I. Overview of Session 4 S11

II. Some issues to be addressed in modeling proteins


A. Levinthal’s Paradox: How does one reconcile the huge no. of conformations (on the order 10E300) to the ability of most proteins to refold in short order (<milliseconds); is this relevant to modeling the end-point (i.e. native structure(s))?

http://www-miller.ch.cam.ac.uk/levinthal/levinthal.html
B.  Energetics may be critical in evaluating possible conformers


1. Finding local minima may be key (on a hypersurface) 

C. Size-exclusion may also be an important determinant


D. Finally, are calculations exhaustive, or parts of calculation (hierarchical approach) exhaustive 

III. Three-dimensional (3D) modeling for a macromolecule


A. Are the problems in “high-resolution” modeling (for proteins and RNA) simply a matter of better hardware technology (and their application w/ an all-atom approach)



1. Computationally very intensive even w/o (i.e without) considerations of solvent (e.g. water) and ions



2. Even some question of whether models about water are sufficient

B.  Is the answer even faster computers doing all-atom calculations, including complete simulations of water and ions


1. Or rely on organized effort for x-ray crystallography and 2D-NMR analogous to Human Genome project
C. Can write a total energy of macromolecule (in terms of force field) as the following consensus force-field function (see Cornell et al., 1995 http://pubs.acs.org/doi/abs/10.1021/ja00124a002?journalCode=jacsat&quickLinkVolume=117&quickLinkPage=5179&volume=117)
U= bonds Kr(r-req)2+angles K(-eq)2
+ ”torsions” Vn/2(1+cos(n))

+ i<j [Aij/R12ij - Bij/R6ij + qiqj/eRij]

<+ H-bonds [Cij/R12ij - Dij/R10ij >

1. Can do energy minimization



*2. Or dynamics calculation (see Case, 1993) http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=237450&isnumber=6085
Fx = -dU(x1,x2...xn)/dx 
D. Problems



1. Dealing solvent or counter-ions


2. For energy minimization is issue of multiple local minima


*3. For dynamics, how long is enough

F. One approach is to combine sequence homology w/ molec. modeling


1.  Four basic steps (see for example basic algoritm for SwissModel, Schwede et al., 2003 http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=12824332


a.  Template selection (implicitly includes sequence alignment)



b. Alignment (structural)

c. Model building (core then loops)

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3009511/



1. C’s are often the focus




2. Library of model fragments for loops can be used



d. Side chain optimization




1. Library of rotamers can be utilized

http://swissmodel.expasy.org/course/text/chapter3.htm
http://www.cgl.ucsf.edu/chimera/docs/ContributedSoftware/rotamers/rotamers.html


e. Energy minimization (or molecular dynamics i.e. MD) 

IV. More on modeling of protein structure and related processes 


A. Turns out that for realistic timescales in MD, exclusive all-atoms calculations are often also not a realistic alternative

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2774249/?tool=pubmed

B. More generally all-atom descriptions are computationally difficult to scale and/or implement.



1. Classic example: Hierarchical modeling still required for RNA tertiary structure and RNA-protein interactions.



2. Among the most utilized modeling software packages for proteins is Rosetta

http://pubs.acs.org/doi/full/10.1021/bi902153g



a, Combines knowledge-based and other energy potentials (like statistical potentials) w/ Monte Carlo sampling (evaluates by energy criteria)




b. Here large backbone conformational sampling (separated from local backbone refinement) 

 


c. For local refinement of protein models, Rosetta utilizes Metropolis Monte Carlo sampling of Phi and Psi angles that are calculated not to disturb the global fold of the protein
https://wiki.cmbi.ru.nl/index.php/Phi-psi_angle



d. Side-chains can also be sampled




IV. Evaluating molec. models


A. Note outputs and if relevant, logs


B. Often alternative conformations are indicated (see some examples we have addressed).



1. In MFOLD we have the best (by energies) suboptimal structures

 

2. SwissModel indicates alternative models (besides energies other criteria)  

a. Remember: http://swissmodel.expasy.org/ 

http://protein.bio.puc.cl/cardex/servers/anolea/index.html



b. Visualization (try today to download DeepView

http://spdbv.vital-it.ch/
V. Going forward
