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u How to quantitate protein stability?

Stability DGDifference in Gibbs energy between the
na3ve state and the unfolded state

We might determine equilibrium constants by measuring
equilibrium concentra3ons (DG = –RT lnKeq = –RT ln[U]/[N])
But, popula3ons of conforma3onal states are not comparable
(e.g., what if DG = 5 kcal/mol)

We must “stress” the protein in order to populate other less
stable conforma3onal states…
Temperature or denaturant trigger evolu3on through a series
of equilibrium states, and, later on, final extrapola3on will
provide the sought informa3on

Tm? [D]m?
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Quantitate stability?
Energy required to 

destabilize the molecular 
tridimensional structure

Experimental techniques:

• Spectroscopy (UV, F, CD, NMR, FTIR)
• Calorimetry (DSC)

• Property with different values for different states
• Signal propor3onal to the unfolding progress
• Local or global informa3on

𝐺
∆𝐺

𝑁

𝑈
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• Information on inter- and intramolecular
interactions involved in (un)folding

• Information on functional groups involved in
(un)folding

• Information on physiological and pathological
mechanisms

“extrinsic” variables
T, pH, µ, [s]

𝐾, ∆𝐺

“intrinsic” variables
mutations
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u Setting experiment parameters

• Experimental technique?
• Solution composition
• Sample preparation
• Sample concentration
• Scanning rate
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u Experimental conditions

• Physiological conditions?
• Thermodynamic stability
• Kinetic stability
• Aggregation/precipitation
• Physiological/technological relevance
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u Control experiments

• Experimental condition scanning
pH, ionic strength, co-solutes…

• Water/buffer test (clean, contaminants?)
• Reversibility test (equilibrium?)
• Scanning rate test (equilibrium?)
• Concentration test (association, aggregation?)
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u Unfolding reversibility test
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u Scanning rate
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• Standard scanning rate: 1°C/min
• Potential kinetic coupling with additional processes
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u Protein concentration

• Equilibrium equations are more complex (unfolding coupled to
association/dissociation)

• Caveats: protein availability, solubility and/or aggregation
• Test for self-association or aggregation in the native/unfolded state
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Test for native state
self-association!
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u Presence of co-solutes and co-solvents

DMSO for solubilizing hydrophobic compounds
Glycerol, salts for solubilizing proteins
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u There are Good’s buffers, but no bad buffers

𝜕 log𝐾
𝜕𝑝𝐻 = −∆𝑛!

Not really true… (?)

𝜕 1
𝑇$

𝜕𝑝𝐻
≈ −2.303

𝑅
∆𝐻 𝑇$

∆𝑛%
𝜕 1
𝑇$

𝜕 ln 𝑋
≈

𝑅
∆𝐻 𝑇$

∆𝑛&

𝜕 ln𝐾
𝜕 ln 𝑋 = ∆𝑛"

A buffer with pKa ≃ pH and low ionization enthalpy is preferable 
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u AddiPonal informaPon +  Ockham’s Razor

• Consider known information
• Revise thermogram
• Look for unusual features (?)
• Start with simplest compatible model
• Increase model complexity until needed
• Assumptions/constraints of model
• Values of the estimated parameters50 60 70 80 90
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Irun et al. Journal of Molecular Biology 2001 306 877-888
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u Stability & folding cooperativity
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Structural similarity does not result in stability or folding
cooperativity

• Similar proteins may exhibit different structural stability

• Similar proteins may exhibit different conformational
landscape and (un)folding cooperativity

u Stability & folding cooperativity
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Freire. Pure & Applied Chemistry1997 69 2253-2261
Robertson & Murphy. Chemical Reviews 1997 97 1251-1268
Xie & Freire. Proteins 1994 19 291-301
Murphy & Freire. Advances in Protein Chemistry 1992 43 313-361

