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Abstract Eleven psychrophilic bacteria were isolated
from a solid layer of fast ice in the middle of Pointe-
Geologie Archipelago, Adelie Land, Antarctica. The
11 isolates based on the phenotypic characteristics,
chemotaxonomic and phylogenetic analysis have been
identified as members of the genus Halomonas. All the
isolates at the 16S rDNA sequence level were identical,
possessed the 15 conserved nucleotides of the family
Halomonadaceae and four nucleotides of the genus
Halomonas. Therefore, the 16S rDNA sequence of
DD 39 was used for calculating the evolutionary dis-
tances and for phylogenetic analysis. It was observed
that DD 39 formed a robust cluster with H. variabilis,
from which it differed by 0.7%. Further DNA–DNA
hybridization studies indicated low DNA–DNA ho-
mology (15%) between H. variabilis and DD 39. Be-
tween the 11 Antarctic isolates the homology was
>85%. In addition it was observed that DD 39 was
different from H. variabilis in that it was psychro-
philic, could tolerate only up to 15% sodium chloride,
could not hydrolyse esculin, could not reduce nitrate,
was urease negative, could not utilize glycerol as a
carbon source, and was resistant to ampicillin and
erythromycin and sensitive to nalidixic acid. In addi-
tion, it also exhibited distinct differences with respect
to high content of C16:1 and low levels of cyclo-C17:0

and cyclo-C19:0. DD 39 also differed from all the other
reported species of Halomonas with respect to many

phenotypic characteristics. It is proposed therefore
that DD 39 should be placed in the genus Halomonas
as a new species that is Halomonas glaciei. The type
strain of H. glaciei is DD 39T (MTCC 4321; JCM
11692).
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Introduction

The family Halomonadaceae is a member of the gamma
subclass of Proteobacteria (Franzmann et al. 1988).
Members of this family are Gram-negative, straight or
curved, rod-shaped, slightly or moderately halotolerant,
possess ubiquinone-9 (H2) as the respiratory lipoqui-
none and contain C18:1, cyclo-C19:0 and C16:0 as the
major fatty acids. The family Halomonadaceae currently
includes three genera (Arahal et al. 2002), namely
Halomonas (Vreeland et al. 1980; Dobson and
Franzmann 1996), Chromohalobacter (Ventosa et al.
1989; Arahal et al. 2001), and Zymobacter (Okamoto
et al. 1993). All the members of the family belonging to
the three different genera possess 15 signature nucleo-
tides characteristic of the family and in addition they
have four signature nucleotides which define and
differentiate the above three genera.

Currently 23 species of Halomonas, three species of
Chromohalobacter, and one species of Zymobacter
have been identified mostly from aquatic habitats such
as sea water, hypersaline lakes, a solar salt facility,
bacon curing brine, and municipal sewage. In all these
habitats isolates of Halomonas appear to be predom-
inant. Franzmann et al. (1987) were the first to report
a psychrotrophic species of Halomonas from a hy-
persaline lake in Antarctica. In the present study a
total of 11 isolates of bacteria were isolated from fast
ice from Adelie Land, Antarctica and were charac-
terized and identified as belonging to the genera
Halomonas. Furthermore, the isolates did not identify
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with any of the reported species and have been as-
signed the status of a new species, namely Halomonas
glaciei.

Materials and methods

Source of the organism, media and growth conditions

Fast ice samples were collected between May and December,
1997, from a solid layer of fast ice using ice-coring augurs, from a
station located 500 m offshore in the middle of Pointe-Geologie
Archipelago, Adelie Land (66�40¢ S; 140�01¢ E), Antarctica. The
ice cores were cut into segments with a sterile blade and samples
from the center of the segment were allowed to melt and an
aliquot of the melt water (100 ll) was plated on marine agar 2216
(Difco) and incubated for 20 days at 2�C. The appearance of
colonies was monitored on a regular basis and representative
colonies were picked up and subcultured repeatedly, so as to es-
tablish pure cultures of the bacteria. The pure cultures were
maintained in Zobell marine broth agar 2216 (HiMedia Labora-
tories, Bombay, India) medium at 5� or 22�C. The optimum
temperature, pH, and salt concentration for growth of the cul-
tures were determined using Zobell marine agar 2216 (HiMedia
Laboratories) plates.

