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TA Instruments, Inc .

ÁDesign, Manufacture and Service

ÁMicrocalorimeters

ÁThermal analysis Instrumentation

ÁDynamic Vapor Sorption Instrumentation

ÁRheometersand Dynamic Mechanical Analyzers

ÁSubsidiary of Waters Corp since 1995

Á~500 employees 

ÁDirect sales, service and support in: China, Taiwan, 

Japan, Korea, India, UK, France, Germany, Belgium, 

Netherlands, Sweden, Italy, Spain, Australia, Mexico, 

Brazil

ÁManufacturing facilities in Delaware, Germany, and Utah.
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TA Instruments Microcalorimetry Product Line

TAM Air

SolCalMC DSCNanoDSC

Autosampler

NanoITC
Std Vol & Low Vol

TAM IV

AffinityITC

Autosampler
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Why use a Nano DSC?

ÁDSC is the only technique that allows the 
direct measure of Tm, ȹCp and  ȹH. 
ÁDSC allows for calculation of entropy (ȹS) and 
free energy (ȹG).

ÁDoes not require nitrogen purge

Ái.e. CD-spectroscopy

ÁEqually useful for macromolecules and 

small molecules (no MW limit)

ÁCompatible with essentially any buffer or 

additive 

ÁRequires small sample concentrations and 

volume
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Nano DSC Specifications and Configurations

Temp Range
-10° C to 130° C Capillary

-10° C to 160° C Cylindrical

Pressure Perturbation To 6 atm

Cell volume 0.3 mL

Cell material
Platinum ïCapillary

Gold ïCylindrical

Capillary can also be automated
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Nano DSC Cell Geometry

ÁCell Construction; 
Inert to biomaterials 
99.99% Platinum

ÁSmall Sample Volume
(0.3 mL)

ÁAttenuates or delays 
onset of aggregation 
until after protein has 
unfolded

ÁEasy-to-fill and clean 
design

Continuous Capillary 

(130° )

Fixed-cell for maximum 

sensitivity
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Benefit of Capillary Sample Cell
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Nano DSC Optional Cell Geometry

High-Temperature 

Version (160° C)

Cylindrical

ÁCell Construction; 
99.999% Gold

ÁSmall Sample Volume
(0.33 mL)

ÁHigh temperature option

ÁEasy-to-fill and clean
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Nano DSC Schematic

PressureTemp

Heat flow

Software ïFirmware control
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Nano DSC Automation System

Nano DSC Autosampler System:

ÁProgram-and-walk-away functionality

ÁLiquid handling autosampler from

Spark Holland 

ÁTemperature controlled sample storage

(4 C̄ ïAmbient)

ÁTwo 96-well sample plates

ÁProgramming for up to 96 samples with

matching buffersÁBoth Nano DSC and Autosampler

programmed from same software
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Nano DSC Autosampler

SamplePlate Buffer Plate

Sample Handling 
Syringe

Temperature 
Controlled 

Sample Storage Area

{ŀƳǇƭŜ 5ŜƭƛǾŜǊȅ 
[ƛƴŜ ǘƻ bŀƴƻ 5{/
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Nano DSC Autosampler Performance

Experiment Parameters:

Instrument:  Nano DSC

Sample:  Lysozyme

Scan Range: 10 ï80ºC

Scan Rate: 1ºC / min

Sample Buffer: Glycine

Sample Vol:  1mL

A/S & DSC Protocol:

1. Initial cell wash

2. Cell conditioning scan

3. Cell wash

4. Buffer scan

5. Cell wash

6. Sample scan

7. Cell wash

8. Buffer scan

9. Final cell wash

2 Samples

Each 

mg/mL
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Á Biopolymer ïStability

Á Biopolymer Structure

Domain, Subunit, oligomerization

Á Ligand Interactions

Drug Binding to Proteins or 

Nucleic Acids

Á Membrane Structure

Lipid Bilayers, Membrane 

proteins

Á Pressure Perturbation 

structure and solvation

Á Complex milieu

Nano DSC Applications

Dash = blood serum

Solid = pure proteins in serum
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Types of questions addressed - Nano DSC

Stability of proteins and protein structural components 

Why that linear sequence folds into that structure

design drugs that bind to ódiseasedô protein

understand how proteins interact with and control each 
other, etc.

