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Microbial diversity of alkaline environments, such
as soda lakes, includes anaerobic bacteria, which could
reduce certain metals and metalloids. Respiratory
reduction of selenate (Se(VI)), selenite (Se(IV)) arsen-
ate (As(V)), Fe(III), Co(III), Cr(VI) was demonstrated
for a few microorganisms during last two decade and
has geochemical, ecological and environmental signifi-
cance [1–5]. There are only few described alkaliphilic
dissimilatory metal-reducing microorganisms such as

 

Bacillus macyae

 

 [3], 

 

Alkaliphilus metalliredigens 

 

[4],

 

Geoalkalibacter ferrihydriticus

 

 [5]. The majority alka-
liphilic metal-reducing bacteria have fermentative type
of metabolism and reduce metals as an electron sink
using different types of organic compounds, as an elec-
tron donors.
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Enrichment of anaerobic alkaliphilic iron-reducing
community oxidizing acetate was obtained from the
sediment sample of lake Khadyn (Tuva, upper Yenisey
region). Several new microorganisms able to reduce
amorphous Fe(III)-hydroxide (AIH) and AQDS were
isolated from this enrichment including acetate-utiliz-
ing 

 

Geoalkalibacter ferrihydriticus

 

 [5] and fermenta-
tive 

 

Natronincola

 

 [6]. Among the non Fe-reducing sat-
telites, strain Z-0521 was obtained, which represents a
new strictly anaerobic, fermentative, obligately alka-
liphilic, diazotrophic and arsenate reducing member of
bacilli.

Here we present taxonomic description of strain
Z-0521, which is proposed as a new species of a new
genus 

 

Anaerobacillus alkalilacustre

 

 whithin the
group 6 of the genus 

 

Bacillus

 

. We also propose to trans-
fer into this genus anaerobic members of the rRNA
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Abstract

 

—An anaerobic, spore-forming bacterium (strain Z-0521) was isolated from the iron-reducing micro-
bial community enriched from sample of bottom sediments from low-mineralized soda lake Khadyn, Tuva
upper Yenisey region (Russia). Cells of strain Z-0521 are motile straight Gram-positive rods, 0.7–1.1 (

 

μ

 

m in
diameter and 3.0–7.0 

 

μ

 

m length. It is a mesophilic halotolerante obligate alkaliphilic bacterium with a pH range
for growth 8.5–10.7 (optimum at 9.6–9.7). Utilizes carbohydrates. Peptides, organic acids or alcohols are not
utilized. In the presence of mannite strain Z-0521 reduces AQDS, arsenate, selenate and selenite. It is capable
of N

 

2

 

 fixation and has nitrogenase gene 

 

nif

 

H. The dominant cellular fatty acids are C

 

16:0

 

, C

 

16:1w7c

 

 and C

 

a15

 

. The
G+C content in the DNA is 36.2 mol %. 16S rRNA gene sequencing identified strain Z-0521 as a member of
rRNA group 6 of the genus 

 

Bacillus

 

. Its closest relatives are 

 

B. alkalidiazotrophicus

 

 and 

 

B. macyae

 

 (98.3 and
98.1% sequence similarity). On the basis of physiological properties and genetic analysis, it is proposed that
strain Z-0521

 

T

 

 should be assigned to a new species of a new genus, 

 

Anaerobacillus alkalilacustre

 

 gen. nov., sp.
nov. It is also proposed that 

 

Bacillus arseniciselenatis

 

, 

 

Bacillus macyae 

 

and 

 

Bacillus alkalidiazotrophicus

 

should be transferred to this new genus, with 

 

Anaerobacillus arseniciselenatis 

 

(formely 

 

Bacillus arsenicisel-
enatis

 

) as the type species.
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group 6 

 

Bacillus arseniciselenatis

 

, 

 

B. macyae

 

 and

 

B. alkalidiazotrophicus

 

 as 

 

Anaerobacillus arsenicisel-
enatis

 

 comb. nov., 

 

Anaerobacillus macyae

 

 comb. nov.
and 

 

Anaerobacillus alkalidiazotrophicus

 

 comb. nov. In
accordance with the principle of priority we propose

 

A. arseniciselenati

 

s, the first described species from
this group, as the type species of a new genus.

MATERIALS AND METHODS

 

Source of sediments, enrichment and isolation.

 

The described bacterium was isolated from an Fe(III)-
reducing enrichment with acetate obtained from the
bottom sediments and water collected from soda lake
Khadyn (Tuve, Russia), with pH 9.5 and salt content
17 g/l [5]. The enrichment was cultivated in strictly
anaerobic medium, containing acetate (2 g/l) as elec-
tron donor and Fe(III) as electron acceptor, yeast
extract (0.1 g/l) as growth factor, under N

 

2

 

 in the gas
phase [5]. Fe(III) was provided in the form of AIH at
90 mM.

