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The order 

 

Haloanaerobiales

 

 [1] includes gram-neg-
ative organotrophic bacteria whose spore-forming rep-
resentatives form the family 

 

Halobacteroidaceae.

 

Haloanaerobes are strictly dependent on high ambient
concentrations of 

 

Na

 

+

 

 ions in the form of sodium chlo-
ride (for halophiles) and/or sodium carbonate (for alka-
liphiles). Most of the haloanaerobes described to date are
halophilic bacteria that ferment carbohydrates and
develop within the neutral range of pH values. Bodies of
water of marine origin are their typical habitats in which
they represent the group of primary anaerobes in the
trophic system of the anaerobic halophilic community [2].

Alkaliphilic haloanaerobes growing at pH 10 and
inhabiting intracontinental soda-containing bodies of
water are represented by only one species of the genus

 

Natroniella

 

 in the order 

 

Haloanaerobiales

 

 [3]. This
homoacetic bacterium that was isolated from Lake Mag-
adi (Kenya) does not use carbohydrates and is analogous
to 

 

Acetohalobium

 

 with respect to its metabolism [4].

The research on alkaliphilic saccharolytic anaer-
obes forming part of the anaerobic community of soda
lakes has been initiated relatively recently [5]. Several
works dealt with the phylogenetic diversity of these

 

*Uniqem (Institute of Microbiology, RAS) (URL: http://inmi.da.ru).

 

organisms [6, 7]. It was established that they are wide-
spread inhabitants of soda lakes and include represen-
tatives of different phylogenetic lineages. New alka-
liphilic spirochetes from Lake Magadi and from lakes
of Central Asia were isolated and characterized [8].
Several new saccharolytic clostridia that have not yet
acquired a taxonomic status were isolated from the Ele-
menteite, Bogoria, and Magadi lakes in Africa [6]. The
continuation of our studies involved the isolation of
new saccharolytic obligate and facultative anaerobic
bacteria from Lake Magadi and soda lakes of the Trans-
baikal Region to determine the functional and phyloge-
netic diversity of the alkaliphilic anaerobic community
[9]. It was established that two of the strains isolated
were phylogenetically related to bacilli, two other
strains were related to clostridia, and strain Z-7986 was
related to haloanaerobes [7].

This work deals with the alkaliphilic and moder-
ately halophilic strain Z-7986 that was isolated from
the continental soda Lake Magadi. It is a new alka-
liphilic representative of the order 

 

Haloanaerobiales.

 

 It
belongs to a separate lineage in the family 

 

Halobacte-
roidaceae.

 

 The strain is described herein as a new
genus and a new species termed 

 

Halonatronum saccha-
rophilum

 

 gen. nov., sp. nov.
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Abstract

 

—A new alkaliphilic and moderately halophilic chemoorganotrophic anaerobic bacterium (strain Z-7986),
which is spore-forming, rod-shaped, and has a gram-negative cell wall pattern, was isolated from the coastal
lagoon mud of the highly mineralized Lake Magadi (Kenya). The organism is an obligatorily carbonate- and
sodium chloride-dependent motile peritrichously flagellated rod that grows within a 3–17% NaCl concentration
range (with an optimum at 7–12% NaCl) and within a pH range of 7.7–10.3 (with an optimum at pH values of
8–8.5). It is a moderate thermophile with a broad temperature optimum at 36–55

 

°

 

C; maximum growth temper-
ature is 60

 

°

 

C. The bacterium catabolizes glucose, fructose, sucrose, maltose, starch, glycogen, 

 

N

 

-acetyl-D-glu-
cosamine, and, to a slight degree, peptone and yeast extract. Its anabolism requires yeast extract or casamino
acids. Glucose fermentation yields formate, acetate, ethanol, H

 

2

 

, and CO

 

2

 

. The bacterium is sulfide-tolerant and
capable of the nonspecific reduction of S

 

0

 

 to H

 

2

 

S. The G+C content of the DNA is 34.4 mol %. The analysis of
the 16S rRNA sequence revealed that strain Z-7986 belongs to the order 

 

Haloanaerobiales

 

 and represents a new
genus in the family 

 

Halobacteroidaceae.