Cooperativity and reversibility of unfolding/folding reactions

Environmental effects on stability and reversibility

Enthalpic and entropic contributions to protein stability

Stability of molecular assemblies (e.g. liposomes)

Effect of ligand binding on protein-ligand complex stability

Experimental approaches are applicable to all 
biological macromolecules.
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Why study proteins by DSC?

ÁSmall changes in linear sequence (even one amino acid) alter 3-D 
structure, can profoundly change function (e.g., cause disease)

ÁUnderstand whythat linear sequence folds into thatstructure
Ádesign drugs that bind to ódiseasedô protein
Ádesign new proteins with new functions
Áunderstand how proteins interact with and control each other

Áand more!

ÁA protein óstructureô is actually an ensemble of very similar structures. 
Structures are constantly fluctuating slightly. Protein structures are 
dynamic

ÁFolding and structure are controlled by kinetics and thermodynamics.

ÁDSC is direct: no immobilization, no chemical derivatization
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Understanding quantified values from a DSC

What stabilizes a protein structure?

Free energy required to denature a protein 

is ~ 0.42 kJ/mol per amino acid.

100 residue protein is stabilized by about  

42 kJ/mol

Interactions with the environment (salts, 

membranes, ligands, other proteins) are 

critical to the structure of a protein.

Levels of protein structure

Magnitude of enthalpy corresponds with level of 

structure and type of folding (ɓ-sheet, Ŭ-helix)
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What happens to a protein during a DSC sca n?

ÅThe moderate heat used in a DSC scan 

will break the very weak bonds and 

interactions that stabilize the three 

dimensional structure.

ÁHeat absorption causes the protein atoms

to vibrate and move, disrupting stabilizing 

bonds and interactions. Hydrophobic groups 

are exposed to water. Proteins stick together 

and precipitate.

ÅMost proteins unfold between 40 ï90 oC

ÁTemperature of unfolding (Tm) of a protein is 

characteristic for that protein
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What happens to a protein during a DSC scan?

ÁThe linear sequence folds 
into a complex 3-D 
structure with millions of 
very weak bonds and 
interactions

ÁProtein Stabilized by 
about 80 ï120 kJ/mole.

ÁProteins unfold (denature) 
easily (change in pH, 
temperature, salts, 
organic solvents)

Heat absorption Ą vibration Ą disrupting stabilizing bonds and interactions
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Two state model of protein unfolding

ÁHeat associated with unfolding (endothermic) and folding (exothermic) is easily 

measured by calorimetry, allowing thermodynamic analysis of the folding/unfolding 

process.

ÁFolding and unfolding of a small protein, a domain, or a subunit, is ócooperativeô 

(once started, it goes to completion). 

ÁThese small units can fold and unfold reversibly. Reversibility is directly measurable 

using DSC. 

Enthalpically Favorable

Hydrophobic & electrostatic interactions, 

H+ bonding

EntropicallyFavorable

Changes in solvation & 

conformational freedom
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Information from DSC

ÁHeat capacity change (DCp)

ÁTrend: Protein with lowerDCp - more 

rigid and protein with higher DCp -

more flexible.

ÁPrimarily reflects exposure of 

hydrophobic groups. DCp is positive.

ÁEnthalpy 

Áȹ H: e2 non-covalent interactions ï

hydrophobic & electrostatic, H+ bonding

ÁTm

ÁIndicates macromolecular stability

ÁFrom these measured values it is 

possible to calculate the  entropy 

(ȹS) and free energy (ȹ G)

ASTM E2603-08 - for verification of enthalpy and 

temperature of a fixed-cell DSC (www.astm.org) 

http://www.astm.org/
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What does a DSC scan tell us?

ÁIf the native (N) and unfolded (U) state are in equilibrium 

ÁAssume Two-state

N U

ÁAt any T:

ÁKeq = [U] / [N]

ÁDG = -RT lnKeq

ÁDG = DH ïTDS

ÁAt Tm, ½ unfolded, DG = 0 then DS = DH/Tm and [N] = [U]

ÁThe measured values, are used to calculate entropy (DS; a measure of 
molecular disorder) and free energy (DG).

