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Abstract—The cell-bound polysaccharides (PSs) of Bifidobacterium adolescentis 94 BIM were stripped from
the cell surface with 2% sodium dodecyl sulfate (SDS), 1.5% Cetavlon, and 1% Triton X-100 and purified by
precipitation with 5 volumes of ethanol. According to the extraction conditions used, the polysaccharide prep-
arations were designated as PS-SDS-6°C, PS-SDS-100°C, PS-Cet, and PS-Trit. The gel-permeation chroma-
tography of the first two preparations with the use of a Bio-Gel P-10 column and 1% acetic acid as the eluant
yielded two peaks, F1 and F2, which contained carbohydrates and no phosphorus. All polysaccharides were pri-
marily composed of glucose and galactose. The polysaccharides PS-Cet and PS-Trit were found to be branched
and contain glucose residues at the terminal position, position 4, and position 6, and galactose residue at posi-

tion 3. PS-SDS-6°C has a glucose residue at position 4.
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Bifidobacteria are gram-positive, anaerobic, non-
spore-forming bacteria inhabiting the gastrointestinal
tract of humans and animals [1] and producing biolog-
icaly active substances with immunomodulatory,
radioprotective, and anticarcinogenic activities [2].
Bifidobacteriaand lactic acid bacteriain situ reduce the
risk of cancer owing to the inactivation of carcinogenic
substances in the gastrointestinal tract, the inhibition of
carcinogen-activating enzymes, and the stimulation of
the immune system of organisms. The biological activ-
ity of bifidobacteria may be due to the action of sub-
stances constituting their cell walls, such as peptidogly-
cans, extracellular polysaccharides, glycoproteins,
phospho- and glycolipids, and protein-ipoteichoic
acid complexes [2, 3]. For instance, Sekine et al.
showed that the polysaccharide components of the cell
wall of some bifidobacteria possess immunostimulat-
ing activity and activity against murine sarcoma|4].

Our earlier studies dealt with the minute structure of
the polysaccharide capsule of Bifidobacterium bifidum
and B. adolescentis and their intercellular macromolec-
ular matrix [5—7]. The protein—polysaccharide complex
of B. adolescentis 94 BIM was found to contain pro-
teinsand carbohydratesin aratio of 1 : 1. This complex
stimulated bifidobacterial growth, acid formation, syn-
thesis of extracellular enzymes and proteins, and the
utilization of sugars by the physiologically active and
dormant forms of bifidobacteria. The protein—polysac-
charide complex of bifidobacteriaishontoxic to the Tet-
rahymena pyriformis W population and does not pos-
sess mutagenic and sensibilizing activities. At the same

time, it exhibits high adaptogenic and proliferative
activities[8, 9].

The aim of the present work was to isolate, purify,
fractionate, and determine the chemical composition of
polysaccharides associated with the cell wall of B. ado-
lescentis 94 BIM.

MATERIALS AND METHODS

The strain Bifidobacterium adolescentis 94 BIM
was derived from B. adolescentis MC-42 through
B. adolescentis 91 BIM by means of selection with
respect to antibiotic resistance and proteolytic activity.
This strain is deposited in the collection of microorgan-
isms at the Indtitute of Microbiology, National Academy
of Sciences of Belarus, as B. adolescentis BIM B87.

The strain was cultivated at 37°C in a modified
cornHactose medium (CLM) [10] supplemented with
casein hydrolysate and yeast extract. The medium was
inoculated with physiologicaly active bifidobacterial
cells of the third generation (18 h of growth). Theinoc-
ulum sizewas 5 vol %. To study growth dynamics, acid
formation, and the accumulation of end metabolic
products in a bifidobacterial culture, it was sampled at
6-h intervals for 2 days. Growth was monitored by
determining the dry weight of the biomass (for this pur-
pose, cellswere dried to a constant weight at 105°C) or
by measuring the culture turbidity at 590 nm. The num-
ber of viable bifidobacterial cells was determined by
plating culture dilutions onto agar media. The results
were expressed in colony-forming units (CFU) per mil-
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Fig. 1. (a) Growth of B. adolescentis 94 BIM in a modified
corn-actose medium expressed in (1) log CFU/ml and
(2) mg dry cellml and (b) intensity of acid formation
expressedin (3) pH and accumulation of (4) acetate, (5) lac-
tate, and (6) ethanol.

