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Biomolecular interactions -
Introduction

S2004 
Methods for characterization of biomolecular

interactions – classical versus modern
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Biomolecules are 
naturally present 

in living 
organisms.

Macromolecules. While small 
molecules consist of up to 

several hundreds of atoms, 
macromolecules consist of 

thousands to millions of atoms.

Molecules are basic 
blocks of matter. They 
are formed by atoms 

linked through 
covalent bonds.

Biomolecules Macromolecules 
Biomacromolecules

Hormones

Vitamines
Pigments

Alcaloides

Saccharides
Plastics

Polysaccharides

Nucleic acids
Proteins

Graphene

Nanotubes
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Molecular interactions are central to 
the molecular basis of life
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everywhere…

Protein – Ligand
Protein – Protein
Protein – Nucleic acid
Nucleic acid – Ligand
Protein/NA adsorption

Protein – Solvent
Nucleic acid – Solvent

Protein – Inorganic salt
Nucleic acid – Inorganic salt

All processes in living organisms are essentially 
determined by biomolecular interactions
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Antibody – Antigen
Receptor – Ligand
Transporter – Ligand
Lectin – Carbohydrate
Transcription factor – Nucleic acid

protein protein-ligand 
complex

ligand

?

?



S 2004 M
ethods fo

r ch
aracte

riza
tio

n of biomolecular in
teractio

nsTypes of interaction

• Nuclear physics 
interaction of subatomic particles (nuclear phusion, 
radioactivity) 106 kJ/mol

• Chemistry (electron ionization) 
formation of bonds 150-1000 kJ/mol

• Biochemistry-biology
spectrum of weak interactions (e.g. H-bond 8-30 kJ/mol) 
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• Charged atoms = ions
• Same charge – repulsion
• Opposite charge – attraction
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• Dipole – unequal distribution of electrons in 
molecule – orientation-dependant

• Dipole-dipole, dipole-charge, dipole-induced dipole
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• Atom with free electron 

pair + hydrogen bound to 
electronegative atom 
(O, N, X, S, C, …)

Polysaccharide (cellulose)

DNA (base pairing)

Protein 
(2D structure stabilization)
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(van der Waals, nonpolar interactions)
• Driven by entropy – strong influence of temperature

Aromatic stacking 
(π-π interaction)
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Mathematics

Physics

Physical chemistry Biology
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• Understanding of biological processes

• Does it bind?
• How strong the interaction is?
• Is the interaction influenced by temperature/additives?

• Analyzing the nature of intermolecular interaction
• What type of interaction is present (hydrophobic, 

H-bonds, salt bridges)?

• Application of the knowledge in science/medicine
• Disease pattern discovery
• Drug development
• Biotechnology
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High affinity = large Ka, small Kd

M X MX

Units:  L / mol (M-1)

Units:  mol / L (M)
i.e. Kd is a concentration

[ ]
[ ][ ]XM
MX

=AK

[ ][ ]
[ ]MX
XM

=DK

Receptor – ligand interaction 
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[ ] [ ][ ]XMMX: akdt
dasociace =

M X MX

[ ] [ ]MXMX: dkdt
ddisociace =

Units:  M-1s-1

Units:  s-1

[ ] [ ][ ] [ ]MXXMMX
da kk

dt
d

-=

Receptor – ligand interaction 

association

dissociation
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[ ][ ]
[ ]MX
XM

K
1K
A

D ===
a

d

k
k

Receptor – ligand interaction 

[ ] [ ][ ] [ ]MXXMMX
da kk

dt
d

-=

[ ] 0MX: =
dt

dmequilibriu

+
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DA KRTK lnlnRTG =-=°D

°D-°D=°D STHG

M    +    X                  MXKA

KD

ΔG < 0 exergonic
ΔG > 0 endergonic

ΔH < 0 exothermic
ΔH > 0 endothermic

+

High affinity = large Ka, small Kd, large –DGo
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Changes in the heat
Structure of complex

•H-bonds

•Van der Waals

Structure of solvent

• water

Entropy (S)

Changes in the organization
Independent rotational and 

translational degrees of freedom

• Complex is more ordered than two 
free molecules

Internal conformational dynamics
• flexible molecules lose the entropy 
upon binding

Solvent dynamics

• water

°D-°D=°D STHG
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Ligand 
flexibility 

A

B

A

B

Protein

Hydrogen bonds

Hydrophobic parts

Water molecules

Entropy
- Hydrophobic

interactions
- Water release
- Ion release
- Confromational

changes

Enthalpy
- Hydrogen bonds
- Protonation

Rational drug design – Energetic contributions involved
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Rational drug design – Energetic contributions involved

Why kinetics of interaction is important?

