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Members of the genus Bacillus are endospore�
forming, rod�shaped bacteria widely occurring in soils
and other habitats; some of them are known pathogens
(B. anthracis, B. cereus, B. thuringiensis, etc.) [1].
Nonpathogenic bacteria of this group include produc�
ers of enzymes, antibiotics, and a variety of other sub�
stances of industrial importance [1]. Some strains of
the genus Bacillus (e.g., B. subtilis 168 and W23) have
been extensively employed as model organisms for the
study of important biological problems [1].

One of the important aspects of research on bacilli,
including the taxonomic issues, is the study of anionic
cell surface polymers that affect many properties and
vital functions of cells [2].

Recently, a number of novel species and subspecies
of this genus have been described, including those
phylogenetically close to B. subtilis, B. pumilus and
B. licheniformis [3, 4]. Genotypic characteristics
determined by the molecular methods (DNA–DNA
hybridization, analysis of the gyrB gene encoding the
B subunit of DNA gyrase, multilocus sequence analy�

sis, etc.) and some phenotypic properties are used for
differentiation of closely related species and subspe�
cies of the “B. subtilis” group also traditionally includ�
ing more distant species B. licheniformis and B. pumi�
lus [3–6]. However, the difficulties in discrimination
between the species at the phenotypic level have been
emphasized in many works because of the high simi�
larity of their conventional phenotypic characteristics
[3, 5–7]. The usefulness of the composition and struc�
ture of cell wall teichoic acids as chemotaxonomic
markers has been shown for a wide range of bacteria of
the order Actinomycetales [8]. As far as bacilli are con�
cerned, there are limited data on the differences
between the strains of some species, including repre�
sentatives of the “B. subtilis” group, and on the use of
these data in taxonomy [9–20]. For example, the sep�
aration of B. subtilis into two subspecies (B. subtilis
subsp. subtilis and B. subtilis subsp. spizizenii) was
based on the difference between the strains in the poly�
ols (glycerol or ribitol) as constituents of their teichoic
acids, as well as on the DNA reassociation values [9].
However, at present there is no data on the composi�
tion and structure of anionic polymers of the type
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strains of Bacillus spp., except for B. subtilis subsp.
subtilis VKM B�501T [10]. All of the above emphasize
the desirability of further study of the teichoic acids
from bacilli for taxonomic purposes, particularly for
differentiation of closely related entities (strains/spe�
cies).

The goal of this work was to study the cell wall
teichoic acids of the type strains of the species
B. licheniformis and B. pumilus and the related bacteria
previously assigned to B. pumilus.

MATERIALS AND METHODS

Strains. The following type strains were used in this
study: B. licheniformis VKM B�511T (strain)
and B. pumilus VKM B�508T (strain), as well as VKM
B�424 (= ATCC 6635 = NBRC 12088), VKM B�711
(= NCIB 8738 = NBRC 12090), and VKM B�1554
(= ATCC 15716 = NBRC 12605). The three latter
strains were initially identified as B. pumilus according
to their morphological, physiological, and biochemi�
cal properties.

The cultures were grown aerobically at 28°C to the
mid�exponential growth phase as described [10].

Analysis of 16S rRNA gene sequences. Amplifica�
tion and sequencing of the 16S rRNA genes were per�
formed as described [11]. The sequence similarities
were determined using EzTaxon server
(http://www.eztaxon.org). MEGA5 software was used
for phylogenetic analysis and tree construction [21].

The cell walls were obtained and teichoic acid phos�
phorus was assayed according to [22].

Teichoic acids were extracted from lyophilized cell
walls with 10% TCA (B�511T, B�508T, B�424, B�711,
B�1554 preparations) and investigated as described
[10, 22].

Paper electrophoresis and paper chromatography,
as well as separation and identification of the degrada�

tion products (2 M HCl, 3 h, 100°C) of teichoic acids
and cell walls, viz., monosaccharides, polyols, and
phosphate esters, were performed according to [22].

