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Abstract—Cell walls of three type strains of the Bacillus subtilis group, Bacillus mojavensis VKM B-2650,
Bacillus amyloliquefaciens subsp. amyloliquefaciens VKM B-2582, and Bacillus sonorensis VKM B-2652, are
characterized by the individual set of teichoic acids. All strains contained 1,3-poly(glycerol phosphates),
unsubstituted, acylated with D-alanine, and glycosylated. The latter differ in the nature of the monosaccha-
ride residue. Teichoic acids of B. mojavensis VKM B-2650" and B. amyloliquefaciens subsp. amyloliquefaciens
VKM B-2582T contained a-glucopyranose, while those of B. sonorensis VKM B-2652T contained B-glu-
copyranose and N-acetyl-a-D-glucosamine. Moreover, cell walls of B. mojavensis VKM B-2650T contained
a teichoic acid of poly(glycosylglycerol phosphate) nature with the following structure of the repeating unit:
-4)-a-D-a-D-GlepNAc-(1 — 3)]-Glep-(1 — 2)-sn-Gro-(3-P-. The type strains have been characterized
according to the composition of cell wall sugars and polyols. Application of teichoic acids (set and structure)
as chemotaxonomic characteristics is discussed for six type strains of the Bacillus subtilis group. Polymer
structures were determined by chemical and NMR spectroscopic techniques.

Keywords: Bacillus subtilis group, Bacillus mojavensis VKM B-2650", Bacillus amyloliquefaciens subsp. amy-
loliquefaciens VKM B-2582T, Bacillus sonorensis VKM B-2652T, cell wall teichoic acids and sugars, NMR
spectroscopy, taxonomy
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Gram-positive endospore-forming bacteria, phy-  type strains B. subtilis subsp. subtilis VKM B-501T [8],
logenetically close to Bacillus subtilis (the Bacillus sub- B Jicheniformis VKM B-5117, B. pumilus VKM
tilis group) are the subject of many fundamental and  g_50gT [12], and B. subtilis subsp. spizizenii NRRL
applied studies [1, 2]. Taxonomic problems in differ- B-23049T [13], belonging to the B. subtilis group
entiation between the species and subspecies of these ’ ’ )
bacteria at the phenotypic level have been noted
repeatedly, which resulted in search for new chemical
markers [1—4]. Teichoic acids and other cell wall gly-
copolymers may be such markers, as was shown for
different genera of actinobacteria [5, 6].

Studies of other strains of uncertain taxonomic affilia-
tion, which have been assigned to B. subtilis on the
basis of earlier taxonomic studies, resulted in a discov-
ery of polymers structurally different from those of the
type strains [9—11, 13].

This work is a continuation of the studies of the tax-
onomic significance of anionic cell wall polymers, and
concerns the study of teichoic acid of the type strains
of the species B. mojavensis [14], B. amyloliquefaciens
subsp. amyloliquefaciens [15], and B. sonorensis [16].

Studies of the cell wall polymers of the B. subtilis
group representatives demonstrated wide abudance of
teichoic acids and their structural diversity [7—13].
Most of the studied strains were characterized by the
simultaneous presence of several polymers with differ-
ent structure [7—12]. In some cases, a phosphate-con-

taining polymer, so called poly(glycosyl 1-phosphate), MATERIALS AND METHODS
was present together with teichoic acids [7, 8].

Previous studies showed that teichoic acids (the set
and the structure) allow clear differentiation of the

Strains of B. mojavensis VKM B-2650T (=DSM
9205), B. amyloliquefaciens subsp. amyloliquefaciens
VKM B-2582T (=VKPM B-9866), and B. sonorensis
! Corresponding author; e-mail: potekhina56@mail.ru VKM B-2652T (=DSM 13779) were studied.
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The cultivation conditions were as previously
described [8].

Cell walls were obtained from ultrasonically dis-
integrated cells (UP100H Ultrasonic Disintegra-
tor, Hielscher, Germany) by differential centrifuga-
tion [6].

