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Homologies with other cobalamin-dependent enzymes
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The gene enceding component S, the small subunit, of glutamate mutase, an adenosylcobalamin (coenzyme B,a)-dependent enzyme from Clostridium

retanomorphum has been cloned and its nucleotide sequence determined. The nuuS gene encodes a protein of 137 amino acid residues, with M,

14,748, The deduced amino acid sequence showed homology with the C-terminal portion of adenosylcobalamin-dependent methylmalonyl-CoA

mutase [1989, Biochem, J. 260, 345-352) and a region of cobalamin-dependent methionine synthase which has been shown to bind cobalamin [1989,
J. Biol. Chem 264, 13888-13895).

Glutamate mutase; Cobalamin-dependent enzyme; Sequence homology

1. INTRODUCTION

Glutamate mutase catalyses the first step in the fer-
mentation of glutamate by Clostridium tetanomorphum.
This is an unusual isomerization in which L-glutamate
is converted to threo-f-methyl-L-aspartate [1]. It was the
first example to be discovered of a group of adenosylco-
balamin (AdoCbl)-dependent enzymes which catalyze
the general reaction:

H X . X H
i | =~ | I
C1'—"_02 C1-—-C2

where X is an electron withdrawing group which may
be OH, NH, or, as in this case, a carbon-containing
fragment, so that a skeletal rearrangement is effected
[2]. The role of AdoCbl as the intermediate hydrogen
carrier in these rearrangements is well established [3];
however, very little is known of the proteins’ role in
catalyzing these mechanistically complex reactions.
Glutamate mutase consists of two readily separable
components, designated E and S [4,5]. Component S is
a small, monomeric protein of M, = 15,000, whilst com-
ponent E is a homodimer of subunit M, = 50,000 ([6),
E.N.G. Marsh, unpublished results). Component E has
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been shows to bind touth substrate and coenzyme, but
is absolutely dependent upon component § for activity
[4]. E and S interact weakly with one another in a man-
ner which exhibits saturation kinetics. The function of
S, which binds neither AdoCbl nor substrate on its own,
is unclear; it may interact with AdoCbl bound on com-
ponent E, as increasing the molar ratio of S to E de-
creases the apparent K, for AdoCbl [5).

The sequences of several AdoCbl-dependent enzymes
{7-10] and cobalamin-dependent methionine synthase
{11] have recently been determined, together with vari-
ous cobalamin-binding and transport proteins [12-16).
Until now, though, no obvious homologies have
emerged, which might, for instance, identify residues
involved in cobalamin binding. The crystallization of
methylmalonyl-CoA mutase from Propionibacterium
shermanii and a cobalamin-binding proteolytic frag-
ment of Escherichia coli methionine synthase have been
reported [17,18], but at present no three-dimensional
structures are known for any of these proteins.

Here we report the cloning and sequencing of mutS,
the gene encoding component S of glutamate mutase
from C. tetanomorphum. The sequence has allowed us
to identify residues which are conserved between com-
poaent S, methylmalonyl-CoA mutase from several spe-
cies, and methionine synthase.

2. MATERIALS AND METHODS

2.1. Construction of a probe for the mutS gene

Botli component S and compenent E were purified from C. tetano-
morphum ([4,5] and E.N.G. Marsh, unpublished results) and their
N-terminal sequences determined by automated methods. The protein
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sequences were used to design two oligonucleotides for use as primers
in a PCR experiment. The amplified DNA fragment produced by the
PCR was subeloned into pUCIH18 to give the construct, pNMI, The
DNA sequence at each end of the insert of pNMI was determined to
confirm that the PCR had amplified the correct region of genomic
DNA. The insert of pPNM1 was excised from the vector by restriction
with EcoR1 endonuclease and purified by agarose gel electrophoresis.
The purified insert was then used as a template to produce a *2P-
labeled random-primed probe [19].

