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SUMMARY

T T E——

The nucleotide sequence has been determined for two genes involved in methanol oxidation in the facultative methylotroph, _i
Methylobacterium extorquens AM1. The two genes are moxF, encoding the 66-kDa subunit of the methanol dehydrogenase
and moxJ, located immediately downstream from moxF, which encodes a 30-kDa protein with unknown function. This
information completes the sequence of the 5.86-kb XkoI-Sall fragment containing the moxFJGI region in M. extorquens AM 1,

and the structure of this gene cluster is presented. Evidence is presented that moxJ is also present in Paracoccus denitrificans.
The aa sequence of MoxJ has provided little information concerning its function, but it does appear to contain a signal

sequence suggesting a periplasmic location.

INTRODUCTION

Methylotrophic bacteria grow on reduced single-carbon
compounds as sole sources of carbon and energy.
M. extorquens AM1 can utilize one-carbon compounds
such as methanol and methylamine, as well as many multi-
carbon compounds. Growth of M. extorquens AM1 on
methanol requires the periplasmic enzyme MDH to oxidize
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the substrate to formaldehyde (Anthony, 1982). The form-
aldehyde is then further oxidized to carbon dioxide, or
assimilated into cell carbon through the serine cycle
(Anthony, 1982).

Studies of the genetics of methanol oxidation in
M. extorquens AM1 have revealed that at least seventeen
genes play a role in methanol oxidation (Nunn and
Lidstrom, 1986a,b; Lidstrom, 1990: Anderson and
Lidstrom, 1988). Three of these genes encode the structural
proteins of the methanol oxidation complex: moxF encodes
the MDH large subunit, mox/ encodes the MDH small
subunit, and moxG encodes the cytochrome ¢, (the electron
acceptor of MDH) (Nunn and Lidstrom, 1986ab:
Anderson and Lidstrom, 1988; Nunn et al., 1989). moxF,
moxG and mox] have been localized to an 8.6-kb Hindlll
fragment from M. extorquens AMI1 (HindIlI-FG), along
with moxJ, encoding a 30-kDa polypeptide of unknown
function. Expression studies have shown that these four
genes are transcribed in the same direction in the order
moxF, moxJ, moxG, moxI (Anderson and Lidstrom. 1988),
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and data from TnJ insertion analysis (Nunn and Lidstrom,
1986a) suggest that these four gencs may be cotranscribed.
moxF, moxG and moxI have been identified in other
methylotrophs (Harms et al., 1987; Machlin et al., 1988,
Bastien et al., 1989) but the presence of moxJ was not
determined in these studies.

The sequences of the two downstream genes of the
moxFJGI cluster have been published (Nunn and Anthony,
1988; Nunn et al., 1989). The aim of the present study is to
determine the sequence of moxF and moxJ, which would
complete the sequence of a 5.86-kb Xhol-Sall subfragment
of HindlII-FG encoding the entire moxFJGI region.

EXPERIMENTAL AND DISCUSSION

(a) Nucleotide and protein sequence of moxF and moxJ

The nt sequence of the 4.48-kb region containing moxF,
moxJ and 1.29kb 5 to these genes was dctermined
(GenBank Accession Number M31108). Two ORFs were
identified, both transcribed in the same direction and frame
and both preceded by putative ribosome-binding sites. The
first ORF extended from nt 1290-3170, which is within the
region known to encode moxF (Anderson and Lidstrom,
1988). The translated sequence encodes 626 aa, which
would produce a polypeptide of M_ 68434. A stretch of
26 aa, previously determined to be the N terminus of mature
MDH (Nunn et al., 1989), corresponded exactly to the
sequence of residues beginning at position Asn®¥, and con-
firms this polypeptide to be the moxF product. A calculated
M_ 65795 for mature MoxF 1s slightly larger than the value
for MoxF reported in the literature (60000-64000;
Anthony, 1982).