NMR spectra were recorded with a Bruker Avance
600 spectrometer at 30°C for the samples in D2O.
Aqueous 80% phosphoric acid (δP 0.0) was used as an
external reference; TSP (δH 0.0) and acetone
(δC 31.45) were used as internal ones. The 2D NMR
experiments were performed using the standard
Bruker software. The mixing time of 150 ms and spin�
lock time of 250 ms were applied in ROESY and
TOCSY experiments, respectively. The 1H/13C and
1H/31P 2D HMBC experiments were optimized for
the coupling constant of 5 Hz.

DOSY spectra were measured using the stebpgp
pulse sequence, with the following parameters: Z�gra�
dient from 2 to 95% at 512 steps, Δ = 0.1 s, δ = 0.01 s.

RESULTS

Phylogenetic position of the strains. The sequences
of the 16S rRNA gene fragments were determined for
the strains VKM B�424 (1459 bp), VKM B�711
(1467 bp) and VKM B�1554 (1437 bp). Analysis of the
results confirmed affiliation of these stains with the
genus Bacillus and showed their close phylogenetic
relatedness to the species B. pumilus and B. safensis
(Fig. 1). The sequence similarity between the strains
VKM B�424, VKM B�711, VKM B�1554 and the type
strain B. pumilus VKM B�508 (= ATCC 7061;
sequence no. AY876289 in GeneBank) were 100, 99.9
and 99.9%, respectively (the sequences being identical
or with a single�nucleotide difference). On the other
hand, the 16S rRNA gene sequence of VKM B�711
was identical to that of the type strain of B. safensis [4].

Teichoic acids. The cell walls of the strains con�
tained about 3% phosphorus derived from teichoic
acids.

VKM В�711

VKM В�1554

VKM В�424

Bacillus safensis FO�036bT: AF234854

B. pumilus VКМ В�508T (=АТСС 7061T); AY876289

Bacillus altitudinis 41KF2bT; AJ831842

Bacillus subtilis subsp. subtilis DSM10T; AJ276351

Bacillus sonorensis NRRL B�23154T; AF302118

B. licheniformis VKM В�511T (=АТСС 14580T); CP000002

65

98

100

100

0.005

Fig. 1. Phylogenetic position of the tested strains (enhanced font) based on the analysis of the 16S rRNA gene nucleotide
sequence using the neighbor�joining method. The scale shows the evolutionary distance corresponding to 5 nucleotide substitu�
tions per every 1000 nucleotides. Numerals show the statistical reliability of the branching order determined by bootstrap analysis
(the values of the bootstrap index above 50% are shown). Evolutionary distances were calculated by the Jukes–Cantor method.
Phylogenetic analysis and tree construction were carried out using the MEGA5 software [21].
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The acid hydrolysates of the cell walls and of the
respective teichoic acid preparations from B. pumilus
VKM B�508T, as well as from the strains VKM B�424,
VKM B�711 and VKM B�1554, yielded identical
products: glucose, glucosamine, glycerol, and phos�
phate esters typical of glycerol teichoic acid with the
1,3�type of phosphodiester bond [23]. Electrophoresis
of the B�508T, B�424, B�711, and B�1554 prepara�
tions revealed two fractions (per each) with the mobil�
ities mGroP 1.1 and mGroP 1.4.

The acid hydrolysates of the cell wall and teichoic
acid preparation derived from B. licheniformis VKM
B�511T were found to contain galactose, glycerol, and
trace amounts of glucose. The specific phosphate
esters indicated the presence of glycerol teichoic acid
with the 1,3�type of phosphodiester bond [23] and the
possible presence of a poly(glycosylpolyol phosphate)
polymer [11]. Electrophoresis of the B. licheniformis
VKM B�511T preparation revealed two fractions with
the mobilities mGroP 0.95 and mGroP 1.3.

Electrophoretic separation of the teichoic acids
preparations obtained from all strains under study into
fractions with different mobility suggests that they
contain several polymers.