u Structural parameterization of protein stability

∆𝐶! ≈ 0.45	∆𝐴𝑆𝐴"# − 0.26	∆𝐴𝑆𝐴#$%

∆𝐻 60℃ ≈ −8.44	∆𝐴𝑆𝐴"# + 31.4	∆𝐴𝑆𝐴#$%

∆𝐶! ≈ 13.9	𝑁&'(	 cal	K)*	mol)*

R2 0.86

60°C

100°C

R2 0.77

R2 0.92

∆𝐶! ≈ 0.146	∆𝐴𝑆𝐴+$+"%	 cal	Å),

∆𝐻 60℃ ≈ 700	𝑁&'(	 cal	mol)*

∆𝐻 60℃ ≈ 7.2	∆𝐴𝑆𝐴+$+"%	 cal	Å),

∆𝐻 100℃ ≈ 1260	𝑁&'(	 cal	mol)*
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Unfolding equilibrium

No kinetic information
No irreversible processes
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Sanchez-Ruiz. Biophysical Journal 1992 61 921-935

40 60 80

0

50

100

150

 

 

 30oC/h
 60oC/h
 90oC/h

C
p 

(k
ca

l/K
/m

ol
)

Temperature (oC)

0.00284 0.00288 0.00292

-12.5

-12.0

-11.5

-11.0

 Transition 1
 Transition 2

 

 

ln
(v

/T
2 m
)

1/Tm (K-1)

0 20 40 60 80 100

-10

0

10

 

 

lo
g(
t /

ye
ar

)

Temperature (oC)

 logt1

 logt2𝑘 = 𝐴𝑒"#-/%&𝑁→
'
𝐹

𝑣
𝑇(!

=
𝐴𝑅
𝐸)

𝑒"#-/%&.

u Irreversible unfolding & kinetic stability coupling
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Kinetic stability

Thermodynamic
stability

u Stability: kinetic study
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𝑘!"# = 𝑘$ + 𝑘%

𝐾 =
𝑘%
𝑘$

ln 𝑘$,% = ln 𝑘$,%' +𝑚$,% 𝐷

𝑚 = 𝑚% −𝑚$

𝐾' =
𝑘%'

𝑘$'

u Stability: kinetic study
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u Advanced experimental design

• Several thermally-induced transitions
• Oligomer unfolding assay
• Ligand-induced stabilization (TSA)
• Lattice-like molecule assay
• Membrane transition assay
• Kinetically coupled transitions
• Irreversible transitions
• Association/dissociation coupling
• Absolute heat capacity determination
…
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u Protein stability depends on:

• Sequence (net charge, charge distribution, hydropathy profile,
mutations, natural variability…)

• Post-translational modifications (deletion, phosphorylation,
hydroxylation, acetylation, methylation…)

• External conditions (T, P, pH, μ…) and excipients/solutes
• Chemical modifications (deamidation, oxidation, proteolysis

and hydrolysis, β-elimination, racemization…)
• Interacting molecules (ligands, osmolytes…)
• Presence of surfaces and interfaces/interphases
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H2020-INFRAIA-02-2020, 101004806
Institut Pasteur (www.mosbri.eu)
5 Μ€ / 2021–2025

http://www.mosbri.eu/
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Chirascan (Applied Photophysics) Cary Eclipse (Agilent) Cary 100 (Agilent)

Cary 3500 (Agilent)

Nanovue (GE Healthcare)

DS-11 FX (Denovix)

DynaPro NanoStar (Wyatt)

DynaPro Plate Reader III (WyaI)
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MicroTime 200 (PicoQuant)

Auto-PEAQ-DSC & VP-DSC (MicroCal – Malvern-Panalytical)

Tycho NT.6 (NanoTemper)

CLARIOstar & FLUOstar (BMG Labtech)

FluoDia T70 (PTI) Mx3005p (Agilent)

SpectraMax iD5 (Molecular Devices) CFX Plus 96 & 384 (BioRad)
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Auto-iTC200 & VP-ITC (MicroCal – Malvern-Panalytical)

Biacore T200 (GE Healthcare)

Monolith NT.155Pico (NanoTemper)


