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ABSTRACT. Fatty acid amide hydrolase (FAAH) inactivates a large and diverse class of endogenous signaling
lipids termed fatty acid amides. Representative fatty acid amides includdlogl ethanolamines (NAES)
anandamide, which serves as an endogenous ligand for cannabinoid receptiirs|eoy andN-palmitoyl
ethanolamine, which produce satiety and anti-inflammatory effects, respectively. Global metabolite profiling
studies of FAAH -/—) mice have recently identified a second class of endogenous FAAH substrates:
theN-acyl taurines (NATSs). To determine the metabolic and signaling functions performed by NAEs and
NATSs in vivo, a FAAH variant that discriminates between these two substrate classes would be of value.
Here, we report the structure-guided design of a point mutant in the active site of FAAH that selectively
disrupts interactions with NATs. This glycine-to-aspartate (G268D) mutant was found to exhibit wild-
type kinetic parameters with NAEs, but more than a 100-fold reduction in activity with NATSs attributable
to combined effects oK, and ke, values. These in vitro properties were also observed in living cells,
where WT-FAAH and the G268D mutant displayed equivalent hydrolytic activity with NAEs, but the
latter enzyme was severely impaired in its ability to catabolize NATs. The G268D FAAH mutant may
thus serve as a valuable research tool to illuminate the unique roles played by the NAE and NAT classes
of signaling lipids in vivo.

Fatty acid amide hydrolase (FAAH)s a member of the

amidase signature (AS) family, a diverse group of metabolic 0

enzymes characterized by a conserved serine- and glycine- v\/\/\M\A)LN/\/OH
rich stretch of approximately 130 amino acids ). The H

AS family of hydrolases is found in a wide range of B

organisms, including archaed) (eubacterial, 4—6), fungi o

(7), nematodes, plants, insects, bir@¥, @nd mammals9, e~ A~ _s0g
10). Unlike most AS enzymes, FAAH is an integral N

membrane proteind( 10), which presumably facilitates its £z 1: Representative FAAH subtrates. (NjOleoyl ethanol-
role in degrading a large number of amidated lipids in vivo. amine (C18:1 NAE), a representative NAE substrate;NBjleoyl
The endogenous fatty acid amide substrates hydrolyzedtaurine (C18:1 NAT), a representative NAT substrate.

by FAAH fall into multiple structural classes that display
distinct biological activities. A principal class of endogenous
FAAH substrates is thB-acyl ethanolamines (NAEs, Figure
1A), which includes several signaling lipids, such as the
endogenous cannabinoid-arachidonoyl ethanolamine or
anandamide (C20:4 NAELQ), the satiating factoN-oleoyl
ethanolamine (C18:1 NAEX), and the anti-inflammatory
substancé&\-palmitoyl ethanolamine (C16:0 NAELS, 14).

FAAH also hydrolyzes fatty acid primary amides, including
oleamide, which has been isolated from the cerebrospinal
fluid of sleep-deprived catd ) and, upon injection into rats,
found to induce physiological sleedg). More recently,
global metabolite profiling has been applied to tissues from
FAAH(—/-) mice, revealing a third class of substrates, the
N-acyl taurines (NATSs, Figure 1B)1{). FAAH regulates
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amino) propanesulfonic acid; SB®AGE, sodium dodecy! sulfate as a key regulator of fatty acid amide signaling in vivo.
polyacrylamide gel electrophoresis. FAAH(—/-) mice have highly elevated levels of anandamide
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and other NAI_ES in the nervous system that correlate with T,51c 1: Rates of Labeling by FP-Rhodamine
enhanced brain cannabinoid receptor 1 (CB1) dependent "
analgesia in these animal$9 22). FAAH inhibitors also kood[1] (M 57
produce CB1-mediated analges®0(21), along with anxi- FAAH (28+£0.1)x 10°

