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ABSTRACT: The search for new cancer therapeutics has identified protein farnesyltransferase (FTase) as a
promising drug target. This enzyme attaches isoprenoid lipids to signal transduction proteins involved in
growth and differentiation. The two FTase inhibitors (FTIs), R115777 (tipifarnib/Zarnestra) and BMS-
214662, have undergone evaluation as cancer therapeutics in phase I and II clinical trials. R115777 has
been evaluated in phase III clinical trials and shows indications for the treatment of blood and breast
malignancies. Here we present crystal structures of R115777 and BMS-214662 complexed with mammalian
FTase. These structures illustrate the molecular mechanism of inhibition and selectivity toward FTase
over the related enzyme, protein geranylgeranyltransferase type I (GGTase-I). These results, combined
with previous biochemical and structural analyses, identify features of FTase that could be exploited to
modulate inhibitor potency and specificity and should aid in the continued development of FTIs as
therapeutics for the treatment of cancer and parasitic infections.

Although advances in medical science have greatly
reduced the toll of many human diseases, cancer still presents
challenges to effective treatment (1). The search for new
cancer treatment targets has identified many signal trans-
duction proteins involved in cell growth and differentiation
that can contribute to oncogenesis upon mutation (2). All
GTP-binding proteins (G proteins) known to be involved in
oncogenesis, including members of the Rho and Ras super-
family, are modified by the essential post-translational
attachment of an isoprenoid lipid (prenylation) near the
C-terminus (3). Protein prenylation is absolutely required for
the function of these proteins. Inhibition of protein preny-
lation provides an indirect means of downregulating errant
cell growth signal transduction pathways. Protein prenyl-
transferase inhibitors represent a new class of cancer
therapeutic (4), and these inhibitors have been evaluated in
a number of phase I, II, and III clinical trials (5, 6).
Furthermore, preclinical evaluation indicates that protein
prenyltransferase inhibitors could be used in the treatment
of parasitic infections such as malaria (7), hepatitis C (8),
and multiple sclerosis (9).

Protein prenylation is catalyzed by the two CaaX prenyl-
transferase family members, protein farnesyltransferase
(FTase)1 and protein geranylgeranyltransferase type I (GG-
Tase-I), and Rab GGTase, which plays a more specialized

role in the cell (3). FTase and GGTase-I catalyze the
attachment of a 15-carbon farnesyl lipid from a farnesyl
diphosphate donor (FPP, Figure 1a) and a 20-carbon gera-
nylgeranyl lipid from a geranylgeranyl diphosphate donor
(GGPP), respectively, to substrate proteins with a C-terminal
Ca1a2X sequence motif (10, 11). This motif consists of an
invariant cysteine (C) to which the lipid is attached, two small
aliphatic amino acids (a1 and a2), and a variable C-terminal
amino acid (X) that determines whether the protein is a
substrate for FTase, GGTase-I, or both (10, 11). Farnesylation
of oncogenic Ras proteins, which are associated with∼30%
of all human cancers (2), is essential for their transforming
activity (12). Development of FTase inhibitors (FTIs) has
progressed tremendously in the past 14 years, beginning with
the initial discovery that some Ca1a2X tetrapeptides are
inhibitory (13) and evolving into the development of Ca1a2X
peptidomimetics and non-peptide-based inhibitors (3-5).
Protein prenyltransferase inhibitors must be very specific
toward one prenylation enzyme, because preclinical studies
indicate that inhibition of both FTase and GGTase-I may be
toxic (14). Crystal structures defining the reaction pathway
of FTase and GGTase-I have been determined (15-20), as
have structures of FTase complexed with inhibitors (21-
23). Structures of FTase and GGTase-I indicate that the
enzymes have similar active sites (15, 20). Development of
protein prenyltransferase inhibitors therefore greatly benefits
from a detailed understanding of the molecular mechanisms
that determine protein prenyltransferase inhibitor specificity.

The clinical candidates R115777 and BMS-214662 have
been developed by the Janssen Research Foundation and
Bristol-Myers Squibb, respectively (6, 24). R115777 is a
nonpeptide quinolone analogue FTI (25), and BMS-214662
is a nonpeptide tetrahydrobenzodiazepine FTI (Figure 1; ring
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groups have been labeled 1-5 for clarity) (26). Both drugs
are selective toward FTase, and show almost no activity
against GGTase-I. R115777 and BMS-214662 have been
evaluated in a number of phase I and II clinical trials (5, 6).
R115777, the first FTI to advance to phase III clinical trials,
shows indications for the treatment of blood and breast
cancers (27, 28). Here we present the first structural
information for R115777 and BMS-214662 bound to FTase.