A second ORF was located 261 bp downstream from
moxF, between nt 3232-4334, within the region known to
encode moxJ (Anderson and Lidstrom, 1988). The trans-
lated sequence for this second ORF encodes 300 aa, which
would produce a polypeptide of 32425. Assuming cleavage
at the putauive signal sequence (sce next section), the mature
polypeptide would be 275 aa in length with a M_ of 29929,
which corresponds to the observed size for MoxJ on
SDS-PAGLE gels (30000; Anderson and Lidstrom, 1988).
This, together with the ORF location, direction of tran-
scription and lack of other ORFs with ribosome-binding
sites, suggests this ORF corresponds to moxJ.

MoxF 1s known to have a periplasmic location, whereas
the cellular location of MoxJ 1s unknown. However, both
translated polypeptides contain a putative signal sequence
at the N terminus, suggesting that both MoxF and MoxJ are
periplasmic. The signal sequences are 27 aa and 25 aa in
length for MoxF and MoxJ, respectively, and exhibit a
typical Gram™ signal sequence structure (von Heijne,
1985). The cleavage site occurs after the sequence

Ala-Xxx-Ala, a feature conserved in all of the signal pep-
tides for periplasmic Mox polypeptides.

In common with other bacteria with high G + C DNA
(Machlin and Hanson, 1988; Harms et al., 1987; West and
Iglewski, 1988) a strong preference was found for G and C
in the third position for moxF and moxJ. Of the total
codons used in the four sequenced M. extorguens AM 1 mox
genes, 919, have either G or C in their third position and
some codons were never used [UUA (Leu), AUA (lle),
GUU (Val), UCU (Secr), CCU (Pro), CCA (Pro), AGA
(Arg)).

(b) Similarity comparisons

The moxF from P. denitrificans and M. organophilum XX
have previously been sequenced (Harms et al., 1987,
Machlin and Hanson, 1988). A comparison of these genes
with moxF described here reveals surprising similarities.
The encoded mature polypeptides in all three cases consist
of 599 aa, and strong conscrvation at both the aa and nt
levels is observed in the coding regions. The M. extorquens
AM 1 mature MoxF shows 76%, identity at the aa level with
the P. denitrificans mature MoxF and 969, identity at the aa
level with the M. organophilum XX mature MoxF. At the nt
sequence level, the identities are 769, and 929, respec-
tively. In addition, the PQQ-linked alcohol dehydrogenase
from Acetobacter aceti (Inoue et al., 1989) shows some
identity to the complete M. extorquens AM1 MoxF
sequence, with 309, at the aa level and 439, at the nt level.
The high similarity between moxF for the two Merhylo-
bacterium strains is surprising, since recent taxonomic
studies suggest that these two strains are distinct (Tsuji
et al., 1990) and this idca is supported by the fact that the
similarity decreases outside the coding regions. In the case
of the M. extorquens AM1 MoxF as with the other two
MoxF sequences (Harms ctal., 1987; Machlin and
Hanson, 1988), a homology scarch of GenBank and EMBL
DNA and protein sequence data bases revealed no signifi-
cant similarity to other sequences.

Although no other moxJ has been identified, the sequence
of a putative ORF immediately downstream from moxF in
P. denitrificans has been reported in a preliminary com-
munication (Harms ct al., 1989). A comparison of this
sequence with moxJ reported here shows regions of strong
identity at the aa level (Fig. 1). An apparent insertion has
occurred in the M. extorquens AM1 MoxJ between aa
26-49, but a comparison of residues 49-300 shows 139,
overall identity with one gap of a single aa. Three stretches
arc more highly conserved, with identities of 679, (aa
93-141), 58% (aa 209-239) and 569, (aa 277-300) each
with no gaps. This suggests that orf2 of P. denitrificans is the
homologue of moxJ, and that the two genes are relatively
well conserved. A search of GenBank and EMBL DNA
and protein sequence data bases revealed no significant
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Fig. I. Comparison of deduced aa sequences for MoxJ. AMI moxJ, MoxJ from M. extorquens AMI|; Pd ORF2, ORF2 from P. denitrificans.
Translation and analyses of DNA and DNA-derived polypeptide sequences were carried out using PC/Gene (Genofit SA., Geneva, Switzerland), Genepro
version 4.0 (Riverside Scientific Enterprises, Seattle, WA) and DNA-Master (California Institute of Technology, Pasadena, CA). Last digit of numbers
is aligned with corresponding aa. Identical aa are boxed. Dashes represent gaps introduced to maximize alignment.

similarity with either sequence. Therefore, although the
sequence suggests that MoxJ acts in the periplasm, its mode
of action remains unknown.