 

 We suggest the name 

 

Halonatronum saccharophilum

 

 gen. nov. sp. nov. The
type strain of this species is Z-7986

 

T

 

 (= DSM13868, = Uniqem*211).
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MATERIALS AND METHODS

 

Source.

 

 Strain Z-7986 was isolated from mud sam-
pled by G.A. Zavarzin in the coastal lagoon of Lake
Magadi (Kenya) in September 1998. The water in the
lagoon was saturated with soda and was characterized

by a pH value of 10.2 and a mineralization degree of
260 g/l. Its temperature was 

 

39°C

 

.

 

Cultivation conditions.

 

 Initial enrichment and iso-
lation of strain Z-7986 was carried out using a modifi-
cation of the medium described earlier [3]. The
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Fig. 1.

 

 Morphology of strain Z-7986. (a) Vegetative cells of a young culture and (b) cells of an old culture under a phase-contrast
microscope; note the round spheroplasts and the cells with forming spores. (c) Cells with peritrichous flagellation under an electron
microscope.

 

Fig. 2. 

 

Ultrathin sections of (a) a vegetative and (b) a sporulating cell. 
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medium composition was as follows (g/l): 

 

KH

 

2

 

PO

 

4

 

,
0.2; MgCl

 

2

 

, 0.1; NH

 

4

 

Cl

 

, 0.5; KCl, 0.2; NaCl, 50.0;

 

Na

 

2

 

CO

 

3

 

, 68.0; NaHCO

 

3

 

, 38.0; Na

 

2

 

S 

 

· 

 

9H

 

2

 

O

 

, 0.7; yeast
extract, 0.2; sucrose, 5.0; trace element solution [10],
1 ml/l; vitamin solution [11], 10 ml/l; and resazurin,
0.001 (pH 9.75). Catabolizable substrates were identi-
fied as follows. The substrates were added at a concen-
tration of 3 g/l against a background of 0.2 g/l of yeast
extract. To avoid the caramelization of carbohydrates in
the alkaline medium during sterilization, their sterile
aqueous solutions were added to the medium immedi-
ately before inoculation. Medium preparation and cul-
tivation were carried out under strictly anaerobic condi-
tions in an N

 

2

 

 atmosphere.

 

Physiological properties.

 

 Electron acceptors were
added as concentrated solutions with a microsyringe to
sterile media. Their final concentrations are as follows:

 

Na

 

2

 

S

 

2

 

O

 

4

 

, 1mM; 

 

Na

 

2

 

SO

 

3

 

, 2 mM; 

 

Na

 

2

 

SO

 

3

 

, NaNO

 

2

 

,
NaNO

 

3

 

, Na

 

2

 

S

 

2

 

O

 

3

 

 

 

· 

 

5H

 

2

 

O

 

, and 

 

Na

 

2

 

SO

 

4

 

, 10 mM;

 

Na

 

2

 

S

 

2

 

O

 

3

 

 

 

· 

 

5H

 

2

 

O

 

, 20 mM; and 

 

S

 

0

 

, 2% (w/v). The utiliza-
tion of sulfur-containing acceptors was determined

from hydrogen sulfide evolution with sodium thiogly-
collate used as a reductant. Nitrite reduction was deter-
mined using the Griess reagent. The 

 

N

 

2

 

-fixation capac-
ity was tested in a medium lacking nitrogen sources
other than 

 

N

 

2

 

. In order to investigate the pH depen-
dence of the tested activities, the pH value was adjusted
by titration of the medium with 10% HCl or 10%
NaOH, and sodium carbonate was replaced by sodium
bicarbonate at a concentration decreased by a factor of
10. The sodium carbonate dependence of the tested
processes was investigated using a system in which an
equimolar amount of NaCl was substituted for sodium
carbonate; the pH was adjusted to 9.0 using 50 mM
serine buffer. The NaCl requirement was determined by
replacing NaCl with equimolar amounts of sodium
bicarbonate and carbonate; all other chlorides were
replaced with sulfates. The temperature dependence
was investigated within the 6–

 

65°C

 

 range at optimum
pH values and sodium chloride concentrations.

