I. Overview Session 9

II. Specific water interactions


A. RNA provided some interesting useful models of specific water interactions.



1. Notably water mediated hydrogen bonds indicated by NMR 3D structures

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WK7-4HPD9W1-5&_user=521825&_coverDate=02%2F17%2F2006&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000059578&_version=1&_urlVersion=0&_userid=521825&md5=0af747030ebdd11ee3e003a321a7b20d&searchtype=a
Note some nomenclature:

http://pubs.acs.org/doi/pdfplus/10.1021/ja043390o


2. Also suggests ordered networks of water hydrogen bonding


B. Note in proteins specific interaction involving water and water networks are of great interest



1. Interestingly just recently NMR 3D methods in an encapsulated environment have indicated specific regions of proteins have different effects on the rearrangement of water networks as noted for the protein ubiquitin by Nucci et al. (2011) Nature Struct. Biol. 18, 245-249; not easily accessible but see corresponding review
http://www.nature.com/nature/journal/v469/n7329/full/469166a.html
a. This is suggestive that certain regions of protein 





1) Maintaining specific hydrogen bonding interactions between waters and certain protein regions can affect the length of time indicated for a particular water network (resulting in the dynamics of water movement being slower).  Notably in these studies, the networks are effectively independent and those that require many hydrogen bonds to be broken in order to rearrange solvent molecules will reside longer at the surface than others
http://onlinelibrary.wiley.com/doi/10.1002/prot.22699/full

C. As context note more broadly the conventional wisdom



1. Two regions of solvent: Bulk vs. “Interfacial” 



2. For Molecular Dynamics (and Molecular Mechanics, in general (includes Minimization) the combinatorial complexity of dealing w/ individual waters indicates utility of implicit modeling of water 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2386893/?tool=pubmed
http://pubs.acs.org/doi/pdf/10.1021/ja00172a038
http://searchcio-midmarket.techtarget.com/definition/dielectric-constant
OR

http://en.wikipedia.org/wiki/Dielectric_constant
http://egad.ucsd.edu/egad/manual/efunc_solvation.htm
 
D. Explicitly modeling of waters can be useful in characterizing ligand-protein interactions

http://www.ncbi.nlm.nih.gov/pubmed/20225258


1. Dewetting by certain hydrophobic features can allow better the binding of ligands as noted for COX-2 and other proteins



2. As an alternative, disrupting water networks by binding a ligand may enhance overall stability

III.  Practical issues


A. Calculating an solvent accessible surface area for a protein can be done by rolling a sphere (modeling water) w/ a radius ~1.4A (Lee & Richards, 1971 <online access only to the abstract>)

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WK7-4DNGV9F-34&_user=521825&_coverDate=02%2F14%2F1971&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000059578&_version=1&_urlVersion=0&_userid=521825&md5=47fc1c7c560a56cfeb32ea6058767d0c&searchtype=a
http://upload.wikimedia.org/wikipedia/commons/d/d3/Accessible_surface.svg


1. Used to derive Connolly Surface for a protein




a. Note output from visualization packages is most easily accessed as graphical

http://jmol.sourceforge.net/docs/surface/
 

2. Similar algorithm used by NACCESS involves numerical outputs

http://www.bioinf.manchester.ac.uk/naccess/



a. Typically in terms of relative accessibility (relative to an extended peptide) for all or portions of individual amino acids




b. Swiss-Pdb Viewer (DeepView) will do this by script (and graphically represented in some fashion by Menu Bar (Color( Accessibility)

https://docs.google.com/a/sjsu.edu/viewer?a=v&q=cache:TQDb7_20l_QJ:spdbv.vital-it.ch/Swiss-PdbViewerManualv3.7.pdf+Swiss-pdbviewer+Manual&hl=en&gl=us&pid=bl&srcid=ADGEEShL9cGaqK9BCS5z1k-xcq5NA-7Y-Lmc4_HvM_3eE9qPgfhKqNdWCB5eLlFjetTrx8G9kBSd1RIHT_PPJtUChgEwfo_s6DqWZBU3SHDikhYehPUh2dKR66JSsJuloQZ7DUiJB749&sig=AHIEtbS0_ynnIp20EBLgWYuENG45a0ihlg&pli=1
B. Protein secondary structure determination via circular dichroism (CD)


1. Plane-polarized light can be decomposed to two components (LH and RH circularly polarized light) each w/ a precessing E-field vector

http://en.wikipedia.org/wiki/File:Linearly_pol.png
AND

http://en.wikipedia.org/wiki/File:Circularly_pol.png
2. These components are preferentially absorbed w/ respect to various dipoles in a protein arranged in a particular symmetry (or asymmetry if you like; e.g. a-helix)

http://www.photophysics.com/circulardichroism.php


a. The difference in absorbance of those components  (i.e. circular dichroism) gives a characteristic signal in the “far”-UV range of 260 –174nm (or so)

http://www.photophysics.com/secondarystructure.php


b. Often the difference (molar circular dichroism) is normalized as a difference in extinction coefficients

De = eL – eR
Note the molar ellipticity, [(], is just 3300 De (constant often currently used is 3298.2)
 
3. These spectra can be deconvolved into their component percent of secondary structure (e.g. 23.2% a-helix) by various computational methods. 



a. The key is addressing noise of signal below 200nm

 


b. One key methodology involved Singular Value Decomposition (SVD) by Johnson and coworkers (1986; 1999)

http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0134(19990515)35:3%3C307::AID-PROT4%3E3.0.CO;2-3/full 

IV. Four research projects (starting points)

A. Mapping metal-centers for cytochrome P450 family

B.  Characterizing genotoxicity data from arrays 

C. Evaluating various CD deconvolution methods for a database of  ~200 proteins

D. Statistical methods applied to array and related data in a chemical engineering context

Nucleic Acids addendum

http://www.google.com/imgres?imgurl=http://scienceblogs.com/transcript/upload/2006/11/rnadna.gif&imgrefurl=http://scienceblogs.com/transcript/2006/11/autism_rna.php&h=235&w=258&sz=5&tbnid=KEYSnj_IO0o_WM:&tbnh=102&tbnw=112&prev=/search%3Fq%3DRNA%2Bbackbone%26tbm%3Disch%26tbo%3Du&zoom=1&q=RNA+backbone&hl=en&usg=__MAKYEveHNN1AGjryLNVOh8ahIZY=&sa=X&ei=97qLTbmoJIP4swOq96n0CA&ved=0CCAQ9QEwAQ
http://www.tulane.edu/~biochem/nolan/lectures/rna/frames/nucs.htm
Solvent “fields” addendum

http://onlinelibrary.wiley.com/doi/10.1002/jcc.20082/abstract;jsessionid=5FA46E768DD7C3B7A09FA5CF45F3569D.d03t04
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WK7-458P5FR-1&_user=521825&_coverDate=01%2F26%2F2001&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000059578&_version=1&_urlVersion=0&_userid=521825&md5=e5ff80bfdf98ea4905ca040073246869&searchtype=a
