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The nucleotide sequence of a 17.2-kb chromosomal DNA fragment containing the odc gene encoding orni-
thine decarboxylase has been determined in the putrescine producer Oenococcus oeni RM83. This DNA
fragment contains 13 open reading frames, including genes coding for five transposases and two phage
proteins. This description might represent the first evidence of a horizontal gene transfer event as the origin
of a biogenic amine biosynthetic locus.

Wines are highly selective media and support the growth of
only a few species of lactic acid bacteria, mainly, Oenococcus
oeni and several lactobacilli. O. oeni is often responsible for
wine malolactic fermentation and is frequently utilized as a
starter culture to promote malolactic conversion.

In acidic media like wine, decarboxylation of amino acids to
their corresponding amines is thought to provide energy
through electrogenic transport as well as assist in maintaining
an optimal internal pH (11). Some of these amines are con-
sidered “biogenic” and may cause intoxication when con-
sumed. The biogenic amine putrescine, which can potentiate
the action of histamine, is the most prevalent amine in wine
and is found in almost all analyzed wines (12, 15).

Biogenic amines are formed primarily by decarboxylation of
the corresponding amino acids by microorganisms through
substrate-specific decarboxylases. The capability of biogenic
amine production appears to be strain dependent rather than
species specific. Previously, we reported the identification of
the odc gene in the putrescine producer O. oeni RM83 (for-
merly O. oeni BIFI-83) for the first time (14). The odc gene
encodes a deduced 745-amino-acid putative ornithine decar-
boxylase (ODC) (EC 4.1.1.17) which catalyzes the conversion
of ornithine to putrescine. The odc gene is seldom present in
the O. oeni genome, as it has not been detected in a screen of
42 O. oeni strains tested to date (14). Moreover, in silico
analysis of the draft O. oeni PSU-1 genome did not reveal the
presence of any odc homologs (16).

Recently, Lucas et al. described that the potential for pro-
ducing histamine in Lactobacillus hilgardii 0006 is encoded on
an unstable 80-kb plasmid (13); the authors further suggested
that it is very likely that the histamine producer Tetragenococ-
cus muriaticus and O. oeni 9204 harbor the same plasmid (13).
However, the localization of the odc gene in O. oeni RM83
remains unknown.

This study was undertaken to gain deeper insight into the
origin of putrescine production in O. oeni RM83. Additionally,

O. oeni RM83 ODC was expressed in Escherichia coli and
biochemically characterized.

Genetic location of the odc locus in O. oeni RM83. The
putrescine producer O. oeni RM83, formerly O. oeni BIFI-83,
was previously isolated from lees of a Spanish red wine (14).
Putrescine production by O. oeni RM83 was maintained with-
out ornithine pressure, suggesting that the odc locus was stable.
To determine if O. oeni RM83 harbored any plasmids, total
DNA was extracted and analyzed by standard agarose gel elec-
trophoresis (19). This assay revealed the absence of small plas-
mids in O. oeni RM83 (data not shown). Subsequently, native
total DNA was embedded in agarose plugs and analyzed by
pulsed-field gel electrophoresis as described previously (1).
Again, plasmids were not detected. Moreover, Southern hy-
bridization with a 1.4-kb DNA probe targeted to an internal
odc fragment (14) yielded a positive signal only in the chro-
mosomal DNA (data not shown). Therefore, it was concluded
that odc in O. oeni RM83 is located on the chromosome.

Characterization of the odc region in O. oeni RM83. Since (i)
in silico analysis of the O. oeni PSU-1 draft genome did not
reveal the presence of an odc gene (16), (ii) the presence of the
odc gene appears to be infrequent in the O. oeni genome (14),
and (iii) the odc gene is chromosomally located in O. oeni
RM83, we decided to identify the chromosomal DNA region
involved in putrescine production in O. oeni RM83. The
17.2-kb sequence flanking the previously described 2.3-kb odc
region was determined earlier (14). This sequence was ascer-
tained by creating a phage library of O. oeni RM83 genomic
DNA and by several inverse PCR experiments.

To construct the O. oeni RM83 DNA library, chromosomal
DNA was partially digested with Sau3AI restriction enzyme
and ligated to the ZAP Express vector (Stratagene, La Jolla,
CA) digested with BamHI. The screening of the library using
the 1.4-kb internal odc DNA fragment as a probe yielded five
positive clones. Since the inserts of three of them were in-
cluded in pAM4 and pAM8, only these plasmids were se-
quenced (Fig. 1). A 10,891-bp O. oeni RM83 DNA fragment
was sequenced from the pAM4 and pAM8 plasmids. Two
successive reverse PCR experiments, utilizing SnaBI and
EcoRV, allowed us to sequence the 5� end of the fragment
(Fig. 1). Similarly, a reverse PCR experiment using SpeI al-
lowed for the sequencing of the total 17,270-bp EcoRV-SpeI
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chromosomal DNA fragment surrounding the O. oeni RM83
odc gene (Fig. 1).