 

Media and culturing techniques.

 

 Optimized
medium contained (g/l): 0.2 KH

 

2

 

PO

 

4

 

, 0.5 NH

 

4

 

Cl,
0.2 KCl, 0.1 MgCl

 

2

 

 · 6H

 

2

 

O, 1.0 NaCl, 10.0 NaHCO

 

3

 

,
3.0 Na

 

2

 

CO

 

3

 

, 0.1 yeast extract (Difco), 2.0 mannite, 1 ml
of trace element solution [7]. Preparation of anoxic
media achieved by heating the culture medium to
100

 

°

 

C under a constant 100% N

 

2

 

 headspace. Culture
media was then cooled to room temperature and subse-
quently dispensed under anoxic atmosphere into Hun-
gate anaerobic culture tubes and autoclaved. No reduc-
ing agent was added. The pH of the medium after ster-
ilization was 9.5. Temperature of incubation was 37

 

°

 

C.

 

Physiological studies.

 

 Growth was determined by
measuring the increase in optical density directly in
Hungate tubes at 600 nm (Specol-10 Jena, Germany).

Utilization of electron donors was studied in opti-
mized medium, in which mannite was replaced by
organic acids, filter-sterilized sugars or peptides at con-
centration 3 g/l, for alcohols 5 ml/l, molecular hydro-
gen (100% v/v). A medium in which the energy source
had been omitted was used as a control.

Ability of the strain Z-0521 to use various electron
acceptors was studied with mannite as preferred elec-
tron donor. The electron acceptors were added from
autoclaved stock solutions with final concentration
(mM): Na

 

2

 

SO

 

3

 

 – 2 or 10; Na

 

2

 

S

 

2

 

O

 

3

 

 · 5H

 

2

 

O – 20;
Na

 

2

 

SO

 

4

 

 – 20; NaNO

 

2

 

 – 2 or 10; NaNO

 

3

 

 – 20;
Fe(III)

 

−

 

EDTA – 20; Fe(III)

 

−

 

citrate – 5; AQDS – 20;
HAsO

 

4
2–

 

, SeO

 

4
2–

 

 and SeO

 

3
2–

 

 – 5; S

 

0

 

 – 2% (w/v).

Temperature, pH and NaCl concentration ranges for
growth and susceptibility to antibiotics were deter-
mined under an atmosphere of N

 

2

 

 in optimized
medium. The pH was adjusted with sterile stock solu-
tions of HCl (10%) or NaOH (10%) and measured after
sterilization and after growth. In this case initial con-
centration of carbonate was 10-fold decreased and

instead of them NaCl was added in equal molar concen-
tration. When NaCl-dependence was studied all salts
containing Cl

 

–

 

, were replaced by sulfate-salts. Same
approach was used in case of carbonate dependence.
Tris

 

−

 

HCl or CAPS buffers were added in this case to
maintain the pH. The optimal carbonate concentration
was estimated by using different concentrations of car-
bonate with constant Na

 

2

 

CO

 

3

 

/NaHCO

 

3

 

 ratio = 0.3 with
Na

 

2

 

CO

 

3

 

/NaHCO

 

3 

 

(g/l) = 0.03/0.1; 0.15/0.5; 0.3/1.0;
1.5/5.0; 3/10; 6/20; 9/30; 12/40; 15/50; 30/100.

 

Analytical techniques.

 

 Routine examinations of cul-
tures were performed under a phase-contrast ZETOPAN
Reichert optical anoptral microscope. Phase contrast
micrographs were taken using agar-coated slides [8].
Transmission electron microscopy was performed with
a model JEM-100 electron microscope (JEOL) as
described previously [9].

Fe(II) was measured with ferrozine [10]; ammo-
nium was analyzed after diffusion with Nessler’s
reagent. Determination of short-chain organic acids,
alcohols and gaseous products of metabolism was per-
formed by HPLC-anionic chromatography with HPX-
87H column (BioRad) at 60

 

°

 

C, UV/RI detector and
5 mM H

 

2

 

SO

 

4

 

 at 0.6 ml/min as a carrier. Sulfide was
determined by methylen blue method [11]. Arsenate
was detected by ion-chromatography on HPLC chro-
matograph “Stayer” with conductometric detector and
column “Aquline” A 1.2 (4,6 

 

×

 

 250 mm) and postcol-
umn membrane suppression (Aquilon Ltd, Russia) in
3.5 mM carbonate buffer, eluent flow 1.5 ml/min.

Fatty acid profile was analyzed on chromatograph
Microbial Identification System Sherlock (MIDI Inc,
Newark, United States) as described previously [12]
with its identification on mass-spectrometer Agilent
Technologies AT-5971 (SMART).

Catalase activity in washed cells was quantified by
iodometric method [13].

 

DNA analysis.