2.2. Construction and screening of genomic DNA library

Genomic DNA was purified from C. retanomorphum (NCIMB No.
11547) by standard methods and used to construct a library in the A
vector, EMBL3 [19]. Approximately 60,000 plaques were screcned
using the random-primed probe according to published protocols [19].

2.3, Subcloning and sequence analysis

Positively hybridizing 4 clones were analyzed by restriction map-
ping, and an appropriate restriction fragment subcloned into pUCI119.
The DNA sequence was determined by *shotgun’ cloning of sonicated
fragments into M13mpl38 [20] and by double-stranded sequencing
[21] of the parent pUC119 plasmid using specifically synthesized ol-
igonucleotide primers. The sequence data was compiled and analyzed
using the Studen [22] and University of Wisconsin Genetics Computer
Group programs [23]. Secondary structure predictions used the
Garnier-Osguthorpe-Robson algorithm [24].

3. RESULTS AND DISCUSSION

The N-terminal protein sequences obtained from
component 8 and component E by automated methods
are shown in Fig. 1. From these, two oligonucleotides
were designed to function as primers in a PCR experi-

Component S
1 M E K R T I v L G v
11 I G S D (¢) H A V G N

5’ ~GGAATTC GAT TGT cAT ccP arh ceP aa-3*
EcoRrl T T T

21 K I L D H ] F T N A
31 ¢ F N

Cempenent E

1 M E L K N K K L T D
3'-CTA

11 E G F F K Q A E G v

eTT ccP aan AAA TTT GTT CGR CTT CC CTTAAGG-5'
T T EcoR1l

Fig. 1. N-Terminal protein sequences obtained for components S and
E of glutamate mutase. The oligonucleotide PCR primers which were
designed from the protein sequences are shown aligned with the corre-
sponding amino acid residues. The high A-T content of clostridial
DNA allowed the degeneracy of the oligonucleotides to be minimized
by using only A and/or T at positions of ambiguity. The cysteinyl
residue shown in parenthesis denotes that this assignment was only
tentative, Nole that the oligonucleotide designed from the component
E sequence was synthesized as the non-coding strand and its sequence
is shown here running 3’ to ¥'.
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=39 ATAAATTATATATATATAAAT TATCTAGGAGCTTTATAAATGGAGAAAANGACTATTGTT
1 M _E K K T I vV

22 CTTGCGAGTTATTGGTTCAGACTGTCATGCACSTTGCTAACAAMATATTAGACCACTCATT
L.g v 1 6 8§ D ¢ H A v G N K I I D I ¢S R

82 ACARATGCAGGCTTCAATGTTGTTARCATAGGAGTTTTATCATCACAGCAAGATTTTATA
28 LN A G F N V V NI &V L S 8 Q E D P 1

142 AATGCAGCTATAGAMACTAAAGCAGACCTTATATGTGTTTCTTCATTATATCGACAGGGA
48 N A A I ET KA D UL I CV S 58 L ¥ G Q @

202 GAAATTGACTGTAAAGGATTAAGAGAAMNGTGTGATGAAGCACGACT TAAAGGAATARAA
8 E I D C K &6 LR EKCDZEMAOGTLIERKGTI K

262 TTATTIGTTGGCGGAAACATTGTTIGTTGGTAANCARANCTGGCCAGATGTTGANCAGAGA
68 L F VvV 6 6 N I VvV V 6 K QN W PDV E Q R
322 TTTAAAGCAATGGGATTTGATAGAGTATATCCACCAGGAACATEICCAGARACAACARTA
08 ¢ KA MGPF DRV Y P PGS TSPETTI

362 GCTGATATGAAAGANGTTTTAGGAGTAGAATARTTTAACTAAAGGCTACTGTATTGCCTA
1286 A DM KEV LGV E »

Fig. 2. The nucleotide and deduced protein sequence of the mutS gene.

The numbering is from the A of the ATG slart codon for the DNA

sequence and from the N-terminal methionine of the protein sequence.

