is saved.
Setup File Path File path where .inj files are saved.

Init. Setup File

Default .inj file.

Cells Boot Temp. Default cell temperature.

Current User Saved user profiles of the current user.

Save User Save these settings to a user profile.

Add User Add a new user.

Erase User Erase a user.

Y Axis Scale Select the units in which the data should be displayed. Only the

display will be affected, the data is always stored in pcal/s.
The three choices are:

mcal/min

ucal/sec (Default)

pWatt

78
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Part

Pre-Scan Data
Mode

4 Control software
4.2 MicroCal iTCyq software
4.2.8 Setup tab

‘ Function

Checking this box saves all data, including measurements that
are taken before the run is started. Each scan will provide an
additional *.dat file with the same name as the *.itc file. This
data provides service personnel with extra data for the purpose
of troubleshooting.

Note:

This option requires Origin for real-time data display to be open.
Select System:Establish DDE Link To Origin to open it.

Export Current
Data

Click this button to export and save the data that is currently
displayed in the Real Time Plot tab to afile. The system prompts
for a file name.
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4 Control software
4.2 MicroCal iTCy, software
4.2.9 MicroCal iTC,q, software menus

429 MicroCal iTC;qq software menus

Introduction

The main menus in the MicroCal iTC, software provide access to some of the less
frequently used features of the application.

The four available menus are:

System, see System menu, on page 80
ITC, see ITC menu, on page 81
Options, see Options menu, on page 81

Help, see Help menu, on page 83

System menu

The System menu is illustrated below.

| System | ITC  Options  Help

Establish DDE Link bo Crigin

Quit Program

Part ‘ Function ‘

Quit Program Terminates the application. The system prompts for a confirma-
tion to quit the program. All ITC run data will be saved to disk.
After approximately 1 minute, the power to the MicroCal iTC g
instrument will also be shut down. The application needs to be
restarted to restart the system.

Establish DDE Opens a real time instance of Origin.
Link to Origin

80
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4 Control software
4.2 MicroCal iTCyq software
4.2.9 MicroCal iTC,q, software menus

ITC menu
The ITC menu is illustrated and described below.

Opkions  Help

Print5ave As Text Run Parameters, ..

Sim Mode

Pipette Tools

Skark ITC Calibration Run 3

Part ‘ Function

Print/Save As Text | Prints or saves the run parameters currently loaded in the

Run Parameters... | MicroCaliTC,q, software to a file. Run parameters are always
stored in data file headers. Files generated using this option
provide a formatted list of run parameters that may be useful
for data presentation or general record keeping.

Sim Mode Is checked if High Speed is selected in the Experimental Design
tab. Locks certain experimental parameters.

Pipette Tools Opens a dialog where syringe calibrations can be adjusted.

Start ITC Calibra- | Initiates a calibration check to Make sure heat pulses are accu-

tion Run ->Y Axis | rately measured. This is not normally performed by a user.

Check

Options  Help

Print/Save As Text Run Parameters. ..

n DT3817. Hardware dis

2 | -

W Axis Check

Sim Mode:

Pipette Tools

Start ITC Calibration Run 4 ‘

Options menu

The Options menu is illustrated and described below.

[ Options | Help

System Coefficients

Start in Advanced Mode
ITC Equilibration Options k
‘Washing Module K
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4.2.9 MicroCal iTC,q, software menus

82

Part

System Coefficients

‘ Function ‘

Opens the System Coefficients dialog, see System Co-
efficients dialog, on page 83. The values in this dialog
should not be changed without direct instruction from
a Malvern Instruments service engineer.

Tip:

The instrument serial number is displayed at the top left
of the System Coefficients dialog.

Start in Advanced Mode

Displays the Advanced Experimental Design tab by
default when the software is started.

ITC Equilibration Options

[ Opkions | Help

Syskem Coefficients

Start in Adwanced Mode @ ‘
ITiC Equilibration Options b | & | Fast Equil.

washing Module b v fAuto Mode

This option has two selectable suboptions that are se-
lected by default. Generally, these options do not need
to be deselected unless troubleshooting.

e Fast Equil.

When this option is disabled, the system goes
through an additional pre-run, a non-stirring equili-
bration period before stirring starts. This can be
useful if stirring-related noise problems are
suspected.

e Auto Mode

When this option is disabled, the system will not
progress automatically from one state to another
during the pre-run equilibration period. To move to
the next state, double-click on the DP data box in
the Real Time Plot tab.

