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ANTIMICROBIAL ACTIVITY OF BIFIDOBACTERIAL
BACTERIOCIN-LIKE SUBSTANCES

Antagonistic activity of 13 bifidobacterial strains, isolated from humans, has been studied. It was shown that
specific antagonistic activity in bifidobacteria is a strain characteristic and does not depend on species of these
microorganisms. It was determined that bifidobacteria are able to produce bacteriocin-like substances against
both gram-positive and gram-negative bacteria. Strains Bifidobacterium sp. 278 and B. bifidum 174 produced
antimicrobial substances of wide spectrum of activity and manifested the highest antagonistic activity as com-
pared to the rest of bifidobacterial strains studied. The maximal activity of bacteriocin production by strains B.
bifidum 174 ma Bifidobacterium sp. 278 occurs between 8-16 hours of cultivation that is in the late logarithmic
phase of growth. According to obtained characteristics the antimicrobial substances are complex peptides and
belong to the 4" class of bacteriocins.
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One of the basic properties of bifidobacteria, which determines their prolonged persistence in
the human intestine, is their antagonistic activity [5; 14]. It was shown that bifidobacteria are able to
produce specific antimicrobial substances of protein nature — bacteriocins, which inhibit the growth
of other microorganims [2].

Nowadays bacteriocins of lactic acid bacteria are the most studied ones. According to modern
classification offered in 1993 by Klaenhammer et al., bacteriocins of lactic acid bacteria are devi-
ded into the following classes: 1) membrane-active thermostable peptides, including lantibiotics; 2)
non-lantibiotics; 3) thermostable peptides of high molecular weight; 4) complex peptides, including
lipo- and glycoproteins [11].

On the other hand, there is no much information concerning bacteriocins produced by bifido-
bacteria. Anand et al. [3] described bifidin from Bifidobacterium bifidum, Kang et al. [10] informed
about bifilong produced by B. longum. According to Abd El-Salam et al., strains B. lactis Bb-12
and B. longum Bb-46 produced bacteriocins bifilact Bb-12 and bifilong Bb-46, correspondingly
[1]. There are data about bacteriocin production by bifidobacterial species B. adolescentis, B. breve,
B. thermacidophilum, B. animalis, B. infantis [4, 6, 9, 13, 15]. In 1998 Yildirim and Johnson [16]
described bifidocin B isolated from B. bifidum NCFB 1454, which is able to inhibit the growth of
a wide spectrum of opportunistic microorganisms. A purified fraction of bacteriocin B consists of
polypeptide chain of 36 aminoacid residues of molecular weight 4432.9 Da [17]. Nowadays bifido-
cin B is a unique bifidobacterial bacteriocin which molecular structure has been determined.

Studies for the ability of bifidobacteria to synthesize antimicrobial peptides, as well as research
of their nature, are of great scientific interest. These compounds have a wide perspective of use both
in medicine and food industry.

The aim of the study — screening of bifidobacterial strains which manifested specific antimicro-
bial activity against a wide spectrum of opportunistic microorganisms and characterization of the
antimicrobial compounds of the most perspective strains.

Materials and Methods. The objects of the study were 13 bifidobacterial strains isolated from
the intestinal tract of children (aged 1.5-2) and elderly people (aged 63-84) of both sexes (Table
1). Antimicrobial activity (AMA) of the bifidobacterial strains was determined by microtiter plate
(MTP) method [8] with slight modifications. Cell-free supernatants (CFSs) were obtained from 24 h
old cultures of bifidobacteria grown on MRSC broth (MRS medium supplied with 0.05% of cysteine
hydrochloride) by centrifugation at 14 000 g for 15 min at 4 °C and filter sterilized (filters VWR
international, USA, pore diameter 0.22 pm). After that 80 pl of CFSs (neutralized with 5M NaOH)
were added into microtiter plate (TPP, Switzerland). For C. difficile inhibition study MTP with CFSs
was preincubated overnight at anaerobic conditions at 37 °C.
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Bifidobacterial strains used in the study

