
Microbiology Comment provides a
platform for readers of Microbiology to
communicate their personal observations
and opinions in a more informal way than
through the submission of papers.

Most of us feel, from time to time, that
other authors have not acknowledged the
work of our own or other groups or have
omitted to interpret important aspects of
their own data. Perhaps we have
observations that, although not sufficient
to merit a full paper, add a further
dimension to one published by others. In
other instances we may have a useful piece
of methodology that we would like to
share.

The Editors hope that readers will take full
advantage of this section and use it to raise
matters that hitherto have been confined to
a limited audience.

Christopher M. Thomas, Editor-in-chief

Models on stickiness of
replicated Escherichia coli
oriC

In a recent paper Hiraga and coworkers (10)
presented a model on Escherichia coli DNA
segregation in which duplicated oriC regions
remain stuck together during a large part
(about 60%) of the DNA replication cycle. In
a dnaC mutant this phenomenon is even more
pronounced: separation of oriC regions more
or less coincides with termination of DNA
replication. In an explanatory model (Fig. 7 in
ref. 10) the authors explicitly compare the
interpretation of their data (model 1; cohesion
model) with their interpretation of the data of
Roos et al. (8) (model 2; immediate separation
model). We wish to comment on this com-
parison.

For any reliable interpretation of the
sequential separation of gene regions, the
temporal relationship between the DNA rep-
lication period and the cell division cycle
should be known. It tells which genes (label-
ling targets) have duplicated at a particular
time or cell length. For instance, a newborn E.
coli K-12 cell does not need to start with DNA

replication. Under many experimental con-
ditions as specified below DNA replication is
already halfway when a cell is born (Fig. 1a).

In their Fig. 7 Sunako et al. (10) depict
DNA replication cycles of cells growing with
doubling times of 80, 60 and 36 min at 37 °C
(Fig. 7a, b and c, respectively). They assumed
a replication time period C of 40 min and a
division time period D (the time between
termination of DNA replication and division)
of 20 min under those growth conditions. The
above cell cycle periods are based on the
classic experiments of Helmstetter & Cooper
(4). However, those experiments had been
done with E. coli B}r grown at 37 °C, whereas
here we are concerned with E. coli K-12
strains growing at either 28 or 37 °C.

In a careful study Bipatnath et al. (1)
determined a C period of 58 min for E. coli K-
12 (strain AB1157) growing at 37 °C with a
doubling time of 54 min. This C value is
comparable to the value of 53 min which we
have determined for a K-12 culture (strain
MC4100) growing in glucose minimal me-
dium at 37 °C with a doubling time of 55 min
(Woldringh et al., unpublished data). Taking
into account the duration of the D period,
newborn K-12 cells already contain two
origins (Fig. 1a). In fact this can also be
derived from the flow-cytometric data of
Hiraga et al. (Fig. 3A in ref. 5). Their data on
cellular DNA content (85% of cells contain
two origins) of a culture growing with a
doubling time of 55 min at 37 °C are thus at
odds with the DNA replication scheme of
cells with a doubling time of 60 min as
depicted in Fig. 7B of Sunako et al. (10).
Making their comparison with the data of
Roos et al. (8) they state that our cells were
‘growing randomly in a rich medium’ with a
doubling time of 36 min (cf. Fig. 7C in ref. 10).
On the contrary, in fact the cells were grown
in glucose minimal medium at 28 °C with a
doubling time of 80 min (8) and a C period of
70 min (6). Clearly, care should be exerted
when comparing DNA replication periods
with respect to strains, growth medium and
temperature as well as published work.

