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ABSTRACT. Glutamate mutase is one of a group of adenosylcobalamin-dependent enzymes that catalyze
unusual isomerizations that proceed through the formation of radical intermediates. It shares a structurally
similar cobalamin-binding domain with methylcobalamin-dependent methionine synthase. In particular,
both proteins contain the “DXHXXG” cobalamin-binding motif, in which the histidine provides the axial
ligand to cobalt. The effects of mutating the conserved histidine and aspartate residues in methionine
synthase have recently been described [Jarrett, J. T., Amaratunga, M., Drennan, C. L., Scholten, J. D.,
Sands, R. H., Ludwig, M. L., & Matthews, R. G. (1998ipchemistry 352464-2475]. Here, we describe

how similar mutations in the “DXHXXG” motif of glutamate mutase affect coenzyme binding and catalysis

in an adenosylcobalamin-dependent reaction. The mutations made in the MutS subunit of glutamate
mutase were His16Gly, His16GIn, Aspl4Asn, Aspl4Glu, and Aspl4Ala. All the mutations affect, in
varying degrees, the rate of catalysis, the affinity of the protein for the coenzyme, and the coordination
of cobalt. Mutations of either Aspl4 or His16 decre&sgby 1000-fold, and whereas cob(ll)alamin
accumulates as an intermediate in the wild-type enzyme, it does not accumulate in the mutants, suggesting
the rate-determining step is altered. The appakaerfor adenosylcobalamin is raised by about 50-fold
when His16 is mutated and by-30-fold when Aspl16 is mutated. There are extensive differences between
the UV—visible spectra of wild-type and mutant holoenzymes, indicating that the mutant enzymes
coordinate cobalt less well. Overall, the properties of these mutants differ quite markedly from those
observed when similar mutations were introduced into methionine synthase.

The corrinoid coenzymes exemplified by adenosylcobal- & Holloway, 1992). This has subsequently been confirmed
amin (AdoCbl} and methylcobalamin (MeCbl) are unique with the solution of the crystal structures of MMCM and
among biological cofactors in containing stable carbon MetH (Mancia et al., 1996; Drennan et al., 1994). They
metal bonds (Ludwig & Matthews, 1997, Pratt, 1993; Finke, show that the common cobalamin-binding domains are
1990). They catalyze two quite different types of reactions superimposable with a root mean square deviation of only
that hinge upon the manner in which the cobalirbonbond 1.7 A, Most interestingly, the coenzymes are bound in an
is broken during enzymic catalysis. In methylcobalamin, extended conformation in which the dimethylbenzimidazole
which serves as an intermediate methyl donor in some «j|” of cobalamin is displaced by a histidine residue that
methyl-transfer reactions (Banerjee & Matthews, 1990), the coordinates cobalt through tkenitrogen of the imidazole
cobalt-carbon bond is broken heterolytically during catalysis ing (Figure 1). The histidine is, in turn, hydrogen bonded
to form Cbl(l). In contrast, AdoCbl serves as an initiator of 5 an aspartate residue. These two residues form part of an
free radicals that are “unmasked” by homolytic cleavage of j,yarient “DXHXXG” motif that is found in a number of
the cobalt-carbon bond to generate Cbl(ll) antdeoxy- B.~dependent enzymes (Marsh & Holloway, 1992). Al-

adenosyl radical (Buckel & Golding, 1996; Marsh, 1995a; thouah thi bindi tif and th dd in that
Stubbe, 1989). Both cofactors are quite inert in the absence ough this B-binding motif and the conserved domain tha