Table 1

Species Strain Source (sample)*
Bifidobacterium bifidum 102 15
B. bifidum 152 I8
B. bifidum 174 18
B. bifidum 272 115
B. bifidum 34s S 36
B. bifidum 35s S 36
B. longum 139 17
B. longum 142 17
B. longum 276 115
B. dentium 47s S 37
Bifidobacterium sp. ** 271 115
Bifidobacterium sp. ** 278 115
Bifidobacterium sp. ** 82D D 33

* 1 —infants, S — seniors, D — seniors more than 80 years old.** - species was not determined

Antimicrobial activity was determined against 16 opportunistic microorganisms and 10 strains
of bifidobacteria (Table 2). Indicator strains were grown on the appropriate medium during 18-
24 hours at 37 °C , washed twice in sterile phosphate buffer saline (PBS, pH 7.2) and resuspended

in PBS. The suspension of test-microorganism with optical density A

620 nm

= 0.5 was prepared in the

appropriate medium (5 times concentrated), after that 20 pul were added into the well of MTP. After
24-48 hours of incubation the intensity of the test-strain growth was determined using the microplate
absorbance reader “BIO-RAD iMark™ at a wavelength of 620 nm. Test-cultures grown in the ap-
propriate medium without filtrate of cultural supernatant of bifidobacteria were used as a positive
control. Test-cultures grown in MRSC were used as a negative control.

Indicator strains used in the study

Table 2

Strain Medium* Incubation conditions
Bacillus cereus LU 1 MH Acrobic
Clostridium difficile 027 BHI Anaerobic
C. difficile 2167 BHI Anaerobic
Streptococcus sp. group A 036 BMH Aerobic
Streptococcus sp. group A 037 BMH Aerobic
Streptococcus sp. group B 038 BMH Aerobic
Staphylococcus aureus LU 2 BMH Aerobic
Enterococcus sp. LU 3 BMH Aerobic
Pneumococcus sp. LU 4 BMH Aerobic
Salmonella typhimurium LU 5 MH Aerobic
Escherichia coli LU 6 MH Aerobic
Citrobacter sp. LU 7 MH Aerobic
Serratia sp. LU 8 MH Aerobic
Stenotrophomonas sp. LU 9 MH Aerobic
Pseudomonas aeruginosa LU 10 MH Aerobic
Klebsiella pneumoniae LU 11 MH Aerobic
B. bifidum 102 MRSC Anaerobic
B. longum 139 MRSC Anaerobic
B. longum 142 MRSC Anaerobic
B. bifidum 152 MRSC Anaerobic
Bifidobacterium sp. 271 MRSC Anaerobic
B. longum 276 MRSC Anaerobic
B. bifidum 34s MRSC Anaerobic
B. bifidum 35s MRSC Anaerobic
B. dentium 47s MRSC Anaerobic
Bifidobacterium sp. 50s MRSC Anaerobic

* MH - Muller Hinton agar, BHI — brain heart infusion, BMH - Muller Hinton agar with 5% sheep blood.
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AMA was expressed by the formula:

AMA (%) = 100 - (OD,, . of test-stain culture with CFS/ OD,,  — of test-stain culture in
control*100%), where OD

Production of specific antimicrobial substances at different cultural growth phases were
determined by the method of Cheikhyoussef et al. [7] with slight modifications. The night culture
of bifidobacteria in the amount of 1% (v/v) was inoculated into 200 ml of MRSC and incubated at
37 °C during 24 h. The culture samples (2ml) were picked out every 2 hours, the growth of the cells
was measured by the suspension turbidity (optical density, OD) at a wavelength of 620 nm. Antimi-
crobial activity was determined by the method described above.

The effect of enzymes, thermal treatment and different pH rate on stability of specific an-
timicrobial substances of bifidobacteria was estimated by the method of Cheikhyoussef'et al. [7].
Cell-free supernatant of bifidobacteria was treated with different enzymes (proteinase K, protease X,
pepsin, tripsin, lipase A, alpha-amylase; all from Sigma, USA).

