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Abstract

Glutamate mutase [&,0,(B,,),] was reconstituted by incubating
purificd components E (¢,) and S (o0,) from Clostridium
cochlearium, both produced in Escherichia coli, with either
aquo- or cyanocobalamin. The inactive glutamate mutase
obtained was crystallized with polyethyleneglycol 4000 as
precipitant. Crystals are monoclinic with space group P2, and
have cell dimensions a = 64.6, b = 1132, ¢ = 1084 A and
B =96.0° for thc glutamate mutase reconstituted with aquo-
cobalamin. They diffract to a resolution of at least 2.7 A.
Isolated component S was crystallized in the presence of an
excess of cyanocobalamin, yielding red crystals of space group
1422 with unit-cell dimensions of a = b = 69.9 and ¢ = 107.1 A.
The crystals diffract to about 3.2 A resolution. Native data sets
were collected for both crystal forms.

1. Introduction

While at least a ten different B,-dependent enzymes have
been identified to date (Pratt, 1993) three-dimensional struc-
tural information is available for only two, ie. for the cobal-
amin binding domain of methionine synthase from Escherichia
coli (Drennan et al., 1994) and for methylmalonyl CoA mutase
from Propionibacterium shermanii (Mancia et al., 1996).
Although both of these enzymes use cofactors with Co—C
bonds, methylcobalamin and adenosylcobalamin (coenzyme
B,,). respectively, they have strikingly different enzymatic
mechanisms. The methyl transfer mediated by methionine
synthase involves heterolysis of the Co—C bond, whereas
homolysis has been observed in the carbon skeleton rearran-
gement catalyzed by methylmalonyl-CoA mutase or glutamate
mutase (for a recent review see Golding & Buckel, 1997).
Glutamate mutase from Clostridium cochlearium, which
equilibrates (S)-glutamate with (25,35)-3-methylaspartate, has
been characterized as a stable heterotetramer (¢,0,)
containing one coenzyme B;,. Although the natural cofactor
has been identified as pseudocoenzyme B,,, in which the axial
base dimethylbenzimidazole has been replaced by adenine
(Barker et al., 1958; Friedrich, 1975; Hoffmann & Bothe, 1997
unpublished results), the enzyme also shows high activity with
coenzyme B, as cofactor. This is not surprising, since it has
been demonstrated that in the active complex, the conserved
histidine residue 16 of the o polypeptide, rather than dime-
thylbenzimidazole, is coordinated to the cobalt. The genes
coding for the polypeptides have been cloned and over-
expressed separately in E. coli. Upon purification, polypeptide
o (M, =14.7 kDa), which has been designed as component S, is
obtained as a monomer, whereas the other polypeptide forms a
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dimer (g,, M, = 107 kDa) and was called component E (Zelder
etal., 1994a,b, 1995).

Component S shows sequence similarity to the B,, binding
domain S of mcthionine synthase and methylmalonyl CoA
mutase, as has been shown for the case of the related glutamate
mutase from C. tetanomorphum (Marsh & Hollaway, 1992).
This provides strong evidence (which is also supported by the
present crystallographic results) that the By, cofactor is bound
to the component S. We embarked upon a comprehensive
crystallographic investigation of the glutamate mutase from C.
cochlearium and of its isolated subunits for the following
reasons.

(1) The first step of the reaction cycle is a substrate-induced
homolysis of the cofactor’s organometallic bond. A long-
standing question concerns the way substrate binding induces
this bond homolysis. The recently published crystal structure of
methylmalonyl CoA mutase (Mancia et al., 1996) suggested a
possible mechanism of this intriguing process via stretching of
the trans-annular Co—N bond. It will be of interest to verify
such a mechanism for the case of the related glutamate mutase.

(2) Three-dimensional structural data should yield an insight
into the steric course of the rearrangement steps following
initial formation of the coenzyme B,,-derived adenosyl radical.
A recent suggestion for the mechanism of this rearrangement
process involves fragmentation of the substrate-derived radical
(Buckel & Golding, 1996).

We have chosen to start with protein reconstituted with
cobalamin derivatives known to be incapable of Co—C bound
homolysis under normal conditions. Experience with the
related methylmalonyl CoA mutase has shown that when using
active enzyme with adenosylcobalamin as cofactor, the labile
Co—C bond is easily broken during crystallization and/or
diffraction data collection. This may leave the corrinoid
cofactor in a poorly defined state. However, we plan to
perform experiments with active glutamate mutase once the
structure of the inactive variant is known.