Teichoic acids were extracted from cell walls with
10% trichloroacetic acid [6]. The resultant prepara-
tions were marked as B-2650, B-2582, and B-2652
and studied according to the established procedure
[8, 17].

Phosphorus determination and acid hydrolysis of the
cell walls and of teichoic acids preparations were per-
formed according to [17].

Electrophoresis and paper chromatography (with
Filtrak FN 3), separation and detection of products of
cell wall and teichoic acids degradation (2 M HCI for
3 h at 100°C) such as monosaccharides, glycerol, and
its phosphate esters, were carried out as described else-
where [6, 10].

The NMR spectra of the preparations were
recorded with an Avance 600 spectrometer (Bruker,
Germany) in 99.96% D,O at 30°C. Sodium salt of
3-(trimethylsilyl)-3,3,2,2-tetradeuteropropionic acid
(84 0.0, 8- 1.6) and 80% phosphoric acid (dp 0.0) were
used as internal and external standards for chemical
shifts calculation. Two-dimensional NMR analyses
were performed using the standard techniques and
software from the Bruker company. For the TOCSY
and ROESY experiments the mixing time and the
spin-lock time were 100 and 150 ms, respectively. The
'H/BC and '"H/?'P 2D HMBC experiments were opti-
mized for the coupling constant of 5 Hz.

RESULTS

Acid hydrolysis of the cell walls and teichoic acid
preparations B-2650, B-2582, and B-2652 yielded
identical products: glycerol mono- and bisphosphates,
inorganic phosphate, glycerol, and glucose. In addi-
tion, glucosamine was detected in preparations
B-2650 and B-2652.

Electrophoresis of B-2650, B-2582, and B-2652
preparations revealed the presence of fractions with
different electrophoretic mobility, which suggested the
presence of more than one polymer.

The complete structure, including the monomer
composition, position of the phosphodiester and gly-
coside bonds, as well as configuration of the latter,
were detected by NMR spectroscopy analysis of the
one-dimensional ('H, *C and 3'P), two-dimensional
homonuclear (‘"H/'H COSY, TOCSY, ROESY), and
heteronuclear ('H/'3C HSQC, HMBC and 'H/3'P
HMBC) spectra.

The '3C NMR spectra of the preparations differed
significantly both in the carbon atoms signals and their
relative intensity (Fig. 1, Table 1).
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The analysis of the preparations B-2650, B-2582
and B-2652 spectra revealed the presence of
1,3-poly(glycerol phosphates) with unsubstituted
(Polymer 1), acylated with alanine (Polymer 2), and
glycosylated (Polymers 3 to 5) hydroxyl at C2 of the
glycerol. The phosphate groups at Ol and O3 of glyc-
erol residue in the polymers were identified by the
presence of the HI1,3/P correlation peaks in the
'H/3'"P HMBC spectra (Fig. 2). In some cases, the 13C
NMR spectra showed splitting of the C1,3 glycerol
signals into a doublet and of the C2 signals into a trip-
let due to the constant values of the spin-spin interac-
tion of 13C and 3'P atoms through two or three simple
communication, respectively.

The hydroxyl acylation with an alanine residue at
C2 glycerol position (Polymer 2) was accompanied by
a characteristic low-field chemical shift of the glycerol
H2 proton and a relatively soft low-field effect for the
C2 residue (Table 1). In all the preparations, except
for B-2652, alanine was also detected as the terminal
O-acyl group of the 1,3-poly(glycerol phosphate)
chain.

The B-2582 and B-2650 preparations had o-glu-
copyranose as the glycosylation residue (Polymer 3)
and B-2652 one had B-glucopyranose, partially (17%)
O-acylated by the hydroxyl at C6 with alanine residues
(Polymer 4).

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 incor-
porated into the poly(glycerol phosphate) chain [18].
Some of the works devoted to the study of glycosyla-
tion enzymes demonstrated incorporation of D-hex-
oses into teichoic acid molecules [19], which corrob-
orates our data on determination of the absolute con-
figuration of monosaccharides in analogous polymers
[11].