ÁFree energy describes the overall stability of the system.                        

ÁPositive DG: the folded protein is more stable than the unfolded protein. 
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Enthalpy

Tm (ȹG) comes from two places: 

ȹH and ȹS.

Enthalpy 

ȹ H: e2 non-covalent interactions 

ïhydrophobic & electrostatic, H+ 

bonding

Measured ȹHcal

Calculated ȹHvH
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Enthalpy: Comparison of measured ( DHcal ) and 

calculated ( DHvH)

DHvH < DHcal

N ª I ª U,  

MWCo-operative unit < 

MWprotein

Two-state model 

invalid

DHvH= DHcal

N ª U

a²/ƻπƻǇŜǊŀǘƛǾŜ ǳƴƛǘҐ 
a²ǇǊƻǘŜƛƴ

Two-state model 

valid. Cooperative 

unfolding

DHvH > DHcal

Nnª nU (oligomer)

MWCo-op. unit > 

MWprotein

Two-state model 

valid or process is 

irreversible ï

hysteresis

N D
k1

Privalov and Potekhin ñScanning Microcalorimetry in Studying Temperature-

Induced Changes in Proteinsò Methods in Enzymology (1986), v141, pg4-51
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DHvH< DHcal

Do two portions unfold independently?

Increase of protein stability 

and the heat absorption 

peak also becomes sharper

This sharpness can be 

quantitatively evaluated with 

ȹHVH . DHvH < DHcal

Quasi-independent 

cooperative. Ratio is ~1.7 

(DHcal/DHvH)

Privalov, Microcalorimetry of Macromolecules, 2012 Wiley
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DHvH > DHcal
Partially saturated Zn-Insulin

ȹHcalapoinsulin: 

~ 200 kJ/mol

Ў

Ў  ╬2

Ў

Ў  ╬4

Confirm dimer formation 

with ITC

Kd = 22 µM

DSC [sample] > 100 µM
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Entropy and Heat Capacity

ÁȹS: an expression of the multiplicity of ways in which the 

system can be found with a particular energy

ÁDegeneracy (w) of the system.

ÁȹCp relationship with ȹS. 

ÁCp depends on the numbers of ways there are of distributing 

any added heat energy to the system

ÁBecause ȹCp is easier to visualize than ȹS from a DSC 

thermogram, the focus will be on this property

Á w and     S then     Cp, little energy will be required to 

raise the temperature
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Entropy and Heat Capacity

Á S: an expression of the multiplicity of ways in which the system can be 

found with a particular energy.

Á Degeneracy (w) of the system.

Á Cpdepends on the numbers of ways of distributing added heat energy. 

Cartoon: http://www.lanl.gov/bmsi/Individual%20Research/Werner/WernerFolding.html
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Heat Capacity

Á +ȹCp : typically a denatured protein has a 

higher heat capacity than the native 

folded protein.

Á Reasons for +ȹCp
Á Solvent reorganization around newly 

exposed non-polar side chains. 

Á ȹCp scales with the number of buried

hydrophobic side chains in the native

conformation.

Á Major influence of Cp comes from the 

primary sequence, minor influences 

are non-covalent 

Á Gomez et al. Proteins, 1995, 22, 404

Á ñIcebergò theory. There is a cage of 

water that forms around the non-

polar groups that is said to contribute 

to the large heat capacity. Sturtevant, 

PNAS, 1977, 74, 2236

BSA

Insulin Dimer

Lysozyme
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Heat Capacity & Binding

Large, +DCp Smaller, +DCp

ȹ Cp is directly related to solvation

In case of L binding to P, if ȹ Cp <0 (reverse direction of above), this is  associated 

with ligand-induced structural changes that bury hydrophobic resides and liberate 

solvent (JACS (1964), 86, 4302)
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DSC Analysis Summary

Next step is to apply this analysis to an actual samples

Á Tm

Á Stability

Á

Á Heat Capacity

Á Degeneracy

Á Excess molar Cp following unfolding and longevity

Á Enthalpy

Á VanôtHoff relationship

Á Cooperativity
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Applications
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Applications for DSC  

