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Abstract

Terpene cyclases (TCs), the extraordinary enzymes that create the structural diversity seen in
terpene natural products, are traditionally divided into two classes. Although the structural

and mechanistic features in class | TCs are well-known, the corresponding details in class 11
counterparts have not been fully characterized. Here, we report the genome mining discovery
and structural characterization of two class |1 sesquiterpene cyclases (STCs) from Strepfomyces.
These drimeny! diphosphate synthases (DMSs) are the first STCs shown to possess f,y-didomain
architecture. High-resolution X-ray crystal structures of DMS from Streptomyces showdoensis
(SsDMS) in complex with both a farnesyl diphosphate and Mg2* unveiled an induced-fit
mechanism with an unprecedented Mg2* binding mode, finally solving one of the lingering
questions in class Il TC enzymology. This study supports continued genome mining for novel
bacterial TCs and provides new mechanistic insights into canonical class Il TCs that will lead to
advances in TC engineering and synthetic biology.

Graphical Abstract

"Corresponding Author jrudolf@chem.ufl.edu (J.D.R.); bzhang@nju.edu.cn (B.Z.); Idong@cpu.edu.cn (L.-B.D.).
Author Contributions
These authors contributed equally.

Supporting I nformation. The Supporting Information is available free of charge on the ACS Publications website.
Materials, methods, detailed experimental procedures, bioinformatic analysis, in vivo, in vitro, and structural characterizations of
SsDMS (PDF).

The authors declare no competing financial interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pan et al. Page 2

Y
OPP OPP
NS SsDMS
—b.
e By-didomain °
Farnesyl diphosphate Drimenyl diphosphate
Mg?* binding site

INTRODUCTION

Terpene cyclases (TCs) are catalytically complex and functionally diverse enzymes that
create the hydrocarbon scaffolds of terpene natural products. TCs can be categorized into
two classes according to different strategies of initial carbocation generation.1-> Class | TCs
possess discrete DDxxD and NSE/DTE motifs to abstract the diphosphate group, thereby
triggering cyclization. Class 1l TCs generate carbocations by protonating the terminal alkene
or epoxide of its prenyl diphosphate substrate. Most TCs can also be differentiated by their
structures with more than 30 structures of TCs supporting a modular nature.1:6-10 Class

| TCs, with characterized examples forming monoterpenes (C1p), sesquiterpenes (Cqs),
diterpenes (Cyq), and sesterterpenes (Cos), are known to have a, af, or afy architectures
where the functional class | active site is located in the a. domain (Figure 1a).1 Class Il TCs
are traditionally known to have By or afy architectures with well-known examples forming
diterpenes and triterpenes (Figure 1b). Recently, a monofunctional p domain was shown

to have meroditerpene cyclization activity.111 All structurally characterized sesquiterpene
cyclases (STCs) are class | TCs; no structures of class Il STCs are known (Figure 1a).

STCs cyclize farnesyl diphosphate (FPP) to form the most diverse subfamily of terpenes
with more than 121 distinct skeletons.112 The vast majority of STCs utilize the class |
catalytic mechanism and have an a-domain-containing structure. Drimenol, the established
precursor of drimane-type sesquiterpenoids in plants, fungi, and marine bacteria, is a unique
example of a TC product that can be formed via both class | and class Il catalytic
mechanisms.13-1% Two drimenol synthases (DMSs) of plant origin were biochemically
determined to be class | TCs that cyclize FPP into drimenol using the conserved DDxxD
motif.16:17 Two fungal haloacid dehalogenase (HAD)-like enzymes were also determined

to be DMSs. AstC, the DMS from Aspergillus oryzae (AoDMS), was characterized as

a non-canonical DxDT motif-containing class Il TC that forms drimenyl diphosphate
(DPP); drimenol is formed through subsequent hydrolysis of DPP by a separate hydrolase
genetically clustered with AoDMS.418 AcDMS, an HAD-like DMS from Aspergillus
calidoustusi, is a bifunctional enzyme that biosynthesizes drimenol using a DxDT motif

in its N-terminal domain and a class I-like DDxxD motif in its C-terminal domain.19