What about the interpretation of FISH
(fluorescence in situ hybridization) data? We
will focus the discussion on the localization of
oriC by FISH. As documented extensively in
our work (8), newborn E. coli K-12 cells
grown with a doubling time of about 80 min

at 28 °C have replicated about 50% of their
DNA and thus contain two oriCs. In small
cells often one focus was seen asymmetrically
located in the cell (Fig. 1b), whereas in the
case of two foci they were positioned dia-
metrically opposite to each other (Fig. 1c).
Thus, cells of the same length class can have
either one oriC focus asymmetrically located
in the cell or two foci, one in each cell half (5,
7, 8). This has been interpreted to mean that
upon duplication one origin moves speedily to
the other cell half (Fig. 1d; 7). In contrast, we
have argued that lack of foci is due to limited
labelling efficiency of the FISH procedure (8).
If the cohesion model would apply, this would
mean that because single foci have an asym-
metric position in the cell, the replication
machinery is likewise asymmetrically posi-
tioned (7) and not in the cell centre as stated
most recently by Sunako et al. (10). The
supposed cohesion has another consequence.
Provided that the replicating nucleoid as a
whole separates in line with cell elongation,
while keeping a constant distance to each cell
pole (11), it follows that gene regions other
than the origin and its surroundings should
occupy cellular positions away from the sticky
origins. This requires further assessment.

To further address the question of the
initial separation of DNA regions ‘we simu-
lated FISH experiments by calculating the
theoretical intracellular positions of oriC for
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Fig. 1. DNA replication pattern and the
localization of fluorescent foci in a newborn K-12
cell (see also accompanying text). (a) Typically at
moderately slow growth (doubling times of about
55 to 85 min at 28 or 37 °C) the bacterial
chromosome is about 50 per cent replicated in a
newborn cell. oriC, origin of replication; ter,
terminus ; R, replication apparatus. (b) A
newborn cell with only one of the two oriCs
labelled (see ref. 8). (c) A newborn cell with two
oriCs labelled. (d) One of the oriCs duplicated at
the cell pole moves speedily to the opposite pole
(see ref. 7).

a population of cells and incorporating the
following factors : measurement error, res-
olution of fluorescence microscopy, the prob-
ability that an oriC region is labelled and a
normally distributed variation in the position
of oriC regions ’ (9). We have tested two
models (Fig. 2 in ref. 9). One model was the
same as the immediate separation model. The
other resembled closely the cohesion model,
that is, the duplicated origins stick together
for 50% of the DNA replication period and
duplication takes place at a prospective cell
centre (7). We have concluded: ‘The simu-
lated data of these models are very similar,
indicating that FISH is not a suitable method

to distinguish between these two models ’ (9).
Even if FISH were perfect (with respect to
labelling efficiency and cellular localization of
the probe), one should not ignore the res-
olution limit of the light microscope (about
250 nm; cf. ref. 9). The cohesion and im-
mediate separation models [models 1 and 2 in
Fig. 7 of Sunako et al. (10)], would resemble
each other closely if the practical factors
referred to above had been incorporated.

What about separation of oriC regions in
living cells when they have been labelled with
a fusion protein containing green fluorescent
protein (GFP)? It has been pointed out that
duplicated foci need a certain distance before
they become visible as two (2, 8) and that they
move apart bidirectionally at a speed that
exceeds cell elongation (2). In principle this
leaves room for ‘cohesion’ of the origins for a
short period. However, cell growth (cell
elongation) can be slowed down inGFP fusion
protein-containing cells (3). If this is not so for
DNA replication and if ‘DNA synthesis may
provide the motive force to push subsequently
replicated DNA towards the origins ’ (2) one
can envisage a discrepancy between the vel-
ocity of cell elongation and the velocity of
oriC separation. Even so, this does not answer
the question of stickiness. Presumably, a more
definite answer could be obtained if it were
possible to label origins in living cells in such
a way that cells can be grown under steady
state conditions.
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A reply to this article will be published in
Microbiology 148, part 12.

Active expression of
soluble methane
monooxygenase from
Methylosinus
trichosporium OB3b in
heterologous hosts

The soluble methane monooxygenase en-
zymes (sMMO) from the methanotrophs
Methylosinus trichosporium OB3b and
Methylococcus capsulatus (Bath) have been
intensely studied since they hold promise for
many applications including the reduction of
the greenhouse gas methane (5) and the
aerobic degradation of recalcitrant com-
pounds [the US Environmental Protection
Agency priority pollutant trichloroethylene is
degraded 50 times faster by sMMO (1, 13)].
Similar monooxygenases from this class of
bis-µ-hydroxo-bridged binuclear iron cluster
proteins have also been evolved using DNA
shuffling for the oxidation of compounds such
as naphthalene to 1-naphthol with the goal of
making synthetic chemicals while generating
less waste (2). Hence, sMMO and related
monooxygenases have been intensely studied
both in terms of their kinetics (5, 16) as well as
structure (4, 14, 17).