The preparation B-2652 contained, in addition to
the main components, a small amount (up to 5% of
total polymer content) of 1,3-poly(glycerol phos-
phate) with 2-acetamide-2-deoxy-o.-D-glucopyra-
nose residues (a-D-GlcpNAc) at O2 of glycerol
(Polymer 5, Table 1).

A distinctive feature of the B-2650 preparation was
the presence of poly(glycosylglycerol phosphate)
with the following structure of the repeating unit
(Polymer 6):

-4)-a-D-Glcp-(1 - 2)-sn-Gro-(3-P-
3)

T
a-D-GlcpNAc-(1

Localization of phosphodiester bonds in the repeating
unit resulted from the analysis of 'H/3'P HMBC spec-
trum of the B-2650 preparation, which revealed the
H4 a-Glc'"/PY! and H3 GroY'/PY! correlation peaks

MICROBIOLOGY Wl. 82 No.5 2013
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Fig. 1. The 13c NMR spectra of B. amyloliquefaciens subsp. amyloliquefaciens VKM B-2582T (a), B. mojavensis VKM B-2650T
(b), and B. sonorensis VKM B-2652T (c) teichoic acids. Arabic numerals correspond to the carbon atoms numbers of the residues
indicated according with the numbers in Table 1. Asterisks correspond to low molecular weight impurities.

(Fig. 2). The sequence of the residues in the chain was
determined by the presence of peaks at ClI
a-Glc''/H2 GroY'and at C1 a-GlcN"/H3 a-Glc"' in
the '"H/'3C HMBC spectrum (Fig. 3). The aforemen-
tioned structure of the teichoic acid is described for
the first time.

DISCUSSION

This paper reports the composition of the cell wall
sugars, polyols, and teichoic acids of B. mojavensis,
B. amyloliquefaciens subsp. amyloliquefaciens and
B. sonorensis type strains, belonging to the B. subtilis
group for the first time.

Glucose and glycerol may be possible chemotaxo-
nomic markers for the strains VKM B-2650T, VKM
B-2652T, and VKM B-2582T, glucosamine may be a
marker for VKM B-2650T and VKM B-2652T.

Comparing the results obtained in this work with
the previously published data on the type strains
B. subtilis subsp. subtilis, B. pumilus, and B. lichenifor-
mis, belonging to the B. subtilis group [8, 12], shows
that all strains are characterized by an individual set of
2013
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phosphate-containing polymers (Table 2) and differ
from each other on the basis of the “composition and
structure of the cell wall anionic glycopolymers.”

Teichoic acids of the poly(glycerol phosphate)
nature, unsubstituted or substituted with D-alanine at
02 position of the glycerol residues, are characteristic
for all the strains studied.

Glycosylated 1,3-poly(glycerol phosphates) were
discovered in five out of six strains studied (Table 2).
The polymers of B. mojavensis VKM B-2650", B. amy-
loliquefaciens subsp. amyloliquefaciens VKM B-2582T,
and B. subtilis subsp. subtilis VKM B-501T, which are
close by the 16S rRNA and the “housekeeping genes”
sequences [4, 20, 21], contain a-glucopyranose. The
cell wall of B. sonorensis VKM B-2652T, which is phy-
logenetically distant from the strains mentioned
above [4], contained 1,3-poly(glycerol phosphate)
with B-glucopyranose and a small amount of the poly-
mer substituted with N-acetyl-a-glucosamine (similar
to the main polymer of B. pumilus VKM B-508T [12]).
The strains B. sonorensis VKM B-2652T and B. licheni-
Jormis VKM B-511T, which are most closely related
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Table 1. Chemical shifts in '3C NMR spectra (5. TSP —1.6) and 'H (8,; TSP 0.0, italics) of B. mojavensis VKM B-2650", B. amy-

Ioliquefaciens subsp. amyloliquefaciens VKM B-2582" and B. sonorensis VKM B-2652T cell wall teichoic acids