NMR spectroscopy of teichoic acid preparations.
The structure of the polymers including monomer
composition, configurations of the glycoside centers,
and positions of the phosphoester bonds were deter�
mined by 1D 1H, 13C, and 31P NMR spectroscopy.
The 1D NMR spectra were assigned using 2D homo�
nuclear 1H/1H COSY, TOCSY, ROESY and hetero�
nuclear 1H/13C HSQC, HMBC and 1H/31P HMBC
experiments. Analysis of the spectra revealed the pres�
ence of 1,3�poly(glycerol phosphates) with free (TA I)
or acylated (TA II) hydroxyl group at glycerol C2 in all
preparations (B�511T, B�508T, B�424, B�711, B�1554).
The acylating residue was either alanine or N�acetyla�
lanine (Table 1). Location of the phosphate groups at

the glycerol O1 and O3 was inferred from H1/P and
H3/P cross�peaks in the 1H/31P HMBC spectra. In
the 13C NMR spectra of some polymers, the signals for
glycerol C1 and C3 were split into doublets and the C2
signal was split into a triplet due to the 13C/31P spin–
spin coupling via two and three bonds, respectively.
Location of the alanyl residues at glycerol O2 was con�
firmed by characteristic downfield shifts of the
signals for glycerol H2 (Table 1) and C2. When
present, N�acetylation of the alanine residue was
demonstrated by a downfield shift of the alanine
H2 signal.

The preparations from all strains contained the
third polymer different in structure from the teichoic
acids described above.

In the B�508T, B�424, and B�1554 preparations
(Fig. 2), the third polymer (TA III') was represen�
ted by a 1,3�poly(glycerol phosphate), in which all
glycerol residues (Gro) were glycosylated at O2 with a
2�acetamido�2�deoxy�α�D�glucopyranose (α�D�
GlcpNAc) residues. The location of the sugar residue
was confirmed by the presence of the correlation peaks
between H1 of α�D�GlcpNAc and H2 and H3 of
Gro in the ROESY spectra and between H1 of α�D�
GlcpNAc and C2 of Gro in the 1H/13C HMBC spectra.

The third teichoic acid (TA III'') in the B�711 prep�
aration (Figs. 3 and 4) was a poly(glycosylglycerol
phosphate) with the �6)�α�D�GlcpNAc�(1→1)�
snGro�(3�P� repeating unit. Correlation peaks
between H1 of α�D�GlcpNAc and H1 and H1' of
Gro in the ROESY spectrum, as well as between H1 of
α�D�GlcpNAc and C1 of Gro and between H1 and
H1' of Gro and C1 of α�D�GlcpNAc in the HMBC
spectrum proved the substitution pattern in the repeat�
ing unit. Location of the phosphate group between O6
of α�D�GlcpNAc and O3 of Gro was confirmed by the
respective correlation peaks in the 1H/31P HMBC
spectrum.

708095100

1.3Gro(I)

2Ala(II)

2Gro(I)

3Ala(II)

CH3CON
2GN2Gro(II)

2Gro(III)
1GN

1.3Gro(II)

1.3Gro(III)

90 85 75 65 60 65 50 45 40 35 30 25 20 15 ppm

Fig. 2. The 13C NMR spectrum of teichoic acids of B. pumilus VKM B�508T. Arabic numerals refer to the numbers of atoms in
the residues; roman numerals refer to the numbers of teichoic acids in Table 1. Abbreviations: α�GlcpNAc residue, GN; glycerol
residue, Gro.
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Table 1. The 1H and 13C chemical shifts in teichoic acid spectra of the cell walls of B. licheniformis VKM B�511T, B. pumilus
VKM B�508T, B�424, B�711, and B�1554

Residue

Chemical shifts (δC of acetone 31.45, δH of TSP 0.0, italic)

C1 
H1,1'

C2 
H2

C3 
H3,3'

C4 
H4

C5 
H5

C6 
H6,6'

Teichoic acid I (TA I)
B. pumilus VKM B�508T, B�424, B�711, B�1554; B. licheniformis VKM B�511T

�1)�snGro�(3�P� 67.8 70.9 67.8a)

4.03, 4.05 4.03,

 3.95  3.95

Teichoic acid II (TA II)
B. pumilus VKM B�508T, B�424, B�711, B�1554; B. licheniformis VKM B�511T

�1)�snGro�(3�P� 65.1 75.6 65.1b)