 

 The genomic DNA was isolated
according to [14]. Determination of the G+C content of
the DNA and the DNA

 

−

 

DNA hybridization were per-
formed by the thermal denaturation/reassociation tech-
nique [15].

 

Sequence analysis of the 16S rRNA gene and

 

nif

 

H gene.

 

 The 16S rRNA genes were amplified using
general bacterial primers 11F-1492R [16]. The 470 kb
fragment of nifH gene was amplified with specially
designed and previously tested primer pair F1/R6 (5'-
TAYGGIAARGGIGGIATIGGIAARTC-3')/5'-GCCA-
TCATYTCICC-IGA-3') [17]. The PCR products were
purified from low-melting agarose using the Wizard
PCR-Prep kit (Promega, United States). Sequencing
was performed using Big Dye Terminator v.3.1
sequencing reaction kit at ABI 3730 DNA automatic
sequencer (Applied Biosystems, Inc., United States).
Preliminary phylogenetic analysis of the new
sequences was done with the NCBI BLAST server
(http://www.ncbi.nlm.nih.gov/BLAST/). The nucle-
otide and inferred amino acid sequences were aligned
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with sequences from the GenBank using CLUSTALW.
Phylogenetic trees were reconstructed using the
TREECON W [18]. Bootstrap analysis (1000 replica-
tions) was used to validate the reproducibility of the
branching patterns of the trees.

Type strains. B. macyae JMM-4T for comparative
studies was obtained from DSMZ collection. B. alka-
lidiazotrophicus MS 6T was kindly provided by
D.Yu. Sorokin.

RESULTS

Enrichment and isolation. For isolation of diverse
Fe(III)-reducing species the soda lake enrichment was
inoculated into media containing AIH or AQDS as elec-
tron acceptors and different electron donors. Motile
rods with endospores dominated on the medium with
AQDS and mannite as electron donor. After several
transfers on the liquid medium culture was inoculated
in roll tubes with 1.5% Bacto Agar in the basal medium
with AQDS. Single colonies were picked up with glass
capillary and subcultured in liquid medium. The purity
of isolate designated as strain Z-0521 was checked
microscopically, by the absence of growth on control
media, and by 16S rRNA gene sequencing.

Cell morphology. Colonies appeared after 24–
48 hours incubation in agar roll tube cultures as lense-
shaped, 0.1–0.2 mm in diameter white with dark center.
Vegetative cells of strain Z-0521 were actively moving
rods, 0.7–1.1 μm in diameter and 3.0–7.0 μm in length
(Fig. 1a) with slightly tapering end. The cells occurred
singly, sometime in pairs. Formation of mini-cells at
the end of cell or in the place of division was quite char-
acteristic for this bacterium (see arrow Fig. 1a). Cells
had from 1 to 7 peritrichously located flagella (Fig. 1b).
Strain Z-0521 formed ellipsoidal, endospores, some-
times two within a single sporangium (Fig. 1a, 1c).
After exponential growth phase cells lysed quickly.
Ultrathin sectioning of strain Z-0521 revealed a typical
Gram-positive structure of the cell wall (Fig. 1c).

Growth characteristics. Strain Z-0521 was obli-
gate alkaliphile with a growth range from pH 8.5 to
10.7 with an optimum at pH 9.7 (Fig. 2a). It was halo-
tolerant, being able to grow 0–110 g/l of NaCl with an
optimum at 20–30 g/l of NaCl. It obligately depended
on the presence of carbonates with no growth on the
medium where carbonate buffer was replaced by CAPS
or Tris buffer. The optimal concentration of carbonates
was found at 3.0 g/l of Na2CO3 and 10 g/l of NaHCO3
(Fig. 2b). The isolate was mesophilic and grew from
18° to 40°C, with an optimum at 30–35°C.

Strain Z-0521 was an obligate anaerobe catalase
positive and oxidase negative, utilizing only carbohy-
drates; peptides, alcohols or organic acids were not
used. Fermentative growth was possible with glucose,
tregalose, saccharose, cellobiose, fructose, ramnose,
xylose, maltose, mannite, dextrin and glycogen; weak
growth was observed with ribose, lactose, raffinose,

melibiose, sorbitol, N-acetyl-D-glucosamine and pullu-
lane. Mannose, galactose, sorbose, fucose, L-arabi-
nose, dulcitol, ornitrine, inosite, starch, casein, hummi-
arabic, dextrane, xylane, agarose, alginic acid, aescu-
line, pectine and cellulose were not fermented.

Growth with electron acceptors. Strain Z-0521
reduced AQDS and arsenate with mannite as electron
donor. Concentration of As(V) decreased during the
growth from 5 mM to 2.5 mM, but no changes in cell
yield was observed. Selenate not inhibited growth of
strain Z-0521, but selenite were reduced only in cell
suspensions. When selenite was added to the medium
before inoculation it inhibited growth of strain Z-0521
and was not reduced. AIH, Fe(III)-citrate, Fe(III)-
EDTA, nitrate, nitrite, sulfate, sulfite, thiosulfate, ele-
mental sulfur and fumarate were not reduced by strain
Z-0521.