These examples encouraged us to tap bacterial genomes to identify class I1 STCs. A

marine bacterial HAD-like DMS was discovered from Aquimarina spongiae (AsDMS) using
AoDMS as a genetic beacon during the preparation of this manuscript.20
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In this study, we identified two drimenyl diphosphate synthases from Streptomyces
showdoensis and Streptomyces cattleya, SSDMS and ScDMS, respectively. Structural
characterization of SSDMS using X-ray crystallography led to the determination that these
enzymes possess the well-known By-didomain structure of canonical class Il TCs, an
architecture previously unseen in STCs (Figure 1c). Detailed analysis of both apo-SsDMS
and several structures of SSDMS in complex with FPP or 2-fluoro-farnesyl diphosphate
(2F-FPP) and Mg?* revealed insights into its mechanism and the binding mode of divalent
cations in this family of TCs.

Genome Mining for Class Il STCs in Streptomyces.

To identify novel class Il STCs from bacteria, we first searched sequence databases

for proteins found in the superfamily of squalene-hopene cyclases (PF13243).21 There
were 10,335 sequences of bacterial origin in PF13243 with 1202 members found in
Streptomyces (Figure S1), a well-known source of bioactive and structurally complex
natural products.?2:23 After removing known or highly homologous triterpene cyclases
(TTCs) and diterpene cyclases (DTCs), we hypothesized that 45 proteins with low sequence
identities to known bacterial TCs (Figures 2a and S2, and Table S1), 12 of which had the
canonical DxDD motif but low to moderate sequence identities ranging from 19 to 57%;
eight of the 45 proteins had alternatives to the DxDD motif, namely DxDT, DxDA or DXET
(Figures S3 and S4, and Table S2), may be class 11 STCs.18:24-26 Analysis of their genomic
neighborhoods further revealed that two of the putative STCs, AOA2P2GK84 and F8JSS1
from Streptomyces showdoensis and Streptomyces cattleya, respectively, were encoded
immediately downstream of a Nudix hydrolase (PF00293). Nudix hydrolases, which
remove nucleoside diphosphates linked to another moiety-X, are found in some terpenoid
biosynthetic pathways.2” TcNudix1, a Nudix hydrolase from Tanacetum cinerariifolium,
removes the terminal phosphate group of chrysanthemyl diphosphate in chrysanthemol
biosynthesis; RhNNUDX1 converts geranyl diphosphate into geranyl monophosphate to
facilitate scent production in rose.28:2% Thus, this clustering implicated AOA2P2GK84

and F8JSS1 as monofunctional class 11 TCs that provide cyclized prenyl diphosphates

for subsequent hydrolysis, as seen in drimenol biosynthesis by AoDMS and AcDMS
(Figure 2b).18.19 |n addition, these two enzymes share 57% and 64% sequence identity and
similarity with each other, respectively, but show very low sequence identity (<20%) with
any of the known DMSs of fungi or plants origin (Table $3).16-20 Therefore, we prioritized
these two putative STCs for functional characterization.

We characterized AOA2P2GK84 and F8JSS1 in E£. coli using the recently developed
artificial isoprenoid pathway.30-32 First, we retrofitted our diterpene-producing plasmid
pLD10007 with FPP synthase (IspA) in place of geranylgeranyl diphosphate (GGPP)
synthase to form pLD10012 and the FPP-producing £. colistrain DL10007 (Tables S4-S6).
We then cloned the genes encoding AOAOP2GK84 and F8JSS1 into DL10007 to form
strains DL10008 and DL10009, respectively. Analysis of extracts of each culture revealed
a new peak with identical retention times (Figure 2d). Large-scale fermentation (5-L)

of DL10008 afforded 75 mg of the product, with NMR analysis by H and 13C NMR
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supporting its structure as drimenol (Figures S5 and S6).16 AOAOP2GK84 and F8JSS1 were
thus named SsDMS and ScDMS, respectively (Figure 2c).

SsDMS is a Drimenyl Diphosphate Synthase.

