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Breast milk is an important nutrient for neonates and plays role in the
initiation of the neonatal gut microbiota. This study aimed to isolate beneficial
bacteria including lactobacilli, bifidobacteria and streptococci from breast milk
and assess their antagonistic activity against bacterial pathogens including
enterotoxigenic E .coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic
E. coli (EPEC), enterohemorrhagic E. coli (EHEC), Salmonella Typhimurium,
Shigella flexneri, Vibrio cholerae, Helicobacter pylori and methicillin-resistant
Staphylococcus aureus (MRSA). Breast milk samples were collected from Thai
healthy mothers (n=102) lactating at range 15-60 days. Lactobacillus,
Bifidobacterium and Streptococcus species were identified by 16S rRNA gene
sequencing and tested for their antagonistic activity against bacterial pathogens by
agar spot method. Forty isolates of Lactobacillus which were L. gasseri, L.
salivarius, L. fermentum, L. mucosae, L. rhamnosus, L. casei, L. plantarum and L.
oris were recovered from 37 (36.27%) milk samples. Thirty-three isolates of
Bifidobacterium including B. longum, B. breve, B. psedocatenulatum, B. dentium
and B. bifidum were recovered from 31 (30.39%) milk samples. Twenty-six
isolates of Streptococcus including S. salivarius, S. lactarius, Streptococcus sp.,
Streptococcus mitis and Streptococcus parasangius were presented from 17
(16.67%) milk samples. PCR assay demonstrated that DNAs of lactobacilli,
bifidobacteria and streptococci were detected in 94 (92.16%), 60 (58.82%) and 56
(54.90%) of 102 breast milk samples, respectively. Antagonistic activity assay
demonstrated that all Lactobacillus, Bifidobacterium and Streptococcus isolates
had weak, partial as microcolony and no inhibition against ETEC, EIEC, EPEC,
EHEC and S. Typhimurium, respectively. Thirteen Lactobacillus isolates (Lac43,
Lac44, Lac45, NL1, NL3, NL5, NL6, NL7, NL8, NL10, NL18, NL26 and NL50)
and 11 Bifidobacterium isolates (Bif29, NB4, NB11, NB13, NB14, NB15, NB16,
NB17, NB28, NB31 and NB40) had strong inhibitory activities against V.
cholerae and S. flexneri. Furthermore, six Lactobacillus isolates (Lac 40, Lac41,
NL26 NL50, NL52 and NL53) and 5 Streptococcus isolates (St10, St11, NL4,
NL9 and St27) weakly inhibited the growth of MRSA. In addition, 5
Bifidobacterium isolates (NB6, NB8, NB14, NB28 and NB31) had strong
inhibitory activities against H. pylori. These Lactobacillus, Bifidobacterium and
Streptococcus with antagonistic activity had potential for use as probiotics against
bacterial pathogens.
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CHAPTER |

INTRODUCTION

Breast milk is an important source of nutritional requirements for the growing
infant because of the composition of protective factors such as immunoglobulin A
(IgA), immunocompetent cells, fatty acids, oligosaccharides, lysozyme and lactoferrin
that improve and protect breast-fed infants against infectious diseases [1, 2]. In
addition, breast milk is an important factor in the initiation and development of the
infant gut microbiota because it is a source of microorganisms to the infant gut during
breast-fed after birth. An infant fed breast milk about 800 MI/d will ingest
microorganisms about 1x10°-1x10’ commensal bacteria [2] depending on hygiene and
antibiotic use. In addition, it has been reported that the bacterial composition of the
breast-fed infant flora reflected the bacterial composition of breast milk [3] Heikkila
and Saris isolated commensal bacteria from breast milk, of which include four
bacterial groups of staphylococci (64%), streptococci (30%), lactobacilli (10%), and
enterococci (4%) [3]. Recently, it has been reported that bifidobacteria were also
isolated from breast milk [4]. It was suggested that breast milk bacteria may be
originated not only from external sources but also from the maternal gut
microorganism. It was suspected that denditric cell that penetrated the gut epithelium
take up bacteria directly from gut lumen. In addition, M cells on Peyer’s patch can
phagocytose the gut microorganism. Once inside the cells, bacteria may be able to
move from the intestinal mucosa to colonize distant mucosal surfaces, such as those
of respiratory and genitourinary tracts, salivary and lachrymal glands and most
significantly that of lactating mammary gland [5].

Specific strains of commensal bacteria in breast milk are beneficial bacteria,
which include Lactobacillus, Bifidobacterium, and Streptococcus. Lactobacillus
belongs to the lactic acid bacteria (LAB). They are Gram-positive rods or
coccobacilli, catalase-negative, non-pathogenic and desirable members of the
intestinal tract. They produce lactic acid as main end-product of the fermentation of
carbohydrates [6]. Lactobacillus strains isolated from breast milk such as L. gasseri,

L. rhamnosus, L. plantarum and L. fermentum, have beneficial effect of probiotic [7].



Bifidobacterium are Gram-positive polymorphic branched rods that occur singly, in
chain or clumps. They are non-spore-forming, non motile, catalase-negative and
produce acid but no gas from a variety of carbohydrates. They occur in animal and
human habitats, in particular they have been isolated from feces, rumen of cattle,
sewage, human vagina, dental caries and honey bee intestine [6]. Martin et al.
recently reported the first isolation of bifidobacteria, i.e., B. breve, B. adolescentis and
B. bifidum from breast milk [4]. Genus Streptococcus contains 60 species and its
members are known for their pathogenicity, except S. thermophilus. It is Gram-
positive, catalase-negative, non-motile, non-spore-forming, and used as starter for
yoghurt production. The properties of this product attributed beneficial such as
alleviation of symptoms of lactose intolerance and other gastrointestinal disorder [6].
Streptococci were the second most abundant bacteria in breast milk. Most common
streptococci found in breast milk are S. agalactiae, S. mitis, S. oralis, S. parasagis, S.
peroris and S. salivarius. It has been shown that S. salivarius could inhibit the growth
of Staphylococcus aureus [3].

Commensal bacteria such as genera of Lactobacillus, Bifidobacterium, and
Streptococcus are considered to be among the potential probiotic bacteria. Probiotics
are “live microorganisms, which, when consumed in adequate amounts, confer a
health benefit on the host” (FAO/WHO) [8]. The mechanisms of probiotics include
remodeling of microbial communities, immunomodulation by up-regulation of anti-
inflammatory factors, immunomodulation by suppression of pro-inflammatory
factors, enhancement of immunity, effects on epithelial cell differentiation,
proliferation, promotion of intestinal barrier function and suppression of pathogens
[8]. Probiotic bacteria were able to suppress pathogens by producing acid, hydrogen
peroxide or bacteriocin and small organic molecules [9]. It has been known for
several decades that specific probiotic lactobacilli and bifidobacteria inhibit the
growth of pathogen microorganisms such as Escherichia coli, Salmonella enterica ,
Shigella sonnei, Helicobacter pylori , Staphylococcus aureus, Salmonella
typhimurium, Yersinia enterocolitica and Clostridium perfringens [7, 10].
Lactobacillus such as L.reuteri strains produces antimicrobial compound as reuterin
that ability to inhibit the growth of enteric pathogens [11]. Bifidobacterium sp.

produce bacteriocin that is able to inhibit the growth of food-borne pathogens such as



C. perfringens, E. coli, Salmonella and other human health-threatening pathogens such
as theH.pylori [12]. Streptococcus .thermophilus can produce bacteriocin as

thermophillins that inhibits Clostridium tyrobutyricum [13].

Identification of Lactobacillus, Bifidobacterium and Streptococcus employs
conventional culture and molecular techniques. Culture technique is limited in the
identification and quantification of these fastidious bacteria. Therefore culture-
independent molecular method based on 16S rRNA genes, plays role in the
identification of these bacteria. This study aims to isolate and identify beneficial
bacteria such as Lactobacillus, Bifidobacterium, and Streptococcus in breast milk and

investigate their antagonistic activity against bacterial pathogens of these bacteria.

Hypothesis
Lactobacillus, Bifidobacterium, and Streptococcus isolated from breast milk

confer antagonistic activity against bacterial pathogens.

Objective
e Isolate and identify Lactobacillus, Bifidobacterium, and Streptococcus from
breast milk.
e Detect DNA of Lactobacillus, Bifidobacterium, and Streptococcus in breast
milk using PCR method.
e Test the antagonistic activity of Lactobacillus, Bifidobacterium, and

Streptococcus isolates from breast milk to bacterial pathogens.
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CHAPTER Il

LITERATURE REVIEWS

1. Breast milk

Breast milk is a unique, species-specific, complex nutritive fluid with
immunologic and growth-promoting properties as follows. Immunoglobulin A (IgA)
is an important protective factor against infection especially when the infant has
limited defense against ingested pathogens. Lactoferrin in breast milk is an iron-
binding protein which binds to iron, thus making it unavailable to pathogenic bacteria.
Lysozyme which enhance sIgA bactericidal activity against gram-negative organisms.
Oligosaccharides which intercept bacteria and form harmless compounds that the
baby excretes. Lipids are known to be potent antimicrobial/microbicidal agents in
vitro and to kill enveloped viruses, Gram-positive and Gram-negative bacteria and
fungi on contact. Mucins which are present on milk-fat globule membrane. Mucins
adhere to bacteria and viruses and help eliminate them from the body. In addition,
breast milk also contains growth modulators such as epidermal growth factor (EGF),
nerve growth factor (NGF), insulinlike growth factors (IGFs), interleukins,
Transforming growth factor (TGF)-alpha and TGF-beta [14, 15]. The composition of
breast milk that improve and protect breast-fed infants against infectious diseases [3,
5]. Breast milk consists of commensal bacteria such as genus Staphylococcus sp., i.e.
S. epidermidis, S. hominis, S. capitis and S. areus that bacterial flora of the maternal
skin. Streptococcus sp., i.e. S. salivarius, S. mitis, S. parasanguis and S. peroris,
genus Lactobacillus sp., i.e. L. gasseri, L. rhamnosus, L. acidophilus, L. plantarum
and L. fermentum, genus Enterococcus sp., i.e. E. faecium and E. faecalis [5] and
genus Bifidobacterium sp., i.e. B. adolescentis. B. longum, B. breve and B. bifidum
[4].