[ ][ ]
[ ]MX
XM

K
1K
A

D ===
a

d

k
k

1 nM  =                       =
10-2 s-1

107 M-1s-1

10-5 s-1

104 M-1s-1
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Interactions stabilizing the tertiary structure of a 
protein: (a) ionic bonding, (b) hydrogen bonding, 
(c) disulfide linkages, and (d) dispersion forces.
Ball, Hill, Scott: Introduction to Chemistry: General, Organic, and Biological

The same interactions 
stabilize the protein structure
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• Optical and spectroscopic methods
X-ray, CD, NMR, Mass spektrometry,, fluorescence, IR, Raman….

• Hydrodynamics
sedimentation, ekvillibrium dialysis, capillary electrophoresis, …

• Direct measurements
AFM, SPR, BLI, piezoelectric biosensors, immunochemistry, 
microarray…

• Calorimetry

• Molecular modelling

• …

Methods to study interaction between molecules
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measure the interactions
• Physical background
• Speed of analysis
• Suitable system studied

• Availability
• Complementarity
• “Fashion”
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Semi-quantitative

Quantitative

Qualitative
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difference (STD) - NMR
• powerful method for studying protein-ligand 

interactions in solution
• identifies the binding epitope of a ligand when bound

to its receptor protein
• Ligand protons that are in close contact with the

receptor protein receive a higher degree of saturation
in contrast to protons that are either less or not 
involved in the binding process.
• applicable dissociation constants: 10-3-10-8 M
• Irradiating the spectral region of broad resonances of

the macromolecule which is free of any smaller
molecule signals. 
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• An increase in the melting temperature of the 
target protein in the presence of a test ligand is 
indicative of a promising ligand–protein interaction.
• High-throughput possibility
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• Detection of molecular interaction on a chip 

surface
• Various set-ups: protein-protein, protein-ligand, 

protein-nucleic acid, protein-lipid membrane, 
protein-cell/virus
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More tomorrow (Josef Houser)

Surface plasmon resonance (SPR)
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More later today (Eva Fujdiarová)
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Stechiometrie

Afinita

Entalpie

AKlnRTG -=°D

°D-°D=°D STHG

P  +  L PLKA

KD
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More later today – (Monika Kubíčková)
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Complex techniques

• Indirect detection of molecular interaction
• Multi-step approaches
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Identification of 
protein-protein 
interaction

Puig O et al (2001) 
Methods. Jul;24(3):218-29

Tandem affinity purification
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[1] Addition of antibody to protein extract. [2] Target proteins 
are immunoprecipitated with the antibody. [3] Coupling of 
antibody to beads. [4] Isolation of protein complexes.

MS analysis
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• High screening capacity possible
• Semi-quantitative
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• Various immobilized molecules 
(protein, nucleic acid, saccharide)
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• Molecular docking
• Virtual screening
• Molecular dynamics
• Database search

ØRelatively cheap

Ø Less accurate

Ø Ideally to be combined with experimental approaches
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ØMany techniques available

ØVarious principles, sample requirements, detection 
limits,…

ØThere is no single ideal method

ØMethod knowledge is crucial to get the best results
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Methods for characterization of biomolecular interactions – classical
versus modern (autumn 2021)

Teachers: Josef Houser, Monika Kubíčková, Jan Komárek, Eva Fujdiarová, 
Michaela Wimmerová
Students enrolled in S2004 course attend only lectures (L). Students enrolled in both S2004 
and S2005 courses need to attend both lectures (L) and practical exercises (P). 