2. Purification of the component E and S and recombination of
the glutamate mutase

2.1. Expression of glmS and gimE

E. coli strain MC 4100 containing the cxpression vector
pOZ3 (Zelder et al., 1994a) and E. coli strain DH5« containing
pOZ5 (Zelder et al., 1994b) were used for overproduction of
glutamate mutase components S and E, respectively. The
bacteria were grown to ODs7s =~ 1 on Standard 1 nutrient
broth (Merck, Darmstadt), induced overnight with 1 mM
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Table 1. Data collection summary

Cell Data Completeness 1l Io(1) last
Space  dimensions  collected Resolution Completeness  of the last — o(/) > 3.0 shell > 3.0 Number of

Protein group (A.) on don (A) (%) shell (%) (%) (%) Rierget reflections

Component S with /422 a=h =699 X11 32 30.00-320 A 331-320 A 81.4 85.5 0.12 82106 (total)
cvanocobalamin ¢ =107.1 91.7 996 2395 (unique)

Glutamate mutase P2, a =646 Rotating 2.8 2000-2.8 A 2.86-2.80 A 69.1 48.3 0.11 264145 (total)
with aquo- b=1132 anode 94.4 913 38311 (unique)
cobalamin ¢ =1084

B =960 )

Glutamate mutase P2, a =641 Rotating 34 2000-34 A 338-340 A 59.0 42.4 0.12 146777 (total)
with cyano- bh=1128 anode 84.7 86.0 21208 (unique)
cobalamin ¢ =108.1

B =957
Roerge = 31 = 1)) A1),

4. X-ray investigations
All diffraction experiments were carried out at about 103 K.
Crystals werc soaked in a solution obtaincd by mixing the
respective reservoir solution with 20-25% glycerol for 10-30's,
picked up with a nylon loop and flash cooled by immersing in
liquid nitrogen. Diffraction data were collected either on a
rotating-anode source (Siemens generator, equipped with a
MAR imaging-plate detector, generator scttings 40 kV, 80 mA,
Cu Ko radiation, apparent focus size 0.3 x 0.3 mm. graphite
monochromator) or on one of the EMBL beamlines (X11) in
Hamburg (Mar345 imaging plate, prototype, wavelength A =
0.9076 A). Diffraction data were processed with the program
DENZO (Otwinowski. 1993: Minor. 1993). The native data
collected so far for the two proteins are summarized in Table 1.
One frame from each of the data collections on component S

90.0

180.0 0.0

—%0.0

Fig. 3. Self-rotation function for component S with cyanocobalamin. A
section at ¥ = 180" is shown. Data between a resolution of 10 and
4 A were used. integration radius 25 A. Contouring started at 15%
in 5% increments. The axis conventions arc as follows: « is the
rotation axis whose oricntation with respect to the (orthogonalized)
axcs is defined by w (angle from z axis) and ¢ (anglc in the x. y
plane).

and on inactive glutamate mutase (aquocobalamin) are shown
in Figs. 1 and 2. respectively.

For component S (complexed with cyanocobalamin) the
molecular mass is 16.2kDa and the unit-cell volume is
523292 A*. With the assumption of 16 molecules per umt cell
the Matthews number (Mdllhews 1968) is2.02 A" Da™!, with
an expected range of 1.8-3.5 A* Da~'. Therefore. in space
group /422 (16 asymmetric units), one molecule is likely to be
present per asymmetric unit. This is consistent with the self-
rotation function (Fig. 3), which only shows the origin peak.

The unit-cell volume for the 137 kDa inactive glutamate
mutase with aquocobalamin is 788 356 A*. With two molecu]es
per unit cell, the Matthews coefficient is V,, = 2.88 A'Da ',
consistent with one molecule of ¢,0, per asymmetric unit. The
self-rotation function (Fig. 4) shows two non-crystallographic
peaks (66.7% of the origin peak) within or very closc to the
mirror plane of Lauc class 2/n. These two peaks are 90° apart,
and it is clear that one of them has to originate from a non-

180.0 0.0

—=9%0.0

Fig. 4. Sclf-rotation function for glutamatc mutase with aquocoba-
lamin. Same scttings as in Fig. 3. with the cxception of the
integration radius (50 A). The angles (w, @) are given for the two
non-crystallographic maxima.
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crystallographic axis, probably relating one half of the &,0,
heterotetramer to the other half. Assuming onc molecule of
By, per heterotetramer &,0,, the non-crystallographic dyad can
obviously not hold for the B, moiety. All the calculations for
the self-rotation functions for component S and inactive
glutamate mutase were performed with the CCP4 program
suite (Collaborative Computational Project, Number 4, 1994).

This research was supported by the Osterreichischer Fonds
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11599) and by the European Commission (TMR project No.
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