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MS04.12.03 CRYSTAL STRUCTURES OF HIV-1 RT AND 
NON-NUCLEOSIDE INHIBITOR COMPLEXES: 
IMPLICATIONS FOR DRUG DESIGN. Jingshan Renl. Roberi 
Esnoufl, Andrew Hopkinsl, Carl Ross2, E.Yv~nne Jonesl, Dave 
Stammers2 and D.Stuartl., lLaboratory of Molecular Biophysics, 
Rex Richards Building, South Parks Road, Oxford, OX! 3QU, 
UK., 2The Glaxo-Well come Research Laboratories, Langley Court, 
Beckenham, Kent, BR3 3BS, UK. 

Crystal structures of a number of complexes of HIV-1 RT 
with non-nucleoside inhibitors (i\:'Nis), including nevirapine, a
APA, 1051U91, HEPT, 9-Cl-TIBO, MKC-442 and TNK-651, have 
been determined at high resolution (Ren et al. 1995 Nature Struct. 
Bioi. 2, 293-302; Esnouf eta/. 1995 Nature Struct. Bioi. 2. 303-
308; Ren eta/. 1995 Structure 3, 915-926; Hopkins et ai. J. iVIed. 
Chem. in the press). All the inhibitors we have studied bind at 
samoe pocket fmmed between two ~-sheets of the p66 palm, some 
10 A from the polymerase active site. The internal smface of the 
pocket is predominantly hydrophobic being constmcted mainly 
from leucine, valine, tryptophan and tyrosine residues. The 
structures reveal a common mode of binding for these chemicallv 
diverse compounds. Each compound ha~ its own particul;r 
structural characteristics and there is sufficient plasticity in certain 
regions of the sunoLmding protein to allow some unfavourable 
contacts to be relieved without changing the overall binding mode. 
The volume of the pocket varies with the inhibitors, ranging 
between some 600 and 700 },,3, of which the inhibitors occupy in 
the order of 250-350 A3. However, much of the pocket lining 
remains very similar in all cases so that there is a very marked 
matching of shape in those compounds that occupy this volume. 
In some cases this is achieved by conformational remTangement 
of the compound from its lowest energy stmcture in solution. These 
results allow us to understand the structural basis of the potency 
of the inhibitors and suggest possible modifications which should 
improve interactions with the enzyme. 

MS04.12.04 AN INFLUENZA VIRUS NEURAMINIDASE 
VARIANT WITH DECREASED SENSITIVITY TO THE 
NEURAMINIDASE INHIBITOR 4-GUANIDINO
NEU5AC2EN. J.N.Vm·£hese, P.M.Colman, T.J. Blick. T.Tiong. 
S.Sahasrabudhe, & J.L. McKimm-Breschkin, Biomolecul~r 
Resem·ch Institute, Pm·kville, Victoria 3052. 

A variant of influenza virus with 1000-fold less sensitivity in 
vitro to the anti-influenza dmg 4-guanidino-Neu5Ac2en has been 
isolated by multiple passage of influenza virus NWS/G70C with 
the N9 subtype neuraminidase in MDCK cells in the presence of 
4-guanidino-Neu5Ac2en. The crystal stmcture of this vm·iant of 
influenza virus NWS/G70C neuraminidase, has been determined 
to 2 Angstrom resolution for the native enzyme and a complex 
with 4-guanidino-Neu5Ac2en. This study has confirmed a single 
site mutation of a conserved active site residue in the floor of the 
active site pocket, Glu 119 to Gly, and suggests that the reduced 
affinity for the 4-guanidino derives pmily from loss of stabilising 
interaction between the guanidino moiety and the carboxylate at 
residue 119, and partly from alterations in the solvent structure of 
the active site. A water molecule was found close to the position 
fmmerly occupied by one of the glutamic acid carboxy late oxygens 
in the wild type structure, and this water molecule Hydrogen-bonds 
with the secondary amino nitro gens of an active site arginine (156). 

MS04.12.05 STRUCTURE BASED DESIGN OFTHROMBI.N 
ACTIVE-SITE INHIBITORS. JohnS. Sackl. Shmi L. Ohringerl. 
ChiehYing Y. Changl. Mary F. Malley2, Lydia Tabernero1.3~and 
Howard M. Einspalrr 1. Depmiments of Macromolecular Crystallog
raphyl m1d Solid State Chemistry2. Bristol-Myers Squibb Pbm·ma
ceutical Research Institute, P.O Box 4000, Princeton, NJ 08543-4000 
U.S.A. 3Cunent address: Depmtment of Biological Sciences, Lilly 
Hall of Life Sciences, Purdue University , West Lafayette, IN 47907 
USA. 