of their respective enzymes, implying that the cobalirbon encompasses it are not universal in,Enzymes, the
bond is sulg)stantially V\)//eake,ne dpvghe% the coenzyme is boun dcoordination of histidine to cobalt may be a more widespread
; feature of B-mediated catalysis. Thus, the coordination of
by the protein. Measurements of the cobatarbon bond histidine was first demonstrated by EPR experiments on
dissociation energy of free AdoCbl suggest that, to achieve hol lis of th bamide- oy thvlt f
the rates of catalysis observed, enzymes must accelerat ole celis of the cobamide-requinrgmetnyitransierase
homolysis by about 8-fold (Hay & Finke, 1986). rom Sporomusa gata (Stuppe_rlch et al.,, 1990, 199:.3)’ an
Although AdoChbl and MeCbl function quite differently, €nzyme that does not contain the conservegtihding
they appear to be bound in a very similar way: this was first domain.
suggested by sequence similarities between AdoCbl-depend- The role of the axial base in modulating the reactivity of
ent glutamate mutase, methylmalonyl-CoA mutase (MMCM), alkylcobalamins remains controversial. Studies employing
and MeCbl-dependent methionine synthase (MetH) (Marsh alkylcobaloximes as putative model compounds have shown
o Abetract oubiehed CS Abstac@ume 1. 1697 that increasing the nucleophilicity of the transaxial ligand
1Abl')5r<re?/(i:atﬁ)c;1nsl:s :dOICbIjj?dcsnosylcobeflaﬁci’n;uhr)leeCBI, mefhylco- to cobalt results in a stronger Carbmbalt bond (Ng et .
balamin; Cbi(Il), cob(llyalamin; Cbl(l), cob(l)alamin; MMCM, meth- @, 1982). However, recent investigations of the thermolysis

ylmalonyl-CoA mutase; MetH, methionine synthase. of adenosylcobinamide in the presence of varipasa-

S0006-2960(97)00169-4 CCC: $14.00 © 1997 American Chemical Society



Mechanism of Glutamate Mutase Biochemistry, Vol. 36, No. 25, 19977885

The results presented here show that both of these residues
are important in both catalysis and coenzyme binding.
Further, the results indicate that the histidine-aspartate pair
in glutamate mutase modulates the reactivity of AdoCbl in
a manner quite different from that seen in MeCbl-dependent
MetH, consistent with the different modes of cobatarbon
bond cleavage in these two coenzymes.

MATERIALS AND METHODS

Materials. The purification of MutE and MutS proteins
from recombinanEscherichia colstrains has been described
previously (Holloway & Marsh, 1994). 3-Methylaspartase
was purified fromC. tetanomorphuras described by Hsiang
and Bright (1967). AdoCbl was supplied by Fluka Chemical
Co.; restriction enzymes and DNA-modifying enzymes were
purchased from Boeringer Mannheim. The sources of other
materials have been described previously (Holloway &
Marsh, 1994) or were purchased from commercial suppliers.

Construction of MutS Mutant ProteinsStandard tech-
nigues, as described by Sambrook et al. (1989), were used
to prepare plasmid and single-stranded DNA and to subclone
DNA fragments. Site-directed mutagenesis was performed
using the Altered Sites in vitro mutagenesis system (Prome-
ga) according to the manufacturer’s protocol. Tin&Sgene
was excised from the pUC119-based plasmid pmutS (Hol-
loway & Marsh, 1994) as arfEcoRI—Pst fragment and
subcloned into the commercial vector pALTER-1 to give
Ficure 1: Cobalt-histidine-aspartate hydrogen-bonded “triad” PALmutS, which was maintained . col|\_]M109. S'“_g'e'
formed by the residues of the DXHXXG motif found in the AdoCbl- ~ stranded DNA template for mutagenesis was obtained by
dependent carbon skeleton isomerases and MeCbl-dependent metransfection with helper phage R408. Mutations were
thionine synthase. For glutamate mutase, these residues are MutSmtroduced into themutS gene using the following oligo-
e ersosdemne s 1 he e o slaces 0 nucleoides as primers for second-strand synthesiatS
bound by the protein. H16G, GGTTCAGACTGTGGTGCAGTTGGTAAMuULS