It was suggested that breast milk bacteria may be originated not only from
external sources but also from the maternal gut microorganism. It was suspected that

denditric cell that penetrated the gut epithelium take up bacteria directly from gut



lumen [16]. In addition, M cells on Peyer’s patch can phagocytose the gut
microorganism. Once inside the cells, bacteria may be able to move from the
intestinal mucosa to colonize distant mucosal surfaces, such as those of respiratory
and genitourinary tracts, salivary and lachrymal glands and most significantly that of

lactating mammary gland shown in Figure 1 [5, 17].

Macrophage

A M cell Dendritic cell

Maternal

|8

LAB

Ciut lumen

Milk =9 Neonatal Gut

Thoracic duct

barrier

<—

Bloodstream

: PP@®!
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Figure 1. The hypothetical model to explain how some bacterial strains could be
presented in breast milk. (A) denditric cell that penetrated the gut epithelium take up
bacteria directly from gut lumen. (B) M cells on Peyer’s patch can phagocytose the
gut microorganism. Abbreviations: GUM, genitourinary tract mucosa;, LMGM,
mucosa of the lactating mammary gland; MLN, mesentric lymph node; PP, Peyer
patches and associated lymphoid tissue; RM, respiratory tract mucosa; SLGM,

mucosa of the salivary and lacrimal glands.



The commensal bacteria exhibited in breast milk was suggested to be a major
factor in the initiation and development of the infant gut microbiota [5]. In addition, it
has been reported that the bacterial composition of the breast-fed infant flora reflected
the bacterial composition of breast milk [3]. Beneficial bacteria were presented in

breast milk such as Lactobacillus, Bifidobacterium and Streptococcus.

1. The genus Lactobacillus

1.1 Background of lactobacilli

The genus Lactobacillus belongs to the phylum Firmicutes, class Bacilli,
order, Lactobacillales, family Lactobacillaceae. The first species of genus
Lactobacillus was isolated from milk as Lactobacillus delbruceckii by Leichman
(1896). After the few years, Moro (1900) recovered was Lactobacillus acidophilus by
culture from the breast-fed infant feces. Lactobacillus casei is the name of lactobacilli
isolated from cheese, milk and dairy product by Orla-jensen (1904). Lauer and
Kandler (1980) isolated Lactobacillus gasseri from human mouth, vagina and
intestinal tract of man. In 1953 Rogosa et al. isolated Lactobacillus salivarius from
mouth and intestinal tracts which similar Lactobacillus murinus isolated by
Heijenoort et al [18]. Currently, genus Lactobacillus consists of more than 175

species of which 19 species are of research interest as probiotics as shown in Table 1.

Table 1. Lactobacillus species of research interest as probiotics [19].

. o Mol%
Species Original isolated
G+C
L. acidophilus Breast-fed infant feces, intestinal 30.37
tract of human and animal
L. agilis Sewage , human intestinal tract 34-36
L. aviarius Human and chicken intestinal tract 34-36

L. amylovorus Cattle waste-corn fermentation 40-41




Table 1. Lactobacillus species of research interest as probiotics [19] (Continued)

. o Mol%
Species Original isolated
G+C
L. brevis Milk,  cheese, feces, mouth,
_ ) 44-47
gastrointestinal tract of human
L. casei Milk, cheese, dairy product, human 4547
intestinal tract, mouth, vagina
L. crispatus Human feces, vagina 35-38
L. delbrueckii subsp. bulgaricus ~ Yoghurt and cheese 49-51
L. galinarum Human intestinal tract, vagina 36-37
L. gasseri Human mouth and vagina 33-35
L. johnsonii Human vaginal discharge and blood
35-37
clot
L. murinus Intestinal tract of mice and rat 43-44
L. hamsteri Feces of hamster 33-35
L. intestinalis Intestine of human and animal 33-35
L. plantarum Dairy products and environment 44-46
L. reuteri Feces of human and animal, meat
40-42
products
L. ruminis Rumen of cow and sewage, human
44-47
feces
L. salivarius Mouth and intestinal tract of human 34.36
and hamster
L. rhamnosus Intestine, mouth and vagina of
45-47

human, dairy environment




1.2 Biology of lactobacilli

Lactobacilli are Gram-positive rod or coccobacilli shape, non-spore-forming,
non-motile microorganisms. They are fermentative, microaerophylic and chemo-
organotrophic, requiring rich media to grow. They are catalase negative, even if
psedocatalase activity can sometime be present in some strains. Members of the genus
Lactobacillus can be selected on solid culture media that have an acidic pH (e.g.
Rososa SL agar). While many Lactobacillus strains used in the diary industry can be
culture under microanerophilic, or aerobic conditions, intestinal isolates proliferate
best under anaerobic conditions [18].

The genus Lactobacillus includes more than 175 validly described species.
They are found in environments where carbohydrates are available such as food (dairy
products, fermented meat, sour doughs, vegetables, fruits, beverages), respiratory, Gl
and genital tracts from human and animals and in sewage and plant material [20].
They are growth at temperature rage 2-53 °C and optimum generally at 30-40°C.
Optimum pH for growth at 5.5-6.2 and growth generally occur pH 5.0 or less. The
G+C content of DNA 32-53 mol%. They are complex nutritional requirement for
growth found as amino acid, vitamin, peptide, salt, nucleic acid, fatty acid or fatty
acid esters and fermentable carbohydrates [18]. The main of fermentation pathways
are obligately homofermentative; lactobacilli are able degrade hexoses to lactic acid
by the Embden-Meyerhof pathway (EMP), facultatively heterofermentative;
lactobacilli degrade hexoses to lactic acid by the EMP and are also able degrade
pentose or glucose to aldolase and phosphoketolase, finally, obligately
heterofermentative; lactobacilli are degrade hexoses to lactate, ethanol or acetic and
CO; by the phosphogluconate pathway [21]. Genus Lactobacillus are identify base on
metabolic characteristics, phylogenetic grouping, genome GC. In addition, the fastest
way to identify lactobacilli used molecular method such as comparison of 16S rDNA
gene sequences, the method shows that the V1, V2 and V3 regions contain the
species-specific information, 16S, 23S and 5S rRNA genes are arranged within an
operon on the bacterial chromosome [22, 23].

1.3 Beneficial effect of lactobacilli

Lactobacilli are lactic acid bacteria (LAB) and are normally consumed in the

form of yoghurt, fermented milk or fermented food. They are colonized in the human



10

large intestine and suggested a beneficial role for the host. In addition, some strains of

Lactobacillus are plays role of probiotics. These effects are likely to involve both

microbe-microbe and microbe-host

interaction such as anti-microbial effects,

immunomodulatory properties and gastrointestinal benefits. The beneficial effect of

lactobacilli summarized shown in Table 2.

Table 2. The summary of beneficial effect of lactobacilli

Beneficial effect

Study summary

Reference

Prevention of

gastrointestinal disease

Lactobacillus GG compared with a placebo
product has been shown to significantly
reduce the risk of in particular rotavirus
gastroenteritis (2.2% compared with 17%, P
= 0.02) in hospitalized children

Lactobacillus GG and L. acidophilus were
evaluated and compared with placebo for the
prevention of side-effects in the treatment of

H. pylori

L. rhamnosus 19070-2 and L. reuteri DSM
12246, ameliorated acute diarrhea in
hospitalized children and reduced the period

of rotavirus excretion.

L. paracasei could act as a potential barrier to
prevent S. aureus- associated injury

[24]

[25]

[26]

[27]
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Table 2. The summary of beneficial effect of lactobacilli (Continued)

Beneficial effect

Study summary

Reference

Cancer prevention

Specific strain L. casei showing significantly
(P= 0.03) postponed tumor recurrence in 48
patients after removal of one or more bladder

tumors.

[28]

Cholesterol reduction

The tablets contains L. bulgaricuus ATCC
33409 and L. acidophilus ATCC 4962
showing serum cholesterol reduced from 5.7
to 5.3 mmol/L after 7 wk (P< 0.05) in the 23
pilots.

Specific strain of L. acidophilus contains with
buffalo fermented milk showing serum

cholesterol reduced to 12-20% after 1 month

[29]

[30]

Anti- microbial effects

L. salivarius UCC118 produce bacteriocin for
against Listeria monocytogenes the invasive

food-borne pathogen

L.gasseri CECT5714 isolated from breast
milk produce anti-microbial compound to
inhibit E.coli, Salmonella spp. and Listeria

monocytogenes

[31]

[32]
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2. The genus Bifidobacterium

2.1 Background of bifidobacteria

The genus Bifidobacteriun belongs to the phylum Actinobacteria, class
Actinobacteria, subclass Actinobacteridae, order Bifidobacteriales, family
Bifidobacteriaceae. Bifidobacteria were first isolated from the breast-fed infant feces
in 1899, by Henri Tissier, and were designated Bacillus bididus [33]. Even though
Orla-Jensen proposed the genus Bifidobacterium in 1924[34], bifidobacteria were
classified into other taxonomic group, such as Bcillus bifidus (1900), Bacteroides
bifidus (1923 to 1934, in the 1st to 4™ editions of Bergey’s Manual of Systematic
Bacteriology Bergey’s Manual) and Lactobacillus bifidus (1939 to 1957, in the 5" to
7" editions of Bergey’s Manual), for several decades. In 1973, Poupard et al.[35], and
subsequently the 8th edition of Bergey’s Manual [36], reclassified them as a separate
taxon and designated the genus Bifidobacterium. Currently, genus Bifidobacterium
contains 31 species that have been isolates from intestine of humans, animal and

insects, and also from human dental caries and raw milk shown in Table 3.