Human tlu·ombin, an imporiant enzyme in the blood coagula
tion response, has been crystallized in the presence of a vm·iety of 
high affinity, synthetic active-site inhibitors. X -ray crystallography 
has been used to detennine the orientations of the inhibitors in the 
tlrrombin active site m1d tl1e modes of inhibitor binding. Knowledcre 
of tl1e specifics of inhibitor binding proved useful in~ the design ~f 
successively more potent inhibitors. 

Our laboratory used high moleculm· weight polyetl1ylene gly
col precipitations at acidic pH to produce crystalline ternary com
plexes of tlu·ombin with active site inhibitors and an exosite block
ing agent. This inhibitor design effort will be described in the con
text of tl1e overall tlu·ombin effort in tl1e phan11aceutical community. 
In our case, tl1e most important contributions were to exanune tl1ose 
structmes tl1at did not fit tl1e expected structure-activity relationslups. 
It was by analyzing tl1ese sl!l.ICtl.Ires that we were able to provided 
the chemists with new and useful design infom1ation. 

MS04.12.06 SPELUNKING STROIVIELYSIN: A CASE HIS
TORY OF STRUCTURE BASED DRUG DESIGN Jens J. 
Birktoft, R. Crowtl1er, U. Kanmllott, B. Graves, D. Waugh, W. Levin, N. 
Fotoulu, K. Hull, A. Hang! ow, S. Pietr·anico, C. Michoud and M. Visnick. 
Roche Resem·ch Center. Hoffmann La-Roche Inc., Nutley, NJ,. USA. 

Str·omelysin-1 (lVIMP-3) is a member of a group of zinc containing 
proteolytic enzymes nan1ed the metalloproteinases (MMPs ). Str·omelysin 
has been implicated in rheumatoid arthritis and osteoarthritis as well as in 
the metasto1tic phase of cancer. A char-acteristic featm·e of these diseases is 
the irreversible erosion of co1mective tissue. The established roles ofMMPs 
in iliese demograplllcally importar1t diseases make tl1ese enzymes ideal 
targets for pharn1acological intervention. Two routes have been taken in 
t11e development of Ml\IIP inlubitors, one sto11iing from tl1e structme of 
putative substr·ate (<mel product)- enzyme complexes, while tl1e otl1er 
approach, to be discussed here, is rooted in tl1e perceived orgm1ization of 
tl1e pro-form of tl1e MMPs. Specifically, tl1e interactions of tl1e so-called 
switch region (#73-PRCGVP-#78) in t11e pro-segment witl1 tl1e protease 
domain featuring ligation of zinc by cysteine fom1ed tl1e sto11iing point 
for tl1e design of irli1ibitors tar·geted toward str·omelysin (Fotouhi et al, 
me, 269, 30227, 1994). Comparison of !ugh resolution cryswl st:mc
tmes of a tr1.mcated fom1 of prostromelysin ar1d of a complex fmmed 
between active stromelysin and a tight binding cyclic peptide demon
strated iliat tl1e switch region peptide binds to stromelysin in nearly iden
tical mmmer in prostromelysin and tl1e cyclic peptide. In botl1 pro
stromelysin and tl1e inlubitor complex a mixed beta-sheet structme is 
fom1ed between tl1e RCGV peptide and tl1e protein. Fmthern1ore, tl1e 
mientation of tlus peptide is opposite to tl1at observed wiili peptides bound 
in a substrate-like mode. Additionally, analysis of tl1ese two cryswl stmc
tLrres revealed iliat tl1e zinc-bound cysteine side chain only partially fills 
ilie S 1' substrate binding site. The remainder of tlus lmge cavity, wluch 
extends tlu·ough tl1e protein core, is occupied by solvent molecules. Ad
ditional, but smaller binding cavities fmm tl1e S 1-S3 and S2'-S4' subsites. 
The binding properties of tl1e lmge S 1' binding site have been exploited 
in tl1e development of inlubitors derived from a cysteine or iso-cysteine 
building block and incorporating ar·omatic moieties. The analysis of sev
eral crystal structur·es will be described, and will include descriptions of 
enzyme conformational changes induced by different ligar1ds and as well 
as changes in ligand interactions resulting fi"om ligand modifications. 