Residue Cl C2 C3 C4 C5 Co6
HIl, I' H2 H3, 3 H4 H5 He, 6'
Polymer 1 (B. mojavensis VKM B-2650", B. amyloliquefaciens subsp. amyloliquefaciens VKM B-25827T,
B. sonorensis VKM B-2652T)
-1)-sn-Gro-(3-P- Gro! 67.4 70.5 67.42
3.98, 3.92 4.05 3.98, 3.92
Polymer 2 (B. mojavensis VKM B-2650", B. amyloliquefaciens subsp. amyloliquefaciens VKM B-25827T,
B. sonorensis VKM B-2651T)
-1)-sn-Gro-(3-P-  Gro!l 64.8 75.3 64.8°
2) 4.12,4.10 5.36 4.12,4.10
|
Ala-(1 Ala! 171.1 50.1 16.5
4.29 1.63
Terminal fragment of Polymer 2 (B. mojavensis VKM B-2650T,
B. amyloliquefaciens subsp. amyloliquefaciens VKM B-2582T)
sn-Gro-(3-P-  Gro!! 66.4 70.9 67.7
1) 4.64, 4.44 4.18 4.00, 3.88
|
Ala-(1 Ala 171.6 50.0 16.5
4.27 161
Polymer 3 (B. mojavensis VKM B-2650", B. amyloliquefaciens subsp. amyloliquefaciens VKM B-2582T)
-1)-sn-Gro-(3-P-  Gro! 66.5 76.5 65.7¢
2) 4.04, 4.06 4.12 4.00,
T 4.02
a-D-Glcp-(1 aGle! 99.0 72.6 74.1 70.8 73.1 61.8
5.17 3.54 3.76 3.41 3.91 3.88, 3.77
Polymer 4 (B. sonorensis VKM B-2652T)
-1)-sn-Gro-(3-P- Gro' 66.0 78.9 66.39
2) 4.09, 3.98 4.19 4.05, 4.05
T
B-D-Glcp-(1 BGle! 103.5 74.6 77.0 71.0 77.2 62.1
4.65 3.33 3.53 3.40 3.46 3.91,3.73
T
B-D-Glep-(1 BGlc! 103.4 74.6 76.8 71.0 74.4 66.0
6) 4.67 3.33 3.55 3.46 3.72 4.66, 4.45
|
Ala-(1 Ala'l 171.6 50.1 16.7
4.28 1.62
Polymer 5 (B. sonorensis VKM B-2652T)
-1)-sn-Gro-(3-P- 66.7 77.3 66.0°
2) Gro¥| 4.03,4.00 4.06 4.04, 4.00
)
a-D-GlepNAc-(1 aGleN! 98.3 55.1F 72.4 71.5 73.5 62.0
5.10 3.94 3.81 3.48 3.94 3.89, 3.80
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Table 1. (Contd.)

Residue Cl C2 C3 C4 C5 C6
HIL T H2 H3, 3 H4 HS5 Ho6, 6'
Polymer 6 (B. mojavensis VKM B-2650T)
sn-Gro-(3-P- 62.4 77.6 65.48
2) GroY'| 3.76, 3.74 3.96 4.06, 4.01
T
-4)-a-D-Glep-(1  aGle! 98.3 72.1 82.6 74.04 72.0 61.6
3) 5.16 3.73 3.91 4.16 3.95 3.91, 3.82
T
a-D-GlepNAc-(1 aGleN!! 99.7 55.0" 72.0 71.2 73.9 61.8
5.09 3.99 3.84 3.48 4.01 3.88,3.78
Phosphorus signal at 5p
440.8;
b +0.5;
€+0.5;
d40.7;
€ 40.2;
TCH;CON at 8 23.6 and 176.0 and & 2.08;
210.1;

" CH;CON at 823.4 and 175.8 and &y 2.08.

phylogenetically [4], significantly differed, however, in The a- and B-glycosylated 1,3-poly(glycerol phos-

teichoic acid composition and structure (Table 2). phates) and poly(glycosylglycerol phosphates) were

) ) previously found in several other B. subtilis group

The differences between the strains were also  girains, the taxonomic position of which remains
related to the presence/absence of a disaccharide unclear [7, 9—11].

