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High-resolution structure of methionine y-lyase

from Citrobacter freundii

Pyridoxal 5'-phosphate-dependent methionine y-lyase (MGL)
is involved in the metabolism of sulfur-containing amino acids.
The enzyme is a promising target in some anaerobic pathogens
and is effective in cancer-cell treatment. The structure of the
MGL holoenzyme from Citrobacter freundii has previously
been determined at 1.9 A resolution. By modification of the
crystallization procedure, the previously determined structure
of C. freundii MGL has been improved to 1.35 A resolution
with R and Ry.. values of 0.152 and 0.177, respectively. This
high-resolution structure makes it possible to analyze the
interactions between the monomers in detail and to reveal the
structurally invariant regions that are responsible for
monomer—-monomer recognition during the formation of the
active enzyme. Details of the mode of cofactor binding and of
the flexible regions that may be involved in substrate
recognition and binding are also described.

1. Introduction

Methionine y-lyase (MGL; EC 4.4.1.11) is an enzyme that
catalyzes a y-elimination reaction of L-methionine to produce
a-ketobutyric acid, methanethiol and ammonia. In addition to
its physiological reaction, the enzyme also catalyzes y-
replacement reactions of L-methionine and its derivatives as
well as p-elimination and pS-replacement reactions of L-
cysteine and S-substituted L-cysteines (Tanaka et al., 1977,
1985).

MGL has been found in a number of bacteria, some of
which are anaerobic pathogens (e.g. Porphyromonas gingi-
valis, Treponema denticola and others). It was recently shown
that MGL is present in the Enterobacteriaceae family, namely
in Citrobacter freundii (Manukhov et al., 2005). Very recently,
it was demonstrated that the enzyme is involved in the cata-
bolism of methionine in Arabidopsis thaliana (Rebeille et al.,
2006). In the eukaryotic pathogens Entamoeba histolytica
(Tokoro et al., 2003) and Trichomonas vaginalis (McKie et al.,
1998), two genes encode MGL enzymes with a sequence
identity of around 70% and with differing kinetic properties.
Data on the substrate- and reaction-specificity of the enzyme
are mainly restricted to the MGLs from Pseudomonas putida
(Esaki et al., 1977, 1979; Tanaka et al., 1985; Inoue et al., 2000;
Takakura et al., 2004), T. vaginalis (Lockwood & Coombs,
1991; McKie et al., 1998), E. histolytica (Tokoro et al., 2003;
Sato et al., 2006) and C. freundii (Manukhov et al., 2006;
Alferov et al., 2006). The mechanisms of the y- and B-elim-
ination reactions catalyzed by MGL are not well understood
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Table 1

Data-collection and refinement statistics.

Values in parentheses are for the highest resolution shell.

Space group R 1222
Unit-cell parameters (A) a=5645,b=122.80, c=127.92
Wavelength (A) 0.843
Resolution (A) 20-1.35 (1.4-1.35)
Completeness (%) 95.6 (84.5)
Ilo(I) 20.2 (3.5)
Redundancy 3.8 (3.2)
Ruerge (%) 3.4 (345)
Disordered protein residues 50-54
No. of non-H protein atoms 3169
No. of water molecules 382
No. of unique reflections 95252
R/Rfree 0.152/0.177
Mean temperature factor B (AZ) 23.8
R.m.s. deviations from ideal values
Bond lengths (A) 0.008
Bond angles (°) 1.02
Chirality angles (°) 0.070
Dihedral angles (°) 16.70
Planarity angles (°) 0.006
Ramachandran plot
Most favoured (%) 93.7
Additionally allowed (%) 5.7
Generously allowed (%) 0.3

Disallowed (%) 0.3 [Ser190]t

+ The conformation of the amino-acid residue at this position is the same in all MGLs
and is a characteristic feature of the protein.

compared with those of other PLP-dependent enzymes,
particularly aminotransferases (Eliot & Kirsch, 2004).

