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Biomacromolecules

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.
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Biomacromolecules

Hormones

Vitamines
Pigments

Alcaloides

Saccharides
Plastics

Polysaccharides

Nucleic acids
Proteins

Graphene

Nanotubes



Composition of biomacromolecules
They are formed by linking a huge number of subunits of several 

types into one chain

Macromolecules Building blocks Type of bond Scheme

Protein Amino acids Peptidic

Nucleic acid Nucleotides Ester

Polysaccharide Monosaccharides Glycosidic
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Amino acids
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Biomolecular interactions are 
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



Interaction vs. chemical reaction



Interaction vs. chemical reaction

Antibody – Antigen
Receptor – Ligand
Transporter – Ligand
Lectin – Carbohydrate
Transcription factor – Nucleic acid

protein protein-ligand 
complex

ligand

?

?



Types 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) 



Coulombic interactions (salt bridge)

• Charged atoms = ions
• Same charge – repulsion
• Opposite charge – attraction



Dipole interactions

• Dipole – unequal distribution of electrons in 
molecule – orientation-dependant

• Dipole-dipole, dipole-charge, dipole-induced dipole



Hydrogen bonds
• Atom with free electron 

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

Polysaccharide (cellulose)

DNA (base pairing)

Protein 
(2D structure stabilization)



Hydrophobic interactions
(van der Waals, nonpolar interactions)
• Driven by entropy – strong influence of temperature

Aromatic stacking 
(π-π interaction)



Mostly more than one effect is present



Interaction description

Mathematics

Physics

Physical chemistry Biology
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Gibbs energy, enthalpy, entropy

DA KRTK lnlnRTG =−=°∆

°∆−°∆=°∆ STHG

P  +  L            PLKA

KD

ΔG < 0 exergonic
ΔG > 0 endergonic

ΔH < 0 exothermic
ΔH > 0 endothermic

+



Enthalpy (H)

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 loose the entropy 
upon binding

Solvent dynamics

• water

°∆−°∆=°∆ STHG



Why to study the interactions
• Understanding of biological processes

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

• 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



Entropy
- Hydrophobic

interactions
- Water release
- Ion release
- Confromational

changes

Enthalpy
- Hydrogen bonds
- Protonation

Rational drug design –
Energetic contributions involved

- water molecules
- ions
- protons



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



Experimental techniques to 
measure the interactions

What is classical?

What is modern?

Classical vs. Modern



Experimental techniques to 
measure the interactions
• Physical background
• Speed of analysis
• Suitable system studied

• Availability
• Complementarity
• “Fashion”



http://www.slideshare.net/NaghmehPoorinmohamma/biomolecular-interaction-analysis-bia-techniques-42427799

Experimental techniques to 
measure the interactions



Two informational levels of methods

Semi-quantitative

Quantitative

Qualitative



Ultra violet-visible spectroscopy 
(UV-Vis)



Fluorescence Resonance Energy 
Transfer (FRET)



Circular dichroism spectroscopy (CD)



Nuclear magnetic resonance 
(NMR) spectroscopy





Mass spectroscopy (MS)



Surface plasmon resonance (SPR)
• Detection of molecular interaction on a chip 

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

protein-nucleic acid, protein-lipid membrane, 
protein-cell/virus



More on Wednesday/Thursday (Josef Houser)

Surface plasmon resonance (SPR)



Micro-scale thermophoresis (MST)







Isothermal titration 
calorimetry (ITC)



Stechiometrie

Afinita

Entalpie

AKlnRTG −=°∆
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More on Wednesday – tomorrow (Eva Dubská)



Differential scanning calorimetry (DSC)





Thermal shift assay (TSA)

• 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



Equilibrium dialysis



Affinity capillary electrophoresis (ACE)



Electrochemical methods



Complex techniques

• Indirect detection of molecular interaction
• Multi-step approaches



Yeast two-hybrid system



Phage display



Pull-down assay

Identification of 
protein-protein 
interaction

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

Tandem affinity purification



Co-immunoprecipitation

[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



Microarrays

• High screening capacity possible
• Semi-quantitative



• Various immobilized molecules 
(protein, nucleic acid, saccharide)



Protein-Nucleic acid interaction

• DNA-binding proteins constitute 10% of protein-
coding genes in eucaryotes

• They interact both in specific (e.g. transcription 
factor) and non-specific (e.g. histones) way 
= sequence dependent / independent



Protein-DNA interaction detection
• Chromatin immunoprecipitation
• DNA electrophoretic mobility shift assay (EMSA)
• DNA pull-down assay
• Reporter assay
• Microplate capture
• DNA footprinting

Selected References for Studying Protein-DNA Interactions:
1. Evertts A.G., et al. (2010). Modern approaches for investigating epigenetic signaling pathways. J Appl Physiol. Jan 28. [Epub

ahead of print]
2. Georges, A.B., et al. (2010). Generic binding sites, deneric DNA-binding domains: Where does specific promoter recognition

come from? FASEB Journal,24: 346-356.
3. Griffiths, Anthony J. F., et al., eds (2000). "Genetics and the Organism: Introduction". An Introduction to Genetic Analysis (7th 

ed.). New York: W. H. Freeman.
4. Halford, S.E. and Marko, J. (2004). How do site specific DNA-binding proteins find their target? Nuc. Acid 

Research. 32(10): 3040-3052.
5. Hartl, Daniel L., et al. (1988). Basic Genetics, Boston: Jones and Bartlett Publishers, Inc.
6. Kress, C., et al. (2010). Epigenetic modifications in 3D: Nuclear organization of the differentiating mammary epithelial cell. J 

Mammary Gland Biol Neoplasia.Feb 10. [Epub ahead of print]



Computational methods

• Molecular docking
• Virtual screening
• Molecular dynamics
• Database search

Ø Relatively cheap

Ø Less accurate

Ø Ideally to be combined with experimental approaches



Take home message

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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