Unfortunately, there has been some con-
fusion in the literature about expression of
active sMMO. Recently, researchers from the
University of Warwick have published two
papers in which our expression of sMMO in
1994 was questioned. In these reports it was
mistakenly reported that sMMO had little or
no activity in Pseudomonas putida F1 (9) as
well as that active expression of sMMO had
been unsuccessful due to inactive hydroxylase
in heterologous hosts (10). These reports were
in error in that our group published two much
earlier reports of the successful expression of
active recombinant sMMO (6, 8).

We achieved (for the first time) active
expression of sMMO from mmoXYBZYC of
M. trichosporium OB3b in Pseudomonas
putida F1 (6). The pollutant trichloroethylene
was degraded at 5 nmol min−" (mg protein)−"
using whole cells and stoichiometric amounts
of chloride were generated to show active
expression of this large enzyme. Further
evidence that sMMO was expressed in active
form in P. putida F1 was obtained from our
results that P. putida F1 without the mmo
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locus was unable to degrade TCE in 43
different sets of experiments when this strain
was grown with glucose in the absence of
toluene, conditions that do not allow for
expression of toluene dioxygenase (6) ; hence,
the ability to degrade TCE was from the
expression of active sMMO in this strain.
Further, P. putida F1 is unable to degrade
chloroform even under conditions that ex-
press its toluene dioxygenase (3, 6, 11) but
when the mmo genes were expressed in this
host, the recombinant strain degraded chloro-
form as a result of active expression of sMMO
as shown by disappearance of the original
compound and stoichiometric accumulation
of the final product chloride (6). Therefore,
active sMMO was shown in whole cells using
trichloroethylene and chloroform assays, and
copper repression of the mmo locus was
eliminated cloning under the control of the
tac promoter.

sMMO activity was also shown to occur
in whole cells of Agrobacterium tumefaciens
A114 and in Rhizobium meliloti 102F34 so the
existence of at least three different non-
methanotroph hosts with active sMMO ex-
pression were shown by 1996 (8). In this
second report, crude cell extracts were also
shown to have measurable in vitro sMMO
activity using a propene assay (although
comparisons of the crude extracts of the
recombinant strain with purified sMMO com-
ponents makes direct comparisons unreli-
able). In addition, increasing the dilution rate
of chemostats increased sMMO activity in the
recombinant strains (8). It is regrettable that it
was reported in 1999 that there was only
negligible sMMO activity as evidenced by the
propene assay (10). Therefore, the report by
University of Warwick group in 1999 was
really the third report of expression of active
sMMO. In both our initial reports, it was
made clear that the sMMO activity was not as
robust as that of sMMO activity in the
methanotrophic host. However, the active
expression was conclusive and reproducible.

It was also published in 1996 that copper
ions affect both the reductase as well as the
hydroxylase activity (7). So copper affects the
expression of sMMO in methanotrophs by
inhibiting transcription (12) as well as by
inactivating existing sMMO.

To date, no one has achieved expression of
active sMMO (i.e., active hydroxylase sub-
unit) in Escherichia coli and even expression
in methanotrophs has been problematic (9).
However, there is compelling evidence that
this enzyme should be able to be expressed in
E. coli (perhaps if the hydroxylase is mutated
since the other components are active). Be-
yond the published expression of active
sMMO in Agrobacterium, Rhizobium and
Pseudomonas strains, there are numerous
reports of robust expression in E. coli of
similar monooxygenases that are also ex-
pressed from six genes and contain bis-µ-
hydroxo-bridged binuclear iron clusters (2,

15, 18). Therefore, it does not appear that a
necessary gene is missing that is responsible
for sMMO activity in E. coli. Perhaps directed
evolution will lead to even more robust
sMMO activity and breakthroughs in the
understanding of how this particular enzyme
efficiently cleaves the carbon-hydrogen bond
of methane.
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Expression of soluble
methane monooxygenase
genes