 

Analytic methods. 

 

Bacterial growth was estimated
by measuring the optical density in Hungate tubes with
a Specol-10 spectrophotometer (Jena) at 600 nm. Glu-
cose was determined using the phenol reaction [12].
Hydrogen and nitrogen were determined with an
LKhM-80 gas chromatograph equipped with a katha-
rometer; volatile fatty acids were determined using a
model 3700 gas chromatograph with a flame ionization
detector. Formate was measured colorimetrically
[13]. Dissolved hydrogen sulfide was determined col-
orimetrically based on the methylene blue formation
reaction [14].

 

Morphology.

 

 Cell morphology was investigated
under a phase-contrast light microscope (ZETOPAN,
Austria). Photographs were taken using agarose slide
film [15]. Sections were prepared as described earlier
[3]. Sections and cells (stained with 1% phosphotung-
stic acid to detect flagella) were examined under a
JEM-100C electron microscope (Japan).

 

Determination of the nucleotide sequence of the
16S rRNA gene.

 

 Amplification and sequencing of the
fragments of the 16S rRNA gene of the tested strain
was performed as described earlier [7].

 

Analysis of the nucleotide sequence of the 16S
rRNA gene.

 

 The nucleotide sequence of the 16S rRNA
gene of strain Z-7986 was manually aligned with the
corresponding sequences of the known species of the
order 

 

Haloanaerobiales

 

 using the sequence editor
BIOEDIT. A rooted phylogenetic tree of the tested
strain was constructed with the help of several algo-
rithms contained in the program packages TREECON
[16] and PHYLIP [17].

 

 Bacillus subtilis

 

 was used as an
outgroup.

The 16S rDNA sequence of strain Z-7986

 

T

 

 is depos-
ited with GenBank (accession number AY014858).
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Fig. 3.

 

 Dependence of the specific growth rate on (a) salin-
ity, (b) pH, and (c) temperature values.
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Table 1.  

 

Substrate utilization by strain Z-7986

 

T

 

Substrates Maximum optical density, 

 

λ

 

 = 600 nm; 18 h

 

D

 

-Glucose 0.290

 

D

 

-Fructose 0.200

Sucrose 0.280

D-Maltose 0.370

Starch 0.280

Glycogen 0.380

N-Acetyl-D-glucosamine 0.085

Peptone 0.025

Yeast extract 0.050

Note: Strain Z-7986T does not use the following substrates: D-ribose,
L-arabinose, D-xylose, D-mannose, D-galactose, sorbose,
D-fucose, D-lactose, trehalose, D-cellobiose, melibiose,
glycerol, L-sorbitol, mannitol, dulcitol, L-inositol, erythritol,
xylan, microcrystalline cellulose, pectin, gum arabic, car-
boxymethylcellulose, agar-agar, gelatin, formate, acetate, pro-
pionate, butyrate, glycolate, lactate, pyruvate, malonate, suc-
cinate, methanol, ethanol, trimethylamine, choline chloride,
betaine, and casamino acids.

RESULTS

Isolation. An enrichment culture was obtained in an
anaerobically prepared liquid medium with sucrose as
the main energy source at 37°C. Growth was detected
one day later and long flexible motile rods dominated
the culture. Part of the rods contained plectridial spores.
The organism displays the Halobacteroidaceae-typical
morphological pattern characterized by flexible cells
that tend to curl up and form spheroplasts at the end of
the growth period. As early as in the first stage of our
study, this suggested that the organism might be a
haloanaerobe. A pure culture was obtained using a
series of subcultures in a medium with sucrose based
on the limiting dilution method. The culture purity was
confirmed by the fact that only one type of colony
formed on an agarized medium. The colonies were
greenish in color and were elevated above the medium
surface. They were 0.5–1 mm in diameter with indis-
tinctly shaped smooth edges. The culture obtained from
one of these colonies, strain Z-7986, was used in subse-
quent studies.

