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Using bifidobacterium and propionibacterium strains in
probiotic consortia to normalize the gastrointestinal tract
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Abstract

The gastrointestinal microflora regulates the body’s functions and plays an important role in its health. Dysbiosis
leads to a number of chronic diseases such as diabetes, obesity, inflammation, atherosclerosis, etc. However,
these diseases can be prevented by using probiotics - living microorganisms that benefit the microflora and,
therefore, improve the host organism’s health. The most common probiotics include lactic acid bacteria of the
Bifidobacterium and Propionibacterium genera. We studied the probiotic properties of the following strains:
Bifidobacterium adolescentis AC-1909, Bifidobacterium longum infantis AC-1912, Propionibacterium jensenii
B-6085, Propionibacterium freudenreichii B-11921, Propionibacterium thoenii B-6082, and Propionibacterium
acidipropionici B-5723. Antimicrobial activity was determined by the ‘agar blocks’ method against the following
test cultures: Escherichia coli ATCC 25922, Salmonella enterica ATCC 14028, Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa B6643, Proteus vulgaris ATCC 63, and Listeria monocytogenes ATCC 7644. Moderate
antimicrobial activity against all the test cultures was registered in Bifidobacterium adolescentis AC-1909,
Propionibacterium jensenii B-6085, and Propionibacterium thoenii B-6082. Antioxidant activity was determined
by the DPPH inhibition method in all the lactic acid strains. Our study indicated that some Propionibacterium and
Bifidobacterium strains or, theoretically, their consortia could be used as probiotic cultures in dietary supplements
or functional foods to prevent a number of chronic diseases.
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Resumo

A microbiota gastrointestinal regula as fung¢des do corpo e desempenha um papel importante na sua satde.
A disbiose leva a uma série de doengas cronicas, como diabetes, obesidade, inflamacdo, aterosclerose, etc. No
entanto, essas doengas podem ser prevenidas pelo uso de probiéticos - microrganismos vivos que beneficiam
a microflora e, portanto, melhoram a satide do organismo hospedeiro. Os probidticos mais comuns incluem
bactérias do acido lactico dos géneros Bifidobacterium e Propionibacterium. Nds estudamos as propriedades
probidticas das seguintes cepas: Bifidobacterium adolescentis AC-1909, Bifidobacterium longum infantis
AC-1912, Propionibacterium jensenii B-6085, Propionibacterium freudenreichii B-11921, Propionibacterium
thoenii B-6082 B-6082 acid e Propionibacterium thoenii B-6082 B-6082 acidibion. A atividade antimicrobiana
foi determinada pelo método de ‘blocos de agar’ contra as seguintes culturas de teste: Escherichia coli ATCC
25922, Salmonella enterica ATCC 14028, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa
B6643, Proteus vulgaris ATCC 63 e Listeria monocytogenes moderada atividade ATCC 7644. Uma atividade
antimicrobiana moderada contra todas as culturas de teste foi registrado em Bifidobacterium adolescentis
AC-1909, Propionibacterium jensenii B-6085 e Propionibacterium thoenii B-6082. A atividade antioxidante
foi determinada pelo método de inibicdo do DPPH em todas as cepas de acido latico. Nosso estudo indicou
que algumas cepas de Propionibacterium e Bifidobacterium - ou, teoricamente, seus consércios — poderiam
ser usadas como culturas probiéticas em suplementos dietéticos ou alimentos funcionais para prevenir uma
série de doencas cronicas.

Palavras-chave: bactérias do acido lactico, bifidobactérias, bactérias do acido propidnico, biocompatibilidade.
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1. Introduction

The gastrointestinal microbiota is a collection of
non-pathogenic microorganisms that inhabit the
gastrointestinal tract (GIT) and regulate the host organism’s
metabolic, protective, coordinating, and epigenetic
functions (Celi et al., 2017, 2019; Sherwin et al., 2018;
Valdes et al., 2018). Its disrupted functioning can become
one of the main causes of chronic metabolism-related
diseases (obesity, diabetes, cardio-vascular disease,
etc.). Dysbiosis can be caused by certain medications,
infectious diseases, lifestyle, surgery, unhealthy diet, and
other factors (Morita et al., 2015; Le Bastard et al., 2018).
Probiotics are living microorganisms that positively affect
the gastrointestinal microbiota, and therefore on health in
general when taken systematically. Figure 1 shows the role
of probiotics in preventing a number of chronic diseases.

Four main mechanisms achieve the positive effect of
probiotics. Firstly, they are antagonistic to pathogenic and
opportunistic strains due to the production of antimicrobial
substances. Secondly, they are adhesive to epithelial cells,
thereby creating competition for pathogenic strains. Thirdly,
they act as immunomodulators for the host organism,
and, finally, they reduce the number of metabolites
produced by pathogenic microorganisms and/or cancer
cells (Cremonini et al., 2002).

Among probiotic cultures, bacteria of the genus
Bifidobacterium are especially important as normal
representatives of the gastrointestinal microbiota
(Cao et al., 2020). Bifidobacteria are gram-positive

anaerobes that benefit the microbiota by exhibiting
anticarcinogenic effects, lowering cholesterol levels,
improving lactose hydrolysis, producing vitamins, etc.
(Abdelazez et al., 2017). Their growth in the large intestine
can be activated by introducing large amounts of probiotics,
which contain these bacteria, in the form of dietary
supplements or functional fermented milk products.
Alternatively, their activity can be stimulated by special
food substances called prebiotics (Trindade et al., 2003).
These substances include bifidogenic compounds, for
example, 1,4-dihydroxy-2-naphthoic acid, a metabolic
product of bacteria of the genus Propionibacterium.

Nowadays, scientists are increasingly considering dairy
propionibacteria as probiotics. These are gram-positive
anaerobic bacteria that do not form spores and are tolerant
to low oxygen. These bacteria can convert carbohydrates
into acetic and propionic acids and metabolize vitamins (B9,
B12), bacteriocins (propionicin (Altieri, 2016) and teniicin
(Li et al., 2020)), bifidogenic compounds that stimulate
bifidobacterial growth (1,4-dihydroxy-2-naphthoic acid),
substances with immunomodulatory and anticarcinogenic
properties (Huang et al., 2003; Meile et al., 2008; Zarate
and Chaia, 2012; Gaucher et al., 2020), and enzymes
(B-galactosidase) (Zarate and Chaia, 2012; Altieri, 2016).
Propionibacteria are of two species, the first inhabiting the
skin and the second (a ‘dairy’ species) found in raw milk
and fermented milk products (Argafiaraz-Martinez et al.,
2013). For this study, the ‘dairy’ propionic bacteria are of
utmost interest.
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Figure 1. Probiotics as a protective tool against the negative factors of chronic diseases.
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Today’s highly relevant is the creation of probiotic
consortia consisting of propionibacteria and bifidobacteria
to be used in dietary supplements or functional products to
prevent chronic disease. In order for strains to be classified
as probiotics, they must meet the criteria of:

1) safety (non-pathogenic and genetically stable strains
come from a healthy source of human or animal origin
and do not produce toxic metabolites);

2) functionality (strains are highly adhesive, antagonistic
against pathogenic and opportunistic microorganisms,
resistant to antibiotics and gastrointestinal conditions);
and

3) technological usefulness (strains maintain their viability
and properties during storage, are easy to cultivate and
grow) (Markowiak and Slizewska, 2017; Kumari et al.,
2020; Markowiak-Kope¢ and Slizewska, 2020).