ÁDetermine thermal transition (melting) temperatures

ÁMeasure ȹH of denaturation

ÁMeasure reversibility of thermal processes

ÁMeasure ȹCp of unfolding

ÁDetermine stability macromolecules

ÁMeasure high affinity binding (up to 1020 M-1)

ÁInvestigate a complex milieu
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Effect of additives and formulations

Á Excipient to stabilize against 

chemical and physical 

degradation

Á Choice of an additive or a 

formulation is generally 

determined empirically

Á DSC is the fastest way of 

evaluating additives effect on 

Tm, reversibility Olsen et al., ThermochimicaActa, 484, (2009), 32-37

a-amylase

Many users stop data analysis after reporting a Tmax, the 

following slides will discuss what is being missed.
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Denaturation and Aggregation

N       D       I

Techniques for studying denaturation and not aggregation:

1.pH far from isoelectric point

2.Dilute solutions

3.3.   Reversibility ïabove 80 ęC mesophilicproteins typically not reversible 

b/c of oxidation of side groups

Á Is the NaSCN trace a 

better choice than 

(NH4)2SO4?

Á Correlation of proteins 

with aggregation 

tendencies to poor 

longevity, using real-time 

HPLC SEC.
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Macromolecular Stability

Grzesiak et al., J. Mol. Bio. 301, 205-217, 2000

Á Mutate proteins: more stable, more 

specific, faster, new properties, etc.

Á Useful to predict outcome of a mutation, 

so need a database of thermodynamically 

characterized proteins

Á Complicated network of interactions

Á Example: enthalpic changes 

(changes in hydrophobic interactions, 

hydrogen bonding, electrostatic 

interactions) are compensated by 

entropic changes (changes in 

solvation, conformational freedom)

Á {ƛƴŎŜ DD Ґ DI ς¢D{Σ ǳƴŦƻƭŘƛƴƎ ƻŎŎǳǊǎ ǿƘŜƴ ¢D{ ƛƴŎǊŜŀǎŜǎ ǎǳŦŦƛŎƛŜƴǘƭȅ όŜΦƎΦ 
ōȅ ŀōǎƻǊōƛƴƎ ƘŜŀǘύ ǘƻ ƻǾŜǊŎƻƳŜ ǎǘŀōƛƭƛȊƛƴƎ ŜƴǘƘŀƭǇƛŎƛƴǘŜǊŀŎǘƛƻƴǎ

Á .ƛƻǇƻƭȅƳŜǊ ǳƴŦƻƭŘƛƴƎ ƛǎ ŜƴŘƻǘƘŜǊƳƛŎ
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How to determine if unfolding is kinetically controlled?

ÁScan rate dependence of Tm indicates that N and U are not in 
equilibrium. 
ÁTheir concentrations change at a rate equal to the sum of the unfolding 
and refolding reactions. Increasing temperature faster than system 
responds distorts Tm and shape.
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Protein unfolding/refolding reversibility - scan rate

Á Interleukin-1 receptor 

scanned at 0.25, 0.5, 1.0 

and 1.5 oC/min:

ÁScan-rate 

dependence of Tm

indicates folded and 

unfolded protein are 

not in equilibrium

ÁUnfolding is kinetically 

controlled

L
L
L

Remmeleet al., JACS127, (2005), 8328-8339
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How to determine if unfolding is reversible?

ÁAggregation is characterized by thermodynamic and kinetic components. 
ÁThermodynamic component causes unfolding.
ÁKinetic component can result in partial or complete irreversibility.
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Protein unfolding/refolding reversibility -

rescanning

Á Non-reversibility of protein 

unfolding indicates:

ÁMulti-domain or subunit 

structure

ÁChemical alterations to 

the sequence

ÁKinetic events 

hindering

1st heating scan to 6th heat scan shown
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Domain and Subunit Stabilities

Medvedet al., J. Biol. Chem. 274, 717-727, 1999

Á Unfolding of domains and subunits 

with different thermal stabilities may 

produce asymmetric thermograms.

Á A small change in sequence, or 

other alteration, can affect the 

stability of the whole protein, or the 

stability of one domain or subunit.

