
Biomolecular Simulation: Understanding Experiments at the Molecular Level 

Code No. 

Module 6 

Workload 

150 h 

Credit points 

5 CP 

Available in semester 

1 

Frequency 

each WiS 

Course duration 

1 semester 

1 Teaching methods 

a) Lectures 
b) Exercises 

Hours per week 

a) 2 h 
b) 1 h 

Contact time 

45 h 

Self-study 

105 h 

2 Learning objectives  

Students have a good command of advanced experimental techniques and molecular simulation methods 
for studying biomolecular systems, ranging from the solvation of small solutes to proteins to biological 
interfaces. They can explain structure-dynamics-function relationships and describe underlying 
thermodynamic properties and principles. They are skilled at using simulations to interpret experiments at 
the molecular or even atomic level, and capable of judging the merits and limitations of the respective 
methods. 

3 Soft skills: methodological, self, social competences 

Structure, summarize, and revise principal lecture contents, identify and consult relevant literature; 
interactively present in front of an audience 

Develop study strategies, independently assess their effectiveness, and adapt them as needed 

Learn and work cooperatively, effectively communicate scientific contents to peers 

4 Prerequisite(s)  

Good knowledge of basic physico-chemical principles, especially statistical mechanics 

5 Evaluation of the learning process 

active participation during lectures, interactive presentation of homework during exercises 

6 Mode of examination 

30-45 min end-of-term oral exam or 2-hour end-of-term written exam, depending on class size 

7 Requirements for acquiring credit points  

Passing the oral or written examination 

8 Significance for overall grade  

Weighted according to CPs 

9 Module contents  

Fundamentals: Energy landscape, Boltzmann ensemble, hierarchy of timescales (Frauenfelder), energy 
density, thermal energy, soft vs. hard degrees of freedom, fluctuations, entropy.  

Biological (macro)molecules: Structure and relevant interactions, H-bonds, electrostatics, van-der-
Waals, hydrophobic effect. Dielectric properties of water, polarizability. 

Molecular models: Degrees of freedom, sampling (Molecular Dynamics, Monte Carlo), spatial boundary 
conditions, ingredients and parameterization of force fields. Water models.  

Förster resonance energy transfer: Basic principles of fluorescence (Einstein coefficients, spontaneous 
vs. induced emission, transition dipole moments, radiative lifetimes, Jablonsky diagrams, quantum yields), 
FRET (energy transfer efficiency, Förster radius, distance measurements), orientation of transition dipoles, 
FRET from MD simulations.  

Binding: Isothermal titration calorimetry (basic principle, description of the apparatus, binding isotherm), 
statistical mechanics (canonical/grand-canonical/isobaric-isothermal ensemble, partition function, free 
energy, phase space integrals), potential of mean force, thermodynamic integration. Applications to ligand-
receptor binding, protein folding, effect of mutations. Enthalpy-entropy compensation.  



NMR: Basic principles (nuclei in B-field, chemical shifts, spin coupling, Karplus-equation), pulse 
techniques in NMR (spin relaxation, longitudinal and transverse relaxation, inversion recovery, Hahn echo, 
Bloch equations), line broadening, chemical/conformational exchange, nuclear Overhauser effect. 2D 
NMR. MD simulations and NMR. 

10 Person in charge / Lecturer(s) 

Prof. Dr. L. Schäfer 

 