Sequence analysis of this DNA fragment showed the pres-
ence of 11 complete (albeit some interrupted) and 2 partial
open reading frames (ORFs) in the odc region (Fig. 1; Table
1). Two interesting features were observed: the presence of
two putative phage proteins and the presence of five trans-
posase-coding genes. The first incomplete ORF (orf1) is pre-
dicted to code for a protein showing the highest similarity
(�30% identity) to Streptococcus thermophilus bacteriophage
proteins. Notably, it has been reported previously that the
genomes of currently characterized S. thermophilus phages ex-
hibit homology to each other in a modular fashion (2). Fur-
thermore, orf2 is predicted to encode a protein similar to a
DNA replication protein from an Enterococcus faecalis pro-
phage. The O. oeni PSU-1 draft genome does not contain any
intact temperate bacteriophage or larger tracts of obvious bac-
teriophage origin, although several prophage integration sites
have been found previously (16).

Contiguous to and divergently transcribed from orf2, we
found a variant copy of the insertion sequence (IS) IS1165
(99% nucleotide identity) (10). The existence of two additional
copies of IS1165, at positions 3121 to 4675 and 12879 to
14433/c (“/c” indicates that the sequence corresponds to the
strand complementary to that included in the EMBL/GenBank
database), was observed. All three of the IS1165 copies are
identical and contain the canonical terminal inverted repeats.
Although IS1165 was originally described for Leuconostoc mes-
enteroides subsp. cremoris, copies of this IS have been described
for other lactic acid bacteria, such as Leuconostoc lactis, O.
oeni, Pediococcus sp., Lactobacillus helveticus, and Lactobacil-
lus casei (10).

Upstream of orf4, there is an 876-bp region that might cor-
respond to an insertion sequence-like element on the basis of
sequence similarity (58.5% nucleotide identity to a Lactobacil-
lus plantarum transposase). Almost-perfect 17-bp inverted re-
peats were found at positions 6124 to 6140 and 6984 to 7000.
Another IS, a copy of ISLpl4, is found 722 nucleotides further
upstream (4).

The odc gene is located downstream of ISLpl4. The ODC
protein is predicted to possess 745 amino acid residues, includ-
ing conserved residues involved in enzymatic activity as well as
the consensus sequence containing the pyridoxal-5-phosphate
binding domain (14). The highest sequence identity (67%) was
found between O. oeni and Lactobacillus sp. strain 30a (Table
1). Surprisingly, O. oeni RM83 ODC showed lower identity
with similar proteins found in other members of the lactic acid
bacteria (49% with Lactobacillus johnsonii and Lactobacillus
acidophilus) than with enzymes from unrelated microorgan-
isms, such as Haemophilus influenzae (64%), Pasteurella mul-
tocida (64%), and E. coli (58%) (14).

The next identified ORF is a putative potE gene. It encodes
a 441-amino-acid, 47.6-kDa protein showing 67% identity to
the putrescine-ornithine antiporter (PotE) from Haemophilus
influenzae and 66% to PotE proteins from some Enterobacte-
riaceae. Unexpectedly, O. oeni PotE only shows a 14% identity
to amino acid transporters from lactic acid bacteria (data not
shown). PotE can catalyze both the uptake and the excretion of
putrescine (8).

Functional expression of the odc gene from O. oeni RM83.
To confirm that the odc gene from O. oeni RM83 encodes a
functional ODC, we expressed this gene in E. coli HT414
(CGSC strain 6856), as this strain is defective for ODC activity
(20). First, the gene was PCR amplified from O. oeni RM83
DNA by using Pfu DNA polymerase (Stratagene, La Jolla,
CA) and oligonucleotides PIN-ODC-up (5�-GGAACTCTAG
AGGGTATTAATAATGGATAGCGAAATAAATGATGA
TTC) and PIN-ODC-down (5�-CGCATTGCGTTCACGTCG
TTGCTCAATTATCATCTTTTTTCTTCATCTTTTGAC).
The purified PCR fragment was inserted into pIN-III(lppp-
5)A3 (9) by using a strategy described by Geiser et al. (7).

Cell extracts for the ODC enzymatic assay were obtained
from E. coli HT414 cells harboring the control plasmid pIN-
III(lppp-5)A3 or the recombinant plasmid pAM11 as previ-
ously described (18). The ODC assay was performed in 50 mM
sodium phosphate buffer (pH 6.5) in the presence of 3.6 mM
ornithine and 0.4 mM pyridoxal-5-phosphate. The reaction
mixture was incubated at 37°C for 1 h. Subsequently, the pu-

FIG. 1. Genetic organization of the O. oeni RM83 17.2-kb DNA region containing the odc gene. Thick and thin arrows represent complete and
interrupted ORFs, respectively. The locations of putative promoters (vertical bent arrow) and predicted transcriptional terminator regions (ball
and stick) are indicated. Some of the plasmids used in this study are indicated, as are relevant restriction sites: E, EcoRV; S, Sau3AI; Sp, SpeI;
Sn, SnaBI. Only some of the corresponding restriction sites present in this fragment are represented.
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trescine formed in the reaction mixture was derivatized and
detected by thin-layer chromatography (6) and by reverse-
phase high-pressure liquid chromatography (14). Extracts from
the strains harboring pAM11 were able to decarboxylate the
supplied ornithine to putrescine, whereas extracts prepared
from control cells containing the vector plasmid alone did not
(Fig. 2). Therefore, we have provided experimental evidence
that the odc gene encodes a functional ODC.