As only drimenol was identified from the in vivo experiment, it was unclear if SSDMS

and ScDMS were monofunctional STCs that yielded DPP, which was then converted

into drimenol by endogenous hydrolases in £. coli, or if SSDMS and ScDMS were
bifunctional. To confirm the exact catalytic nature of SSDMS and ScDMS, both proteins
were heterologously produced in £. coli for in vitro characterization. Although ScDMS

was mostly insoluble, SSDMS was highly produced as a soluble monomer and used for
subsequent experiments (Figures S7 and S8). Incubation of SSDMS with FPP resulted in the
formation of a single product (Figure 2d). 1H, 13C, and 3P NMR analysis supported the
product as DPP (Figures S9-S11), confirming SsSDMS is a canonical class Il STC and only
performs cyclization of FPP.16 As with other class Il TCs, the SSDMS reaction is dependent
on divalent cations with highest activity observed in the presence of Mg?* (Figures S12 and
S13).

Structure of SSDMS Reveals By-didomain Architecture for a STC.

Canonical TCs consist of one, two, or three a-helical domains, a, B, and y (Figure S14).1
Class | TCs, with its conserved catalytic motif DDxxD located in the a domain, exhibit

a (bacterial), af, or ap<y (eukaryotic) architectures; in monofunctional enzymes, the  or
By domains are vestigial.33 In contrast, monofunctional class Il TCs mostly display By
(bacterial) or apy (eukaryotic) structures with the catalytic DxDD motif located in the
domain and the active site at the By interface; present a. domains are nonfunctional.34-36
To probe the structure of SSDMS, we obtained crystals for X-ray crystallography. We found
that truncating SSDMS by removing 15 N-terminal residues and 10 C-terminal residues,
which retained high (94%) catalytic activity relative to that of wild-type SSDMS (Figure 3c),
provided high-quality crystals. The structure of apo-SsDMS was solved at a resolution of
1.58 A (PDB ID: 7XQ4).

SsDMS resembles the previously reported bacterial class I DTCs and is the first STC
possessing a py-didomain architecture. An overlay of the structures of SSDMS, PtmT2
(PDB ID: 5BP8), and the py domains of AtCPS (PDB ID: 4L1X) highlights both similarities
and differences between these DTCs and STCs (Figure 3a). The active site of SSDMS,
including the catalytic DxDD motif, is in the broad cleft between the p and y domains
(Figure 3b). The function of SSDMS is dependent on the general acid D303, which protrudes
into the active site (Figure 3a), as mutation of D303 to Ala completely abolished DPP
formation while D303E retained functionality (Figure 3c). D303 hydrogen bonds with the
side chain of R403 and mutation of R403 to Ala decreased its relative activity in half,
supporting its significance in facilitating use of the carboxylic acid to protonate the terminal
olefin of FPP by orienting D303 to a more reactive anti-configuration position (Figure

3a and c).34 Similar interactions were seen in the DTCs AtCPS and PtmT2, although the
corresponding residues are Asn and His.343° Sequence analysis of the ten putative class 11
DMSs in bacteria from a BLAST search, which are distinguished with the aforementioned
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12 sequences by genome mining, show high sequence identities (43-63%) and strict
conservation of Arg at this position (Figures S4 and S15).

We also noticed that the relative position of D303 is shifted 5.8 A and 6.3 A higher in the
active site than D313 in PtmT2 and D379 in AtCPS, respectively (Figure 3a). This led us

to investigate if the active site pocket of SSDMS was significantly smaller than other known
class Il TCs. Compared with the calculated volumes of the active sites of AtCPS (940 A3)
and the squalene-hopene cyclase (SHC, PDB ID: 1UMP, 1036 A3), the volume of the cavity
of SSDMS was significantly smaller at 536 A3 (Figure $16).37-39 Based on these values, we
hypothesized that SSDMS limits its substrate scope by restricting its cavity to C15 prenyl
diphosphates. Fittingly, incubation of SSDMS with GGPP resulted in no detected products,
further confirming the substrate selectivity of SSDMS (Figure S17).

Structure of the SsSDMSP303E.FPP-Mg2* Complex Reveals Previously Unseen Features in
Class Il TCs Including an Unprecedented Mg2* Binding Mode.

