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The gene encoding component E, the large subunit, of adenosylcobalamin (coenzyme B,,)-dependent glutamate mutase from Clostridium tetano-

morphum has been cloned and sequenced. The mutE gene encodes a protein of 485 amino acid residues, with M, 53,708. The mutE gene is situated

some 1,400 bp downstream of the mutS gene, which encodes the small subunit of glutamate mutase. Between the two is an open reading frame

encoding a protein of 462 amino acids, with M, 50,171, and of unknown function. All three genes appear to be transcribed as an operon and lie

immediately upstream of the gene encoding S-methylaspartase, the next enzyme in the pathway of glutamate fermentation. Local homology exists
between mutE and a region of S-methylaspartase which contains an active-site serine residue.

Glutamate mutase; Cobalamin-dependent enzyme; Sequence homology

1. INTRODUCTION

Glutamate mutase is one of several adenosylco-
balamin (AdoCbl)-dependent enzymes which catalyze
unusual isomerizations of carbon skeletons [1,2]. In this
case, L-glutamate is converted to threo-f-methyl-L-as-
partate in the first step of glutamate fermentation by
Clostridium tetanomorphum [3].

Marsh, unpublished results). Component E is a homodi-
mer of subunit M, = 50,000 which binds both AdoCbl
and substrate but is completely inactive without compo-
nent S present [7,8]. Component S is a monomeric pro-
tein of M, = 15,000 which binds neither substrate nor
AdoCbl and which contains reactive thiol groups that
must be reduced for the protein to be active [9]. We have
recently cloned and sequenced the gene encoding S

NHa+ cO.-
H/,’ NH,+ glutamate mutase Hu, 2
d,' J——— I’l:.
: —-— &
CO,- CO,- CO,- CH,
Scheme 1.

The stereochemical course of the glutamate mutase-
catalyzed reaction is known in some detail [4] and the
role of AdoCbl as the intermediate hydrogen carrier in
the rearrangement has been demonstrated [5]. However,
further progress in understanding the mechanism will
require detailed information on the structure of the en-
zyme itself.

Glutamate mutase comprises two subunits, originally
designated component E and component S [6], both of
which have been purified to homogeneity ([7], E.N.G.
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(mutS) and identified sequence homologies between it
and the C-terminus of AdoCbl-dependent meth-
ylmalonyl-CoA mutase and the cobalamin-binding re-
gion of methionine synthase [10]. This suggests that
component S may interact with AdoCbl bound to com-
ponent E, possibly through the dimethylbenzimidazole
ribofuranosyl portion of the coenzyme, which acts as
the axial ligand to cobalt. This is consistent with the
observation that increasing the molar ratio of S to E
decreases the apparent K, for AdoCbl [9].

We now describe the cloning and sequencing of mutE,
the gene which encodes component E of glutamate mu-
tase from Cl tetanomorphum. Unusually for genes
which encode subunits of the same enzyme, mutE is not
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adjacent to mutS. Instead a third gene, the sequence of
which we report here, was found between musS and
mutE. The function of this gene is unknown, and we
have designated it mutL.

2. MATERIALS AND METHODS

2.1. Construction and screening of genomic DNA library

Genomic DNA was purified from CL tetanomorphum (NCIMB no.
11547) by standard methods and used to construct a library in the 4
vector, EMBL3 [11]. The pUC-based plasmid, pNM1 [10], which
contains a 1,900 bp fragment of DNA immediately upstream from
mutE, was used to generate a probe for the gene. The insert of pNM1
was excised from the vector by restriction with EcoRI endonuclease
and purified by agarose gel electrophoresis. The purified insert was
then used as a template to produce a *P-labelled random-primed
probe [11]. Approximately 60,000 plaques were screened using ran-
dom-primed probe according to published protocols [11].

2.2. Subcloning and sequence analysis

Positively hybridizing A clones were analyzed by restriction map-
ping and appropriate restriction fragments subcloned into pUC119
using £ coli TG [12] carrying the recO mutation [13] as the host (the
generous gift of Dr. P. Oliver, Department of Genetics, University of
Cambridge, UK). Randomly overlapping fragments of the appropri-
ate restriction fragment were generated by sonication, and ‘shotgun’
cloned into M13mpl8 {14]. The DNA sequence was determined by
sequencing these M13mpl8 subclones using ‘universal’ primer [14]
and by double-stranded sequencing [15] of the parent plasmid using
specifically synthesized oligonucleotide primers. The sequence data
was compiled and analyzed using the Staden [16] and University of
Wisconsin Genetics Computer Group programs [17].