H16Q, CAGACTGTGCTGCAGTTGGTAA;MutSD14N,
substituted pyridines have identified both heterolytic and TATTGGTTCAAACTGTCATGC; mutSD14A, ATTGGT-
homolytic cleavage reactions and indicate that the nucleo-  CAGCCTGTCATGCAMULSDI4E, TTGGTTCAGAAT-
philicity of the axial ligand only signifcantly affects the GTCATGCAG. Mutations were confirmed by DNA se-
abiological heterolytic cleavage pathway (Garr et al., 1996). duéncing, and the mutantutSgenes were then excised from
In light of the structures of MetH and MMCM, one might pALmMutS agNdel—Sal fragments an.d. subcloned into pT7-7
expect the histidine-aspartate pair to play an important role (Tabor & RlcharQSop, 198.5) to facilitate overexpression of
in both binding cobalamin and controlling the reactivity of the mutant proteins i&. coli BL12(DES) cells as described

the cobalt-carbon bond. But whether the protein ligand previously (HOIIOW"’?V & Marsh, 1994). .
serves to stabilize or labilize the cobattarbon bond and Enzyme AssayWild-type glutamate mutase activity was

the relative importance of any such effect in catalysis remain 85S@yed using the spectrophotometric assay described by
unclear. Barker et al. (1964). For the mutant proteins, glutamate

L , , . mutase activity was assayed using uniformly labeled

We have used site-directed mutagenesis to investigate th‘?.—[“C]glutamate with a specific activity of 2000 dpm/nmol
role of the conserved histidine-aspartate pair in both coen- (Amersham). Typically, reactions were set up in80of
zyme binding and catalysis by AdoCbl-dependent glutamate g 1\ potassium phosphate buffer (pH 8.0) containing 5
mutase fromClostridium tetanomorphumThis enzyme is #M MUtE and 124M MutS mutant. For routine determi-
one of a group of AdoCbl-dependent enzymes that use freepation of enzyme activity, 10 mM-glutamate and 150M
radicals to catalyze a variety of unusual isomerizations, in AdoChbl were present. The reaction was made irreversible
this case the carbon skeleton rearrangememgiﬂtamate by Coup”ng the formation of 3_methy|aspartate to the
to L-threo-3-methylaspartate, the first step in the fermentation production of mesaconate formed through the action of
of L-glutamate byC. tetanomorphun(Barker et al., 1958).  3-methylaspartase. At various times, 46 aliquots were
Glutamate mutase is comprised of two weakly associating withdrawn and the reaction was stopped by the addition of
subunits, MutE and MutS, which combine with AdoCbl to 5 4L of 5% trifluoroacetic acid; 8Q:L of 1 mM unlabeled
form the active holoenzyme (Holloway & Marsh, 1994). mesaconate was then added as carrier. Mesaconate was
MUtE is a dimer with arM, of 53 703 (Holloway & Marsh,  isolated by reverse phase HPLC onsg &@lumn as described
1993), whereas MutS is a monomer with lsip of 14 748 previously (Marsh, 1995b) and the radioactivity determined
that comprises the conserved cobalamin-binding domain andby scintillation counting. Typically, to measure the rate of
contains the “DXHXXG” motif (Marsh & Holloway, 1992).  reaction, the amount of radioactivity incorporated into

HO
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mesaconate WQS determined aF three time points spaced OVefaple 1: Coenzyme Binding and Kinetic Parameters for Wild-Type
2 h; the reaction rate was linear for up to 5 h. The and Mutant Glutamate Mutase Enzyrfies

concent_ratlons_of MutE and MutS were determln_ed by glutamate apparenKafor ke apparenkefor apparento for
measuring their absorbance at 280 nm and using the "muase AdoCbl M) (s?) AdoCbl@M)  L-Glu (mM)
following values for their absorption coefficients: Muékgo

= 56300 M omr? and MutSezso = 9380 M- om? s ~1060 O Toote 1asC seros
(Holloway & Marsh, 1994). MutS mutant proteins were H16Q ~ 100 0.023 294 43+1.0
assumed to have the same extinction coefficients as wild- D14N 34+ 4 0.021  7.4£0.6 4.5+ 0.5
type protein. D14E 13+ 4 0.014 34+5 1.3+ 0.4

D14A 20+ 2 0.043 20+2 2.0+£0.3

. Measurement of AdoCbl Binding=quilibrium gel filtra- 2The assay conditions are described in the tektata taken from
tion (Hummel & Dreyer, 1962) was used to measure the Holloway and Marsh (1994).

binding of AdoCbl to glutamate mutase. Measurements were
made using a 5< 200 mm column of Bio Gel P-6 (fine) .
equilibrated in 50 mM potassium phosphate buffer (pH 7.0) glptama_te mutase activity When_the holoenzyme was recon-
and various concentrations of AdoCbl at room temperature. stituted in the usual spectroscopic assay (Barker et al., 1964).