EXPERIMENTAL PROCEDURES

Sample Preparation and Crystallization.Human and rat
FTase (hFTase and rFTase, respectively) were expressed,
purified, and stored as previously described (15, 22, 29). Rat
FTase crystallizes under a broader range of conditions and
ligands than human FTase, and ligands can be soaked into
the rFTase crystals without compromising diffraction quality
(19, 21, 22). The sequences of rat and human FTase are 95%
identical with complete sequence and structural conservation
around the active site (backbone root-mean-square deviation
of 0.4 Å) (22). The only differences between rat and human
FTase structures occur at interprotein contact points in the
crystal lattice, which is consistent with the differences in
crystallization properties of these two enzymes. This struc-
tural and sequence conservation indicates that either enzyme
serves well in the development and optimization of FTI’s
(22).

BMS-214662 and R115777 were prepared as previously
described in the literature and were shown to be pure by
HPLC and have the correct structures by NMR and electro-
spray ionization mass spectrometry (24, 30). These com-
pounds were prepared by Laxman Nallan and Pravine
Bendale in Prof. M. H. Gelb’s laboratory (University of
Washington, Seattle, WA).

The hFTase‚FPP‚R115777 ternary complex was formed
by incubating hFTase (15 mg/mL frozen stock solution) first
with FPP [10 mM stock in 20 mM Tris-HCl (pH 7.7) from
Sigma] on ice for 2 h, followed by incubation with R115777
(20 mM stock in DMSO) on ice for 3 h for a final hFTase:
FPP:R115777 molar ratio of 1:3:1.5. The complex was
crystallized, cryoprotected, and flash-cooled in liquid nitrogen
as previously described (22). Although hFTase crystallized
in the presence of BMS-214662, these crystals diffracted
poorly. The rFTase‚FPP‚BMS-214622 ternary complex was
formed by soaking a cocrystal of rFTase containing the
farnesylated KKKSKTKCVIM product (19) in a stabilization
solution supplemented with saturated BMS-2146222 (20 mM
stock in DMSO) and 100µM FPP for 1 week (22). Crystals
were cryoprotected and flash-cooled in liquid nitrogen as
previously described (18). Ligand binding in rFTase and
hFTase has been previously demonstrated to be independent
of the means by which the ligand is introduced (i.e.,
cocrystallization vs soaking) (21, 22).

Data Collection, Model Building, and Refinement.Crystals
were kept at 100 K during data collection (31). Diffraction
data were measured at Advanced Photon Source station 14-
BMC [Argonne National Laboratories (ANL-APS), Argonne,
IL] and at National Synchrotron Light Source station X25
[Brookhaven National Laboratories (BNL-NSLS), Upton,
NY]. DENZO and SCALEPACK were used for data reduc-
tion and scaling (32). Phases were determined using molec-
ular replacement as implemented in CNS version 1.0 (33)
using previously determined rFTase (PDB entry 1D8D) and
hFTase (PDB entry 1JCQ) structures as a probe. Structure
refinement consisted of iterative rounds of manual model
building in O (34) followed by simulated annealing, mini-
mization, andB-factor refinement (33). All included waters
had at least a 3σ peak in omitFo - Fc maps, with density
recapitulated in 2Fo - Fc maps. All active site ligands have
continuous, well-defined omit density and are bound at full
occupancy. REDUCE and PROBE were used to check for
and eliminate clashes in the final structures (35). Table 1
contains a summary of diffraction data and refinement
statistics. Sequence-based superpositions were created using
Swiss PDB Viewer (36), and figures were made using
PYMOL (37). Solvent-accessible surface areas were calcu-
lated using CNS version 1.0, employing a probe radius of
1.4 Å.

RESULTS

R115777 and BMS-214662 bind in the FTase active site,
a deep hydrophobic cleft formed at the interface of theR-
andâ-subunits (Figure 1d). Drug binding does not induce a
change in the structure of the active site, consistent with
previous structures containing bound substrates, products,
or inhibitors (16-19, 21-23). All of the residues in contact
with R115777 and BMS-214662 adopt the same conforma-
tion. Both drugs bind as a ternary complex with FPP and

FIGURE 1: Chemical structures. (a) Farnesyl diphosphate (FPP) has
three isoprene units; geranylgeranyl diphosphate (GGPP) has four.
(b) Structure of R115777. (c) Structure of BMS-214662. (d)
Ribbons cartoon of the FTase‚FPP‚R115777 structure in which the
inhibitor is in green and the FPP lipid substrate in purple.
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coordinate the catalytic zinc ion, which is located at the rim
of the active site and bound at full occupancy.

