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Human fatty acid synthase (FAS) is uniquely expressed at high levels in many tumor types. Pharmacological inhibition of
FAS therefore represents an important therapeutic opportunity. The drug Orlistat, which has been approved by the US Food
and Drug Administration, inhibits FAS, induces tumor cell–specific apoptosis and inhibits the growth of prostate tumor
xenografts. We determined the 2.3-Å-resolution crystal structure of the thioesterase domain of FAS inhibited by Orlistat.
Orlistat was captured in the active sites of two thioesterase molecules as a stable acyl-enzyme intermediate and as the
hydrolyzed product. The details of these interactions reveal the molecular basis for inhibition and suggest a mechanism for
acyl-chain length discrimination during the FAS catalytic cycle. Our findings provide a foundation for the development of new
cancer drugs that target FAS.

The human FAS protein is specifically upregulated in many tumors,
including, but not limited to, those from prostate and breast tissue1.
FAS expression also correlates with poor prognosis, suggesting that
FAS activity is advantageous to cancer cells. The natural product
cerulenin and its synthetic analog C75 have been shown to inhibit
FAS activity, induce apoptosis and inhibit tumor growth in xenograft
and transgenic models of cancer2–5. These studies and RNA inter-
ference experiments have verified FAS as a key anticancer target6.
Orlistat, a US Food and Drug Administration (FDA)-approved
b-lactone–containing drug, inhibits the thioesterase domain of
FAS, induces endoplasmic reticulum stress and tumor cell death,
inhibits tumor growth and prevents angiogenesis7–9. Therefore,
we set out to determine how Orlistat inhibits the FAS thioesterase,
in an effort to provide a basis for the development of new
therapeutic agents.

The thioesterase is the seventh functional domain of the 270-kDa
FAS polypeptide (Fig. 1a)10,11. The remaining domains of the FAS
homodimer coordinate to primarily synthesize de novo the 16-carbon
(C16) fatty acid palmitate (Supplementary Fig. 1 online). The
thioesterase domain catalyzes the termination step by hydrolyzing
the thioester bond between palmitate and the 4¢-phosphopantetheine
moiety of the acyl-carrier protein (ACP) domain12–14. The release of
the thioesterase from FAS by limited proteolysis, however, results in
the production of fatty acids containing 20 to 22 carbons15. Thus, the
thioesterase domain is essential in regulating the length of the fatty
acid chain.

The structural origins behind the FAS reaction and substrate
specificity have been investigated by several groups. Chemical cross-
linking, complementation and cryo-EM studies have led to proposals

of the domain interactions within FAS10,11,16,17. The recent crystal
structure of porcine FAS has resolved many of the discrepancies
between these proposals and provided remarkable insight into the
shuttling of the growing fatty acid chain between the domains18.
Notably, the ACP and thioesterase domains are not visible in the
porcine FAS structure, suggesting that they are inherently flexible
relative to the core of FAS.