In a paper entitled ‘Homologous expression
of soluble methane monooxygenase genes in
Methylosinus trichosporium OB3b’ (3) we
failed to mention two papers which had, prior
to that publication, reported for the first time
the expression of the genes encoding the
soluble methane monooxygenase (sMMO)
gene cluster in Pseudomonas putida and other
Gram negative bacteria. In the first paper (1)
the sMMO gene cluster from Methylosinus
trichosporium OB3b was expressed on a
broad host range plasmid in P. putida and
trichloroethylene (TCE) degradation rates
[V

max
¯ 5 nmol min−" (mg protein)−"] by the

recombinant strain were reported. The second
paper (2) described the optimization of
sMMO activity in P. putida and expression of
sMMO genes in Rhizobium meliloti and
Agrobacterium tumefaciens. Under optimum
conditions TCE degradation by a recombi-
nant P. putida containing sMMO genes was
6–8 µM TCE degraded in 5 h using 5 ml
resting cells of an OD

'!!
¯ 2 (C 2±5 mg dry

cell wt).
The Lloyd et al. paper (3) described

expression of sMMO genes from M. tricho-
sporium OB3b in an sMMO-deletion strain of
M. trichosporium. This system for the hom-
ologous expression of sMMO genes yielded
cell-free extracts with specific activities of
140 nmol min−" (mg protein)−" for sMMO
when assayed using the conversion of pro-
pylene to propylene oxide (a standard sMMO
assay used in many laboratories). This specific
activity was over threefold higher than ob-
served in cell-free extracts of wild-type M.
trichosporium OB3b. Because this activity
was so much higher than observed in the
heterologous system described by the Wood
laboratory and because in fact the systems
were so different, we were unsure whether it
was appropriate to cite this prior work. We
realize that this was a mistake.

Recent work in our laboratory has given
more of an insight into why only relatively
low activities of sMMO are obtained when
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Fig. 1. Phylogenetic trees showing evolutionary relationships among Mesorhizobium strains for five
partial gene sequences : 16S rrn (606–1420 bp, gaps ignored in pair-wise comparisons), glnA (936 bp),
glnII (828 bp), recA (440 bp) and nodA (470 bp). Sequences labelled A1–4 (strains HN8A1, ZJ15B7,
JX2B5 and JS5A15) and B1–3 (HB5A4, HN14A16 and HN15B23) are from isolates that nodulate
Astragalus sinicus (7), MAFF 303099 indicates sequences taken from the published genome sequence.
These sequences were amplified and sequenced according to the methods described in and compared to
the corresponding sequences of Mesorhizobium type strains described in: ref. 2 for 16S rrn and recA ;
ref. 5 for glnA and glnII and ref. 7 for nodA. All trees were calculated using PAUP* (version 4.0b10;
http:}}paup.csit.fsu.edu}) using the neighbour-joining algorithm with the HKY model. Trees were
rooted using the corresponding Sinorhizobium meliloti sequence (not shown on trees). Bootstrap
percentages shown on each branch were estimated from 1000 replicates. New sequences for the A.
sinicus isolates have been deposited in the databases under accession numbers AJ459585–AJ459605.

sMMO genes are expressed in heterologous
hosts. We have recently identified a groEL
gene located 5« of the mmoX gene cluster in
M. trichosporium OB3b which, when muta-
ted, results in a mutant with an sMMO-minus
phenotype (Murrell et al., unpublished obser-
vations). This groEL, which is not present on
the sMMO gene cluster constructs used in
experiments by Wood and colleagues (1, 2),
may be essential for the correct assembly of
the sMMO or sMMO regulatory proteins,
which could account for the high level expres-
sion of sMMO in the homologous host since
this groEL is present both on the chromo-
some of M. trichosporium OB3b and on the
expression plasmid used (3).
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What does a bacterial
genome sequence
represent? Mis-
assignment of MAFF
303099 to the genospecies
Mesorhizobium loti