Table 3. Currently defined species of the genus Bifidobacterium [37]

Original

Species Subspecies : %G+C?*  Reference
isolated
B. adolescentis IatesTine(] 59.6 0.8 [38]
adult
B. angulatum F]'c“ma” 500 01  [39]
eces
B. animalis subsp. Animal
. ¥ Animalis feces PIy-03 [40]
B. animalis A
B. animalis subsp. [41]
. 61.9
lactis Yogurt
B. asteroides Intestine of 59.0 [42]
honeybee
B. bifidum Infant feces 62.3 [43]
: Intestine of
B. bombi bumblebee 47.2 [44]
B. boum Rumenof g, 5 [45]
cattle
B. breve Intestine of a8 4 [46]
infant

a; Mean _ SD., ND, not determine
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Table 3. Currently defined species of the genus Bifidobacterium (Continued)[37]

Species Subspecies (_)rlglnal %G+C?*  Reference
isolated
B. catenulatum Intestine of 54.0 _0.2 [39]
adult
B. choerinum Porane e63_02 4]
eces
Intestine of
B. coryneforme honeybee ND [47]
B. crudilactis Raw milk 56.4 [48]
- Feces of
B. cuniculi Bt 64.1 04 [45]
. Human
B. dentium donital aties 61.2 04 [39]
. Human
B. gallicum feces ND [49]
B. gallinarum QIICKEN 65.7 _15 [50]
cecum
B. indicum estire o 600 [42]
oneybee
BAonbdni _s,ubsp. Intestine of
Infantis infant
60.5 0.3 [46]
B. longum subsp. .
Intestine of
B. longum Longum adult 60.8 0.8 [46]
B. Iongum subsp. Porcine 62.0 [51]
Suis f
eces
B. magnum Rabbit feces 60.0 0.6 [52]
B. merycicum Bovine ND [53]
rumen
B. minimum Sewage 61.5 [47]
B.
nseudocatenulatum Infant feces 57.5_ 0.3 [45]
B. pseudolongum
subsp. Globosum Bovine
rumen 63.8_04 [47]
B. pseudolongum  B. pseudolongum
subsp. Porcine 595 04 [54]
Pseudolongum feces

a; Mean _ SD., ND, not determine
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Table 3. Currently defined species of the genus Bifidobacterium (Continued)[37]

Species Subspecies (_)rlglnal %G+C?*  Reference
isolated
B. Porcine
pyschraerophilum feces 592 [55]
B. pullorum Chicken  675_04  [56]
eces
B. ruminantium Bovine ND [53]
rumen
B. saeculare Rabbit feces ND [57]
.. Human
B. scardovii blood ND [58]
B. subtile Sewage 61.5 [59]
B. thermophilum P?rcme 60.0 [40]
eces
B.
thermacidophilum
subsp. porcinum
B. B Sewage ND [60]
thermacidophilum  thermacidophilum g
subsp.
Thermacidophilu
m

a; Mean _ SD., ND, not determine

2.2 Biology of bifidobacteria

Bifidobacteria are anaerobic bacteria. They are Gram-positive, polymorphic
branched rods that occur singly, in chains or clumps. N-acetlylamino-sugar, Ca®* ions,
or amino acid (alanine, aspartic acid, glutamic acid, and serine) has revealed of
bifidobacteria morphology, that the absence or low concentrations of in growth media
exclusively induce the bifid shape of bifidobacteria [61]. They are non-motile, non-
spore-forming and non-filamentous. Bifidobacteri produce acid but not gas from a
variety of carbohydrates. They are catalase negative, with some exception,
Bifidobacterium incidum and Bifidobacterium asteroids when grown in presence of
air [6]. Optimum growth temperature 37-41 °C, the strains isolated from human
intestine growth at 37-38 °C and isolated from animal intestine growth at 41 °C. The
high growth temperature 46 °C and low growth temperature 25-28 °C. Optimum pH
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for growth 6.5-7.5 and could not growth at lower than pH 4.5-5.0 or higher than pH
8.0-8.5 [62]. Bifidobacteria has with a high G+C content 55 to 57 mol % [6, 63, 64].
They present in many habitats such as feces of human and animal, rumen of cattle,
sewage, human vagina, dental caries and honey bee intestine [6, 37]. Recently, has
isolated bifidobacteria from breast milk [4]. Bifidobacteria degrade hexose through
fructose-6-phosphate pathway by using fructose-6-phosphate phosphoketolase,
adolase and glucose-6-phosphate dehydrogenase enzyme and the end product is lactic
acid and acetic acid [61]. The taxonomic character for identify on genus level was
considered with the enzyme [65]. Detection and identification of bifidobacteria were
approached for three principal such as culturing method using a selective media for
selection and identification, culture absence molecular methods for detection and
molecular method for identification and differentiation. Selective media developed for
bifidobacteria contain with antibiotic, it was inhibitory to some bifidobacteria [66,
67]. Beerens (1990) improved Bifidobacterium-selective medium, columbia medium
by addition of 5 g/l glucose, 5 g/l cysteine hydrocroride, 5 g/l agar, 5 ml propionic
acid and adjusted to pH 5.0 was both elective and selective for all species of
Bifidobacterium [68]. Molecular method has highly enhanced approaches for
detection, differentiation and identification of bifidobacteria. The molecular tools for
use and development of these bifidobacteria such as AP-PCR (arbitrarily primed
PCR) use of a single indiscriminate primer to gain of banding patterns for strain-
specific; the subject can be to reproducibility problems [69], ARDRA (amplified
rRNA gene restriction analysis) i.e., RFLP analysis of the Idh gene [70] or RFLP
analysis of the 16S rRNA gene [71], PFGE (pulsed-field gel electrophoresis) use of a
band profile analysis of complete genome by use of scarce-cutting enzymes [72] and

16S rRNA gene sequence analysis [73, 74].

2.3 Beneficial effect of bifidobacteria

Bifidobacteria are bacteria in the human large intestine and suggested a
helpful for the host. There shown significantly event higher in the un-weaned infant
gut more than in adults, they may a more important role in gut microbiota
development than in other gut function. The properties of bifidobacteria in the large

intestine of human including interactions with other gut microbes, production of
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vitamins including group of B vitamins, modulation of convinced bacterial groups
that may be baneful to the host, production antimicrobial compounds found as organic
acid [62] , iron-scavenging compounds [75] and bacteriocin [76, 77]. The function of
bifidobacteria in the intestine may be in protection against some immune-based
disorders, as previous studies have shown them to stimulate a host innate immune
response [78, 79]. Numerous studies have suggested that the human health benefits is
associated possession of bifidobacteria in the human large intestine such as prevention
of diarrhea, establishment of a healthy microflora in premature infants, colon
regularity, lactose intolerance, cholesterol reduction and immunostimulatory effects.

These potential health benefits were summaries in Table 4.

Table 4. Summary of potential health benefits of bifidobacteria

Health benefit Study summary Reference

B. bifidum and B. longum subsp. infantis showing a [80]
protective effect against rotaviral diarrhea, a
statistically significant (P _ 0.001)

B. breve showing a protective effect against rotaviral [81]
diarrhea but non-statistically significant
Prevention of
diarrhea B. bifidum showing a protective effect reduced [82]
shedding of rotavirus (P _ 0.01)

B. animalis subsp. lactis showing protective effect

against all forms of diarrhea and a higher titer of [83]
antirotaviral antibodies in the feces, statistically
significant (P _ 0.01)
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Table 4. Summary of potential health benefits of bifidobacteria (Continued)

Health benefit

Study summary

Reference

Prevention of

diarrhea

B. bifidum and Streptococcus thermophilus showing
protective effect reduced shedding of rotavirus ,
statistically significant (P _0.035)

B. animalis subsp. lactis showing protective effect

but a non-statistically significant

B. breve and S. thermophilus showing a reduced
severity of diarrhea episodes over a 5-month period
(P_0.01)

B. animalis and 4 species of Lactobacillus showing
reduced the incidence of necrotizing enterocolitis (P
_0.05)

[84]

[85]

[86]

[87]

Establishment
of a healthy
microflora in
premature

infants

B. breve showing resulted in establishment of a
bifidobacterial flora in the majority of infants during
the first week of life, whereas it took the control
group several weeks, with only 3 of 9 infants

showing bifidobacteria by week 7

B. breve showing reduced fecal butyric acid levels,
but only in the subgroup of infants that weighed
2,500 g (P _0.05)

[88]

[89]
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Table 4. Summary of potential health benefits of bifidobacteria (Continued)

Health benefit Study summary Reference
B. animalis subsp. lactis and yogurt cultures [90]
showing some reduce in colonic transit times (P _

0.05)
B. animalis subsp. lactis and yogurt cultures showing [91]
no statistically significant reduce in colonic transit
Colon times
regularity
Supplementation with B. animalis subsp. lactis [92]
showing some reduce in colonic transit times (P _
0.05)
B. animalis subsp. lactis showing a reduce in colonic [93]
transit after 2 weeks (P _0.001)
B. longum showing some reduce in breath hydrogen [94]
(P _0.05)
Lactose
intolerance o ] ]
B. animalis subsp. lactis and yogurt cultures showing [95]
some reduce in symptom scores (P _ 0.05)
B. animalis subsp. lactis and L. acidophilus showing [96]
Cholesterol

reduction

some reduce in serum cholesterol levels (P _ 0.05)
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Table 4. Summary of potential health benefits of bifidobacteria (Continued)

Health benefit

Study summary

Reference

Cholesterol

reduction

Yoghurt containing with L. acidophilus 145, B.
longum 913 and 1% oligofructose (synbiotic).
showing no reduction in total cholesterol but an
increase in high-density lipoprotein (HDL) levels
(P _0.001)

B. longum and L. acidophilus showing did not

affect cholesterol levels

[97]

[98]

Immunostimulatory

effects

B. bifidum showing reduce in CD4_ T cells in the
spleen and colon (P _ 0.05)

B. longum subsp. infantis showing some reduce
in the proinflammatory cytokines IFN-, TNF-,
and IL-12

B. longum showing some increase in mucosal
IgA (P _0.05)

B. animalis subsp. lactis and Lactobacillus
paracasei showing no statistically significant
changes in cytokine levels

B. animalis subsp. lactis showing some increase
in the anti-inflammatory cytokine IFN- and in
phagocytic activity (P _ 0.05)

[99]

[100]

[101]

[102]

[78]
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Table 4. Summary of potential health benefits of bifidobacteria (Continued)

Health benefit

Study summary

Reference

Immunostimulatory

effects

B. longum, inulin, and fructooligosaccharides
showing some decrease in expression of genes
encoding human proinflammatory cytokines (P _
0.05)

B. longum subsp. infantis showing reductions in
symptom scores and in the ratio of IL-10 to IL-12
(anti-inflammatory to proinflammatory cytokines),

normalized to that of healthy individuals

[103]

[104]

Cancer prevention

Heat-killed B. infantis showing some reduce in
the incidence of tumors (P _ 0.01) in mice

B. longum showing some decrease in
carcinogenesis reduced aberrant crypt foci (P _
0.05) and a significant decrease following co-
supplementation with B. longum and inulin (P _
0.001) in mice