Morphology and ultrastructure. The morphology
of the cells of strain Z-7986 markedly depends on the
growth stage. The cells are actively motile and slender
during the exponential growth phase, which lasts an
average of 17 h. Their average diameter and length are
0.4–0.6 and 3.5–3.75 µm, respectively, if the cells divide
evenly. The organism reproduces by binary division with
a constriction, but the division is not always even, and the
culture may contain short (1.8–2 µm) and long (10 µm
and longer) cells (Fig. 1a). Cells that initiate sporula-
tion or contain mature spores are significantly thicker
than vegetative cells (Figs. 1a, 1b). At the late exponen-
tial growth stage which lasts 3 h, the cells are curved in
a horseshoe-like fashion or curled up to form a ring;
some of the cells lyse, yielding spheroplasts. Mature
spores form at this growth stage. They are spherical in
shape (1.25 µm in diameter) and located at one of the
cell’s poles (Fig. 1b).

Using an electron microscope, we detected thin fla-
gella that are peritrichously arranged along the whole
length of the cell (Fig. 1c). Ultrathin sections revealed
cell walls with outer membranes, which is typical of
gram-negative bacteria (Fig. 2).

Growth parameters. Strain Z-7986 grows within a
wide salinity range. Its growth occurred at 3 to 17%
NaCl (w/v) with an optimum at 7–10% NaCl and an
upper limit at 18% NaCl (Fig. 3a). Cells are lysed at
NaCl concentrations below 3%. The strain obligatorily
requires NaCl, and its growth did not occur with NaCl
replaced by an equimolar amount of Na2CO3 +
NaHCO3.

Strain Z-7986 develops in the alkaline pH range
with a pH optimum of 8–8.5 and pH limits of 7.7–10.2.
No growth occurred at pH values of 7.0 and 10.5 (Fig. 3b).
The organism obligatorily requires Na2CO3 + NaHCO3,
and it did not grow if carbonates were replaced by an

equimolar amount of NaCl while maintaining the medium
pH by 50 mM serine buffer (pKa = 9.2).

At optimum pH values and NaCl concentrations, the
temperature optimum for the growth of strain Z-7986
corresponds to a broad range of values (36–55°C).
Growth is possible within the range of 18 to 60°C
(Fig. 3c). No growth occurred at 6 or 65°C.

Strain Z-7986 is an obligate anaerobe. It does not
grow aerobically or in a medium without reductants.
With thioglycollate as the reductant, its growth is some-
what worse than with sodium sulfide. Cysteine can be
used as the reductant and as the sulfur and nitrogen
source. The strain is incapable of N2 fixation or of dis-
similatory reduction of inorganic nitrogen compounds

( , and ) or sulfur compounds ( , ,

and S2 ). However, it can reduce S0, forming up to
16.5 mM of H2S. The strain exhibited a relatively high
tolerance to sulfide, but an initial hydrogen sulfide con-
centration of 28 mM completely suppressed its growth.
In a medium with glucose, growth was neither inhibited
nor stimulated in the presence of the tested acceptors
and sodium dithionite.

Strain Z-7986 utilizes glucose, fructose, sucrose,
maltose, starch, glycogen, N-acetyl-D-glucosamine,
and, to a slight degree, peptone and yeast extract as the
energy sources (Table 1). Growth was lacking with hex-
oses (other than those listed above), pentoses, disaccha-
rides, sugar alcohols, cellulose, mono- and dicarboxy-

NO3
– NO2

– SO4
2– SO3

2–

O3
2–
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lic acids, monoatomic alcohols, amines, casamino acids,
and insoluble polysaccharides. The strain failed to liquefy
gelatin or agar (see note in Table 1). Its growth with glucose
required yeast extract, which could be replaced by
casamino acids. The yield was proportional to the
casamino acid concentration within the 250–1000 mg/l
concentration range. The amino acids methionine and
serine are the growth factors required; 10 mg/l of each are
sufficient for optimal growth.

Glucose fermentation yields acetate, formate, ethanol,
H2, and CO2. If the strain uses 24.4 mmol of glucose, it
produces 25.8 mmol of acetate, 12.7 mmol of ethanol,
52.6 mmol of formate, and 1.7 mmol of hydrogen. The
fermentation is, therefore, characterized by a 97 or 95.5%
balance (based on carbon and hydrogen, respectively).
Doubling time under optimal growth conditions is 2.5 h.