2) 4.13, 5.39 4.13,

| 4.11 4.11

D�Ala�(1 17.1 51.0 175.6

or 1.52 3.97

|

D�AlaNAc�(1 16.8 50.4c) 171.5

1.63 4.29

Teichoic acid III
B. pumilus VKM B�508T, B�424, B�1554 (TA III') 

�1)�snGro�(3�P� 66.7 77.3 66.0d)

2) 4.03, 4.06 4.04,

↑ 4.00 4.00

α�D�GlcpNAc�(1 98.3 55.1e) 72.4 71.5 73.5 62.0

5.10 3.94 3.81 3.48 3.94 3.89, 3.80

B. pumilus VKM B�711 (TA III'')

snGro�(3�P� 69.6 70.6 68.0f)

1) 3.79 4.07 3.99

↑ 3.56 3.94

�6)�α�D�GlcpNAc�(1 98.8 55.0g) 72.5 70.9 72.4 62.0f)

4.88 3.97 3.79 3.59 3.82 4.14, 4.09

B. licheniformis VKM B�511T (TA III''')

snGro�(3�P� 62.7 78.8 66.0h)

2) 3.80, 3.96 4.05,

↑ 3.78 3.97

�6)�α�D�Galp�(1 99.9 69.7 70.7 70.5 71.4 66.1d)

5.17 3.81 3.91 4.04 4.23 4.02, 3.9

Note: Phosphorus signals in the 31P spectrum at δP a) +0.7, b) +0.2, c) CH3CON at δC 23.4 and 176.0 and δH 2.05, d) +0.2, e) CH3CON
at δC 23.6 and 176.0 and δH 2.08, f) +0.6, g) CH3CON at δC 23.4 and 175.9 and δH 2.05, h) +0.5.
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The structure of poly(glycosylglycerol phosphate)
of the third polymer (TA III''') of the B�511T prepara�
tion (Fig. 5) with the �6)�α�D�Galp�(1→2)�snGro�(3�P�
repeating unit was established in a similar way. The
presence of a glycoside bond between the sugar residue
and glycerol (Gro) O2 was confirmed by correlation
peaks between H1 of α�D�Galp and H2 of Gro in the
ROESY spectrum, as well as between H1 of α�D�Galp
and C2 of Gro and between H2 of Gro and C1 of α�D�
Galp in the 1H/13C HMBC spectrum. Location of the
phosphate group between O3 of Gro and O6 of α�D�

Galp was inferred from Gro H3,H3'/P and α�D�Galp
H6,H6'/P correlation peaks in the 1H/31P HMBC
spectrum.

The absolute configuration of glycerol residues
was assigned on the basis of the existing conceptions
of teichoic acid biosynthesis, according to which
sn�glycerol�3�phosphate residues are incorporated
into the poly(glycerol phosphate) chain [2]. Some of
the works devoted to the study of glycosylation
enzymes demonstrated incorporation of D�hexoses
into teichoic acid molecules [24–26], which corrobo�

1.8

3.553.653.753.853.954.054.154.254.354.45

1.6
1.4
1.2

1.0
0.8
0.6
0.4

0.2
0
–0.2
–0.4

ppm

ppm

1.3Gro(II)

3.3'Gro(III)

1.3Gro(I)

6.6'GN

Fig. 3. The 2D heteronuclear 1H/31P HMBC spectrum of teichoic acids of B. pumilus VKM B�711. Arabic numerals refer to the
numbers of atoms in the residues; roman numerals refer to the numbers of teichoic acids in Table 1. Abbreviations: α�GlcpNAc
residue, GN; glycerol residue, Gro.
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2Gro(III)
2Gro(I)

3.5GN
4GN

1.3Gro(I)
3Gro(III)

2Gro(II)

1GN

CH3CO

3Ala

Fig. 4. The 2D heteronuclear 1H/13C HSQC spectrum of teichoic acids of B. pumilus VKM B�711. Arabic numerals refer to the
numbers of atoms in the residues; roman numerals refer to the numbers of teichoic acids in Table 1. Abbreviations: α�GlcpNAc
residue, GN; glycerol residue, Gro.
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rates our data on determination of the absolute config�
uration of monosaccharides in analogous polymers
[27].