B. animalis subsp. lactis showing a significant
reduce in carcinogen-induced colonic neoplasms
(P _0.001) in mice

B. animalis subsp. lactis, L. rhamnosus, and inulin
showing some improve in epithelial barrier
function and cell toxicity only in polypectomized
patients (P _ 0.05) in cancer or polypectomized

patients

[105]

[106]

[107]

[108]
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3. The genus Streptococcus

3.1 Background of streptococci

The genus Streptococcus belongs to the phylum Firmicutes, class Bacilli,
order Lactobacillales family Streptococcaceae. This species originally isolated from
suppurative lesions in human. Since 1874, Billroth he observe to chain-forming cocci
in wounds and applied the term “streptococcus” as organisms to designate their
morphological arrangement. A few years later, Rosenbach (1884) first used the word
Streptococcus in the generic sense and describe the species Streptococcus pyogenes
which is now the type species of the genus. The species group recognized to genus
Streptococcus in currently such as pyogenic, mitis, salivarius, anginosus, mutans and
bovis (Table 5). Genus Streptococcus including about 60 species and a number of
them is known for their pathogenicity. The beneficial streptococci found as salivarius
group. Streptococcus thermophilus species is contain in the group of lactic acid
bacteria (LAB). It is one the microorganisms using in dairy product and most
commercially important of all LAB. It is association with L. delbrueckii subsp.
Bulgaricus. Since 1984 Farrow and Collins reclassify S. thermophilus as S. salivarius
subsp. thermophilus but the definition of its status of separate species have
definitively been established by Schleifer et al. (1991) with the name of Streptococus

thermophilus
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Table 5. The species groups in genus Streptococcus [109, 110]

Group Species

S. pyogenes. S. agalactiae, S. canis, S.dysgalactiae,
Pyogenic S. equi, S. parauberis, S. iniae, S. parauberis,
S.porcinus, S. uberis

S. gordonii, S. mitis, S. oralis, S. parasanguis,

Mitis ) _

S.pneumoniae, S. sanguis
Salivarius S. salivarius, S. thermophilus, S. vestibularis
Anginosus S. anginosus, S.constellatus, S. intermedius

S. mutans, S. cricetus, S. downei, S. macacae, S.
Mutans |

rattus, S. sobrinus
Bovis S. vobis, S. alactolyticus, S. equinus

3.2 Biology of streptococci

Streptococci are Gram-positive cocci, which may be spherical or ovoid in
shape and are usually arranged in chain or pairs. They are non motile and do not
formendospores. These streptococci are growth in facultative anaerobe, but some
strains require CO,. They are catalase-negative and homofermentative. The growth
temperature at 10-45 °C and low of G+C DNA content 35-43 mol%. The streptococci
are found an the mucous membranes of the mouth, upper respiratory tract, alimentary
tract and human and animal skin [111]. In addition, lactic acid streptococci were
recovered in fermented milk such as yoghurt and cheese [112, 113]. Streptococcus
thermophilus detected by specific amplified of lacZ gene, rapid and reliable PCR-
based technique [114].

3.3 Beneficial effect of streptococci
Genus Streptococcus is considered to be lactic acid bacteria (LAB).
Streptococus thermophilus is an important LAB used for the food industry such as
used for the manufacture of dairy product, used for as starter culture combination with
Lactobacillus delbrueckii subsp. bulgaricus for production of yoghurts [113] and
usage in cheese production i.e., Swiss cheese, Brick cheese, Parmesan, Provolone,
Mozzarella and Asiago [112]. Streptococcus thermophilus is ability to survive in
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gastrointestinal tract and moderately adhere to intestinal epithelial cells [115]. The
beneficial effect of Streptococcus thermophilus has been shown as positive effects on
diarrheas in young children, enterocolitis in premature neonates and inflammatory gut
disease [116]. Furthermore, it has shown produce antioxidants [117], stimulate the gut
immune system [116], alleviate the risk of certain cancer and improve lactose
digestion in lactose intolerant individuals [118]. In addition, it has shown inhibits

Clostridium tyrobutyricum by production of bacteriocin [13].

4. Antimicrobial compound of Lactobacillus, Bifidobacterium and Streptococcus

Antimicrobial compound is produced by lactic acid bacteria (LAB) such as
Lactobacillus, Bifidobacterium and Streptococcus. The antimicrobial compound is
classified as low-molecular-mass (LMM) compounds such as organic acid, hydrogen
peroxide (H.0;), carbon dioxide (CO,), diacetyl (2,3-butanedione) and high-
molecular-mass (HMM) compounds like bacteriocins [119].

4.1 Organic acid

The organic acid is product by LAB fermentation and the character of organic
acid associate with accumulation of organic acids and the accompanying reduction in
pH. The type of organic acid found as lactic acid, acetic acid and propionic acid.
Lactic acid is the main metabolite of LAB fermentation and the boundary of the
dissociation depends on pH. It is toxicity to many bacteria, fungi and yeasts. At pH
5.0 lactic acid was inhibit to spore-forming of bacteria but was no effective against
yeasts and moulds [120]. Acetic acid and propinonic are more effective of
antimicrobial than lactic acid because their have higher pKa values (lactic acid 3.08,
acetic acid 4.75, and propionic acid 4.87), and their have higher percent of
undissociated acids than lactic acid at a given pH [121]. Acetic acid was more
inhibition growth of Listeria monocytogenes [122] and Bacillus cereus [123] more

than acetic acid.

4.2 Hydrogen peroxide
The antimicrobial effect of H,O, may result from the oxidation of sulfhydryl

groups causing denaturing of a number of enzymes, and from the peroxidation of
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membrane lipids thus the increased membrane permeability. It has been reported that
H,O, produce by Lactobacillus and Lactococcus strains could be inhibit

Staphylococcus aureus, Pseudomonas sp.[124].

4.3 Carbon dioxide

Carbon dioxide CO, may properties in creating an anaerobic environment
which inhibits enzymatic decarboxylations and the accumulation of CO, in the
membrane lipid bilayer may cause a dysfunction in permeability. CO, can inhibit the
growth of many food spoilage microorganisms, especially Gram-negative
psychrotrophic bacteria [125].

4.4 Diacetyl (2,3-butanedione)

Diacetyl is produced by strains within all genera of LAB by citrate
fermentation. It inhibits the growth of Gram-negative bacteria more than Gram-
positive bacteria by reaction of the arginine-binding protein, thus affecting the

arginine utilization [126].

4.5 Reuterin
Reuterin is a product by heterofermentative of Lactobacillus reuteri, species a
member of microbiota of human and animal gastrointestinal tract. Reuterin presented
a broad spectrum of antimicrobial activity against pathogens such as Gram-positive
and Gram-negative bacteria, yeast, fungi and protozoa. The organisms have sensitive
to reuterin such as Salmonella, Shigella, Clostridium, Staphylococcus, Listeria,

Candida, and Trypanosoma [127].

4.6 Bacteriocins

Bacteriocins are proteinaceous compounds produced by bacteria strains in
order to inhibit the growth of other bacteria. Bacteriocins groups are classified base on
molecular weight differences. Class I- bacteriocins are small peptides (<5 kDa), Class
I1- small hydrophobic bacteriocins are heat-stable peptides (<13 kDa), Class I1I- large
bacteriocins are heat-labile proteins (>30 kDa) and Class IV- complex bacteriocins

are proteins with lipid and/or carbohydrate moieties [128]. The activity spectrum of
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bacteriocins can be narrow and confined to inhibition of closely related species, or it
can be relatively broad and include many different bacterial species.

5. Methods for evaluation of antimicrobial activity

5.1 The agar diffusion method

The agar diffusion method was first used by Fleming in 1924. The method
used for detection of antimicrobial activity and has long been widely used for
evaluation of antimicrobial activity, especially for biologically derived compounds. It
including agar well diffusion assay and disc assay. In this test, an antimicrobial
compound is applied to an agar plate on a paper disc or in a well. The compound
diffuses into agar resulting in a concentration gradient that is inversely proportional to
the distance from the disc or well. The size of the inhibition zone able measured of
degree around the disc or well. The results of the test are generally qualitative [129].
The method requires that the indicator organisms must grow rapidly, uniformly, and
aerobically. Since highly hydrophobic antimicrobial compounds cannot diffuse in
agar, they are not suitable for tests by this method [130]. The method with modified
for used testing antimicrobial activity based on the agar diffusion method such as agar
spot method [131] and spot-on-lawn method [132].

5.2 The agar and broth dilution methods

Agar and broth dilution methods are quantitative methods for suit
microorganisms with variable growth rate and for anaerobic, microaerophilic
microorganisms. The results are exhibited as MIC, which is the lowest concentration
of an antimicrobial that prevents growth of a microorganism after a specific
incubation period. In this test, serial dilution of antimicrobial and add a single
concentration to culture tube (nonselective broth) or plate (melted agar medium),
which is then inoculated with test organisms and incubated. The MIC is defined as the
lowest concentration at which no growth occurs (absence of turbidity) in a medium
following incubation [129]. The broth dilution assay has been used for the
determination of the antimicrobial activity of reuterin produced by Lb. reuteri, and the
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activity of reuterin was exhibited as MIC values or as the maximum dilutions of the

reuterin fraction[127].