When the option is enabled, no user interaction is
required once a run has been started.
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4 Control software
4.2 MicroCal iTCyq software
4.2.9 MicroCal iTC,, software menus

Part Function

Washing Module -> Ad- (G e

vanced User Mode
Sysktem Coefficients
Start in Advanced Mode é
ITC Equilibration Options » fam. Update Run Param. 3k
Washing Maodule 3 ‘ Advanced User Mode ‘

Leaving the Washing Module in the Advanced Mode
disables many of the prompts displayed during Washing
Module Procedures.

System Coefficients dialog

The System Coefficients dialog is illustrated below. It contains the most critical of the
calibration constants. The dialog is password protected so that no changes are made
by accident. None of these parameters should be changed without direct instruction
from a Malvern Instruments service personnel.

r@ System Coefficients - ITC200_10.07.017 uw
Cell P b 170 Channel Coefficients
CellVolume IW il Slope Offzet
Fief. Cal. Hir. 169000 Ohims dEeh lie=d | 2a7ee23 I sz @ |
Samp, Cal. Hir, IW Ohms DeltaT Aead Im Lalibrate
| Min SefeTenp, [ T Shieid T Read | 295133 | 0151078
Man. Safe Temp. IT A5 =l I 8 I 137
DF FE Mode A/0 Slope D2 Slope
DP Passive FB | 0.6276 [ ] @C‘) |
ITC Injector Coefficients DF Low Gn FB I TR I o UnLock Constants
| Steps Per Inch Im OF High Gin FB I =R | 3
ax. 5 afe Postition Im steps
Springe Constant IT ulfin. T2 Siet Point I SI?EIDEEISBBF I DrEflfSEIEEIIEM
[a00 [ s [ 70 [ 1000 ATP Output I i I i

RPM 1 RPM 2 RPM 2 RPM 4 ATF Time Shift IT sec

DTOffset | 0 | 0

FefPOffset | 003521 | 052714

Help menu

The Help menu is illustrated below.

[ Help

| about
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4.3 Origin for real-time data display

4.3 Origin for real-time data display

Introduction
An instance of Origin for real-time data display can be opened by selecting System:Es-
tablish DDE Link to Origin in the MicroCal iTC,q, software. This instance is customized
for and dedicated to the real-time display of data acquired from the MicroCal iTC,y in-
strument.
This section describes the features unique to this customized instance of Origin for real-
time data display. For information about data analysis using Origin, refer to Chapter 6
Data analysis using Origin, on page 118.

Note: Itis normally not necessary to start the Origin for real-time data display, since
real time data can be viewed directly in the MicroCal iTC,, software.

Origin for real-time data display
main window

The main components of Origin for real-time data display main window are illustrated
below:

Note: Origin for real-time data display will always display the file name VPITC-
PLOT.OPJ in the window border.

I Orglotes 1 - Cbrogram Ml OrginLablorigin FOPTCAT, 003 - [Hett] o
Elow 1%t goh G g Tk Fmet frdem b L
] o ) ol m () ) D] A TPl | im] ] EisElEE (el | @) 1
[ewd I = ol ] =] o] wiferfs] o) | I ET—=IF N I =] I -]
[ATEH Convie Stapes [ e —
el — e =
ey = 10000 _” —- —
Bbtume) o
e —
— & —H 8
5001 —
. - - & - B
= i+
Pt b e 1
2 g 2 4
e =
b 5000
poLs = = 4
[—— 5
e—— 10003 - - - - '] da
T 4 & L
__lv Tirrwe dhwe )
Armaewnnas .
MO wircace) ’1- Itpe | Vews | Siew |Modfed | Crosted L o
- o G Nomd  BE O FJRAROIO0. RS0,
W Meemal W QNGO L. ALMPEED L
1w M. 5. IRAREE | BLMRE |

Twal Teolit Sl Pl Raden

Part Function

1 Origin main menus, refer to the Origin User Manual.
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4 Control software
4.3 Origin for real-time data display

Part Function

2 Current Status

Displays the current state of the instrument.

3 Main Display

Displays the current temperature, DP and temperature difference readings
from the instrument.

4 Display Mode and DP Scale Controls

Controls the display of MicroCal iTC,,, data, see below.

5 Real time plot area.

Display Mode and DP Scale
Controls buttons

The following table describes the function of the Display Mode and DP Scale Controls
buttons.

Display Mode i

Rescale To Show All

DP Scale Caontrols

Auto-View 1

Auto-View 2

Saved View 1

Saved View2

Eim-rangn-

Rescale To Show All

Auto-View 1
and
Auto-View 2

Button Description

Automatically rescales the x- and y- axes range so that
all data fits within the plot area.