Our study aimed to determine the compliance of
bifidobacteria (Bifidobacterium adolescentis AC-1909,
Bifidobacterium longum infantis AC-1912) and
propionibacteria (Propionibacterium jensenii B-6085,
Propionibacterium freudenreichii B-11921, Propionibacterium
thoenii B-6082, Propionibacterium acidipropionici B-5723)
with the criteria of probiotic cultures so that they could
be used to normalize the gastrointestinal microflora and
prevent a number of chronic diseases. For this, we analyzed
the bacteria for the presence of antibacterial and antioxidant
properties, as well as resistance to various antibiotics and
negative conditions of the gastrointestinal tract.

2. Material and Methods

Our study was conducted in the Laboratory for Bio
testing Natural Nutraceuticals at Kemerovo State University
(Russia).

We used the following collection strains of lactic acid
bacteria (Pieniz et al., 2015; Can-Herrera et al., 2021):
Bifidobacterium adolescentis AC-1909, Bifidobacterium
longum infantis AC-1912, Propionibacterium jensenii
B-6085, Propionibacterium freudenreichii B-11921,
Propionibacterium thoenii B-6082, and Propionibacterium
acidipropionici B-5723 (Research Institute of Genetics and

The application of bifidobacterium to normalize the gastrointestinal tract

Selection of Industrial Microorganisms, Kurchatov Institute,

Russia). Their cultivation conditions are shown in Table 1.

1. The antimicrobial properties of lactic acid cultures
were studied in relation to the following test cultures:
Escherichia coli ATCC 25922, Salmonella enterica
ATCC 14028, Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa B6643, Proteus vulgaris ATCC
63, and Listeria monocytogenes ATCC 7644 (Research
Institute of Genetics and Selection of Industrial
Microorganisms, Kurchatov Institute, Russia). The
antagonistic properties were determined by the ‘agar
blocks’ method. First, we grew a bacterial lawn on the
nutrient media (Table 1). Then, an 8 mm agar block
was cut out and transferred onto a Petri dish with a
meat infusion agar (State Research Centre for Applied
Microbiology and Biotechnology, Russia) previously
seeded with a test culture. The dishes were placed in
a thermostat for a day at 37 °C (optimum temperature
for test cultures). Zones of growth inhibition indicated
the presence of antagonistic activity: high (zones
of over 23 mm in diameter), medium (17-22 mm),
weak (11-16 mm), or zero activity (less than 11 mm)
(Kumar et al., 2012; Jomehzadeh et al., 2020).

2. The antioxidant activity of lactic acid cultures was
spectrophotometrically determined by the DPPH method
(Pyrzynska and Pekal, 2013). The technique used in this
study was developed by Knysh and Nikitchenko (2020).
First, a working solution was prepared by mixing a
standard DPPH solution (5 x 10-4 M) with ethanol
acidified with acetic acid in a ratio of 1:10. Then, 1 ml
of the test sample (supernatant obtained at different
phases of strain growth, 8-28 h) was added to 1 ml of the
working solution and thoroughly mixed. The resulting
mixture was left in the dark for 30 min. The kinetics
of decreasing optical density was recorded at 517 nm
using a Glomax Multi reader (Promega, USA). The DPPH
working solution was used as a control sample.

3. The disk diffusion method determined the antibiotic
resistance of lactic acid cultures, as described by
Yang et al. (2020) and Zimina et al. (2020). For this,
microorganisms (0.5 McFarland measured by a DEN-1

Table 1. Nutrient media and cultivation conditions for the studied cultures of lactic acid bacteria.

Strain

Nutrient medium

Cultivation conditions

Bifidobacterium adolescentis
AC-1909

Bifidobacterium longum
infantis AC-1912

Propionibacterium jensenii
B-6085

Propionibacterium
freudenreichii B-11921

Propionibacterium thoenii
B-6082

Propionibacterium
acidipropionici B-5723

Bifidum medium
(State Scientific Center for Applied Microbiology, Russia)

Corn-lactose medium
(Biokompas-S, Russia)

M17 (HiMedia Laboratories Pvt. Limited, India)

R2A (HiMedia Laboratories Pvt. Limited, India)

Corn-lactose medium
(Biokompas-S, Russia)

37°C, anaerobic conditions*

28-30°C, anaerobic
conditions

30°C, anaerobic conditions

28-30°C, anaerobic
conditions

30°C, anaerobic conditions

Brazilian Journal of Biology, 2024, vol. 84, e256945

3/17



Dyshlyuk, L. et al.

densimeter (BioSan, Latvia)) were grown on MRS agar

(State Research Centre for Applied Microbiology and

Biotechnology, Russia) by the surface method for 24 h

at an optimal growth temperature. After inoculation,

indicator discs were laid out on the medium’s
surface to determine antibiotics sensitivity (Bio-Rad,

USA). The incubation period was 24 h at 37°C. We

used discs with ampicillin (10 pg), benzylpenicillin

(5 units), carbenicillin (100 pg), polymyxin (100 units),

streptomycin (10 pg), gentamicin (10 pg), clotrimazole

(10 pg), chloramphenicol (30 pg), tetracycline (30 pg),

neomycin (30 pg), and kanamycin (30 pg) (HiMedia

Laboratories, India; Agat-Med, Russia). The degree of

antibiotic resistance was determined by measuring the

zone of inhibition around the indicator disc (mm). The
strains were considered resistant, moderately resistant,
and sensitive to antibiotics with inhibition zones of
under 15 mm, 16-20 mm, and over 21 mm in diameter,

respectively (Hashemi et al., 2014).

4. The resistance of lactic acid bacteria to unfavorable
gastrointestinal conditions was measured by the
method described by Kitaevskaya (2012). The resistance
to bile, phenol, NaCl, and acidity was determined by
incubating strains in MRS broth containing 0.3% ox bile
(HiMedia Laboratories, India), 0.4% phenol, 6.5% salt,
and in MRS broth acidified to pH=2.5 with hydrochloric
acid, respectively, at 37°C for 24 h. The resistance
was determined by changes in the concentration of
colony-forming units (CFU/ml), i.e., by plating serial
tenfold dilutions on Petri dishes with MRS agar
(Afonyushkin et al., 2017). Samples were taken every
4 hours during 12 hours of cultivation.