5.3 The automated turbidometric assay

A turbidometric assay used for determines the effect of a compound on the
growth or death Kkinetics of a microorganism. The assay is based on automated
systems. It result shown information concerning the effect of an antimicrobial that
may cause a delayed lag phase or reduced growth rate at concentrations below the
MIC. Since the bacterial growth is monitored by measuring the turbidity of the broth
medium, the method demands that the instrument be highly sensitive [133].
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CHAPTER I

MATERIAL AND METHODS

1. Human subjects and sample collection

Breast milk were collected from healthy lactating Thai women who brought
infants to receive vaccination at well baby clinic, 9" floor Por-Por-Ror building, King
Chulalongkorn Memorial Hospital. Participated volunteers were enrolled according to
following criteria (i) healthy women without present or past underlying condition (ii)
aged 18-40 years (iii) lactating at range 15 days to 60 days and (iv) never received
antibiotics during pregnancy and at least 1 month before sample collection. The
sample calculated from the formulan= 2P (1-P) / “where z,=1.96,P=0.07, e =
0.05) was found to be 99.99. In this study, a total of 102 milk samples were then
collected from volunteers, All volunteers were gave written informed consent to the
protocol, which were approved by Ethical Committee of Faculty of Medicine,
Chulalongkorn University. The participants provide samples of breast milk and, breast
skin swabs. Nipple and mammary were first cleaned with sterile water and skin
sampling was performed using sterile cotton swabs to rub around area of the outer
quarter of breast and placed into a sterile tubes containing 0.15% peptone water. The
milk samples were collected in sterile tube by manual expression using sterile gloves.
The milk samples and skin swabs were kept in an icebox and transported to the

laboratory within 3 h and immediately cultured on appropriate media.
2. Bacterial cultivation

Three culture media were used: (@) MRS medium (de Man, Rogosa and
Sharpe) for isolation of lactobacilli. (b)) MC medium (Modified Columbia, with 0.03
g/l bromocresol purple) as described by Beerens [68] for isolation of bifidobacteria.
(c) M17 medium for isolation of streptococci. Breast milk samples of 1 ml were

diluted in 9 ml buffered peptone water and ten-fold serial diluted to 10-10" Diluted
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sample of 100 pl were spreaded onto MRS, MC, and M17 medium. Plates of MRS
and MC media were incubated under anaerobic condition for 48-72 h. at 37 °C in an
anaerobic chamber. Plates of M17 medium were incubated under aerobic condition
for 24-48 h. at 37 °C. The remaining samples were kept at -80 °C for experimental
use. Skin swabs were plated on the above media and incubated with plates of milk

samples.

3. Selection of Lactobacillus, Bifidobacterium, and Streptococcus isolates

After incubation, colonies developed on MRS, MC, and M17 media were
selected according to different morphologies. Colonies of each morphotype were
tested for catalase activity and catalase-negative colonies were Gram-stained and
microscopically examined. Subcultured were performed to obtain isolated colonies on
appropriate media. Catalase-negative, Gram-positive rods or coccobacilli were
tentatively considered Lactobacillus-like bacteria. Catalase-negative, Gram-positive
bifid-shaped rods were tentatively considered Bifidobacterium-like bacteria and
catalase- negative, Gram-positive cocci in chain were tentatively considered
Streptococcus-like bacteria. Isolates of suspected lactobacilli, bifidobacteria, and
streptococci were kept in MRS, brain heart infusion broth (BHB), and M17 with 20%

glycerol respectively, and stored in frozen cultures at -80 °C for experimental use.

4. Genotypic identification of Lactobacillus, Bifidibacterium, and Streptococcus

isolates

Bacterial colonies were first tested with genus-specific primers. Bacterial
DNAs were extracted from 2-3 colonies as follow: colonies were picked and put in to
an eppendorf tube. After 200 ul sterile water was added, the suspension was mixed
and spun down to remove water and resuspended with 180 ul sterile water. Solution
of 20 ul 10X digestion buffer (5% tween 20 and 10 mg/ml proteinase K in 0.2 M Tris
pH 8.3) was added and incubated at 60 °C for 1 h. After inactivation of proteinase K

at 100 °C for 15 min, the suspension was centrifuged at 13,000 rpm for 5 min.
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Supernatant was collected for amplification and identification of Lactobacillus,
Bifidobacterium, and Streptococcus using 16S rRNA genes sequencing.

Lactobacillus genus-specific primers L159F (5-GGA AAC AG(A/G) TGC
TAA TAC CG-3") and L677R (5'-CAC CGC TAC ACA TGG AG-3"),[134] were
used. The 25-ul reaction mixture contains 12.5 pl of Hot start master mix (GE
Healthcare illustra, UK), 10 pmol of each primer, 5 ul DNA template and 2.5 pl H,0.
Amplification was performed: 95°C for 5 min; 35 cycles of 95 °C for 30 s, 57 °C for
1 min, and 72 °C for 1 min and a final extension of 72 °C for 5 min.

Bifidobacterium genus-specific primers Bifl64F (5-GGG TGG TAA TGC
CGG ATG-3') and Bif601R (5-TAA GCG ATG GAC TTT CAC ACC-3"),[135] were
used. The 25-ul reaction mixture contains 12.5 pl of Hot start master mix (GE
Healthcare illustra, UK), 10 pmol of each primer, 5 ul DNA template and 2.5 pl H,0.
Amplification was performed: 95 °C for 5 min; 35 cycles of 95 °C for 1 min, 59 °C
for 1 min, and 72 °C for 1 min and a final extension of 72 °C for 10 min.

Streptococcus genus-specific primer Tuf-Strp-1 (5'- GAA GAA TTG CTT
GAA TTG GTT GAA-3") and Tuf-Strep-R (5'- GGA CGG TAG TTG TTG AAG
AAT GG-3') [136] were used. The 25-ul reaction mixture contains 12.5 ul of Hot start
master mix (GE Healthcare illustra, UK), 10 pmol of each primer, 5 ul DNA template
and 2.5 ul H,O. Amplification was performed: 95 °C for 5 min; 35 cycles of 95 °C for
1 min, 56° C for 1 min, and 72 °C for 1 min and a final extension of 72 °C for 10 min.

Bacterial isolate which gave positive result with genus-specific primers, was
subjected to DNA sequencing. The 16S rRNA gene sequences was amplified by PCR
using the universal primer 16S-8F (5'-AGA GTT TGA TCY TGG YTY AG-3') and
16S-1541R (5'-AAG GAG GTG WTC CAR CC-3') [137] for genus Lactobacillus.
The 50-ul reaction mixture contains 25 ul of Hot start master mix (GE Healthcare
illustra, UK), 10 pmol primer, 5 ul DNA template and 15 pyl H,O. Amplification was
performed: 95 °C for 5 min; 35 cycles of 95 °C for 30 s, 57 °C for 1 min, and 72 °C
for 1 min and a final extension of 72 °C for 10 min. Genus Bifidobacterium was
amplified using the universal primers Im26 (5-GAT TCT GGC TCA GGA TGA
ACG-3) and Im3 (5-CGG GTG CTI CCC ACT TTC ATG-3') [138]. The 50-ul
reaction mixture contains 25 pl of Hot start master mix (GE), 10 pmol of each primer,
5 ul DNA template and 15 pl H,O. Amplification was performed: 95 °C for 5 min; 35
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cycles of 94 °C for 1 min, 57 °C for 3 min, and 72 °C for 4 min and a final extension
of 72 °C for 10 min. Genus Streptococcus was amplified using universal primers
forward primer (5-AGA GTT TGA TCC TGG CTC AG-3') and U926 (5-CCG TCA
ATT CCT TTR AGT TT-3') [139]. The 50-ul reaction mixture contains 25 ul of Hot
start master mix (GE Healthcare illustra, UK), 10 pmol of each primer, 5 ul DNA
template and 15 ul H,O. Amplification was performed: 95 °C for 5 min; 35 cycles of
95 °C for 1 min, 56° C for 1 min, and 72 °C for 1 min and a final extension of 72 °C
for 10 min.

PCR product was individually purified by using QIAquick PCR purification
kit (Qiagen Inc., USA). Sequencing will be performed by using 10 ng purified PCR
product with the same primer as in PCR amplification by the dideoxynucleotide chain
termination method at the 1 st BASE Sequencing, Shan Alan, Malasia
(http://lwww.base-asia.com). The nucleotide sequence will be analysed using the
sequence match program of Ribosomal Database Project 11 (RDP-II;
http://rdp.cme.msu.edu) and GenBank DNA database search
(www.ncbi.nlm.nih.gov/BLAST). The closest relative of the partial 16S rRNA gene
sequences was evaluated. The identities of the isolates were determined on the basis
of the highest score.

5. Detection DNA of lactobacilli, bifidobacteria and streptococci by PCR method

DNA was isolated from 100 samples of breast milk stored at -80 °C by using
QlAamp DNA stool minikit (Qiagen, Hilden, Germany). One milliliter of breast milk
samples were centrifuged for 20 min at 6,000 rpm. After the supernatant was
removed, used pellets and added a bead-beading with 0.3 g of 0.1 mm zirconium
beads and 1.4 ml of ASL buffer (Qiagen) and mixed by vortex. The suspension was
incubated at 95°C for 5 min and centrifuged, then supernatant was transferred to clean
vial and an InhibitEX Tablet (Qiagen) was added. After centrifugation the supernatant
was transferred to QIAamp spin columns (Qiagen) and made following the
manufacturer’s instruction. DNA eluted in 200 pl of buffer AE (provided in the Kit),
and the extracted-purified DNA were stored at -20 °C. DNA targets were amplified
by PCR using genus-specific primers L159F (5-GGA AAC AG(A/G) TGC TAA
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TAC CG-3) and L677R (5-CAC CGC TAC ACA TGG AG-3) [134] for
Lactobacillus. Bif164F (5°-GGG TGG TAA TGC CGG ATG-3’) and Bif601R (5'-
TAA GCG ATG GAC TTT CAC ACC-3') [135] for Bifidobacterium and Tuf-Strep-1
(5'- GAAGAA TTG CTT GAATTG GTT GAA-3) and Tuf-Strep-R (5'- GGA CGG
TAG TTG TTG AAG AAT GG-3) [136] for Streptococcus. The PCR amplicons
were detected with agarrose gel electrophoresis and stained with ethidium bromide.

6. Antagonistic activity assay

Antagonistic activities of Lactobacillus, Bifidobacterium, and Streptococcus
against various bacterial pathogens were performed by agar spot method as previously
described by Spinler et al[11]. Enterotoxigenic E. coli (ETEC) DMST 20970,
enteroinvasive E .coli (EIEC) DMST 20971, enteropathogenic E. coli (EPEC) DMST
20972, enterohemorrhagic E .coli (EHEC) DMST 20973, Salmonella Typhimurium
ATCC 13311, Shigella flexneri DMST 4423, Vibrio cholerae non O1 DMST 2873,
Helicobacter pylori ATCC 43504 and Methicillin-resistant Staphylococcus aureus
(MRSA) ATCC 43300 were selected bacterial pathogen to be tested. All target
bacteria were grown on appropriate media and condition for experimental use.