Stability of specific antimicrobial substances of bifidobacteria at thermal treatment was deter-
mined by measuring their antimicrobial activity after heating 2 ml of the sample at 80 °C during 15,
30 and 60 min, at 100°C — during 15 and 20 min, and after autoclaving at 121°C — during 10 and
20 min.

Their stability at different pH level was determined by incubation of the samples at pH from 3
to 11 (using 5SM NaOH and 5M HCl ) during 2 h at 25 °C. Native samples of cell-free neutralized
supernatants were used as a control. Antimicrobial activity of the experimental and control samples
was determined as described above.

The extraction of bacteriocin-like substances from cell-free supernatant was conducted us-
ing ammonium sulfate precipitation (85% saturation) at 4 °C during 12 h. The precipitate was dia-
lyzed using a dialysis membrane with pore diameter 1000 Da (Spectrum©Laboratories, Inc.) in PBS
pH 6.0 during 48 h at 4 °C. Antimicrobial activity of dialysates was determined as described above.

Determination of the indicator strain biomass accumulation in the presence of specific an-
timicrobial substances of bifidobacteria. Protein dialyzate of supernatant of bifidobacterial culture
was added into the cultivation medium of the indicator strain (10% of total volume), incubated at
37 °C 24 h. Samples were selected every 3 h. Optical density of the indicator strain suspension was
measured at the wavelength of 620 nm. The indicator strain without the strain-antagonist superna-
tant was used as a positive control.

Results and Discussion. As a result of research the neutralized supernatant of bifidobacteria
showed antimicrobial activity. The results are presented in Tables 3 and 4. Bifidobacterial strains
did not inhibit the growth of all pathogens, and this antagonistic activity was strain-dependent.
All bifidobacteria inhibited the growth of S. aureus, Citrobacter sp., S. typhimurium and E. coli,
but did not inhibit that of P. aeruginosa and K. pneumoniae. Only strain Bifidobacterium sp.
278 suppressed effectively the growth of Prneumococcus sp. and C. difficile. The studied strains
of bifidobacteria did not inhibit the growth of test-strains of bifidobacteria (data are not shown).
The results are in agreement with the data obtained by Anand [3] and Kang [10], who investigated
specific antimicrobial substances which suppressed the growth of both gram-positive and gram-
negative microorganisms.

An analysis of literature data shows that there are only a few data about the fact that bacterio-
cin-like substances of gram-positive bacteria exhibit antimicrobial activity against gram-negative
bacteria [4]. Therefore, the ability to inhibit the growth of gram-negative bacteria, especially those
which cause spoilage of foods and nutritional diseases, offers the prospect of applying bacteriocins
of bifidobacteria as preservatives in the food industry.

We showed that bifidobacteria strains studied demonstrated specific antimicrobial activity, which
depends on bifidobacterium strain as well as on the indicator culture. The strains Bifidobacterium sp.
82D, Bifidobacterium sp. 278, B. bifidum 272 and B. bifidum 174 suppressed the growth of a wide
range of pathogens and were selected for further research.

It is known [7] that the microorganism can produce simultaneously several different bacteriocin-
like substances specific for different sensitive microorganisms. In addition, it may produce different
bacteriocin-like substances at different stages of the culture growth. Therefore, we have used differ-
ent types of pathogens in the investigation of production of specific antimicrobial substances. The
given results are presented in Fig. 1 (a) and 1 (b).

— optical density at wave length 620 nm.