3. RESULTS AND DISCUSSION

The plasmid pNM1 was used to probe a library of CL
tetanomorphum genomic DNA for the mut genes. The
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insert of pNM]1 comprises a 1,900 bp PCR product
obtained using primers designed from the N-terminal
sequences of components S and E [10]. Out of approxi-
mately 60,000 plaques screened only two contained
DNA which hybridized to the insert of pNM1. From
one of these clones, AGMI, a 5.2 kbp Sa/l fragment
which hybridized with the probe was subcloned into
pUCI119 to the construct, pGM1. The nucleotide se-
quence of mutS has previously been determined by par-
tially sequencing this plasmid [10].

The sequence downstream of mutS was determined
from pGM1, and this established that only the first 350
nucleotides of the mutE gene were present on this plas-
mid. The insert of pGM1 mapped to the extreme end
of the parent A clone such that the remainder of the
mutE gene was not encompassed by AGM1 either (Fig.
1). It was necessary, therefore, to subclone a complete
copy of mutE from the other A clone, AGM2. An 8.5 kbp
Sall-BamHI fragment was identified by hybridization
and attempts made to subclone this fragment into
pUCII9. A recombinant colony was obtained which
contained a plasmid, pGM2, that hybridized to the in-
sert of pNMI1. However, the Sa/l-BamHIl fragment
could not be excised from the plasmid by digestion with
the appropriate restriction enzymes. During growth,
cultures containing pGM2 spontaneously deleted it to
give a plasmid of less than 2 kbp that was refractory to
digestion by restriction enymes which cut in the
polylinker of pUC119. To maintain pGM2 the culture
had to be streaked out and non-deleted clones identified
before each large scale growth of E. coli TGlrecO cells
containing the plasmid. Even this approach was only
partially successful in overcoming the problem. It was,

3 SN N s3I N 8K B s
| ”//// 11 | 11 14 | . l P _]l
§ORF1>| mut$>[ muth >I mute > lbma::‘.
pNM1
AGM1
pGM1
AGM2
pGM2
PstI fragment

oo 1 1 kB —? H £ : il 4 H H ——f>—-3 . 5kb + 14K —em—n]

Fig. 1. Restriction map showing constructs employed in the cloning and sequencing of the mur genes. Only restriction sites employed in the
generation and/or mapping of clones are shown. Restriction enzymes are B, BamHI; E, EcoRI; H, HindlII; N, Neol; P, Pstl: S, Safl; 83, Sau3Al
The nucleotide sequence of the shaded region is shown in Fig. 2. For details refer to the text.
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Fig. 2. The nucleotide and deduced protein sequence of the mut genes. Potential ribosome binding sites are underlined in the DNA sequence. The

opposing arrows above the nucleotide sequence indicate a region of dyad symmetry which could potentially function as a transcription terminator;

the gap denotes a mismatch and the dots represent neutral G-T pairings. Stop codons are not denoted by *. The underlined protein sequences were

previously determined by automated sequencing [21] of enzymes purified from CI. tetanomorphum ([10], E.N.G. Marsh, unpublished results). Bma
encodes S-methylaspartase.

Nco 1 ORF1
M E T R F S F I ¢ 1 S EEVF K F KV RDALESAGILGNIITITY TN S S D
CCATGGAAACTAGATTTTCTTTICATCTGTATATCAGAAGAATTTAAATTTAAAGTAAGGGATGCATTAGAGAGTGCTGGATTAGGAAATATAATTATTACCTATACCAATTCTTCAGAT
10 30 50 70 90 110

R E E L M E V I ENSD VI IT S P G R Y KELY EINNGI RI RUZQTITINTF L Y S
AGAGAAGAGTTAATGGAAGTAATAGAAAATTCTGATGTAATCATAACATCACCAGGAAGATATAAAGAACTTTATGAGATTAATAATGGTAGAAGACAAATTATAAATTTTCTTTACAGT
130 150 170 190 210 230

