RECCR WebPDB pdb pre-processing web tool

Asthereis a constant search for molecular targets for small molecules, having accurate structures of target proteins would
be highly beneficial. There are many x-ray crystallography- and NMR-derived structures. Unfortunately, most of these
structures are error-ridden and often incomplete. Many of the more notable errors include incorrect tautomers due to lack
of assigned bond order (Todorov 2006), no assignment of partial charge (Rafi 2006), missing hydrogens ((Kmunicek
2001), and because of the lack of hydrogens and partial charge, no ioniziation (Vogel 2006). Missing portions of proteins
tend to be highly flexible, and therefore not crystallizeable (Aronson 1997). Though flexible, these C-terminal, N-
terminal, and loop sections of proteins are often critical binding sites (Ceci 2003, Ko 2001, Tomoo 2002). Recovering
those regions of the protein that are missing can be accomplished through self-homology modeling (Aronson 1997, Singh
2006). The rest of the major errors can be repaired utilizing Reduce (Word 1999), for the tautomers, PROPKA for the
appropriate protonation and ionization (Li 2005), and many functionalities within MOE (Molecular Operating
Environment, Chemical Computing Group, Inc.)

To accomplish this, we created a script called WebPDB, which repairs many of the errors in PDBs, and then uses
homology modeling to replace the missing regions. After using forcefields to energy minimize sidechains and complete
the refining process (Rudrabhatla 2004), descriptors are calculated based on properties of the protein. These descriptors
and the refined structure are available for the user for application with docking, scoring, and shape matching methods, as
well as machinelearning.

As pH considerations have been incorporated in the protonation and deprotonation of the structures refined by this script,
the descriptors computed for the surfaces created by WebPDB will be pH-dependent,. The descriptors to be implemented
in this script would include: TAE RECON (Song 2002, Whitehead 2003), PEST (Breneman 2003), and hydration based
descriptors (Garcia 1997, Garde 1996).
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WebPDB utilizes Reduce to correct tautomers and add initial hydrogens to the structure (Word 1999). Once hydrogens
have been added, charge should be estimated on each atom using semi-empirical quantum mechanics calculations before
any ionization can occur (Rafi 2006). An SVL script utilizing PROPKA is then used to properly protonate and
deprotonate every ionizeable atom based on the pH of the environment and the estimated pKa of that atom (Li 2005).
Once these corrections have been made, the heteroatoms are removed and preserved for later re-introduction after
homology modeling. Any waters in the crystal structure are then removed for consistency between structures. Once there
are no heteroatoms in the model, if the chains have been fragmented due to missing loops, fragments of loops are
concatenated before homology modeling can occur. After the fragments have been placed in their appropriate chains, the
sequence of each chain is aligned with the structural residues so that any missing portions, such as end gaps or loops, are



prepared for homology modeling (Aronson 1997, Singh 2006). Homology modeling is performed, creating ten potential
structures and keeping the average of all ten as the final model. This averaged structure, along with the heteroatoms, is
energy minimized using a forcefield so that the contacts between chains of the protein, and between the heteroatoms and
the protein, are optimized to give a closer approximation to the protein's structure (Fahmy 2002). After energy
minimization, a triangulated surface is calculated. Descriptors can be calculated and mapped onto this surface based on
the properties of the protein at those points.

There are anumber of other programs that refine PDB structures:

Program SWISS- | PDB2PQR’ Protein 3D- X3M® | PROCHECK® | PrimeX’
PDB' Preparation JIGSAW? PROVE™*
Wizard® WHAT IF'*
Heteroatoms M Y Y M M Y N
Tautomers M M Y ™ M Y N
Protonation/ M A Y M M M N
lonization
Loop Y N N Y Y N Y
replacement
Homology Y N M Y Y N N
modeling
Energy Y Y Y Y Y N Y
minimization
QOutput PDB POR {like Structure file PDB NS Analysis of NS
format PDE) compatible with structure {text)
Glide, CombiGlide,
QSite, Liason.
*Also known as Biotech validation Suite, 'Schwede 2003, “Dolinsky 2007, “hitp:/www schrodinger.com |
“Bates 2001, *Lund 2002, *Laskowsky 1993, "Pontious 1996, *Vriend 1990, *http:/www.schrodinger.com , NS not
specified.
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