Morphology, motility, and biochemical characteristics

All the phenotypic characteristics are listed in Table 1 and de-
scribed in the Results and Discussion sections, including the ability

of the cultures to utilize a carbon compound as the sole carbon
source, the sensitivity to different antibiotics, the isolation of DNA
and the mol% G+C content of the DNA was determined as de-
scribed earlier (Shivaji et al. 1988, 1989a, b, 1991, 1992; Reddy et al.
2000, 2002a, b) using cultures grown at 20�C in the appropriate
medium (Hugh and Leifson 1953; Stanier et al. 1966; Holding and
Collee 1971; Stolp and Gadkari 1981).

DNA–DNA hybridization

DNA–DNA hybridization was performed by the membrane filter
method (Tourova and Antonov 1987) as described previously
(Shivaji et al. 1992; Reddy et al. 2000, 2002a, b).

Identification of fatty acids

Fatty acid methyl esters (FAME) prepared from bacterial cell
pellets (Sato and Murata 1988) were separated by gas chroma-
tography on a DB-23 capillary column (30 m · 0.25 mm) (J & W
Scientific, California, USA) and identified by comparison with fatty
acid standards and also by mass spectrometry (Shivaji et al. 1992;
Reddy et al. 2000, 2002a, b).

Analysis of isoprenoid quinones

Ubiquinones were extracted according to Collins et al. (1977),
separated by thin layer chromatography (TLC) using petroleum
ether and diethyl ether (85:15 v/v) (Dumphy et al. 1971), and
identified by mass spectrometry (Reddy et al. 2000).

Table 1 Phenotypic characteristics which differentiate the Antarctic strains of Halomonas

Isolate DD 23 DD 24 DD 26 DD 28 DD 29 DD 39 DD 40 DD 45 SJ 23 SJ 37 SS 45

Motility + – + + – + – – + + +
Growth at pH 5 – – – – – – – – + – –
Methyl red test – – – – – – – – + – –
Utilization of:
Glucose + + – + + + + – + + +
Fructose – – – – – – – – + – –
Glycerol – – – – – – – – + – –
Sorbitol – – – – + – – – + – –
Xylose + – – – – – – – – – –
Arabinose + + – + + + + + + + +
Inulin + – – – – – – – – – –
Trehalose + – + – – + – – + – –
Pyruvate + + – + + + + + + + +
Asparagine – – – – – – – + – – –
Tyrosine – – – – – – – – + – –
Acid production:
Glucose – – – – + – – + – – –
Mannitol + – – – – – – – – – –
Arabinose + – + – – – – – – – –
Trehalose + – – – – – – – – – –
Antibiotics:
Nalidixic acid S R S S S S S S R S S
Nitrofurantoin S S R S S S R S S S S
Tobramycin S S R S R S R S S R S
Rifampicin R R S S S R R S S R R
Streptomycin S S S S S S R S S S S
Polymyxin B S S S S R S S S S S S
Erythromycin R R R R R R R R R R R
Novobiocin R R R S S R R S S R R
G+C content of
DNA (mol%± 2/3%)

57 57 59.5 57 57 57 59.5 59.5 60 57 57

+ present, – absent, S sensitive, R resistant
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16S rRNA gene sequencing

The 16S rRNA gene (1.5 kb) was amplified from the genomic DNA
(Shivaji et al. 2000; Reddy et al. 2000, 2002a, b) using the primers
16S1 (5¢AGTTTGATCCTGGCTCA 3¢) and 16S2 (5¢ACGGCT-
ACCTTGTTACGACTT 3¢) corresponding to positions 9–27 and
1,477–1,498, respectively, of Escherichia coli. The amplified DNA
fragment of 1.5 kb following electrophoresis on a 1% agarose gel
was purified using a Clean Genei kit (Bangalore Genei , Bangalore,
India) and sequenced using the primers 16S1 and 16S2 and in
addition a set of five forward primers pB [(TAACACATGCAA-
GTCGAACG, (50–70)], pC [(CTACGGGAGGCAGCAGTGGG,
(341–361)], pD [(CAGCAGCCGCGGTAATAC, (518–536)], pE
[(AAACTCAAAGGAATTGACGG, (908–928)], and pF [(CAT-
GGCTGTCGTCAGCTCGT, (1,053–1,073)] and three reverse
primers pC [(CCCACTGCTGCCTCCCGTAG, (361–341)], pE
[(CCGTCAATTCCTTTGAGTTT, (928–908)] and pH [(AAG-
GAGGTGATCCAGCCGCA, (1,542–1,522)], respectively (Woese
et al. 1983).