It has been previously shown that the ordinary
NMR spectra do not afford an opportunity to distin�
guish a polymer mixture from an irregular polymer
[23] containing several types of monomeric units. For
example, the spectra of 1,3�poly(glycerol phosphate)
polymer, where the part of glycerol residues are substi�
tuted on hydroxyl group at C2 by sugar or alanine res�
idues, are indistinguishable from the spectrum of the
mixture of three respective regular polymers: 1,3�
poly(glycerol phosphate) and the same polymer with
sugar or alanine residues. The presence of a polymer

mixture could be proved by its separation using chro�
matography and/or electrophoresis. However, such
separation is hardly ever effective in practice [28];
these very few experiments underlay the interpretation
of complex NMR spectra as the spectra of mixtures of
individual polymers. Recently [29, 30], the mixtures
of organic compounds, including high�molecular
ones, have been analyzed by Diffusion Ordered Spec�
troscopy NMR (DOSY). DOSY investigation of
teichoic acid preparations from bacilli showed that
this technique sometimes made it possible to deter�
mine the presence of different polymers.

The DOSY spectrum of the B�711 preparation
(Fig. 6) showed that the unsubstituted and alanine�

708095100

5,4,3,2Gal

2Gro

90 85 75 65 60 65 50 45 40 35 30 25 20 15 ppm

1Gro
3Gro
6Gal

1Gal

Fig. 5. The 13C NMR spectrum of teichoic acids of B. licheniformis VKM B�511T. Arabic numerals refer to the numbers of atoms
in the residues. Abbreviations: α�Galp residue, Gal; glycerol residue, Gro.

3.0e–10

2.02.53.03.54.04.5

2.5e–10

2.0e–10

1.5e–10

1.0e–10

0.5e–10

ppm5.0

m2/s

III

I
II

Fig. 6. The DOSY spectrum of teichoic acids of B. pumilus VKM B�711. Roman numerals refer to the numbers of teichoic acids;
the repeating units are given in Table 1.
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substituted units of 1,3�poly(glycerol phosphate) and
the units of poly(glycosylglycerol phosphate) had dif�
ferent diffusion coefficients D (1.3e–10, 1.5e–10, and
1.0e–10 m2/s, respectively) and, consequently,
belonged to different polymers of different chain
length and mobility.

Similarly, it was shown that the B�508Т, B�424 and
B�1554 preparations contained three polymers with
different diffusion coefficients D for the repeating
units. However, diffusion coefficients D in the B�511T

preparation were of the same value for all units, which,
nevertheless, was not an evidence of polymer hetero�
geneity but rather a result of accidental coincidence of
mobility for the chains of different polymers. Accord�
ing to the spectral data, the TA I/TA II/TA III ratios
in the preparations were as follows: 6 : 1 : 3 for B�511T,
6 : 1 : 1 for B�508T and B�424, 10 : 1 : 5 for B�1554,
and 1 : 1 : 3 for B�711.

DISCUSSION

This paper presents the results of research into the
cell wall teichoic acids of B. licheniformis VKM B�511T

and B. pumilus VKM B�508T, as well as of the phylo�
genetically close strains (VKM B�424, VKM B�711,
and VKM B�1554) initially assigned to B. pumilus on
the basis of morphological, physiological and bio�
chemical characteristics.

Our research showed that the type strains of the
species B. licheniformis and B. pumilus, as well as the
previously studied B. subtilis subsp. subtilis [10], were
characterized by individual sets of cell wall anionic
polymers (Table 2).