Doolittle (1) recently discussed the potential
and limitations of bacterial genome sequen-
cing, and emphasized the importance of
lateral gene transfers in bacterial adaptation,
e.g. to become pathogens. The transferable
genes, or ‘accessory genome’, should com-
prise genes that are advantageous intermit-
tently and are not uniformly distributed
among individuals of a species, though they
may be shared between species. The import-
ant phenotypes that they encode are often of
economic interest to medicine, e.g. patho-
genicity islands and antibiotic resistance, and
agriculture, e.g. symbiotic nitrogen fixation
by rhizobia in association with plant roots.
Such traits are sometimes used to identify
bacteria, but this can lead to an ‘ identity
crisis ’. This is illustrated by the largest
genome that Doolittle (1) discusses, that of a

strain of rhizobia (MAFF 303099) isolated
from a Lotus corniculatus root nodule. The
strain was identified as Mesorhizobium loti
but we suggest, based on phylogeny, that it
belongs to a different species : Mesorhizobium
huakuii biovar loti. Host-range variants in
rhizobia are generally called ‘biovars ’, in
which the chromosome type (basic genome)
defines the species and the symbiosis type
(accessory genome) the biovar. MAFF 303099
differs considerably from the M. loti type
strain at four chromosomal loci (rrn, glnA,
glnII, recA ; Fig. 1) and more resembles the
type strain of M. huakuii (every bacterial
species is defined by similarity to a single
representative, the ‘ type strain ’).

The affiliation with M. huakuii is par-
ticularly striking for glutamine synthetase II
(glnII), as MAFF 303099 shares a distinctive
sequence thought to have been acquired by
the ancestor of the M. huakuii lineage through
lateral gene transfer from a Rhizobium-like
species (5). We found this same glnII signature
in four strains representing the dominant

(" 96%) chromosomal type (6) among 204
isolates from Astragalus sinicus, the typical
host of M. huakuii (type A1–4 in Fig. 1).
Three strains representing the remaining
genotypic diversity belong to a different lin-
eage (type B1–3 in Fig. 1). We conclude that
CCBAU 2609T is truly representative of M.
huakuii, and that MAFF 303099 belongs to
this species.

In contrast, MAFF 303099 has symbiosis
genes (represented here by nodA) that are
most similar to those of otherLotus symbionts
(Fig. 1). Symbiosis genes are mobile, being
usually found on plasmids or transmissible
genetic islands. All A. sinicus symbionts
screened to date have identical nodA se-
quences (7), indicating relatively recent (in
evolutionary time) transfer of their symbiosis
genes between species. More directly, Sullivan
et al. (4) detected transfer of the genes for
nodulation of Lotus from an inoculant strain
into several different chromosomal back-
grounds within four years.

Lateral gene transfer thus shapes the bac-
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Fig. 1. (a) Structure of lysylphosphatidylglycerol (L-PG). The -lysine is shown in grey. (b) L-PG-
mediated resistance against CAMPs is based on electrostatic repulsion from the bacterial membrane.
Modified with permission from (4). (c) Production of L-PG by Bacillus subtilis (lane 1) Staphylococcus
aureus (lane 3) and an S. aureus mprF mutant (lane 2). Polar lipids were prepared, separated by TLC
and stained with ninhydrin as described recently (5).

terial genome on two different time scales.
The transfer of glnII from Rhizobium to
Mesorhizobium was apparently a single, rare
event, since other basic ‘housekeeping’ genes
generally share a consistent phylogeny (2, 5).
By contrast, the accessory genome, here repre-
sented by symbiosis genes, undergoes detect-
able transfers within and between species.
Accessory DNA makes up 10–25% of the
DNA in the three rhizobial genomes se-
quenced so far [M. loti (NCj002678), Sino-
rhizobium meliloti (NCj003047) and Agro-
bacterium tumefaciens (NCj003305)].

Sequencing an individual bacterial genome
will provide a clear picture of the basic
genome of the species, but only an arbitrary
‘snapshot ’ of that part of the accessory gene
pool that happens to be in the chosen isolate.
When genome sequences are available from
more than one strain of a species, e.g.
Escherichia coli, we see clearly that they differ
in their complement of accessory genes (3), so
that a single strain does not adequately
represent the whole species. Characterizing
and sequencing more than one member of a
species is therefore important, since this will
define the common core of genes which
defines the species. It will also allow identi-
fication of the associated accessory gene pool
that provides a species with its adaptations to
different niches and determines the variety of
key properties such as symbioses or diseases
with which the species is associated (1).
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MprF-mediated lysinylation
of phospholipids in Bacillus
subtilis – protection
against bacteriocins in
terrestrial habitats?