olytic (20), effects in rodents. More recently, FAAH(—) G268D (3.0£0.2) x 10

mice and rodents treated with FAAH inhibitors have been

found to display reduced inflammatio22—25), although, Fluorophosphonate LabelingRates of fluorophosphonate
at least in some of these cases, the CB1 receptor does noinhibitor labeling were measured as previously described
appear to be involved. These results collectively suggest that(29). Briefly, labeling reactions of 10 nM enzyme and 0.1
the inactivation of FAAH produces two general phenotypes #M fluorophosphonate-tetramethyl rhodamine [FP-rhodamine
in vivo: those that are CB1-dependent and presumably (30)] were allowed to proceed at 2% for 5, 10, and 20
mediated by anandamide, and those that are CB1-independeriin using the reaction buffer above at pH 7.0 and quenched
and presumably mediated by other fatty acid amides. To with 1 vol of 2x SDS loading buffer. Control samples of
elucidate the role that specific classes of FAAH substrates WT-FAAH were labeled to completion and used as a
play in regulating the latter set of processes, a strategy toreference for 100% reactivity. Quenched reactions were
exert independent control over these lipids in vivo would subsequently analyzed by SBBAGE with 0.15 pmol

be of great value. With this long-term objective in mind, we protein/gel lane. The extent of FP-labeling was visualized
describe here the structure-based design and kinetic characin-gel using a Hitachi FMBio lle flatbed laser-induced
terization of a FAAH variant that shows a selective catalytic fluorescence scanner and quantified by measuring the

defect with NAT substrates. integrated fluorescence band intensiti2g) ( Values for FP-
labeling are reported as the second-order rate conkjght
EXPERIMENTAL PROCEDURES [11, where [I] is the concentration of FP-rhodamine. For each

. mutant enzyme, similak.,d[l] values were obtained at 5

Modeling of FAAH-NAT Complexe€20:4 NAT was 554 10 min time points, and these values were averaged from
modeled into the FAAH active site using the existing X-ray gjpjicate trials to provide the values reported in Table 1.
crystal structure (PDB: 1MT5) of the enzyme in covalent | ~_\1g AnalysisLC—MS analysis {8) was performed
complex with a methoxyarachidonyl fluorophosphonate ginq an Agilent 1100 LC/MSD SL instrument. A Gemini
inhibitor (MAFP) (26). The acyl chain of the NAT substrate (Phenomenex) C18 reverse-phase colummnts 4.6 x 100
and alkyl chain of the MAFP inhibitor, both C20:4, were mm) was used together with a precolumn (C18, &5 2
overlayed, and the carbonyl carbon of C20:4 NAT was 20 mm). Mobile phase A consisted of 95/5 water/
modeled in place of the MAFP phosphate. The taurine group methanol, and mobile phase B was made up of 60/35/5
of the substrate was modeled using Python Molecular Viewer 2-propanol/methanol/water. Both A and B were supple-
(27) and placed to minimize steric clashes with the FAAH e nteq with 0.1% ammonium hydroxide as solvent modi-