DNA analysis. The G+C content of the DNA of strain
Z-7986 was 34.4 mol %, based on its melting point [7].

Phylogenetic analysis. We obtained an almost com-
plete 16S rDNA sequence of strain Z-7986. It consists
of 1457 nucleotides, corresponding to positions
45−1470 in the E. coli numbering. A preliminary com-
parative analysis of the sequence obtained was carried
out using the BLAST programs and GenBank data. We
confirmed our earlier data on the phylogenetic relation-
ship between strain Z-7986 and haloanaerobes [7]. The
position of this strain on the phylogenetic tree, includ-
ing all known representatives of the order Haloanaero-
biales, is as follows. The tested strain belongs to a sub-
division of the family Halobacteroidaceae, forming a
separate lineage in a cluster that also includes other
spore-forming haloanaerobes, such as species of the
genus Orenia and the alkaliphilic homoacetogenic bac-
teria Natroniella (Fig. 4). The degrees of similarity of
the 16S rDNA of strain Z-7986 and its closest relatives
in the family Halobacteroidaceae to the species of the
genus Orenia and to Natroniella acetigena were
91.4−92.8% and 90.3%, respectively. The analysis of
the secondary structure of the 16S rRNA of strain

 Family Haloanaerobiaceae

Acetohalobium arabaticum Z-7288(T)

Sporohalobacter lortetii DSM3070(T)

Haloanaerobacter chitinovorans W5C8(T)

Haloanaerobacter salinarius SG3903(T)

Halobacteroides elegans Z-7287(T)

Haloanaerobacter lacunaris Z-7888(T)

Halobacteroides halobius DSM5150(T)

Natroniella acetigena Z-7937(T)

Halonatronum saccharophilum Z-7986(T)

Orenia sivashensis Z-7191(T)

Orenia salinaria SG3902(T)

Orenia marismortui DSM5156(T)
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Fig. 4. Unrooted phylogenetic tree of haloanaerobes (based on the comparative analysis of the sequences of the 16S rRNA gene)
that indicates the position of strain Z-7986 in the system of the order Haloanaerobiales. Bar, 5 nucleotide substitutions per
100 nucleotides. Numbers refer to the statistical significance of each branching order based on the data of bootstrap analysis
(values over 85 are considered significant).
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Table 2

Characteristics Orenia marismor-
tui DY-1T [21]

Orenia sivashensis 
Z-7191T [18]

Orenia salinaria 
SG-3902T [20]

Natroniella aceti-
gena Z-7937T [3] Strain Z-7986T

Morphology Rods with 
rounded ends

Rods with
rounded ends

Long rods Long rods with 
rounded ends

Long rods with 
rounded ends

Size, µm 0.6 × 3–13 0.5–0.75 × 2.5–10 1.0 × 6.0–10.0 1.0–1.2 × 6.0–15.0 0.4–0.6 × 3.5–10.0
Motility + + + + +
Flagellation type Peritrichous Peritrichous Peritrichous Peritrichous Peritrichous
Endospores + + + + +
Gas vesicles + + – – –
Spheroplast formation + + + + +
Limits of NaCl, % w/v 
(optimum)

3–18 (3–12) 5–25 (7–12) 2–25 (5–10) 10–26 (12–15) 3–18 (7–12)

Temperature limits, °C
(optimum)

25–50 (36–45) 25–50 (40–45) 10–50 (40–50) 28–42 (37) 18–60 (36–55)

pH limits (optimum) ND 5.5–7.8 (6.3) 5.5–8.5 (7.2–7.4) 8.1–10.7 (9.7–10.0) 7.7–10.3 (8.0–8.5)
S0 reduction ND + ND ND +
Energy sources:

D-glucose + + + – +
D-mannose + + – – –
D-maltose + + + – +
mannitol ND + ND – –
D-ribose +/– +/– ND – –
sucrose + + + – +
L-sorbitol ND + ND – –
trehalose ND + + – –
D-cellobiose – + + – –
D-fructose + – + – +
N-acetylglucosamine – + – – +
lactate ND – – + –
propanol ND ND ND + –
ethanol ND ND ND + –
starch + + – ND +
glycogen + + – – +
pyruvate – + – + –
Casamino acids – +/– – – –
yeast extract ND + ND – +
citrate ND +/– ND ND ND
L-arginine – + – ND ND
L-glutamate – + – + ND
sodium ascorbate ND + ND ND ND
DL-lysine ND +/– – ND ND

