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The effect of Ca and Mg ions on the growth and antibacterial activity of Lactobacillus
delbrueckii subsp. bulgaricus RIN-2003-LS was studied. Stimulation of RIN-2003-LS growth and
antibacterial activity was confirmed. The strongest antibacterial activity of RIN-2003-LS was
revealed after addition to the medium 15 mM Ca®** or 5 mM Mgz+. However, simultaneous
addition of Ca®" and Mg®* to growth medium didn’t cause any change of antibacterial activity. So,
the strong antibacterial activity of studied strain can serve as a basis for its application as a starter
in production of dairy products and as a probiotic in production of antimicrobial drugs.
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Neuncduwuhpyty £ Ca b Mg hnlilbph wgnbgnieiniup Lactobacillus delbrueckii subsp. bulga-
ricus RIN-2003-LS yunwudh wéh W hwywpwynbppwywl wynhynipiwt ypw: wunwndt) £ RIN-
2003-LS-h wah W hwywpwyntphwywl wynhyniejwl fupwunwdp: RIN-2003-LS-h wdtlwpwpan hw-
Ywpwywnbnphwywu wywnhynipniup npulnpdt £ ulunwdhpwdwnphu 15 JU Ca Ywd 5 UU Mg hnlutn
wybwgutinig htwn: Uwywju Ca L Mg hnlubph hwdwwnbn wybjwgndp wédwlu ulunwdhpwiywjphl
hwywpwyntphwywu  wywnphdnipjwl  Ewywl  ginhnfunipintt sh - wnwewgnb:  Wuwhund,
nuntduwuhpywd pnwdh npulinpwé pwpén hwywpwywntphwywl wynhynieiniup Ywpnn £ hhup
hwunhuwlwy wju 2unnwdh ogunwagnpduwl hwdwp Ywplwdrbngh wpunwnpniejwlu Uty npwtu UGpwu W
hwywdwuptwjhu nEnwdhgngutiph wnwnwnpnipjwu UG nnwbu wynpnphnunhy:

Ywplwpprywihl pwlntphwltn — Ca L Mg pnllbn — hwwpwlyinbppwlwl wlinhynepnt —
wjpnphninhly

Wsydanocs BiausHue MoHOB Ca M Mg Ha poCT M aHTHOAKTEpHAIbHYIO aKTHBHOCTH
Lactobacillus delbrueckii subsp. bulgaricus RIN-2003-LS. TToareepskaeHa CTUMYJISIHSA pOcTa U
anTubakTepuanbHoi akTuBHOCTH RIN-2003-LS. Camas Beicokast aHTHOAKTepHanbHasi aKTHBHOCTh
RIN-2003-LS 6su1a BbIsiBIICHA T0CIe T00ABICHHS B IUTATENbHYO cpeay noHoB Ca (15 mM) min
Mg (5 mM). Oxnako coBmecTHOE J00aBiicHuE B cpeay HOHOB Ca u M He BBIBHIIO HUKAKHX H3-
MEHEHHI aHTHOAKTepUaIbHOW akTHBHOCTH. TakuM 00pa3oM, BHICOKAs aHTHOAKTEpHAIbHAS aKTHB-
HOCTh M3YYCHHOTO LITAMMA MOXKET CTaTh OCHOBAaHHEM IS €r0 NPHMEHEHHs B KauyeCTBE CTapTO-
BOH KyJIBTYpPBI B IIPOM3BOJICTBE MOJIOYHBIX TIPOJIYKTOB, @ TAK)Ke KaK IPOOHOTHK ISl BO3MOXKHOTO
MPUMEHEHHS B IPOM3BOJCTBE aHTUMHUKPOOHBIX MPEMNaparTos.

Monounoxucnvie 6al<mepuu —uonwvt Cau Mg - aHmuﬁaKmepuaﬂbHaﬂ AKMueHocnmsv — npo6u0mm<



mailto:lusine.matevosyan@inbox.ru

EFFECT OF CaAND Mg IONS ON THE GROWTH AND ANTIBACTERIAL ACTIVITY OF LACTOBACILLUS DELBRUECKII SUBSP...

Antibiotic resistance of pathogenic bacteria is the most important reason for search
and screening of new bacteria with high biological activity. The best candidates fulfilling
these requirements are lactic acid bacteria (LAB).