620 nm

34 ISSN 0201-8462. Mixpobioa. acyph., 2012, T. 74, Ne 5



©110}0RqOPYIq JO Sjuejeusodns pazijennou 0d1-[[99 AQ SUIEIS-)S9) JO YIMOIS JO UOHB[NWILS JO SISBO Ul PIAIIOAI JOM AJAIOR [BIGOIOTWIIIUE JO SON[BA JATIRSOU :9)0U)00 ]

S00>d
LS 9TFYL' ST 8'ETFRTCII- 98'GFE6'SE 1€TF08'1E Y0'LFCL'TT ¥6'SFr0°0C 69°0F6£'S8 65 TFILYI S8ITIFLY0- acs
TL'SFS1'0S ¥$'8F€9°SS [1°¢F8S1S Y0 0CIFCS €01~ 0L SFr8 'St 0¥"8F69'6C €0°SFI8°I1 €CYFR6'YT STSIFCL 1~ 8LC
L9'6FE0"8ET- SE6FLS001- 88°€Fr9°6€ 8°0F18'8- £9'GFST'6 16 vFrI vl £9°7F08°61 9S €F09°L €6'8FI9LE- 1LT
0L 6%F65°S9C- £0'€TF96'881- Y6 1F8E°LT 0€'89EFOL 1SE~ P8 IFLY'LE 0¢'8FCI61 05 CFEr'€ 0€°LF8Y 11 7' 01FCTLI- SLY
€0'CrFIT 61~ CeTTIIrEST- STTFrEEY 6L TF88°0" Y SFOE SY 09°9F9¢°L YTYFLS 1T 01" 1FC¢8°0- P1I'8Fr6°9- 9LT
C0'01FLO'LSE eV 1TFYL0E]- YT EF8THE 6 0FE1°01- LS EFO6TIT 8T LF86'I1 6T EFIV Y LSYFETTT | ELOIFLI'IC wl
C9YTFE0911- 12018’ 1€l 8 EFSSTY 88 EFRI'LI- ¥9°8FC0vC [EcFeovl S8 EFV0E- IV vF6£°6" 9IS SFLIVI- 6¢l
Y6'8CFSO¥TC- 80°CCFIILI- 0S"1F€S 8T 1'ZF99°¢l- SY'TITF00'6 90'6F01°9 SSYFST T €TSS’ PLLIFECTI SG¢
SO SIFLLTOI- 1€°61+80°691- €0'1F86°C¢E °9'eFCT el 6 CF3Y'SY £€8'6FS1'8C 08°CFLI9 CELFBLEL S6'PFBT8I- Hi43
99 CEFYTOS1- 66 LEFSITEL- 16°€FLOYT LS 89F+9°69- 0S°€F20°0S SO'9FrY 0¢ 8S1F0T°09 8¢ VF09'¥T €E6FLI01- CLT
0L E€EF8Y 81T~ ST'LIF09'S6~ C0VFOL'SE 88'€F99°€CI- ETSTHTIS CI9FETIE 1TYFSSL 80°LFF9°91 0T 9F6'1- YL1
Ol TEFI8 6T 89 CIFILIVI- PSP FPITT CESTFOS 8- YT 8FL6°ST 0T SFEEST CEYFSSLI- S6'EFCTL 0°LFEB6C- 43!
9T OEFIV ELT- 8CTIFHETO1- ILTF00°1C 88 IFSEET 9T9F6L' 1T PI'SFEE8 90°€¥88°0- YL LFI6 Y- 80V IF6'1- 01
2912 a1oufip ) 1220 21Yfip ) snaany °§ “ds sn22020mnaug nxuuﬂw e.hwm&% ds uxuw\ew oo | ds s MMQ@.HMW doug “ds §122020.423u5] 12420 g _M_.H“.Hwn
0/, ‘AJIAIIR [BIqO.DIWNUY -opyig

€ 91qeL

BLI9)IBQOPYIQ Jo sjueleutddns pazije.nynou 3d.4j-[[99 Aq swisiuegro001dru dpsiunjioddo danisod-wieasd jo uoniqryur yymoan)

35

o5

ISSN 0201-8462. Mikpobioa. ucyph., 2012, T. 74,



©BLIO)ORQOPYIQ JO Sjuejeurodns pozijennou 0d1-[[90 AqQ SUTEIS-}S9) JO [)MO0IS JO UOHB[NWINS JO SOSED Ul PIAIOII 9I0M AJIAIOR [BIOIOIWIIUE JO SON[BA dAIIRSOU 19)0UI00,]

