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PHYSICAL AND IMMUNOBIOLOGICAL STUDIES OF
TEICHOIC ACIDS OF PROBIOTIC LACTOBACILLI
STRAINS

Aim. The aim of this study was to establish the chemical structure of teichoic acids of
probiotic lactobacilli strains and to investigate their influence on murine macrophages
phagocytosis and proliferation of the murine macrophages cell line J 774. Methods.

Physical (infrared spectroscopy methodology, 'H, and 3C NMR experiments), im-

munobiological and statistical methods were used. Results. It was shown that cell
walls of Lactobacillus plantarum 11/16 and Lactobacillus plantarum 195D contained
glycerol teichoic acids with unusually high number of sugar elements. The teichoic

acid of the strain L. plantarum 11/16 had 9 different pyranoses and furanoses sugars in

alfa-configuration and L. plantarum 195D had 4 hexosopyranoses. The teichoic acids

of L. plantarum 195D and 11/16 increased the percent phagocytosis by 15.00+5.72%

and 13.75+4.65% respectively. Both teichoic acids in the doses of 32 and 64 ug/ml
stimulated cell proliferation of murine macrophage cell line by 35-53%. It was not
observed any considerable effect of studied teichoic acids on phagocytic index, spon-

taneous and stimulated NBT-test of peritoneal macrophages of mice.

Key words: teichoic acids, NMR spectroscopy, infrared spectroscopy, phagocy-
tosis, probiotics.

The role of teichoic acids (TA) of grampositive bacteria in many functions
related to mechanical stability, adhesive properties, biofilm formation ability, cation
balance and immune activity is widely discussed. These biopolymers are of interest
as patogenicity factor of causative agents of infectional deseases and as bioactive
molecules. At the same time TA of normal human microbiota representatives and its
impact to bacteria biological activity have not been enough studied yet. Nowadays
a large part of modern investigations in the area of health keeping is devoted to
probiotics and functional foods. Traditionally probiotics are represented by lactic
acid bacteria, particularly, belonging to genus Lactobacillus. Lactobacillus plantarum
is a lactic acid bacteria that is widely isolated from the enviroment and home-made
foods and used in industrial productions of various fermented foods [17]. Probiotic

© O.P. Livinska, O.M. Vasilenko, T.V. Tomila, I.L. Garmasheva, N.K. Kovalenko, 2014

6 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2014. Ne 4. C. 6—14



JIOCJIJDKEHHS TEUXOEBUX KUCJIOT HPOBIOTUYHMX LITAMIB JJAKTOBALIJI ...

effects are contributed by antagonistic effects against pathogenic microorganisms
and immune system stimulation. However, very little has been known about the
molecular mechanisms by which health-promoting probiotic bacteria act as the host
cell modulators [7, 10]. As bacterial envelope components are the first to establish
bacterial-host cell interactions are very little-studied TA may play an essential role.

The aim of this study was to establish the chemical structure of TA of probiotic
lactobacilli strains and to investigate their biological effects.

Materials and methods

Strains. The objects of the study were probiotic strains of lactic acid bacteria
Lactobacillus plantarum 11/16 and L. plantarum 195D. These strains were ob-
tained from Ukrainian collection of microorganisms of D.K. Zabolotny Institute of
Microbiology and Virology of the National Academy of Sciences of Ukraine. The
studied strains attract the scientific interest due to the source of isolation and the
high biological activity as well [3].

Teichoic acids were obtained from native cells by trichloroacetic acid extraction
and purified using ion exchange chromatography and dialysis as it was previously
described [9].

To perform NMR analysis liophilized material (20 mg) was disolved in 0.5 ml
deuterium oxide. NMR spectra were recorded using a Bruker Avance DRX500
spectrometer at ambient temperature 20 °C with dyoxan ('H (3,75 ) and *C (67,19 )
as the internal standard and frequencies 500 MHz and 125 MHz. Spectra prossesing
was performed with standard software Bruker Top Spin, Version 2.1.