The crystal structure of the recombinant thioesterase domain
has previously been solved in the absence of ligands19. We herein
describe the 2.3-Å-resolution crystal structure of the thioesterase in
complex with Orlistat (Fig. 1b) in two forms: an unusually stable acyl-
enzyme intermediate and the hydrolyzed product. These structures
show that Orlistat is a substrate of the thioesterase domain, which
is comprised of two subdomains (Fig. 1c), with the Ser2308-
His2481-Asp2338 catalytic triad located in subdomain A. A surface
loop within this canonical a/b-hydrolase fold is extended to form the
unique, a-helical subdomain B. An analysis of site-directed mutants
and molecular modeling using a substrate-analog inhibitor have
also suggested that only about four to six carbon atoms at the
terminus of palmitate fit into a cavity at the interface of the two
subdomains19. In the present study, the C16 core of Orlistat is
reminiscent of palmitate and binds almost exclusively to a hydro-
phobic surface channel generated by subdomain B and not the
interface cavity. These observations provide a clear mechanism for
Orlistat inhibition, a rationale for substrate specificity and a
description of possible ACP domain interactions. The resulting
molecular blueprint will enable future biochemical studies and the
design of anticancer compounds with improved potency, selectivity
and bioavailability.
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RESULTS
Thioesterase domain–Orlistat structure overview
The human thioesterase domain–Orlistat complex crystallized with two
molecules (chains A and B) present in the asymmetric unit (Table 1),
stabilized by a DTT molecule and several water molecules bound at the
interface (Supplementary Fig. 2 online). Each thioesterase molecule
contained a different form of Orlistat: a covalent acyl-enzyme inter-
mediate or the hydrolyzed product. The monomeric thioesterase
domain is divided into subdomains A and B (Fig. 1c). Subdomain A
contains a central, mostly parallel b-sheet made up of seven strands.
Flanking the half barrel sheet are four a-helices, which complete the
canonical a/b-hydrolase fold. Like other a/b-hydrolases, the thioester-
ase domain contains a loop insertion near the catalytic Ser2308-
His2481-Asp2338 triad. In this case, however, the loop insertion is an
entire domain (subdomain B) that adopts a unique, helical tertiary
structure. Three additional loop regions had poor electron density and
were not included in the model: loop I (residues 2326–2328, missing in
chain A only) connects a-helix 4 (a4) to b-strand 5 (b5), forming a
surface loop on the underside of the a/b domain, away from the active
site; loop II (residues 2344–2360) bridges subdomain A and subdomain
B; and loop III (residues 2450–2460) is near the catalytic triad linking
b6 to b7.

Orlistat acyl-enzyme intermediate
The electron density for chain A (Fig. 1d) shows that Orlistat binds in
an extended conformation with covalent attachment to Ser2308 of the
catalytic triad within subdomain A. A closer inspection of the Orlistat
adduct indicates that it is a stabilized acyl-enzyme intermediate (that
is, a stable ester linkage). Moreover, the retention of the S configura-

tion at all four chiral centers is consistent with a nucleophilic attack at
the carbonyl C1 position and not the C3 position of the b-lactone
ring. These observations are in agreement with previously
reported mass spectrometry data for Orlistat hydrolyzed by porcine
pancreatic lipase20,21.

In addition to the Ser2308 adduct, the various chemical moieties of
Orlistat (Fig. 1b) extensively interact with the surface of the thio-
esterase (Fig. 1e,f). The N-formyl-L-leucine moiety (or peptidyl
moiety) interacts with a cavity at the interface that is also evident in
the apoenzyme structure19. The 16-carbon palmitic core binds in a
hydrophobic channel that we term the specificity channel, and the
hexanoyl tail binds in a pocket that we term the short-chain pocket.
These extensive interactions correlate well with the observed potency
of Orlistat against the recombinant thioesterase domain and FAS in
tumor cells7,22.

The peptidyl moiety of Orlistat binds in the interface cavity, which
is generated by residues from both subdomains (Fig. 2a). The
L-leucine component interacts primarily with residues on the rim of
the cavity, including Leu2222, Ile2250, Gln2374, Phe2370, Phe2371,
Phe2375 and Phe2423. Glu2251 forms a hydrogen bond to the
nitrogen atom of the N-formylamide group. The distal chamber of
the cavity is filled with several water molecules held in place by a
hydrogen-bonding network that includes Lys2426. The palmitic core
of Orlistat binds a predominantly hydrophobic specificity channel
(Fig. 1f and Fig. 2b) comprised of residues almost exclusively from
subdomain B: Ala2363, Glu2366, Ala2367, Phe2370, Phe2423,
Tyr2424, Leu2427, Arg2428 and Glu2431. Residues Ile2250 and
Tyr2309 from subdomain A are the exceptions. The majority of the
former residues are conserved among FAS homologs (Supplementary
Fig. 3 online). The main chain nitrogen atoms of the latter two
residues form the oxyanion hole and weakly hydrogen-bond with the
C1 carbonyl oxygen atom of Orlistat. Ala2363 and Tyr2424 provide
a constriction at the end of the channel. Glu2431 and Arg2428 are
located at the far end of the channel and provide an electrostatic
barrier near the terminal carbon atom of the C16 acyl chain of
Orlistat. The hexanoyl tail, which extends off the C2 carbon atom
of Orlistat, interacts with Gly2339, Thr2342, Tyr2343 and Tyr2462
(Fig. 2c). Moreover, this functional group packs against His2481 of
the catalytic triad.