1-phosphate polymer or a teichoic acid of poly(glyco- The O2 glycerol ester-bonded D-alanine residues

sylglycerol phosphate) nature in the cell wall (Table 2).  were reported as characteristic elements for the struc-

M ppm

1-0.4
1-0.2
40.Glc!
10
pIV
10.2
11,111 @ .
P @ 0.4
1.3Gro"! 3 -
o 1.3Gro 40.6
10.8
1.3Gro'  1.3Gro! 11.0
11.2
1 1 1 1 1 1 1 1

420 415 410 405 400 395 390 385 ppm

Fig. 2. Two-dimensional heteronuclear lH/31P HMBC spectrum of B. mojavensis VKM B-2650" teichoic acids. Arabic numerals
correspond to proton numbers of the residues indicated according with the numbers in Table 1.

MICROBIOLOGY Vol. 82 No.5 2013
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ppm
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Fig. 3. Two-dimensional heteronuclear ]H/l 3C HMBC spectrum of B. mojavensis VKM B-2650" teichoic acids. Arabic numerals
before the slash correspond to the numbers of protons and after the slash to the numbers of carbon atoms in the residues indicated

according with the numbers in Table 1.

ture of bacillar teichoic acids [7, 12, 18]. The D-ala-
nine was also detected at O6 of glucose residues in the
B. sonorensis VKM B-2652" polymer. It was not found
earlier in teichoic acids of bacilli. However, alanine in
this position was previously reported in teichoic and
lipoteichoic acids of Staphylococcus epidermidis
RP62A and D group streptococci [22, 23], as well as in
the O-polysaccharides of gram-negative bacteria
[http://www.glyco.ac.ru/bcsdb3/].

Table 2. Cell wall phosphate-containing polymers of the B.

Thus, the study of the cell wall polymers of the
type strains of six species of the B. subtilis group
demonstrated that the combination and structure of
teichoic acids together with other chemotaxonomic
characteristics, including fatty acid composition [3,
4, 14], the nature of the teichoic acids polyol [13],
and the presence of the specific lipopeptide [4], may
serve for phenotypic differentiation of the species.
Investigation of teichoic acids of organisms and

subtilis group type strains

Phosphate-containing polymers B. subtilis | B. mOJ:a— B amyloliquefa- |B. lichgni— B. sono- B. pumi-
teichoic acid/substituent sqb_sp. sub-| vensis ciens sub§p. amy- | formis rensis |lus VKM
and disaccharide 1-phosphate polymer %ZISSB/IKM VKM - /oliquefaciens VKM| VKM VKM B-508
- [8] | B-2650 B-2582 B-511[12]| B-2652 [12]

1,3-Poly(glycerol phosphate) * * * * * *
1,3-Poly(glycerol phosphate)/D-Ala * * * * * *
1,3-Poly(glycerol phosphate)/a-D-Glcp * * *
1,3-Poly(glycerol phosphate)/a-D-GlcpNAc * *
1,3-Poly(glycerol phosphate)/p-D-Glcp **
Poly(glycosylglycerol phosphate)** *
Poly(galactosylglycerol phosphate)*** *
Disaccharide 1-phosphate polymer**** *

* D-Ala at O6 position of certain -Glcp residues.

** Structure of the poly(glycosylglycerol phosphate) repeating unit:

structure is described for the first time.
*** Structure of the repeating unit of poly(galactosylglycerol pho

-4)-a-D-[a-D-GlepNAc-(1 — 3)]-Glep-(1 — 2)-sn-Gro-(3-P-. The

sphate): -6)-a-D-[Galp-(1 — 2)-sn-Gro-(3-P- [12].

##%% Structure of the repeating unit of disaccharide 1-phosphate polymer: -6)-3-D-Glcp-(1 — 3)-a-D-GalpNAc-(1-P- [8].

MICROBIOLOGY Wl. 82 No.5 2013
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groups of organisms not previously investigated in
this respect, also reveals immense structural diver-
sity of these natural compounds.

