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History of calorimetry

» Calorimetry — Latin calor — heat, Greek ustpov (-metry) —to measure

- thermodynamic technique based on measurement of heat
that may be generated (exothermic process) or consumed
(endothermic process) by sample

» Calorimeter — instrument for measuring the quantity of heat released
or absorbed in process of chemical reaction



Calorimetric units

» A single calorie is the amount of energy required to increase the
temperature of 1g of water by 1°C.

» A single joule is the amount of energy required to apply a force of 1
Newton over one meter of distance.

» 1 calorie =4.184 )
1 Calorie= 1 kcal = 4184 )
1) =0.000239 kcal = 0.2390 cal



History of calorimetry: ,Founding Fathers”

» Joseph Black (1728 - 1799)

— ,founder of the calorimetry”

— first scientist who recognized the
distinction between heat and
temperature

» Antoine Lavoisier (1743-1794)
» Pierre- Simon Laplace (1749-1827)




First calorimeter - small guiney pig inside

The guinea pig
was placed at

rest in a chamber
surrounded by ice.

A second ice-filled
chamber insulated
the inner chamber

Qutgr— from the environ-
ice-filled shicht

chamber -

Inner ice-filled As the animal’s body heat is
chamber — conducted to the ice of the

inner chamber, the ice melts,
producing water. The volume
of water is proportional to the
amount of heat produced.

Collection port from I»
inner chamber



Calorimetry

» INDIRECT CALORIMETRY -

calculates the heat generated by
living organism when their metabolic
processes yield waste carbon dioxide

Insulation

» DIRECT CALORIMETRY -

measures heat generated by living o
organism by placing the entire

organism inside the calorimeter for

the measurement

Exhaled air

E_‘ AN -— ; - Fresh air

|
Oxygen consumption
of person



Microcalorimetry in cube:
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Microcalorimetry

» Differential scanning » Isothermal titration
calorimetry DSC calorimetry ITC
= Biomolecular stability in solution = Heat is released or absorbed as

a result of the redistribution and
formation of non- covalent
bonds when the interacting

molecules go from the free to
=  Midpoint (Tm) determination the bound state.

Time (min)
50% Protein Denaturation @ T 0 30 60 90
. r T .

I Ll 1 M
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= Provides insights into
mechanisms of unfolding and
refolding

Heat Flow (])

Temperature (K)



With isothermal titration calorimetry

you can...

Get quick Kgs

Measure target activity (Stoichiometry, active concentration)
Protein batch activity comparison

Confirm drug binding to target

Use thermodynamics to guide lead optimization

>
>
>
>
>
>

Measure enzyme kinetics



DP

How does it work?

(L ie\;?\ Sample  Reference

§ 2
A

AT~0
Reference Calibration Heater
Sample Calibration Heater
Cell Main Heater

DP = Differential power
AT = Temperature
difference

The DP is a measured
power differential
between the reference
and sample cells to
maintain a zero
temperature between
the cells




Basics of ITC experiment

Universal technique based on heat detection

i I

Hcal/sec

ucal st

.
z

time

Time ->

Integration of heats are used to extract affinity (Ky), stoichiometry (N)
and binding enthalpy (AH) using appropriate binding model



The energetics

AG =RT In K,

AG = AH —TAS

AH, enthalpy is indication of
changes in hydrogen and van der
Waals bonding

-TAS, entropy is indication of
changes in hydrophobic interaction
and/or comformational changes

AG = Gibbs free energy

AH = Enthalpy

AS = Entropy

R = Gas constant = 1.985 cal K" mol!

T = Temperature in Kelvin = 273.15 + 1 0C
Kp = Affinity

spontansqus direction is downhil
proceeds Unaided

non-spontansous direction is uphil
procesds anly IT work IS done

N




The energetics

» The same
affinity and
stoichiometry
but different
enthalpy

» This tells us
there are
different
binding
mechanisms

kcal/mole of injectant

Ligand A into
compound X

Ligand B into
compound X

Molar ratio

Same affinity, different energetics!
All three interactions have the same
binding energy (AG)

A. Good hydrogen bonding with
unfavorable conformational
change

B. Binding dominated by
hydrophobic interaction

C. Favorable hydrogen bonds
and hydrophobic interaction

kcal/mole

Unfavorable

WAG
W AH
| -TAS |

Favorable

ITC results are used to get insights into mechanism of binding




ITC experiment




Standard set-up:

» “Ligand” in syringe /
» “Macromolecule” in
sample cell

= Reverse arrangement possible
= Concentration and other

parameters necessary to set-up
the experiment

Reference cell Sample cell



Performing an ITC experiment
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Competition titration:

Very high and very low affinity systems can
be studied using competition titrations

©+ @
®— 1 —

Low High
affinity affinity
complex complex

= High affinity ligand added to a solution of the low affinity complex
= High affinity ligand displaces the low affinity ligand

= Change in the apparent affinity and apparent enthalpy

- If parameters for one ligand are known, possible to calculate for the other

ligand



Single injection method

» This setup consist of one injection of substrate into
enzyme with the aim to reach Vmax as fast as possible
and observe the signal decay associated with substrate
depletion and product formation.

K %

f

Steady state (Vo)




Assessment of protein quality by

MicroCal™ ITC,,, system

Peptide binding to protein Batch #1  Peptide binding to protein Batch #2

3
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Presented by L.Gao (Hoffmann-La Roche), poster at SBS 2009




Sample preparation




Sample preparation — ,c value”

[ C = [Protein]/K, ]

10-100 Great
5-10 and 100-500 Good

¢

C=<1and > 1000 Competittive ITC
experiment

\_

C = 1-5 and 500-1000 Accuracy limited

\

/

Heat released
(kcal/mol of ligand)

=—c=10000
I

0.0

0.5 10 1.5 20
Mole ratio (Ligand/Protein)

2.5




Sample preparation

» Stability of interacting molecules in conditions of the ITC
experiment

» The cell and syringe buffers must be carefully matched. This is
best accomplished by dialyzing both the macromolecule and the
ligand in the same buffer.