Phylogenetic analysis

The multiple sequence alignment program Clustal V (Higgins et al.
1992) was used to align the 16S rDNA sequence of the bacteria
with the sequences of all the species of the family Halomonadaceae
retrieved from the EMBL database (Fig. 1). The aligned sequences
were then manually checked for gaps. The DNADIST program
with Kimura-2 factor was used to compute the pairwise evolu-
tionary distances for the above-aligned sequences (Kimura 1980).
Further, the original sequence data set was resampled 1,000 times
using SEQBOOT and subjected to bootstrap analysis to obtain the
confidence values for the rDNA sequence-based genetic affiliations.
The multiple distance matrices thus obtained were used to con-
struct phylogenetic trees using distance matrix-based clustering
algorithms such as FITCH, KITCH, and UPGMA (Felsenstein
1993). Parsimony analysis was also performed for the aligned se-
quence data set using DNAPARS. In all the cases, input order of
species added to the topology being constructed was randomized
using the jumble option with a random seed of seven and ten
replications. Majority rule (50%) consensus trees were constructed
for the topologies found by each method using CONSENSE. All
these analysis were done using the PHYLIP package, version 3.5
(Felsenstein 1993).

SDS-PAGE

Bacterial cell pellets were analyzed on 12% SDS-polyacrylamide
gels (Laemmli 1970) to visualize their protein profiles.

Reference strains

H. variabilis (Deutsche Sammlung von Mikroorganismen, DSM
3051T), P. stutzeri (Microbial Type Culture Collection, MTCC
101T), Pseudomonas fluorescens (MTCC), Pseudomonas putida
(MTCC) and Sphingobacterium antarcticus (American Type Cul-
ture Collection, ATCC 51970T) were used as controls in the studies
related to morphology, motility, biochemical tests, identification of
fatty acids, etc.

Results and discussion

Morphology and growth characteristics

A total of 11 representative colonies of bacteria were
isolated and purified from land-fast ice from Adelie
Land in Antarctica and were studied in detail to estab-

lish their identity. All the colonies were circular (2–3 mm
in diameter), convex, white in color, and grew very well
in Zobells marine agar between 5� and 30�C; maximum
growth was observed at 22�C. Furthermore, although
they were able to grow in the absence of NaCl they could
tolerate up to 15% NaCl, indicating that the 11 strains
were halotolerant. Ten of the 11 isolates were unable to
grow at pH 5 (Table 1), but all the isolates could grow at
pH 9 and exhibited optimum growth at pH 7.

Biochemical and chemotaxonomic characteristics

Based on their phenotypic characteristics, it was ap-
parent that the 11 isolates which were Gram-negative,