ACKNOWLEDGMENTS

This work was supported by the Russian Founda-

tion for Basic Research (grant no. 10-04-01747) and
the Federal Program “Research and Development of
the Priority Courses of Scientific and Technological
Complex of Russia for 2007—2013” (State Contract
no. 14.518.11.7069).

10.

. The Prokaryotes,

REFERENCES

. Fritze, D., Taxonomy of the genus Bacillus and related

genera: the aerobic endospore-forming bacteria, Phyto-
pathology, 2004, vol. 94, no. 11, pp. 1245—1248.

Dworkin, M., Ed., New York:
Springer, 2006, vol. 4, chs. 1.2.16—1.2.18, pp. 530—630.

. Wang, L.-T., Lee, E-L., Tai, C.-J., and Kasai, H.,

Comparison of gyrB gene seguences, 16S RNA gene
seguences and DNA—DNA hybridization in the Bacil-
lus subtilis group, Int. J. Syst. Evol. Microbiol., 2007,
vol. 57, pp. 1846—1850.

. Rooney, A.P, Price, N.PJ., Ehrhardt, C., Swezey, J.L.,

and Bannan, J.D., Phylogeny and molecular taxonomy
of the Bacillus subtilis species complex and description
of Bacillus subtilis subsp. inaquosorum subsp. nov., Int.
J. Syst. Evol. Microbiol., 2009, vol. 59, pp. 2429—2436.

. Schumann, P., Kdmpfer, P., Busse, H.-J., and Evtu-

shenko, L.1., Proposed minimal standards for describ-
ing new genera and species of the suborder Micrococ-
cineae, Int. J. Syst. Evol. Microbiol., 2009, vol. 59,
p. 1823—1849.

. Potekhina, N.V.,, Streshinskaya, G.M., Tul’skaya, E.M.,

and Shashkov, A.S., Cell wall teichoic acids in the tax-
onomy and characterization of gram-positive bacteria,
in Methods in Microbiology, Rainey, EA. and Oren, A.,
Eds., Elsevier, 2011, vol. 38, ch. 6, pp. 132—164.

. Potekhina, N.V., Streshinskaya, G.M., Tul’skaya, E.M.,

Kozlova, Yu.l., Senchenkova, S.N., and Shashkov, A.S.,
Phosphate-containing cell wall polymers of bacilli,
Biochemistry (Moscow), 2011, vol. 76, no. 7, pp. 745—
754.

. Shashkov, A.S., Potekhina, N.V., Senchenkova, S.N.,

and Kudryashova, E.B., Anionic polymers of the cell
wall of Bacillus subtilis subsp. subtilis VKM B-501T,
Biochemistry (Moscow), 2009, vol. 74, no. 5, pp. 543—
548.

. Potekhina, N.V., Streshinskaya, G.M., Kozlova, Yu.l.,

Kudryashova, E.B., Senchenkova, S.N., Shashkov, A.S.,
and Anan’ina, L.N., Heterogenecous set of cell wall
teichoic acid in strains of Bacillus subtilis VKM B-760
and Bacillus subtilis VKM B-764, Biochemistry (Mos-
cow), 2009, vol. 74, no. 12, pp. 1378—1384.

Streshinskaya, G.M., Shashkov, A.S., Potekhina, N.V.,
Kozlova, Yu.l., Tul’skaya, E.M., Senchenkova, S.N.,
Kudryashova, E.B., and Anan’ina, L.N., Carbohy-
drate-containing cell wall polymers of some strains of
the Bacillus subtilis group, Microbiology (Moscow),
2011, vol. 80, no. 1, pp. 21-29.