The great diversity of ecological-geographic conditions of Armenia with its exactly
determined vertical zoning contributes the development of unique associations of LAB in
traditional dairy products. During centuries Armenians have prepared traditional protein-
enriched dairy products such as matsoun, sour cream and different types of cheeses, having
substantial physiological, antagonistic, antioxidant and antiallergenic activity [2, 7].
Antibacterial activity is connected to synthesis of special substances-bacteriocins [9].
Bacteriocin producing LAB can be applied as a starter cultures in food fermentation or
added to fresh food as bio-preservatives.

Environmental pollution by different metal ions is due to technical development. By
accumulating in soil, they cause poisoning of plants, animals and people organism. That is
why study of possible ways to reduce the amount of metals is actual and prospective. Due
to ability to synthesize lactic acid, LAB acidify environment by causing accumulation of
different metal salts in soil and their chelation. Chelated metals don’t penetrate into the
cells and don’t cause toxic effect. But it is significant to differentiate the metals that are
essential for cell activity and included in composition of enzymes by ensuring their
functionality [10]. Such metals are calcium (Ca*") and magnesium (Mg?").

Therefore, the aim of this work was to investigate the effect of Ca** and Mg on
LAB growth, acid formation and antimicrobial activity which will allow regulating
bacteria growth conditions for maximal production of antimicrobial substances and
defining the mechanisms of LAB metallotolerance.

Materials and methods. Objects of investigation

The object of investigation was Lactobacillus delbrueckii subsp. bulgaricus RIN-2003-LS
strain isolated from salinized Armenian cheese “Lori”, village Gladzor, Vayots Dzor province,
Armenia, and stored in the Department of Biochemistry, Microbiology and Biotechnology.

Investigation of effects of different metal ions on biological properties of lactic acid
bacteria

To determine the stimulating effect of different metal ions (Ca®*, Co?*, Mg?*, Mn?*, Fe?,
Fe**, Ba** and Zn?*) on LAB antibacterial activity the primary screening was carried out. As a
source of ions the following salts were used — CaCl,, CoSO,4, MgCl,, MnSO,, Fe,(SO4)3, FeSOy,
BaCl,, ZnS. For study of metal ions effect on LAB biological properties MRS medium was
prepared containing 5, 10, 15 mM Ca and Mg ions. The optimal concentration of metal ions was
determined. Simultaneous effect of two ions on LAB growth, acid formation and antibacterial
activity was studied, too.

Growth curve construction and pH measurement

For construction of growth curve, optical density was measured by spectrophotometric
method, the wavelength was 595 nm (K®K-3 -“30M3”, Russia). Each measurement was carried
out every 3 h. pH measurement was carried out by potentiometric method using pH-meter (Knick
K-766, Germany).

Determination of antibacterial activity

Determination of LAB antibacterial activity was carried out by agar well-diffusion method
[8]. The following test-organisms were used: Pseudomonas aeruginosa 272786 (isolated from
clinical material and provided by “Prom-test” diagnostic center), Salmonella enterica K3 (isolated
from pig feces and provided by Institute of Molecular Biology, NAS RA), Staphylococcus aureus
MDC 5233, Escherichia coli VKPM M17, Bacillus subtilis WT-AL (isolated from a soil sample).
0.1 mL of overnight culture was added to wells and tested for antibacterial activity. Then Petri
dishes were placed in fridge for 2 h for diffusion of antibacterial substances. After 24 h of
incubation at the optimum temperature required for the test-culture growth, diameters of growth
inhibition zones were measured. A clear zone of inhibition of at least 2 mm in diameter was
recorded as positive.
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Results and Discussion. L. delbrueckii subsp. bulgaricus RIN-2003-LS strain was
revealed high antibacterial activity against Gram-positive and Gram-negative
microorganisms, as shown before [3]. To study the effect of different metal ions on
antibacterial activity of this strain 5 mM metal salts were used. The results are shown in
fig. 1.
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Fig. 1. Dependence of antibacterial activity of Lactobacillus delbrueckii subsp.
bulgaricus RIN-2003-LS on presence of metal ions.