Á DSC quickly reveals these stability 

changes.Practical implications: 

Identify subunit stability within a 

protein.
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Polynucleotide structure

Á Linearlized pBR 322 heated at 0.1 

oC/min for optical profile, 1 oC/min 

for DSC scan.

Á Individual spectral peaks reflect 

the cooperative melting of one or 

more domains.

Á DSC provides a complimentary 

and more direct means of 

measuring 

thermodynamic 

parameters of 

DNA.
Volker et al., Biopolymers 50,  303-318, 1999
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Importance of concentration determination

Effect of sample concentration dependence of Tmis a test for oligomerization
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Protein oligomerization

Á Oligomerization domain of tumor suppressor p53 studied at 70, 93 and 

146 mM.

Á Tm increase with increase dependent upon concentration demonstrates 

the formation of higher order association states

Johnson et al., Biochemistry 34 (1995) 5309-5316
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Membrane proteins and membranes: detergents 

and lipids

ÁMembrane proteins must be solubilized in detergents or lipids

ÁDetergents form nanospheresin water composed of a single layer 

of detergent molecules. This is called a micelle. 

ÁLipids form nanospheresin water composed of a double layer of 

lipid molecules, called a liposome.
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Membranes/Membrane protein Interactions 

ÁMany proteins are associated with membranes 

and serve numerous functions. 

ÁHow does membrane stability change in the 

presence of various proteins

ÁDSC can provide indications

Á Vesicles were prepared by sonicaton bath 

with 5 mg/mL DPPC and then treated

Á Palmitoylated SNAP-25 (Orange)

Á 1.2 µg SNAP-25 (Red)

Á 2 µg SNAP-25 (Blue)

Á Untreated control (Green)

Palmitoylated SNAP-25 increase membrane stability, while

non-palmitoylated SNAP-25 decreases membrane stability relative to the control
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Membrane protein structure

Á Micrograms of a membrane protein can 

represent weeks of work and require 

detergents for solubilization

Á Nano DSC obtained high-quality scans 

using 20 mg (0.3 picomoles) of a 70,000 

Da complex (non-palmitoylated and 

partially palmitoylated SNAP-25) 

consisting of 3 membrane proteins

Á Thermogram very well fit by 3 

transitions

Á Partial chemical derivatization and 

stabilization of complex easily verified by 

DSC
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Studying Binding by DSC

Â If a ligand binds 

preferentially to a folded 

protein, the Tm of the 

protein will generally 

increase. The more bound 

ligand there is, or the 

tighter it binds, the more 

Tm increases.

Â Can determine binding 

constant at Tm. 

Â Useful for very tight 

binding

Â DSC is a quick way to 

determine if two molecules 

interact.
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Studying Binding Via DSC - Simplified

Advantages over other 

Techniques:

1. Ligand only soluble in 

organic solvents

2. Extremely tight binding 

affinities

3. Slow binding
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Protein-ligand complex

Nucleic Acid ïDSC Scan Nucleic Acid-Binding Protein ïDSC Scan

Complex ïDSC ScanTm = 86.1° C

Nano DSC Scans from 0° C - 110° C at 1° C/minute

Tm = 60.7° C

Nano DSC analysis of the complex reveals several surprising details 
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Tertiary structural changes upon ligand binding

ÁProtein structures are dynamic and 
constantly fluctuating between partially 
folding and folded structures

ÁLigands can preferentially bind to a 
partially unfolded conformation

ÁEx: Zn2+ added to Ca2+-saturated a-
lactalbumin, a two-domain protein

ÁEnthalpies of the domains in absence 
of Zn2+ are consistent with the crystal 
structure

ÁIncreasing [Zn2+] progressively 
destabilizes the protein, driving 
equilibrium towards the unfolded state

ÁDSC is a quick way of determining if a 
ligand binds preferentially to folded or 
partially unfolded protein. 
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Pressure Perturbation

No Autosampler interface

Á Pressure perturbation: the heat change in a 

biopolymer sample caused by a pressure 

jump.

Á Nano-DSC can alter pressure quickly and 

smoothly, to 6 ATM.

Á Heat corresponds to the work done by the 

pressure to create a volume change. 