active site. fiers. The gradient started at 40% B and then linearly
Expression and Purification of Wild-Type (WT) and jncreased to 100% B over 10 min. MS analysis was
Mutant FAAH EnzymesFor in vitro kinetic studies, rat  performed with an electrospray source ionization (ESI)
FAAH proteins were recombinantly expressedestherichia  jnterface. The capillary voltage was set to 3.0 kV and the
coli strain BL21(DE3) a$\-terminal His-tag fusion proteins  fragmentor voltage to 100 V. The drying gas temperature
and purified by sequential metal affinity, heparin agarose, was 350°C, the drying gas flow was 10 L/min, and the
and gel filtration chromatography, as described previously nebulizer pressure was 35 psi.
(28). All point mutants were generated using the QuikChange | vitro WT- and G268D-FAAH Catalytic Acity Assays
procedure (Stratagene) and were verified by sequencing theror C18:1 NAE and NAT, FAAH activity assays were
entire coding region. FAAH proteins containediterminal  performed by following the conversion of*C]-substrates
truncation of amino acid reS|dues_—29, vyh|ch constitute a  tg gleic acid using a thin-layer chromatography (TLC) assay
predicted transmembrane domain. This deletion has beenyg described previousl2§). Reactions were conducted in
shown to have no effect on catalytic activity or membrane 5 puffer of 50 mM Bis-Tris propane, 50 mM CAPS, 50 mM
binding, but enhances expression and purificat®).(For  citrate, 150 mM NaCl, and 0.05% Triton X-100. The pH of
clarity, numbered residues refer to the full-length FAAH the buffer was adjusted using HCI or NaOH. Reactions were
protein. Enzyme concentrations were calculated assumingquenched with 0.5 N HCI at four time points. Oleic acid
an absorbance at 280 nm of 0.8 AUt 1 mg/mL solution a5 separated from C18:1 NAE and NAT by TLC in 70%
of FAAH (28). Purified protein was stored at80 °C in ethyl acetate/30% hexanes. The radioactive compounds were
10% glycerol until used for in vitro assays. quantified using a Cyclone Phosphorimager (Perkin-Elmer
Synthesis of FAAH Substrat®$AEs were synthesized by  Life Sciences).
areaction of their respective acid chlorides with ethanolamine  FAAH assays with C20:4 NAE and NAT were performed
as described previoushg). NATs were synthesized by a  with unlabeled substrates in the aforementioned buffer and
reaction of their respective acid chlorides with taurine in TEA quenched similarly. Arachidonic acid production was mea-
and dioxane as described previously) sured by LG-MS (analysis conditions described above)
Circular Dichroism SpectrometryProtein samples at 0.5 using the peak area under the extracted ion chromatogram
mg/mL (7.75uM) in 10 mM Tris, pH 8.0, 100 mM NaCl,  and quantified by comparison to a standard product curve
and 0.015% lauryldimethylamine oxide were measured by (0—250 pmol C20:4 fatty acid) as describel7(18).
far-UV circular dichroism at 25C in a 0.1 cm cell on an For all substrate reactions, time courses were chosen such
Aviv stopped-flow CD spectrometer. that product formation did not exceed 20%. Over this time
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Ficure 2: Characterization of FAAH variants with aspartate or glutamate mutations in the CA channel. (A) Residues near the taurine
headgroup of a modeled complex of C20:4 NAT and FAAH that targeted for mutagenesis to glutamate or aspartate. (B) Hydrolytic activities
of FAAH mutants measured with C18:1 NAE and NAT substrates. (C) Model of C20:4 NAT in the G268D-FAAH active site. The C20:4
NAT substrate and G268D mutation were modeled into the FAAH active site by modifying the existing crystal structure of & FAAH
MAFP complex g6) [PDB: 1MTS5, rendered using Python Molecular View&r7)].

range, FAAH enzymes showed linear reaction kinetics. using single ion monitoring to measure the amount3gt
ApparentK, and k., values were calculated from either oleic acid product formed. Results were quantified by
Lineweaver-Burk or Michaelis-Menten plots of four measuring the peak area of the extracted ion chromatogram
substrate concentrations run in triplicate. Because saturatingagainst a standard curve of oleic acid.
conditions with the C20:4 NAT substrate could not be
attained with the G268D-FAAH variant, the apparent second- RESULTS
order rate constank../Km, was determined from reaction Characterization of Cytoplasmic Access (CA) Tunnel
rate @) versus substrate concentration [S] plots. This Mutants of FAAHWe hypothesized that the development
calculation assumes that substrate concentration is muchof FAAH mutants showing reduced activity with NATs
lower thanK,, which appeared to be the case for G268D- might be accomplished by mutating neutral residues in the
FAAH as the enzyme displayed constamfS] values for proposed cytoplasmic access (CA) tunnel of the enzyme to
C20:4 NAT over the entire tested range of substrate negatively charged residues (aspartic and glutamic acid). This
concentrations (25200 uM). tunnel was chosen for focused mutagenesis because it has
In Situ Analysis of WT- and G268D-FAAH Adcty. been proposed to function as a route for release of the
Studies in living COS-7 cells utilized full-length rat FAAH  hydrophilic amine leaving groups of amidated substra26k (
proteins expressed by transient transfection as describedy introducing negatively charged residues into the CA
previously 9). COS-7 cells were transfected at approximately tunnel, we hoped to selectively impair the binding and
75% confluency using Fugene6 (Roche), and in situ FAAH hydrolysis of NATs due to chargecharge repulsion with
activities were assayed on the second day following trans-the taurine sulfonate group.
fection. [3C]-18:1 NAE and NAT were added to 5 mL of Modeling the binding of NATs in the FAAH active site,
complete medium (DMEM with-glutamine, sodium pyru-  where the cleaved amide group was positioned to interact
vate, and 10% fetal bovine serum) for a final concentration with the S241 nucleophile, highlighted several residues with
of 10 uM substrate. The resulting solution was added to 10 predicted proximity to the NAT sulfate: M191, T236, 1238,
cm dishes of transfected COS-7 cells transfected with either G268, and L278 (Figure 2A). Each of these residues was
WT- or G268D-FAAH cDNAs in the pcDNA3.1 vector mutated to either aspartate or glutamate, and the resulting
(Invitrogen). Mock-transfected cells (transfected with empty FAAH mutants were recombinantly expressedincoli as
pcDNA3.1 vector) were used as a control to estimate Hiss-tagged fusion proteins and purified as described previ-
background FAAH activity. Following a 10 min incubation ously 28). With the exceptions of M191E and T236E, all
at 37°C, the medium was removed, and cells were washed of the designed FAAH mutants expressed to sufficiently high
with 2 x 5 mL of complete medium and harvested by levels to permit kinetic analysis. The purified FAAH mutants
scraping. Cell suspensions were extracted with chloroform/ were screened for activity using substrate hydrolysis assays
methanol (2:1), and the organic layers were removed and(10 nM FAAH protein, 100uM C18:1 NAE or NAT
dried under a nitrogen stream. Dried organic extracts were substrate). Most of these mutants displayed either no defects
resuspended in 200L methanol and analyzed by L-€MS in catalysis with NAE or NAT substrates or reductions in
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A Table 4: Ratios ok..fKm FAAH: keafKm G268D for NAEs and
1501 NATS