Rescales the y-axis so that the most recent DP data point
is centered. The range of the y-axis scale is determined
by the value entered in the corresponding box in the Edit
Ranges dialog.
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4 Control software

4.3 Origin for real-time data display

86

Button

Saved View 1
and
Saved View 2

Description ‘

Rescales the y-axis to the preset values entered in the
corresponding boxes in the Edit Ranges dialog.

Edit Ranges

Opens the Axis Rescale Ranges/Options dialog.

Axis Rescale RangesfOptions
Cancel

Full Scale-Auto View 1

Full Scale-Auto View2[1

Saved View 1Y Min.F1

Saved View 1-Y Max.']i

Saved View 2¥ Min.[0.1

Saved View 2-Y Max. ,l]'li

¥ Axis Options ,m

e Full Scale-Auto View 1 and Full Scale-Auto View 2:
Enter the rangels) to be used for the auto view func-
tions

e Saved View text boxes : Enter the rangel(s) to be used
for the save-view functions

e X Axis Options: Select the desired x-axis automatic
scaling option from the drop-down list

- Disabled: No x-axis rescaling is performed

- Rescale: The x-axis will be rescaled by 25% when
new data is acquired that exceeds the current
range

- Scroll: The x-axis range will scroll by 25% when
new data is acquired that exceeds the current
range
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5 Performing arun

Introduction
This chapter describes the procedure for running MicroCal iTC ;.

The basic scheme of operation can be outlined as follows:
* Preparing samples. Refer to Section 5.1 Preparing the samples, on page 88.
¢ Creating a method. Refer to Section 5.2 Creating a method, on page 100.

* Loading the samples and performing the experiment. Refer to Section 5.4 Loading
the samples and performing the experiment, on page 111.

In this chapter

This chapter contains the following sections:

Section See page
5.1 Preparing the samples 88
5.2 Creating a method 100
5.3 Cleaning the cell and syringe before performing an experiment 103
5.4 Loading the samples and performing the experiment 111
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5.1 Preparing the samples

Introduction

Since proper sample preparation is critical for successful ITC experiments, general
guidelines for sample preparation will be discussed here. These guidelines use the termi-
nology of binding experiments using biological samples, but may be readily used for
other types of samples.

In this section

This section contains the following topics:

Section See page
5.1.1 The importance of sample preparation 89
5.1.2 Preparing small molecule solutions 90
5.1.3 Preparing macromolecule solutions 91
5.1.4 Calculating cell concentrations 93
5.1.5 Syringe concentration and number of injections 97
5.1.6 Experimental temperature and control heat determination 98
5.1.7 Additional notes 99
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5.1.1 The importance of sample preparation

Introduction

Isothermal Titration Calorimetry (ITC) is designed to measure the heat of binding when
the titrant, also referred to as the ligand, is injected into the sample cell containing the
macromolecule sample material. ITC simultaneously determines all binding parameters
(n, K, AH, AS) in a single experiment.

Minimizing control heat

When the titrant is injected into the cell material and mixed, some additional heat effects
other than the binding heat are detectable. The key for successful ITC experiments is to
minimize the control heat, thereby allowing the binding heat to be measured more ac-
curately. This control heat will include both the heat of mixing and the heat of dilution.

Two primary sources of large control heats are buffer mismatches between the titrant

and the macromolecule sample in the sample cell, and a highly concentrated titrant.

Buffer mismatch

The most common mismatch occurs due to pH differences between the titrant and the
macromolecule solution, but mismatch could also be a result of salt concentration, or
additives such as dioxane, DMSO, glycerol, etc. and the heat of dilution when high con-
centration of ligand solution from the syringe is injected into the macromolecule solution.
The heat of dilution will also be small, but may become large for ligands that form aggre-
gates at higher concentration in the syringe. The most important step in preparing an
assay is buffer exchange, which can be achieved by dialysis or by gel filtration.

Concentration determination

Accurate concentration determination is very important when running a calorimetric
experiment. Errors will have direct impact on the thermodynamic results. Errors in cell
concentration directly affect the stoichiometry, have little effect on enthalpy, and mildly
affect affinity. Errors in titrant concentration, on the other hand, directly affect both the
stoichiometry and enthalpy, and mildly affect affinity.
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5.1.2 Preparing small molecule solutions

5.1.2 Preparing small molecule solutions

Introduction

Most small molecule ligands (such as drugs and inhibitors) are supplied in solid form.
Solutions can be prepared by dissolving the compound in buffer solution or using organic
solvents if the compund has low solubility in buffer solution.