» If the ligand is too small for dialysis then dialyze the
macromolecule and then dissolve the ligand in the dialyze buffer

» Accurately measure protein concentration using A280nm




Poor sample preparation = poor data

» The data show possible
difference of
measurement of the
sample before and after
dialysis

» The large peaks were due
to differences in the NaCl

concentration between
buffers
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Instrumentation




Malvern Instruments

» Differential scanning » Isothermal titration calorimetry
calorimetry
MicroCal VP-ITC  MicroCal iTC MicroCal PEAQ™ ITC
MicroCal VP-Capillary DSC ] i ; v
icroCal™ VP- "V“
MicroCal™ VP-DSC /- 1‘1

. g f Ay fi‘
A A | M
L .
Malvern
e — e

= |
. MicroCal PEAQ ITC Automated

7 i'!‘.a‘/




» Differential scanning calorimetry

» Isothermal titration calorimetry

Standard Volume Low Volume
Cell Geometry Fixed Cylindrical Fixed Cylindrical
Cell Composition 24K Gold / Hastelloy 24K Gold

Active Cell Volume 1.0 mL 190 pL




ITC — theory of data analysis




What we are going to discuss?

» Analysis of raw ITC data
» Data fitting
- choice of model
- fitting procedure
- assessment of goodness of fit
» Global fit: fitting of multiple data sets



Raw ITC data

.O-(I)_imlz.i(%;inl)ﬁm
v Make a sanity check of the raw data



Bad quality raw ITC data

gy Buffer mismatch - no dialysis
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Origin-based ITC data analysis
software




First steps

» Adjust integrations

» Check
concentrations

» Subtract control
heats

@ Origin 7 - C\Program Files (x86)\OriginLab\Origin7\UNTITLED - [RawITC]
£i|e Edit View Graph Data Math Analysis Tools Format Window Help
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Choice of model

» Models supported by Origin: 8 s il (ololl{ | =T T -

,
00
ubtract Reference Datg

» 4 binding models

| '
1

. ohe set of sites

-2.04

. two sets of sites

- sequential binding

[slzl@|v]o[m|N|2 ||| ||| +] 2|2 |

keal mol” of injectant

- competitive binding

» a dimer dissiociation model

00 05 1.0 1.5 20 25

Molar Ratio



“One set of sites” model:

parameters defined by binding isotherm

N & Stoichiometry

Enthalpy Chongeﬁd—_;-»

NDH, kcal/mole of injecta

| «—— Affinity

1
Xt/Mt



Manual fit initialization : your educated

If automatic initialization is not satifactory, in NL curve fitting box insert your
"best-guess” values for parameters and click Chi-Sqr button. A simulated curve
will appear next to your experimental data curve. Compare and decide.
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P Raral 1L sl e e Rl

N datadiog

The simpler the
model, the higher the
chance automatic
initialization will work.
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Quality of fit: dependency of

parameters

E Origin 7 - C\Program Files (x86)\OriginLab\Origin7\UNTITLED - [DeltaH]
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Quality of the fit

* Chi-sqg
« Parameter dependence
* Errors in the fitted parameters

* Agreement between repeated
experiments

* Biochemical and experimental relevance
in the parameters returned by the fit



Quality of the fit: fitted parameters

N, number of binding sites

Q- Bhe {@T S e @H

» “N”Iis the average number of binding sites per mole of
protein in solution, assuming:

- that all binding sites are identical and independent
- that you have pure protein (and ligand)

- that you have given the correct protein and ligand
concentrations

- that all your protein is correctly folded and active



Goodness of the fit: fitted parameters

N, number of binding sites

> IfN# 1

. different number of binding sites
iInaccurate input values for protein and/or ligand concentration
protein instability issues

- compound solubility issues

binding does not fit simple independent model



Stoichiometry: Incorrect [Ligand]
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Stoichiometry: Incorrect [Protein]

kcal/mole of injectant
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» Error in syringe concentration results in
error in DH, Kand N

» Error in cell concentration results in errorin N

» Put the sample of which you have most control over
In the syringe and evaluate accordingly



Reporting results: final figure and

parameter box
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kcal mol™ of injectant

Global fit of multiple datasets

collected at different experimental

conditions
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MicroCal PEAQ software-based
ITC data analysis




MicroCal PEAQ-ITC software

Q-ITC Analysis Software
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MicroCal PEAQ-ITC software

Meﬂﬁm MicroCal PEAQ-ITC Analysis Software
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MicroCal PEAQ-ITC software




MicroCal PEAQ-ITC software —

Design experiment

v« MicroCal PEAQ-ITC Analysis Software

Analyze Experiment(s) [MESle QN s=ili=0s Q —— <> 100%
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4 30 6.0 150 Kp (M) 1.00e-6
5 3.0 6.0 150 [Cell] (M) | 40e-6 <>
6 30 6.0 150 <>
7 30 6.0 150 AH (keal/mol) | -3.00
8 3.0 6.0 150 ~ <«

NOTE: Simulated injection heat variability may not be an accurate representation. Reset Save As Method
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Data fit: non-linear least-squares minimisation

» Fitting pracedure evaluates the
deviation of the fitted function from
the experimental data in terms of chi-
squared.

» In Origin ITC data analysis module
minimization is performed iteratively
by Marquardt-Levenberg or simplex
algorithms