A potential ribosome binding site is underlined in the DINA sequence.

The underlined protein sequence was previously determined by auto-

mated sequencing of component S, The TAA stop codon is denoted
by an asterisk.

ment (Fig. 1), the expectation being that both compo-
nents would be transcribed as part of the same operon.
Each oligonucleotide incorporated an EcoRI site at the
5’ end to facilitate cloning into a pUC vector. The oli-
gonucleotide based on component E was reverse com-
plemented so that PCR would amplify all of the mutS
gene, assuming mutS to be upstream of mutE. Fortu-
nately this assumption proved correct and PCR ampli-
fied a 1,800 bp fragment which was subcloned into
pUCI!18 to give pNM 1. The PCR product was consid-
erably longer than required to encode mut.S alone (= 450
bp), implying that it was separated from muE by over
1,300 bp on the chromosome. Double-stranded se-
quencing of pNMI1 using ‘universal’ and ‘reverse’ prim-
ers confirmed that the insert encoded the expected pro-
tein sequences and hence that the intended region of
DNA had been amplified.

The random-primed probe made from the insert of
pNM1 was used to screen a A library of C. tetanomor-
phum genomic DNA. Out of 60,000 plaques screened,
two positively hybridizing clones were found. Restric-
tion analysis of these identified a 5 kbp Sa/l fragment
that hybridized to the probe and which mapped to the
end of the insert adjacent to the left arm of EMBL3.
This was subcloned into pUC119 to give the construct,
pGMI1. Partial sequencing of pGMI1 determined the
entire nucleotide sequence of mueS; it alsc established
that the murE gene was not present as a full-length copy
in either pGM1 or the parent A clone. The nucleotide
sequence and deduced protein sequence of murS is
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1 4+ + ¢+ X & * 44t + 44 ++ 50
mutB_Hum REGRRPRLLY AKMGQDGHOR GARVIATGFA DLGFDVDIGP LEQTPREVAQ
mutB_Mou REGRRLGLLY AKMGKDGHDR GAKVIATGFA DLGFDVDIGP LFQTPREVAH
mutB_Psh ABGRRPRILL AKMGODGHDR GQRVIATAYA DLGFDVDVGP LFQTPEETAR

mutS L MEKKTIVL GVIGSDCBAV GNKILDHSFT NAGFNVVNIG VLSSQEDFIN
moetH QGKTNGKMVI ATVKGDVEDI GEKNIVGYVVLQ CHNYEIVDLG VMVPAEKILR

Sin o + tebe + +4 L] Nid 4 A 100
mutB_Hum GQAVDADVHAV GVBTLAAGHK TLVPELIKEL NSLGRPDILV MCGGVIPPQD
mutB_Mou DAVDADVHAVY GVSTHAAGHK TLVPELIKEL TALGRPDILY MCGGVIPPQD
mutB_Peh QAVEADVHVV GVSSLAGGHL TLVPALRKEL DKLGRPDILI TVGGVIPEQD

mutS AAIETKADLY CVSSLYGQGE IDCKGLREKC DEAGLKGIKL FVGGNIVVGK
metd TAKEVNADLY GLSGLITPSL DEMVNVAKEM ERQGF.TIPL LIGGATTSKA

101 +* 4 b * 150
mutB_Hum YEF...... L FEVOVSHVFG PGTRIPRAAV QVLDDIEKCL ERKQQSV*, .
mutB_Mou XEF...... L YEVGVSNYFG PGTRIPRAAV QVLDDIEKCL AEKQQSV..
mutB_Psh PFDE...... L RKDGAVEIYT PGTVIPESAI SLVKKLRASL DA*.......