A common strategy for organisms to inhibit
bacteria is the production of antimicrobial
peptides that damage bacterial membranes

and that usually have cationic properties to
enable efficient interactions with the anionic
polymers in bacterial cell envelopes. Such
cationic antimicrobial peptides (CAMPs) are
produced by the innate immune systems of
humans, animals and plants (e.g. defensins)
(7) and many of the bacterial bacteriocins
belong to the same class of molecules (3).

The recently described bacterial mechan-
isms protecting against a wide range of
CAMPs may be beneficial in many kinds of
environments. Most of these mechanisms
involve modulations of the net charge in the
bacterial cell envelope to reduce accumulation
of cationic peptides (4). Modification of
teichoic acids with positively charged -
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alanine (6) and of lipid A with cationic
aminoarabinose (2) in Gram-positive and
Gram-negative bacteria, respectively, has
been reported. Moreover, members of both
bacterial groups modify anionic phospho-
lipids of the cytoplasmic membrane with -
lysine, which counteracts the binding and
damage of membrane integrity by CAMPs
(Fig. 1a, b) (5). The mprF gene responsible for
synthesis of lysylphosphatidylglycerol (L-PG)
in Staphylococcus aureus has recently been
identified. It encodes a large membrane pro-
tein without similarity to proteins of known
function (5). mprF-related genes occur in the
genomes of several human, animal and plant
pathogens, where they are assumed to play
similar roles in protecting against CAMPs.

Analysis of the Bacillus subtilis genome
sequence revealed two adjacent and over-
lapping genes, yfiW and yfiX, whose products
are 52 and 57% similar to the N- and C-
terminal portions of MprF, respectively. We
hypothesized that the apparent separation
into two genes may be a result of sequencing
ambiguities and resequenced the region of
DNA covering the overlapping section of the
two genes in B. subtilis type strain ATCC
6051 (Marburg strain). We found one mis-
identified cytidine nucleotide at position
916935. Its deletion from the sequence led to
the fusion of yfiW and yfiX, thereby creating
a virtually intact mprF homologue. Moreover,
B. subtilis ATCC 6051 produces L-PG (Fig.
1c), which is in accordance with reports from
the 1960s on the presence of lysine-containing
lipids in B. subtilis (1).

Bacillus strains are known to produce a
great variety of CAMP-like bacteriocins, such
as lantibiotics and lipopeptides (3), probably
as a means to limit the growth of other soil
organisms. L-PG likely protects B. subtilis
against its own CAMPs and against those
produced by competing microorganisms.
Moreover, we identified mprF-related genes
in the genomes of many other soil micro-
organisms, such as streptomycetes, pseudo-
monads, listerias, mycobacteria and even in
the archaeon Methanosarcina barkeri. In soil
inhabitants occasionally causing infections in
humans, such as Bacillus anthracis, Clostri-
dium perfringens, Listeria monocytogenes,
Pseudomonas aeruginosa and Mycobacter-
ium bovis the mprF homologues may play an
additional role in the ability to infect human
tissues. These data may stimulate studies on
the ecological role of bacteriocins and bac-
terial countermeasures and lead to a better
understanding of the microbial battles taking
place in densely colonized habitats.
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Genotypic vs. phenotypic
biodiversity in Lactococcus
lactis

The recent comment article by Panoff et al. (4)
raises interesting aspects of the taxonomy and
ecology of Lactococcus lactis, best known for
its role as a starter culture in the production of
diverse dairy products. The taxonomic struc-
ture of L. lactis is unusual (5). Genotypically
the species is divided into two subspecies (L.
lactis subsp. lactis and L. lactis subsp. cre-
moris) based on the sequence of the 16S rRNA
genes, which differ by 9–10 bp in the V1
region (7). Historically, three industrially
significant phenotypes (lactis, cremoris and
diacetylactis) have been recognized. Differen-
tiation of the cremoris and lactis phenotypes
is generally based on a few characteristics
(production of ammonia from arginine,
growth temperature and salt tolerance), while
strains of L. lactis subsp. lactis biovar dia-
cetylactis are characterized by their ability to
metabolize citrate. Curiously, the genotypic
and phenotypic results do not completely
correspond, so that strains may have a lactis
genotype with a cremoris phenotype and vice
versa (5, 6).