Preparing samples using buffer

solution

To prepare samples in buffer solution, follow the steps described below:

Step Action

1 Prepare the buffer solution using distilled water.

2 Dissolve a known amount of the compound in the buffer solution.

3 Check the pH. If pH of the solution is found to differ from pH of the buffer

solution by more than 0.05 units, the pH should be adjusted with a small
amount of HCl or NaOH.

Preparing samples using organic

solvents

90

To prepare samples using organic solvents, follow the steps described below:

Step Action

1 Dissolve the compound in DMSO or some other organic solvent (100 mM or
higher).

2 Dilute 50 to 100 fold with buffer.

Note:

Care should be taken to keep the ligand from precipitating when diluted. The
concentration of organic additives, such as DMSQO, in the final ligand solution
should be kept as low as possible (to 1% to 2%, if possible; but no more than
5%) since the macromolecule solution requires addition of the same additive
at the same concentration in order to minimize the mismatch heats.
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5.1.3 Preparing macromolecule solutions

Introduction

Macromolecule solutions should normally be dialyzed against the buffer solution using
a dialysis membrane having the proper molecular weight cut off (MWCO). However, a
lyophilized macromolecule sample devoid of salts or additives may be dissolved directly
into the buffer, and used without dialysis. The pH of the solution should be checked and
adjusted, if necessary. Solid macromolecule samples containing salts and additives,
should be dialyzed against the experimental buffer.

Preparing macromolecule
solution by dialysis

To prepare a macromolecule solution by dialysis, follow the steps described below:

Step Action

1 Dialyze the sample at 4°C against a relatively large volume of buffer solution
and at least two changes of buffer. The duration of dialysis depends on the
sample and buffer, as well as the membrane used.

For example, if glycerol at 10% is added to aqueous buffer solution and a
6 000 to 8 000 MWCO membrane used, it requires at least one overnight
dialysis for glycerol to reach concentration equilibrium in the macromolecule
solution.

2 Determine the concentration of the macromolecule after dialysis, and remove
excessive particles in the solution by filtration or centrifugation.

Note:

Accurate values for binding parameters depend on precise concentration
measurements of ligand and macromolecule in the final solutions.

Alternatively, buffer exchange can also be performed using gel filtration. For more infor-
mation, obtain the technical note, Rapid sample preparation for MicroCal ITC and DSC
experiments using PD MidiTrap G-25 columns (28-9957-23 AA) at
www.malvern.com/sample prep.
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Preparing macromolecule

solution with an additive
If one of the solutions (e.g., ligand solution) contains an additive such as DMSO, then the
same additive at an identical concentration should be added to the other solution (e.g.,
protein solution) to minimize the heat of mixing. As indicated earlier, the stability of the
macromolecule in the presence of the additive should be determined before proceeding.
The pH of all final solutions should be checked after additives are added, and matched
within 0.05 pH units.
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5.1.4 Calculating cell concentrations

c-value

ITCis designed to detect the heat that is absorbed (endothermic) or liberated (exothermic)
when two solutions containing the binding partners are mixed. The appropriate concen-
tration of the sample material in the sample cell, usually a macromolecule, will depend
on the binding affinity, number of binding sites, and heat of binding, AH. The following
equation (Wiseman T. et al., Rapid measurement of binding constants and heats of
binding using a new titration calorimeter. Anal. Biochem. 179, 131-137 (1989)) is used
when designing ITC experiments to determine the appropriate sample concentration or

c value.
n-M
c=n-M,, K, =—1"¢
tot A KD
Parameter  Description
C sample concentration/affinity-related parameter, should lie between
1 and 1000 (preferably 10 to 500 when solubility, availability of mate-
rial or the sensitivity of the instrument is not limiting)
n binding stoichiometry (the number of ligand binding sites on the
sample molecule)
Miot molar concentration of sample molecule in the cell
Ka association equilibrium constant
Kp dissociation equilibrium constant
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Sample concentration limitations

The figure below depicts simulated curves of the same macromolecular system run at
different c-values.
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There may be practical limitations that affect the choice of sample concentration:

Experiments including... should be studied at...

high affinity interactions low concentrations. (The minimum concentration

{low Kp) that will typically cause a confidently measurable
heat change for a 1:1 interaction is about 10 pM.)

low affinity interactions high concentrations. (The concentration that can

(high Kp) be used may be limited by availability or solubility

of the sample molecule.)