Ca®* and Mg®* induced antibacterial activity of L. delbrueckii subsp. bulgaricus
RIN-2003-LS, vice-versa Mn?*, Fe**, Fe?" and Zn*" inhibited its activity, and Baions didn’t
show any effect. That is why for further investigation Ca®* and Mg?" were selected (5, 10
and 15 mM). The results are shown in fig. 2.
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Fig. 2. The effect of different concentrations of Caand Mg ions on antibacterial activity
of L. delbrueckii subsp. bulgaricus RIN-2003-LS
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It was shown before that in case of incubation in milk antibacterial activity of some
LAB strains against S. aureus MDC 5233 was lower than in case of incubation in MRS [3].
As a rule, concentration of calcium in milk is approximately 15 mM [4]. The results showed
that high concentrations of Ca®" induced the antibacterial activity of RIN-2003-LS,
especially against Gram-positive test-organisms. It is interesting to note that residual
concentration of Ca®* in intestine is 5 mM [1]. Consequently, this allows concluding for
strong antibacterial activity of RIN-2003-LS in intestine additional source of calcium is
required. The Kinetics of L. delbrueckii subsp. bulgaricus RIN-2003-LS growth, acid
formation and antibacterial activity in different Ca®* and Mg®* concentrations had been
studied, too. The results are presented in figs. 3 and 4.
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Fig. 3. The effect of different concentrations of Ca®* on kinetics of growth, acid formation
and antibacterial activity of L. delbrueckii subsp. bulgaricus RIN-2003-LS
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Fig. 4. The effect of different concentrations of Mg?" on kinetics of growth, acid formation
and antibacterial activity of L. delbrueckii subsp. bulgaricus RIN-2003-LS

It is shown from fig. 3 that Ca** 15 mM in MRS has the strongest effect on these 3
properties. Interestingly, such concentration increases the synthesis of antibacterial
substances since 9™ hour. However, the stimulating effect of Mg?" was observed in 5 mM
concentration (fig. 4). Keryan and coauthors studied the effect of Caand Co ions on growth,
acid formation and antibacterial activity of L. delbrueckii subsp. lactis INRA-2010-4.2 and
L. crispatus INRA-2010-5.2 strains and showed that for both strains even 5 mM
concentration of Ca®* caused inhibition of growth [6].
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For determination of combined effect of Ca and Mg ions 15 mM concentration of
Ca?" and 5 mM concentration of Mg®* were added to MRS medium but no significant
effect was revealed on antibacterial activity. The similar results were shown by Keryan and
coauthors in case of simultaneous addition of Caand Co ions [6].

Interesting results about antibacterial properties of magnesium were obtained by
Duane and coauthors [11]. Particularly, they investigated antibacterial properties of
magnesium against Gram-positive (S. aureus) and Gram-negative (E. coli and
P. aeruginosa) bacteria. As a source of Mg ions MgCl, salt was used which was added to
the growth medium of test-organisms. The pH of cultures growth medium was increased
by 1.0 N NaOH. Authors indicated that Mg metal has a significant effect on CFUs of both
Gram-positive and Gram-negative bacteria. Added to the growth media Mg corrosion
products would inhibit the growth of E. coli, P. aeruginosa and S. aureus but this is only a
hypothesis which needs confirmation.

Ca and Mg ions have other amazing properties. Particularly, it was shown that Ca?*
and Mg?* can influence on bacterial biofilm formation [5, 13]. In other work was observed
the role of Mg ions in the growth of Salmonella Phage Anti-R [14]. Interestingly, Ca*" and
Mg?* can also interact with antibiotics and protect the bacterial outer membrane from
damage [12].

However, these are not all properties of Ca®* and Mg?* investigated by researchers.
Undoubtedly, these metals have many other properties which are not detected yet, and the
further works will be devoted to discovery of them.

The obtained results showed that Ca and Mg ions stimulated the antibacterial
activity of L. delbrueckii subsp. bulgaricus RIN-2003-LS. The stimulating effects of Ca®*
and Mg®* were depended on their concentrations. Particularly, the best concentration for
Ca?®* was 15 mM and for Mg?* — 5 mM. However, the simultaneous addition of these ions
to growth medium didn’t show any crucial effect on antibacterial activity of studied strain.
So, it can be considered that in case of presence of two ions competition for entrance to cell
or chelation of metal ions occurs which can influence on metal access.

Acknowledgement

The author wants to thank Institute of Molecular Biology, NAS RA, and “Prom-
test” diagnostic center for providing test-organisms. Many thanks to Dr. Inga Bazukyan
(IB) and Prof. Armen Trchounian (Department of Biochemistry, Microbiology and
Biotechnology, Yerevan State University, Armenia) for advice and comments.