The cell walls of all strains studied in the present
work contained a teichoic acid with O�ester�bound
alanine (TA II, Table 1). As was shown in our experi�
ments (DOSY), this teichoic acid was a separate poly�
mer. It is known that alanine, a typical structural ele�
ment of bacillary teichoic acids, modulates their func�
tional activity associated with cation exchange and the
function of bacterial autolysins. Moreover, O�D�ala�
nine is a part of the regulatory mechanism used by the
cell for responding to environmental changes: temper�
ature, pH, ionic environment, particularly Mg+2 and

NaCl concentrations, and for varying the density of
negative charges of both the teichoic acid and the cell
wall as a whole [2]. In the previous works [10–12], the
alanine residues O�ester�bound to teichoic acids were
revealed by the chemical methods; in the present
work, localization of alanine residue on the polymer
was confirmed by the methods of NMR spectroscopy.
Moreover, this study showed for the first time that
some of the O�D�alanine residues in teichoic acids of
bacilli were N�acetylated (Table 1).

The cell walls of B. pumilus VKM B�508T and the
strains VKM B�424 and VKM B�1554 were shown to
contain structurally identical teichoic acids of the 1,3�
poly(glycerol phosphate) nature: unsubstituted chains
(TA I) and the chains carrying O�D�Ala (TA II) and
N�acetyl�α�D�glucosamine (TA III') residues
(Tables 1, 3). Moreover, the strains B. pumilus VKM
B�508T and VKM B�424 with identical TA I, TA II
and TA III' ratios (6 : 1 : 1) had identical 16S rRNA
gene sequences. In contrast to the above�mentioned
organisms, VKM B�711 contained a different type of
the third polymer in its cell wall (TA III''), a poly(gly�
cosylglycerol phosphate) with N�acetyl�α�D�glu�
cosamine residues as components of the main chain,
involved in formation of a phosphodiester bond at O6:
�6)�α�D�GlcpNAc�(1→1)�snGro�(3�P�. The obtained
teichoic acid ratios showed that TA III' was predomi�
nant in the cell wall of VKM B�711, while TA I was
predominant in the strains VKM B�508T, VKM B�424
and VKM B�1554.

It is worth noting that the strain VKM B�711
showed a 100% 16S rRNA gene similarity with the
type strain of B. safensis and a 99.9% similarity with
the type strain B. pumilus VKM B�508T (Fig. 1). In
light of our results, it may be supposed that the strain
VKM B�424 is most likely a member of the species
B. pumilus, while VKM B�711 probably belongs to
another species (B. safensis ?). The strains Sh17, Sh18,
and AHU 1650 studied by other authors and described
previously by the name of B. pumilus have a different
set of polymers (Table 3) and supposedly are not mem�
bers of the species B. pumilus either. At the same
time, the presence of 1,3�poly(glycerol phosphate)
and N�acetylglucosamine as an element of teichoic

Table 2. Phosphate�containing cell wall polymers of the type strains B. licheniformis VKM B�511T, B. pumilus VKM B�508T,
and B. subtilis subsp. subtilis VKM B�501T

Teichoic acids and glycosyl 1�phosphate polymers (GPP) VKM  B�501T VKM  B�508T VKM  B�511T

�6)�β�D�Glcp�(1→3)�α�D�GalpNAc�(1�P� (GPP) [10] �

1,3�poly(GroP) with α�D�Glcp and O�D�Ala [10] �

1,3�poly(GroP) with α�D�GlcpNAc  �

1,3�poly(GroP) with O�D�Ala � �

1,3�poly(GroP) � �

�6)�α�D�Galp�(1→2)�snGro�(3�P� �
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acid structure in these strains may be evidence of their
close genetic relationship with B. pumilus.

The following teichoic acids were identified in the
cell wall of B. licheniformis VKM B�511T: unsubsti�
tuted 1,3�poly(glycerol phosphate) (TA I) and the
polymer carrying the O�ester�bound residues of par�
tially N�acetylated D�alanine (TA II), as well as
poly(glycosylglycerol phosphate) (TA III''') with the
following structure of the repeating unit: �6)�α�D�

Galp�(1→2)�snGro�(3�P� (Table 1). The presence of
several polymers in the cell walls of other strains
described under the species name of B. licheniformis
(Table 4) have been revealed previously [13–16].
These organisms differed from each other and from
the type strain B. licheniformis VKM B�511T in the set
and structure of teichoic acids (Table 4). However,
unsubstituted 1,3�poly(glycerol phosphate) and/or
poly(glycosylglycerol phosphate) with galactopyra�

Table 3. Phosphate�containing cell wall polymers of B. pumilus VKM B�508T and other strains previously assigned to this
species

Strain Teichoic acids and glycosyl 1�phosphate polymers (GPP) Reference

VKM B�508T 1,3�poly(GroP) p.w.