S0°0>d
LS TFLI0S L8 1FTY9€ SEPFROIE PESF66'C SLIFCI'09- wIIFIE T 07'81F88°G- acs
€0'TFLOTE CS'8FLS 6T 06'€FCCHT 96'8F9V 't~ L9°€F00°LOT- 6€°01F96°01 Py 1F0¥'81- 8LT
LTEF09°LT 00'¥F86°9¢ OE'TFLI'TE €CYF80°S- 96'€£F59'98- SSTIF61'6€ YUSFLITC- LT
8T EFBL'LT LI'IF8TET LLEFIL'ET 6€°8FSETT €0 SIFOY VL~ 89°€1FSY'CC- 9 SIFSOV1 SLY
20 1F60°0€ 60" 1F88°€E SI'TF8L'6T Yy EF08°9- CLITFLCL- 6€'8FLYLT CL'TTFLL'E 9LT
SI'EFT8I€ LETFO66'VE LETFS6'6T S8 YTFIST 99V 1FvC 08" €TIIFISCI Y6’ 1FEC 61~ wl
CIEFIP0€ 68°1F96°¢€E SCIFIO0E TYF80'9- 69°01FL9°T6~ 0¥ 0IF0€ 1€ 6€°8F0L 1T 6¢l
£9°9F60'4C YT EF68'8€ LU TF76°9C SL'TFOY L~ PILIFITEO01- €881FC8'L 99'CFIL 61~ SGe
61°8FE9EY 6L EFTE€E CEIFLYLT 88 VFSY T €TLFLOGOL" €T6F0TYT SE0T+88'81 B143
IEVFIL VY I SFOI'E 6€'1F9T'6C SO'SFYT €~ 89°91F81°C0I- T6'01FSL Sy 80'CFFS 91~ TLe
€S 8FE6Y 18°0F€6°0¢€ 17 1F0€°0€ 90°LFLI €~ 96'81F659L~ V'8FPLL 06'¥F10°LT- vLI
66'9F8Y'9¢ €LOFS19T YTOFLI'LT €L SF8T Y C9VIFLOLY- 1T6F01°8- €9 1FEY'8T- [43!
PIEFELT C0'9FYL'LT 00°TFIT 6T LETFEO Y- 9T 6FSL'LE- 08'STF69°6C 79'CFS0°6" 01
1702 wnmuyddqy g «ds 1210mq0.31) avownaud vsou1Snian «ds svuowoydojouars «ds vyp.Liog sure.as
% ‘ApANdE [eIqo.nIIPUY _.mww%mﬂ_
BLID)IEQOPYIq JO sjue)euiddns pazife.aInau .4J-[[99 Aq swisiues.100.1d1u dnsiunyioddo dane3du-weasd Jo uonIqryul YImoan .
polqeL

o5

ISSN 0201-8462. Mixpobioa. ncypn., 2012, T. 74,

36



174 a

T -+ 7
TR —a g,s
a - ‘\ +
3 06 ){/., + 5.5 —B—celis
a 15 T
E 0,4 / N’_'—RH T 4,5 e . pH
2 02 -4
' T 35
1] ./I } f } f f 3
0 4 8§ 12 16 20 24 timeh
174 b
80 -+
70
60 4 |
R 50 /
o 30 a1
20
10 4
O = T T T T T T 1
0 4 g 12 16 20 24 time, h
272a
1 ——
A 0.8
O 06 —B—cells
[’}
g 04 —e—pH
202
]
0 4 3 12 16 20 24 time, h
272b
a0 q
70
g0
B ig 1 —
< 7 N .
= 30 —a—2
< a0 // ‘\.\‘ 5
10 _%
U I T T T T T T 1

1] 4 g 12 15 20 24 time, h

Fig. 1(a). Production of bacteriocin-like substances by bifidobacteria depending on their
growth phase (a — biomass accumulation, b — antimicrobial activity). 1- Streptococcus sp.,

2- Stenotrophomonas sp., 3 - S. typhimurium.
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Fig. 1(b) Production of bacteriocin-like substances by bifidobacteria depending on their
growth phase (a — biomass accumulation, b — antimicrobial activity). 1- Streptococcus sp.,
2- Stenotrophomonas sp., 3 - S. typhimurium.