Hydrolyzed Orlistat
The electron density for hydrolyzed Orlistat in chain B of the complex
(Fig. 3a) indicates that the acyl-enzyme intermediate has collapsed to
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Figure 1 FAS and the covalent thioesterase–Orlistat complex. (a) Domain

organization of FAS and its seven catalytic activities: b-ketoacyl synthase

(KS), acetyl/malonyl-CoA transferase (MAT), b-hydroxyacyl dehydratase (DH),

enoyl reductase (ER), b-ketoacyl reductase (KR), acyl-carrier protein (ACP)

and thioesterase (TE). (b) Structural comparison between FAS substrates

and Orlistat. R-S represents the thioester-linked 4¢-phosphopantetheine

moiety attached to either the ACP domain or CoA. (c) Overall fold of the

thioesterase domain with Orlistat bound. The topology of the thioesterase

within the Orlistat complex shares similarities with the apoenzyme

structure19; superposition of the Ca carbon atoms results in an r.m.s.

deviation of 3.5 Å. (d) Orlistat bound in the active site of chain A. The

Orlistat scaffold is divided into three fragments: peptidyl moiety (N-formyl-

L-leucine substituent extending off the C5 carbon atom), palmitic core and

hexanoyl tail (C2 substituent). Shown covering Orlistat and Ser2308 is

the Fo – Fc simulated-annealing omit electron density contoured at 3 s.
(e,f) Molecular (e) and electrostatic (f) surface representations colored to

reflect the subdomain division (as in c) and electrostatic potential,

respectively. The potential contours in f are shown on a scale from

+130 (blue) to –40 kbT e–1 (red); white indicates no charge.
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form a product containing a carboxylic acid at the C1 position. This
finding is most probably a consequence of the 3-week crystallization
period, as there are minor structural differences between the thio-
esterase molecules and no apparent crystal-lattice effects. The C1
position of the product is also shifted B4 Å (Fig. 3b) relative to
the covalent adduct, and two intervening water molecules now occupy
the oxyanion hole. The position of the peptidyl moiety is altered
slightly, and the palmitic core has shifted in register by approximately
two carbon units (Fig. 3c). This shift places the terminal carbon atom
closer to the hydrophobic constriction and charge barrier created by
Ala2363, Tyr2424, Glu2431 and potentially Arg2428. The hexanoyl C2
substituent has also moved considerably (B9 Å), and Tyr2343 of loop
II has repositioned to form a hydrogen bond with the new C1
carboxylate group of Orlistat. The interactions of the covalent adduct
and hydrolyzed Orlistat also suggest that the 4¢-phosphopantetheine
arm of the ACP domain docks into another channel adjacent to
Ser2308 (Fig. 1e,f) lined with the conserved residues Val2256,
Tyr2307, Arg2482 and Leu2485 (Supplementary Fig. 3).

DISCUSSION
Although Orlistat is currently approved by the FDA for obesity
management, the antitumor effects of Orlistat are clearly associated

with FAS inhibition7–9. The possibility of
targeting the thioesterase domain of FAS
with Orlistat or other compounds prompted
us to characterize the molecular basis for this
important interaction. Our observations pro-
vide structural confirmation that nucleophilic
attack occurs at the C1 carbonyl atom of
Orlistat (Fig. 1b), leading to the formation
of an unusually stable acyl-enzyme intermedi-
ate (Fig. 1d). Therefore, the Orlistat covalent
complex will serve as a model for the inter-
actions and reactivity of presumably all
b-lactone–containing compounds designed
for the thioesterase domain22,23. Moreover,
the C16 hydrocarbon backbone of Orlistat
mimics palmitate, enabling a rationalization
of substrate specificity.

