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nicotinamide 1ing ofNADPH. The diphospho b1idge and adenosine 
portion ofNADPH was clearly bound to those complexes in typical 
fashion, but the density for the nicotinamide ring was not visible. 
That portion of the cofactor was disordered but appeared to 
extended into solvent, being displaced from its normal binding 
site by the inhibitor. The width ofthe bindin£ cleft of C. albicans 
DHFR was significantly larger (1.3-2.0 A) th;n the conesponding 
dimensions of human DHFR and may be a feature that is exploited 
by the 5-arylthioquinazoline inhibitors. C. albicans DHFR 
crystallized in space group P2 1 with two molecules in the 
asymmetric unit. Final structures had R-factors of 0.155-0.199 at 
resolution values of 1.6-1.85 A. 
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Thrombin is a trypsin-like serine protease that plays a central 
role in thrombosis and hemostasis, inhibitors of which are poten
tially pharmacologically important as' antithrombotics. The struc
tures of many small molecule inhibitors complexed with thrombin 
reveal that the active site of thrombin has one anionic subsite (S1) 
and two hydrophobic subsites (S2 and S3) in addition to the cata
lytic site (Ser-195 and an oxyanion hole). 

The binding of transition-state analog inhibitors, snch as 
peptidyl aldehydes to trypsin-like serine proteases may be mod
elled by two kinetic steps, a rapid, reversible binding of enzyme 
and inhibitor involving the three subsites of the active site fol
lowed by a slower reversible covalent-like interaction at the cata
lytic site. Two isomeric peptidyl aldehyde thrombin inhibitors con
taining 3-gnanidylpiperidyl alaninal at the P1 position were de
signed and synthesized to examine the contributions of steric and 
dynamic features to selectivity and kinetics. The two inhibitors 
were identical except for the absolute configuration of the chiral 
Cy atom. The inhibitors were soaked into thrombin-hirugen crys
tals and the structures of the complexes were determined and re
fined at 2.1A resolution toR values of- 0.15. From the structures 
it was possible to assign an absolute configuration to each isomer 
and thus to correlate the stmctures/confi.gurations with the observed 
inhibition kinetics. The kinetically fast inhibitor(Ki=5nM) was 
identified as the R configuration and the more nom1al slow-tight 
binding kinetics (Ki=0.3nM) was associated with the S configura
tion at the P1-Cy. 

The structures of the R- and S- configurations were very sim
ilar at the S2 and S3 subsites and the catalytic site, but are differ
ent at the S I subsite. In the R-configuration, the piperidylring is 
in a chair conformation with the guanidyl group fonning energet
ically favorable interactions with Asp-189 of thrombin. In con
trast, the piperidyl1ing of the S-configuration is in an energetical
ly less favorable boat conformation with its guanidyl interacting 
with Asp- 189. At the catalytic site, the oxygen atom of the alde
hyde group of both isomers is not in the oxyanion hole. These 
observations suggest that the kinetically slow step is related to the 
interactions of the boat form in the S 1 site. 
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Cathepsin K is a recently discovered human cysteine pro
tease with significant sequence homology to cathepsin S and cathe
psin L. Cathepsin K is abundantly and selectively expressed in 
osteoclasts, the cells responsible for bone degradation. This ob
seriation has led to the suggestion that this enzyme plays an im
portant role in bone resorption. The design of potent, selective 
inhibitors of cathepsin K should represent a new approach to the 
prevention of excessive bone loss in diseases such as osteoporo-
sis. 

We have determined the tJu·ee dimensional structure of 1m
man cathepsin K in complex with the cysteine protease inhibitor 
E-64 at 2.2 angstroms resolution. The complex crystallizes in space 
group P212121 with unit cell dimensions a= 38.4, b = 50.7, c = 
104.9A. The stmcture was solved using molecular replacement 
with tl1e coordinates of papain as the basis for a search model. The 
resulting electron density confirms that cathepsin K has the iden
tical secondary structure and the same overall fold as papain. The 
position and conformation of the E-64 inhibitor are clearly evi
dent. We will describe the structure of cathepsin K including the 
active site of the enzyme and the interactions with the inhibitor 
and compare this structure with other known cysteine proteases. 
Knowledge of the structure of cathepsin K will be useful in the 
structure-based design of inhibitors of the enzyme. 

Muscle & Motor Proteins 
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The mechanism by which chemical energy is transduced into 
directed movement in muscle and myosin-based motility is a 
fundamental question in biology. Recently considerable progress 
has been made towards establishing the molecular basis of the 
sliding filament model that was proposed over 40 years ago through 
the determination of the three-dimensional structures of actin 
(Kabsch eta!., 1990, Nature, 347, 37-44) and myosin subfragment-
1 (Rayment et al., 1993, Science, 261,50-5 8). These have provided 
a structural framework for a molecular hypothesis for muscle 
contraction (Rayment eta!., 1993, Science, 261, 58-65). Even so 
many questions remain concerning the stmctural transitions that 
underlie the conversion of chemical energy into directed movement. 
In an effort to understand how A.TP hydrolysis is coupled to 
movement we have determined the structure of a genetically 
truncated myosin head in the presence of more tl1an seven substrate 
analogs including MgADP, MgPPi, MgATPyS, MgAMPPNP, 
MgADP-BeFx. MgADP-AIF4, MgADP-V04 and several non-ATP 
derivatives that support tension. These complexes suggest a 
structural mechanism for ATP hydrolysis and new model for the 
conformational changes that underlie myosin-based motility. 