Fig. 1 Phylogenetic relationship between Halomonas glaciei sp.
nov. (DD 39T) and other related reference microorganisms in the
genera Halomonas, Zymobacter, and Chromohalobacter based on
the 16S rDNA sequence analysis using UPGMA. E. coli was used
as the root species in the tree. The bootstrap values (%) are given at
the nodes. The branch lengths indicated in the tree are not to scale
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straight or curved rods, halophilic, motile or non-motile,
aerobic, catalase and oxidase positive, with a mol%
G+C content of DNA ranging from 57 to 60, belonged
to the genus Halomonas (Vreeland et al. 1980; Franz-
mann et al. 1988). Earlier studies have indicated that the
mol% G+C content of DNA in various species of
Halomonas ranged from 52% to 64% (see references in
Table). In addition, the 11 isolates were negative for
gelatinase, urease, lipase, phosphatase, hydrolysis of
esculin, hydrolysis of starch, reduction of nitrate, indole
production, Voges-Proskauer test, arginine and lysine
decarboxylases, citrate utilization, and H2S production.
They did not produce acid from lactose and none of the
isolates could produce gas either from glucose, lactose,
mannitol, arabinose, or trehalose. Further lactose, su-
crose, dulcitol, maltose, mellibiose, mannose, m-inositol,
adonitol, erythritol, mannitol, melezitol, dextran, leu-
cine, isoleucine, methionine, valine, threonine, histidine,
tryptophan, arginine, alanine, phenylalanine, serine, as-
paragine, tyrosine, and cysteine were not utilized when
provided as the sole carbon source. All the isolates were
resistant to the antibiotics ampicillin, erythromycin,
amoxycillin, lincomycin, nystatin, bacitracin, tetracy-
cline, and carbencillin, and were sensitive to kanamycin,
gentamycin, co-trimaxazole, chloramphenicol, and coli-
stin. The important biochemical characteristics that
differentiate Antarctic isolates from each other are listed
in Table 1.

The major respiratory quinone was ubiquinone-9 and
themajor fatty acids present were C16:0, C16:1, C18:0, C18:1,
cyclopropane octadecanoic acid 2-octyl methyl ester, and
octadecanoic acid 11-methoxy methyl ester (Table 2).

Phylogenetic analysis

The 16S rDNA obtained from the 11 isolates was
about 1,413 bp in length, corresponding to positions
47 –1,460 of E. coli 16S rRNA gene. Furthermore,
since all the isolates had identical 16S rDNA se-
quences (and also showed identical protein profiles by

SDS-PAGE), the 16S rDNA sequence of DD 39 was
used for calculating the evolutionary distances and for
phylogenetic analysis. For this purpose the 16S rDNA
sequence of DD 39 was compared with the 16S rDNA
sequences of closely related species of Halomonas,
Zymobacter, and Chromohalobacter. The topology of
the phylogenetic tree (Fig. 1) clearly indicated that all
the reported species of Halomonas formed four highly
stable and coherent clades with high bootstrap values
(>50%), and the interclade resolution was robust.
Moreover, the phylogenetic tree was broadly in
agreement with those reported recently (Dobson and
Franzmann 1996; Mellado et al. 1995; Dobson et al.
1993). Dobson and Franzmann (1996), based on par-
simony and distance methods, indicated that all the
species of Halomonas could be assigned to three sub-
groups. Halomonas eurihalina, H. elongata, H. halmo-
phila, H. salina, H. pacifica, H. cupida, H. halophila,
and H. halodenitrificans were assigned to subgroup I;
H. subglaciescola, H. halodurans, H. meridiana,
H. aquamarina, H. venusita, and H. variabilis to sub-
group II; and H. marina to subgroup III. In the pre-
sent study, the three subgroups were clearly
differentiated and the phylogenetic analysis showed
that the DD 39 falls within the phylogenetic affiliation
of the genus Halomonas. The phylogenetic position of
DD 39, as determined by UPGMA, KITSH, FITCH
and DNA parsimony methods, indicated that the
DD 39 forms a robust cluster with H. variabilis of the
group-II species of Halomonas (Fig. 1), with a boot-
strap resampling value of 100%. Therefore, it is
obvious that the above 11 isolates are members of the
genus Halomonas and are closely related to one an-
other and to H. variabilis. In fact, the evolutionary
distance as calculated by DNADIST indicated that
DD 39 is indeed very close to H. variabilis and is
separated by a distance of 0.7%, a very low value for
the species delineation, at the 16S rRNA level and
thus it is difficult to assign it to a new species
(Stackebrandt et al. 1994). However, a low degree of
DNA–DNA homology (15%) between H. variabilis

Table 2 Fatty acid composi-
tion of the Antarctic strains of
Halomonas

All the strains were grown in
Zobell marine agar (2216) at
25�C
aA: Hexadecanoic acid 9, 10
dimethoxy methyl ester, B:
cyclopropane octadecanoic acid
2-octyl methyl ester, C:
octadecanoic acid 11-methoxy
methyl ester