liliter. The kinetic parameters of growth (log X, u, v, g,
where X is the biomass; the specific growth rate |; the
rate constant of cdll division, v; and the generation time g)
were calculated as described by Varfolomeev [11]. The
content of acetic acid and ethanol was determined using
a Chrom-5 gas chromatograph (Laboratorni pristroje,
Czech Republic). The concentration of lactic acid was
calculated from the glucose fermentation balance [12].
Cell-associated polysaccharides were isolated from a
24-h-old B. adolescentis 94 BIM culture with the fol-
lowing characteristics: the concentration of viable cells
~9.0 x 10° CFU/ml; biomass ~1.5 mg dry wt/ml;
logX =2.69; u=0.54 h?; v=0.77; g = 1.29; pH 4.5;
the concentration of acetate, |actate, and ethanol ~0.6,
0.4, and 0.05 wt %, respectively (Fig. 1). To prepare
PSs, cells were washed with distilled water and
extracted with 2% sodium dodecy! sulfate (SDS) at 6°C
for 18 h or at 100°C for 30 min. PSs were precipitated
from the extracts with 5 volumes of absolute ethanol,
treated with nucleases, and subjected to ultrafiltration
and lyophilization. The resultant polysaccharide prepa-
rations were designated as PS-SDS-6°C and PS-SDS-
100°C. Alternatively, washed cells were resuspended in
phosphate-buffered saline (PBS) containing 0.15 M
NaCl in 10 mM phosphate buffer (pH 7.3) and soni-
cated for atotal of 120 sin four 30-s bursts. The homo-
genate was centrifuged twice. The supernatant was dia-
lyzed, treated with 1.5% Cetavlon or 1% Triton X-100,
and centrifuged. PSs were precipitated from the super-
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Fig. 2. Gel-permeation chromatography of PS-SDS-100°C
on a column with Bio-Gel P-10 using 1% acetic acid asthe
eluant: (1) eluate absorbance and (2) the content of carbo-
hydrates in the eluate, Ayqp.

natant with 5 volumes of ethanol, treated with
nucleases, and lyophilized. The polysaccharides that
were obtained with the use of Cetavlon and Triton
X-100 were designated as PS-Cet and PS-Trit, respec-
tively.

Polysaccharide preparations were subjected to gel-
permeation chromatography on a column (2.5 x 95 cm)
with Bio-Gel P-10 using 1% acetic acid as the eluant.
Eluate fractions 2.2 ml in volume were analyzed for the
presence of phosphorus and carbohydrates. Carbohy-
drate-containing fractions were pooled and lyophilized.
Lyophilized material was hydrolyzed in 1 M HCI at
100°C for 4 h, and the hydrolysate was analyzed for
monosugars by combined gas-iquid chromatography
and mass spectrometry (GLC-MS) using a Hewlett-
Packard HP5971A (series Il) chromatograph—mass
spectrometer equipped with an HP-1 column (0.2 mm x
12 m). During separation, the column temperature was
raised from 150 to 270°C at arate of 8°C/min.

The sugar analysis of PSs via permethylation [13]
was carried out as described earlier [14, 15]. The con-
tent of carbohydrates, phosphorus, sialic and glucu-
ronic acids, aswell asthe stereoconfiguration of mono-
sugars in PSs were determined by enzymatic methods
[14, 15].

RESULTS AND DISCUSSION

Anaysis of polysaccharide preparations showed
that their purity depended on the extraction temperature
and the detergent used. When PSs were extracted from
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Table 1. The carbohydrate composition of the cell-associated polysaccharides of B. adolescentis 94 BIM
Molar proportion of particular carbohydrate
Carbohydrate PS-SDS-100°C PS-SDS-6°C .
PS-Cet PS-Trit
PS F1 F2 PS F1 F2

Glucose 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Galactose 17 16 14 0.8 05 14 0.5 0.3
Mannose 0 05 0.6 0 0 18 0 0
Ribose 18 0 0.1 0.2 0 32 0 0
Glucosamine 0 0 0.1 0 0 0 0 0

B. adolescentis 94 BIM cells with the use of SDS, the
PS preparation contained protein impurities of up to
50%. The gel-permeetion chromatography of PS-SDS-6°C
and PS-SDS-100°C samples (30 mg) on Bio-Gel P-10
using 1% acetic acid asthe eluant yielded two peaks, F1
and F2, which contained carbohydrates and no phos-
phorus (Fig. 2).

The carbohydrates of crude PSswere represented by
glucose, galactose, and riboseinaratioof 1.0: 1.7: 1.8
(PS-SDS-100°C) and 1.0: 0.8: 0.2 (PS-SDS-6°C). The
F1 and F2 fractions of PS-SDS-100°C contained glu-
cose and galactose in ratios of, respectively, 1.0 : 1.6
and 1.0 : 1.4, aswell as mannose. In addition, the frac-
tion F2 of PS-SDS-100°C contained ribose and glu-
cosamine. TheF1 and F2 fractions of PS-SDS-6°C con-
tained glucose and galactose in approximate ratios of
1.0:0.5and 1.0: 1.4, respectively. In addition, thefrac-
tion F2 of PS-SDS-6°C contained ribose and mannose.
The presence of ribose in the PS preparations suggests
that SDS impaired the integrity of the cell wall of bifi-
dobacteria in the process of extraction, which resulted
in the PS being contaminated with the degradation
products of nucleic acids, ribose in particul ar.

At the same time, the extraction of PSsfrom B. ado-
lescentis 94 BIM cells with the use of ultrasonic treat-
ment and Cetavlon or Triton X-100 allowed usto obtain
PSs which contained only glucose and galactose in an
approximate molar ratio of 1.0 : 0.5 (PS-Cet) and 1.0 :
0.3 (PS-Trit). Analysis with the use of D-glucose oxi-
dase, D-galactose oxidase, and peroxidase showed that
PS-Cet and PS-Trit contain glucose in the D configura
tion. These PSs were also found to contain phosphorus
and glucuronic acid in trace amounts and no sialic acid
(data not presented).