It has been found that the production activity of specific antimicrobial agents depends on
the growth phase of the culture of bifidobacteria. Maximum production activity was observed at
12-16 hours of the culture growth and the highest biomass accumulation was observed after 18 hours
of cultivation. Thus, the maximum production of bacteriocin substances of bifidobacteria occurs
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in the late logarithmic growth phase, confirming the data of other authors obtained for lactic acid
bacteria and bifidobacteria [7;12;18].

On the other hand, the duration of production of antimicrobial substances by the studied cultures
differed depending on the strain of bifidobacteria and the indicator culture. Thus, a decrease in pro-
duction of bacteriocins by strains B.bifidum 174 and B.bifidum 272 was observed after 16 hours of the
cultivation. The strain Bifidobacterium sp. 278 exhibited the decrease in production of bacteriocin(s)
only against Streptococcus sp. and S. typhimurium, and strains of Bifidobacterium sp. 82D - against
Streptococcus sp. and Stenotrophomonas sp. The strain B. bifidum 278 kept producing of antimicro-
bial substance against Stenotrophomonas sp. up to 24 hours of cultivation, and Bifidobacterium sp.
82D - against Streptococcus sp. up to 20 hours of cultivation.

For further work we have selected the strains B. bifidum 174 and Bifidobacterium sp. 278 as a
model because of the fact that they showed the highest specific antimicrobial activity in the previous
experiment. We used Streptococcus sp. and S. typhimurium as the indicator cultures since they are
the most sensitive test microorganisms.

As a result of studying the effect of enzymes on cell-free supernatants of bifidobacteria it has
been shown that inactivation of specific antimicrobial activity was observed after their treatment
with proteinase K, protease X, pepsin and trypsin. In addition, the influence of lipase and alpha-
amylase on the expression of antimicrobial action by neutralized supernatants of the studied strains
has been observed. Cell-free neutralized supernatant of the strains B.bifidum 174 and Bifidobacte-
rium sp. 278 retained their activity against test strains after heat treatment: they were stable in a wide
range of high temperatures - from heating at 80 °C and autoclaving for 20 min at 121 °C. Cell-free
neutralized supernatants retained their activity in the pH range from 4 to 10.

The given results indicate the complex nature of the bacteriocin-like substances of the studied
strains of bifidobacteria. These substances are complex peptides with lipid and carbohydrate com-
ponents. Furthermore, because of the fact that in the study of nature of bacteriocin-like substances
the same strain of bifidobacteria manifested different effects, depending on the indicator culture,
we can assume the presence of several antimicrobial substances in the strains B. bifidum 174 and
Bifidobacterium sp. 278.

As a result of saturation of bifidobacterial supernatants with ammonium sulfate and their sub-
sequent dialysis we received their protein dialysates. These native dialysates of bifidobacteria did
not exhibit any antagonistic activity against opportunistic microorganisms. Their 10, 100 and 500-
fold dilution allowed to inhibit the indicator strains; the dilution 1:10 (AMA 46.44-65.62%) mani-
fested the highest antimicrobial activity and dilution 1:500 (AMA 11.96 —45.60%) — the lowest one
(Fig. 2). The absence of antimicrobial activity in the native protein dialysates of bifidobacteria can
be explained by the fact that in such concentrated solution bacteriocins are bound and inactive.