Infrared spectra were obtained with a IR Forier spectrometer FSM-1202 in
the wavenumber range of 4000-600cm! To perform measurements the lyophilysed
samples were mixed with KBr (1:300) mg and pressed into transparent tablets
(d = 13mm) [14].

The effect of TA on the phagocytic and cytotoxic activities (nitro-blue tetrazolium
(NBT-test)) of peritoneal macrophages was studied on albino mice aged 18-20 weeks.
Due to the fact that the value of functional activity of macrophages is specific for
every macroorganism only the degree of its change in the experiments was assessed.
Also in order to implement the most general and the most appropriate assessment of
influence of substances on studied parameters nonlinear animals (males and females
equally) were used. All mouse experiments were conducted following bioethics
guidelines and were in full accordance with the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental and Other Scientific Purposes.

To obtain macrophage the mice were euthanized by cervical dislocation and
the peritoneal fluid was collected in 5 ml of modified 199 medium (containing 10%
bovine serum) after gentle massage of the abdomens of the animals. Portion of the
peritoneal cell suspension containing 10° cells per ml was used for in vitro phago-
cytosis assays.

In order to investigate the influence of TA on phagocytosis peritoneal mac-
rophages TA were added to the cells before the incubation (0.1, 1, 2 mkg/ml). To
measure phagocytosis activity aliquots of peritoneal macrophages (10° cells per ml)
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were incubated for 30 min at 37 °C with the same volume of latex suspension (latex
particles; 107 particles per ml). The percentage of macrophages that had ingested latex
particles (percent phagocytosis) and the average number of ingested latex particles
(phagocytosis index) were estimated with the Zeiss microscope immersion method
by counting 100 cells.

To estimate cytotoxic activity (nitro-blue tetrazolium (NBT-test)) the macro-
phages were incubated in 0.2% NBT PBS solution at 37 °C for 30 min. The percent
of cells containing diformazan granules was calculated [8].

In order to investigate the influence of teichoic acids on cell proliferation the
murine macrophage cell line J 774 was used. The cells were cultivated in DMEM
medium in the presence of 10% newborn calf serum (PAA, Austria) at the temperature
of 37 °C in the presence of 5% CO, in the humid atmosphere. After the monolayer
had been formed the cells were passaged every 3—4 days using trypsin-versen solu-
tion (Sigma, USA) at a ratio of 1:10. Suspension of cells was incubated with TA
(500 mkg/ml) for 48 hours at the same conditions.

The estimation of the results was performed by colorimetric test with vital
stain MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) use.
The percentage of living cells was measured by determing of optical density on
spectrophotometer MCC-340 (Labsystem, Finland) at 540 nm.

Statistical Techniques. Data for phagocytosis and cell proliferation are repre-
sented as the mean + standard deviation of means. All data were tested for signifi-
cance by analysis of variance with the Statistica Program, release 5.0. The level of
significance tested in each instance was P < 0.05.

Results

In order to be able to clarify the possible mechanisms of biological activity
and, in particular, probiotic action of TA their chemical structure was studied. When
both teichoic acid preparations were examinated by infrared spectroscopy, specific
absorbencies were observed at the bands of 839, 870, 964, 1022, 1146, 1148, 1216,
1336, 1509, 1640, 1750 cm™. The absorption bands v~3500 cm™ and v~1640 cm!
are specific for stretching and deformation vibrations of OH bonds (Fig. 1 a, c).
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Fig. 1. Infrared spectra of teichoic acids from Lactobacillus plantarum 11/16 (1)
and Lactobacillus plantarum 195D (2)
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The signals v~2870, 1336 and 964 cm! belong to stretching and deformation
vibrations respectively of CH bonds. Absorption band in the v~1750 cm™! corresponds
to the C=0 bonds. There were intense bands (1250—1050 cm™') which can correspond
either to stretching vibrations C-O-C of ester group, or to C-O vibrations of COOH.
The interpretation difficulties of this area occurred due to the proximity and overlay
of these groups signals. The absorption bands at v~870, 1022 cm™!, corresponding
C-0, C-OH, respectively, were also observed (Fig. 1) [1, 12, 13].