The column and all solutions containing AdoCbl were We therefore developed a radiolabeled assay usifg

shielded from light. The column was attached to a Beckman [2P€led glutamate as the substrate and following the incor-
HPLC system controlled by “System Gold” software. The poration of radioactivity into mesaconate. Using this much
column was pumped at 0.1 mL/min and the AdoChl More sensitive assay, we were able to observe turnover with
concentration of the eluate monitored at 522 nm. Samplesa" of the mutants and determine their steady-state kinetic
were prepared in 50 mM potassium phosphate buffer (pH properties. Control experiments in which _elther MutE,
7.0) in a final volume of 8QL. In each case, the final AdoCbl, or the mutant MutS protein was omitted from the
concentration of MutE was 12Vl and the final concentration ~ 2SSay resulted in only background levels of radioactivity
of MutS (or MutS mutant) was 66M. AdoCbl was added being associated with recovered carrier mesaconate.

from a 1 mMstock solution to give a final concentration ~ 1he radioassay allowed us to probe further the absolute
which was the same as that in which the column was rédquirement for MutS protein in the glutamate mutase
equilibrated. Samples were incubated in the dark at room réaction. Even after overnight incubation with 15
temperature for 10 min, and then 4@ was injected onto AdoCbl and 10 mM glutamate, there was no detectable

directly to construct binding curves. of tritium into AdoCbl was observed when tritiated glutamate

was used as a substrate. We estimate the limits for detection
of activity to be~1076 of that of wild-type enzyme; MutS,

UV—Visible Spectra of HoloenzymeSamples containing
20 uM MutE, 100uM MutS (wild-type or mutant), and 40 .
M AdoCbl in 50 mM potassium phosphate buffer (pH 7.0) therefore, appears t'o.be absolutel'y reqwr.ed for turnovgr.
were dialyzed at 4C, in the dark, against 50 mM potassium The mutants exhibited rather similar kinetic properties,

phosphate buffer (pH 7.0) containing 48 AdoCbl for 24 regardless of the position or nature of the mutation (Table
h, by which time equilibrium had been reached. Spectra 1)- N €ach caseécawas decreased by about 1000-fold when

were recorded using a Hewlett-Packard diode array spec-compared with that of wild-type enzyme, although unexpect-

trophotometer; a sample of the dialysis buffer was used to €dly, MutS-D14A was 23-fold more active than the other

subtract out the contribution of unbound AdoCbl from the Mutants. The apparek, for glutamate of the mutants was
spectra of the holoenzymes. raised by only 2-4-fold, indicating that glutamate binding

is little affected by mutations to the histidine-aspartate pair.
RESULTS The appareni,, for AdoCbl varied more widely among the
mutants. ThenutSD14N mutation, the most conservative

Introduction of Mutations at MutS-His16 and MutS-Asp14 change to the Co-His-Asp triad, appears to cause the least
of Glutamate Mutase Mutations were made in MutS with  change to thé&,, for AdoCbl; the value is only slightly higher
the intention of examining the effects of both conservative than that measured previously for wild-type enzyme (Hol-
changes and deletion of amino acid functionality at the loway & Marsh, 1994). The other mutants hags that
conserved positions. Therefore, the following mutations of are 3-5-fold higher than that of wild type. Interpretation
the conserved histidine and aspartate residues were introof these data is complicated by the fact that #g for
duced into MutS: H16G, H16Q, D14A, D14N, and D14E. AdoCbhl is dependent upon the relative concentrations of
The mutations were confirmed by DNA sequencing. Allthe MutS and MutE (Holloway & Marsh, 1994; Switzer &
mutant proteins were overexpressed as soluble proteins inBarker, 1967). The protein in the radiolabeled assay was
E. coli, at levels similar to that of recombinant wild-type about 50 times more concentrated than in the spectroscopic
MutS. The molecular weights of purified mutant proteins assay used to determine the properties of the wild-type
were determined by electrospray mass spectrometry. In allenzyme. This implies that the appardfis reported here
cases, the experimentally determined molecular weight are probably lower than they would be if it were possible to
agreed, within experimental error, with that calculated from measure them under conditions identical to wild-type condi-
the amino acid sequence of the mutant protein, confirming tions.
that they had been correctly expressed. UV-Visible Spectra of Wild-Type and Mutant Holoen-

