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1 Introduction

Hydrogen bonds areimportart in protan-ligandinteractions. We descibe a geoméric model of hydrogen
bonds, which we useto study ligand binding to the pregnane X recepbr (PXR). PXR binds drug ligands
promisaiously. Therecenly deteminedstrudure of PXR in humanghPXR)revealsthatits binding podket
is large, smooth,anduniformly hydrophoklic [5], leadng to the hypothesisthathydrogenbondsarethe main
determirant of binding conformatiors. Our objective in this work is to identify potertial ligand binding
confarmatiorsto PXR basel on hydrogenbond geometryandusethemasa stating point for ranking ligands
in termsof the binding affinity to humanandmouseversiors of PXR.

In humansPXR regulatesthe gere expressionof cytochromeP450-3A, which metaboizesmary foreign
subsancesin the body, including an estmated60% of presciption drugs, suc asthe cholesterotlowering
drug SR12813andantireroviral drugindinavir. PXR hasalsobeenimplicatedin potertially harmful drug-
druginteractiors with the over-the-cainterherhbal antidepresantSt. Johris wort.

PXR is activated by mary exogenouschemicas. Although the binding affinities of several ligands are
known for both the humanand the mousePXR, the binding conformatiors are not known. PXR in mice
(mPXR)has77%sequenceadenity with hPXR.Thestrucureof mPXRis notyetknown, but its behaviorcan
be“humarized” by replacing four aminoacidsin the binding pocket of mPXRwith the correpondng onesin
hPXRI[5]. We undertod this work to seewhetherwe canexplain binding affinitiesby finding ligand-protein
compleesthatsuppat the formation of hydrogenbonds.

Generalpurposedocking programs(e.g., [2, 4]) seach for favorabk binding confarmationsby minimiz-
ing acomplex enagy function usingsimulatel annaling or geneic algarithms,andthusareoftenslow. Due
to the observed chaacterigics of the binding podket of hPXR,we have explored a minimalist appoachthat
focuseson only oneaspet of the energyfunction, the hydrogenbonds,in orderto idenify thediscriminaing
facta in ligand binding to PXR. Our appioachis a fast, directed seach that avoids loca minima. It can
alsoaid the geneal-purposeprogamsby providing goad startirg conformatiors, thus dragically redudng
the searchspace Hydrogenbonds have beenusedin FlexX [3] aspartof a morecomplketeenagy function.
Our geametricmodelof hydrogenbonds (conssting of raysandwedges)s morecompacthanthe oneused
in FlexX, andcanprovide moreefficientandmoreaccuate matchingwithout discretizion.

2 A geometric model of hydrogen bonds

To derive a compactgeoméric modelof hydrogenbonds, we simplify

the quantum mechaircal deription of electonic orbitals andcombine
it with the obseveddata[1] on hydrogenbonds We predict the orbitals
of anatom by looking atthelocal strudurearourd it. Our currentmodel
focuseson sp? andsp? hybridizations.

Our geometic modeluses raysandwedgeso specfy preferredhy-
drogen bonddirections. For dona or sp? (carbawyl) aceptoratomswe
createaray for eachprefareddiredion, emanatng from the nuclets of
the polar atom. For sp® acceptor atoms(atomsin aring or chain) we
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Figurel: Aligning (a) araytoaray, and
(b) arayto awedge.
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createa wedge of prefared diredions, centeed at the polar atom. In our model, a hydrogenbond ocaurs
betweeradona andanaccepor atomif we canalign adona ray to anacceptor ray or wedge,subjed to the
constaint thatthe distancebetweerthetwo polar atomsis betweer2.6A and3.2A (Figurel).

For rigid transformatonsin 3-D, ray/ray matchirg leaves out one rotationd degree of freedan, and
ray/wedye matchng leavesout two. To congrain the ligand confarmationfully, we look for trangormations
of theligandthatsatisty two hydrogenbonds simultareousy to within tolerance The problemis formulated
andsolvedasnonlinearoptimization We thenapply anefficient hierachicd collision detecton algarithm to
screerthe proposedcardidates andeliminate those thatareinfeasible dueto steric hindrance.

3 Results and discussion

We testal 21 ligandsin our experiments. For eachligand, we definedthe geoméric primitives(theraysand
wedges)attachedto the polar atoms. We alsodefinad 21 geometic primitivesfor the polar atomsfrom the
polarsidechairsin thebinding pocketof hPXR.Thehydrogenbondmatche examined72,728pairs of dornors
andaceeptorsfrom the ligands andhPXR,andreported 1018 matches. After filtering out thoseviolating the
sterichindranceconstaints,we obtained 209 candidatebinding conformatiansfor the 21 ligands.

Theonly ligandthat
has been crystdlized
with hPXRis SR12813
[5]. Figure2a showsan
obseved binding con-
formation with two bi-
furcatedhydrogenbonds.
Our algoiithm doesnot
model bifurcated hy-
drogen bondks, but it re-
ported a similar binding

confarmation with sin-
Figure2: Binding confarmationsof SR12813determineda) by X-ray crystallograply and(b) by gle hydrogenbonds in-
ouralgorithm.In bothcasesthe spaceoccuped by theligandis similar. (¢) A bindingconformation volving the samepolar
of coumestroteportedby our algorithm. Atomsinvolvedin hydrogenbondirg arecircled. .

atomg(Figure2b), mak-

ing this anideal starting point for gereraldocking programsusing moredetdled enegy functions Figure2c
shaws a typical binding conformationof the ligand coumestrol. Our preliminary resuts indicate that our
methodsenesasan effective geometrc filter to invedigateligandbindingto PXR.

We arecurrertly extendng this work in three diredions. First, we arecompaing our resuts with those
from AutoDock [2] to determinineto what extent our compued cardidate confamatiors can help geneal
docking progamsreachbetterresuts faster Secondwe aregoing furtherin incorporaing ligandandprotein
flexibility. By taking advantagef theflexibili ty of ligands andthe sidechansof PXRin the binding pocket,
we maybeable to find beter binding confarmatiors thatarenot accesibleto rigid docking becawseof steric
hindrance. Finally, we are building a homolagy modelfor the mousePXR. We will run our algorithm on
the mousePXR andthe samesetof ligands that we have usal for hPXR,andhopeto seea correspomence
betweerour ranking andthe obsenedbinding affinities for mouseversis humanPXR.
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