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Molecular taxonomy of Gram-positive moderately halophilic cocci

A. Ventosa
Department of Microbiology and Parasitology, Faculty of Pharmacy, University of Seville, E-41012 Seville (Spain)

Abstract. The Gram-positive moderately halophilic cocci validly described up to date are Micrococcus halobius,
Sporosarcina halophila, Marinococcus halophilus, Marinococcus albus, Marinococcus hispanicus, and the recently
proposed Salinicoccus roseus. Our chemotaxonomic studies on these bacteria have revealed that Marinococcus
hispanicus should be placed in the genus Salinicoccus. DNA-DNA hybridization studies showed that this species
should be considered as a separate species of S. roseus. Thus, we have proposed transferring it to the genus
Salinicoccus, as S. hispanicus. Besides, phenotypic and chemotaxonomic features of the culture collection moderate
halophiles Micrococcus sp. strains CCM 168 and CCM 1405 indicate that they should be included in the species

Safinicoccus roseus. The description of this species was based only on one strain.
Key words. Moderate halophiles; taxonomy; Salinicoccus roseus; Marinococcus hispanicus.

Introduction

Moderately halophilic bacteria are microorganisms able -

to grow optimally in media containing 0.5-2.5M
(about 3-15%) salt*’. The wide range of salinity in
which they grow optimally make evident that they are
well adapted to very diverse saline habitats, including
hypersaline lakes (as for example the Dead Sea, the
Great Salt Lake, Wadi Natrun, Lake Magadi or the
hypersaline lakes in the Antarctica)'®-1319.3842.43,
marine and inland salterns, utilized for the production
of salt by evaporation of seawater or saline water®®°,
salt mines'’, saline soils***® and, although in low pro-
portions, seawater®'. Traditionally, they have been iso-
lated from salted foods, specially salted fishes and
meats'>43,

The aspects that attracted the interest of researchers
were mainly those related to their physiological adapta-
tion to highly saline concentrations®'. Their ecology and
distribution have also been studied although in a very
limited number of habitats'*!*38, With respect to their
taxonomic distribution, moderately halophilic bacteria
are a very heterogeneous physiological group of mi-
croorganisms that include a great variety of species
belonging both to the Archaea and the Bacteria. In the
Approved Lists of Bacterial Names*!, only six moder-
ately halophilic bacteria were included as valid species:
Flavobacterium  halmephilum, Micrococcus halobius,
Paracoccus  halodenitrificans, Planococcus halophilus,
Spirochaeta halophila and Vibrio costicola. However, the
extensive studies carried out by researchers during the
last decade have led to the description of many new
species and genera isolated from very different hypersa-
line habitats. Table 1 presents the validly described
bacterial species belonging to the moderately halophilic
category. Besides, two families have been proposed:
Halomonadaceae, in order to accommodate the species
belonging to the genera Halomonas and Deleya'!,

and the family Haloanaerobiaceae, which includes the
species belonging to Haloanaerobium, Halobacteroides,
Sporohalobacter and the recently proposed Haloin-
cola’®*. Tt is noteworthy that these families were pro-
posed with a phylogenetic criterion, based on the
comparison of I6S rRNA oligonucleotide catalogues.
With respect to the Gram-positive moderately
halophilic cocci, until recently only three species were
accepted: Micrococcus halobius, isolated from salt sam-
ples®’, Planococcus halophilus, from salted mackerel®
and Sporosarcina halophila, a sporeforming motile coc-
cus isolated from salt marsh habitats®. Ventosa et al.®
cartied out a study of 38 isolates from hypersaline soils
and ponds of marine salterns, and obtained three differ-
ent biogroups: group I included 25 strains with charac-
teristics very similar to Planococcus halophilus; group II
was assigned to Sporosarcina halophila, and finally,
group III showed characteristics quite different from
those of the species previously described, and which in
the absence of other molecular data, were designated as
Planococcus sp. In 1984, Hao et al.'* proposed accom-
modating Planococcus halophilus in a new genus, as
Marinococcus halophilus, and strains of group IIT of the
study of Ventosa et al.>* in a new species of this genus,
as Marinococcus albus. The genus Marinococcus was
characterized by the typical murein type, cell walls with
meso-diaminopimelic acid in the murein, as well as by
some phenotypic features: Gram-positive moderately
halophilic motile cocci, non-sporeforming, catalase pos-
itive, aerobic, showing optimal growth at about 10%
salt!>.

