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Forces involved in protein folding
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Van der Waals Hydrophobic Effect Hydrogen Bond Salt Bridge

Chain Entropy Bond Strain
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Interactions in biomolecules 
1 eV = 23.06 kcal/mol = 96.48 kJ/mol 

0.0136 eV = 0.239 kcal/mol = 1 kJ/mol

• Charge-charge interactions (Salt bridge) 
~40 … 200 kJ/mol   =   0.4 … 2.1 eV

• Van der Waals interactions  
(London dispersion force) 
~0.4 … 4 kJ/mol   =   0.004 … 0.04 eV

• Hydrogen bonds 
~2 … 20 kJ/mol   =   0.021 … 0.21 eV

• Hydrophobic interactions 
~3 … 10 kJ/mol   =   0.03 … 0.1 eV

• Covalent Bond 
~200 … 1000 kJ/mol   =   2.1 … 10 eV

Approx.

Value

1 eV

0.1 eV

0.01 eV

0.05 eV

5 eV
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Forces involved in protein folding
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Van der Waals

Hydrophobic Effect

Hydrogen Bond Salt Bridge

Chain Entropy

Bond Strain

C=C bridges
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Thermal Melting of Proteins
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G0 = H 0 −TS0

ΔG0 = ΔH 0 −TΔS0

Standard State:

G = G0 + RT ln [A]( )
A solute A in a pure solution:

A[ ]  is the concentration of A.

Here, it is A[ ] / (1M),  meaning it is in molar units

ΔG = ΔG0 + RT ln
Π Pi[ ]
Π Ri[ ]
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Chemical reaction from R to product P with multiple states Ri and Pi:

ΔG = −30.5 kJ
mol

+ RT ln [ADP][Pi ]
[ATP]
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ΔG = −30.5 kJ
mol

+ RT ln 0.25 ⋅10−3 ⋅2.0 ⋅10−3

2.5 ⋅10−3
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ΔG = −30.5 kJ
mol

− RT ln(0.0002)

ΔG = −30.5 kJ
mol

−8.315 J
mol ⋅K

⋅ 300K ⋅ (−8.5)

ΔG = −30.5 kJ
mol

−21.2 kJ
mol

= −51.7 kJ
mol

ATP-Energy = ΔG(ATP ➞ ADP+Pi) = -51.7 kJ/mol 

[ADP]= 0.25mM
[Pi ]= 2.0mM
[ATP]= 2.5mM

R = Gas Constant = 8.315 J/mol/K
T = Temperature (= 300 Kelvins at room temperature)

R = Gas Constant = 8.315 J/mol/K
T = Temperature (= 300 Kelvins at room temperature)
F = Faraday Constant = 96.5 kJ/V/mol 
ΔΨ = electrical membrane potential = 200 mV
Hº = Enthalpy = U + pV = Thermodynamic Potential
U = inner energy;    pV = Pressure * Volume
Sº = Entropy = kB . ln Ω

PMF := 2.3 RT ΔpH + F ΔΨ

In calculations, pay attention to using only 
SI units, i.e., in this case “M” for Molar. 
Do not calculate with “mM”.
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Thermal Melting of Proteins
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ΔG = ΔG0 + RT ln
Π Pi[ ]
Π Ri[ ]
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Chemical reaction from R to product P with multiple states Ri and Pi:

ΔG = 0

At equilibrium, there is no free energy G driving the system into either direction:

Therefore:

ΔG0 = −RT ln K( )

ln K( ) = −ΔG
0

RT
= −

ΔH 0 −TΔS0
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#

$
%

&

'
(

ln K( ) = 1
R
ΔS0 − ΔH

0
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( van’t Hoff relationship:


ln(K) is linear in 1/T

d ln K( )
d(1 /T )

=
−ΔH 0

R

K =
Π Pi[ ]
Π Ri[ ]

and
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Thermal Melting of Proteins
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van’t Hoff relationship:

ln(K) is linear in 1/T

The enthalpy H can be measured  
by measuring the equilibrium  

constant K at various temperatures T

d ln K( )
d(T )

=
ΔH 0

RT 2

Another form of the van’t Hoff relationship

ΔH 0 = −R ⋅
d ln K( )
d(1 /T )

ln K( ) = 1
R
ΔS0 − ΔH

0
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d ln K( )
d(1 /T )

=
−ΔH 0

R

ΔH 0 = RT 2 d ln K( )
d(T )
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Thermal Melting of Proteins
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K =
[N ]
[U ]

N = Native folded state
U = Unfolded state
R = Gas constant
T = Absolute temperature
H = Enthalpy

ΔH = RT 2 d lnK
dT

van’t Hoff relationship:

50% protein as Unfolded,
50% protein as Native (i.e., folded)

ΔG0 = ΔH 0 −TΔS0
Compare:

ΔG values of Folded-Unfolded state show 
stability of proteins at different temperatures.

Protein unfolding profile  
when temperature is increasing

“robust”

“fragile”
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Thermofluor
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ThermoFluor Fluorescence Signal Differential Scanning Calorimetry Signal
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ThermoFluor Applications

ThermoFluor can be used for:

- Optimization of sample conditions (pH, type of buffer, salt concentration, 
cofactors, ligands, …) to improve sample stability, e.g., to increase the yield in 
protein purification in biochemistry, or for growing protein crystals for structure 
determination experiments.

- Measurement of ligand binding activity (if the ligand binding increases the 
temperature stability of the sample):

- for drug screening in pharmaceutical drug development
- to measure the binding cooperativity between multiple ligands (e.g., inhibitor 

plus substrate or cofactor, or agonist vs. antagonist
- to characterize a protein of unknown function through binding experiments 

with libraries of “functional probes” (e.g., incorporating possible substrates, 
metabolic intermediates, cofactors, etc..)
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Thermofluor
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Thermofluor
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Folding of Proteins
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U = Unfolded state
I = Intermediate state
TS = Transition state
N = Native folded state

Framework

Model:

Hydrophobic

Collapse:

Nucleation

Model:

Nucleation-

Condensation

Model:

In General: Protein Folding happens along a path. It 
cannot happen by randomly testing all possible 
conformations. If protein folding would be a random 
trial-and-error process, then there would never be 
enough time for a protein to “test” all possible 
conformations.  
Instead, some energy-driven process should lead to 
the folded state.
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Folding of Proteins
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Qi =
#(pairwise contacts in state i)

#(contacts in state N )

G = Gibbs free energy
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Chaperones
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GroEL
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GroEL
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Forced unfolding by elongation of the binding chamber upon binding of GroES

http://people.cryst.bbk.ac.uk/~ubcg16z/cpn/elmovies.html
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http://people.cryst.bbk.ac.uk/~ubcg16z/cpn/elmovies.html
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http://www.cgl.ucsf.edu/chimera/data/tutorials/groel/groel.html

Display of GroEL with Chimera: Try this out:

EMDB entries #1997 - #2003
http://www.ebi.ac.uk/pdbe/entry/EMD-1997
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http://www.cgl.ucsf.edu/chimera/data/tutorials/groel/groel.html
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