BBSRC Quota DTG 2010 - Supervisor & Project Details

Please return by 4pm on Friday 6th November

(The sooner it is returned, the sooner we will approve/reject, and the sooner it will be listed on the website!)

SECTION A - Project Details

(All this section will be available to prospective students, so please make sure it is understandable, and preferably attractive)

Supervisor 1 Name
Dr Reimer Kűhn

Supervisor 1 Email
reimer.kuehn@kcl.ac.uk

Supervisor 1 Homepage
http://www.mth.kcl.ac.uk/staff/r_kuehn.html

Phone
020 7848 1035




Supervisor 2 Name
Dr Franca Fraternali

Supervisor 2 Email
franca.fraternali@kcl.ac.uk

Supervisor 2 Homepage
http://www.kcl.ac.uk/schools/biohealth/research/randall/res-sections/structbiol/fraternali/

Phone
020 7848 6843 




Project Title (max 250 characters with spaces, understandable to a 3rd year science student)
Statistical Mechanics of Complex Formation in Large Molecules



Project Synopsis (< 3,000 characters with spaces max, stating the question to be investigated, why it is important; what the student will learn about science by doing this; and how the 2nd supervisor and their lab will enhance the project)
This project will use recently developed tools in the statistical mechanics of amorphous systems [KMWZ07] to address the problem of complexation, i.e. the computation of potentials for the binding of molecules or ions to protein-like hetero-polymers, including binding potentials for protein-protein complex formation. This will allow to compute binding energies and thus stabilities of such complexes, results which could be directly confronted with experimental data on protein-protein interaction networks [BLJ07], and which might assist developing strategies for the design of complexes with desired stabilities. 

Binding potentials will be computed by looking at the free energy of composite systems as a function of the mutual separation of the constituent sub-systems. 

Depending on size of the sub-systems and the number of "valence monomers" engaged in interactions between the sub-systems, one can consider a range of relevant problems. They include the binding of small molecules to a macro-molecule (e.g. oxidation, methylation, or phosphorylation) and the binding of two macromolecules (e.g. the formation of protein complexes). In both cases, a variety of microscopic binding mechanisms (covalent, polar, Lennard-Jones, hydrogen-bonding) can be considered.

Binding energies computed within this project could be directly confronted with experimental data on protein-protein complex formation, and could provide useful theoretical underpinning to improve the reliability of such data [BLJ07]. The complexity of the energy-landscapes of the hetero-polymers involved will give rise to a distribution of binding potentials (as for tunneling centres in glasses), translating directly into distributions of reaction rates for protein-like systems. These were first observed in the 1980's by Frauenfelder et al., but are still lacking a proper theoretical explanation. 

Results will be typical for the behaviour of problem classes and will in particular include systematic surveys of the behaviour across whole problem classes. They will thus usefully complement the more detailed results in reach of experimental/computational approaches. They could in particular help to guide the design of specific experiments, thereby contributing e.g. to strategies for the design of complexes with desired stabilities (a problem relevant inter alia for drug design).

The student will get thorough training in frontier research at the interface between bio-chemistry and mathematics/physics, building on and expanding recently developed techniques for studying complex heterogeneous systems. 

Questions addressed are of immediate relevance to the research programme pursued in the Fraternali group which is directly concerned with the physical nature of interactions between proteins and of proteins with small molecules (e.g. [dSCDIF08]). The expertise of the Fraternali group will assist our model building efforts; conversely, our results could help to guide numerical approaches, as pursued in that group.



References (1 review of area, plus 1 or 2 lab papers on the subject)
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[dSCDIF08] A. De Simone, J.E. Corrie, R.E. Dale, M. Irving , and F. Fraternali, Conformation and dynamics of a rhodamine probe attached at two sites on a protein: implications for molecular structure determination in situ., J. Am. Chem. Soc. 130 17120-8 (2008)

[KMWZ07] R. Kühn, J. van Mourik, M. Weigt, and A. Zippelius, Finitely coordinated models for low-temperature phases of amorphous systems, J. Phys. A 40, 9227-9252 (2007)



Priorities (In which BBSRC priority area does this project fall? Including the sub-division where applicable)
Systems Biology



SECTION B - First Supervisor Details



Names of Current PhD Students you are first supervisor for:

J. van Baardewijk (submitted Sept. 2009)



Students you have been first supervisor for who have completed since October 2002:

Number Completed: 3

Number of the above, who completed within 4 years: 3



Active Research Grants

Funder
Amount
Start (MM/YY)
Ends (MM/YY)
Type (Project/Fellowship etc)