The results of analysis of permethylated PSs by
combined gas-iquid chromatography and mass spec-
trometry are presented in Table 2. Figure 3 exemplifies
the GLC-MS spectra of PS-Cet and PS-Trit, which
exhibit the presence of 2,3,4,6-tetra-O-methyl-glucose,
2,3,6-tri-O-methyl-glucose, 2,4,6-tri-O-methyl-galac-
tose, and 2,3-di-O-methyl-glucose. The permethylation
of PS-SDS-6C yielded 2,3,6-tri-O-methyl-glucose. PS-
Cet and PS-Trit were found to be branched and contain
glucose residues at the terminal position, position 4,
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and position 6, and galactose residue at position 3. PS-
SDS-6°C has glucose residue at position 4.

It was of interest to compare B. adol escentis 94 BIM
polysaccharides with the bifidobacterial polysaccha
rides whose chemical composition and structure have
been reported in the literature [16-20]. Nearly al
polysaccharides of B. bifidum subsp. pennsylvanicum,
B. bifidumYIT 4007, B. breveY T 4010, B. infantisY I T
4025, B. infantis Reuter ATCC 15697, B. longumATCC
15707, B. longum YIT 4028, and B. adolescentisYIT
4011 are neutral and contain hexoses and deoxyhex-
oses. It is believed that they are peptidoglycan deriva-
tives. In chemical composition, the extracellular
polysaccharides of bifidobacteria and lactic acid bacte-
ria can be divided into homo- and heteropolysaccha-
rides. The homopolysaccharides of lactic acid bacteria
include the D-glucans (dextrans) of Leuconostoc
mesenteroides and mutants of Streptococcus mutants
and S. sobrinus, the 3-D-glucans of Pediococcus spp.
and S sobrinus, fructans (such as the levan of S. sali-
varius), and other polygalactan-like polysaccharides.
The known heteropolysaccharides of lactic acid bacte-
riainclude those which are produced by the meso- and
thermophilic strains of Lactococcus lactis, Lactobacil-
lus casai, Lb. sake, Lb. rhamnosis, Lb. acidophilus, Lb.
delbrueckii, Lb. helveticus, and S. thermophilus [21].
The heteropolysaccharides of two B. adolescentis
strains, YIT 4011 and M101-4, were found to contain
glucose and 6-deoxytal ose with a small amount of gly-

Table 2. The permethylation analysis of the cell-associated
polysaccharides of B. adolescentis 94 BIM

Molar proportion of particular
methylated carbohydrate
Methylated carbohydrate PS-SDS-6°C
PS-Cet|PS-Trit
F1 F2
2,34,6tetraO-methyl-glucose| - - 10 | 10
2,3,6-tri-O-methyl-glucose 10 | 10 | 25 | 32
2,4,6-tri-O-methyl-gaactose - - 09 | 10
2,3-di-O-methyl-glucose - - 09 | 13
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Fig. 3. The GLC-MS analysis of the permethylated (a) PS-Cet and (b) PS-Trit: (A) 2,3,4,6-tetra-O-methyl-glucose, (B) 2,3,6-tri-
O-methyl-glucose, (C) 2,4,6-tri-O-methyl-galactose, and (D) 2,3-di-O-methyl-glucose.

copeptides (YIT 4011) and glucose and galactose
(M101-4) [3, 19]. It can be seen than these polysaccha
rides differ from the polysaccharides of B. adolescentis
94 BIM under study.

The biologicaly active heteropolysaccharides of
bifidobacteriaand lactic acid bacteria, which reduce the
level of cholesterol in the blood and possess anticarci-
nogenic and immunomodulating activities, are pres-
ently used in the production of therapeutic and prophy-
lactic agents, yogurts, and nutriceutics[21]. Asfor their
role for the producers, these heteropolysaccharides,
together with glycoproteins, protect bifidobacterial
populations from various unfavorable endogenous and
exogenous factors. In the exponential growth phase,
bifidobacteria secrete capsular polymers, while they
produce a hypertrophic intercellular matrix in the sta-
tionary and death growth phases [6]. The build-up of
capsular polysaccharides promotes the aggregation of

dividing cells into discrete microcolonies and highly
organized populational colonies of a mycdlial type,
whose integrity is maintained by multiple intercellular
bonds [6, 7]. The crucia role in cell aggregation is
played by polysaccharides and glycoproteins. The for-
mation of multicellular structures enhances the adap-
tive and physiological stability of bifidobacterial popu-
lations [6, 7]. It should be noted that the extracellular
polysaccharides and glycoproteins of B. adolescentis
94 BIM possess high bifidogenic activity and promote
the adaptation and growth of the Tetrahymena pyrifor-
misW population [8, 9].

We believe that further investigations of bifidobac-
teria polysaccharides and glycoproteins with respect to
their chemical composition, structure, and biological
activity may greatly contribute to the development of
new efficient therapeutic, prophylactic, and biologi-
cally active agents.
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