MGL is of significant interest to medicine as a target in
some pathogens and as an antitumour enzyme. It has been

Figure 1
Stereoview of a 2F,, — F_ electron-density fragment contoured at 3.0c. The figure was produced
using Swiss-PdbViewer (Guex & Peitsch, 1997).

demonstrated that trifluoromethionine, an inhibitor of the
enzyme, possesses a toxic effect towards pathogens in vitro
and in vivo (Coombs & Mottram, 2001; Yoshimura et al., 2002;
Tokoro et al., 2003). The antitumour effect of the enzyme was
demonstrated by treatment of cancer cells with the P. putida
enzyme (Yoshioka et al., 1998) and by gene therapy with the
P. putida MGL gene in retroviral and adenoviral vectors
(Miki, Al-Refaie et al., 2000; Miki, Xu et al., 2000) in combi-
nation with MGL. Further mechanistic and structural studies
of MGLs from various sources should provide valuable
information for both fundamental enzymology and medicine.

MGLs from various sources are composed of four identical
subunits with molecular weights of about 43 kDa each. Their
primary structures have about 45-60% sequence identity
(Manukhov et al., 2006). The crystal structure of MGL was
initially solved for the enzyme from P. putida (Motoshima et
al., 2000). It demonstrated that MGL belongs to the aspartate
aminotransferase family of PLP-dependent enzymes with a
type I fold (Grishin et al., 1995; Jansonius, 1998) and has
features that are characteristic of enzymes of the cystathionine
B-lyase subclass (Kéck et al., 1999). Recently, the structure of
the P. putida enzyme at 1.8 A resolution (Kudou et al., 2007)
and preliminary X-ray data for E. histolytica MGL (Sato et al.,
2006) have been published. The coordinates of 7. vaginalis
MGL and its complex with L-propargylglycine have been
deposited in the Protein Data Bank (PDB codes le5e and
1e5f). In a previous paper (Mamaeva et al., 2005), the overall
crystal structure of MGL from C. freundii determined at 1.9 A
resolution was reported. In this paper, we present the crystal
structure of MGL from C. freundii determined at 1.35 A
resolution. This structure makes it possible
to analyze the interactions between the
subunits in detail and to reveal the structu-
rally invariant residues that are responsible
for dimer and tetramer formation. It also
provides us with very precise information
about the atom arrangement and distances
in the enzyme active centre.

2. Material and methods
2.1. Crystallization and data collection

Methionine y-lyase from C. freundii was
isolated and purified as described by
Manukhov et al. (2005). Crystals of MGL
were obtained using the same conditions as
described in Mamaeva et al. (2005) but
without the presence of ammonium sulfate
in the solutions. Rhombic shaped crystals
appeared after a week and attained dimen-
sions of 0.3-0.4 mm within two weeks. Prior
to freezing in liquid nitrogen, the crystals
were transferred into cryoprotectant solu-
tion (35% MME PEG 2000, 50 mM Tris—
HCI pH 8.5, 02mM PLP, 25 mM DTT).
Diffraction data were collected at the
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EMBL PX beamline BW7B at the DORIS storage ring, DESY
(Hamburg, Germany) using a MAR 345 mm image-plate
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detector and were processed using XDS (Kabsch, 1993). The
program BEST (Bourenkov & Popov, 2006) was used for data-

collection optimization. Detailed data-
collection statistics are shown in Table 1.

2.2. Structure determination and
refinement

The previously determined structure
of the protein from C. freundii (PDB
code 1y4i) was used to solve the MGL
structure. Since the space groups of the
crystals were identical and the unit-cell
parameters were approximately the
same, the positions of the protein
molecules were also the same as in the
previous solved MGL structure. One
round of rigid-body refinement was
performed in MOLREP (Vagin &
Teplyakov, 1997). Refinement was
carried out with the program REFMAC
v.5.2.0005 (Murshudov et al., 1997) and
rebuilding was performed using the
program Coot (Emsley & Cowtan, 2004)
with o s-weighted 2mF, — DF, and
mF, — DF, density maps. A free R
factor calculated from 5% of reflections
set aside at the outset was used to
monitor the progress of refinement. The
flexible loops of the protein and water
molecules were removed from the initial
model to exclude model bias during the
first round of refinement. The R and