The addition of dialysates of cell-free supernatants of B. bifidum 174 and Bifidobacterium sp.
278 into the culture medium of Streptococcus sp. and S. typhimurium led to a decrease in biomass
accumulation of the indicator strains (Fig. 3). The inhibition of Streptococcus sp. growth was about
74% in the presence of dialysate B. bifidum 174 and 66% in the presence of Bifidobacterium sp. 278.
The inhibition of S. #yphimurium growth was about 66% in the presence of dialysate B. bifidum 174
and 62% in the presence of Bifidobacterium sp. 278, which corresponds to the results obtained in
the previous study.

In conclusion, the study has shown that the presence of specific antimicrobial activity in bifido-
bacteria is strain-dependent characteristic and does not depend on the species of test-microorgan-
isms as well. Bifidobacteria are able to produce bacteriocin-like substances against a wide range of
gram-positive and gram-negative microorganisms.

The strains B. bifidum 174 and Bifidobacterium sp. 278 produce antimicrobial substances with
broad-spectrum of activity and exhibit higher antimicrobial activity as compared to other investi-
gated strains of bifidobacteria. Maximum bacteriocin-producing activity of the strains B. bifidum
174 and Bifidobacterium sp. 278 occurs between 8-16 h of cultivation, namely in the late logarithmic
growth phase. According to given data the antimicrobial substances belong to Class 4 bacteriocins
and are complex peptides (according to klaenhammer et al. [11]).
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Footnote: negative values of antimicrobial activity were received in cases of stimulation of growth of test-

Fig. 2 Antimicrobial activity of dialysates of cell-free neutralized supernatants of

52

<

=

<

=50
Streptococcus sp. S, byphimurium
=R 1302 3244
@110 GOLGE 65,62
at; 100 45815 4782
mi.500 4511 4560
b

60

AMA, %

Streplococous sp. [ . typhimurium
CIRE 14,77 | 1183
@110 46,44 | 47,95
‘o100, 45,94 [ 30,04
\m1:500 38.65 I 11.96

bifidobacteria (a — B. bifidum 174, b — Bifidobacterium sp. 278).
p<0.05

strains by cell-free neutralized supernatants of bifidobacteria

40

biomass, OD

biomass, OD

0.4

0,35

o
w

a

/"_‘, —— 174
/ ——278

—&— control

time, h
b

0.4
0,35 —174

0.3 —.—278
0.25 —— control

—
0,2

0,15 /
0,1

——
0,05 -

1] 3 & 9 12 15 18 pal 24 time, h

Fig. 3. Dynamics of microbial biomass accumulation
of Streptococcus sp. (a) and S. typhimurium (b)

ISSN 0201-8462. Mixpobioa. ncypn., 2012, T. 74, No 5



ACKNOWLEDGEMENTS. We gratefully acknowledge Asa Ljungh and Torkel Wadstrom
from Lund University, Lund, Sweden, for their skillful assistance. This research was supported by
the grant FRF 2011-1 from Federation of European Microbiological Societies.

0.A. Ilonmascvka, H.K. Kosanenko

Incmumym mixpodionoeii i eipyconozii HAH Yxpainu
eyn. Akademixa 3abonomnoeo, 154, Kuis, MCI1, I 03680, Ykpaina
AHTUMIKPOBHA AKTUBHICTb BAKTEPIOHUHOIIOAIBHUX PEHOBUH
BI®ITOBAKTEPIN