A previous study has docked a molecular
model of the C16-containing inhibitor hexa-
decyl sulfonyl fluoride onto the apoenzyme
form of the thioesterase domain19. The
authors proposed that only about four to
six carbon atoms at the terminus of a C16

or C18 substrate fit into the interface cavity. In
contrast, we found that the C16 palmitate-like

moiety of Orlistat is bound in an extended conformation to a
hydrophobic specificity channel B23 Å in length (Fig. 1c–e),
and the N-formyl-L-leucine moiety packs into the interface cavity.
We also identified a new short chain–binding pocket, which
surrounds the hexanoyl tail that extends off the C2 position of
Orlistat. Notably, if one counts the number of carbons from the C1
atom of Orlistat to the end of the L-leucine side chain (Fig. 2a), the
aliphatic chain is 11 carbons in length, and the limited volume and
depth of the interface cavity (219 Å3 and B10–14 Å, respectively)
suggest that C16 substrates cannot be accommodated. The reduced
activity of some mutants in this region is most probably a conse-
quence of prying the subdomains apart. For example, the mutation of
Ile2250, Ala2419 and Phe2423 to larger amino acid residues, as
described19, would be especially detrimental, as the spatial relation-
ships between the catalytic triad, oxyanion hole and specificity channel
would be changed. Furthermore, mutation of Ile2250 to a bulky
residue probably occludes the oxyanion hole19. Electrostatic calcula-
tions (Fig. 1f) suggest that the presence of Lys2426 and a series of
water molecules in the interface pocket (Fig. 2a) would also deter the
binding of aliphatic substrates.

The binding of palmitoyl substrates to the hydrophobic specificity
channel of the thioesterase domain is supported by two additional

a

b

c

Figure 2 Detailed interactions between the

thioesterase domain and Orlistat chemical

moieties. Shown are atomic surfaces of only those

residues that contribute to Orlistat binding in

AREAIMOL calculations. (a) Stereo view (oriented

901 from Fig. 1d–f) of the bound peptidyl moiety

within the interface cavity. Gray dashed lines

denote putative hydrogen bonds. Water molecules

are labeled W1–W4. The nitrogen atom of the

N-formyl group is 3.2 Å from the Oe1 atom of

Glu2251. (b) Stereo view of the palmitic core

packing onto the hydrophobic specificity channel.

(c) Stereo view of the hexanoyl tail binding into

the hydrophobic short-chain pocket.
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observations. First, Orlistat is a substrate that forms an acyl-enzyme
intermediate (Fig. 1d), which ultimately collapses to form the product
(Fig. 3a). Second, the almost exclusive binding of the palmitic core to
subdomain B is consistent with the observed structural plasticity of
a/b-hydrolases in this region. Surface loop insertions into the com-
mon a/b core (Fig. 1c) have made the a/b-hydrolase superfamily
among the most functionally diverse of protein families24. Although
catalysis occurs via the same chemistry in all a/b-hydrolases, a variety
of substrates of different sizes are cleaved. Therefore, the thioesterase–
Orlistat complexes provide evidence that the role of the inserted
a-helical subdomain is to provide a hydrophobic surface channel for
substrate selection. The presence of Glu2431 and Arg2428 and the
constriction caused by Ala2363 and Tyr2424 (Fig. 2b and Fig. 3c)
most probably generate the preference for C16-containing substrates
such as Orlistat. The translation of the Orlistat product complex that
we observed is consistent with the ability of the thioesterase domain to
catalyze the release of C18 substrates12–14.
Figure 4 presents a model for the molecular basis of inhibition by