The work was supported by Basic support from State Committee of Science,
Ministry of Education and Science of Armenia and by Research grant from the Armenian
National Science and Education Fund (ANSEF) based in New York, USA, to IB
(#Biotech-4431).

REFERENCES

1. Barrett K.E., Barman S.M., Boitano S., Brooks H. Ganong's Review of Medical Physiology, 24
ed, McGraw Hill Professional, New York City, New York, USA, 2012.

2. Bazukyan I, Ahabekyan N., Madoyan R., Dalgalarrondo M., Chobert J.M., Popov Yu., Haertlé
T. Study of cell envelope proteinase systems of natural isolated thermophilic lactobacilli. In:
BioMicroWorld book Microorganisms in Industry and Environment. From scientific and
industrial research to consumer products. 446-450, 2010.

10



EFFECT OF CaAND Mg IONS ON THE GROWTH AND ANTIBACTERIAL ACTIVITY OF LACTOBACILLUS DELBRUECKII SUBSP...

10.

11.

12.

13.

14.

Bazukyan I., Babayan A., Trchounian A. Some properties of antibacterial component of lactic
acid bacteria isolated from Armenian dairy products. Electronic Journal of Natural Sciences,
21, 2, 38-43, 2013.

Boyaval P. Lactic acid bacteria and metal ions. Lait, 69, 87-113, 1989.

Guvensen N.C., Demir S., Ozdemir G. Effects of magnesium and calcium cations on biofilm
formation by Sphingomonas paucimobilis from an industrial environment. Fresenius
Environmental Bulletin PSP, 12, 21, 2012.

Keryan A., Simonyan Y., Bazukyan |., Haertle T., Trchounian A. Effects of Ca (II) and Co (II)
ions on proteolytic activity of lactobacilli strains isolated from Armenian traditional dairy
product matsoun. FoodMicro2014 - Session 3 - Fermented foods and beverages, Nantes,
France, 138, 2014.

Movsesyan |., Ahabekyan N., Bazukyan ., Madoyan R., Dalgalarrondo M., Chobert J.M.,
Popov Yu., Haertlé T. Properties and survival under simulated gastrointestinal conditions of
lactic acid bacteria isolated from Armenian cheeses and matsuns. Biotech Biotech Equip., 24,
444-449, 2010.

Ndagano D., Lamoureux T., Dortu C., Vandermoten S., Thonart P. (Antifungal activity of 2
lactic acid bacteria of the Weissella genus isolated from food. J Food Sci., 76, 305-311, 2011.
Nes I.F., Kjos M., Diep D.B. Antimicrobial components of Lactic Acid Bacteria. In: Lahtinen
S, Salminen S, Ouwehand AC, von Wright A (Eds.) Lactic Acid Bacteria: Microbiological and
Functional Aspects, Taylor & Francis, Abingdon, UK. CRC Press, Boca Raton, Florida, USA,
4" ed:285-329, 2012.

Riordan J.F. The Role of Metals in Enzyme Activity. Annals of clinical and laboratory
science, 7, 2, 1977.

Robinson D.A., Griffith R.W., Shechtman D., Evans R.B., Conzemius M.G. In vitro
antibacterial properties of magnesium metal against Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus. Acta Biomaterialia, 6, 1869-1877, 2010.

Sahalan A.Z., Aziz H.AA.A., Lian H.H., Ghani M.K.A. Divalent Cations (Mg*", Ca®*) Protect
Bacterial Outer Membrane Damage by Polymyxin B. Sains Malaysiana, 42, 3, 301-306, 2013.
Song B., Leff L.G. Influence of magnesium ions on biofilm formation by Pseudomonas
fluorescens. Microbiological Research, 161, 4, 355-361, 2006.

Tucker R.G. The Role of magnesium ions in the growth of Salmonella Phage Anti-R. J. gen.
Microbiol., 26, 313-323, 1961.

Received on 13.09.2018

11


https://www.sciencedirect.com/science/article/pii/S094450130600005X#!
https://www.sciencedirect.com/science/article/pii/S094450130600005X#!
https://www.sciencedirect.com/science/journal/09445013
https://www.sciencedirect.com/science/journal/09445013/161/4
http://mic.microbiologyresearch.org/search?value1=R.+G.+Tucker&option1=author&noRedirect=true