MICROBIOLOGY Vol. 82 No.5 2013

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

585

Shashkov, A.S., Streshinskaya, G.M., Kozlova, Y.I.,
Senchenkova, S.N., Arbatsky, N.P., and Kudryash-
ova, E.B., A novel type of teichoic acid from the cell
wall of Bacillus subtilis VKM B-762, Carbohydr. Res.,
2011, vol. 346, pp. 1173—1177.
Streshinskaya, G.M., Shashkov, A.S., Kozlova, Yu.l.,
Tul’skaya, E.M., Kudryashova, E.B., Senchenkova, S.N.,
Ariskina, E.V., Evtushenko, L.I., and Potekhina, N.V.,
Cell wall teichoic acids of Bacillus licheniformis VKM
B-511T, Bacillus pumilus VKM B-508T, and other
strains previously assigned to Bacillus pumilus, Microbi-
ology (Moscow), 2012, vol. 81, no. 4, pp. 425—434.
Nakamura, L.K., Roberts, M.S., and Cohan, EM.,
Relationship of Bacillus subtilis clades associated with
strains 168 and W23: a proposal for Bacillus subtilis
subsp. subtilis subsp. nov. and Bacillus subtilis subsp.
Spizizenii subsp. nov., Int. J. Syst. Bacteriol., 1999,
vol. 49, pp. 1211—-1215.
Roberts, M.S., Nakamura, L.K., and Cohan, EM.,
Bacillus mojavensis sp. nov., distinguishable from Bacil-
lus subtilis by sexual isolation, divergence in DNA
sequence, and differences in fatty acid composition,
Int. J. Syst. Bacteriol., 1994, vol. 44, no. 2, pp. 256—264.
Borriss, R., Chen, X.H., Rueckert, C., Blom, J.,
Becker, A., Baumgarth, B., Fan, B., Pukall, R., Schu-
mann, P, Sproer, C., Junge, H., Vater, J., Piihler, A.,
and Klenk, H.P., Relationship of Bacillus amyloliquefa-
ciens clades associated with strains DSM 7' and
FZB42T: a proposal for Bacillus amyloliquefaciens
subsp. amyloliquefaciens subsp. nov. and Bacillus amy-
loliquefaciens subsp. plantarum subsp. nov. based on
complete genome sequence comparisons, Int. J. Syst.
Evol. Microbiol., 2011, vol. 61, no. 8, pp. 1786—1801.
Palmisano, M.M., Nakamura, L.K., Duncan, K.E.,
Istock, C.A., and Cohan, EM., Bacillus sonorensis
sp. nov., a close relative of Bacillus licheniformis, iso-
lated from soil in the Sonoran Desert, Arizona, Int. J.
Syst. Evol. Microbiol., 2001, vol. 51, pp. 1671—1679.
Streshinskaya, G.M., Naumova, I.B., and Panina, L.1.,
Chemical composition of the cell wall of Streptomyces
chrysomallus producing the antibiotic aurantin, Micro-
biology (Moscow), 1979, vol. 48, no. 5, pp. 814—819.
Neuhaus, EC. and Baddiley, J., A continuum of
anionic charge: structures and functions of D-alanil-
teichoic acids in gram-positive bacteria, Microbiol.
Molecul. Biol. Rev., 2003, vol. 67, no. 4, pp. 686—723.
Shibaev, V.N., Biosynthesis of the carbohydrate chains
of the polymers of bacterial cell surfaces, Usp. Biol.
Khim., 1982, vol. 23, pp. 61—101.
Zeigler, D.R., Gene sequences useful for predicting
relatedness of whole genomes in bacteria, Int. J. Syst.
Evol. Microbiol., 2003, vol. 53, pp. 1893—1900.
Zeigler, D.R., The genome sequence of Bacillus subtilis
subsp. spizizenii W23: insights into speciation within the
B. subtilis complex and into the history of B. subtilis
genetics, Microbiology (UK), 2011, vol. 157, pp. 2033—
2041.
Sadovskaya, 1., Vinogradov, E., Li, J., and Jabbouri, S.,
Structural elucidation of the extracellular and cell-wall
teichoic acids of Staphylococcus epidermidis RP62A, a
reference biofilm-positive strain, Carbohydr. Res.,
2004, vol. 339, pp. 1467—1473.
Wicken, A.J. and Baddiley, J., The location of intracel-
lular teichoic acids, Biochem. J., 1963, vol. 87, pp. 54—62.
Translated by M. Sokolov