Most TCs with known structures are not characterized in complex with ligands, limiting

the level of structural and mechanistic detail that can be gained to understand how these
exquisite biocatalysts work. For example, the structural basis for metal ion catalysis in

class Il TCs has remained enigmatic even after extensive structural, computational, and site-
directed mutagenesis studies.34-36:38.40-42 Tg address this knowledge gap, we determined
the structure of SSDMS complexed with FPP or 2F-FPP in the presence of Mg2*. Using
SsDMSP303A and SsDMSP303E | we obtained four complexed structures: SSDMSD303A_2F.
FPP-Mg?2* (PDB ID: 7XQZ, 2.0 A), SsDMSP303A_Fpp-Mg2* (PDB ID: 7XRA, 1.95 A),
SsDMSP303E_2F-FPP-Mg2* (PDB ID: 7XRU, 2.5 A), and SSDMSP303E_Fpp-Mg2* (PDB
ID: 7XR7, 1.63 A) (Figure S18). These four structures, including the ligands, were nearly
identical with each other with root-mean squared deviations (rmsd) of 0.130-0.143 A, as
well as to the structure of apo-SsDMS (rmsd of 0.132 A). More importantly, the binding

of ligands enhanced the poor electron density of R160—-Q163 in the apo-structure, leading
to a well resolved complex structure with no residues missing near or in the active site.

The SSDMSP303E_Fpp-Mg2* complex (referred to SSDMS complex below) was used for the
following analysis (Figure 4a).

Analysis of the SSDMS complex in comparison with apo-SsDMS revealed not only the
presence of a binuclear Mg2* cluster and a catalytically relevant conformation of the FPP,
but also showed several residues in the active site that made significant structural changes
upon binding FPP (Figure 4b). The two Mg2* ions coordinate with both oxygens in the
carboxylate of E169 and with two oxygens in the diphosphate moiety of FPP (Figure 4g).
An E169A mutant completely lost activity supporting the pivotal role E169 plays in catalysis
by binding the divalent cations (Figure 4d). Furthermore, SSDMSE169D fajled to restore
activity suggesting an exact positioning of the carboxylate is required for proper binding
and catalysis; this is also supported by a 2.6 A shift in the position of E169 in the apo
structure (Figure 4g). In addition to the two Mg?2* ions, the diphosphate group formed ionic
interactions with the side chains of R132, K133, Q163, W165, and R501 indicating that
the protein also provided a basic environment to bind the diphosphate moiety (Figure 4c).
R132 appears to act as a diphosphate sensor, as upon ligand binding, the side chain of
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R132 underwent a significant rotation to bring the guanidinium moiety within 3.1 A of the
diphosphate (Figure 4f).3:43

Another residue that dramatically shifted upon ligand binding was W165. Seven aromatic
residues, W165, F248, F255, F293, F344, W393, and Y505, and P500, were found in

the active site contributing to the hydrophobicity needed to bind the farnesyl moiety and
stabilize cationic intermediates via cation-rt interactions (Figure S19). In the apo-structure,
W165 is found in the same location as that of the diphosphate moiety in complex structure;
in the SsSDMS complex, W165 underwent a 90° flip and subsequently drove L166 to expand
away from the pocket to form an entrance, thus providing access for the ligand to enter the
active site (Figure 4e). We propose that W165 acts as a gatekeeper for proper FPP binding.
Mutation of W165 to Ala moderately reduced activity to 64% (Table S7).

Site-directed mutagenesis was performed to probe the importance of the residues around
the diphosphate group. We individually mutated R132, K133, Q163, W165, and R501 to
Ala in wild-type SSDMS (Figure 4d). The R132A, K133A, R501A mutants and R132A/
K133A double mutant dramatically decreased enzyme activity by 88%, 92.7%, 94.3%

and 93.6%, respectively, supporting their importance for catalysis. Although, the single
mutants Q163A and W165A only had a moderate effect on the activity, retaining about
60% activity (Table S7), the double mutant of Q163A/W165A impaired the activity by
95.9%, suggesting that both Q163 and W165 may play an additional stabilizing role in the
cyclization of the substrate. Due to substrate inhibition, we only obtained Michaelis-Menten
kinetic parameters for the R132A and K133A mutants (Figure S20). Native SSDMS had a
Ky, for FPP of 40.9 + 8.6 UM and gyt / K 0f 7.09 x 1073 571 M1, Both R132A and
K133A had increased K, values of 81.7 £ 18.5 and 283 + 22 pM and decreased Agst / Km
values of 1.51 x 107 and 6.48 x 1075 571 pM~1, respectively. The differences in Ky, (2-7
fold) and catalytic efficiency (48-110 fold) confirmed that a basic environment contributes
to both substrate recognition and catalysis.