Á Thermal expansion determined,  which is 

correlated with hydration of the     

biopolymer. 

Á Volume change can also be correlated with 

tightness of packing of protein interior 

(chymotrypsinogen is more hydrophobic than 

ribonuclease). Lin et al., Anal. Biochem. 302, 144-160, 2002
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Shell v. Bulk Solvent



TAINSTRUMENTS.COMTAINSTRUMENTS.COM

Pressure Perturbation

Pressure perturbation scan of 13.4 mg/mL 12bp dsDNA

against buffer at 0.1° K/min and 1 to 5 Atm pressure pulses.

Thermal expansion coefficients of 

three different 12bp dsDNA

Pressure perturbation experiments provide information on the 

temperature-induced changes in samples Dragan et al., Biopolymers, 91(1), 2008
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Application of pressure perturbation

ÁPressure perturbation effects are different for the DNA solution and the 

Buffer and they change in different ways with temperature increase.

PPC of Buffer

Pulses:  1-5 atm

Heating rate:  0.1 K/min

PPC of 12bp DNA Duplex I

Dragan, Russell, Privalov; Biopolymers 91:95-101. 2009
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Application of pressure perturbation

ÁTemperature reduction results in a decrease of the partial volumes of all three considered duplexes

ÁThe decrease of the partial volume on formation of duplex I is about 20 ml/mol greater than that of the two 
other ςDuplex one has contiguous -AAATTT- stretch

ÁDifference in partial volumes must be attributed to the differences in the volumes of the hydrating water. It 
follows from the above results that the volume of water hydrating the duplex containing the -AAATTT- stretch 
is considerably smaller than the volume of water hydrating the two other duplexes

PPC of Three Different 12bp DNA Duplexes

I    5ô-CGCAAATTTCGC-3ô

II   5ô-CGCAGACTGCGC-3ô

III  5ô-CGCCGCCGCCGC-3ô

Dragan, Russell, Privalov; Biopolymers 91:95-101. 2009
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Up and Coming Application

Plasma Proteome - Peptidome

Á3000 individual proteins / peptides

ÁBiomarkers for diagnostic purpose

ÁTherapeutic monitoring

ÁMinimally invasive and safe access

ÁPeptides related to diseases expected to increase

Á Increased binding / interaction with huge proteins found
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Whole blood fractions

picture from: www.encyclopedia.lubopitko-bg.com Corporation
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Major Plasma Proteins

picture from: pssbio.com

Disease related:

Á no single peptides, rather sets

Á changed composition

Á peptides complexed to HSA or Ig

Á 10 proteins make up 90% of the mass of plasma proteome

Á next 10-12 proteins account for another 9% (2D GE, MS)

1% remains (LAP)

Ábiomarkers

Ápeptides
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Lookout for cancer / disease biomarkers

inside plasma huge proteins:

albumin

globulines

Fibrinogené

biomarker / peptides rather small

small changes in size and charge

easy to miss in

electrophoresis

mass spectrometry

DSC is sensitive to 

composition and interaction

MC Seminar Basel 2012
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Characterization of plasma proteome from

healthy controls

Garbett et al. (2009), Experimental and Molecular Pathology 86:186-191

Thermograms of the 16 most abundant 

plasma proteins

Plasma of healthy individuals

(9 and 5 )

x ± sd
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Setup for plasma in DSC measurements

1.Sample preparation (example from Garbett et al.)

Filtration 45Õm cellulose acetate

Concentration 25 fold dilution

bufferPBS pH 7.5 (10mM PO4, 150mM NaCl, 3.8g/L NaCitrat)

2.Experimental procedure

scanrate 1 C / min

scanrange 10 ï90C

baselinecorrectionbuffer/ bufferblank

Simple procedure
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Systemic lupus erythemathosus (SLE) and 

Cervical Cancer

ÁThermograms of both diseases show distinct Haptoglobin

peak due to Albumin stabilization (Tm shift),  no significant 

change in albumin conc. (proved by electrophoresis)

simeyc.hubpages.com

ÁHaptoglobin peak also 

found in 'lupus' 

autoimmune 

disease:typical 'butterfly 

rash'
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Shifts in thermograms due to binding on 

albumin

Proof of concept:

Bromocresol Green (BG) mixed to

Plasma (A) and Albumin (B):

Á Tm shifts to higher stability

Á higher [BG], higher Tm shift

Á resemblence to disease thermograms

Á reveals lower abundance proteins

Garbett et al. (2009), Exp and Mol Pathology 86:186-191

Interactomics!
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Colorectal Cancer (CRC)

Todinova et al. (2012), Biophimica et Biophysica Acta

http://dx.doi.org/10.1016/j.bbagen.2012.08.001

MC Seminar Basel 2012

healthy control (32 volunteers)

CRC1, CRC2, CRC3 classification
Á Cp-ratio T2/T3 comparison between healthy and cancerous sample

Á 0.8 K/min, 20-95° C, buffer blank
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Non cancerous soft tissue inflammation vs

Gastric cancer

Todinova et al. (2012), Biophimica et Biophysica Acta

http://dx.doi.org/10.1016/j.bbagen.2012.08.001

MC Seminar Basel 2012

Inflammation

Á increasing globulins

Ádecreasing albumins
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Brain Tumor Study

Chagovetz A, Quinn C, Demarse N, Hansen L, Chagovetz A, Jensen, R. 

Differential Scanning Calorimetry of Gliomas: A New Tool in Brain Cancer 

Diagnostics? Neurosurgery 2013 73(2)289-295

Á Only Tm4 showed statistical differences 

between types.
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DSC Utility

ÁConsider the systems that our users put into the Nano

DSC: blood serum, brain tissue, cerebral spinal fluid, 

liposomes, micelles. We donôt limit ourselves to single 

protein unfolding or even only proteins!

Á DSC can quantify the cooperativity of the unfolding. The 

relationship of ȹHcal and ȹHVH provide interesting 

information regarding the cooperativity of unfolding as well 

as the oligiomeric state of the protein. 
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Experimental: Getting Started
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How much protein is required for a DSC scan?
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Choice of Buffer

ÁAll buffers have an ionization enthalpy:

BH B- + H+

DH
ion

ÁBuffers with high ionization enthalpy undergo large change in pH as 
temperature increases (e.g. TRIS)

ÁUse buffers with low ionization enthalpy: acetate, formate, citrate, 
glycine

ÁQuaternary amine buffers have high ionization enthalpies and 
should be avoided

ÁUse only thermostable additives. 

ÁFor reducing agents, TCEP is preferable to b-mercaptoethanol or 
DTT. 

ÁCaution: viscous additives, especially preservatives and stabilizers 
such as glycercol and detergents, can trap air bubbles, and dialyze 
very slowly. 
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Buffer Thermal Stability
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Sample scans

ÁAccurate concentration determination is critical for accurate DH, DCp.
Typical concentration range is 0.1 ï1 mg/mL,

ÁSample volume of ~0.55 mL is sufficient to overfill the 0.3 mL cell

ÁFor added reproducibility, loadóon the flyô:
ÁRelease pressure at ~ 30 oC on first cooling scan, remove pressure
handle
ÁLoad degassed sample while down scan continues
ÁSample will be scanned on next heating cycle

ÁRepeat to establish reproducibility of sample thermogram
ÁRescan same sample (reversibility). Vary sample concentration
(oligomerization), scan rate (kinetic effects).
ÁHint: Use fast (2 oC/min) scan rate for very dilute samples, slow (0.5

oC/min) for complex (multi-domain, multi-subunit) samples
ÁNote: Conditioning and baseline repeatability scans are only
necessary when changing buffer composition.
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Sample Dialysis and Degassing

ÁDSC measures the small heat capacity differences between buffer in
reference and sample sides. It is critical to match buffer composition in
both cells. It is suggested to dialyze sample extensively to remove low
molecular weight contaminants.

ÁIncreased temperature results in decreased solubility of dissolved gases,
causing bubble formation. Degas sample and dialysis buffer (for reference
cell) under vacuum for 5-15 min at about 0.3 atmospheres.

ÁBubble formation and boiling are retarded by pressurizing sample and
reference cell to 3-6 atmospheres during scanning experiment.