In 1990, Marquez et al.?* studied five Gram-positive
cocci isolated from salterns and hypersaline soils. They
were non-motile, non-sporeforming, strict aerobes,
catalase and oxidase positive, reddish to orange pig-
mented and able to grow between 0.5 and 25% salt,
showing optimal growth at 10% salt. The DNA base
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Table 1. Moderately halophilic bacteria described as valid species

Species Type strain References

Archaea:

ATCC 35705 33
DSM 4017 23
DSM 3094 53
ATCC 43619 55

Methanohalophilus mahii
Methanohalophilus zhilinae
Methanohalophilus halophilus
Halomethanococcus doii

Bacteria:

A. Phototrophic:
Rhodospirillum salexigens
Rhodospirillum salinarum
Ectothiorhodospira vacuolata
Ectothiorhodospira marismortui
Chromatium salexigens
Thiocapsa halophila

DSM 2132 7
ATCC 35394 24
DSM 2111 18
DSM 4180 29
DSM 4395 2
DSM 6210 3

B. Chemoorganotrophic:
Gram-negative aerobic

or facultatively anaerobic:
Vibrio costicola
Halomonas elongata
Halomonas subglaciescola
Halomonas halodurans
Halomonas halmophila
Deleya halophila
Deleya salina
Spirochaeta halophila
Paracoccus halodenitrificans
Halovibrio variabilis
Pseudomonas halophila
Chromohalobacter marismortui
Volcaniella eurihalina

NCMB 701 12
ATCC 33173 52
UQM 2927 10
ATCC 29696 16
ATCC 19717 6
CCM 3662 36
ATCC 49509 44
ATCC 29478 14
ATCC 13511 20
DSM 3051 8
DSM 3050 8.
ATCC 17056 46
ATCC 49336 34

Gram-negative anaerobic:
Haloanaerobium praevalens
Halobacteroides halobius
Halobacteroides acetoethylicus
Sporohalobacter lortetii
Sporohalobacter marismortui
Haloincola saccharolytica

ATCC 33744 56
ATCC 35273 32
ATCC 43120 37
ATCC 35059
ATCC 35420 31
DSM 6643 57

Gram-positive:
Micrococcus halobius
Sporosarcina halophila
Marinococcus halophilus
Marinococcus albus
Marinococcus hispanicus
Salinicoccus roseus
Bacillus halophilus
Clostridium halophilum

ATCC 21727 27
DSM 2266 5
ATCC 27964
CCM 3517 15
ATCC 49259 22
ATCC 49258 49
ATCC 49085 45
DSM 5387 9

Budding prosthecate bacteria:
Dichotomicrobium thermohalophilum
Actinomycete:

Actinopolyspora mortivallis
Sulfate-reducing bacteria:
Desulfohalobium retbaense
Desulfovibrio halophilus

DSM 5002 17
JCM 7550 54

DSM 5692 26
DSM 5663 4

composition ranged from 45.7 to 49.3 mol%. These
strains were placed in a new species, named Marinococ-
cus hispanicus®. Recently, Ventosa et al.*® proposed a
new genus, Salinicoccus, with a single species S. roseus
to accommodate a Gram-positive moderately halophilic
coccus able to grow between 0.9 and 25% salt, with
optimal growth at 10% salt. This organism was non-
motile, non-sporeforming, pink to red pigmented,
strictly aerobic, catalase and oxidase positive, with a
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guanine plus cytosine (G + C) content of 51.2 mol%
and murein of the L-Lys-Gly; type.

