DSC Interpretation Notes -- Alan Cooper (Glasgow)

These notes are intended to help in the interpretation, avoiding over-interpretation, of biomolecular
DSC data (mainly for proteins). They should be read in conjunction with more comprehensive
treatments, some of which are listed at the end.

Solution differential scanning calorimetry (DSC) measures the difference in heat energy uptake
between a sample solution and appropriate reference (buffer/solvent) with increase in temperature.
A typical experiment comprises one (or more) scans of the sample solution, together with separate
control experiments using buffer alone to establish the instrumental baseline. For fully quantitative
analysis accurate sample concentrations are required, and parameters such as concentration, scan
rate, pH, etc., may be varied.

The ideal world....

Typical raw DSC data for the thermal ] T
unfolding of a simple globular protein in 2047
solution. Such scans show the heat
energy uptake (C, endotherm) during
the unfolding transition, and are usually
(almost) identical upon rescan.
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Tm (effectively the transition peak) is
defined as the temperature at which 50%
of the protein molecules are unfolded or, 1
in an ideal dynamic reversible 2-state 0.036
equilibrium, the temperature at which T
any one molecule spends 50% of its Y
time folded and 50% unfolded.
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After concentration normalization and Normalized DSC data st sy
baseline correction, such data can usually 15
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The calorimetric enthalpy (AHc,) is an
absolute measurement of the heat energy
uptake, given by the area under the
transition peak. It depends on the total S S S S S I
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The Van’t Hoff enthalpy (AHv+) depends on the shape of the endotherm and assumes a true 2-state
reversible equilibrium. It is independent of the amount of protein present. It is a measure of the
cooperativity of the transition: the greater the cooperativity, the sharper the transition and the
greater the AHyy . Broad transitions have low AHyy .

In an ideal world (but see below) AHcy = AHyy

Notes: (a) Units: For experiments done using Microcal instruments with Origin software,
enthalpies are usually given in calories per mole (1 cal = 4.184 J). (b) The error estimates for T,
and AH given by the Origin fitting routines are usually highly optimistic, and do not reflect the real
experimental uncertainties.

The real world....

Unfolded protein is sticky stuff, and many (most?) < 200
will aggregate upon thermal denaturation, |

especially at physiological pH. This aggregation is E&f\gg‘;zgc ‘
normally exothermic and irreversible, causing

distortion of the DSC endotherm, with noisy traces
at higher temperature due to convection of clumpy
aggregates in the DSC cell. Such aggregation is
difficult to control or predict. It is a kinetic Eothermic {
phenomenon, likely to depend on protein Aggregation
concentrations, DSC scan rates, etc. The
distortion/sharpening of the DSC peak leads to T ! | ! | !
lower values for apparent T, lower values for

AHca and higher estimates for AHyy . Temperature ('C)
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Even in the absence of aggregation, thermal 15.0
unfolding is rarely completely reversible, since
exposure of the unfolded polypeptide to higher
temperatures can lead to improper refolding,
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proline isomerization, de-amidation, or other 2 6o
chemical changes that give rise to mis-folded -
forms. These can be seen in subsequent re- s
scans:- s
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Why does AHqy # AHyy ?

Agreement between AH., and AHyy depends on a number of factors such as the accuracy of the
(active) protein concentration, the validity of the 2-state approximation, reversibility of the
transition, etc. Discrepancies betwen the two enthalpy estimates can sometimes be instructive.

AHgy > AHyy may arise if:-

the protein concentration has been under-estimated

the unfolding is not 2-state, but involves unfolding intermediates or independent domains

the protein concentration has been expressed in the wrong molar units (e.g. as moles of dimer,
when the cooperative unit for unfolding is the monomer)

baseline correction is wrong

AHcy < AHyy may arise if:-

the protein concentration has been over-estimated

the concentration may be correct, but not all the protein is correctly folded

the protein concentration has been expressed in the wrong molar units (e.g. as moles of
monomer, when the appropriate cooperative unit for unfolding is the dimer)

the DSC peak is artificially sharpened (distorted) by irreversible/aggregation effects
baseline correction is wrong

... and so on - see further reading for more on this complex topic.
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