(c) Structure of the moxFJGI region

The sequence reported here overlaps that reported previ-
ously for M. extorguens AM1 moxG and moxI (EMBL
Accession Number X07856), thereby completing the
sequence for the entire 5.86-kb Xhol-Sall fragment contain-
ing all four genes. Fig. 2 summarizes the structure and

Xhol Sall

organization of this region. The four genes are closely
spaced and transcribed left to right as shown in Fig. 2, in
the order moxF, moxJ, moxG and moxI. The intergenic
regions are 261, 142 and 105 bp, respectively, and although
each contains a standard ribosome-binding-site sequence,
none contains a sequence similar to known promoters for
E.coli (Hawley and McClure, 1983), Pseudomonas
(Mermod ectal.,, 1984) or Rhodobacter (Gabellini and
Sebald, 1986) strains. TnJ insertions throughout this region
show polarity for complementation of moxF and moxG
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Fig. 2. The moxFJGI region of M. extorquens AMI. The entire 5.86-kb region shown has been sequenced [this paper (GenBank Accession Number
M31108); Nunn and Anthony, 1988; Nunn et al,, 1989 (EMBL Accession Number X07856)). Sequencing was carried out using the dideoxy chain-
termination method of Sanger et al. (1977). bp (ORF), length of ORF in bp; bp (intervening), distance between adjacent ORFs in bp; aa (total), total
number of aa encoded by ORF; aa (mature), number of aa in mature polypeptide once signal sequence is cleaved; M, (mature), molecular size of mature

polypeptides in kDa.
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mutants, suggesting that these genes are cotranscribed
(Nunn and Lidstrom, 1986a). In M. organophilum XX,
mapping data show that functionally homologous moxF.,
moxG and moxI are present and in the same order as in
M. extorquens AMI, but it is not known whether a
homologous moxJ is present (Machlin et al., 1988). Genes
moxF and mox! are apparently transcribed separately in
M. organophilum XX (Machlin and Hanson, 1988: Basticn
et al., 1989).

The 1sp for M. extorquens AM1 moxF has been mapped
tont 1121 and 1122, 168-167 bp upstream from the moxF
start codon (D. Anderson, Ph.D. Thesis, University of
Washington, 1988), and is within | bp of the corresponding
tsp in M. organophilum XX (Machlin and Hanson, 1988).
Upstream from both moxF tsp, a sequence exists at approx.
the —10 and -35 positions that has some similarity to the
E. coli consensus promoter, but expression in E. coli of
moxF from this sequence has not been observed (Machlin
and Hanson, 1988; Anderson and Lidstrom, 1988).

The conservation at the gene and multi-gene level of the
mox system noted above apparently extends to other
methylotrophs. Both type-I and type-II methanotrophs
show a similar organization for moxF and mox/ (Bastien
et al., 1989; Lidstrom, 1990), and probes for moxF hybrid-
ize to specific genome fragments in a variety of methylo-
trophs (Stephens ct al., 1988; Basticn ct al., 1989).

(d) Conclusions

(1) Gene moxF encodes a 65795-Da polypeptide. The
aa sequence is surprisingly similar to those reported for two
other MoxF.

(2) Gene moxJ encodes a 29929-Da polypeptide; the aa
sequence 1s similar to a previously unidentified ORF
(ORF2) from P. denitrificans. We suggest orf2 1s the moxJ
homologue and that MoxJ is a periplasmic protein.

(3) In M. extorquens AM1, moxF, moxJ, moxG and
mox/ are tightly clustered and are separated by intergenic
regions of 261, 142 and 105 bp, respectively. A putative
promoter region was identified approx. 180 bp upstream
from the moxF start codon.
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