b-lactone–containing compounds and of the hydrolysis of substrates.
Although the binding mode of the b-lactone form of Orlistat is not
known, we postulate that the oxygen atom of the C1 carbonyl group is
bound in the oxyanion hole (Fig. 4a). The interactions with the
specificity channel provide the correct register, leading to the attack of
Ser2308 to form the acyl-enzyme intermediate and subsequent
opening of the b-lactone ring (Fig. 4b). This intermediate is stabilized
by the oxyanion hole and a hydrogen bond to Glu2251. Most

importantly, the hexanoyl tail that extends off the C2 position
of Orlistat packs against His2481 (Fig. 2c). This interaction may
prevent the activation of a water molecule that, for naturally
occurring substrates, would result in the immediate hydrolysis of
the intermediate.

Given time, however, the hexanoyl tail of Orlistat moves enough to
allow water activation by His2481, and the Orlistat adduct undergoes
deacylation (Fig. 4c). The peptidyl moiety seems to serve as a key
determinant in anchoring the Orlistat product to the interface cavity,
as only minor changes in this moeity were observed relative to the
acyl-enzyme intermediate. In contrast, the hexanoyl-tail and palmitic-
core fragments shift considerably to the left, which allows two
intervening water molecules to bind, one of which is in the oxyanion
hole. With these movements, the hexanoyl tail vacates the short-chain
pocket and establishes new interactions with Tyr2309, Tyr2343 and
Ala2432. Notably, the portion of loop II that is visible by crystal-
lography undergoes a structural rearrangement (Fig. 3c) to form
hydrophobic contacts and a hydrogen bond between the hydroxyl
group of Tyr2343 and the new C1 carboxylate group of Orlistat.

Our thioesterase–Orlistat complexes also provide a rationale
for chain-length selectivity during the fatty acid synthesis cycle

90°

Ser2308

Hydrophobic
specificity channel

9.3 Å
4.4 Å

1

1

Covalent

Hydrolyzed

a

c

b Figure 3 Metabolized Orlistat interactions and chain-length selectivity.

(a) Hydrolyzed Orlistat within the active site of chain B, depicted as in

Figure 2. Shown covering the Orlistat product is the Fo – Fc simulated-

annealing omit electron density contoured at 3 s. (b) Superposition of the

two metabolized forms of Orlistat. (c) Molecular (left) and electrostatic

surface (right, as in Fig. 1f) representations of the covalent and hydrolyzed

Orlistat complexes. Upon hydrolysis of the acyl-enzyme intermediate,

Tyr2343 of loop II moves down to hydrogen-bond with the C1 carboxyl group

of Orlistat. The resulting change in the surface is indicated in purple. A

shift in register relative to the covalent intermediate extends the hydrolyzed

product two carbon units (indicated by bar in inset) beyond C16, mimicking

the chain length of C18.