Metabolic products. Formate, lactate, acetate and
low concentration of ethanol were the main products
from mannite as substrate by strain Z-0521T. The fer-
mentation products from glucose were ethanol, for-
mate, acetate and lactate. Yeast extract was not required
when the medium was supplemented with vitamins.
When vitamins were omitted the growth of strain Z-
0521 ceased at concentration of yeast extract below
0.05 g/l. The optimal concentration of yeast extract was
0.75 g/l on the basal medium. Doubling time at opti-
mized conditions was 2.1 h.

Chloramphenicol, penicillin, vankomycin, ampicil-
lin, novobiocin, and streptomycin completely inhibited
growth at concentrations 100 μg/ml. Kanamycin at
100 μg/ml did not inhibit growth.

Fatty acid analysis. The dominant fatty acids of the
strain Z-0521 included C16:0 (31.09%), C16:1w7c
(23.24%), Ca15 (11.99%) and C18:1w7c (8.44%).

G+C content of the genomic DNA. The G+C con-
tent of the genomic DNA of strain Z-0521 was 36.2 ±
0.5 mol % (Tm).

Phylogenetic analysis. We determined an almost
complete 16S rRNA sequence (1504 nucleotides) for
strain Z-0521, corresponding to positions 11–1496 of
E. coli numbering. According to the preliminary phylo-
genetic analysis, the highest level of sequence similar-
ity was found with the species of the genus Bacillus,
rRNA group 6, which accommodate mainly alkaliphilic
Bacillus species [19, 20]. The closest relative (98.3%
sequence similarity) were B. alkalidiazotrophicus [21]
and B. macyae (98.1% sequence similarity) [3]
(Fig. 3a). Results of DNA−DNA hybridization between
strain Z-0521 and B. alkalidiazotrophicus (51% relat-
edness) and between strain Z-0521 and B. macyae
(56% relatedness) indicated a separate gene-species
status of strain Z-0521 [22].

Fixation of N2. Since B. alkalidiazotrophicus was
described as an active diazotroph [21], N2-fixing poten-
tial of strain Z-0521 was tested on a medium with N2 as
the only one N-compound. The result was positive with
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acetylene-reducing activity 16.7 μmol of C2H2 l/h on
5.5 × 106 cells.

Analysis of nifH gene. PCR amplification with spe-
cific primers detected a presence of a nifH gene frag-
ment (nearby 450 nucleotide) in the genomic DNA of
strain Z-0521. According to the preliminary BLAST-
analysis the sequence of this fragment was closely
related to B. alkalidiazotrophicus and B. macyae (89.5
and 88% accordingly) that corresponds well to 16S
rRNA data. Comparison of the translated sequences

revealed higher similarity between sequences of strains
Z-0521 and B. macyae (96%) than with B. alkalidiaz-
otrophicus (94.6%). On the phylogenetic tree (Fig. 3b)
strain Z-0521 formed a single nifH cluster with B. alka-
lidiazotrophicus, B. macyae and B. arseniciselenatis.

DISCUSSIONS

The genus Bacillus includes more than 200 species
with extremely diverse metabolism and phylogeny. Ini-

(b) (c)

(‡)

Fig. 1. Cell morphology of strain Z-0521T grown in basal medium with mannite. (a) Phase-contrast micrograph. Mini-cells are
pointed by arrow. Bar, 10 μm. (b) Electron micrograph of negatively stained cell with peritrichous flagella. (c) Ultrathin sections of
strain Z-0521T showing cell wall layers. Bar, 1 μm.



MICROBIOLOGY      Vol. 78      No. 6     2009

DESCRIPTION OF Anaerobacillus alkalilacustre gen. nov., sp. nov. 727

tially, this genus included only gram-positive, spore-
forming, aerobic organotrophic bacteria. However, cur-
rently this “supergenus” includes aerobic, facultatively
and obligately anaerobic, heterotrophic or autotrophic
organisms capable of growth practically in extremely
diverse ecological niches [23, 24]. Due to a heterogene-
ity of the genus there is no wonder that since last two
decades fifteen phylogenetic groups have been reclassi-
fied as a new genera.

Strain Z-0521T had several phenotypic traits, which
separate it from its closest relatives (see table). It was
clearly distinct from B. alkalidiazotrophicus by its abil-
ity to reduce selenate and selenite. Similar to the strain
Z-0521, B. alkalidiazotrophicus is a strictly fermenta-
tive but aerotolerant organism [21]. Both have a rela-
tively high content of C16:1w7 that is certainly unusual
for bacilli [25], but is presented in cellular fatty acid
profile of metal-reducing bacteria [4, 6], Strain Z-0521
fermented pentoses such as xylose and ribose, but could
not utilize starch.