Kinetic Properties of the MutS MutantsAll the MutS zymes. The UV—visible spectrum of the wild-type holoen-
mutants were profoundly impared in catalysis. Even at the zyme is shown in Figure 2. The wild-type holoenzyme has
highest concentrations of protein and AdoCbl feasible, none a spectrum very similar to that of free AdoCbl; in particular,
of the mutant MutS proteins exhibited any detectable the absorbance band at 530 nm is characteristic of the “base-



Mechanism of Glutamate Mutase Biochemistry, Vol. 36, No. 25, 19977887

0.3

v w , w of the holoenzyme is in the base-off form. The spectra of
A glutamate mutase the MutS-H16G and MutS-H16Q mutants, although much

+ AdoChl i less intense because these mutants bind AdoChl very weakly,
indicate that, as expected, the coenzyme is bound in the base-
off form. No spectral changes were observed with any of
. the mutant enzymes whenglutamate was added. The
steady-state concentration of Cbl(ll) during turnover must,
therefore, be very small.

MeCbl, the other biologically active form of coenzyme

B1o, is @ competitive inhibitor of glutamate mutase (E. N.
0 . ‘ ' L s G. Marsh, unpublished results). Therefore, we thought it

8s0 400 450 500 550 600 650 might be informative to compare the spectra of the wild-
wavelength (nm) type and mutant enzymes with MeCbl bound. The spectra
o, e Lol e o sy Pacauanats vere dbtaned under the same condions as those for
520 nm is charactgristic of base-on Ad%CbI. (B) Yl'he spect?um of AdoCbl. Both the W'I_d'_type and mUtan_t enzymes give
the holoenzyme after addition efglutamate (final concentration ~ SPectra that are very similar to those obtained with AdoCbl
of 10 mM). The increase in absorbance at 470 nm indicates that (Figure 3B). Thus, it appears that glutamate mutase binds

Chl(ll) is accumulating during turnover. both AdoCbl and MeCbl with similar affinity, and the nature

on” form. This implies that MutS-His16 is coordinated to of the alkyl group makes little difference with respect to

cobalt, in accord with previous EPR studies (Zelder et al., coordination of cobalt by His16.
1995). The addition ofi-glutamate (10 mM) caused a Effect of Mutations on AdoCbl Bindinglo quantify the
change in the spectrum consistent with the formation of effect of mutations to the cobalt-His-Asp triad on AdoCbl
Cbl(ll) on the enzyme. Assumingessp~ 4000 M1cm2, binding, the apparent dissociation constants of the mutants
calculated from the extinction coefficients of free AdoCbl for the coenzyme were measured by equilibrium gel filtration
and Cbl(Il), we estimate that £20% of the enzyme exists (Table 1), as described previously (Holloway & Marsh,
in the Cbl(I1) form during steady-state turnover. This isin 1994). Although the&y for AdoCbl is also dependent upon
accord with estimates of Cbl(ll) obtained from spin quan- the relative concentrations of MutE and Muts, in this case,
tification of EPR spectra (Zelder et al., 1994). it was possible to perform the measurements under experi-
The spectra of the mutant holoenzymes (Figure 3A) differ mental conditions the same as wild-type conditions, allowing
according to the nature of the mutation. MutS-D14N appears for a direct comparison. Mutations of MutS-H16 consider-
to bind AdoCbl predominantly in the base-on form, implying ably weaken the binding of AdoCbl by glutamate mutase.
His16 is coordinated to cobalt, whereas the increased The apparerkgs for AdoCbl of both MutS-H16G and MutS-
absorption at 450 nm in the spectra of the MutS-D14A and H16Q were too high to be measured accurately, but were
MutS-D14E mutants indicates that a substantial proportion estimated to bez 100 uM. The histidine ligand to cobalt
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+ AdoCbl + L-glutamate
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0.1 -