Note: Techniques such as competition experiments or working at high ligand con-
centration in the case of weak binding can help alleviate these limitations.
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Affinity determination at
different c-values

The affinity is poorly determined at high c-values. At low c-values, one may assume (and
fix) a stoichiometry and inject enough titrant to attain a high molar ratio in order to extract
both an affinity and a binding enthalpy.

At high c-values
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At medium c-values
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Molar ratio
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At low c-values
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5.1.5 Syringe concentration and number of injections

Calculating syringe
concentrations

For a 1:1 binding reaction, the molar concentration of ligand in the injection syringe is
typically 10 to 20 times higher than the molar concentration of sample molecule in the
cell. This will make sure that the cell material will become saturated or close to saturation
by the end of the titration experiment.

Note: Remember, errors in titrant concentration directly affect the stoichiometry,
directly affect the enthalpy, and mildly affect affinity.

Injection number and duration

The specifications for a typical experiment in MicroCal iTC,, are presented below.

Parameter Value

Number of injections 19

Injection volume 2yl

Initial injection volume | 0.4 pl (to minimize the impact of equilibration artifacts
sometimes seen with the first injection)
Note:

The data point from this initial injection is discarded before
data analysis.

Pipette volume ~38 pl of ligand solution (sufficient for one typical experi-
ment)
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5.1.6 Experimental temperature and control heat determination

Experimental temperature

Itis most convenient to perform ITC experiments at 25°C to 30°C (i.e., slightly above room
temperature) unless other factors dictate differently. Since the cells are passively cooled
by heat exchange with the jacket, experiments at low temperature require a longer time
for temperature to reach equilibrium before injections can begin.

At high temperatures (above 50°C), the baseline becomes noisier, which has an effect
on the quality of data. Other factors that influence the choice of the experimental tem-
perature are the binding affinity and the stability and/or solubility of the ligand or sample
molecule. Some solutes, particularly proteins, are not stable above room temperature
for long periods of time, and in such cases it may be desirable to work at lower temper-
atures.

To determine the change in heat capacity, ACp, associated with binding, experiments
must be performed over a range of temperatures (e.g., 10°C to 40°C) to obtain the tem-
perature dependence of the heat of binding.

Control heat determination

As discussed above, a control experiment is required to determine the heat associated
with the dilution of the ligand when it is injected from the syringe into the buffer. This
experiment will also include contributions from the injection process itself and any other
operational artifacts, which can collectively be thought of as the “instrument blank”. If
heat effects for the control run are small and constant, the average heat of injection
can be subtracted from the results of the sample run before curve fitting to obtain
binding parameters.

However, large heat effects for the control and heat effects that change as the titration
proceeds may indicate mismatch between ligand and sample buffer (see Section 5.1.1
The importance of sample preparation, on page 89). Buffer matching should then be
checked before proceeding with the experiment. If trends in the control results cannot
be eliminated by careful buffer matching, they may result from ligand aggregation or
self-association in the syringe. More complex evaluation algorithms should be considered
in such cases.
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5.1.7 Additional notes

Reducing agent

It has been found that the presence of DTT (1,4-dithiothreitol) in solution will often cause
a drastic shift in ITC baseline as the experiment progresses. If the presence of a reducing
agent is required for protein stability, then B-mercaptoethanol (less than 5 mM) or TCEP
(Tris[2-carboxyethylphosphine] hydrochloride; less than 2 mM) should be used rather
than DTT.

Reverse titration

Most titrations are carried out with the macromolecule solution in the cell and the ligand
solution in the syringe. If both binding partners are macromolecules (or both are small
molecules) normally the component with multiple binding sites is placed in the cell.
However, there are instances where it might be advantageous or even necessary to
switch the location of the two components and carry out the reverse titration. If the
component, which normally goes in the syringe has low solubility, it may be easier to
use that solution in the cell, where its concentration does not need to be nearly as high.
If the macromolecule becomes unstable over time in the sample cell, either due to con-
tinuous stirring or a high experimental temperature, it may be more stable if placed in
the syringe. The solution in the syringe is not stirred or thermostatted at experimental
temperature until shortly before it is injected into the cell.
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5.2  Creating a method

Introduction

This section describes how to create an ITC method in the MicroCal iTC,q software. An
example 19-injection experiment is set up that has 18 injections of 2.0 pl each with 150
s between the injections and one initial, small injection, which is later disregarded to
minimize any impact from diffusion during equilibrium of the instrument.