Lactobacillus and Bifidobacterium were precultivated on MRS and MC,
respectively for 48-72 h. in an anaerobic condition (the AnaeroPack system,
Mitsubishi Gas Chemical, H,: 5%, CO,: 10%, N,: 85%). Streptococcus was
precultivated on M17 agar in an aerobic condition for 24-48 h. They were subcultured
on MRS, BHI and M17 broth (media for lactobacilli, bifidobacteria and streptococci,
respectively) twice in a 96-well plate. Forty-eight hour culture of Lactobacillus,
Bifidobacterium, and 24 h. of Streptococcus were spotted by frogger (Dan-Kar Corp,
MA, USA) onto the surface of BHI agar in a 140-mm plate and incubated in
anaerobic condition at 37 °C for 48 h., except plates of Streptococcus incubated in
aerobic condition at 37 °C for 24 h. Twenty milliliters of tryptic soft agar (agar 7.5
g/1) containing target bacterial pathogens at concentration about 1 x 10’CFU/ml (1 x
10°CFU/ml of Helicobacter pylori) were overlain on plate of Lactobacillus,
Bifidobacterium, and Streptococcus developed spots. Each plate was incubated under

appropriate condition depending on each target pathogen. Inhibition zones were
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measured and a clear zone of 1-2 mm was scored as weak inhibitory activity, 3-4 mm
as strong inhibitory activity and an opaque zone of inhibition <1 mm as

microcolonies (M).
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CHAPTER IV

RESULTS

1. Cultivation and presumptive identification of Lactobacillus, Bifidobacterium

and Streptocococus from breast milk

One hundred and two milk samples and skin swabs were collected from Thai
healthy mothers. These samples were cultured in MRS, MC and M17 agar for the
isolation of Lactobacillus, Bifidobacterium and Streptococcus, respectively. The
colonies of bacterial isolates from breast milk on MRS agar were small to medium,
circular and convex, white or yellow turbid or transparent, whereas those on MC agar
were small to medium, circular and convex or flat, white or yellow and transparent.
On M17 agar, the colonies were medium to large, circular and convex or flat and
white turbid. Colony morphologies of these bacteria on MRS, MC and M17 agar were
shown in Figure 2. The colonies of bacterial isolates from skin swabs grown on MRS
were small to medium, circular and convex or flat, white or yellow turbid or
transparent (Figure 3 A). On MC agar, the colonies were small to medium, circular
and convex or flat, white or yellow or green and turbid or transparent (Figure 3 B) and
on M17 agar the colonies were medium to large, circular and convex or flat, white or
grey and turbid or transparent (Figure 3 C).

Bacterial colonies grown on each medium with different appearance were
picked and tested for catalase enzyme. The catalase-negative ones were Gram- stained
and examined microscopically. Isolates visualized as Gram-positive short or long rods
or coccobacilli on MRS agar were suspected of Lactobacillus (Figure 4 A). Isolates
with Gram- positive, bifid or polymorphic branched or irregular rods on MC or MRS
agar were suspected of Bifidobacterium (Figure 4 B) and isolates on M17 agar or
MRS suspected to be Streptococcus were Gram-positive, cocci in chain or single
(Figure 4 C). Suspected colonies were re-streaked for single colony isolation on new
media. A single pure colony was re-tested for catalase enzyme, Gram- stained and

examined microscopically.
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A total of 176 bacterial isolates were selected for further identification. They
were 74, 62 and 40 suspected Lactobacillus, Bifidobacterium and Streptococcus,
respectively. All bacterial isolates from skin swabs were catalase-positive. They were
either Gram-positive cocci in cluster or single Gram-negative cocci or Gram-negative
cocci in small cluster.

Figure 2. Colony growth from breast milk on different media, (A) MRS agar, (B) MC
agar and (C) M17 agar.
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A
Figure 3. Colony growth from skin swabs on different media, (A) MRS agar, (B) MC

agar and (C) M17 agar.

A B C
Figure 4. Cell morphology of bacteria isolated from breast milk, (A) Gram-positive
short rods suspected to be Lactobacillus (B) Gram- positive bifid or irregular rods

suspected to be Bifidobacterium (C) Gram-positive cocci in chain suspected to be

Streptococcus.
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2. Genotypic identification of lactobacilli, bifidobacteria and streptococci

DNAs of all 176 isolates were amplified using genus-specific primers. These
genus-specific primers were aligned with the 16S rRNA gene sequence of
Lactobacillus spp., Bifidobacterium spp., and Streptococcus spp. with Multalin
program and the result was shown in Figures 5-7 Out of 74 suspected Lactobacillus
isolates, 53 (71.62 %) were positive for Lactobacillus. Out of 62 suspected
Bifidobacterium isolates, 45 (72.58%) were positive for Bifidobacterium. Out of 40
suspected Streptococcus isolates, 26 (65%) were positive for Streptococcus. Isolates
with positive results from genus-specific amplification were then amplified using
universal primers. These universal primers were aligned with the 16S rRNA gene
sequence of Lactobacillus spp., Bifidobacterium spp., and Streptococcus spp. with
Multalin program and the result was shown in Figures 8-10.

The amplification products were sequenced and analysed with NCBI and RDP
Il database. Forty out of 53 isolates (75.47%) were identified as Lactobacillus spp.
such as L. gasseri (6 isolates), L. salivarius (16 isolates), L. fermentum (5 isolates), L.
mucosae (5 isolates), L. rhamnosus (3 isolates), L. casei (3 isolates), L. plantarum (1
isolate) and L. oris (1 isolate) as shown in Table 6. These Lactobacillus isolates were
recovered from 37 (36.27%) milk samples. Thirty-three out of 45 isolates (73.33%)
were identified as Bifidobacterium spp. such as B. longum (8 isolates), B. breve (7
isolates), B. psedocatenulatum (5 isolates), B. dentium (8 isolates) and B. bifidum (5
isolates) as shown in Table 7. These Bifidobacterium isolates were recovered from 31
(30.39%) milk samples. All 26 isolates which were positive by Streptococcus-specific
PCR were identified as Streptococcus spp. such as S. salivarius (13 isolates), S.
lactarius (4 isolates), Streptococcus sp. (4 isolates), Streptococcus mitis (3 isolates)
and Streptococcus parasanguis (2 isolates) as shown in Table 8. These Streptococcus
isolates were recovered from 17 (16.67%) milk samples. The summary of bacterial
isolates recovered from breast milk was shown in Tables 9-10.

Thirteen isolates positive with Lactobacillus-specific amplification were
identified to be Staphylococcus aureus (5 isolates), Staphylococcus epidermidis (4
isolates) and uncultured bacteria (4 isolates). Twelve isolates positive with

Bifidobacterium-specific amplification were identified to be Actinomyces radicidentis
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(1 isolate) and uncultured bacteria (11 isolates). The summary of other bacterial species

found in breast milk was shown in Table 11.

L.gasseri
L.casei
L.plantarun
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L.acidophilus
L.bervis
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L159F

L677R
Consensus
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AGCACTCCGCCTGGGGAGTACGACCGCARGGTTGARACTCARAGGAAT TGACGGGGGCCCGCACARGCGGTGGAGCATGTGGT TTAAT TCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCCAGT
AGCATTCCGCCTGGEGAGTACGACCGCAAGG TTGARAC TCAAAGGAAT TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT TTAAT TCGGAGCARCGCGARGARCCTTACCAGGTCTTGACATCTTTT
AGCATTCCGCCTGGGGAGTACGGCCGCARGGC TGARACTCARAGGAAT TGACGGGGGCCCGCACARGCGGTGGAGCATGTGGT TTAAT TCGARGCTACGCGARGARCCTTACCAGGTCTTGACATACTAT
AGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGARACTCAAAGGAAT TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT TTAAT TCGAAGC TACGCGARGARCCTTACCAGGTCTTGACATCTTGE
AGCACTCCGCCTGGGGAGTACGACCGCARGGTTGARACTCARAGGAAT TGACGGGGHCCCGCACARGCGGTGGAGCATGTGGT TTAAT TCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCTAGT
AGCATTCCGCCTGGGGAGTACGGCCGCAAGGLTGARAC TCAAAGGAAT TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT TTAAT TCGAAGC TACGCGARGARCCTTACCAGGTCTTGACATACTAC
AGCATTCCGCCTGGGGAGTACGACCGCARGGTTGARACTCARAGGAAT TGACGGGGGCCCGCACARGCGGTGGAGCATGTGGT TTART TCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCCTTT

5. The alignment of genus-specific primer L159F and L677R with 16S rRNA

gene sequence of Lactobacillus spp.



38

1 10 20 30 40 50 60 0 a0 90 100 110 120 130

|

B.bifidun GTTTCGATTCTGGCTCAGGATGAACGC TGGCGGCGTGCT TARCACATGCARGTCGARCGGGATCCATCARGCTT-GCTTGGTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCGACCTGCCCCA

B.dent.iun TTTGATCATGGCTCAGGATGAACGCTGGCGGCGTGCTTARCACATGCARGTCGARCGGGATCCCGGGGGTTC-GCCTCOGGGTGAGAGTGGCGARCGGGTGAGTARTGCGTGACCGACCTGLCCCA

B,breve AGAGTTTGATCCTGGCTCAGGATGAACGC TGGCGGCGTGCTCARCACATGCARGTCGARCGGGATCCAGGCAGCT T-GCTGCCTGETGAGAGTGGCGAACGGGTGAGTARTGLGTGACCGACCTGCCCCA

B.longun RAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCTTARCACATGCARGTCGARCGGGATCCATCAGGLTTTGCTTGGTGGCGAGAGTGECGAACGGGTGAGTAATGCGTGACCGACCTGCCCCA
Bif601R
Bif164F

COMSENSUS 4 atsaasrrassasssarssorssarssntssetssstsssssssssssssetssetssetssetseetsettoees $0ttetitettetstststssstsssssssstosssasstasssassencs

131 140 150 160 170 180 190 200 210 220 230 240 260 260

| |
B.bifidun TGCTCCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGTTCCACATGATCGCATGTGATTGTGGGARAGATTCTATCGGCGTGGGATGEGATCGCGTCCTATCAGCTTGTTGGTGAGGTAACGGCT
B.dentiun TACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTCCGGT TGGATGCATGTCCTTCCGGGARAGGT TCCATCGGTATGGGATGEGRTCGCGTCCTATCAGCTTGATGGCGGGGTAACGGLL
B,.breve TGCACCGGARTAGCTCCTGGAARCGGGTGGTAATGCCGGATGCTCCATCACACCGCATGGTGTGTTGGGARAGCCTTTG-CGGCATGGGATGGGGTCGCGTCCTATCAGCTTGATGGCGGGGTAACGGCL
B.longusn TACACCGGAATAGCTCCTGGAAACGGGTGGTARTGCCGGATGCTCCAGTTGATCGCATGGTCTTCTGGGARAGCTTTCG-CGETATGGGATGGEECCGCGTCCTATCAGCTTGACGGCGGGGTAACGGCE
Bif601R
Bif164F GGGTGGTAATGCCGGATG