The significant disparity in the spectra was the different intensity at 3500 cm
(-OH group), indicating their different amounts in the samples — TA of the strain
L. plantarum 195D contained more OH-groups than TA of the strain L. plantarum
11/16. In addition, the range 1200-900, corresponding to the C-O-C and C-O bonds
was also different, which may indicate the differences in the carbohydrate compo-
nents of the investigated substances. Thus, all functional groups, that are specific
for the TA, were identified. These data formed the basis for further studies using
NMR analysis.

B3C spectra revealed chemical shifts specific for glycerol and a-hexose contain-
ing compounds. The signals were partly expanded or split into duplets or triplets
due to interaction with phosphorus. Glycerol residues were identified by signals in
the characteristic areas (chemical shifts corresponding to 1,3polyglycerol phosphate
links — 61.15 and 66.84 ppm — for L. plantarum 11/16; and 61.11, 66.81 ppm —
for L. plantarum 195D — CH,-atoms according to APT-spectra; 71.87 ppm — for
L. plantarum 11/16 and 71.82 in case L. plantarum 195D — CH-atoms, according to
APT-spectra (Fig. 2 A, B.).
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Fig. 2. Carbon NMR-spectra of teichoic acids from Lactobacillus plantarum 11/16 (A)
and Lactobacillus plantarum 195D (B)

"H-spectroscopy also showed the presence of the signals characteristic for
polyglycerol chain — 3.79 ppm 3.97 ppm and 3.92 ppm for the spectra of the strain
L. plantarum 11/16, and 3.79 ppm, 3.97 ppm and 3.89 ppm — for L. plantarum 195D
with specific splits because of interaction with phosphorus (Fig. 3).
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Fig. 3. Proton NMR-spectra of teichoic acids from Lactobacillus plantarum 11/16 (A)
and Lactobacillus plantarum 195D (B)

Sugar components identification was complicated due to signal overload of the
spectra. Nonetheless we can definitely make a conclusion about the presence, quan-
tity and configuration of the sugar components. The 'H and "*C spectra contained
anomeric signals corresponding to a-atoms of the sugar residues. The spectra of TA
of the strain L. plantarum 11/16 revealed the presence of 9 sugar units the two of
which were represented by furanose configuration (signals 107.26 and 109.33 ppm)
and seven — pyranoses (95.97, 96.31, 96.66, 97.91, 98.35, 99.07, 103.88 ppm). The
difference of signal intensity indicated the different amount of these substituents.
The domination of three a-pyranoses with chemical shifts (96.31, 96.66, 99.07 ppm)
was observed. This also has been reflected in 'H spectrum, where some of peaks
could not be observed.

The *C and 'H spectra of the TA obtained from L. plantarum 195D strain showed
4 anomeric signals indicating the presence of 4 a-hexose substitution in the polymer
(chemical shifts are 95.14, 97.51, 98.60 and 103.50 ppm and 4.50, 5.00, 5.12, 5.30
ppm, respectively).

When the ability of the teichoic acids to activate macrophages in vitro was
tested, only the concentration of 2 mkg/ml was able to cause statistically significant
influence on phagocytic activity.

TA of L. plantarum 195D and 11/16 increased the percent phagocytosis by
15,00+5,72% and 13,75+4,65%, respectively (Fig. 4). Other doses of teichoic acids
had no statistically significant effect on the value of percent phagocytosis.

None of the studied TA concentrations had significant impact on phagocytic
index of mice peritoneal macrophages. There was no detected effect of the TA on
the spontaneous and stimulated NBT-test.