Figure 2

Crystal structure and sequence of C. freundii
MGL. (a) The tetramer organization of the
enzyme. The subunits are shown in green, cyan,
grey and orange. PLP covalently bound to
Lys210 is shown in red. The tetramer consists of
two catalytic dimers (green/cyan and grey/
orange). (b) Stereoview of a subunit structure.
The N-terminal domain is in blue, the central
(PLP-binding) domain is in green, the C-term-
inal domain is in red and PLP is in magenta.
Region Phe50-Gly54 is absent from the model.
(¢) Amino-acid sequence of MGL from
C. freundii. Secondary-structure elements are
coloured according to (b). Residues that are
absent from the model are indicated by dotted
lines. Residues that are identical in members of
the cystathionine B-lyase subclass are shown
with a red background and highly conserved
residues are shown with a yellow background;
residues that are identical in MGLs from
different species are shown with a green
background. Residues hydrogen bonded to
PLP are indicated by orange triangles. Blue
triangles indicate residues that are suggested to
organize the substrate-binding pocket. (@) and
(b) and Figs. 3, 4 and 5 were produced using
PyMOL (DeLano, 2002).
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Ry factors were 0.24 and 0.26, respectively, at the first round
of the refinement.

The electron-density maps were of excellent quality (Fig. 1)
and the whole polypeptide chain could be identified apart
from several residues of a flexible loop in the N-terminal
domain of the protein. An excess of electron density at the S
atom of Cys4 forced us to change this residue to S-hydroxy-
cysteine. The residue is solvent-accessible and could be easily
oxidized. The positions of water molecules were determined
using the appropriate procedure implemented in the program
REFMAC. Alternative positions for 26 amino-acid side chains
were incorporated at this stage. The final round of refinement
was performed using the phenix.refine procedure implemented
in the PHENIX suite (Adams et al., 2002) with bulk-solvent
modelling and individual anisotropic ADP refinement, which
improved the R and Ry, factors from 0.194 and 0.209 to 0.151
and 0.177, respectively.

3. Results and discussion
3.1. Overall structure of the methionine y-lyase

MGL exists as a tetramer in solution (Nakayama et al.,
1984) and in crystalline forms (Motoshima et al., 2000;
Mamaeva et al., 2005; Fig. 2a). The tetramer consists of so-
called catalytic dimers related by a twofold axis. The catalytic
dimer consists of two subunits related by a twofold axis and
includes two active sites. Each active site is formed by amino-
acid residues from both subunits and contains PLP. The
distance between the two PLP molecules is about 20 A.

Each monomer consists of three structurally and function-
ally distinct regions called the N-terminal, PLP-binding and
C-terminal domains. The N-terminal domain (residues 1-62)
includes a short 3;4-helix followed by helices 1 and 2, which
are connected by a long loop 17-40 (Figs. 2b and 2c). The
310-helix is characteristic of C. freundii MGL. The N-terminal
domain is connected to the central PLP-binding domain by the
long loop 50-62, which participates in the organization of the
active site. The large PLP-binding domain (residues 63-259)
contains most of the catalytically important residues. The
domain has an «/f/a fold with a seven-stranded mainly
parallel B-sheet (B1-B7) and eight oa-helices (a3-«10)
arranged on both sides of the B-sheet. The PLP, which is
covalently attached to Lys210, is located near the C-terminal
parts of strands B4, 85 and 6. The PLP phosphate group
binds near the N-terminus of a4. The PLP-binding domain is
connected to the smaller C-terminal domain by the long helix
a10. The C-terminal domain (residues 260-398) is comprised
of a five-stranded B-sheet (88-£12) with five a-helices (o11-
a15) located on both sides of the S-sheet. Helix «14 is located
between the PLP-binding and C-terminal domains and is
involved in formation of the PLP-binding site, but this helix
makes no direct contacts with the atoms of the PLP-binding
domain. The position of helix «14 is similar to that in P. putida
MGL (Kudou et al., 2007), while in T. vaginalis MGL the
corresponding helix is located closer to the PLP-binding
domain (Messerschmidt et al., 2003).