FTase‚FPP‚R115777 Structure.R115777 binds to FTase
in the substrate Ca1a2X peptide binding site, consistent with
solution studies that indicate a peptide-competitive mecha-
nism (Figure 2a) (25). For reference, a previously determined
structure of a K-Ras substrate Ca1a2X peptide bound to FTase
is shown in Figure 2c (17, 18). FPP binds as observed in
other complexes in an extended conformation (16, 19, 21-
23), with one face of the isoprenoid moiety forming part of
the R115777 binding surface. The drug adopts a U shape,
stabilized by stacking between thepara- andmeta-substituted
chlorophenyl rings (rings 1 and 5). The imidazole nitrogen
(ring 2) juts out from the apex of the turn and coordinates
the catalytic zinc at a nitrogen-zinc distance of 2.0 Å. In
addition to zinc coordination, the drug forms water-mediated
hydrogen bonds between the quinolinone carbonyl oxygen
(ring 4) and the protein backbone (Phe 360â) and between
the ring 1 amine group and the FPPR-phosphate moiety.
Besides these polar interactions, R115777 forms only van
der Waals contacts with the enzyme and the FPP farnesyl
moiety. Aromatic stacking interactions (38) feature promi-
nently among these contacts: ring 1 stacks against the
farnesyl moiety of FPP, the quinolinone group (rings 3 and
4) stacks face on face with Tyr 361â, and the meta-
substituted chlorophenyl group (ring 5) stacks edge on face
with Trp 102â and Trp 106â. The position of ring 5 is
consistent with previous structure-activity relationship
(SAR) data that demonstrated strict size limitations for
aromatic groups at this position as well as limitations on the
positions of the chloride groups (24).

FTase‚FPP‚BMS-214662 Structure.BMS-214622 also
binds to FTase in the Ca1a2X peptide binding site, consistent

with solution studies that indicate a peptide-competitive
mechanism (Figure 2b) (30). FPP binds as seen in the
R115777 complex, and the third FPP isoprene unit forms
part of the BMS-214622 binding surface. The central
tetrahydrobenzodiazepine group (rings 1 and 2) adopts what
appears to be a twisted boat conformation with the three
substituent ring groups (rings 3-5) jutting out to interact
with the protein and solvent. The imidazole group (ring 3)
coordinates the catalytic zinc. Besides this polar interaction,
BMS-214622 forms only van der Waals contacts with the
protein and FPP farnesyl moiety. Rings 1 and 2 stack face
on face with Tyr 361â, and the methylphenyl group (ring 5)
is bound in a hydrophobic pocket, stabilized by stacking
against the FPP farnesyl moiety and end-on-face stacking
with Trp 102â and Trp 106â. This binding mode is consistent
with prior SAR data that demonstrated strict size and polarity
limitations for the ring 5 substituent (26). The thienylsulfonyl
group (ring 4) is mostly solvent exposed, and stabilized
primarily by stacking against rings 1 and 2. Previous SAR
data demonstrated a high tolerance for different substituents
at the ring 4 position without compromising inhibitory
activity, consistent with the solvent accessibility of this group
(26).

An interesting crystallographic artifact arose in the course
of determining the FTase‚FPP‚BMS-214662 structure. The
nitrogen-sulfur bond that links the BMS-214662 thienyl-
sulfonyl group (ring 4) to the central tetrahydorbenzodiaz-
epine group can be cleaved by ionizing radiation, even at
cryogenic temperatures (100 K). Exposure to high-flux
synchrotron X-rays (λ ) 1.00 Å) causes a time-dependent
decay of the electron density corresponding to ring 4. This
decay was not observed when lower-flux X-rays (λ ) 1.54
Å), generated by a rotating copper anode, were utilized (result

Table 1: Data Collection and Refinement Statisticsa

hFTase‚FPP‚R115777 rFTase‚FPP‚BMS-214662

beamline ANL-APS 14BMC BNL-NSLS X25
wavelength (Å) 0.900 1.100
resolution (Å) 40-2.1 (2.18-2.10) 50-2.6 (2.69-2.60)
no. of unique/total

reflections
66907/226817 35102/225013

meanI/σI 10.6 (3.0) 11.8 (3.7)
completeness (%) 96.6 (92.0) 98.7 (97.5)
Rsym (%) 8.7 (27.0) 11.0 (31.3)
cell dimensions

a ) b, c (Å)
178.2, 69.3 170.5, 69.0

Rcryst (%) 16.6 (23.0) 18.8 (29.5)
Rfree (%) 19.5 (24.0) 22.5 (32.2)
no. of non-hydrogen

atoms
6663 6291

no. of water molecules 672 280
Ramachandran plot,

favored (%)
91.8 90.0

Ramachandran plot,
allowed (%)