DISCUSSION

SsDMS and ScDMS represent the first class 11 STCs from bacteria and SSDMS is

the first STC shown to possess the B-y-didomain architecture of bacterial class Il TCs.
Although other enzymes have been shown to cyclize FPP into DPP, the study of these

two unprecedented TCs solved some of the remaining structural and mechanistic questions
regarding this family of cyclization enzymes.

First, the detection of Mg?* in the active site of a class Il TC fundamentally solves the
question of divalent cation binding in these enzymes. Unlike class | TCs, where three Mg2*
bind to prenyl diphosphates to facilitate diphosphate abstraction and initiate cyclization,
class I TCs utilize Mg2* ions to bind and position the substrate in the active site cavity.1-34
The presence of Mg2* has been shown to increase catalytic efficiency up to 2600-fold.40:44
While previous biochemical, structural, and bioinformatics studies proposed the Mg2*
binding location, there was not definitive supporting data. Bioinformatics suggested an
EDxxD region may mimic a class metal-binding motif, but structural studies with plant and
bacterial ent-CPPSs did not support this proposal.3#354045 |n AtCPS, a single Glu, E211,
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residue was found 5 A from the diphosphate moiety, but no metal ions were seen in the
structure.34 In SSDMS, we see two Mg?2* ions coordinated with E169, a residue that spatially
corresponds to E211 in AtCPS, and the diphosphate moiety, creating an FPP-Mg2*-E169
coordinated complex. This single negative charged residue must be perfectly positioned in
the active site to coordinate the two divalent cations such that the diphosphate moiety binds
in a position to place the terminal alkene near the catalytic acid D303. The placement of the
two Mg2* ions in SSDMS is different than of those seen in the trinuclear cluster in class |
TCs (Figure $21);334647 this is expected, however, given that SSDMS uses only E169 to
bind the ions while class | TCs use DDxxD and NSE/DTE motifs.4’

The ability to visualize an FPP in the active site of SSDMS complex also revealed that this
TC possesses a diphosphate sensor, a residue that directly binds to the diphosphate moiety
of FPP and is commonly seen in class | TCs.43 In SsDMS, R132, W165, and E169 all rotate
during the dynamics of substrate binding to accommodate FPP in an induced-fit mechanism.
The diphosphate sensor, R132, works in collaboration with the binuclear Mg?* cluster to
bind and position FPP for catalysis.

Using our high-resolution structures of both apo-SsDMS and complex structures, we
proposed a mechanism for this unique class Il STC (Figure S22b). Prior to substrate binding,
the enzyme sits in an open form where W165 and L166 are positioned where FPP and the
two Mg?2* ions bind, and R132 is rotated away from the active site. Upon FPP binding,
W165 and L166 move away to provide space for the substrate, E169 coordinates two

Mg?2* ions, which anchors the diphosphate moiety of FPP, and R132 rotates to act as the
diphosphate sensor. The peripheral residues K133 and R501 also contribute to diphosphate
binding. Together, the FPP is oriented with distances between C2-C7 and C6-C11 being

3.9 Aand 3.3 A, respectively, providing a suitable conformation for subsequent protonation
and cyclization. The terminal double bond of FPP is protonated by the general acid D303
(Figure S22a). Stabilized by cation-rt interactions of several aromatic residues lining the
active site, the farnesyl cationic intermediate is cyclized into a frans-decalin bicycle. DPP

is finally formed via deprotonation at C7 (C4 of FPP), which is likely catalyzed by a water
molecule (wat47) that is positioned a reasonable distance of 4.4 A away from C4 of FPP and
hydrogen bonds with the side chains of Y505 and Q497, as well as the backbone carbonyl
oxygens of A498 and W393 (Figure 4h and S22b).48-52 This hypothesis is further supported
by the dramatic decreased enzyme activity (72%) of the Y505F mutant (Figure 4d). It was
unexpected that no detectable hydroxylated derivatives were identified in the Y505F mutant,
as other DTCs mutated at this position frequently alter the product outcome.48:51.52 To
regenerate the general acid, D303 is likely protonated via a water hydrogen bonded to Y307.