Table 2

Hydrogen bonds between the subunit molecules of the tetramer.

Molecule 1  Molecule 2 Bond length (A) Accessibility Conservation
GIn33 NE2 Asp217 O 2.96 No No

GIn33 NE2 Asn250 OD1 3.05 No No

Thr34 OG1 Gly216 O 3.37 No Yes

Ser35S N Gly216 O 291 No Main chain
Thr36 OG1 Ser339 OG  3.11 No Yes

Thr36 OG1 Asp342 OD2 2.69 No Yes

Phe39 N Leu336 O 2.87 No Main chain
Ala42 N Asn329 OD1 2.77 No No

Tyr58 OH  LLP210 O2P 2.53 No Yes

Arg60 NE  LLP210 O2P 3.01 No Yes

Thr93 OG1 1Ile241 O 2.77 No No

Leu97 O Lys126 NZ 2.68 Yes No

Cys100 O Lys126 NZ 3.03 Yes No

GIn102 N Lys126 O 2.78 No Main chain
Molecule 1 ~ Molecule 3 Bond length (A) Accessibility Conservation
Gly8 N Asp384 OD2 281 No No

Phe9 N Asp381 OD2 3.17 No No

Asnl0 N Asp381 OD2 2.83 No No

Thr1l N Asp381 OD2 3.03 No No

Thr1l OG1  Asp381 OD2 2.99 No No

Thr1ll OG1  Asp384 OD2 2.58 No No

Leu253 O Arg256 NH2 3.14 No Yes
Arg256 NE  Asp217 OD2 2.66 No Yes
Arg256 NH2 Asp217 OD1 2.84 No Yes
Arg256 NH2 Asn213 OD1 2.71 No No

Arg256 NH2 Leu253 O 3.14 No Yes

Lys259 NZ  Glu344 OE2 2.84 Yes No
Molecule 1  Molecule 4 Bond length (A) Accessibility  Conservation
Gly25 O Val38 N 2.78 No Main chain
Leu27 N Thr36 O 2.90 No Main chain
Ile21 N Ile31 O 2.93 No Main chain

The catalytic dimer-forming monomers contact each other
through large dominantly flat regions. They have a common
hydrophobic core and associate tightly through hydrogen
bonds (Table 2). The extended region (residues 33-62) of the
N-terminal domain, including the long loop and helix o2,
stabilizes the catalytic dimer and contains residues that are
involved in the formation of the PLP-binding site. Residues
Tyr58* and Arg60* of the adjacent monomer make several
strong hydrogen bonds to PLP. Residues GIn33*, Thr34* and
Thr36* make hydrogen bonds to amino-acid residues of both
the PLP-binding and C-terminal domains. Helices o4 and o5
of the PLP-binding domain of both monomers are in close
contact with each other; these contacts are mediated by
hydrophobic interactions and hydrogen bonds.

The association of the two catalytic dimers results in the
formation of the tetrameric structure with four active sites and
overall 222 symmetry. This structure is stabilized by an
extended network of intermolecular contacts and hydrogen
bonds (Table 2). Most of these are provided by the N-terminal
domain. Helix o1 makes contacts with the C-terminal domain
loops B10/B11 and B12/xl5 of the second catalytic dimer.
Helix o2 and five preceding residues make contact with g11
and the adjacent loop of the C-terminal domain of another
molecule. Residues 28-34 from two catalytic dimers form an
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intermolecular two-stranded antiparallel B-sheet structure
that stabilizes the whole MGL tetramer. Very important
tetramer-forming contacts include four pairs of hydrogen
bonds between Asn256 and Asp217 residues that belong to
molecules of neighbouring catalytic dimers. These residues are
strictly conserved among the PLP-dependent enzymes
belonging to the cystathionine p-lyase subclass (Messer-
schmidt et al., 2003).