From B. macyae the novel bacterium differed by
strictly fermentative type of metabolism, ability to
grow at pH above 8.5, and its ability to hydrolyse poly-
mers.

Similar to B. alkalidiazotrophicus, strain Z-0521
was able to fix N2 and had a functional nitrogenase gene
nifH.

Most of diazotrophic members of the bacilli are
accommodated within the genus Paenibacillus [26],
but B. alkalidiazotrophicus and B. arseniciselenatis
formed a novel independent lineage of diazotrophs
within gram-positive bacteria with low G+C content
and the nifH family cluster I related to the genus Paeni-
bacillus [21]. During this study we also detected nifH
gene in B. macyae. Obtained sequence was closely
related to nifH of B. alkalidiazotrophicus, B. arseni-
ciselenatis and strain Z-0521T that were clearly differ-
ent from the known nifH available in GenBank and con-
firmed separate phylogenetic position of these four
bacilli in the rRNA group 6 of the genus Bacillus.

Based on 16S rRNA gene phylogeny, B. alkalidiaz-
otrophicus, B. macyae, B. arseniciselenatis and strain
Z-0521 formed a well-separated branch within the
rRNA group 6 of the genus Bacillus. As a group, they
have less than 95% 16S rRNA gene sequence homol-
ogy with other bacilli, which is below the standard
genus border [22]. Physiology within the group is
markedly different from classical bacilli, i.e. obligate
anaerobic metabolism. The common properties are
spore formation, similar low G+C, halotolerante, obli-
gate or slightly (B. macyae) alkaliphily and the poten-
tial to reduce various electron acceptors. For B. alkalid-
iazotrophicus the latter was not demonstrated, but we
found it capable of arsenate reduction to arsenite during
anaerobic growth with glucose.

The main characteristic feature for the group is their
inability to use O2. Three of them are strict anaerobes

and only B. alkalidiazotrophicus could grow under aer-
obic condition but it retained strictly fermentative type
of metabolism. Besides these bacilli only thermophilic
B. infernus was described as strict anaerobe [27], but
phenotypicaly and phylogeneticaly it is rather distant
from the group 6 anaerobes.

Thus, on the basis of physiological characteristics,
the results of DNA-DNA hybridization studies, 16S
rRNA gene and nifH gene analysis, we propose a new
genus, Anaerobacillus gen. nov., containing new spe-
cies Anaerobacillus alkalilacustre sp. nov., with strain
Z-0521T as a type. We also propose to transfer anaero-
bic species of the bacilli rRNA group 6, B. arsenicisel-
enatis, B. alkalidiazotrophicus and B. macyae, to this
new genus, with Anaerobacillus arseniciselenatis
(formely Bacillus arseniciselenatis E1H) as the type
species. The description of genus is based on our stud-
ies, as well as on previous descriptions of the anaerobic
species [2, 3, 21].
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0
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(b)

Fig. 2. Effect of pH (a) and carbonate concentration (b) on
the growth of strain Z-0521T.
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Fig. 3. Phylogenetic position of the new strain Z-0521 and other anaerobic diazothrophic species among closest neighbour species
of the genus Bacillus based on 16S RNA gene sequence analysis (a) and nifH gent sequence analysis (b). Tree topography and evo-
lutionary distances are given by the neighbour-joining method with Jukes−Cantor corrections. Numbers at the nodes indicate the
percentage of boodstrap values for the clade of this group in 1000 replications (values more than 70 are shown). Bar, 2 and 10 sub-
stitutions per 100 nt.

Z-0521T (PQ675454)
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Description of Anaerobacillus gen. nov.

Anaerobacillus (An.ae.ro.ba.cilílus. Gr. pref. an not;
Gr. n. aer air; L. dim. n. bacillus small rod; M. L. masc.
n. Anaerobacillus anaerobic rod).

Cells are rods producing ellipsoidal endospores
occuring singly or in pairs, motile by peritrichous fla-
gella or non-motile. The cell wall structure is gram-pos-
itive. Chemo-organotrophs. Strictly anaerobic or aero-
tolerant. Type of metabolism is fermentative or anaero-
bic respiration. Mesophilic. Obligate or moderately
alkaliphilic. Halotolerant or moderately halophilic.
Catalase positive. Most of the species are capable of
hydrolysis and utilization of polymeric carbohydrates.
Able to reduce arsenate. Diazotrophic, nitrogenase
gene nifH is present. The G+C content of DNA is in the
range 36.2–40 mol % (Tm). Most of the strains are
obtained from high-pH habitats.

The type species is Anaerobacillus arseniciselenatis
(basonym Bacillus arseniciselenatis Switzer–Blum
et. al, 1998).