Recombination as origin of the odc region in O. oeni RM83.
A careful comparison of nucleotide positions 15271 to 17270
(2 kb) of the sequenced O. oeni RM83 DNA fragment with
positions 60644 to 62643 of the draft genome sequence of O.
oeni PSU-1, GenBank accession number NZ_AABJ03000005,
reveals three distinct regions based on their nucleotide se-
quence identity (Fig. 3). The leftmost 649 nucleotides of both
sequences showed 47% nucleotide identity, the next 827 nucleo-
tides were 61.5% identical between RM83 and PSU-1, and the
rightmost 524 nucleotide residues exhibited perfect identity
between both strains.

The proteins encoded by these 2-kb sequences are remark-
able as well. From nucleotide position 61293, O. oeni PSU-1
encodes a 156-residue protein, Ooen02001059, annotated as
a carbamoyl phosphate synthase, and Ooen02001060, a 631-
amino-acid hypothetical protein (Fig. 3). This hypothetical
protein contains an N-terminal putative signal peptide extend-

FIG. 2. Putrescine production by soluble cell extracts of IPTG (iso-
propyl-�-D-thiogalactopyranoside)-induced cultures of E. coli HT414
harboring pAM11. The putrescine produced during the enzymatic
reaction was subjected to an automatic precolumn derivatization with
o-ophthaldialdehyde prior to injection. Putrescine was determined by
reverse-phase high-pressure liquid chromatography as previously de-
scribed (14). (A) Results from reaction with E. coli HT414 bearing the
control pIN-III(lppp-5)A3 plasmid. (B) Results from reaction with E.
coli HT414 bearing the recombinant pAM11 plasmid.
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ing to amino acid 33, followed by five GW domains and a
130-amino-acid C-terminal end containing a MucBP (mucin-
binding protein) domain (Fig. 3). GW and MucBP domains are
found in bacterial cell wall bound proteins. Some putative
surface proteins bind the bacterial surface by way of noncova-
lent interactions mediated by their C-terminal GW domains.
These �80-amino-acid-long domains contain the dipeptide
Gly-Trp (GW modules). The MucBP domains consist of se-
quences of around 50 residues in length found in bacterial
peptidoglycan bound proteins.

It is noteworthy that orf7 in O. oeni RM83 appears to be a
chimeric protein originating from the fusion of a gene encod-
ing a protein 50% identical to the O. oeni PSU-1 putative
carbamoyl phosphate synthase (Ooen02002059) and a gene
encoding a protein 55% identical on its MucBP domain to the
PSU-1 hypothetical protein (Ooen02002060). Taking into ac-
count that GW and MucBP domains are found in a variety of
bacterial proteins, it is possible that the unknown donor pro-
tein could have domains encoded by DNA regions showing

high nucleotide similarity with the corresponding O. oeni re-
gions. This similarity could facilitate the crossover between this
unknown donor DNA and O. oeni chromosomal DNA. Upon
examination of regions of maximal identity, the crossover point
appears to reside at nucleotide position 16747 of the O. oeni
RM83 sequence described in this work and position 62120 of O.
oeni PSU-1 (GenBank accession number NZ_AABJ03000005).
This recombination site is located in the junction of the
MucBP domain and the first GW domain. Interestingly, in O.
oeni PSU-1 the gene coding for the hypothetical protein
Ooen02001060 is found less than 5 kb downstream of the gene
recP, coding for a transketolase. Recently, de las Rivas et al.
described for the recP locus a possible example of a recombi-
natorial event from an unknown source (3). The description of
two recombinatorial events in the same DNA region indicates
a region of great flexibility in the O. oeni chromosome, as
described recently for L. plantarum (17).

It is now understood that horizontal gene transfer provides
an important mechanism for generating genotypic and pheno-
typic diversity in bacteria. This phenomenon has been studied
extensively in relation to bacterial adaptability or fitness under
certain growth conditions. Accordingly, it has been reported
widely that adaptability traits can be encoded by mobile ge-
netic elements. Genomic islands (GI) are clusters of chromo-
somal genes that have been described as horizontally acquired
DNA regions (5). They often possess genes (or pseudogenes)
coding for mobility-related elements, such as phage genes,
insertion sequences, transposases, and origins of replication. A
typical GI carries genes encoding traits that may increase bac-
terial adaptability under certain growth conditions. All of these
observations taken together suggest that the 16.7-kb O. oeni
RM83-specific DNA may be a fragment of a GI transferred by
horizontal gene transfer.

Nucleotide sequence accession number. The DNA sequence
of the O. oeni RM83 odc region has been deposited in the
EMBL/GenBank database under accession number AJ746165.
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