L D DG S V KA L K S KL L E I K Y s K *
TTAGATGATGGTTCTGTAAAAGCTCTAAAGTCTAAATTGT TGGAGATTAAATATTCAAAATAAATTTCATGCATAAATATATAAATTATATATATATAAATTATCTAGGAGGTTTTATAA
250 270 290 310 330 350
mutsS
M_E K K T 1 v 1 ¢ vy I ¢ S D ¢ H A VYV ¢ N K I L D H S F T N A G F N V V N I G V L
ATGGAGAAAAAGACTATTGTTCTTGGAGTTATTGGTTCAGACTGTCATGCAGTTGGTAACAAAATATTAGACCACTCATTTACAAATGCAGGCTTCAATGTTGTTAACATAGGAGTTTTA
370 390 410 430 450 470

S S Q EDF I N AAIET KADUL I CV S S L Y G QG E I DCZX G L R E K C D E
TCATCACAGGAAGATTTTATAAATGCAGCTATAGAAACTAAAGCAGACCTTATATGTGTTTCTTCATTATATGGACAGGGAGAAATTGACTGTAAAGGATTAAGAGAAAAGTGTGATGAA
490 510 530 550 570 590

A G L K G I X L F V GGG N I VV G K OQOQNW P DV EQRF KAMTGUFD RV Y P P G

GCAGGACTTAAAGGAATAAAATTATTTGTTGGCGGAAACATTGTTGTTGGTAAACAAAACTGGCCAGATGTTGAACAGAGATTTARAGCAATGGGATTTGATAGAGTATATCCACCAGGA

610 630 650 670 690 710
mutl
T S P E T T I A D M K E V L G V E ~ M D A Y L L L
ACATCTCCAGAAACAACAATAGCTGATATGAAAGAAGTTTTAGGAGTAGAATAATT TAACTAAAGGCTACTGTATTGCCTAAATTAGGAGTTGATTAAGGTGGATGCTTATTTACTTTTA
730 750 770 790 810 830
D F ¢S T Yy T XK L T AV D1 ENEGTI L ATAZIKD I TTI E S DI MV G F N K A
GATTTTGGTAGCACCTATACAAAACTTACTGCAGTAGATATAGAAAATGAAGGGATATTAGCTACAGCAAAAGATATAACAACTATAGAAAGCGATATAATGGTAGGGTTTAACAAAGCC
850 870 890 910 930 950

Y E K L T E ¢ L E G K E vV N F V K K L AC S 5 A A G G L KM I A I G L V P E L T
TACGAAAAGCTTACTGAACAGTTAGAAGGAAAAGAAGTGAATTTTGTTAAAAAGTTAGCATGTTCATCTGCAGCAGGTGGACTAAAGATGATAGCCATCGGTCTTGTACCAGAACTTACA
970 990 1010 1030 1050 1070

A E A A K R A AL GAG ARV L NV Y s Y DL TNIKEV EETIKNSNILUDTITIL
GCAGAAGCTGCAAAGAGAGCTGCTCTTGGAGCAGGAGC TAGGGTACTAAATGTATATAGT TACGATTTGACTAATAAAGAAGT TGAAGAAATAARARATTCTAACTTGGACATAATACTT
1090 1110 1130 1150 1170 1190

L A GG TD G G NKE CMTIUHNA A KMTLAEHSGV KLZPI V V A GNIK KV V s D E
TTAGCAGGTGGTACAGATGGTGGAAATAAAGAATGTATGATTCATAATGCAAAAATGCTAGCTGAGCATGGAGTTAAACTTCCAATAGTTGTAGCAGGAAATAAAGTAGTTAGTGATGAA
1210 1230 1250 1270 1290 1310

v $ E I F D K A G I F Y RV T ENV M P KL NTILNVEU®PA AR EETIIRZQIF MK
GTATCAGARATATTTGATAAAGCAGGTATATTTTATAGAGTTACTGAAAATGTAATGCCCAAGTTAAATACATTAAATGTAGAACCTGCAAGAGAAGAAATAAGACAAATATTTATGAAA
1330 1350 1370 1390 1410 1430