a

b

c

d

e

f

Figure 4 Molecular basis for Orlistat-mediated inhibition and substrate

selectivity. (a) Proposed interactions with the intact b-lactone form of

Orlistat. (b) The Orlistat acyl-enzyme intermediate. Semicircles with tick

marks indicate van der Waals interactions. (c) Hydrolyzed Orlistat and its

movements. (d) Hypothetical mechanism for chain-length sampling. Red

spheres represent four water molecules involved in an intricate hydrogen-

bonding network within the interface cavity (Fig. 2a); for simplicity, waters

are omitted in a–c. The 4¢-phosphopantetheine arm (gray stick model) of

ACP is shown bound to the putative pantetheine channel. Representative

growing acyl chains measuring 8 and 12 carbons in length (extrapolated

from the Orlistat covalent complex) are shown binding transiently to the

short-chain pocket and interface cavity, respectively. (e) Selection of C16 and

C18 substrates and formation of the Michaelis complex. (f) Hydrolysis of the

acyl-enzyme intermediate.
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(Supplementary Fig. 1). During the FAS reaction, the acyl chain
grows by two carbon units. One potential scenario for the selection of
substrates is that the interactions of the thioesterase and ACP domains
with the other domains of FAS influence the loading of substrate into
the thioesterase domain. This domain can release palmitate and
stearate (C18) when attached to ACP or CoA10–14. The proteolytic
release of the thioesterase from FAS, however, results in the synthesis
of C20 and C22 fatty acids15. Therefore, the thioesterase seems to be a
crucial determinant of substrate selection. These observations suggest
a second scenario, where FAS reaction intermediates sample the short-
chain pocket and interface cavity (Fig. 4d). It appears that these
regions are able to accommodate only short- to medium-length fatty
acids (of 4 to 12 carbons). The thioester moiety of such potential
thioesterase substrates is probably not positioned correctly for catalysis
to occur25. C16 and C18 substrates, however, would extend to the end
of the specificity channel (Fig. 4e) like the palmitic core of Orlistat,
thus positioning the scissile bond appropriately for catalysis. Ala2363,
Tyr2424, Arg2428 and Glu2431 at the far end of this channel appear to
be responsible for generating the barrier to longer substrates.
In contrast to the slow hydrolysis of the Orlistat acyl-enzyme
intermediate, His2481 facilitates the rapid hydrolysis of palmitoyl or
stearoyl acyl-enzyme intermediates (Fig. 4f).

In this model, substrates that bind the specificity channel should be
no shorter than 16 carbons, to correctly orient the thioester bond
relative to Ser2308 for nucleophilic attack (Fig. 4e). In this context, the
4¢-phosphopantetheine arm of the ACP domain or CoA may also help
to position the substrate correctly for catalysis. We identified a
putative binding channel adjacent to Orlistat and the catalytic triad.
The proximity of the flexible loop II to the catalytic triad, short-chain
pocket and specificity channel also suggests that loop II may partici-
pate in substrate loading within the macromolecular FAS dimer.
These insights combined may be useful for orienting the ACP and
thioesterase domains within the available EM structures and future
crystal structures of intact FAS16,17. We envision that the FAS
thioesterase–Orlistat complexes will stimulate the design, synthesis,
optimization and testing of new compounds for cancer therapy and
additional functional studies concerning FAS biochemistry and
substrate specificity.

METHODS
Protein expression and purification. The thioesterase domain of human FAS

(residues 2200–2510) was cloned as previously described7. The domain was

subcloned into the pET15b (Novagen) vector containing an N-terminal His6

tag with an intervening thrombin cleavage site. The thioesterase was over-

expressed in C41(DE3) Escherichia coli grown in a 10-l fermentor at 37 1C and

induced by 0.5 mM IPTG at 25 1C when the cells reached an A600 of 1. The cells

were harvested after 4 h and lysed, and the supernatant was passed over a

nickel–nitrilotriacetic acid affinity column (Qiagen). The desired fractions were

immediately treated with 2 mM EDTA and 15 mM DTT and dialyzed overnight

at 4 1C against 20 mM HEPES (pH 8.5), 1 mM EDTA and 1 mM DTT. The

protein was further purified using a DEAE Macro-Prep column (Bio-Rad) with

a linear gradient from 0 to 1 M NaCl in 20 mM HEPES (pH 8.5), 1 mM EDTA

and 1 mM DTT. The thioesterase was concentrated to 2 mg ml–1 and treated

with 0.1 U mg–1 biotinylated thrombin (Novagen) at 16 1C overnight to

remove the His tag. His-tag cleavage was confirmed by MALDI-TOF mass

spectrometry, and the biotinylated thrombin was removed by the addition of

streptavidin agarose (Novagen). To obtain the preformed covalent thioesterase–

Orlistat complex, a reaction mixture containing the thioesterase domain and a

60-fold molar excess of Orlistat (b-lactone form) was incubated at 20 1C for

1 h. The completion of adduct formation was confirmed by electrospray mass

spectrometry. The resulting complex was purified away from excess Orlistat and

buffer exchanged using a Superdex 200 gel-filtration column (GE Healthcare)

equilibrated with 20 mM HEPES (pH 7.5), 100 mM NaCl and 1 mM DTT. The

complex was concentrated to 17 mg ml–1, flash-frozen in liquid nitrogen and

stored at –80 1C.