We have used pulsed-field gel electro-
phoresis of SmaI and I-CeuI digests of geno-
mic DNA to examine the genetic diversity of
approximately 500 L. lactis strains including
wild-type lactococci and starter strains used
for different purposes in the dairy industry,
and have classified these strains as follows:

[1] L. lactis subsp. lactis (lactis phenotype).
The most common group, found in a wide
variety of environments and showing con-
siderable metabolic diversity. Some strains
are used as dairy starter cultures, and dairy
isolates have adapted to growth in milk by
acquisition of plasmids or other mobile gen-
etic elements. Similar mobile genetic elements

are also found in strains isolated from plant
environments (1).

[2] L. lactis subsp. lactis (diacetylactis
phenotype). This group is distinguished be-
cause of their ability to metabolize citrate to
give the important flavour compound dia-
cetyl. The genetics of this process are complex
as most of the citrate-metabolizing genes are
chromosomal while the necessary permease is
plasmid encoded. They are commonly used as
dairy starters but appear to occur rarely in the
environment. There is evidence that environ-
mental citrate-utilizing strains lack the citrate
permease plasmid and use a different mech-
anism for citrate uptake (2). We have found
that almost all of the industrially used strains
are related but showa variety of chromosomal
insertions and deletions. The widely studied
and sequenced strain IL1403 belongs to this
group as its parent strain (CNRZ157) is able
to metabolize citrate because of the presence
of the citrate permease plasmid.

[3] L. lactis subsp. lactis (cremoris pheno-
type). Strains of this type occur rarely and
require genotypic analysis to differentiate
them from strains of the cremoris subspecies.

[4] L. lactis subsp. cremoris (lactis pheno-
type). Strains of this type are found commonly
but in low numbers in dairy and plant
environments, but require genotypic analysis
to differentiate them from strains of subsp.
lactis. This group is of significance as it
includes strain MG1363 which has been used
for much of the biochemical and genetic
research on L. lactis.

[5] L. lactis subsp. cremoris (cremoris
phenotype). These are widely used as dairy
starters and are recognized as the best cultures
for Cheddar cheese manufacture (6). These
strains appear totally adapted to the dairy
environment and do not survive outside it.
Genetic methods for these strains are not well
developed, and they are frequently genetically
unstable. PFGE analysis of starter cultures
separates them into a small number of groups
of related strains.

Consequently, we disagree with the state-
ment that L. lactis subsp. cremoris is growing
scarce or has an undefined original habitat (4).
It is strains with the cremoris phenotype that
are difficult to find in the wild. The reason for
this may be that this phenotype has arisen as
an adaptation to the milk environment in
strains with a long history of use as starter
cultures. Knowledge of the genetic basis for
the cremoris phenotype, in particular the
genes for arginine metabolism, is required to
understand why these strains behave as they
do. Absence of arginine metabolism could
result from the genes for the arginine deimin-
ase pathway being missing or inactivated in
these strains. Alternatively, the gene for car-
bamoyl-phosphate synthetase may be missing
or inactive, as is the case in Lactobacillus
delbrueckii subsp. lactis (3) where arginine is
required for pyrimidine synthesis, rather than
ATP production.
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In conclusion, Lactococcus lactis consists
of two subspecies which occupy similar envi-
ronments, although genotypic lactis strains
appear to be more prevalent. Wild type strains
of both subspecies show the lactis phenotype,
while the cremoris and diacetylactis pheno-
types are mainly found in dairy starter cul-
tures. The majority of strains used as dairy
starters can be grouped into a small number
of genetic lineages, and are not representative
of the diversity found in Lactococcus lactis as
a whole.
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