In order to form dimeric and tetrameric structures, an MGL
monomer must recognize its partners. Structurally invariant
and complementary surface regions are suggested to be used
for these purposes. Such regions are formed by strongly
conserved residues and their structures are stabilized by
intramolecular interactions. Upon complex formation, these
residues become inaccessible to the solvent (Nevskaya et al.,
2004). We found analogous regions in both the monomer—
monomer and dimer—dimer contact areas of the MGL crystal
structure. They are constituted by residues of the PLP-binding
domain and the C-terminal domain. The first region is formed
by residues from helix o4 and loops B6/87 and «9/«x10; the
second contains residues from loops 86/87, f10/811, 12/a15
and helix «10. Helix o1, loop al/a2 and helix o2 of the
N-terminal domain, which take part in the formation of both
interfaces, predominantly contain nonconserved residues and
may possibly be used for additional stabilization of the active
enzyme structure.

In C. freundii MGL the centre of the tetramer possesses a
hydrophobic core involving Phe249, Leu253, Trp252 and Ile31
from all four monomers. The residues of this hydrophobic
cluster are not conserved in all subfamily members and can
vary to hydrophilic amino acids in some of them. Upon
tetrameric structure formation about 30% of the monomer
surface becomes inaccessible to solvent.

3.2. PLP-binding site

In each subunit the cofactor-binding pocket is formed by
amino acids from its PLP-binding domain (strands 85 and 6
and helices a4 and «5) and from the N-terminal domain of the
neighbouring subunit of a catalytic dimer (Fig. 3). The orga-
nization of the PLP-binding site is very similar to that found in
all known structures of aspartate aminotransferase-family
enzymes. Residues Gly88 (w4), Tyrl13 (a5), Aspl85 (B5),
Thr209 and Lys210 (loop B6/87) are identical in all known
MGTL sequences and residues Tyr58 and Arg60 are strongly
conserved (Manukhov et al., 2006).

The main ‘anchor’ of the cofactor is its phosphate group. In
proteins from the aspartate aminotransferase family, PLP is
located in the phosphate-binding cap and is surrounded by
seven atoms fixing the PLP phosphate handle (Denesyuk et al.,
2003). In MGL, four phosphate O atoms are involved in six
hydrogen bonds, two of which are bifurcated. Thr209 OG is
hydrogen bonded to O1P and the main-chain N atom of I1e89
makes a hydrogen bond to O3P. Ser207 forms a bifurcated
hydrogen bond with O1P and OA4P, while Gly88 forms a
bifurcated hydrogen bond with O1P and O3P (Fig. 3). Two
other hydrogen bonds to the PLP phosphate handle are

formed by amino acids of the adjacent subunit of the catalytic
dimer. Tyr58* is involved in a hydrogen bond to O2P, while
Arg60* NE is hydrogen bonded to the O2P atoms of the
phosphate moiety, thus compensating for its negative charge.
The position of Arg60* is rather mobile, as in the previously
determined structure of C. freundii MGL, despite the firmly
fixed position of this residue in all other MGL structures,
where it makes two strong hydrogen bonds to O2P and O3P.
This could be explained by the accessibility of the arginine side
chain to water molecules (Table 2).

In the internal aldimine, PLP is covalently attached to
Lys210 of the B6—87 loop through the amine N atom. The
position of the PLP pyridine ring is stabilized by a hydrogen
bond between the N1 atom of the ring and the OD atom of
Aspl185, which is strictly conserved in the aspartate amino-
transferase family. The aspartic acid plays a key role in the
stabilization of the positive charge on the pyridine N1 atom,
thereby increasing the electrophilic character of the cofactor.
The position of the Aspl85 side chain is firmly fixed by
interaction of the OD atom with the hydroxyl group and the
amide N atom of Thr187, thus providing an optimal arrange-
ment to interact with the pyridine N atom.