5. The DNA of selected lactic acid strains was analyzed for
the presence of gene groups responsible for a number
of probiotic properties. Using the NCBI database, genes
that were potentially associated with probiotic activity
were selected based on literature and bioinformatic
analysis of the genomes of the strains closest to those
under study. In particular, we selected the following
genes:

» For propionibacteria: PcfD, which affects the strain’s
resistance to antibiotics (Moodley et al., 2015), and
slpB, which is involved in adhesion to epithelial cells
(Le Maréchal et al., 2015; Carmo et al., 2018);

» For bifidobacteria: DnakK, which is involved in the
adaptive response to negative environmental conditions,
e.g., to osmotic and thermal shock (Ventura et al., 2005),
and TgaA, which encodes a protein located on the outer
surface of the bacterial cell and interacts with Toll-like
receptors, preventing the immune system of epithelial
cells from activating (Guglielmetti et al., 2014).

The candidate genes were screened by their
amplification, subsequent capillary sequencing, and
bioinformatic analysis of target sequences. The CLC
Genomics Workbench program selected specific primers
using the MUSCLE algorithms, based on multiple alignments
of the selected gene sequences (Table 2).

Total DNA was isolated from pure cultures by phenol-
chloroform extraction. Its concentration was measured
by a Qubit 2.0 fluorometer (Thermo Fisher Scientific,
USA). Gene amplification was performed using 50 pL
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Tersus polymerase (Evrogen, Russia) according to the
manufacturer’s protocol (Table 3).

The amplified genes were purified by horizontal 1%
agarose gel electrophoresis. The amplicons were purified
using a QIAquick Gel Extraction Kit (Qiagen, USA).
The amplicon concentration was measured with a Qubit
2.0 fluorometer (Thermo Fisher Scientific, USA).

The selection reaction was set up with primers using
a BigDye Terminator v3.1 (Applied Biosystems, USA).
The sequential reaction was carried out in duplicate for
forward and reverse primers for each sample. The 10 pl
reaction mixture contained a 3 ul buffer, 1 ul terminator,
29 ng plasmid DNA, and H,0 mQ. Libraries were amplified
on a C1000 Touch Thermal Cycler. The cycling parameters
are presented in Table 4.

The reaction mixture was purified with the BigDye
XTerminator Purification Kit. Capillary sequencing was
performed on a 3730 DNA Analyzer (Applied Biosystems, USA).

Table 2. Specific primers selected with the CLC Genomics
Workbench.

Gene

pefD

Primer sequences

F 5’-ATACGATGAGCACAGCTCGG-3’
R 5’-TCCGTACTGCTCTTTGCGTT-3’

slpB F 5'-CCCAAGGATGCCATCACCAA-3’
R 5’-GGTTCACATTGTCCAGTGGC-3’

dnak F 5’-CAGTTGGCATCGATCTGGGT-3’
R 5’-TGACCTTGTCGGTGACTTCC-3’
F 5’-CATCATGAACCGCGGCAAAC-3’
tgaA

R 5’-CTTTGCCGGATTGGCTGATG-3’

Table 3. Candidate genes amplification parameters.

No. Amplification stage te;?;;_‘;:il‘? oC Time, s
1 Pre-denaturation 95 60
2 Denaturation 95 30
3 Annealing 57 30
4 Elongation 72 120
29 repetitions of stages 2-4
5 Final elongation 72 300
Table 4. Sequential reaction cycling parameters.
No. Amplification stage Incubation Time, s
temperature, °C
1 Pre-denaturation 96 60
2 Denaturation 96 10
3 Annealing 50 4
4 Elongation 72 240
29 repetitions of stages 2-4
5 Final elongation 72 300

Brazilian Journal of Biology, 2024, vol. 84, e256945



The sequencing results were processed using Chromas

and CLC Genomics Workbench. Chromas were used to
compare repetitions in order to correct errors and detect
unread nucleotides in the samples.

The sequences were assembled using the CLC Genomics

Workbench software (QIAGEN, USA) and analyzed using
the local BLAST algorithms and the GenBank database.
Multiple alignment and construction of phylogenetic trees
were carried out in the MegaX program.

6.

3

3.

Lactic acid bacteria were analyzed for biocompatibility by
the drop method, as described by Liu et al. (2019). For this,
we only used the strains that were cultivated one day. A
drop of the first strain was applied onto the surface of the
MRS agar. When the drop completely dried, a drop of the
second strain was applied, 1-2 mm away from the first
drop. The second drop needed to overlap the first one by
half. The cultivation lasted 24-48 hours at 37 °C. The drops
of the same strain cultivated as described above were
used as a control. The results were determined visually:
if the drops fused together, the strains were considered
biocompatible; if one of the drops overlapped the other,
the strains were considered antagonistic.

. Results and Discussion

1. Antimicrobial activity of lactic acid strains
The ‘ agar blocks * method determined the antimicrobial

activity of lactic acid strains against bacterial test cultures
(see Table 5).

As we can see in Table 5:

Bifidobacterium adolescentis AC-1909, Propionibacterium
jensenii B-6085, and Propionibacterium thoenii B-6082
revealed moderate activity against all the test cultures;
Bifidobacterium infantis AC-1912 had moderate activity
against Salmonella enterica ATCC 14028 and Listeria
monocytogenes ATCC 7644, and weak activity against
the other test cultures;

Table 5. Antagonistic properties of lactic acid strains.

The application of bifidobacterium to normalize the gastrointestinal tract

Propionibacterium freudenreichii B-11921 showed weak
activity against Listeria monocytogenes ATCC 7644 and
moderate activity against the other test cultures;

Propionibacterium acidipropionici B-5723 revealed
moderate activity against Salmonella enterica ATCC
14028, Staphylococcus aureus ATCC 25923, and
Pseudomonas aeruginosa B6643, and weak activity
against Escherichia coli ATCC 25922, Proteus vulgaris
ATCC 63, and Listeria monocytogenes ATCC 7664.

3.2. Antioxidant activity of lactic acid bacteria

Antioxidant activity (or antiradical effect) of lactic acid

bacteria is determined by the DPPH inhibition method
(see Figure 2).

As shown in Figure 2, the results showed that all

the strains had antioxidant activity, depending on the
growth phase. The maximum antioxidant activity for both
Bifidobacterium and Propionibacterium were registered at
the exponential growth phase (12-24 hours of cultivation).
The antiradical effect decreased during the transition to
the stationary growth phase.