K I vV E A K G M S N A E S F I NG I L M P T P A AV L K A A RV L A E G T D K E
AAAATTGTAGAAGCAAAAGGAATGTCAAATGCTGAAAGCTTTATTAATGGAATACTTATGCCTACTCCAGCAGCAGTTTTAAAGGCAGCTAGAGTATTAGCAGAAGGAACCGATAAAGAA
1450 1470 1490 1510 1530 1550

p G 1 6 DL I VVDIGOGATTDUV H S L ADGEU®PS KU?P GV TLRGUL EE P F
GATGGTATTGGCGATTTAATAGTAGTAGATATTGGTGGTGCTACTACAGATGTACACTCACTTGCAGATGGCGAGCCATCTAAGCCAGGAGTTACATTAAGAGGGCTTGAAGAACCTTTT
1570 1590 1610 1630 1650 1670

A K R TV E G D L GM®R Y S A I S L WEASGT R KILZOQI K YL CDNTV D V E A
GCAAAAAGAACTGTTGAAGGCGACCTAGGAATGAGATATTCTGCCATTTCCTTATGGGAGGCATCAGGAACAAGAAAACT TCAAAAATATCTATGTGATAATACTGTAGATGTAGAAGCT
1690 1710 1730 1750 1770 1790

C ¢ K ¥ R A E H I K MV P ETEZEE I K F D EAMAI KUV ATUDMAMMERH V G V
TGTTGTAAATATAGAGCTGAACATATAAAAATGGTACCCGAGACAGAAGAAGAAATTAAGTTTGATGAAGCTATGGCTAAGGTTGCAACTGATATGGCTATGGAAARGACATGTAGGAGTT
1810 1830 1850 1870 1890 1910

I E S MY T &PMGV I Y s ¢ I G XK DL L NV KCV I GTGSGV L V HS KNP G E
ATAGAAAGTATGTATACTCCTATGGGAGTCATATATAGTCAGATAGGTAAAGACTTGTTAAACGTAAAGTGTGTAATAGGAACTGGAGGAGTACTAGTTCATAGTAAGAATCCAGGTGAA
1330 1950 1970 1990 2010 2030

I L K A G S F DMADA ATH L K P Q H P E Y Y I DK T Y I L S A MG L L A E DL

ATACTAAAAGCAGGGTCATTTGATATGGCCGATGCTACTCATTTGAAACCACAGCATCCAGAATATTATATAGATAAAACATATATATTATCTGCAATGGGGCTTCTAGCAGAAGATCTT
2050 2070 2090 2110 2130 2150
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Fig. 2 continued.

mutE
P D K AV R I M K K Y L V K v * M E L K N K K W T D E £ F F K O R E E
CCAGATAAAGCAGTTAGAATAATGAAAAAGTATTTGGTTAAAGTTTGATAGGAGGGAATTTCAGTGGAACTTAAGAATAAAAAATGGACAGATGAAGAATTTT TTAAACAAAGAGAAGAA
2170 2190 2210 2230 2250 2270

¥y L K ¢ w P T G K E V DL QEAV DY L KK VP TEIKNF ADI KLV RAIKEAG
GTATTAAAGCAGTGGCCAACAGGTAAGGAAGTAGATT TACAGGAAGCTGTAGATTACTTAAAGAAGGTACCAACAGAAAAGAACTTTGCTGATAAATTAGTTAGAGCAAAAGAAGCAGGA
2290 2310 2330 2350 2370 2390

I T LA QP RAGV AL LD EWUHTINILILRYLOQODESGSGATDT LULU®P S TTIDAYT
ATAACTTTAGCTCAGCCAAGAGCAGGTGTTGCATTACTTGATGAACATATTAATTTATTAAGATATTTACAAGATGAAGGTGGCGCAGATTTATTACCTTCAACAATTGATGCATATACA
2410 2430 2450 2470 2490 2510

R 0 NR Y EECE I G I K E S E KA GR S5 L L NGF P GV NH GV K G CR KV L
AGACAGAATAGATATGAAGAATGTGAAATTGGTATAAAAGAAAGTGAAAAAGCTGGAAGATCATTATTAAATGGTTTCCCAGGAGTTAACCATGGTGTTAAAGGTTGTAGAAAGGTTTTA
2530 2550 2570 2590 2610 2630