Fatty acid DD 23 DD 24 DD 26 DD 28 DD 29 DD 39 DD 40 DD 45 SS 37 SS 45

C12:0 0.7 – 0.2 0.2 0.2 0.5 0.5 0.3 0.3 0.1
C14:0 – – 0.2 0.1 – 0.3 0.3 0.4 0.3 0.1
C14:1 1.3 1.0 1.0 1.2 – 2.9 2.0 0.3 – 0.3
Iso-C15:0 6.5 4.3 5.5 1.6 1.1 – 0.1 1.2 0.2 3.6
Anteiso-C15:0 13.8 8.8 11.7 4.0 1.9 – – 16.2 0.3 10.3
C15:0 – 0.3 0.2 0.1 4.0 0.2 0.3 3.6 1.4 0.8
Iso-C16:0 1.4 1.0 1.3 0.8 0.8 – – 1.7 – 2.0
C16:0 7.7 8.6 8.8 13.1 10.0 11.6 15.8 10.4 13.0 9.5
C16:1 (9) 7.0 7.2 8.6 10.0 8.5 13.5 5.7 6.6 6.6 4.8
Iso-C17:0 4.3 3.4 6.0 1.5 1.5 – – 3.7 1.0 4.4
Anteiso-C17:0 2.0 5.8 8.1 0.8 2.5 – – 13.4 0.4 13.9
Cyclo-C17:0 2.0 2.8 2.4 3.0 2.5 5.5 4.9 2.6 3.2 2.6
C18:0 3.4 6.6 5.7 9.0 9.5 5.0 8.9 5.5 8.2 6.6
C18:1 21.7 14.7 14.8 18.1 18.3 31.2 30.0 11.2 32.3 11.3
Aa 7.0 6.0 2.5 3.7 3.7 2.4 – 3.3 0.4 4.3
Ba 7.1 14.5 10.4 15.7 16.0 10.0 6.0 8.0 12.4 11.8
Ca 8.5 15.3 12.4 17.4 19.3 10.3 12.0 10.4 14.3 13.3
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and the Antarctic isolates indicated that these isolates
could be assigned to a new species. Apart from the
low DNA–DNA similarity, the phenotypic differences
between DD 39 and H. variabilis and other Group II
Halomonas species (Table 3), clearly support a new
species status for the strain DD 39. Thus DD 39 has
been assigned to a new species of Halomonas, namely
Halomonas glaciei sp. nov. The remaining ten isolates
are strains of Halomonas glaciei. This is further evi-
dent from the observation that DNA–DNA homology
between DD 39 and the remaining ten isolates was
>85%, whereas with H. variabilis all the isolates ex-
hibited <15% DNA–DNA homology.

Description of Halomonas glaciei sp. nov.

Halomonas glaciei (glaciei L. gen. N. meaning of the
cold). DD 39 forms a round, convex, smooth, and

translucent colony with a colony diameter of 1–2 mm.
The cells are Gram-negative, motile, rod shaped, psy-
chotropic (grows from 4� to 30�C), can tolerate 12%
NaCl, and grows at an optimum pH of 7. The bacterium
is positive for catalase, oxidase and negative for urease,
lipase, gelatinase, phosphatase, arginine dihydrolase,
arginine decarboxylase, lysine decarboxylase, indole
production, methyl red, Vogues-Proskauer test, aescu-
line hydrolysis, starch hydrolysis, and does not reduce
nitrate to nitrite. It utilizes glucose, arabinose, pyruvate,
trehalose, and acetate when used as the sole carbon
source and does not utilize citrate, fructose, mannose,
glycerol, sorbitol, lactose, sucrose, dulcitol, maltose,
mellibiose, melizitol, dextran, leucine, isoleucine,
methionine, valine, threonine, histidine, tryptophan,
cysteine, adonitol, erythritol, mannitol, phenyl alanine,
arginine, alanine, serine, asparagine, glutamic acid, and
tyrosine. Does not produce acid or gas from glucose,
lactose, mannitol, arabinose, and trehalose. DD 39 is