3.3. Antibiotic resistance of lactic acid cultures

The results of antibiotic resistance of lactic acid cultures

are shown in Table 6. The results indicated that:

Bifidobacterium adolescentis AC-1909 was moderately
resistant to benzylpenicillin and clotrimazole; sensitive
to ampicillin and kanamycin; and resistant to all the
other antibiotics;

Bifidobacterium longum infantis AC-1912 was moderately
resistant to polymyxin; sensitive to kanamycin, and
resistant to all the other antibiotics;
Propionibacterium jensenii was moderately resistant to
carbenicillin, polymyxin, and tetracycline; and resistant
to all the other antibiotics;

Propionibacterium freudenreichii was moderately
resistant to gentamicin and neomycin; sensitive to
polymyxin, and resistant to all the other antibiotics;

Growth inhibition zone di , mm
Strain Escherichia Sali | iphylococcus Pseud Proteus Listeria
coli enterica aureus aeruginosa vulgaris monocytogenes
ATCC 25922 ATCC 14028 ATCC 25923 B6643 ATCC 63 ATCC 7644

Bifidobacterium adolescentis 22.5+1.1 19.5£1.0 20.0£1.0 21.0£1.1 20.5+1.1 18.0£0.9
AC-1909
Bifidobacterium longum infantis 15.5+0.8 17.0+0.9 13.0+0.7 14.5+0.8 16.0+0.8 17.5%0.9
AC-1912
Propionibacterium jensenii 20.5£1.0 18.0+0.9 19.5+1.0 22.0+1.1 17.0£0.9 19.5+1.0
B-6085
Propionibacterium freudenreichii 19.0£1.0 21.0+1.1 17.5£0.9 18.0£0.9 20.0£1.0 16.0£0.8
B-11921
Propionibacterium thoenii 19.0£1.0 20.0£1.0 22.5%1.2 18.5+1.0 21.0£1.1 17.0£0.9
B-6082
Propionibacterium acidipropionici 16.0£0.8 17.0+0.9 18.0+0.9 17.5%0.9 14.0£0.7 13.5+0.7

B-5723
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Table 6. Sensitivity of lactic acid strains to antibacterial drugs.

Bifidobacterium Bifidobacterium L. . Propionibacterium L. . Propionibacterium
adolescentis longum infantis P’,UP mmfattenum freudenreichii B Prop mm‘l'xaaenmn acidipropionici
Antibiotic AC-1909 AC-1912 Jjensenii B-6085 11921 thoenii B-6082 B5723
Growth inhibition zone diameter, mm
Ampicillin 21.5£11 6.0£0.4 2.0£0.1 3.0£0.2 7.2+0.1 8.5+0.5
Benzylpenicillin 15.5+0.8 14.5+0.8 15.0+£0.8 15.5+0.8 11.6+0.2 17.0£0.9
Carbenicillin 6.5£0.3 9.0£0.5 16.2+0.2 7.9+0.4 12.0£0.6 13.0+0.7
Polymyxin 12.5£0.6 18.0£0.9 17.0£0.9 21.5£1.1 7.5+0.4 21.2£1.2
Streptomycin 12.0£0.6 7.3+0.5 11.5+0.6 10.0£0.5 18.0+£0.9 11.0+0.6
Gentamicin 8.0+0.4 11.0£0.6 9.0£0.5 16.0£0.8 4.50.2 20.0£1.0
Clotrimazole 16.0£0.8 13.5£0.7 43104 8.0+0.4 16.5+0.8 17.8+0.4
Chloramphenicol 4.0£0.2 8.4+0.3 5.7+0.7 6.4+0.6 18.0+£0.9 5.0+0.3
Tetracycline 7.3+0.4 10.0£0.5 20.0£1.0 13.0£0.7 6.2+0.7 21511
Neomycin 8.2+0.6 8.0£0.4 13.5+0.7 19.0£1.0 9.5+0.5 7.5+0.4
Kanamycin 22.0£11 21.0£11 5.5+0.3 14.0£0.7 5.9+0.9 10.4£0.3
60
50

N
(=]

Antiradical activity, %
[ w
[=} (=}

—_
=}

® Bifidobacterium adolescentis AC-1909
W Propionibacterium jensenii B-6085

B Propionibacterium thoenii B-6082

I & I
e &
0 ‘
8 12 16 20 24 28

Time, h

W Bifidobacterium longum infantis AC-1912
Propionibacterium freudenreichii B-11921

B Propionibacterium acidipropionici B-5723

Figure 2. Antioxidant activity of lactic acid bacteria determined by the DPPH inhibition method.

» Propionibacterium thoenii was moderately resistant to
streptomycin, clotrimazole, and chloramphenicol; and
resistant to all the other antibiotics;

« Propionibacterium acidipropionici was moderately
resistant to benzylpenicillin, gentamicin, and
clotrimazole; sensitive to polymyxin and tetracycline;
and resistant to all the other antibiotics.

3.4. The resistance of lactic acid bacteria to adverse
gastrointestinal conditions

The results of the resistance of lactic acid bacteria to
adverse gastrointestinal conditions - bile, sodium chloride,
phenol, and acidity are indicated in Table 7. According
to the results, all the strains showed sensitivity to the
adverse conditions of the gastrointestinal tract. The lowest
resistance was registered to acidity (pH=2.5) when the
maximum concentration of bacteria decreased six times.
The strains were more resistant to the action of phenol

6/17

(0.4%) and bile (0.3%), with a four-fold decrease in the
maximum concentration. However, the resistance to sodium
chloride varied from the highest in Propionibacterium
freudenreichii (two-fold decrease in bacterial concentration)
to the lowest in Bifidobacterium infantis (five-fold
decrease). Thus, we concluded that these bacteria should
be encapsulated (immobilized) in order to preserve their
useful properties.

3.5. The genetic analysis of lactic acid strains for the
presence of gene groups responsible for probiotic
properties

The genetic study produced the following gene
sequences and phylogenetic trees (see Figures 3-6):
According to the results of Figures 3-6, it can be said
that:
* Propionibacterium freudenreichii B-11921 contains
the pcfD and slpB genes and is therefore resistant

Brazilian Journal of Biology, 2024, vol. 84, e256945
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Table 7. Resistance of selected collection strains to adverse gastrointestinal conditions.

Bifidobacterium Bifidobacterium L. . Propionibacterium L. 5 Propionibacterium
. . . Propionibacterium s Propionibacterium s L.
Model adolescentis longum infantis . . freudenreichii .. acidipropionici
Time Jensenii B-6085 thoenii B-6082
medium AC-1909 AC-1912 B-11921 B-5723

Content of live bacteria in the sample, CFU/ml

NaCl 0h 6.4x107 1.5x10° 25x10° 51x107 3,6x10° 4.4x10°
6.5% 4n 1.0x10¢ 2.2x10° 11x108 1.9x107 7.7x107 3.6x107
8h 4.4x10° 3,0x10° 25107 3.0x10° 42x10° 2.7x108

12h 3.1x100 21x10° 43x10° 21x10° 3.4x10° 21x10°

Phenol  Oh 6.4x107 15x10° 2.5x10° 5.1x107 3,6x10° 4.4x10°
0.4% 4h 3.8x10° 15x10° 3.4x10° 4.0x10° 5.2x10° 5.0x10°
8h 2.1x10¢ 1.3x105 6.5x10° 5.5x105 4.4x10° 3.1x10°

12h 1.5x10° 12x10¢ 43x10¢ 3.2x10¢ 3.1x10¢ 21x10¢

Bile oh 6.4x107 15x10° 2.5x10° 5.1x107 3.6x10° 4.4x10°
0.3% 4h 2.0x105 2.4x10° 3.2x107 2.8x108 48108 3.8x108
8h 3.5x10¢ 11x10° 47x10° 3.1x10° 3.1x10° 21x10°

12h 2.7x10° 16x10¢ 3.7x10¢ 2.4x10¢ 2.4x10¢ 1.4x10¢

pH=25  Oh 6.4x107 1.5x10° 2.5x10° 51x107 3,6x10° 4410°
4h 2.7x10¢ 4.6x105 3.4x10° 12x10° 4.0x10° 2.7.105

8h 6.3x102 1.9x10¢ 6.0x10° 2.4x10° 2.0x10° 15.10°

12h 13x10' 15x102 2.8¢10? 1.9x102 1L1x10? 1.4x10?