0.05 -

0.07 T T T T T 0.08 T T T T T
0.07
0.08 MutS-D14N \ / \NAerl - base on
0.06 )

0.05 \\k/‘/ \¥
MutS-D14E \/\ /\

0.05 \\\’_/
N-DMA

MutS-D14N
0.03
MutS-H16G e
MutS-D14E
0.02 NN y u
MutS-H16Q) 0.02
MutS-D14A
0.01
0.01
AdoCbl - base off \M\erl e
I 1 1 | [l ] | 1

0
350 400 450 500 550 600 650

wavelength (nm)

0.04 MutS-wt

Absorbance
Absorbance
[=]
'Y

350 400 450 500 550 600 650
wavelength (nm)

Ficure 3: UV—visible spectra of glutamate mutase mutants with (A) AdoCbl bound and (B) MeCbl bound. The spectra of base-off AdoChl
and MeCbl are included for comparison. The spectra indicate that coordination of cobalt by MutS-His16 is sensitive to mutations introduced
at MutS-Aspl4. Mutants lacking His16 appear to bind cobalamin, as expected, in the base-off form. The traces for MutS-H16G and MutS-
H16Q are shown with the absorbance scale expanded 2-fold.
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appears, therefore, to be important for binding AdoCbl in reversible chemical steps, and finally an irreversible step,
glutamate mutase. Mutations of MutS-Asp14 also weaken ks, leading to product formation.

AdoCbl binding, although to a lesser extent. The apparent

Kgs for AdoChbl of the MutS-D14 mutants were increased

between 6- and 18-fold in comparison with the appakent ky ky ks

for AdoCbl of wild-type glutamate mutase determined under ~ E+ AdoCbl === E:AdoCbl + § === S:E:AdoCbl —=E:AdoCbl + P

the same conditions. ka ko

DISCUSSION In this schemeKy is simplyk-1/ki, whereas{,, is given by:
Numerous model studies have been directed toward - Kogkop + Kogks + KoKy L

understanding the influence of steric and electronic effects m Ki(k, + k5, + k)

on the strength of the cobaltarbon bond in alkylcobal-

amins. Despite this, the relative importance of these effects This can be rearranged to give:

in the enzyme-catalyzed homolysis of AdoCbl has remained

unclear. Our study, in which we have investigated the effect _ E kot Kk 4 koks o)

of changing or perturbing the z_ixial Iigano! to cobalt by site- Mk, [k, K, + kg k_y(k, + k_p + kg)

directed mutagenesis, is the first to begin to address these

questions in an adenosylcobalamin-dependent enzyme; dt is evident from eq 2 that the relationship betwéanand

similar study has recently been reported for methylcobal- K4 is complicated, and,, may in principle be larger or

amin-dependent methionine synthase (Jarrett et al., 1996)smaller thanKy. In particular, mutations that increasg

Our results indicate that, in the glutamate mutase-catalyzedby makingk-, larger will increaseK, by a smaller amount

reaction, the axial base to cobalt probably contributes no because of the inverse dependence of the second term in eq

more than 1®of the estimated 28-fold increase inthe rate 2 onk_;. Further, if the second term is much larger than

of AdoCbl homolysis required to explain the observed rate first term, i.e.k, dominates, thel,, becomes independent

of turnover. of K4 Mutations of MutS-His16 do indeed result in a
Nature of the Rate-Determining Step in the Mutated substantially increasgldd for AdoChl, as well_as causing a

Enzymes.The proximity of the His-Asp pair to the cobait ~ 1000-fold decrease k. It appears plausible then that

carbon bond of AdoCbl, revealed by the structures of MetH changes in the elementary rate constants may easily result

and MMCM, immediately suggested that these residues may/n & change in the rate-limiting step that could be reflected

be involved in promoting homolysis of the coenzyme.