KeafKm C18:1 NAE C18:1 NAT C20:4 NAE  C20:4 NAT
FAAH: G268D 0.23+0.07 133+5 1.3+0.5 (1.5+0.5)x 1C°

1004

mAU

50+ was found to exhibit equivalent relative, albeit slightly
reduced, overall activity with both NAE and NAT substrates

compared to WT-FAAH (Figure 2B).

G268D-FAAH was found to express at similar levels to
WT-FAAH, with both enzymes yielding 0-51.0 mg of
purified enzyme per liter oE. coli culture volume. WT-
and G268D-FAAH also displayed equivalent gel filtration
elution and far-UV circular dichroism profiles (Figure 3),
as well as similar rates of reactivity with a rhodamine-tagged
FP (FP-rhodamine) probe (Table 1). These data indicate that
G268D-FAAH is a well-folded enzyme that possesses a fully
functional S241 nucleophile. We therefore proceeded with
a more detailed kinetic characterization of this FAAH variant.

-10- Comparatie Characterization of the Catalytic Properties
Wavelength (nm) of WT- and G268D-FAAHKinetic parameters for WT- and
FIGURE 3: WT- and G268D-FAAH exhibit similar biophysical ~G268D-FAAH were compared using purified, recombinant
E)srgl?ﬂiti]ees)' al(qg)(gggé Jigfgan(dggﬁiggnﬁg))fil(% | %farvtlJ-{—/-'(::ﬁcAuTar enzymes and representative monounsaturated (C18:1) and
O I S : - polyunsaturated (C20:4) members of the NAE and NAT
ﬁl'%fo'sm of WT-FAAH (solid line) and G268D-FAAH (dashed classes of endogenous substrates. Assays were conducted in
the presence of detergent (0.05% Triton X-100) and organic
cosolvent (5% DMSO) to maintain enzymes and substrates
hydrolysis with both substrates compared to WT-FAAH in solution. As is summarized in Tables 2 and 3, WT-FAAH
(Figure 2B). However, one mutant, the G268D-FAAH displayed moderately higher{&-fold) specificity constants
enzyme, displayed a marked decrease in hydrolysis with (k.o/Km) for C18:1 and C20:4 NAEs compared to the
C18:1 NAT (>10-fold), while maintaining wild-type activity =~ corresponding NATs, which was mostly due to differences
with C18:1 NAE (Figure 2B, red arrow). Another mutation, in ke In contrast, the G268D mutant, which showed near
L278E, also resulted in a modest decreésé.7-fold) in wild-type kinetic parameters with NAE substrates, exhibited
NAT hydrolysis. A FAAH variant containing the double more than a 100-fold reduction ik./Km, values for both
mutation G268D/L278E was generated, but further kinetic the C18:1 and C20:4 NATSs (Tables-2). These impairments
analyses were not performed due to the very poor expressionn catalytic activity for the G268D mutant were reflected in
levels of this protein (data not shown). both k.o: and K, values for C18:1 NAT (Table 2). In the
Biochemical Characterization of the G268D-FAAH Mu- case of C20:4 NAT, saturation kinetics with the G268D
tant. Modeling studies indicated that the aspartate residue mutant were not observed up to 2001 substrate, setting a
introduced in G268D-FAAH could reside withB A of the lower limit on K, that was at least 20-fold higher than the
sulfonate group of NATs (Figure 2C), which would make it  wild-type value (8M) (Table 3). Finally, the G268D-FAAH
well-positioned to selectively disrupt the productive binding variant showed wild-type rates of hydrolysis with oleamide
of these negatively charged substrates. Consistent with this(0.027+ 0.005xM/s compared to 0.032Z 0.006uM/s for
model of chargecharge repulsion, a G268N-FAAH mutant WT-FAAH; 100 uM substrate), indicating that the G268D