8.2 10.0

rmsd for bond
lengths (Å)

0.006 0.007

rmsd for bond
angles (deg)

1.2 1.2

averageB-factor (Å2)
all 23.7 23.4
drug 16.9 17.1

σA coordinate error 0.22 0.44
PDB entry 1SA4 1SA5

a Rsym ) [∑|(I - 〈I〉)|]/∑I, where〈I〉 is the average intensity of multiple measurements.Rcryst and Rfree ) (∑|Fobs - Fcalc|)/∑|Fobs|. Rfree was
calculated over 5% of the amplitudes not used in the refinement. Values in parentheses are for the outer resolution shell.

Mechanism of R115777 and BMS-214662 Selectivity Biochemistry, Vol. 43, No. 22, 20046879



not shown). Loss of this drug moiety alters neither the
conformation of the remainder of the drug nor the active
site, relative to the complete BMS-214662 structure. This
phenomenon necessitated rapid data collection at the syn-
chrotron X-ray source, limiting usable diffraction to a
resolution of 2.6 Å. Longer exposure times permitted
collection of 2.1 Å diffraction data, and the overall structure
of the protein and the drug (without ring 4) is essentially
identical to the 2.6 Å structure when refined against the 2.1

Å data. The cleavage of disulfide linkages in protein crystals
by high-flux X-rays is well-documented (39), but to our
knowledge, this is the first example of radiation-induced
ligand cleavage.

DISCUSSION

Comparison to Substrates and Products.Comparison of
the BMS-214662 and R115777 complexes to structures of
FTase complexed with various substrates and products

FIGURE 2: Inhibitors bound in the FTase active site. Electron density is shown at a+5σ level and was calculated using (Fobs - Fcalc)Rcalc
Fourier coefficients with the inhibitor omitted from the final model. (a) Stereoview of the FTase‚FPP‚R115777 complex. R115777 (green)
adopts a U shape, stabilized by stacking between the two chlorophenyl rings. The imidazole group coordinates the catalytic zinc (magenta).
The drug makes extensive van der Waals contacts with the farnesyl moiety of FPP (purple) and with the protein. Two water-mediated
hydrogen bonds are made to FPP and the protein. Five water molecules occupy the space where the X residue of the Ca1a2X peptide usually
binds, the specificity pocket. (b) Stereoview of the FTase‚FPP‚BMS-214662 complex, shown in approximately the same orientation as
panel a. The drug (green) coordinates the catalytic zinc and makes van der Waals contacts with the surrounding protein and FPP ligand.
The drug does not contact the specificity pocket, which is occupied by three solvent molecules. (c) Stereoview of FTase complexed with
a K-Ras substrate peptide KKKSKTKCVIM (only the Ca1a2X motif is shown, colored green) and a nonhydrolyzable FPP analogue (purple),
shown in approximately the same orientation as panel A (PDB entry 1D8D) (18).
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reveals that these two drugs mimic different states from the
FTase reaction coordinate. High-resolution complexes have
allowed the structural biochemistry of the FTase reaction
pathway to be defined (15-19). FPP binds first, followed
by the substrate Ca1a2X peptide substrate. The Ca1a2X motif
binds in an extended conformation, with the cysteine thiolate
anchored to the zinc ion and the carboxyl terminus anchored
∼12 Å away by hydrogen bonds (Figure 2c). After catalysis,
the peptide-prenyl product is retained by the enzyme (40).
FPP binding results in a translocation of the prenyl-peptide
product; the Ca1a2X peptide adopts a type Iâ-turn, and the
product farnesyl group is displaced (to make room for the
incoming FPP) into a shallow solvent-accessible groove that
extends from the active site to the rim of theâ-subunit, the
“exit groove”. A comparison of the two inhibitors with the
FTase peptide substrate K-Ras (CVIM Ca1a2X motif) il-
lustrates that drug binding overlaps with the Ca1a2 portion
of the Ca1a2X motif in both the “extended” binding mode
and the displaced, type-Iâ-turn conformation (Figure 3).
Furthermore, both drugs partially occupy the exit groove,
overlapping with the displaced product farnesyl moiety.
Traditionally, FTI design has focused on mimicking the
substrate Ca1a2X peptide (3, 5, 41). These results, however,
demonstrate that several peptide binding modes can be
considered in the design of Ca1a2X-competitive FTIs.