VKM B�424 1,3�poly(GroP) with O�D�Ala

VKM B�1554 1,3�poly(GroP) with α�D�GlcpNAc

VKM B�711 1,3�poly(GroP); p.w.

1,3�poly(GroP) with O�D�Ala;

�6)�α�D�GlcpNAc�(1→2)�snGro�(3�P�

Sh17 1,3�poly(GroP) with O�D�Ala;  [18]

1,3�poly(GroP) with α�GlcNAc*; 

�6)�ManNAc�(1�P� (GPP)

Sh18 1,5�poly(RboP);  [19]

�3)�β�GlcNAc�(1→4)�Rbo�(1�P�*; 

1,3�poly(GroP) with α�GlcNAc* and α�GalNAc*

AHU 1650 1,3�poly(GroP);  [20]

�4)�GlcNAc�(1�P� (GPP)

Notes: glycerol phosphate, GroP; ribitol phosphate, RboP; p.w., present work. 
* Polymer structures are reproduced as in original publications: without indicating the ring size of the monosaccharide constitu�
ents (p, pyranose) and absolute configuration of sugars.

Table 4. Teichoic acids of the cell walls of B. licheniformis VKM B�511T and other strains assigned previously to this species

Strain Set and structure of teichoic acids Reference

VKM B�511T 1,3�poly(GroP); p.w.
1,3�poly(GroP) with O�D�Ala;
�6)�α�D�Galp�(1→2)�snGro�(3�P� 

AHU 1371 �6)�α�Gal�(1→2)�Gro�(3�P�* [16]

B. licheniformis** 1,3�poly(GroP); [15]
�3)�α�D�Galp�(1→1)�snGro�(3�P�;
�3)�[β�D�Glcp�(1→2)]�α�D�Galp�(1→1)�snGro�(3�P�

ATCC 9945 1,3�poly(GroP); [13]
(= BCRC 12826 = VKM B�435) �6)�β�D�Glcp�(1→1)�snGro�(3�P�; [14]

�6)�β�D�Galp�(1→1)�snGro�(3�P� [14]

CMM 454*** 1,5�poly(RboP) with β�D�Glcp [17]

Notes: glycerol phosphate, GroP; ribitol phosphate, RboP; p.w., present work. 
* Polymer structures are reproduced as in original publications: without indicating the ring size of the monosaccharide constituents

 (p, pyranose) and absolute configuration of sugars. 
** Strain number not indicated. 

*** Collection of Marine Microorganisms, Pacific Institute of Bioorganic Chemistry, Far Eastern Branch of the Russian Academy
of Sciences;
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nose in the repeating unit was found in three out of five
cases. Notably, the strains VKM B�511T and ATCC
9945 (= BCRC 12826 = VKM B�435), for which the
16S rRNA (EF433410, EF423608) and gyrB
(DQ309295, DQ309323) genes have been sequenced
[5], are highly similar in these genes (99.6 and 95.5%,
respectively).

Together with the similarity of the “classical” diag�
nostic characteristics, the similar set of teichoic acids
and the presence of the common structural element
(galactopyranose) may be evidence of close genetic
relationship between some other strains of this group.
On the other hand, the difference of “B. licheniformis”
KMM 454 with 1,5�poly(ribitol phosphate) [17] from
the type strain of B. licheniformis lacking this polymer,
along with the available data on taxonomic signifi�
cance of anionic polymers for other bacteria [8, 9],
suggest that this strain rather represents a different
species (subspecies) of bacilli.

Further studies of the strains previously assigned to
the species B. pumilus and B. licheniformis on the basis
of their morphological, physiological, and biochemi�
cal characteristics, using adequate taxonomic meth�
ods, will elucidate the species affiliation of the organ�
isms considered and reveal the teichoic acids charac�
teristic of the species (subspecies) of this group of
bacilli.
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