Description of Anaerobacillus alkalilacustre sp. nov.

Anaerobacillus alkalilacustre (al.ka.li.la.cu’s.tre. N.
L. at. n. alkali (from Arabic al gaily soda ash); N. L.
gen. n. lacus of lake; N. L. adj. alkalilacustre alka-
liphile from lake).

Cells are large rods with tapered edges, 0.7–1.1 ×
3.0–7.0 μm, motile by peritrichous flagella. Forms one
or two ellipsoidal endospores per the cell. Gram-posi-
tive. Strictly anaerobic. Obligate alkaliphile growing
within a pH range from 8.5 to 10.7 with an optimum at
pH 9.6–9.7. Mesophilic, with growth range from 18 to
40°C and optimum at 30–35°C. Halotolerant, with salt
range from 0 to 110 g/l NaCl and an optimum at 20–
30 g/l. Carbonate dependent. Type of metabolism is fer-
mentative. Utilizes carbohydrates, but not peptides,
organic acids or alcohols. The following carbohydrates
can be fermented: glucose, tregalose, saccharose, cello-
biose, fructose, ramnose, xylose, maltose, mannite,
dextrin, glycogen. Weak growth with ribose, lactose,
raffmose, melibiose, sorbitol, N-acetyl-D-glucosamine
and pullulane. Reduces AQDS, arsenate, selenate and
selenite with mannite as an electron donor. Diaz-

Comparative characteristics of strain Z-0521 and related species of genus Bacillus

Characteristic Z-05211 B. alkalidiazotrophi-
cus, MS 6 [21]

B. arseniciselenatis, 
E1H[2]

B. macyae, 
JMM-44 [3]

Motility + + – +

Fermentation type of metabolism + + + –

pH growth range (optimum) 8.5–10.7
(9.6–9.7)

7.8–10.6 (9.5) 7.0–10.2 (9.8) 7.0–8.4 (7.8)

NaCl growth range, g/l (optimum)  0–110 (20–30) 5.0–70.0 (10–20) 20–120 (60) 1.2–30 (1.2)

Aerotolerance – + – –

Catalase + + + +

Oxidase – – + –

Electron acceptors:

   O2 – – – –

   AQDS + ND ND ND

   Arsenate + +* + +

   Selenate + – + –

   Selenite + – – –

   Fe(III) – ND + –

   Nitrate – – + +

Hydrolysis of polymers glycogen starch, glycogen starch –

Utilization of pentoses xylose, ribose – – –

Anaerobic respiration – – + +

Diazotrophy + + ND ND

nifH + + +** +*

G+D content of DNA, mol % 36.2 37.1 40.0 37.0

Habitat  Soda soil  Soda soil  Soda lake Gold mine

Note:  ND – not determined; * our date; ** date from paper Sorokin et al., 2008 [21].
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otrophic. Catalase positive and oxidase negative.
Requires yeast extract or vitamins for growth. The
dominant cellular fatty acids include C16:0 (31.09%),
C16:1w7c (23.24%), Ca15 (11.99%) and C18:1w7c (8.44%).
The G+C content of DNA is 36.2 mol % (Tm). Isolated
from low-salt soda lake Khadyn (Tuva, Russia). The
type strain is Z-0521T (=VKM B-2403T = DSMZ
18345T). The GenBank accession number for the 16S
rRNA sequence and nifH gene sequence is DQ675454
and EU861990, respectively.

Description of Anaerobacillus arseniciselenatis 
Zavarzina et al. comb. nov. [basonym Bacillus 

arseniciselenatis Switzer-Blum et al., 1998 (Validation 
List no. 80, 2001)]

In addition to the characteristics given for A. arseni-
ciselenatis by Switzer Blum et al. (1998) gene nifH was
detected by Sorokin et al. (2008). The type strain is
E1HT (=ATCC 700614T). The GenBank accession
number for the 16S rRNA sequence and nifH gene
sequence is AF064705 and EU204960, respectively.

Description of Anaerobacillus alkalidiazotrophicus 
Zavarzina et al. comb. nov. [basonym Bacillus 

alkalidiazotrophicus Sorokin et al., 2008]

In addition to the characteristics given for this spe-
cies by Sorokin et al. (2008), A. alkalidiazotrophicus
was found to be able to reduce arsenate during anaero-
bic growth with glucose. The type strain is MS 6T

(= NCCB100213T = UNIQEM U377T). The GenBank
accession number for the 16S rRNA sequence and nifH
gene sequence is EU143680 and EU204959, respec-
tively.

Description of Anaerobacillus macyae 
Zavarzina et al. comb.nov.

[basonym Bacillus macyae Santini et al., 2004]

In addition to the characteristics given for the new
genus and those given for A. macyae by Santini et al.
(2004), a presence of nifH gene was detected in this
study. The type strain is JMM-4T (=DSM 16346T =
JCM 12340T). The GenBank accession number for the
16S rRNA sequence and nifH gene sequence is
AY032601 and EU204960, respectively.