E §$ VvV N L P L Q A R H G T PD S R L L A ETITITHAOGGWT S NUEGG GG TI S Y NI
GAATCAGTAAACTTACCTCTACAAGCTAGACATGGTACACCAGATTCAAGATTACTTGCTGAAATAATTCACGCTGGTGGATGGACTTCAARATGAAGGAGGCGGTATCTCCTACAACATT
2650 2670 2690 2710 2730 2750

P Y A X s v P I D K CL KD WOQYCD RULWVGF Y EZEOQGVHTINIREUPTFGUP L
CCATACGCTAAATCAGTTCCAATTGATAAATGTTTAAAAGATTGGCAGTATTGCGATAGACTTGTTGGTTTCTATGAAGAACAAGGAGTTCATATAAACAGAGAACCATTCGGACCATTA
217170 2730 2810 2830 2850 2870

T 6 T L V P P S M S NAV GGITEALILAAEUGQGV KNTITUVGY GEUCGNML
ACAGGAACACTTGTACCACCATCAATGTCAAATGCAGTAGGAATTACAGAAGCTTTACTTGCAGCAGAACAAGGAGTTAAAAACATCACTGTTGGATATGGTGAGTGTGGAAACATGCTT
2890 2910 2930 2950 2970 2990

¢ DI A AL RCULEZEOQTNEY L K AYGYNDUVV F VT TV F HQWMGSGTF P Q
CAGGATATAGCTGCATTAAGATGT TTAGAAGAACAGACAAATGAATACCTAAAAGCTTATGGATACAATGATGTATTTGTAACAACAGTATTCCATCAGTGGATGGGTIGGATTCCCTCAA
3010 3030 3050 3070 3090 3110

D ES KAV F GV IV TATTTIASTLAGAT I KV I V KTU®PUHEATIU GTIU®PTKE A
GATGAATCCAAAGCATTTGGCGTTATAGTAACAGCTACAACTATAGCATCATTAGCAGGAGCAACTAAAGTTATAGT TAAGACTCCACATGAAGCTATTGGTATACCAACAAAAGAAGCT
3130 3150 3170 3190 3210 3230

N A S G I K A TKMALNMULEG GO Q RMUPMSKELETEMMATITIIZ KA AZETKCTI
AATGCTTCAGGTATCAAAGCTACAAAGATGGCATTAAATATGTTAGAAGGACAGAGAATGCCAATGTCAAAAGAATTAGAAACTGAAATGGCAATTATAAAAGCTGAAACTAAATGCATA
3250 3270 3290 3310 3330 3350

L DK MUPF EL G K GDUILAVGTV KAVFETSGVMDTIPF G P S5 K Y N A G K MM
CTTGATAAGATGTTTGAATTAGGAAAAGGTGATTTAGCAGTAGGTACTGTTAAAGCATTCGAAACTGGTGTTATGGATATACCATTTGGACCAAGCAAATACAATGCAGGAAAAATGATG
3370 3390 3410 3430 3450 3470

P VvV R DN L G C V R Y L EF G NV P F T EEL KN Y N RE R L A E R A K F E G R
CCAGTTAGAGACAACTTAGGATGCGTAAGATACCTAGAATTCGGTAACGTTCCATTTACTGAAGAATTAAAGAATTATAACAGAGAAAGATTAGCTGAAAGAGCTAAATTCGAAGGAAGA
3490 3510 3530 3550 3570 3590

E VvV s F ¢ MV I DD I F AV G K G R L I G R P E N K *
GAAGTTAGCTTCCAGATGGTTATTGATGATATATTTGCAGTAGGTAAAGGAAGACTTATCGGAAGACCAGAAAATAAATAATTTATAAGACCTTGTTTATTACCACATTTAATGC TGGCA

3610 3630 3650 3670 3690 3710
bma
N / M K I vV D V¥V L € T P @G
GGAAACTGTCAGCATGGATGTGGATAAAAATATATAATAACAATTAGTTGTTAAATTTTATTAAAAAAAAAGGACAGGTCGAATAATTATGAAAATTGTTGACGTACTTTGTACACCAGGA
3730 3750 3770 3790 3810 3830