G+C, mol % 29.6 28.6 33.7 31.9 34.4
Fermentation products Acetate, ethanol, 

formate, H2, CO2, 
butyrate

Acetate, ethanol, 
formate, H2, CO2, 
butyrate

Lactate, formate, 
acetate, ethanol, 
H2, CO2

Acetate Acetate, ethanol, 
formate, H2, CO2

Source Dead Sea, Israel Lagoons of Lake 
Sivash, Crimea

Salin-de-Giraud 
salterns, Cama-
rgue, France

Lake Magadi, 
Kenya

Lake Magadi, 
Kenya

Note: ND, no data; “+”, used as energy source; “–”, not used as growth substrate; “+/–”, used as growth substrate to a slight degree.
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Z-7986 revealed a Halobacteroidaceae-specific helix
at positions 60–100 in the E. coli numbering [1], a
shortened helix (characteristic of the genera Orenia,
Natroniella, Halobacteroides, and Haloanaerobacter)
at positions 100–200 [18], and an extended helix (char-
acteristic of the genera Orenia, Halobacteroides, and
Haloanaerobacter) at positions 1435–1466 [18].

DISCUSSION

The strain isolated by us is a gram-negative spore-
forming moderately halophilic obligatorily anaerobic
chemoorganotrophic bacterium with a low G+C con-
tent of the DNA. Based on these properties, it is related
to haloanaerobes of the family Halobacteroidaceae.

Phylogenetic data obtained by analyzing the pri-
mary and secondary structures of the sequence of the
16S rRNA gene indicated that the strain really belongs
to this family. The fact that strain Z-7986 should be
placed in the order Haloanaerobiales is of considerable
interest, because most representatives of this order are
thalassophiles adapted to bodies of water that contain
evaporating seawater. A peculiarity of strain Z-7986 is
its alkaliphilic nature. It was the first saccharolytic
haloanaerobe that was isolated from a continental soda
lake and is able to develop at a pH value of 10. Another
alkaliphilic haloanaerobe described earlier, Natroniella
[3], does not use carbohydrates and exhibits a homoac-
etogenic type of metabolism.

The organism isolated in the present work is a
zymogenic copiotroph, which is a rapidly growing fer-
menter that uses a limited set of substrates, predomi-
nantly soluble polysaccharides composed of polyglu-
cose and their degradation products. These compounds
are the substrates of catabolism. The organism also
requires amino acids or yeast extract to accomplish the
processes of anabolism.

Like Natroniella, the new organism depends both on

Cl– and  ions in a highly mineralized medium
(with a mineralization degree of 0.5 to 2.9 M). There-
fore, the organism conforms to the definition of a
haloalkaliphile, because its growth depends both on
high sodium chloride concentrations and on alkalinity.
It should be considered moderately alkaliphilic, since
the pH optimum for its growth is 8–8.5, and it can grow
at the near-neutral pH value of 7.7. The organism can
grow at 60°C and is characterized by a broad range of
optimum temperatures (36–55°C). It can be regarded as
thermotolerant or moderately thermophilic. Thermo-
tolerance is quite compatible with its lifestyle in the
equatorial Lake Magadi, whose temperature may con-
siderably increase when directly heated by the sun.

While growing with elemental sulfur, strain Z-7986
proved capable of nonspecific sulfur reduction, which
is peculiar to some haloanaerobes [2, 18, 19]. Based on
its high sulfide tolerance and the incapacity to utilize

HCO3
–

sulfur catabolically, the organism is likely to be adapted
to the sulfidogenesis zone. The growth of the strain was
not completely inhibited by sodium sulfite and dithion-
ite, in contrast to the species of the genera Halo-
bacteroides and Haloanaerobium [2, 10].