The position of the PLP pyridine ring is supported by
Thr187 and Ser207 on one side and by Tyr113 on the other.
The side chains of Thr187 and Ser207 lie within a van der
Waals distance of the pyridine-ring atoms (about 3.8-3.9 A),
thereby minimizing any cofactor movements in this direction.
The phenol ring of Tyr113 is coplanar with the pyridine ring of
PLP. Stacking interactions between the two rings, which are
35A apart, provides additional stabilization of the PLP
position. This interaction between an aromatic side chain and
the PLP ring system is found in most PLP-dependent enzymes
and is believed to increase the electron-sink character of the
cofactor (Hayashi et al., 1990; John, 1995; Messerschmidt et al.,
2003). The hydroxyl group of Tyr113 makes a single hydrogen
bond to the amino group of Arg60*. It was supposed that an
analogous interaction in Escherichia coli cystathionine S-lyase
(Clausen et al., 1996) caused a decrease in the pK, value of the
corresponding tyrosine residue and thus plays an essential role
in catalysis by activating the incoming substrate for trans-
aldimination in E. coli cystathionine S-lyase and in other
members of its subclass (Messerschmidt et al., 2003). As in
other members of the cystathionine-B-lyase subclass, the
C2'-methyl group and the 3'-hydroxyl group of the cofactor
are not involved in any interactions with the protein.

PLP is located within a rather deep cavity on the dimer
surface (Fig. 4). The entry into the cavity is surrounded by
loops B2/aS and a7/65, helix a5 and the C-terminus of helix o9
of the central domain and loop 11/a14 and helix «14 of the
C-terminal domain. The second subunit of the catalytic dimer
is also involved in the formation of this entrance. Its helix o2
and the adjacent loop o2/a3 of the N-terminal domain
protrude towards the entrance and form a flexible flap. The
positions of residues 50-54 of loop o2/a3 were not determined
in the present model. Models of MGL from P. putida either do
not contain helix o2 and the following loop (PDB codes 1gc0
and 1gc2) or the corresponding residues of such models have
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B factors that are at least two times higher than the average
value for the whole protein because of poor density (PDB
codes 1pg8 and 1lukj). In the structures of MGL from
T. vaginalis (PDB codes 1e5f and le5e), the N-terminal loops
are well determined but have diverse positions (Fig. 5a).
Comparison of these MGL structures with those of other
members of the enzyme family (Fig. 5b) revealed mobility of

Figure 3

Stereo representation of the MGL active site. Amino-acid residues from the two subunits are
shown in green and magenta and the PLP bound to Lys210 is in grey. Residues of the
neighbouring subunit are marked with asterisks. Hydrogen bonds are indicated by blue dotted

lines.

this region as well as of the region that includes helix «14 with
two adjacent loops and is located at the opposite side of the
catalytic pocket. Mobility of these flexible regions surrounding
the entrance to the catalytic site could be important for
substrate recognition and binding.

Comparison of the active sites of the C. freundii MGL
structure with the structure of MGL from 7. vaginalis in a
complex with L-propargylglycine (PDB code
leSe) and the structure of cystathionine
B-lyase from E. coli in a complex with
L-aminoethoxyvinylglycine (PDB code 1cl2;
Clausen et al., 1997) reveals the roles of
amino-acid residues in binding the
substrates. The binding pocket of MGL has
a significantly hydrophobic character
(Fig. 4b), in contrast to that of cystathionine
B-lyase (Messerschmidt et al., 2003), owing
to the hydrophobic character of the
substrate side chain. The binding pocket is
organized by residues Tyrl113, Cysll5,
Phel88, Thr209, Val338 and Leu340 from
one monomer and residues Phe49*, Ile57%,
Tyr58%, Leu61* and Phe235* from the
second monomer (Fig. 3). It has been
suggested that together with the side chains
of Ile57* and Leu61*, the phenyl group of
the strictly conserved Phe49* forms a
hydrophobic contact area for the methyl
group of the methionine substrate
(Messerschmidt et al, 2003). Residues
Phe235%, Tyr58*, Val338 and Thr209 are
present along this hydrophobic line. They

Figure 4
The MGL catalytic dimer interface. (a) Solvent-accessible surface. Subunits are shown in green and brown. The secondary-structure elements
surrounding the entrance into the PLP-binding pocket are shown in blue and red. (b) A close-up view of PLP-binding pocket. Surrounding residues are
indicated.