ACKNOWLEDGMENTS

We are grateful to the A.M. Lysenko for the determi-
nation of G+C content of DNA and DNA−DNA hybrid-
ization analysis, to Dr. D.Yu. Sorokin for determination
of nitrogenase activity and most valuable discussion
and to N.A. Kostrikina for electron microscopy. Also
we are thankful to the Dr. G.A. Osipov for fatty acid
analysis. 

This work was supported in part by Presidium RAN
program “Origin and evolution of the biosphere” and
by the contract Rosnauka ‹ 02.512.12.0027. 

REFERENCES

1. Oremland, R.S. and Stolz, J.F., The Ecology of Arsenic,
Science, 2003, vol. 300, pp. 939–944.

2. Blum, J.S., Bindi, A.B., Buzzelli, J., Stolz, J.F., and
Oremland, R.S., Bacillus arsenicoselenatis, sp. nov., and
Bacillus selenitireducens, sp. nov.: Two Haloalkaliphiles
from Mono Lake, California that Respire Oxyanions of
Selenium and Arsenic, Arch. Microbiol., 1998, vol. 171,
pp. 19–30.

3. Santini, J.M. Streimann, I.C.A., and van den Hoven, R.N.,
Bacillus macyae sp. nov., an Arsenate-Respiring Bacte-
rium Isolated from an Australian Gold Mine, Int. J. Syst.
Evol. Microbiol., 2004, vol. 54, pp. 2241–2244.

4. Ye, Q., Roh, Y., Carroll, S.L., Blair, B., Zhou, J., Zhang, C.L.,
and Fields, M.W., Alkaline Anaerobic Respiration: Iso-
lation and Characterization of a Novel Alkaliphilic and
Metal-Reducing Bacterium, Arch. Microbiol., 2004,
vol. 70, pp. 5595–5602.

5. Zavarzina, D.G., Kolganova, T.V., Boulygina, E.S., Kos-
trikina, N.A., Tourova, T.P., and Zavarzin, G.A., Geoal-
kalibacter ferrihydriticus gen. nov., sp. nov., the First
Alkaliphilic Representative of the Family Geobacter-
aceae Isolated from a Soda Lake, Mikrobiologiya, 2006,
vol. 75, no. 6, pp. 775–785 [Microbiology (Engl.
Transl.), vol. 75, no. 6, pp. 673–682].

6. Zhilina, T.N., Zavarzina, D.G., Osipov, G.A., Kos-
trikina, N.A., and Tourova, T.P., Natronincola ferrire-
ducens sp. nov. and Natronincola peptidovorans sp.
nov.—A New Anaerobic Alkaliphilic Peptolytic and
Iron-Reducing Bacteria from a Soda Lakes., Microbi-
ologiya, 2009, vol. 78, no. 3, pp. 500-518 [Microbiology
(Engl. Transl.), vol. 78, no. 3, pp. 455–467].

7. Kevbrin, V.V. and Zavarzin, G.A., The Effect of Sulfur
Compounds on Growth of the Halophilic Homoacetic
Bacterium Acetohalobium arabaticum. Microbiologiya,
1992, vol. 61, no. 5, pp. 812–817 [Microbiology (Engl.
Transl.), vol. 61, no. 5, pp. 563–567].

8. Pfennig, N. and Wagner, S., An Improved Method of
Preparing Wet Mounts for Photomicrographs of Micro-
organisms, J. Microbiol. Methods, 1986, vol. 4, pp. 303–
306.

9. Zavarzina, D.G., Zhilina, T.N., Tourova, T.P., Kuz-
netsov, B.B., Kostrikina, N.A., and Bonch-
Osmolovskaya, E.A., Thermanaerovibrio velox sp. nov.,
a New Anaerobic, Thermophilic, Organotrophic Bacte-
rium that Reduces Elemental Sulfur, and Emended
Description of the Genus Thermanaerovibrio, Int. J.
Syst. Evol. Microbiol., 2000, vol. 50, pp. 1287–1295.

10. Lovley, D.R. and Phillips, E.J.P., Organic Matter Miner-
alization with the Reduction of Ferric Iron in Anaerobic
Sediments, Appl. Environ. Microbiol., 1986, vol. 51,
pp. 683–689.

11. Trüper, H.G. and Schlegel, H.G., Sulfur Metabolism in
Thiorhodaceae. 1. Quantitative Measurements on Grow-
ing Cells of Chromatium okenii, Ant. van. Leeuwenhoek
J. Microbiol. Serol., 1964, vol. 30, pp. 225–236.