CONSENSUS  eveeeeereevacrsaseseesrBEELEELAALECCHRAbE . cr e rerrsreerenerasessasrssrssssssessssrssssracrsessasrssssrasrsassassssssrasrsassanns

261 270 280 290 300 310 320 330 340 350 360 370 380 390

1 1

B.bifidun CACCARGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCARGCCTGATGCAGCGAC

B.dentiun CACCATGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCARGCCTGATGCAGCGAC

B,breve CACCATGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGARTATTGCACARTGGGCGCARGCCTGATGCAGCGAC

B.longun CACCGTGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTGGEACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGEAATATTGCACARTGGGCGCARGCCTGATGCAGCGAC
BifGO1R
Bif164F

CONSENSUS 4 avusarsrosrsessasessrsrsrtssssassssrstsstsessesessrstsstssssesesssstsststesesesssstssrsteetsestastssrstestsassasssssstastsassssns

91 400 a10 420 430 440 450 460 az0 480 490 500 510 520

| |

B.bifidun GCCGCGTGAGGGATGGAGGCCTTCGGGTTGTARACCTCTTTTGTTTGGGAGCAAGCC--TTCGGG-TGAGTGTACCTTTCGARTARGCGCCGGCTARCTACGTGCCAGCAGCCGCGGTARTACGTAGGGL

B.dentiun GCCGCGTGCGGGATGGAGGCCTTCGGGTTGTARACCGCTTTTGATCGGGAGCARGCC-CTTCGGGGTGAGTGTACCCTTCGAATARGCACCGGCTARCTACGTGCCAGCAGCCGCGGTARTACGTAGGGT

B.breve GCCGCGTGAGGGATGGAGGCCTTCGGGTTGTAAACCTCTTTTGTTAGGGAGCARGGCACTTTGTGTTGAGTGTACCTTTCGARTARGCACCGGCTARCTACGTGCCAGCAGCCGCGGTARTACGTAGGGT

B,longun GCCGCGTGAGGEGATGGAGGCCTTCGGGTTGTARACCTCTTTTATCGGGGAGCARGCGA--——GAGT-GAGTTTACCCGTTGARTARGCACCGGC TARCTACGTGCCAGCAGCCGCGGTARTACGTAGGGT
Bif601R
Bif164F

COMBENSUS  4atitatioostesssestsetisosisntssstsssssssssssssssssssssstssetssetssstststssetssttsttssstssstatssasssassssssssssssssssssasssasssnss

521 530 540 550 560 570 580 590 600 610 620 630 640 650
| |
B.bifidun GCARGCGTTATCCGGATTTATTGGGCGTARAGGGCTCGTAGGCGGLTCGTCGCGTCCGGTGTGARAGTCCATCGCTTARCGETGGATCTGCGLCGGGTACGEELGGGL TGEAGTGCGGTAGAGGEAGACTG
B.dentiun GCARGCGTTATCCGGART TATTGGGCGTARAGGGC TCGTAGGCGGTTCGTCGLGTCCGGTGTGARAGCCCATCGCTTARCGETGGGTCTGLGCCAGGTACGEECGGGE TGGAGTGCGGTAGGGGAGACTG
B,.breve GCARGCGTTATCCGGARTTATTGGGCGTAARGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGARAGTCCATCGCTTAACGGTGGATCCGCGCCGGETACGGGCGEECTTGAGTGCGETAGGGGAGACTG
B.longun GCARGCGTTATCCGGARTTATTGGGCGTARAAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGARAGTCCATCGCTTARCGGTGGATCCGCGCCGGETACGGGCGEECTTGAGTGLGGTAGGGGAGACTG
Bif601R GGTGTGARRGTCCATCGCTTA
Bif164F

CONSENSUS  4uvivrsrsrnrsassssssrasssssssssrasssssssssssassssssansesssEEEEbpaaaptecabopgobla, . . errerirrirsssrasssssrsanssasssssssntssssrassrnns

651 660 670 680 690 700 710 F20 730 740 750 760 el 780

| |

B.bifidun GAATTCCCGGTGTARCGGTGGAATGTGTAGATATCGGGARGAACACCGATGGCGAAGGCAGGTCTCTGGEGCCGTCACTGACGC TGAGGAGCGAAAGLG TGGEGAGCGARCAGGAT TAGATACCCTGGTAG

B.dentiun GAATTCCCGGTGTARCGGTGGARTGTGTAGATATCGGGARGAACACCARTGGCGARGGCAGGTCTCTGGGCCGTCACTGACGCTGAGGAGCGARAGCG TGGGGAGCGARCAGGAT TAGATACCCTGGTAG

B,breve GAATTCCCGGTGTARCGGTGGAATGTGTAGATATCGGGARGARCACCAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGC TGAGGAGCGAARGCGTGGGGAGCGARCAGGAT TAGATACCCTGGTAG

B.longun GAATTCCCGGTGTARCGGTGGAATGTGTAGATATCGGGARGARCACCAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGC TGAGGAGCGAAAGCGTGGGGAGCGAACAGGAT TAGATACCCTGGTAG
BifGO1R
Bif164F

CONSENSUS  evrreeereeraessassssssracrssssassssssrasrsssssssssssrasrsssssssssasresresssrssssasrssssrasrasssasrssssrasrsassasrssrsrasrsassenns

781 790 a00 810 20 830 840 a50 860 870 ag0 890 900 910

1 1

B.bifidun TCCACGCCGTAAACGGTGGACGCTGGATGTGGGGCACGTTCCACGTGTTCCGTGTCGGAGCTAACGCGTTARGCGTCCCGCCTGGGGAGTACGGCCGCARGGCTARAACTCARAGAART TGACGGGGGCT

B.dentiun TCCACGCCGTAARCGGTGGATGCTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTARGCATCCCGCCTGGGGAGTACGGCCGCARGGCTARAACTCARAGAART TGACGGGGGCT

B.breve TCCACGCCGTARACGGTGGATGCTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTARGCATCCCGCCTRGEGAGTACGGCCGCAAGGCTAARACTCARAGAART TGACGGRGGCL

B,longun TCCACGCCGTARACGGTGGATGCTGGATGTGEGECCCGTTCCACGGGTTCCGTGTCGGAGCTAACGCGTTARGCATCCCGCCTEGGGAGTACGGCCGCAAGGCTARAACTCAARGAART TGACGGEGGECL
Bif601R
Bif164F

COMBENSUS  4atitatioostesssestsetisosisntssstsssssssssssssssssssssstssetssetssstststssetssttsttssstssstatssasssassssssssssssssssssasssasssnss

Figure 6. The alignment of genus-specific primer Bifl64F and Bif601R with 16S
rRNA gene sequence of Bifidobacterium spp.
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1
5,thernophilus AGAGTTTGATCCTGGCTCAGGACGAACGGTGGCGGCGTGCCTARTACATGCARGTAGAACGC TGARGAGAGGAGCTTGCTCTTCTTGGATGAGT TRCGARCGGGTGAGTARCGCGTAGGTAAC
5.vestibularis ATGGGAGAGTTTGATCCTGGCTCAGGACGARCGCTGGCGGCGTGCCTARTACATGCARGTAGARCGE TEARGAGAGGAGCTTGCTCTTCTTGEATGAGT TGCGAACGGETGAGTAACGCGTAGGTAAL
S.salivarius TTTAATGAGAGTTTGATCCTGGCTCAGGACGARCGCTGGCGGCGTGCCTARTACATGCARGTAGAACGCTGAAGAGAGEAGCTTGCTCTTCTTGGATGAGT TGCGAACGGGTGAGTARCGCGTAGGTARC
Tuf=5trep=R
Tuf-5trep-1 GAAGAR-TTGCTTGARTTGGTTGAA

CONSENSUS  +.vveeerersesrssrsrersesrasssrarssssrsasrarssssrsrsesrasssrarsssersesravessd8 B0, LEECt,  ELEE EHA, v rrrrrerrarsrrersrsesrasranes

131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1

S.thernophilus CTGCCTHGETAGCGGGGGATARCTATTGGAAACGATAGCTAATACCGCATARCAATGGATGACACATGTCATTTATTTGARAGGGGCAATTGCTCCACTACAAGATGGACCTGCGTTGTATTAGCTAGTAG

S.vestibularis CTGCCTTGTAGCGGGGGATARCTATTGGAAACGATAGCTAATACCGCATARCAATAGGTGACACATGTCATTTATTTGARAGGGGCAATTGCTCCACTACAAGATGGACCTGCGTTGTATTAGCTAGTAG

S.salivarius CTGCCTTGTAGCGGGGGATAACTATTGGARACGATAGCTARTACCGCATAACARTGGATGACCCATGTCATTTATTTGAARGGGECARATGCTCCACTACAARGATGGACCTGCGTTGTATTAGCTAGTAG
Tuf-Strep-R
Tuf=5trep=1

CONSENSUS 4 4suaenssasessnsessnssesrssostessssersssesestsetessstsesttsestissstertstettsssstetsstetsstsestiseiteststertsteetstsesstsoseosrises

261 270 280 290 300 310 320 330 340 350 360 370 380 390

1 1

S.thernophilus GTGAGGTAATGGCTTACCTAGGCGACGATACATAGCCGACC TGAGAGGGTGATCGECCACACTGGEACTGAGACACGGCCCAGACTCC TACGEGAGGCAGCAGTAGGGAATCTTCGECARTGGEEGCARL

S.vestibularis GTGAGGTAACGGCTCACCTAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGECCACACTGGEACTGAGACACGGCCCAGACTCC TACGRGAGGCAGCAGTAGGGAATCTTCGECARTGGGGEGCAAC

S.salivarius GTGAGGTARCGGCTCACCTAGGCGACGATACATAGCCGACCTGAGAGEGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCARTGGGGGCARC
Tuf=5trep=R
Tuf-Strep-1