The study of the lactobacilli TA effect on the proliferation of murine macrophage
cell line J774 has demonstrated a dose-dependent effect of both investigated sub-
stances on the cells. TA of L. plantarum 11/16 and 195D in doses 32 and 64 pg/ml
stimulated cell proliferation by 35,25+23,64%, 53,54+23,26% and 53,03+17,13%,
44,97+18,16%, respectively (Fig. 5). The rest of the studied doses of teichoic acids
has not significantly effected the level of macrophage proliferation.
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Fig. 4. The effect of teichoic acids from Fig. 5. The effect of teichoic acids
Lactobacillus plantarum 11/16 and 195D on from Lactobacillus plantarum 11/16
the mice peritoneal macrophages percent and 195D on the cell proliferation
phagocytosis change of cell line J774 mice macrophages.

Discusion

The use of infrared spectroscopy in this study was aimed to determine the
functional groups in the TA molecules of tested strains and compare them with
each other. Infrared spectroscopy has rather limited use in studies of most organic
compounds due to their high molecular weight. Nevertheless we have found that
all absorption bands characteristic for TA functional groups were present in the
obtained spectra.

The biological role of teichoic acids has drawn great attention since it is known
to be a key molecule that triggers a range of diseases by pathogens and immunity in
case of “beneficial” bacteria as well. Among lactobacilli, wall teichoic acids (WTA)
ultrastructures of L. plantarum are the most studied. It is known that L. planta-
rum is the only lactobacilli species which can contain either polyribitolphosphate
or polyglycerophosphate in its WTA [15, 17]. Our data showed the presence of
polyglycerophosphate in WTA of the tested strains.

The glycosyl residues of teichoic acids are commonly represented by multiple
glucose residues in a range of configurations [15], but usually no more 1 or 2 kinds
per molecule [5, 6, 11]. However our study revealed the presence of unusually high
number of sugar units (up to 9). So it is not clear yet whether our finding may con-
tribute to investigation of biological activity of lactobacilli. It was suggested that such
high structural diversity is important for their lifestyle [16]. It was also discussed
that the sugar components could be responsible for biological characteristics of these
molecules [4]. There is further necessity in detailed and comprehensive study of mo-
lecular structure of TA and its connection with biological activity of probiotic bacteria.

It is known that TA of gram-positive bacteria can demonstrate biological activity
and influence upon host immune system parameters. Teichoic acids of the pathogenic
bacteria can act as pathogenicity factors in the infectious process whereas the role of
these polymers in probiotic properties of lactic acid bacteria is poorly understood.

It is known that oral and parenteral administration of TA of lactobacilli to labora-
tory animals can cause increase of the functional activity of macrophages including
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results of NBT-test [2]. In our work we have investigated the effect of teichoic acids
of Lactobacillus plantarum 195D and L. plantarum 11/16 on the functional activity
of murine macrophages in in vitro system.

The obtained results have indicated that the TA of the studied lactobacilli
strains indeed showed some biological effects in particular increased the percent
phagocytosis of murine macrophages and stimulated proliferation of macrophage
cell line. Such effects were dose-dependent. The teichoic acids stimulating effect
on proliferation of macrophage cell line J 774 is of special interest, because such
data have not been found in the available sources. Moderate increasing of percent
phagocytosis can be considered as one of the mechanisms of probiotic properties
of investigated lactobacilli.
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JTOCJIIIKEHHSA TEUXOE€BUX KUCJIOT MPOBIOTUYHUX
IITAMIB JJAKTOBAIIJI I3 3BACTOCYBAHHSAM ®I3UYHUX
TA IMYHOBIOJIOT'TYHUX METOIIB