Creating the method

To create the example method, follow the steps described below:

Step Action

1 Click on the Advanced Experimental Design tab.
Design | Advanced Exper Design| Instument Contiols | Real Time Flot 1 Setup
R
Total # Injections 14 Volume () 0.4
Cell Temperature ('C.) 25 Duration [sec.) 0.8
Reference Power (ucalisec. ) (0 - 12.25) 11 Spacing (sec.) 150
Initial Delay (sec.) 60 Filter Period [sec.) 1
Syringe Concentration (mM) 0.0 Edit Mode
Cell Concentration (m) 0.0 $ AllSame @ Unique < Aply To Rest
Stirring Speed (RPM) 1000 olume Duration Spacing Filter ]
. 1 04 03 150 1
Data File Name | default.itc 2 20 40 150 1
Feedback Mode/Gain 3 20 40 150 1
< None & Low @ High ‘ 4 2.0 4.0 150 1
_ _ 5 2.0 4.0 150 1
Available Titration Yolume 3 20 40 150 1
Not Available 7 20 410 150 1
[] 20 40 150 1
N 9 2.0 4.0 150 1
Update 10 20 a0 150 1
kd[ dH[ Experimental 11 2.0 4.0 150 1
CEEve) iz 2.0 40 150 1
13 20 a0 150 1
! 14 20 10 150 1
0
£
g
T
g
g
0.
oo 0z 4 08 os 10
Time (=)
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Step Action

2 Enter the following Method Parameters.
Parameter ‘ Value
Total # Injections 19
Cell Temperature (°C.) 25

Reference Power (uCal/sec.) & 10

Initial Delay (sec.) 60

Syringe Concentration (mM) | 0.0

Cell Concentration (mM) 0.0
Stirring Speed (RPM) 1000
3 Set the Feedback Mode/Gain to High.
4 Enter the following parameters for Injections Setup with the All Same radio

button clicked under Edit Mode.

Parameter Value

Volume (uL) 2
Duration (sec.) 4
Spacing (sec.) 150
Filter Period (sec.) | 5

5 Change the parameters of the first injection:

1 Selectthefirstinjection in the table to the right in the Injection Parame-
ters workspace.

2 Select Unique under Edit Mode.

3 Change the following parameters under Injection Parameters:

Parameter Value

Volume (uL) 0.4

Duration (sec.) 0.8
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Step Action

6 Click the Save As button and save the method as Tr ai ni ng.
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5.3  Cleaning the cell and syringe before performing an
experiment

Introduction

This section describes different washing procedures for cleaning the cell and syringe
before performing an experiment.

Note: Celland syringe cleanliness are of the utmost importance for obtaining quality
data. We recommend performing a Cell and Syringe Wash procedure before
running experiments. See Washing Module control pane, on page 75.

In this section

This section contains the following topics:

Section See page
5.3.1 Cell and syringe wash 104
5.3.2 Cell buffer rinse (short) 105
5.3.3 Cell water rinse (long) 106
5.3.4 Detergent soak and rinse (long) 107
5.3.5 Syringe wash (short) 108
5.3.6 Syringe wash (long) 109
5.3.7 Dry syringe 110
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53.1 Cell and syringe wash

Introduction

Use this procedure to perform a quick wash of the cell and the syringe to prepare for an
experiment.

*  Fluid requirement: Buffer, water, and methanol

¢ Time requirement: 9.4 minutes

Procedure

To perform a quick wash of the cell and the syringe, follow the steps described below:

Step Action

1 Click Cell and Syringe Wash on the Instrument Controls tab.

2 Follow the instructions on the screen.
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5.3.2 Cell buffer rinse (short)

Introduction
Use this procedure to rinse the cell with buffer solution before a run.
*  Fluid requirement: Buffer

¢ Time requirement: 0.8 minutes

Procedure

To perform a short cell buffer rinse, follow the steps described below:

Step Action

1 Click Cell Buffer Rinse (Short) on the Instrument Controls tab.

2 Follow the instructions on the screen.

MicroCal iTC200 System User Manual MAN0O560 105



5 Performing a run
5.3 Cleaning the cell and syringe before performing an experiment
5.3.3 Cell water rinse (long)

5.3.3 Cell water rinse (long)

Introduction
Use this procedure to perform an extended water rinse of the cell.
* Fluid requirement: water

¢ Time requirement: 2.5 minutes

Procedure

To perform a long cell water rinse, follow the steps described below:

Step