mutS QNWPDVEQRF KAMGFDRVYP PGTS.PETTI ADMKEVLGVE *.........
metH HTAVKIEQNY SGPT...VYY QNAS.R..TV GVVAALLSDT QRDDFVARTR

Fig. 3. Alignment of the deduced amino acid sequence of mutS with
other cobalamin-dependent enzymes. MutB_Hum, mutB_Mou and
mutB_Psh represent residues 602-742 of human, 608-748 of mouse
and 593-728 of P. shermanii methylmalonyl-CoA mutase, respec-
tively. MulS represents residues 1-137 of glutamate mutase compo-
nent S, and metH residues 741-883 of E. coli methionine synthase.
Invariant residues are shown in bold type and are marked by *.
Conservatively substituted positions are marked by +. The numbering
above the sequences is arbitrary.

shown in Fig. 2. The gene is flanked on both sides by
unidentified open reading frames which are transcribed
in the same direction as mutS. MutS encodes a protein
of 137 amino acid residues with M, 14,748, a value
which is in good agreement with that previously deter-
mined by SDS-PAGE and gel filtration ([6], E.N.G.
Marsh, unpublished results).

A search of the SWISSPROT protein sequence data-
base identified only one protein as significantly similar
to mutS which was the large subunit of adenosylco-
balamin-dependent  methylmalonyl-CoA  mutase
(mutB) from P. shermanii [7). MutS aligned with the
C-terminal portion of mutB and was homologous
throughout its length (Fig 3.). This result was surprising
since mutS on its own does not bind cobalamin [5]. The
sequences of other cobalamin-binding proteins were ex-
tracted from the database [8-16] and compared with
mutS. Similar homologies were found between mutS
and methylmalonyl-CoA mutases from human and
mouse [8,9], and also methionine synthase (metH) from
E. coli [11] (Fig. 3). Significantly, the homology with
metH is in a region which is encompassed by a 28 kDa
tryptic peptide that has been shown to bind cobalamin
[25]. Two short regions of highly conserved sequence
stood out in the alignment and were identified by the
motifs, DXHXXG (from D14 of mutS), and
GXXXIXXXXGG (from G82 of mutS), which were
invariant in all the proteins.

When secondary structure predictions [24] were com-
puted for mutS and the regions of metH and mutB
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]
1 amino acid residues 137

Fig. 4. Secondary structure predictions based on the Gamier-

Osguthorpe-Robson algorithm [24). Top, mutS: residues 1-137 of

glutamate mutase component S. Middle, mutB: residues 592-728 of

P. shermanii methylmalonyl-CoA mutase. Botiom, metH: residues

743-880 of E. coli methionine synthase. C, random coil; T, f-turn; E,
fp-sneet (extended); H, a-helix.

which aligned with it, very similar patterns emerged for
all three proteins (Fig. 4). The analysis predicted an
overall pattern of strands of S-sheet alternating with
a-helices. In particular, the invariant residues,
DXHXXG, lie at a predicted f-turn between two
strands of P-sheet whilst the glycyl residues of
GXXXIXXXXGG mark each end of a region of pre-
dicted #-sheet between two helices. This pattern of alter-
nating sheet and helix is found in the Rossman fold of
nucleotide-binding proteins, and it has been proposed
that such a fold may be involved in binding the dimeth-
ylbenzimidazole ribofuranosyl portion of cobalamin
{12]. Thus, one attractive hypothesis is that mutS may
activate AdoCbl towards cleavage of the axial cobalt—
carbon bond by interacting with the dimethylbenzimi-
dazole ligand on the opposite face of the corrin ring.
Caution is necessary in making such predictions,
though, as a benzimidazole ribofuranosyl-binding
Rossman fold structure has previously been suggested
for regions of metH and mutB, based solely on second-
ary strueture homology [25]. However, this homology
was between different regions of mutB and metH from
the primary structure homology with mutS we have
reported here.

In conclusion, the sequence of mutS represents the
first detailed structural information on glutamate mu-
tase. Using this information it has been possible to iden-
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tify clear sequence homologies relating three co-
balamin-dependent enzymes which tentatively suggest
a function for mut$.
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