216  Nikulin et al. - Methionine y-lyase
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(a)

Figure 5

Superposition of the C* traces. (a) Crystal structures of MGLs from various species. C. freundii
MGL (PDB code 2rfv) is in green, 7. vaginalis MGL (PDB code 1e5f) is in cyan and three P. putida
MGL structures (PDB codes 1gc0, 1pg8 and 1ukj) are in magenta, yellow and blue. (b) Crystal
structures of representative cystathionine S-lyase subclass PLP-dependent enzymes. Saccharomyces
cerevisiae cystathionine y-lyase (PDB code 1n8p) is in cyan, Nicotiana tabacum cystathionine y-
synthase (PDB code 1qgn) is in magenta and Arabidopsis thaliana cystathionine S-lyase (PDB code
1ibj) is in yellow. The flexible loops of the N- and C-terminal domains are marked with ovals in both

figures.

should be involved in the organization of the hydrophobic
patch and the proper positioning of the methionine substrate.
Cys115, which is highly conserved in the MGL family
(Manukhov et al., 2006), is located opposite these residues.
Replacement of the cysteine by glycine reduced the activity of
T. vaginalis MGL1 and MGL2 towards both methionine and
homocysteine by 80-90% (McKie et al., 1998). Substitution of
the cysteine by threonine or serine in P. putida MGL led to a
significant decrease in activity of between 2.5-fold to 11-fold
towards both methionine and homocysteine (Kudou et al.,
2007). These results demonstrate the importance of the
cysteine residue in the y-elimination reactions catalyzed by
MGL. It has been suggested that Cys115 should play an
important role in substrate recognition (McKie et al, 1998;
Kudou et al., 2007).

As mentioned above, Tyr113 makes a stacking interaction
with the pyridine ring of PLP. It has been demonstrated that
the tyrosine is important in y-elimination of the methionine
substrate and could play a role as a general acid catalyst in the
elimination of the y-substituent of the substrate (Inoue et al.,
2000). Tyr113 could be also involved in the proper positioning
of the substrate.

4. Conclusion

We obtained high-quality crystals of
C. freundii MGL that allowed us to
improve the structure of the holoen-
zyme. The r.m.s. deviation between the
‘old’ 1.9 A and the ‘new’ 1.35 A models
of MGL was 0.80 A for all C* atoms.
Discrepancies are mainly located in the
region of the N-terminal loop (residues
55-63), the small flexible loop (residues
159-161) of the PLP domain and the
flexible loop (residues 350-368) of the
C-terminal domain. The N-terminal
loop in the 1.35 A structure has a gap
between residues 49 and 55 because of a
lack of electron density. The positions of
residues 55-60 differ from the lower
resolution model but are close to those
of other MGL structures. This results in
a change in the positions of the side-
chain groups of the PLP-binding resi-
dues Tyr58 and Arg60. The main chain
of the short loop 159-161 has changed
position dramatically. Moreover, several
residues of the active site (Tyrll3,
Glul56, Phel88, Leu340 and Arg374)
have diverse conformation in the two
structures, whilst PLP retains its posi-
tion. The high-resolution data allowed
the introduction of 382 water molecules
instead of the 104 in the 1.9 A resolu-
tion model. Three of the water mole-
cules are located close to PLP, thus
modelling the possible position of the
substrate at the enzyme active centre.

Comparison of the two structures reveals a very flexible
character of the substrate-binding pocket. The high-resolution
structure of MGL provides very precise information about the
arrangement of atoms and the distances between them in the
enzyme active centre. This provides a key to understanding
the mechanism of the enzymatic reaction.
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