in the apparenK.s for these mutants.
However, the DXHXXG motif is not present in all AdoCbl- ~ €omparison with the Effects of Mutating the DXHXXG

dependent enzymes, and there is evidence that in some cas otif in Methionine Synthaselt Is informative to compare

the coenzyme is bound with the pendant dimethylbenzimi- OU" results with those obtained by Matthews and co-workers,
dazole moiety still coordinated to cobalt (Toraya, 1997). Our who ha\(e l.JSEd mutagenesis to dissect the H|s-As.p-Ser triad
experiments have shown the importance of the His-Asp pair of methionine synthag;e (Amaratunga et al., 1996; Jarrett et
in catalysis but do not demonstrate directly that these residue L, 1996_)' Thoe mutation M_ech-D757N results in an enzyme
serve to weaken the cobaltarbon bond. Several lines of that retains 6% of the activity under steady-state turnover
evidence support this idea, though. Firstly, mutation of either conditions, wher eas the rate constant fqr the chemical step,
His16 or Asp14 greatly reducés, by 1000-fold, consistent methyl transfer, is only reduc_ed' Z—fol'd. Since produ_ct release
with a chemical step in the mechanism being slowed. has been shown to be rate-limiting in MetH (Banerjee et al.,

. . 1990), it is this step that is most likely being effected by the
Secondly, in contrast to wild-type glutamate mutase, Cbi(1) MetH)-D757N mutaption. Given the rglative?y minor per};ur-

does not appear to accumulate during catalysis in the mutant__. f th vt . f d bv thi
enzymes. This suggests that the rate-limiting step is changed2to" Of the catalytic properties of MetH caused by this
' mutation, it is quite remarkable that mutation of MutS-Asp14

ch(j) ég?t IIZt'nrgllIJSI Ho;Cl;rndellt:hrfliebigéi cr)]raaé :1%230%25’ tﬁ; causes such a large decreasednfor glutamate mutase.
- Finally, Hay ! ( ) hav u However, the MetH-H759G mutant, in which the cobalt-

gor!-en;yma;t|<;]rate of homollysi_of a?]enosyllcob_lgaml_clie, thde coordinating histidine is deleted, is essentially inactive; the

foeur:]\l(?itxg getzgo?%?géfouir?ﬁap?hte Eor:::gleqt' i:; ' g& enzyme is unable to undergo full turnover, and the rate of
. L . OysIS OT AdO demethylation of MeCbl is slower by 10 This contrasts

where a dimethylbenzimidazole is coordinated to cobalt. | . only a 10-fold decrease itk When MutS-His16 is

Agai.n, this is _qonsistent with the imidazole ring of His16 ) ;iateq in glutamate mutase. Clearly, similar mutations
serving to labilize the carbercobalt bond. when introduced into the DXHXXG motif of methionine
Relationship between the Appareny Knd the Apparent  synthase and glutamate mutase have quite different effects
Kq¢. That mutations of MutS-His16 raised the apparéat  on the enzymes’ kinetic properties. This is presumably a
for AdoCbl much more than they raised the apparént consequence of the fact that the homolytic cleavage of
was unexpected and deserves some comment. We note thaf\doCbl catalyzed by glutamate mutase and heterolytic
whereasK, is a simple equilibrium constant, the apparent cleavage of MeCbl catalyzed by methionine synthase proceed
Km reflects binding of both AdoCbl andglutamate together  through different transition states.
with subsequent chemical steps. Consider the minimal three- MetH binds MeCbl very tightly so that mutant enzymes,
step kinetic scheme below in which AdoCbl binding is even those lacking His759, were isolated with cobalamin
followed first by a reversible stef, that represents events bound to them (Amaratunga et al., 1996). His759 in MetH
such as substrate binding, a conformational change orappears to coordinate cobalt much more tightly than does
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MutS-His16 in glutamate mutase. Whereas the mutation Barker, H. A., Roove, V., Suzuki, F., & lodice, A. A. (1964)
MetH-D757E has no discernible effect on the coordination _ Biol. Chem 239, 3260-3266.