Recent studies on Gram-positive moderately halophilic
coccl

Since there were some phenotypic Similarities between
the species Marinococcus hispanicus and Salinicoccus
roseus, and the DNA base composition was not very
different, we carried out a comparative taxonomic study
of these two species using chemical and molecular meth-
ods. For this purpose, we determined the content of
respiratory quinones, polar lipids, fatty acids, the
murein type and, finally, we performed DNA-DNA
hybridization studies. Later on, the results of all these
features are concisely summarized. Both moderately
halophilic cocci, Marinococcus hispanicus and Salinicoc-
cus roseus, have menaquinones with six isoprene units
(MK-6) as the major respiratory lipoquinone present.
This feature is characteristic of these two moderate
halophiles, since Marinococcus halophilus, M. albus and
Sporosarcina halophila have MK-7 (refs 5 and 15), and
Micrococcus halobius has MK-8, MK-7 and MK-6 (ref.
27). The polar lipids of both halophiles are essentially
identical and included phosphatidylglycerol, diphos-
phatidylglycerol, and a glycolypid of unknown struc-
ture. With respect to the fatty acid composition, they
showed a similar pattern, with predominantly straight
and branched chain fatty acids. This is similar to fatty
acids present in other moderate halophiles. The cell
walls of S. reseus and M. hispanicus contain murein of
the L-Lys-Gly; type. This murein type is found only in
these two microorganisms and some members of the
genus Staphylococcus®. All of these chemotaxonomic
features supported the transfer of M. hispanicus to the
genus Salinicoccus. However, nucleic acid hybridization
analysis was necessary in order to determine whether
M. hispanicus and S. roseus constituted two different
species. DNA-DNA homology between these two
halophiles was very low (31%) and they should thus be
considered as two species of the genus Salinicoccus. In
conclusion, our results support the transfer of Mari-
nococcus hispanicus to the genus Salinicoccus, as Salinic-
occus hispanicus®.

Another study has recently been carried out by our
group in collaboration with Drs M. Kocur and B. J.
Tindall, on two red-pigmented, culture collection, mod-
erately halophilic eubacteria: Micrococcus sp. strain
CCM 168, isolated from salted hide, and Micrococcus
sp. strain CCM 1405, isolated from salted meat. The
G + C content of their DNA was 49.4mol%', a low
value compared with that reported for the species of the
genus Micrococcus. On the other hand, the murein
composition of these strains was of the L-Lys-Glys-L-
Ala type®, which is also different from the typical
Micrococcus. These features led us to investigate in
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Table 2. Characteristics useful in distinguishing the 6 validly described moderately halophilic Gram-positive cocci

Salinicoccus Salinicoccus  Marinococcus Marinococcus  Micrococcus S porosqrcina

Characteristic: roseus hispanicus halophilus albus halobius halophila
Motility — - + ) + ) — +
Pigmentation Reddish orange Pink red Yellowish orange Creamy white Cream Orange
Spore production — - - - - +
Oxidase + + - + + +
Acid produced from v

D-Glucose — + + — + —
Nitrate reduction + + — + — -
Hydrolysis of gelatin + + + — — +
Hydrolysis of esculin — + + — N.D. N.D.
Menaquinone system MK-6 MK-6 MK-7 MK-7 MK-8, MK-7, MK-6 MK-7
Murein type L-Lys-Glys L-Lys-Glys m-Dpm m-Dpm Ala, Glu, Gly, Lys Orn-D-Asp
DNA base composition

(mol%) 51.2 45.6-49.3 46.4 449 70-71.5 40.1-40.9

N.D., not determined; MK-6, MK-7, MK-8, menaquinone with 6, 7, and 8 isoprene units, respectively; m-Dpm, meso-Diaminopimelic

acid.

detail these two strains and to postulate that they could
belong to the genus Salinicoccus®’. In fact, we observed
that their phenotypic features were very similar to those
of 8. roseus, and an extensive chemotaxonomic study
revealed that they have MK-6, and polar lipid and fatty
acid patterns similar to those of S. roseus. DNA homol-
ogy experiments showed that they are very closely re-
lated to S. roseus (with DNA-DNA relatedness of 70
and 95%, for strains CCM 168 and CCM 1405 respec-
tively). Our data support the placement of these two
strains in the species Salinicoccus roseus. Thus the de-
scription of this species should be based not only on the
single strain CCM 3516 (type strain), but also on these
two additional isolates*”. Future studies based on
molecular features should permit the correct classifica-
tion of other moderate halophiles. Table 2 summarizes
some differential characteristics that may be useful for
the identification of the Gram-positive moderately
halophilic cocci.
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