MICROBIOLOGY      Vol. 78      No. 6     2009

DESCRIPTION OF Anaerobacillus alkalilacustre gen. nov., sp. nov. 731

12. Stead, D.E., Sellwood, J.E., Wilson, J., and Viney, I.,
Evaluation of a Commercial Microbial Identification
System Based on Fatty Acid Profiles for Rapid, Accurate
Identification of Plant Pathogenic Bacteria, J. Appl. Bac-
teriol., 1992, vol. 72, pp. 315–321.

13. Summer, J.B. and Dounce, A.L., Liver Catalase, in
Methods in Enzymology, 1955, vol. 2, p. 780.

14. Marmur, J., A Procedure for the Isolation of Dioxyribo-
nucleic Acid from Microorganosms, J. Mol. Biol., 1961,
vol. 3, pp. 208–218.

15. Marmur, J. and Doty, P., Determination of the Base
Composition of Deoxyribonucleotic Acid from Microor-
ganisms, J. Mol. Biol., 1961, vol. 5, pp. 109–118.

16. Lane, D.J., 16S/23S rRNA Sequencing, in Nucleic Acid
Techniques in Bacterial Systematics, Stackebrandt, E.,
Goodfellow, and Chichester, M., Eds., UK: John Wiley
& Sons, 1991, pp. 115–177.

17. Marusina, A.I., Boulygina, E.S., Kuznetsov, B.B.,
Tourova, T.P., Kravchenko, I.K., and Gal’chenko, V.F., A
System of Oligonucleotide Primers for the Amplification
of nifH Genes of Different Taxonomic Groups of
Prokaryotes, Microbiologiya, 2001, vol. 70, no. 1,
pp. 86–91 [Microbiology (Engl. Transl.), vol. 70, no. 1,
pp. 73–78].

18. Van de Peer, Y. and De Wachter, R., TREECON for Win-
dows: a Software Package for the Construction and
Drawing of Evolutionary Trees for the Microsoft Wid-
ows Environment, Comput. Applic. Biosci., 1994, vol.
10, pp. 569–570.

19. Nielsen, P., Rainey, F.A., Outtrup, H., Priest, F.G., and
Dagmar, F., Comparative 16S rRNA Sequence Analysis
of some Alkaliphilic Bacilli and the Establishment of a
Sixth rRNA Group within the Genus Bacillus, FEMS
Microbiol. Lett., 1994, vol. 117, pp. 61–66.

20. Yumoto, I., Bioenergetics of Alkaliphilic Bacillus spp.,
J. Biosci. Bioengineer, 2002, vol. 93, pp 342–353.

21. Sorokin, I.D., Kravchenko, I.K., Tourova, T.P., Kolga-
nova, T.V., Boulygina, E.S., and Sorokin, D.Yu., Bacillus
alkalidiazotrophicus sp. nov., a Diazotrophic, Low Salt-
Tolerant Alkaliphile Isolated from Mongolian Soda Soil,
Int. J. Syst. Evol. Microbiol., 2008, vol. 58, pp. 2459–
2464.

22. Stackebrandt, E., Frederiksen, W., Garrity, G.M., and
10 other authors, Report of the Ad Hoc Committee for
Re-Evaluation of the Species Definition in Bacteriology,
Int. J. Syst. Evol. Bacteriol., 2002, vol. 52, pp. 1043–
1047.

23. Ash, C., Farrow, J.A.E., Wallbanks, S., and Collins, M.D.,
Phylogenetic Heterogeneity of the Genus Bacillus
Revealed by Comparative Analysis of Small-Subunit-
Ribosomal RNA Sequences, Lett. Appl. Microbiol.,
1991, vol. 13, pp. 202–206.

24. Rainey, F.A., Fritze, D., and Stackebrandt, E., The Phy-
logenetic Diversity of Thermophilic Members of the
Genus Bacillus as Revealed by 16S rRNA Analysis,
FEMS Microbiol. Lett., 1994, vol. 115, pp. 205–211.

25. Kämpfer, P., Whole-Cell Fatty Acid Analysis in the Sys-
tematics of Bacillus and Related Genera, in Applications
and Systematics of Bacillus and Relatives, Berkley, R.,
Heyndrickx, M., Logan, N., and De Vos, P., Eds.,
Oxford: Blackwell Science, 2002, pp. 271–299.

26. Achouak, W., Normand, P., and Heulin, T., Comparative
Phylogeny of rrs and nifH Genes in the Bacillaceae, Int.
J. Syst. Bacteriol., 1999, vol. 49, pp. 961–967.

27. Boone, D.R., Liu, Y., Zhao, Z.J., Balkwill, D.L., Drake, G.R.,
Stevens, T.O., and Aldrich, H.C., Bacillus infernus sp.
nov., an Fe(III)- and Mn(IV)-Reducing Anaerobe from
the Deep Terrestrial Subsurface, Int. J. Syst. Bacteriol.,
1995, vol. 45, pp. 441–448. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