state of MeCbl bound to MetH, the mutation MutS-D14E is E?gr'fﬁ('g nYVC%L?ﬂ%IQr?Q,BS'.Tb(rlu?gr?qEES,r?. ?‘3%2&@3&;?7@ 2
sufficient to switch the coordination state of cobalt from | ,gwig, M. L. (1994)Science 2661669-1674.

being base-on (coordinated by MutS-His16) to being pre- Finke, R. G. (1990) inMolecular mechanisms in bioorganic
dominantly base-off. This effect is observed with either  processesBleasdale, C., & Golding, B. T., Eds.) pp 24280,
AdoCbl or MeCbl bound to glutamate mutase and implies _ Royal Society of Chemistry, Newcastle.

o L . Garr, C. D., Sirovatka, J. M., & Finke, R. G. (1998)Am. Chem.
that it is an intrinsic property of the enzyme and is not caused ~ g 11811142-11152.

by differences in the-donating properties of the alkyl group  Hay, B. P., & Finke, R. G. (1986). Am. Chem. Soc. 108820~
bonded to cobalt. Whether the coordination strength of the  4829.

axial ligand is responsible for determining the different Hagéfé P., & Finke, R. G. (1987). Am. Chem. Soc. 108012~
modes of cobattcarbon bond cleavage observed with X

enzymes that use MeCbl and AdoCbl, as suggested by recenpoilgway’ D.E., & Marsh E. N. G. (199%EBS Lett. 31744~
studies (Garr et al., 1996), is an interesting question that Holloway, D. E., & Marsh, E. N. G. (1994). Biol. Chem. 269
requires further study. Intriguingly, the structure of MMCM 20425-20430.

revealed an unusually long (2.5 A) cobaititrogen bond HSi%%% M. W., & Bright, H. J. (1967). Biol. Chem. 2425263~
between the coenzyme and th_e aXin histidine (Man_cia et Hummél, J. P., & Dreyer, W. J. (196Bjochim. Biophys. Acta 63
al., 1996), suggesting that the ligand is weakly coordinated 53p-532.

even though the coenzyme is bound very tightly. In Jarrett, J. T., Amaratunga, M., Drennan, C. L., Scholten, J. D.,
comparison, the cobatnitrogen bond in MetH is much Sands, R. H., Ludwig, M. L., & Matthews, R. G. (1996)

i ; Biochemistry 352464-2475.
shorter and very similar to that observed in the free coenzymeLudwig, M. L.. & Matthews, R. G. (1997pnnu. Re. Biochem.
(Drennan et al., 1994).

Mol. Biol. (in press).
; Mancia, F., Keep, N. H., Nakagawa, A., Leadlay, P. F., McSweeney,
In con_clusL?nr,]v'\\//le hav:_ slhown I:/Ihat m:taﬂs of gll;]tamatgz S., Rasmussen, B., Bosecke, P., Diat, O., & Evans, P. R. (1996)
mutase in whic \ utS-His16 or MutS- \spl4 are change Structure 4 339-350.
turn over at only'/1000 Of the rate of wild-type enzyme.  Marsh, E. N. G. (1995aBioEssays 17431—441.
Kinetic and spectral data point to a change in the rate-limiting Marsh, E. N. G. (1995bBiochemistry 347542-7547.
step, consistent with AdoCbl homolysis being impaired. This Marsh, E. N. G., & Holloway, D. E. (199EBS Lett. 310167~

suggests that the cobalt-His-Asp triad plays an important role Ng, ET T. Remple, G. L., & Halpern, J. (1982) Am. Chem.

in modulating the reactivity of the coenzyme but that other  “goc 104 621-626.

factors must also contribute to weakening the AdoCbl Pratt, J. M. (1993Met. lons Biol. Syst. 29229-286.
cobalt-carbon bond. Sambrook, J., Fritsch, E. F., & Maniatis, T. (1988plecular
cloning: a laboratory manual2nd ed., Cold Spring Harbor
Laboratory Press, Plainview, NY.
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