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Differentiel scanning fluoremetry nanoDSF

Structural studies demand to reduce protein dynamics and partial unfolding under
excruciating experimental conditions. Thus, high thermostability is an important feature that
needs to be tested to improve the protein behaviour, e.g. to facilitate crystallization [1-3] or
other structural/biophysical studies. DSF of intrinsic fluorophores monitors the intrinsic
fluorescence of Trp and Tyr residues, which respond very sensitively to properties of their local
microenvironment. Thermal unfolding is measured by following the intrinsic Trp and Tyr
steady-state fluorescence intensity, and the position of the emission maximum [4, 5]. An
empirical parameter that equals the ratio of the fluorescence intensities at two different
wavelengths, 330 nm and 350 nm, is used to follow the change in the environment of Trp and
Tyr residues during temperature-dependent unfolding of the protein. This ratio will show a
sharp increase/decrease of the signal during thermal unfolding from which the T, value can be
calculated (see Note 1). The applicability of DSF of intrinsic fluorophores is highly dependent
on the presence of Trp and Tyr in the folded core of the protein that will be exposed upon
unfolding. Moreover, it is necessary to exclude that observed signal changes are caused by
aggregation as this will also lead to changes in the fluorophore environment. A backscattering
measurement can also be performed to test if aggregation occurs (before or after denaturation).
The choice of the temperature gradient is important as it is linked to the activation energy via
the Arrhenius equation [6]. Typically, a heating rate of 0.5 °C. min~! is used. A comprehensive
understanding of the measurement, advantages, and drawbacks can be found in [7] and an
example is presented in Figure 1. Comparing the melting temperatures in different buffer
compositions (4T,,) allows to define the optimal buffer condition as an increase in Tj,
corresponds to better thermal stability and reduced conformational flexibility.

1. Switch on the instrument, clean the reflexion mirror with ethanol and let the system warm-
up for at least 15 min.

2. Prepare a stock solution of the target sample with an absorbance at 280 nm of around 1.
This signal depends on the presence of tryptophans and tyrosines.

3. Dilute in PCR tubes 1 pL of protein into 10 uL of buffer to be tested. For buffer screening,
if available, preparation of buffers with a robot or the use of commercial buffer screening
kits are recommended to avoid mistakes and to increase reproducibility.

4. Repeat the procedure for all conditions to be tested.

5. Fill the capillaries with the diluted sample solutions and place them into the DSF instrument.
Only touch the capillary extremities and not the capillary center (detection part).

6. Adjust the excitation power to obtain a fluorescence signal between 2,000 and 20,000
counts to get sharp denaturation transitions. If the signal is lower than 2,000 counts, increase
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the 1n1t1al concentratlon of the sample or use the high sensitivity capillaries with lower
background fluorescence. A good practice is to run a blank buffer in parralel to rule out
contamination.

7. Set the temperature range from 20 to 95°C, select a temperature gradient and start the
measurement.

8. At end of experiment, check the capillaries visually. Odd data with unexpected sharp
transitions and bad replicates are sometimes caused by bubbles which may develop on
heating.

9. Discard capillaries in suitable trash can, clean again the reflexion mirror with ethanol and
switch off the device.
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Note 1: By calculating the maximum of the first derivative, the melting temperature (7m)
can be derived; it corresponds to the temperature where 50% of the proteins are unfolded.
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