Peszome

JlocuipKeHO aHTaroHiCTUYHY aKTHBHICTH 13 mTamiB 0idigodakTepild, i301p0BaHMX Bij mtonunu. [TokazaHo,
110 HASIBHICTH crieudivHOi aHTUMIKPOOHOT aKTUBHOCTI Y 0i(hizobaKTepiil € ITaMOBOIO XapaKTEPUCTUKOIO i He
3aJIKUTh BiJI BULY LIMX MIKpOOpraHi3MiB. BcranosineHo, 1o 6idinodakrepii npoyKyoTh OaKTepioUHONOAI0HI
PEYOBHMHU SIK IPOTH I'PAMIIO3UTUBHUX, TAK 1 IPOTH rpaMHeraTuBHuUX Oakrepiit. [lltamu Bifidobacterium sp. 278
Ta B. bifidum 174 npoaykyloTb aHTHMIKpPOOHI PEYOBMHH IIHUPOKOTO CIEKTPY Aii 1 MPOSBIAIOTh HaHBHILY
AHTUMIKPOOHY aKTHMBHICTb, HMOPIBHSIHO 3 IHIIMMH JOCHIIPKEHUMHU ITamamMu Oidinobakrepid. MakcumanbHa
AKTHBHICTh NPOAYKYyBaHHs OakTepiouuHiB mramamu B. bifidum 174 ta Bifidobacterium sp. 278 BinOyBaeTbcs
Mik 8—16 roj KyJIbTUBYBaHH:, a caMe y Mi3Hil Jorapudmiynii ¢asi pocty. 3a OTpUMaHUMHU XapaKTEPUCTHKAMU
JlaHi aHTUMIKPOOHI PEUYOBUHHU BITHOCSTHCS 10 4 Kilacy OAKTEPiOLUHIB 1 SBISIOTH COOOIO CKJIA/IHI METTHIH.

KnwouoBi cixoBa: 6ipigodakrepii, aHTUMIKpOOHA aKTHBHICTb, OAKTEPIOLMHH.
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Hnemumym muxpobuonoeuu u gupyconoeuu HAH Ykpaunvl
yn. Axademuxa 3abonomnoeo, 154, Kues, /] 03680, Yxpauna
AHTUMUKPOBHASI AKTUBHOCTbB BAKTEPUOLIMHOIMOJOBHBIX
BELIECTB BI/I‘-DI/I)IOBAKTEPI/IFI

Pesome

VccnenoBana aHTaroHUCTHYECKAs aKTHBHOCTS 13 mtaMmoB 6ruuaodakTepuil, H30IMPOBAHHBIX OT YeIOBe-
xa. [Toka3aHo, 4To HaMM4YHe crienu(UIecKOil aHTUMUKPOOHOH aKTHBHOCTH y Ou(uI00aKTepHii SIBIsETCS MITaM-
MOBOH XapaKTEPHCTUKOM U HE 3aBUCUT OT BHJA 3THX MHKPOOPraHU3MOB. YCTaHOBJICHO, 4TO Onpunodakrepun
MPOAYLUPYIOT GAKTEPHOLMHONOJO0HbIE BEIIECTBA KaK IPOTUB I'PAMIIOIOKUTEIIBHBIX, TAK U IIPOTHB I'PaMOT-
punarensusix Oaxrepuil. Lltammsl Bifidobacterium sp. 278 u B. bifidum 174 npoxynupyioT aHTHMHKPOOHBIE
BEIIECTBA IIMPOKOTO CHEKTPa ACHCTBUS ¥ MPOSIBISIIOT HAUBBICIIYI0 AHTUMHKPOOHYIO aKTHBHOCTB 10 CPaBHE-
HHIO C IPYTHMH HCCIIEIOBAaHHBIMU IITaMMaMu Ouugodakrepuil. MakcuMalbHast akTHBHOCTb IIPOYLIMPOBAHUS
OakTepHONMHOB ITaMMaMu B. bifidum 174 u Bifidobacterium sp. 278 NpoucXoquT Mex 1y 8—16 4 KyIbTHBHPO-
BaHMs, @ IMEHHO B [03/1HEH jorapudmudeckoit Gpase pocra. 1o momydeHHbIM XapaKTepUCTHKaM JaHHbIC aHTH-
MHKPOOHBIE BEIIECTBA OTHOCATCS K 4 KI1accy OAKTEPHOLMHOB U MPECTABISIOT COOOM CII0KHBIC TTEIITHIbL.

KnwoueBbie cuioBa: 6udunodbakrepun, aHTUMHKPOOHAsS! aKTUBHOCTb, OAKTEPUOIIMHBI.
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