w

o

&
1

(deg x cm2x dmol-")

Mean residue ellipticity x10-3

Table 2: Catalytic Properties of G268D FAAH with C18:1 NAE and C18:1 NAT

C18:1 NAE C18:1 NAT NAE:NAT
KealKin
Km (uM) Keat (S72) kea/Km (M1s72) Km (uM) Keat (579 KealKm (M™1s72) ratio
FAAH 12+ 4 0.85+ 0.07 (7+ 2) x 10 17+3 0.29+ 0.04 (1.67+ 0.05) x 10* 4
G268D 3.2t 04 0.95+ 0.03 (3.0+£0.4) x 10° 131+ 6 0.0164+ 0.001 126+ 3 2400

a|n vitro assays were conducted in the presence of detergent, and the reported kinetic parameters are therefore apparent values.

Table 3: Catalytic Properties of G268D FAAH with C20:4 NAE and C20:4 NAT

C20:4 NAE C20:4 NAT NAE:NAT
el
K (M) Keat (571 KealKm (M71s7%) Km (M) Keat (579 KealKm (M~1s71) ratio
FAAH 17+ 3 4,84 0.3 (2.8+0.5)x 1® 8+3 0.30+ 0.01 (4+ 1) x 10 7
G268D 6+ 2 1.30+ 0.08 (2.2+0.8) x 10° >200 27+5 8000

a|n vitro assays were conducted in the presence of detergent, and the reported kinetic parameters are therefore apparent values.
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comparable to that of mock-transfected cells (Figure 4C).
These studies indicate that the altered substrate selectivity
of the G268D-FAAH mutant is preserved in living cells.

DISCUSSION

The recent discovery of a novel class of natural FAAH
substrates, thé&l-acyl taurines (NATSs), has broadened our
perspective on the catabolic roles that this enzyme plays in
vivo (17, 18). The further characterization of NATs as
candidate endogenous ligands for the calcium channels
TRPV1 and TRPV4 suggests that disruption of FAAH
function in vivo could produce effects that extend beyond
those mediated by the endocannabinoid anandamide and
other NAEs (8). Consistent with this notion, FAAH{/—)
mice show certain phenotypes (e.g., anti-inflammation) that
are not blocked by cannabinoid receptor antagoni. (
Elucidation of the molecular basis for phenotypes that
accompany FAAH inactivation would benefit from advanced
model systems in which the levels of distinct sets of FAAH
substrates could be independently controlled in vivo. Here,
we have described progress toward this goal in the form of
an active site mutant of FAAH that shows selective impair-
ment in catalytic activity with NATS.

Mutagenesis in the proposed CA tunnel of FAAH was
performed to investigate (1) whether this region was involved
in binding the amine leaving groups of FAAH substrates,
and if so, (2) whether the introduction of negatively charged
residues into the CA tunnel would selectively impair produc-
tive interactions with NAT substrates. Protein engineering
based on electrostatic interactions between charged substrates
mutation did not adversely affect interactions with substrates and neighboring amino acids in enzyme active sites has been
of the primary fatty acid amide class. previously demonstrated. For example, Wells and colleagues

Overall, the selective catalytic defects displayed by the showed that the specificity constakt{Kr) of the protease
G268D mutant resulted in a more than 2000-fold reduction subtilisin BPN could be substantially increased or decreased
in relative k.ofKn values for NATs compared to NAEs by introducing complementary or similarly charged substitu-
(Tables 2 and 3). We next asked whether these alterationgions in substrate/enzyme pairs, respectiveBi)( The
in substrate selectivity of G268D-FAAH observed in vitro mutagenesis of amino acids surrounding a lipid headgroup

mock FAAH G268D

C18:1 NAE

O

C18:1 NAT
1000+

750

500

500 250

Oleic acid (pmol)
Oleic acid (pmol)

0d 0.

