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Differential Scanning Fluorimetry:
Detection of ligands and conditions that promote
protein stability and crystallization
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Method introduction
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Niesen et al. (2007) Nature Protoc. 2(9), 2212-2221

AT ~AG,~In (Ky)

Stability of protein is related to AG,, (Gibbs free
energy of unfolding); inverse proportional to the
temperature

Equilibrium: AG, = 0, n,=n,; T, (mid-point tempe-
rature, “melting temperature”)

Free energy contribution of ligand, AG,, most
likely increases AG,and T,

DSF monitors thermal unfolding in presence of a
fluorescent dye (fluorescence quenched in aque-
ous solution, but not in non-polar environment,
e.g. hydrophobic sites on unfolded proteins)
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Applications and Limitations

Applications

Thermal stability?

Increase in thermal stability by generic additives
(salts, nucleotides, etc.) or change of pH?

Detection of a stabilizing ligand?

Extent of stabilization by a known ligand?

Multi-domain protein — unfolding cooperatively?

Influence of a known ligand on mode-of-unfolding
(e.g. of multi-domain proteins)?

» High or low flexibility?
‘flexibility’ = number of differently stable conformational
states:
- steep transitions = highly cooperative unfolding
- shallow transitions = high flexibility

Limitations

Interactions between compounds and dye
may mask stabilization or give rise to
artifacts.

Coloured compounds may interfere with
optical detection.

Difficult interpretation of effects on multi-
domain or oligomeric proteins that show non-
two state (i.e. multi-phasic) unfolding

Dyes currently available for high-throughput
(RT-PCR) not applicable to conditions
comprising hydrophobic additives such as
detergents (most often necessary for
membrane proteins).
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Application of DSF to the work of the SGC
Identification of a novel family of PIM kinase inhibitors / compound SAR:
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Pogacic et al. (2007): Cancer Res. 67(14), 6916-6924.
(collaboration of SGC [group S. Knapp] with J. Schwaller, University of Basel)
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Application of DSF to the work of the SGC

Aid in structure determination for human and Apicomplexan protein targets:
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Application of DSF to the work of the SGC

Ligands of the C2 domain of Protein Kinase C gamma

Because of a technical error, the following slide was missing in the presentation
that was actually held at the PX school.
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Application of DSF to the work of the SGC

Ligands of the C2 domain of Protein Kinase C gamma
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DSF Analysis

» Development of analysis tools directed to protein-unfolding applications by RT-PCR manufacturers is
strongly restricted by existing industrial patent (ThermoFluor)

»  Our aim: build a highly automated analysis tool that enables fast and easy analysis of experiments in
parallel, without need for specialized software

Now available: DSF Analysis 2.5, requires only: Microsoft Excel + fitting software, e.g. GraphPad
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Outlook

» DSF HTS: motivate suppliers of RT-PCR to build a 384-well instrument that is truly applicable

»  Screening of conditions, additives and specific ligands for integral membrane proteins

Structure
Test using standard protein (Citrate Synthase)
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(170 pg required for 96 conditions [20 ul/well])
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Challenge: non-two state unfolding; distinctive analysis of 2 or more phases in transitions

Uncoupling of DSF Analysis from Excel and fitting software? — Programmers forward!
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Thanks to:
Masoud Vedadi
Helena Berglund
Oleg Fedorov
Biophysics/Chemical Biology teams

. and to all other colleagues at the SGC sites in Oxford, Stockholm
and Toronto!

Special thanks: Stratagene/Agilent for support,
and to numerous DSF users, for their feedback and suggestions!
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