Table 3 Comparison of the phenotypic characteristics of DD 39 with all the species of Group II Halomonas

Characteristics DD 39a H. variabilisb H. glaciescolac H. haloduransd H. meridianaee H. aquamerinafH. megadiensisg H. vensutah

Growth characteristics
Salt (%) 0 to 15 8.73 to 29.25 0.5 to 20 0 to 20 0 to 15 NA 0 to 20 NA
Optimum (%) 2 11.7 ND ND ND ND 0 to 7 NA
PH 6 to 12 6.5 to 8.4 5 to 9 6 5 6 7 to 11 NA
Optimum pH 7 7.5 – – – – 9.5 NA
Temperature (�C) 4 to 30 15 to 37 –5 to 25 4 to 43 4 to 45 5 to 45 20 to 50 4 to 40
Optimum
temperature (�C)

22 33 20 20 37 37 37 37

Enzymology
Esculine hydrolysis – + – + – – + –
Lysine decarboxylase – – – + – ND ND ND
Nitrate reduction – + + – – + + +
Oxidase + + + – – + + +
Phosphatase – ND – ND ND + – ND
Starch hydrolysis – – – ND ND + – –
Urease – + – – + – – +
Major fatty acid composition (mol%)i

C16:1 (9) 19.5 2.4 23.1 15.2 3.4 6.3 ND 10.7
C16:0 17.1 17.5 32 27.2 15.5 17.4 ND 15.9
Cyclo-C17:0 6.7 11.4 5.8 26.5 4.3 2.1 ND –
C18:1 18.5 15.1 31.9 19.6 60.1 62.7 ND 68.6
Cyclo-C19:0 5.23 50.9 4.8 7.1 13.3 7 ND –
16S rDNA identity of
DD 39 with other
strains (%)

100 99.3 95.75 96 96.9 96.75 95.5 96.4

Mol% G+C 57 61 61 63.2 NA 57 62 52
Carbon source utilization:
Glycerol – + – + – NA + NA
Lactose – – – NA – – + –
Mannitol – – NA + NA + + +
Sucrose – – – NA + – NA +
Alanine – – + + NA – NA +
Antibiotic sensitivity
Ampicillin R S NA NA NA NA R NA
Erythromycin R S NA S NA NA S NA
Nalidixic acid S R NA S NA NA NA NA
Tetracycline R R R S NA NA R NA

ND not determined, NA data not available, + present, – absent,
S sensitive, R resistant
aDD 39 was grown in artificial organic lake water peptone broth
(Franzmann et al. 1987) at room temperature for fatty acid analysis
bData from Fendrich (1988)
cData from Franzmann et al. (1987)

dData from Hebert and Vreeland (1987)
eData from Huval et al. (1995)
fData from Akagawa and Yamasato (1989)
gData from Duckworth et al. (2000)
hData from Baumann et al. (1983)
iData from Franzmann and Tindall (1990)
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sensitive to the antibiotics kanamycin, gentamycin,
co-trimaxazole, nitrofurantoin, nalidixic acid, tobramy-
cin, streptomycin, polymyxin-B, colistin, and chloram-
phenicol and resistant to ampicillin, erythromycin,
amoxycillin, lincomycin, nystatin, carbencillin, bacitra-
cin, tetracycline, and novobiocin.

The fatty acids and their proportions the bacterium
contained were: C12:0 (0.5%), C14:0 (0.3%), C14:1 (2.9%),
C15:0 (0.2%), C16:0 (11.6%), C16:1d9 (13.5%), cyclo-C17:0

(5.5%), C18:0 (5.0%), C18:1 (31.2%), hexadecanoic acid
9,10 dimethoxy methyl ester (2.4%), cyclopropane oc-
tadecanoic acid 2-octyl methyl ester (10.0%), and octa-
decanoic acid 11-methoxy methyl ester (10.3%) and the
major lipoquinone it contained was ubiquinone-9. The
mol% G+C was 57%. Isolated from fast-ice from
Adelie Land, Antarctica. The type strain is DD 39T

(MTCC 4321; JCM 11692). The EMBL accession num-
ber for the 16S rDNA sequence of DD 39 T is AJ 431369.
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