L I ¢ Fr Y F D DQ R ATI1I K K GAGUHDG?F T YTSGSTV TESGT FTQQV R Q0 K G E
TTAACTGGATTCTATTTIGATGACCAAAGAGCAATCAAAAAGGGAGCAGGACATGATGGATTTACATATACTGGCTCTACTGTAACAGAAGGATTTACTCAAGTAAGACAAAAAGGTGAA
3850 3870 3890 3910 3930 3950
Pst 1
$s I s v L LV L EDGOQUV A HGUDTCA A
TCAATATCTGTATTATTAGTTCTTGAAGATGGTCAGGTTGCTCACGGAGATTGTGCTGCAG

3970 3990 4010

nevertheless, possible to excise from pGM2 a 3.0 kbp which showed no significant homology to other protein
Pst] fragment which overlapped pGMI1 (Fig. 1) and the sequences in the database. Downstream, mutE is fol-
nucleotide sequence of mutE was obtained by sequenc- lowed by the gene encoding f-methylaspartase (bma in
ing this fragment. Fig. 2) [18] and E.N.G. Marsh, unpublished results)

The nucleotide sequence and deduced protein se- which is the next enzyme in the pathway of glutamate
quence of the mut genes are shown in Fig. 2. The genes fermentation. The 57 bp untranslated region upstream
are flanked upstream by an open reading frame (ORF1) of mutS contains an AT-rich tract of DNA with se-
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190 200 210

bma GAEINAVPVFAQSGDDRYDNVDKMIIKEADVLPHALINNVEE-KLGLKG-EKLLEYVK

fllee HE N A A A [ I I B

mutE GADLLPSTIDAYTRQNRYEECE-IGIKESEKAGRSLLNGFPGVNHGVKGCRKVLESVN

90 100 110

120 130 140

Fig. 3. Alignment of the deduced amino acid sequence of mutE and S-methylaspartase (bma). The aligned regions are G87 to N143 of mutE and
G161 to K216 of S-methylaspartase. Identical residues are denoted by ‘|’ and conserved residues by: :". The active-site serine of S-methylaspartase
is identified by *.

quence motifs corresponding to the E. coli TATAAT
promoter element. Downstream of the mutE gene is a
region of dyad symmetry which is characteristic of p-
independent transcription termination signals in clos-
tridia [19]. The intergenic regions between musS, mutL
and mutE are relatively short and do not contain recog-
nizable clostridial promoter and termination motifs
[19]. Thus it appears that all three genes are probably
transcribed as an operon, but, in the absence of RNA
transcript mapping, it is unclear whether the operon
extends to include adjacent genes.

The musS gene has been described previously [10].
The next gene, mutL, encodes a protein of 462 amino
acid residues with M, 50,171. The function of this pro-
tein is unknown; it showed no significant homology to
mutS, mutE, S-methylaspartase nor any proteins in the
SWISSPROT database. The mutE gene encodes a pro-
tein of 485 amino acid residues with M, 53,708, which
is in good agreement with the subunit molecular weight
for component E determined by SDS-PAGE and gel
filtration ([17] and E.N.G. Marsh, unpublished resuits).
Comparison of the deduced N-terminal sequence of
mutE with that obtained previously by protein sequenc-
ing [10] revealed four discrepancies. The misassignment
of W8 as L, E12 as G, R17 as A and E19 as G can all
be attributed to contamination of the sequencing sam-
ple with mutS which masked the mutE sequence at these
positions.

Comparisons of mutE with other proteins in the data-
bases failed to reveal any significant homologies, nor
were any noteworthy similarities found when mutE was
aligned with other cobalamin-binding proteins. However,
comparison of mutE with S-methylaspartase using the
FASTA program [17] did identify a region of significant
local similarity between the two (Fig. 3). Interestingly,
the alignment includes Ser-173 of f-methylaspartase,
which has been implicated in the mechanism of deami-
nation [18,20]. This suggests that these partially con-
served sequences may be involved in substrate binding.

A surprising result of our work to clone and sequence
the genes encoding glutamate mutase has been the iden-
tification of a third gene, mutL, between mutS and
mutE. Usually bacterial genes encoding subunits of the
same enzyme lie adjacent to each other on the chromo-
some and are transcribed as an operon. It is probable
that all three mut genes are transcribed together, which
strongly hints at mutL playing some role in the gluta-
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mate fermentation pathway. However, mutL is clearly
not essential to the glutamate mutase-catalyzed reaction
and its function, if any, in glutamate metabolism in CI
tetanomorphum is at present unknown.
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