Comparison of the R115777 and BMS-214662 structures
to those from the FTase reaction coordinate reveals two
inhibitor features that could be targeted to modulate inhibitor

activity. First, both inhibitors are only∼60% buried by the
protein and the adjacent FPP molecule. This may permit the
addition of functional groups for modulation of bioavail-
ability, toxicity, and stability without affecting drug binding
or specificity. Second, R115777 and BMS-214662 form no
direct hydrogen bonds with FTase, and structure-based design
to take advantage of unsatisfied hydrogen bond donors or
acceptors in the active site may be a means of modulating
inhibitor affinity.

Comparison to Other FTIs.A comparison of R115777 and
BMS-214662 complexes to other FTIs, including the anti-
cancer clinical candidates SCH66336 (Lonafarnib/Sarasar),
the peptidomimetic L739-750, the 3-aminopyrrolidinone
FTI U49, and Abbott Laboratories biphenyl FTI, reveals two
common features shared among peptide-competitive FTIs
(21-23, 42). First, all bind as a ternary complex with FPP
and make extensive van der Waals contacts with the FPP
lipid moiety (17, 18). This is analogous to substrate peptide
binding. Like these FTIs, FPP and the substrate Ca1a2X
peptide form extensive van der Waals contacts. These
contacts necessitate ordered substrate binding, with FPP
binding first, and Ca1a2X peptide binding in the absence of
FPP is low-affinity and transient (43). A similar phenomenon
has been observed with SCH66336, which requires FPP to
form a high-affinity complex with FTase (21). This suggests
that, like substrate binding, FTI binding is ordered, and that
FPP must be first bound to FTase to form the high-affinity
FTase‚FTI complex. Second, this comparison illustrates that
these six FTIs have aromatic rings positioned where the a2

residue of substrate Ca1a2X peptides binds. The “a2 binding
site” consists of residues Trp 102â, Trp 106â, Tyr 361â,
and the third FPP farnesyl moiety, and all of these inhibitors
form face-on-face or edge-on-face aromatic stacking interac-
tions with one or more of these residues. Aromatic stacking
interactions can contribute significantly to ligand binding
energy (38, 44), and aromatic rings that form interactions
with the FTase a2 binding site appear to be an important
component of FTI chemistry. This shared feature of aromatic
stacking interactions among these six FTIs is surprising,
given their development through independent drug discovery
mechanisms. An analogous example of “convergent evolu-
tion” in the natural world is found in peptide K+ channel
inhibitors from different animal species; these small peptide
toxins possess different folds, but the topology of key
residues is identical (45).

A Molecular Model of Inhibitor SelectiVity. R115777 and
BMS-214662 are very specific FTase inhibitors, both ex-
hibiting a >1000-fold preference over GGTase-I (25, 26).
Surprisingly, neither inhibitor achieves this selectivity through
interactions with the FTase residues that discriminate be-
tween FTase and GGTase-I Ca1a2X peptide substrates. FTase
and GGTase-I have unique “specificity pockets”, which
select cognate peptide substrates through steric complemen-
tarity with the Ca1a2X motif X residue, which is generally
Met, Gln, or Ser for FTase substrates and Leu for GGTase-I
substrates (10, 11, 17, 18, 20). Neither drug occupies the
specificity pocket (Figures 2a,b). A superposition of the two
FTase structures and GGTase-I illustrates how R115777 and
BMS-214662 achieve selectivity toward FTase without using
the FTase selectivity pocket. The superposition reveals that
in GGTase-I there are no residues that would interfere
sterically or electrostatically with R115777 or BMS-214662.

FIGURE 3: Comparison of FTase inhibitor complexes to FTase
substrate and product complexes. Superpositions of the R115777
(top row) and BMS-214662 (bottom row) FTase complexes with
FTase complexed with a K-Ras substrate peptide and FPP analogue
(left column, PDB entry 1D8D) (18) or with FTase complexed with
FPP and a farnesyled K-Ras peptide product (right column, PDB
entry 1KZO) (19). The farnesyl-peptide product adopts two
conformations as part of the FTase reaction cycle (19). The one
shown here, the “displaced” conformation, occurs after binding of
FPP displaces the farnesyl moiety of the product from the isoprenoid
substrate binding site (see the text) (19). For clarity, only inhibitors,
the Ca1a2X moiety of the substrate peptide, and the farnesylated
Ca1a2X moiety of the product are shown. R115777 and BMS-
214662 both overlap with the binding of the Ca1a2 portion of the
Ca1a2X peptide bound in the extended substrate conformation.
Additionally, both inhibitors overlap with the peptide and lipid
moieties of the prenyl-peptide product bound in the displaced
conformation.