Pedepar

Meta. Memorw pobomu 6yno ecmanogumu XimiuHy 06y008y Meuxoe8ux KUCiom
NPOOIOMUUHUX WMAMIE IAKMOOAYUL MA OOCTIOUMU iX 811US HA (hacoyumos Makpogazie
Mmuweti ma nponigepayito makpogazie krimunnoi ninii J 774. Metonu. byno euko-
pucmano Qizuuni (ingpauepsona cnekmpockonis ma cnekmpockonis AMP 'H, 3C),
iMyHobionociuni ma cmamucmuyni memoou. Pe3ynwTartn. [loxkasano, wo KiimuHHi
cminku Lactobacillus plantarum 11/16 i Lactobacillus plantarum 195D micmame
2IYenpomeuxoesi KUCIomu i3 HexapaKxmepHo GeIuKoI0 KilbKICmIO 2NiKOZUTbHUX
sanuwkis. Teuxoesi kuciomu wmamy L. plantarum 11/16 micmunu 9 pisnux niparnos
ma ¢yparos 6 anvpa-kongicypayii, L. plantarum 195D — 4 cexcosonipanosu. Tetixoesi
xkucromu wmamy L. plantarum 195D ma 11/16 niosuugysanu nokasHux ¢hacoyumo3sy Ha
15,00£5,72% ma 13,75%4,65%, 8ionogiono. Obuosa npenapamu meuxoceux KUCIOmM y
003ax 32 ma 64 mxe/mn cmumynro8anu npoiigepayiro makpogazie muwiell KiimuHHoL
ninii na 35-53%. He cnocmepizanocs 6naugy metixo€aux KUCI0m 1akmodayui Ha gha-
20yumapHe Yucio ma NOKA3HUKY YHKYIOHANbHOI akmusHoCmi Makpodazie, ompumari
3a 00NOM02010 IHOYK08aH020 ma He iHdykoganozo HCT-mecmy.

Knwuwoesi crnoea: meuxoesi kucnomu, AMP cnexmpockonis, ingpauepsona
CREKMPOCKONIs, (hacoyumos, npodiomuxi.
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Pedepar

Heas. [ensvro pabombi 6bL10 YCMAHOBUMb XUMUYECKUL COCIAB eliX0e8blIX KUCTIOM
NPOOUOMUYECKUX WUMAMMO8 TAKMODAYUILTL U UCCTe008aMb UX GIUSIHUE HA (hacoyumos
Maxkpoghazos mviutetl u nponupepayuio Makpogazos kiemounou iunuu J 774. Meto-
ABL bbl110 ucnonv306ano gusuueckue (UHGPAKPACHAsSL CREKMPOCKONUS U CHEKMPOCKO-
nust AMP 'H, C), ummynobuonozuueckue u cmamucmuyeckue menoovl. Pe3yabTarbl.
Tokazano, umo kremounvie cmenxu Lactobacillus plantarum 11/16 u Lactobacillus
plantarum 195D codeporcam enuyenpomenxoesu KUCIOMbL ¢ HEXAPAKMEPHO OO0TbUUM
KOMU4ecmeoM 2nuKo3unbHux ocmamxkos. Tetixoegue kuciomol wmamma L. plantarum
11/16 codepoicanu 9 pasnuunvlx nupanos u Qypanos3 6 aib@a-kKongueypayuu,
L. plantarum 195D — 4 cexcozonupanossl. Tetixoesue kuciomot wmamma L. plantarum
195D u 11/16 nosviwanu noxazamens ¢pacoyumosa na 15,00+5,72% u 13,75 +4,65%,
coomeemcmeenno. Oba npenapama metixoeswvix Kuciom 6 003ax 32 u 64 mxe/mn cmu-
MYIUPOBATU NPOTUDEpayuio Makpopacos mviuietl Kiemourou tunuu va 35—53%. He
HAOM00AN0Cy GIUSHUSL MEUX0eBbIX KUCIOM IAKMOoOAYUILL HA (azoyumaproe Yucio
u nokazamenu QyHKYUOHATbHOU AKMUSHOCIU MAKPOPA208, NONYHEHHbLE C NOMOUbIO
UHOYYUPOBAHHO20 U He unOyyuposanno2o HCT-mecma.

Knwuegovie cnosa. metixoesvie kuciomot, AMP cnexmpockonus, ungpakpacuas
CNEeKMPOCKONUsl, Pazoyumos, npooUOMUKU.
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