* R F RO
& & 4P & &

Ficure 4: Comparison of the in situ hydrolytic activities of WT-
and G268D-FAAH. (A) WT- and G268D-FAAH transfected COS-7
cells possess similar levels of FAAH protein, as judged by Western
blotting (upper panel) and FP-rhodamine labeling (lower panel).
(B) WT- and G268D-FAAH transfected cells show similar hydro-
lytic activities with C18:1 NAE, which are both much greater than
the activity observed in mock-transfected cells. (C) WT-FAAH
transfected cells show much greater hydrolysis activity with C18:1
NAT compared to either G268D-FAAH or mock-transfected cells.

would be maintained in living systems.
Comparatibe Characterization of the Hydrolytic Actties
of WT- and G268D-FAAH in king Cells. The in vitro

to confer changes in substrate specificity also bears some
precedent. Phosphatidylcholine-preferring phospholipase C
from Bacillus cereushas three key amino acids that form

analysis of the catalytic properties of WT- and G268D-FAAH the choline binding pocket, and alterations of these amino
was conducted under conditions that are quite different from acids yield enzyme variants that are either phosphatidyle-
those found in living cells, where FAAH and, presumably, thanolamine- or phosphatidylserine-preferridg,(33). On

its substrates are integrated into membranes. A more physi-the basis of these precedents, a series of FAAH mutants
ologically relevant assay was therefore sought to characterizebearing additional glutamate or aspartate residues in the CA
the substrate selectivities of WT- and G268D-FAAH. The tunnel was generated with the aim of selectively decreasing
in situ activities of WT- and G268D-FAAH were compared activity with NATs due to repulsive interactions with the

in transiently transfected COS-7 cells by monitoring the negatively charged taurine headgroup of these substrates. A
conversion of C18:1 NAE and NAT to oleic acid. WT- and G268D-FAAH mutant emerged from this analysis as an
G268D-FAAH transfected cells possessed similar levels of enzyme that could discriminate between NAE and NAT
FAAH protein as judged by Western blotting and FP- substrates.

rhodamine reactivity (Figure 4A). Initial time-course studies =~ G268D-FAAH exhibited severe catalytic defects with NAT
with 10u4M C18:1 NAE indicated that the rate of production substrates that were due to a combination of effect&en

of oleic acid by WT-FAAH transfected cells was linear up and k. values. Similar results were obtained with NATs
to 15 min of incubation. Therefore, hydrolytic activities were bearing different acyl chains (C18:1 and C20:4), supporting
compared following a 10 min incubation with substrates. the concept that perturbed interactions with the taurine
WT- and G268D-FAAH transfected cells showed nearly leaving group were predominantly responsible for the
equivalent levels of hydrolysis of C18:1 NAE that were much observed reductions in catalysis. In contrast, kinetic param-
higher than mock-transfected cells (Figure 4B). In contrast, eters with NAE substrates were largely unaffected by the
WT-FAAH transfected cells exhibited much greater hydro- G268D mutation. Thus, FAAH’s hydrolytic efficiency for
Iytic activity with C18:1 NAT compared to G268D-FAAH  NAE and NAT substrates was successfully uncoupled by a
transfected cells, which hydrolyzed C18:1 NAT at a level single active site mutation.
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The ultimate goal of disassociating FAAH’s capacity
to hydrolyze NAEs and NATSs is to provide model systems
to separately study the function of these two classes of
bioactive lipids in vivo. Toward this end, a comparison of

WT- and G268D-FAAH in transfected COS-7 cells revealed 14.

similar in situ hydrolytic activities with NAEs, but a pro-
found defect in NAT hydrolysis for the latter enzyme. If
these metabolic phenotypes are preserved in living animals, 15
then a “knock-in” mouse that expresses G268D-FAAH may
be expected to possess wild-type levels of NAEs, but
constitutively elevated concentrations of NATs. Efforts

toward the generation of this animal model and an assess-

ment of its metabolic and physiological phenotypes are
underway.
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