ABC transporter ATP-binding protein Kocuria flava(2)

ABC transporter ATP-binding protein Kocuria rhizophila

ABC transporter ATP-binding protein Kocuria flava

WABC transporter ATP-binding protein Kocuria rosea

ABC transporter ATP-binding protein Cryobacterium sp. N21

ABC transporter ATP-binding protein Arthrobacter castelli

ABC transporter ATP-binding protein Arthrobacter sp. MDT2-14

ABC transporter ATP-binding protein Arthrobacter crusticola
ATP-binding cassette domain-containing protein Schumannella luteola
ABC transporter ATP-binding protein Staphylococcus xylosus

ABC transporter ATP-binding protein Propionibacterium freudenreichii
pcfD Propionibacterium freudenreichii B-11921

Figure 3. Phylogenetic tree for Propionibacterium freudenreichii B-11921.

87 slpB Propionibacterium freudenreichii -11921
100 S-layer homology domain-containing protein Propionibacterium freudenreichii
s Hypothetical protein PFR JS17-1 279 Propionibacterium freudenreichii
S-layer homology domain-containing protein Arthrobacter sp. FB24
surface layer protein A (S-layer protein A) Propionibacterium freudenreichii
100 L 58 family serine peptidase Rothia nasimurium
Glycerol-3-phosphate ABC transporter periplasmic glycerol-3-phosphate-binding protein Serinibacter arcticus

88 Cytochrome ¢551/c552 Serinibacter arcticus

Figure 4. Phylogenetic tree for Propionibacterium freudenreichii B-11921.
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99

97

dnakK Bifidobacterium adolescentis AC-1909

molecular chaperone Dnak Bifidobacterium adolescentis
molecular chaperone DnakK Bifidobacterium faecale
molecular chaperone Dnak Bifidobacterium pseudocatenulatum
molecular chaperone DnaK Bifidobacterium dentium
molecular chaperone Dnak Bifidobacterium moukalabense
molecular chaperone DnakK Bifidobacterium vespertilionis
molecular chaperone DnaK Bifidobacterium ramosum
molecular chaperone DnaK Bifidobacterium scardovii
molecular chaperone DnakK Bifidobacterium cuniculi

DnakK Bifidobacterium animalis subsp. lactis CNCM |-2434
molecular chaperone DnakK Bifidobacterium pseudolongum
dnakK Bifidobacterium coryneforme AC-1755

molecular chaperone DnaK Bifidobacterium coryneforme
molecular chaperone DnakK Bifidobacterium asteroides
molecular chaperone DnakK Bifidobacterium xylocopae
molecular chaperone DnaK Bifidobacterium callitrichidarum
dnakK Bifidobacterium infantis AC-1912

molecular chaperone DnakK Bifidobacterium longum

dnakK Bifidobacterium animalis AC-1560

Bifidobacterium adolescentis.

tgaA Bifidobacterium infantis -1912

73

100

———— CHAP domain-containing protein Bifidobacterium bifidum

CHAP domain-containing protein Bifidobacterium dentium
CHAP domain-containing protein Bifidobacterium merycicum
CHAP domain-containing protein Bifidobacterium adolescentis

CHAP domain-containing protein Bifidobacterium breve

Figure 6. Phylogenetic tree for Bifidobacterium longum infantis u

to antibiotics, which was confirmed by previous
studies, and adhesive to intestinal epithelial cells; (See
Appendices A and B).

 Bifidobacterium adolescentis AC-1909 and Bifidobacterium
longum infantis AC-1912 contain the dnaK and tgaA genes
and are therefore resistant to negative environmental
factors, regulating the immune system of the host
organism. (See Appendices C, D, E, and F).
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tgaA Bifidobacterium adolescentis -1909

Bifidobacterium adolescentis.

3.6. Biocompatibility of Bifidobacterium and
Propionibacterium

According to Table 8, the results indicated that all the
strains under study were biocompatible with each other.
Therefore, they can be used to create various consortia for
dietary supplements or functional products. Our further
study will focus on the probiotic properties of such consortia
in order to develop new functional foods.
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Table 8. Biocompatibility of lactic acid bacteria strains.

Bifidobacterium  Bifidobacterium L. 5 Propionibacterium o ; Prop terium
. . . Propionibacterium .. Proy terium . L
adolescentis longum infantis ) .. freudenreichii .. acidipropionici
Jensenii B-6085 thoenii B-6082
AC-1909 AC-1912 B-11921 B-5723
Bifidobacterium + + + + +
adolescentis
AC-1909
Bifidobacterium + + + + +
longum infantis
AC-1912
Propionibacterium + + + + +
Jjensenii B-6085
Propionibacterium + + + + +
freudenreichii
B-11921
Propionibacterium + + + + +
thoenii B-6082
Propionibacterium
acidipropionici + + + + +

B-5723

4. Conclusions

The growing demand for health-benefiting foods is
driving the development of functional foods that contain
probiotics, especially the Bifidobacterium strains. Recently,
however, the ‘dairy’ strains of Propionibacterium have
also gained relevance. In addition to having probiotic
properties, they produce a bifidogenic compound
(1,4-dihydroxy-2-naphthoic acid) that stimulates the
growth of bifidobacteria. As a result, probiotic consortia can
be formed of these genera to normalize the functioning of
the gastrointestinal microbiota. We studied the probiotic
properties of lactic acid bacteria of the Bifidobacterium and
Propionibacterium genera, namely their antimicrobial and
antioxidant activity, as well as resistance to antibiotics
and adverse gastrointestinal conditions. According to
our results, all the strains under study showed probiotic
potential, namely Bifidobacterium adolescentis AC-1909,
BifidobacteriumlonguminfantisAC-1912,Propionibacteriumjensenii
B-6085, Propionibacterium freudenreichii B-11921,
Propionibacterium thoenii B-6082, and Propionibacterium
acidipropionici B-5723. We also found them biocompatible,
so various consortia can be created from them to normalize
the gastrointestinal microflora and prevent a number of
chronic diseases.
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Appendix A: The pcfD gene sequence for Propionibacterium freudenreichii B-11921