The capacity to fix N2 was demonstrated in Orenia
salinaria, one of the species of the order Haloanaero-
biales [20]. Strain Z-7986 does not grow with N2 in the
absence of other nitrogen sources and it is not capable
of nitrogen fixation.

Strain Z-7986 possesses heat-resistant spores. In
contrast to many other haloanaerobic and thermoalka-
liphilic species, it sporulates when cultivated in a labo-
ratory and this process does not require special condi-
tions. A significant part of the late stationary phase cells
convert into spores.

The organism is adapted to function at the beginning
of the anaerobic saccharolytic trophic chain that
degrades water-soluble polysaccharides in the trophic
system of an anaerobic community. Its ecological and
physiological features conform to the physical and
chemical conditions of highly mineralized soda lakes.

Despite the indubitable phylogenetic relationship
between strain Z-7986 and the representatives of the
family Halobacteroidaceae, the analysis of the 16S
rDNA sequences did not give us grounds for classifying
this organism into any existing taxon of this family.
Although strain Z-7986 forms one cluster with the spe-
cies of the genera Orenia and Natroniella, the diver-
gence level of the 16S rDNA sequences between
Z-7986 and these closest relatives is relatively high
(at least 8%). This prevents us from placing the organ-
ism in one of these genera. Therefore, strain Z-7986 is
a representative of a new genus in the family Halo-
bacteroidaceae.

Strain Z-7986 differs from the marine saccharolytic
species of the genus Orenia in that it is alkaliphilic, by
the set of sugars it utilizes, and in the metabolic prod-
ucts of glucose fermentation. The capacity to utilize
sugars and differences in the type of metabolism distin-
guish it from the obligate alkaliphile Natroniella that
was also isolated from Lake Magadi (Table 2). Based
on the phenotypic and genotypic peculiarities of the
new organism, we suggest classifying it into a new
genus and a new species, Halonatronum saccharophi-
lum. Its diagnosis follows.

Description of Halonatronum gen. nov.
Hal.o.nat.ron.um. Hal.o, from Gr. n. hals, halos, salt;
Nat.ron, from Gr. n. natron, soda, the mineral Na2CO3 ·
10H2O. An organism growing with sodium chloride
and carbonate.

Gram-negative spore-forming motile rods with per-
itrichous flagellation. An obligate anaerobe that fer-
ments carbohydrates including soluble polysaccharides.
A moderate haloalkaliphile with a low G+C content of
DNA, belonging to the spore-forming branch of the
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order Haloanaerobiales and the family Halobacteroi-
daceae. The genus is monotypic, with Halonatronum
saccharophilum as the type species.

Description of Halonatronum saccharophilum sp.
nov. Sac.cha.ro.philum. From Gr. n. sacchar, sugar and
Gr. adj. philus, liking. A sugar-liking organism.

Slender flexible rods, 0.4–0.6 × 3.5−10 µm in young
cultures; long thickened degenerate cells, spheroplasts,
and spores are characteristic of aging cultures. Spores
are round, terminal, thermostable, of the plectridial
type. The cell wall is characterized by a gram-negative
structural pattern. Cells are motile by means of peritri-
chous flagella.

A moderate haloalkaliphile obligatorily requiring
sodium chloride and carbonate and growing within the
NaCl concentration range of 3–17% with an optimum
at 7–12% and at pH 7.7–10.3 with a pH optimum of
8.0–8.5. A moderate thermophile growing at 18–60°C
with an optimum within the broad temperature range of
36–55°C. The doubling time is 2.5 h under optimum
conditions.

An obligate anaerobe with the fermentative type of
metabolism. Ferments glucose, fructose, sucrose, mal-
tose, starch, glycogen, N-acetyl-D-glucosamine, and, to
a slight degree, peptone and yeast extract. A chemoorga-
notroph whose metabolism requires yeast extract or
amino acids. Formate, ethanol, acetate, H2, and CO2
form as glucose fermentation products. Uses sulfur as
electron acceptor in a process that yields no energy.
Sulfide-tolerant.

The G+C content of DNA is 34.3 mol %.

Isolated from the bottom deposits of the coastal lagoon
of Lake Magadi (Kenya). Z-7986T (=DSM13868,
=Uniqem 211) is the type strain of the species.
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