Mechanism of R115777 and BMS-214662 Selectivity Biochemistry, Vol. 43, No. 22, 20046881



Instead, the only substantial differences are in the GGTase-I
a2 binding site, which consists of residues Thr 49â, Phe 53â,
and Leu 320â, contrasted to Trp 102â, Trp 106â, and Tyr
361â in FTase, respectively (Figure 4a,b). These differences
eliminate all potential direct and end-on stacking interactions
with either inhibitor, suggesting that R115777 and BSM-

214662 achieve selectivity toward FTase through selective
aromatic stacking interactions with the a2 binding site.
Analysis of available FTase‚FTI structures reveals that other
FTIs may also selectively inhibit FTase through this mech-
anism. Examples include the clinical candidate SCH66336
and Abbott Laboratories biphenyl FTI, which show 10000-

FIGURE 4: Superposition of FTase and GGTase-I suggests a molecular mechanism for inhibitor selectivity. Stereopair showing a superposition
of a GGTase-I-GGPP complex (red) (PDB entry 1N4P) (20) with FTase complexes R115777 (a) and BMS-214662 complexes (b) (blue).
A cluster of three aromatic residues, the a2 binding site, form face-on-face and edge-on-face stacking interactions with R115777 and BMS-
214662 in the FTase active site. The residues that constitute the equivalent GGTase-I a2 binding site does not permit the same stacking
interactions, suggesting that aromatic stacking interactions determine inhibitor selectivity toward FTase. Superposition of FTase (blue)
complexed with the inhibitors SCH66336 (c) (PDB entry 1O5M, green) (21) or the Abbott Laboratories biphenyl FTI (d) (PDB entry
1NL4, green) (42) with a GGTase-I-GGPP complex (red) suggests that these two inhibitors achieve selectivity toward FTase through a
similar mechanism.
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and 400-fold selectivity toward FTase over GGTase-I,
respectively (42, 46). Like R115777 and BMS-214662, these
two inhibitors do not explicitly occupy the specificity pocket
and form extensive stacking interactions with the FTase a2

binding site, whereas in GGTase-I, these stacking interactions
are not possible (Figure 4c,d) (21, 42). In agreement with
this hypothesis, mutations that alter the aromatic and steric
character of the a2 binding site to resemble that of GGTase-I
renders FTase resistant to FTIs such as SCH66336 (47).
These results illustrate the fact that aromatic groups that
complement the a2 binding site are an important feature of
FTIs, and indicate specificity toward FTase can be achieved
by matching the unique steric and aromatic properties of the
a2 binding site alone.

R115777, BMS-214662, and other FTIs show promise for
the treatment of parasitic infections such asPlasmodium
falciparum (malaria),Trypanosoma(sleeping sickness and
Chagas disease), andEntamoeba histolytica(amoebic dys-
entery) (48, 49). Sequence alignments indicate that the
residues that constitute the a2 binding site are conserved in
these protists, suggesting that R115777 and BMS-214662
will bind in parasite FTase orthologs like they do in
mammalian FTase (48, 50, 51). FTase from parasites has
peptide substrate selectivity slightly different from that of
mammalian FTase, and sequence alignments reveal that the
residues that constitute the specificity pocket in these
enzymes are significantly different than in mammalian FTase
(48, 50, 51). The addition of substituents to R115777 and
BMS-214662 that exploit these differences may be a means
of creating parasite-selective FTase inhibitors.

CONCLUSIONS
The two structures presented in this study suggest the

molecular basis of FTase inhibition by R115777 and BMS-
214662 and, when contrasted with the structure of GGTase-
I, illustrate the mechanism of drug selectivity. This com-
parison also illustrates unique features of the FTase active
site, most notably the aromatic residues constituting the
Ca1a2X motif a2 binding site, that can be targeted for selective
inhibition and provides a framework for understanding FTI
specificity. Finally, these structures should allow calibration
of available SAR data, facilitate optimization of lead
compounds, and perhaps aid in the design of new classes of
protein prenyltransferase inhibitors.
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