ÁEnsure cells are scrupulously clean and do not introduce air bubbles,
which can affect noise and repeatability of the scans
Áe.g. 1mL air bubble can cause a 70mW offset at 1 oC/min
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Degassing Station

Power connector

Power switch

Cleaning port

Pump exhaust port
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Manual Load - Capillary

ÁFrom the Nano DSC Getting Started Guide.  Available 

on any computer with DSC Run installed.

ÁUse pipet tips with small piece of 

silicon tubing to manually load cells

ÁInsert the the silicon tubing on the 

sample or reference cell and fill by 

rocking the solution

ÁCap one side of the sample and 

reference side with a black vinyl cap
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Nano DSC Data Analysis

ÁFlexible DSC data fitting models
Á Two State 

Á Two State Scaled

Á General

Á Gaussian

Á Flexible Overlay Graphing
Á Flexible display of multiple graphs

Á User selectable format for graph export

ÁStatistics on results (Tm,ȹH)

ÁUser adjustable fitting iterations

ÁConfidence interval calculations

ÁVisual graph of fitting iteration results

ÁStatistics on fit parameters (Tm,ȹH)

ÁBatch Processing

ÁTabular listings

ÁEasy analysis of multiple files
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Nano DSC Data Analysis - Models

ÁThree models available in NanoAnalyze

ÁTwo-State

ÁTwo-State Scaled

ÁGeneral

ÁModeling of data using ñpsuedoò vanôtHoff method

This ópsuedoôvanôtHoff expression does not depend on the absolute

values of DCp and DH and consequently neither on the possible errors

in determining the concentration of the studied material nor on the

calibration of the scanning calorimeter.

P.L. Privalov and S.A. Potekhin ñScanningMicrocalorimetry in Studying

Temperature-Induced Changes in ProteinsòMethods in Enzymology

(1986), v141, pages 4-51
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Model Definitions: Two -State

ÁThismodelassumestheproteinto

beeitherfoldedorunfolded(i.e.two

states),andessentiallyattemptstofit

a Gaussiandistributiontothese

states.

ÁItalsoassumesthatany

concentrationandMW information

enteredinthemolarheatcapacity

conversiondialogtobeaccurate.

Á Ifeitherofthesequantitiesisoff,

thenthemodeledpeakwillnotbe

abletosimultaneouslymatchboththe

widthandheightofthedatapeak.
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Model Definitions: Two -State Scaled

ÁThe two-state scaled model adds

the additional Aw variable, a scaling

factor to compensate for errors in

the assigned concentration.

ÁSuch errors may arise from not

knowing how much of the material

in the original solution is in its

native folded state and how much

may have already denatured.

ÁUse of multiple two-state scaled

models is a convenient method for

peak deconvolution.

ÁWhen using either the simple or

scaled two-state model, the data

must be baseline-subtracted.
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Importance of concentration determination

ÁDHcal is dependent on concentration of the folded protein in sample

ÁDenatured protein and contaminants will provide incorrect DHcal, DS, DG
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Model Definitions: General

Á Most Complex in terms of

variables to fit

Á This model is typically only used

in cases where the user is

interested in the ȹCp before and

after the peak, and wants to

derive it from a model.

Á The A0 and A1 variables of this 

model represent the intercept 

and slope of the leading 

baseline (before the transition), 

respectively.

ÁDonôt subtract the baseline when 

fitting this model.
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Model Definitions: Gaussian

This generic model mathematically describes 

the symmetric unfolding of a molecule.
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Nano DSC data analysis

ÁAdd file(s) to NanoAnalyze worksheet

ÁChemical baseline subtraction

ÁMolar heat capacity (MHC) conversion

ÁSelect region of interest

ÁApply integration baseline

ÁModeling of data

ÁDSC file types for NanoAnalyze:

ÁRaw data file extensions -.dsc files

ÁUse Add file

ÁAnalyzed data in saved sessions - .csc

ÁUse Open file

Basic steps of DSC data analysis:
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NanoAnalyze ðData Conversion Tab
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NanoAnalyze ðIntegration Baseline Tab
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NanoAnalyze ðModeling Tab

click
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NanoAnalyze ðStatistics Tab