CONCLUSIONS

TCs, extraordinary enzymes that are responsible for creating much of the structural diversity
in the biosynthesis of terpenoids, have attracted great attention in a variety of disciplines.
Our discovery of bacterial class Il TCs that biosynthesize the drimenyl diphosphate scaffold
not only led to a more detailed understanding of their catalytic mechanisms, but also
provides evidence that genome mining for bacterial TCs will ultimately lead to novel
enzymes and new natural products. The plasticity of class Il TCs, as demonstrated by the
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ability of class 1l TCs to create Cy5, Cyg, C3p, C35 and meroditerpene scaffolds, supports
future enzyme engineering and synthetic biology applications.1:11

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overview of the architectures of class| and class || sesquiter pene cyclases (STCs).
(a) Architectural variants of class | STCs. a, B, -y domains are shown in red, light blue,

and marine blue, respectively. No structure of class Il STCs was known before this study.
(b) Structurally characterized class Il triterpene and diterpene cyclases. SHC is a squalene-
hopene cyclase. AtCPS and PtmT2 represent the plant and bacterial ent-copalyl diphosphate
synthases, respectively. (c) Overview of the discovery and structure of a class Il STC,
SsDMS, in this study. SSDMS catalyzes farnesyl diphosphate into drimenyl diphosphate.
Apo-SsDMS owns a By-didomain architecture that resembles other class Il TCs. A Mg2*
binding site was seen in class Il TCs for the first time.
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Figure 2. Discovery of bacterial class |1 sesquiterpene cyclases (STCs).
(a) A sequence similarity network (SSN) of 45 putative class Il STCs, including the 12-

selected STCs (colored blue) with DxDD motifs, displayed at an e-value cutoff at 107115,
SsDMS and ScDMS are shown in dark blue and light purple, respectively. (b) Biosynthetic
gene clusters show that both putative STCs, SSDMS and ScDMS, are located immediately
downstream of a Nudix hydrolase. (c) Farnesyl diphosphate (FPP) is cyclized into drimenyl
diphosphate (DPP) by SSDMS and ScDMS, and then is hydrolyzed into drimenol by
unknown endogenous hydrolases in £. coli. (d) The in vivo experiments showed that both
strains of DL10008 and DL10009, containing SSDMS and ScDMS, respectively, were able
to produce drimenol; the in vitro enzymatic activity reconstitution indicated that SSDMS is
a class Il STC forming DPP. DL10007 is a control strain without SSDMS or ScCDMS. Std,
standard. FOH, an authentic sample of farnesol.
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Figure 3. The apo-structure of SSDMS.
(a) Overall structural comparison of apo-SsDMS (PDB ID: 7XQ4, gray), AtCPS (PDB ID:

4L1X, magenta) and PtmT2 (PDB ID: 5BP8, orange). The location of catalytic acid group of
D303 and R403 in SSDMS is relatively higher than that in PtmT2 and AtCPS. (b) p- (light
blue helices) and y-domain (marine blue helices) in SSDMS. The conserved catalytic DxDD
motif in B-domain is located in a 13 helice and shown in green; the dashed loop in y-domain
represents the disordered residues R160—Q163. (c) Relative enzyme activities of D303A,
D303E, and R403A mutants, along with the truncated SSDMS used in crystallization. ND,
not detected. Error bars indicate the standard deviation of three independent replicates.
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Figure 4. Structural snapshots of SSDM Sin complex with ligand and divalent metal cofactor.
(a) SsSDMS complex shows that FPP resides in the cleft of § and y domain. (b) Overlaying

apo-SsDMS and SsDMS complex shows minor conformational changes. (c) Active site of
SsDMS. (d) Relative activities of SSDMS mutants reveal key residues in terpene cyclization.
(e) W165, termed as a gatekeeper, rotates 90° and drives L166 outwards to allow the ligand
access to enter the active site. (f) R132, termed as a diphosphate sensor, rotates its side chain
to bring the guanidinium moiety within 3.1 A of the diphosphate. (g) The E169 shifted by
2.6 A to form a substrate-ions-enzyme coordinated complex. (h) The proposed catalytic base
group deprotonates the final carbocation intermediate. The side chains in apo-SsDMS and
SsDMS complex are shown in gray sticks and marine green sticks, respectively. Substrate

of FPP is shown in magenta, the diphosphate group of which is shown in orange. ND, not
detected. Error bars indicate the standard deviation of three independent replicates.
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