Crystallization and structure determination. Crystals of the thioesterase–

Orlistat complex were grown using hanging drop vapor diffusion. Equal

volumes of protein (6 mg ml–1 in 20 mM HEPES (pH 7.5), 100 mM NaCl

and 30 mM DTT) and precipitant solution were mixed and equilibrated at

15 1C against well solutions containing 100 mM sodium dihydrogen phosphate

(pH 4.25), 20%–26% (w/v) PEG 3,350 and 30 mM DTT. Crystals were

transferred to a synthetic mother-liquor solution containing 50 mM sodium

dihydrogen phosphate (pH 4.25), 32% (w/v) PEG 3,350, 30 mM DTT and 25%

(v/v) of the cryoprotectant ethylene glycol before cryocooling to –170 1C. X-ray

diffraction data (l ¼ 1.0 Å) were collected at the National Synchrotron Light

Source, Brookhaven National Laboratory, on beamline X12C. Data were

indexed and scaled to 2.3-Å resolution using the d*TREK suite26 (Table 1).

The structure was solved by molecular replacement using PHASER27 with the

native, uncomplexed structure of the thioesterase domain (PDB 1XKT)19 as a

search model. The initial model was manually rebuilt using COOT28. Iterative

structure refinement was carried out using a combination of CNS29 and

REFMAC5 (ref. 30). DTT molecular topologies were obtained using the

HIC-Up server31. The molecular coordinates and topologies of both the

covalent and hydrolyzed forms of Orlistat were generated using the PRODRG2

server32. The final refined model of the thioesterase–Orlistat complex had

Rwork and Rfree values of 22.5% and 27.3%, respectively. The structure was

validated using the MOLPROBITY server33, which reported 96.8% of

the residues in the Ramachandran favored regions, 2.6% in the allowed regions

and 0.6% as outliers. The thioesterase domain contains several loop

regions that have intrinsic mobility. As a result, a protein model could not

be built for the following disordered regions: residues 2326–2328 (loop I,

Table 1 Data collection and refinement statistics

Orlistat complexes

Data collection

Space group P21

Cell dimensions

a, b, c (Å) 41.9, 94.3, 69.7

a, b, g (1) 90.0, 95.8, 90.0

Resolution (Å) 39.0–2.3 (2.38–2.30)

Rmerge 0.06 (0.23)

I / sI 17.0 (6.2)

Completeness (%) 96.0 (76.2)

Redundancy 7.1 (6.2)

Refinement

Resolution (Å) 39.0–2.3

No. reflections 21,850

Rwork / Rfree 22.5 / 27.3

No. atoms

Protein 4,016

Orlistat covalent 35

Orlistat hydrolyzed 36

DTT 8

Water 53

B-factors

Protein 36.6

Orlistat covalent 60.2

Orlistat hydrolyzed 67.1

Water 30.6

R.m.s. deviations

Bond lengths (Å) 0.01

Bond angles (1) 1.27

Data were collected from a single crystal. Values in parentheses are for the highest-
resolution shell.
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chain B only), 2344–2360 (loop II, both chains), 2450–2460 (loop III, both

chains) and residues 2200–2220 and 2502–2510 on the N and C termini,

respectively. AREAIMOL34 was used to identify surface residues that interact

with Orlistat through either hydrophobic or polar contacts. Other surface

calculations were performed using CASTP35.

Illustrations. All structural illustrations were generated using PyMOL36.

Accession codes. Protein Data Bank: Coordinates and structure factors have

been deposited with accession code 2PX6.

Note: Supplementary information is available on the Nature Structural & Molecular
Biology website.
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