Do enzyme-inhibiting drugs show increased reliance
on certain chemical properties for binding to
their respective enzymes?



Chemical properties that affect binding of
enzyme-inhibiting drugs to enzymes

Research proposal by Dan Nacu



Why is this significant?

Drug Development

Computers



How can it be done?

Simulation Models



How can it be done?

Chemical Properties

Solvent Accessible Surface Area
Hydrophobicity
Electrostatics
Van Der Waal's Forces
Residue Pair potential
Desolvation Energies
Atomic Contact Energies
Complementary Determining Regions
etc...

A lot of options...



Its been done before...in a different way.
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Abstract

A major challcngc in the ﬁcld uf pmlcm pmlcln docking is to discriminate between the many wrong and few near-native conformations, i.c.
\conn;, chc. wc scoring ions for diffi types of protein-protein complcxc\. protease/

i al'adolhcnz Tilcsconng ions incorp: bolh,,,' | and k ledge-b: p ials, i.c.
atomic contact cncrgy (A(T). |hc residue palr potential (RP), clectrostatic and van der Waals® i s. For diffi type pl the
weights of the scoring functions were optimized by the multiple linear regression method, in which only top 300 structures with ligand root mean

square deviation (L_RMSD) less than 20 A from the bound (co-crystallized) docking of 57 complexes were used to construct a training set. We
employed the bound docking studies to examine the quality of the scoring function, and also extend to the unbound (separately crystallized)
docking studies and extra 8 pmlcm prolcm complexes. In bound docking of the 57 cases, the first hits of protease/inhibitor cases are all ranked in
the top 5. For the cases of antib inhibitor and others, there are 17/19, 5/6 and 13/15 cases with the frsl hits ranked in the top
10, respectively. In unbound docking bll.ldlts. the first hits of 9/17 p inhibitor, 6/19 antibod; igen, 1/6 enzy hibitor and 6/15 others’
complexes are ranked in the top 10. Additionally, for the extra 8 cascs. the first hits of the two protease/inhibitor cases are ranked in the top for the
bound and unbound test. For the two enzyme/inhibitor cases, the first hits are ranked 1st for bound test, and the 119th and 17th for the unbound
test. For the others, the ranks of the first hits are the Ist for the bound test and the 12th for the IWQI unbound test. To some extent, the results
validated our divide-and-conquer strategy in the docking study, which might hopefully shed light on the prediction of protein-protein interactions.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction molecular modeling, docking algorithms are designed to model

protein-protein complexes based on the component structures.
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Their Results

Name

Success Ratio

Protease/Inhibitor

16/17

Protein—protein interaction is the basis of many biological
regulations. Knowledge of 3-dimensional (3D) protein—protein
structures is important for an adequate description of protein—

protein i i H , large assem-
blies area major challenge for structural biology. The amount of
experi 1 str of protein-protein pl is tob

Docking algorithms have progressed in recent years, which
can dock unbound (separately crystallized) proteins to obtain
the structure of the complex with small structural changes
accompanying complexation [5-19]. The accuracy and reli-
ability of docking algorithms still need to be assessed if they are

relauvely quite small and the cost is very expensive. Thus, a

t of protein modeling and experimental structure
determination increases knowlcdgc of structure-based analysis
of the protein—protein interaction network [1-4]. As a part of
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widely used. This depends on docking algorithms
with an efficient p dure to g I ial structures and a
good scoring funcuon to dlsllngmsh the near-native structures
from a large number of non-native ones. The known scoring

lude surface pl ity (SC) [5.6], surface
complementarity together with an electrostatic filter [20,21],
knowledge-based statistical potential such as atomic contact
energy (ACE) [22], the residue pair potential (RP) [23] and
DFIRE [24]. Some combinatorial functions are used in docking

Enzyme/Inhibitor

6/6

Antibody/Antigen

18/19

Other

11/15




How will this be different?

Hydropathic INTeractions

bii = ai a; S; S; Tij Rij + 1

The HINT Equation



What can be done?

By weighing each variable in HINT, the most
important chemical property for enzyme/
inhibitor complexes can be found.

bii = a; ajSiS; Tjj Rij + 1



What's the experiment?

Start with 46 enzyme inhibitor complexes
from the Benchmark 5.

PDB ID: 1AVX PDB ID: 1QQU PDB ID: 1BA7

True-complex




What's the experiment?

Bound Unbound

FTDock

Huge list of possible complexes



What's the experiment?

Huge list of possible complexes

L RMSD Testing

Top 20 Structures



What's the experiment?

Top 20 Structures

For 46 complexes =
920 simulated structures.
For both bound and unbound, 1,840 total



What's the experiment?

20 Possible complexes

T

5 Testable Variables
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5 Possible Exponents
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What's the experiment?

23,000 HINT Scores for Bound
23,000 HINT Scores for Unbound



What's the experiment?

L RMSD Testing

Find best match for each complex

Results!



Possible Results

Complex Final L_RMSD Score Weighing Used Significant Chemical Property

#1 Bound 4 A aiaj (SiS))*> Tjj Rij + rij Solvent Accessible Surface Area

#1 Unbound 6 A aia; SiS; (Ti)? Rij + rij actra

#2 Bound 2 A aiaj SiSj Tij (Rij)°5 + rij Atomic Distance

#2 Unbound 4 A ai a;j SiSj (Ty)™5 Rij + rij actre

#3 Bound 3 A ai aj (SiSj)*> Ty Rij + rij Solvent Accessible Surface Area

#3 Unbound 5A ai aj SiSj (Ty)*5 Rij + rij

#46 Bound A aiaj SiSj (Ty)? Rij + rij actro

#46 Unbound (aia;j)°5 SiS;j Tij Rij + 1ij Hydrophobic Atom Constant




Possible Results

Complex Final L_RMSD Score Weighing Used Significant Chemical Property
#1 Bound 4 A aiaj (SiSj)' Tij Ryj + rij Solvent Accessible Surface Area
#1 Unbound 6 A aiaj SiSj (Tj)? Rij + rij Electrostatics

#2 Bound 2 A ai aj SiSj Tij (Rij)*% + rij Atomic Distance

#2 Unbound 4 A aia;j SiSj (Ti)*> Rij + ryj Electrostatics

#3 Bound 3A ai a; (SiSj)*> Ty Rij + ryj Solvent Accessible Surface Area

#3 Unbound 5A aiaj SiSj (Tij)°% Rij + rij Electrostatics

#46 Bound a; a; (SiSj)° Tij Rij + i Solvent Accessible Surface Area

#46 Unbound A (ai@j)°5 SiSj Tij Rij + 1 Hydrophobic Atom Constant




In the future...

Different models (besides HINT)

Different complexes (besides enzyme/inhibitor)



Questions?