TATGTAGATCTTTGATCTTCAATATGGATCGTCTTGGATGCCCATTTCGATATGGTTTTAGAATGGGATACGATGAGCACAGCTCG-
GTTCGAAGCAAATTCGTCCAATAGTCTACAAAAGACCAATTCACCTTCTTGGTCTATGTTTGAAGTCGGCTCGTCAAATATAAGCAAAT-
GTTTCATGCTCAAGATAGTTCTTACCCAGGACACGCGCTGCCTCTCGCCCGCCGATAGCCCAGCGCCATTCTGGTATATCTTGCT-
GTCAAGTCCGTTTGTTGAACTGAGCCTGTTCAAACCTACAAAGTCGAGTAATTCTGCAGCTTCAGAGAGGGTTACTTGACGAT-
TACCAATCCTAATATCATCGATAACTGTTCTGGGGGTAACGGGAAAGTCTTGATCGACGACGGCGATCTCATCCCAGAAGCTTC-
CAATAGTCCTCATATTTACGAGTGATCCTTTGTAGGAATATGTACCTGATTCGAGTGGGAGCAAACCTTCGATCGCCCGCAGTAGTG-
TAGTTTTCCCAGTTCCTGATGGGCCAAATATACATACCGATTCGCCTGAGTCAATGGTCAATGAGACCGGTCCGATGACGTGCGTCGCG-
GTGACCCTGATGACAGCATTCTGAAGATCTATCATATGAGGCCGATTAGGATCCGATAGTTTAGATGGATACCGGTGCGAATTAGATGCTT-
TATCTGCTTCATGTTGAATTTGCGGCCAGTCATCCGTGTCGAGATCTTGAAGTCTCTTCTTTGACACCGCACATGCCTGTATCGAAAAC-
CAGTAGTTCGAGATCGCTGTAATTTCGGGTGTTAGCAGAGAGTAATACATCATAAAGGCAAGTACAGTCGCTACTGGGGAAGTTGTTTTC-
GATGCCTGCCACGCTGCGGTAGCGAGCACAACGACTAGACCCAATTGAGCGATTGAGCTGATTGCTGGCCCAAGCGTTGCTCTGAGCT-
TAGAGTACTGTCTAGCTACTTGATAGTATGAGCGAAGCCTCTTAGATATTTGGACTCGTGCGGAAGAAACGCGTCGGGCGAGAATGAAT-
ACACGTCTTGCGAGGAGGAGGCTCTCTATATGTGAGATTACATCGACCTGGGCTACGCGGAGTCGTTCTGATGAGGTGCGTAAGGCT

TTAGTGTTTTTAAAAAGGGTGAGACCGACGATACACAGAAAAGCTAACACCACTGCTGTCGACAACGGGTCAATATATATCATT-
GCTAATATGCAGAACGCAAAGAGCAGTACGGATTTATATATACCTATGAAAGTTGCAAATGTTGTCTCGCTTACGGTCGATGAATC-
GTATACGATGCGATTCGACACATCGTTATCGTCAGGGAAGCGTGAATTGAACACTGGCCTACTCATGCCGATCGAGAAGGCACTT-
GTTTGGAGCTCTATCGAAGCGCTCTGCGTCTTAAGGGATAGATAGTACGAGCTGGCTGTAGAGAGGATCGTTTGGAATATTC-
CAAGAAATAGCACTAGAAAGAGAAGCTTCATAAAAAGCGATGAATTATTCAAAGCCATTAGAGTATTTTGTATAATAATTGGTTG-
GATCGAAGAAATTCCAACTAC
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Appendix B: The slpB gene sequence for Propionibacterium freudenreichii B-11921:

ATGTCCGTCAGGAAGAGCCTGACCGGGATGGCGCTGGGGCTTGCCCTCACCATCACCCCGCTCGCTGGCGCGGTTCCGGCGT-
CAGCCGACACCGCACCGGCCCCCAAGGATGCCATCACCAAGGCAGCCGATTGGCTGGTGAATGATTACAACACCAATTGTCTTGGC-
GACAAGCAGACAAGTTATAGCTGCTCGAACGGCGGCCTGGCCGATGTCATCCTGGCCCTGTCATCCACCGGTGACGCGAAATATGC-
CGACGAGATCTCCAGCATGATGGCGAATTTGGCGCCGCAGGTGGCCGGCTACACGAAGGACAATGCGGGCGCCACTGCCAAGAT-
CATCATCACGGCCATTGCCGCCCATCAGAAGCCGAGTGCCTTTGGCGGAAATGACCTGGTGGGCCAGTTGCAGGCACTGAACGCG-
GAGAACCCCGCCGGTGGCCCGCATGGGGACCACAGTTGTCGGTGGTGGCGCTCACCCGTGCCGGGGAGACCGTCCCTGAAGCGGTG-
GTCGACGCAACGATCGCCAAGCAGAACAGCAAGGGCGGCTTCGGCTGGGGTGGTGACACGGGCGATGGCGACAACACCGCGATCG-
GCATGATGGCCACCGCGGCCGTCGCCAAAGGCAACCCCAAGGCAGCCGACTCGCTTGCCAAGGCGGTCGGCTGGGCTCAGGACCCG-
GCCAACCTCACGACCGATGACACCGGCAGCTACTGGACCAACTACTCGCCCACCAACACTGCGGGCATGATGCTCATGGCCATCG-
GCGACGTGAACGACCCCAAGATCGACGTCAGCAAGCAGATGGACTTCCTGATCGGTCGCCAGCTGCCCAGTGGTGCCTTCTCGAA-
CACGCTCAAGGGCACCAACGACAATGCGATGGCCACCACCCAGCCCCTCCAGGGCCTCACGATGCACGGCTACCTGACCGCTTCG-
GCCGGCCAGAAGACTGACCCGGGCACCGGCGGTGGCACGACGGATCCGGGCACCGGLCGGCGGCACGGGTGGCGGATCGAC-
CGGCGGCGGCTCAACTGGCGGTGGCGGTAGCACCGGCGGCGGAGGATCGACTGGCGGTGGCGGTAGCACCGGTGGCGGCG-
GCGTTGTCACGCCCCCGGTCACCCAGGCCTTCACCGATGTTGCCCCGAGCAACATGTACTTCACCGAGATCCAGTGGGCGGCCGC-
CAACAATGTGACCACCGGCTGGAAGAACGCCGATGGCACGGCGTCGTTCCGTCCGCTCGACACCACGCACCGCGACGCAATGGCG-
GCGTTCCTCTACCGCCTGAGTGGATCGCCGAGCTACACCGCCCCGGCCACCTCGCCGTTCACCGACGTCAACCCGTCGAACCAGTTC-
TACAAGGAGATCTGCTGGCTCGCCTCGCAGAACATCACCACCGGCTGGCCCGACGGCAGCTTCCGGCCACTGGACAATGTGAACCGC-
GACGCGATGGCGGCCTTCCTGTACCGCTACTCGCAGGTCTCGGGCTTCCAGGCCCCGGCTGCTTCGCCGTTCGCTGACGTGACGCCCG
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Appendix C: The dnaK gene sequence for Bifidobacterium adolescentis AC-1909:

ATGGGACGCGCAGTTGGCATCGATCTGGGTACTACCAATTCCTGCATCGCAACTCTTGAAGGTGGCCAGCCCACCGTTATCGTGAAC-
GCCGAAGGCGCTCGCACCACGCCGTCGGTCGTGGCTTTCAGCAAGTCCGGCGAGATTCTGGTCGGCGAAGTCGCCAAGCGCCAGGC-
CGTCACCAACGTCGACCGCACCATCAGCTCCGTCAAGCGCCACATGGGCACCGACTGGACCGTTGAGATCGACGGCAAGAAGTGGACGC-
CGCAGGAGATTTCCGCGCAGGTTCTGATGAAGCTGAAGCGCGATGCCGAGGCCTACCTCGGCGAACCGGTCACCGACGCCGTCATCAC

CTGCCCGGCATACTTCAACGACGCCCAGCGTCAGGCCACCAAGGACGCCGGCACCATCGCGGGCCTGAACGTCCTGCGTAT-
CATCAACGAGCCGACCGCAGCCGCACTGGCCTACGGCCTTGAAAAGGGCAAGGAAGACGAGCGCATCCTGGTCTTCGATCTCG-
GTGGCGGCACCTTCGATGTGTCCCTGCTGGAAATCGGCAAGGACGACGACGGCTTCTCCACCATCCAGGTGCAGGCCACCAACG-
GCGACAACCACCTGGGCGGCGACGATTGGGACCAGAAGATCATCGACTGGCTCGTCGGCGAAGTCAAGAACAAGTACGGCGTT-
GACCTGAGCAAGGACAAGATCGCCCTGCAGCGTCTGAAGGAAGCCGCCGAGCAGGCCAAGAAGGAACTGTCCAGCTCCACCAG-
CACCTCCATCTCCATGCAGTACCTGGCCATGACCCCTGACGGTACCCCGGTGCACCTGGACGAGACCCTGACCCGTGCCCACTTCGAG-
GAAATGACCTCCGACCTGCTGGGCCGCTGCCGCACCCCGTTCAACAACGTGCTGCGCGACGCTGGCATCAGCGTCTCCGACATC-
GACCACGTGGTCCTCGTCGGTGGCTCCACCCGTATGCCGGCCGTCAAGGAGCTCGTCAAGGAGCTCACCGGCGGTAAGGAAGC-
CAACCAGTCCGTGAACCCGGATGAAGTCGTG

GCCGTCGGCGCAGCCGTGCAGTCCGGCGTCATCAAGGGCGACCGTAAGGACGTCCTGCTTATCGACGTGACCCCGCTGTCCCTCG-
GCATCGAAACCAAGGGTGGCATCATGACCAAGCTGATCGAGCGCAACACCGCCATCCCGACGAAGCGTTCCGAAGTCTTCTCCAC-
CGCTGAAGACAACCAGCCGTCCGTGCTCATCCAGGTCTACCAGGGCGAGCGTGAGTTCGCTCGCGACAACTAGCCGCTGGGCACCTTC-
GAACTGACCGGCATCGCTCCGGCTCCGCGTGGCGTCCCGCAGATCGAAGTCACCTTCGTCGACGCCAACGGCATCGTGCACGTGTC-
CGCCAAGGACAAGGGCACCGGCAAGGAACAGTCCATGACCATCACCGGTGGTTCCGGCCTGCCGAAGGACGAGATCGACCGCATG-
GTCAAGGAAGCCGAAGCCCACGAGGCCGAGGACAAGAAGCGCAAGGAAGACGCTGAGACCCGCAACCAGGCCGAGTCCTTC-
GCCTACCAGACCGAGAAGCTCGTCAACGACAACAAGGACAAGCTCTCCGACGACGTGGCCAAGGAAGTCACCGACAAGGTCAAC-
GAGCTCAAGGAAGCCCTGAAGGGTGAGGACATTGAGAAGATCAAGTCCGCCCAGACCGAGCTGATGACCTCCGCCCAGAAGATCG-
GCCAGGCCCTCTACGCAC

AGCAGGGCGCCGCCGACGCCGCCGGTGCGGLCGGCGCTGCTGGCGCAGGCGCTGCCGGCTCCGCTTCCAACGGCTCCGAC-
GACGACGTGGTTGACGCCGAAGTCGTGGA
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Appendix D: The dnaK gene sequence for Bifidobacterium longum infantis AC-1912:

CGCAGTTGGTATCGATCTGGGAACCACGAATTCCTGCATCGCAACTCTTGAAGGTGGCGAGCCCACCGTTATCGTCAACGCC-
GAAGGCGCCCGTACCACGCCGTCCGTGGTGGCCTTCTCCAAGTCCGGCGAGATCCTCGTCGGCGAAGTGGCCAAGCGTCAGGCCGTGAC-
CAACGTTGACCGCACTATTTCTTCCGTCAAGCGCCACATGGGCACCGACTGGACCGTCGACATCGACGGCAAGAAGTGGACCCCGCAG-
GAGATTTCCGCGCAGATCCTGATGAAGCTGAAGAGGGACGCCGAGGCCTACCTTGGCGAGCCCGTCACCGACGCCGTCATCACCTGCCC-
GGCATACTTCAACGATGCCCAGCGTCAGGCCACCAAGGACGCCGGCAAGATCGCCGGCCTGAACGTCCTGCGTATCATCAACGAGC-
CGACCGCAGCCGCTCTGGCCTACGGCCTTGAGAAGGGCAAGGAAGACGAGCGCATCCTGGTCTTCGACCTCGGCGGCGGCACCTTC-
GATGTCTCCCTGCTGGAGATCGGCAAGGATGACGATGGTTTCTCCACCATCCAGGTCCAGGCCACCAACGGCGACAACCACCTCGGTG-
GCGACGATTGGGATCAGAAGATCATCGATTGGCTGGTTTCCGAAGTCAAGAACAAGTACGGCGTCGACCTGTCCAAGGACAAGATC-
GCGCTGCAGCGCCTGAAGGAAGCCGCCGAGCAAGCGAAGAAGTAACTCTCCTCCTCTACCTCCACCAGCATTTCCATGCAGTACCTG-
GCCATGACCCCCGACGGCACCCCGGTGCACCTGGACGAGACCCTGACCCGCGCGCACTTCGAGGAGATGACCTCCGACCTGCTGGGC-
CGCTGCCGCACGCCGTTCAACAACGTGCTGCACGATGCCGGCATCTCGGTGAGCGACATCGACCACGTGGTGCTCGTCGGTGGTTC-
CACCCGTATGCCCGCCGTCAAGGACCTGGTCAAGGAACTCACCGGTGGTATGGAAGCGAACCAGTCCGTGAACCCGGATGAGGTTGTG-
GCTGTCGGTGCCGCCGTGCAGTCCGGCGTCATCAAGGGCGACCGCAAGGACGTCCTGCTTATCGATGTGACCCCTCTGTCCCTCG-
GTATCGAGACCAAGGGTGGCATCATGACCAAGCTCATCGATCGCAACACCGCCATCCCGACCAAGCGCTCCGAGGTCTTCTCCACC-
GCTGAAGACAACCAGCCGTCCGTGCTGATTCAGGTCTACCAGGGTGAACGTGAGGTCGCTCGCGACAACAAGCCGCTGGGCACCTTC-
GAGCTGACCGGCATCGCTCCGGCGCCGCGTGGCGTCCCGCAGATCGAGGTCACCTTCGACATCGACGCCAACGGCATCGTGCACGTGTC-
CGCTAAGGACAAGGGCACCGGCAAGGAGCAGTCCATGACCATCACCGGTGGTTCCGGCCTGCCGAAGGACGAGATCGACCGCATGGT-
CAAGGAAGCCGAGGCTCACGAGGCTGAGGACAAGCAGCGCAAGGAGGACGCCGAGACCCGCAACCAGGCCGAGGCCTTCGCCTACTC-
CACCGAGAAGCTCGTCAAGGACAACAAGGACAAGCTCTCCGACGACATCGTCAAGGAAGTCACCGACAAGGTCAACGCCCTGAAGGA-
GGCCCTGAAGGGTGACGACACCGAGAAGGTCAAGACCGCTCAGACCGAGCTGATGACCGCCGCCCAGAAGATCGGCCAGGTCCTCTAC
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Appendix E: The tgaA gene sequence for Bifidobacterium adolescentis AC-1909:

CGCATAAAGCTGCCAAGGTTTCGCACGCGCAATTCAGCCTATCCAAGGCGTTGTTCACGGCGAACCGGGGCTCCCATACCGCTA-
AGGCCGTGCGAATGGCACAGCTGGCGGAAGGCGGCGCCGTAGTCGGACTCGCTCCGGAAGTCGTGGATAAACTGAATGAAGTG-
GCTCCAATGAGCCGCCGTGCCATGCGTGAGGCCGCCAAAGCCGCTTCCCGCAAATCCGCGTTGGTGACCTCCGCTTCGTTG-
GCGGCGCTTGTCGGCACCGCGGCGACCGCGTTGGCGTTCAGCCAGCAGAACGCATCCCGACTGGTGCTTGCGGACGACGGTAC-
CGAAACGTCCCAGATCAAACGTGTGTCCGATGGAGCGGCATCCCGTTCCGAAGGACGTACCGCCCTTAAGGAACTGGCTTCCAC-
CAGCAACAACGGCGGTTGGCAGCTGGGAGACACTAGCGCCTCCATGGACGCCAGCCTGATGTCCAAGTCCATCGCCGACAATC-
CGAACGTCGCCGTCCTGATGGACCAAGACAGCAGCGCCTTACCGGCTAACTTCAATCCGAACCATGCCACCGGAGACGTCGGCAAC-
GCCTACGAGTTCAGCCAGTGCACGTGGTGGGTGTATGTGCGCCGCCATCAGCTCGGTCTGCCTGCAGGCTCCCACATGGGCAACG-
GCTGCCAGTGGGCCGATTCGGCCCGCGCCTTGGGCTATTGGGTTGATAACACGCCGCGCCATGTCGGCGACATCATCGTGTTCGC-
CGCAGGCCAGGAAGGTTCCGACTCGTATTACGGCCACGTCGCCATCGTTGAGAAAATCAACGACGACGGCTCGATCGTGACCTCT-
GAATCCGGCGCCTCCCTCAATGGCGGCACGTATTCCCGCACGCTCACGAACGTGGGCGATTTCCAGTATATTC
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Appendix F: The tgaA gene sequence for Bifidobacterium longum infantis AC-1912:

GCCGCGCAGTTCGGCTTGGACCGGACCGACATCGCCGATTCCATCGGTCACACCGCCGCCGAGATGGCGGGACGCGCCGGCATG-
TACGGCATGTCCTCCACCATGCACGGCGTGGGCTGGACGGCCGGCAAGGCGCGGCGCATCATGAACCGCGGCAAACGCGCCCTGCG-
GTCGGGCAAGGGAATGCGCAAGACGGCCGGCAAACCCAAGGCGCTGTCCGAGGCGAAGCCCAGCGATAAGATCGGCAGGTTCGCC-
GCGAAAGGCAAGGCGAGCAAGCGGATCGGCAAGCACATAGGCGCGGGCCTTGCAAAAGCCGGCCGGAGCGTCAAACGGATGGGATC-
CACCGGCATGGGCTGGATGGACGAAGCCGGCGCAAGGCTCACCACTGCCGACGACGACTTCGCGTCGAAGCTGGGAAGCACCACAC-
GCGACCTGTCCTTCAAAGCGGCACGCGCGGGCGTGAAAGGCGTCAACTCGTCGGCCAAATTCATCTGGCGGCACCGCCGCGCGC-
CGGCCAAGGCGGTACGCGGAGCGAAAGCCACCGGACAGGCCGCCGTGCGCGLCGLCCGLCGLCGCCGCGAACTTCGTGCGCATG-
GCCGCGTCCCGCGTCATCGCAGGAGCCGCCTCCATCAGCCTTCCCATCATGCCCGTCATCGCGGCCATGCTCGCGGTGCTCGGCGT-
GTCCTGGCCGTCATGGGCGCGTTCCTGGGATCCAGCGCCAGCGAATCCACGGTCGCGGGCATGCCCGCGGAATACGAGGCCGACGT-
GATCCGCGCCGGATCCATCTGCCAGGTCGTCACGCCGAGCATCATCGCCGCCCAGATCGACCAGGAGTCCAATTGGAATCCGAATGC-
CGGCAGCTCCGCCGGAGCACGGGGCATCGCACAGTTCATACCGTCCACATGGGCGTCCGCGGGCAAGGTCGGCGACGGCGACG-
GCCAGGCCGACATCTGGAACCCGCACGACGCGATCTGGAGCCAGGGCAACTACATGTGCGGCCTCGCCTCGCAGGTCGAGACGGC-
CAAGAAGTCCGGGAAACTGACCGGCGACACGCTCCAGCTGACCCTCGCCGCCTACAACGCCGGCCTTGGCAGCGTCCTGAAATAC-
GGCGGCATACCGCCCTTCACGGAGACCACCAACTACGTGAAACGGATCGTCGACCTGGCCCGGACCAAGTACACCTCCTCGGGCG-
GTACCGGCGATTCGGGTCCGACCGTCGGCGCGCTGAGCCCGAAACTCGTCATGAGCGACAGCTGGCACGTGAACATTGAGGC-
CATGGGCCTGCACTACACGCGCTTCCCCGACTACGACACCTACCAGTGCACCTGGTGGGCCGCGATGCGACGCAACCAGATCG-
GCAAACCCGTCGACGCGCACATGGGCAACGGAGGCCAATGGAACGACACCGCAGCCCGCCTCGGATACAAGGTTGGCCGGAGCCCGAA
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