OMEBNMSUS  onciiiitiieiietettetcescescceesessessasesssssescsscssssassesessessssessesssesssassesessssessessessesssssssesessssssssssessenes

391 400 410 420 430 440 450 460 470 480 490 500 510 520

1 1

S.thernophilus CCTGACCGAGCARCGCCGCGTGACTGARGARGGTTTTCGGATCGTAARGCTCTGTTGTAAGTCARGAACGGGTGTGAGAGTGGAAAGT TCACACAGTGACGGTAGCTTACCAGAARGGGACGGC TARCTA

S.vestibularis CCTGACCGAGCARCGCCGCGTGAGTGARGARGGTTTTCGGATCGTAARGCTCTGTTGTARGTCARGAACGAGTGTGAGAGTGGARAGT TCACACTGTGACGGTAGCTTACCAGAA-GGGACGGCTARCTA

S,salivarius CCTGACCGAGCARCGCCGCGTGAGTGARGARGGTTTTCGGATCGTARAGCTCTGTTGTARGTCARGARCGAGTGTGAGAGTGGARAGT TCACACTGTGACGGTAGCTTACCAGARAGGGACGGCTARCTA
Tuf-Strep-R
Tuf=5trep=1

CONSENSUS 4 4suaenssasessnsessnssesrssostessssersssesestsetessstsesttsestissstertstettsssstetsstetsstsestiseiteststertsteetstsesstsoseosrises

521 930 540 550 560 570 580 590 600 610 620 630 640 650

1 1

S.thernophilus CGTGCCAGCAGCCGCGGTARTACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGGT TTGATAAGTCTGAAGT TARAGGCTGTGGCTCARCCATAGTTCGCTTTGGARACT

S.vestibularis CGTGCCAGCAGCCGCGGTAATACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGT TTGATARGTCTGARGT TARAGGCTGTGGCTCARCCATAGTTCGCTTTGGARACT

S.salivarius CGTGCCAGCAGCCGCGGTAATACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTGATAAGTCTGAAGT TARAGGCTGTGGCTCARCCATAGTTCGCTTTGGARACT
Tuf=5trep=R
Tuf-Strep-1

DOMEEMSUS 1 iattetaiatestoetsotttestoestoosiessoesstssoessstssestoetstsssssstssststeessssssestossststsestossststsssstssstssssssssssastossssns

651 660 670 680 690 700 710 720 730 740 750 760 770 780

1 1

S.thernophilus GTCARACTTGAGTGCAGARGGGGAGAGTGGART TCCATGTGTAGCGGTGARATGCGTAGATATATGGARGARCACCGGTGGCGARAGCGECTCTCTGRTCTGTAACTGACGC TEAGECTCGARAGCETGE

S.vestibularis GTCARACTTGAGTGCAGARGGGGAGAGTGGARTTCCATGTGTAGCGGTGARATGCETAGATATATGGAGGARCACCGGTGGCGAAAGCGECTCTCTGGTCTGTAACTGACGCTGAGECTCGARAGCETGE

§.salivarius GTCARACTTGAGTGCAGARGGGGAGAGTGGAATTCCATGTGTAGCGGTGARATGCGTAGATATATGGAGGARCACCGGTGGCGARAGCGGCTCTCTGETCTGTARCTGACGC TGAGGCTCGARAGCGTGE
Tuf-Strep-R
Tuf=5trep=1

CONSENSUS 4 4suaenssasessnsessnssesrssostessssersssesestsetessstsesttsestissstertstettsssstetsstetsstsestiseiteststertsteetstsesstsoseosrises

781 790 800 810 820 830 840 850 860 870 880 830 900 10

1 1

S.thernophilus GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTARACGATGAGTGCTAGETGTTGGATCCTTTCCGGGAT TCAGTGCCGCAGCTARCGCATTARGCAC TCCGCCTGGEGAGTACGACCGGAAGE

S.vestibularis GGAGCGARCAGGATTAGATACCCTGGTAGTCCACGCCGTARRCGATGAGTGCTAGETGTTGGATCCTTTCCGGGATTCAGTGCCGCAGCTARCGCATTARGCACTCCGCCTGGEGAGTACGACCGCARGE

S.salivarius GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAARCGATGAGTGCTAGGTETTGGATCCTTTCCGGGATTCAGTECCECAGCTARCGCATTAAGCACTCCGCCTGGGGAGTACGACCGCARGE
Tuf=5trep=R
Tuf-Strep-1

DOMEEMSUS 1 iattetaiatestoetsotttestoestoosiessoesstssoessstssestoetstsssssstssststeessssssestossststsestossststsssstssstssssssssssastossssns

911 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040
|

1
§,thernophilus TTGARACTCARAGGAATTGACGGEG-CCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGARGCARCGCGAAGARCCTTACCACCTCTTGACATCCCGATGCTATTTCTAGAGATAGARAGTTACTTTGG
S.vestibularis TTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT TCGARGCARCGCGARGAACCTTACCAGGTCT TGACATCCCGATGCTATTTCTAGAGATAGARAGT TACTTCGG
§.salivarius TTGARACTCAAAGGARTTGACGGEGGCCHGCACAAGCGGTGGAGCATGTGGTTTARTTCGARGCARCGCGARGARCCTTACCAGRTCTTGACATCCCGATGCTATTTCTAGAGATAGARAGTTACTTCGE
Tuf-Strep-R
Tuf=5trep=1

CONSENSUS 4 4suaenssasessnsessnssesrssostessssersssesestsetessstsesttsestissstertstettsssstetsstetsstsestiseiteststertsteetstsesstsoseosrises

1041 1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170
1 1

S.thernophilus TACATCGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT TGGGT TAAGTCCCGCARCGAGCGCARCCCCTATTGTTAGT TGCCATCATTCAGT TGGGCACTCTAGCGAGACTGCCGG

S.vestibularis TACATCGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCARCCCCTATTGTTAGTTGCCATCATTCAGTTGGGCACTCTAGCGAGACTGCCGG

S.salivarius TACATCGGTGACAGGTGGHGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT TGEGT TARGTCCCGCARCGAGCGCARCCCCTATTGTTAGTTGCCATCATTCAGT TGGGCACTCTAGCGAGACTGCCGE
Tuf-5trep-R
Tuf=Strep=1

CONSENSUS  4iuncesnssessssserssresssoseessssesrssrerssssesssssesrestrerestesesssossessestestssestssestssseesssstertoteststssessssosssssertones

1171 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
1 1

S.thernophilus TARTARACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGECTACACACGTGCTACAATGGTTGETACARCGAGTTGCGAGTCGETGACGECGAGC TARTCTCTTARAGCCAR
§,vestibularis TARTARACCGGAGGAAGGTGGEGGATGACGTCARATCATCATGCCCCTTATGACCTGGGECTACACACGTGCTACAATGGT TGETACARCGAGTTGCGAGTCGETGACGECARGC TARTCTCTTARAGCCAR
S.salivarius TARTARACCGGAGGAAGGTGGGGATGACGTCAARTCATCATGCCCCTTATGACCTGGEC TACACACGTGCTACARTGGT TGGTACARCGAGT TGCGAGTCGGTGACGGCARGCTARTCTCTTARAGCCAR
Tuf-5trep-R CCATTCTTCAR-CARCTACCGTCC
Tuf=Strep=1

CONSENSUS  sisecesnssessosserssrcrrsaseesCalellibla, Cueble e febl staresrsnerssocsessesresrsnessssssssassessssrertasessssssesnssosssssersanes

1201 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430
1 1

S.thernophilus TCTCAGTTCGGATTETAGGCTGCAACTCGCCTACATGARGTCGGAATCGCTAGTARTCGCGGATCAGCACGCCGCGGTGARTACGTTCCCGGECCTTGTACACACCGCCCGTCACACCACGAGAGTTTGT

S,.vestibularis TCTCAGTTCGGATTGTAGGCTGCARCTCGCCTACATGARGTCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGARTACGTTCCCGGRCCTTGTACACACCGLCCGTCACACCACGAGAGTTTGT

S.salivarius TCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGARTCGCTAGTARTCGCGGATCAGCACGCCGCGGTGARTACGTTCCCGGECCTTGTACACACCGCCCGTCACACCACGAGAGTTTGT
Tuf-Strep-R
Tuf-5trep-1

CONSENSUS 4o sseasnssessnsrerssseessssessrssestssserssssetssteestiststittseteetsstestsessststeitssteststsettsstertstettsttessntsesostersates

Figure 7. The alignment of genus-specific primer Tuf-Strep-1 and Tuf-Strep-R with
16S rRNA gene sequence of Streptococcus spp.
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|

AAAATGAGAGT TTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAARTACATGCAAGTCGAGCGAGCTTGCCTAGATGART-TTGGTGLT TGCACC-AGATGARACTAGAT-ACARGCGAGCGG
AGAGTTTGATCCTGGCTCAGGATGARCGCTGGCGGCGTGCCTARTACATGCARGTCGARCGAGTTCTCGT TGATGA-—-TCGGTGCTTGCACCGAGATTCAACATGGA-AC----GAGT GG
ATTAATTTGAGAGT TTGATCCTGGC TCAGGACGAACGLTGGCGGCGTGCCTAARTACATGCAAGTCGARCGARCTCTGGTA-TTGA-—-TTGGTGLTTGCATCATGATTTACATTTGA-GT----GAGTGG
ARAGAGTT-GAAACTGGCTCAGGATGAACGCTGGCG-TGTGC-TARTACATGCAAGTCGARCGCGTTGGCCCARTTGATTGATGETGCTTGCA-CGTGATTGATTTTGGTCGCCAACGAGTGG
RAARACGAGAGT TTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTARTACATGCARGTCGAGCGAGC TGARCCARCAGA-—--————- TTCACTTCGGTGATGACGTTGGGNAAC-GCTAGCGG

ATTTGAGT == GAGTGG
TACACCGAATGCT——----TGCRTTCATCGTAAGARGTT—— ——-GAGTGG

AGAGTTTGATCCTGGCTCAG
e o L o e T T T T YT TP .
131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1
CGGACGGGTGAGTAACACGTGGGTAACCTGCCCAAGAGACTGGGATARCACCTGGARACAGATGCTARTACCGGATARCARCACTAGACGCATGTCTAGAGTTTARAAGATGGT-TCT-GCTATCACTCT
CGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTARGTGGGGGATAACATTTGGARACAGATGC TAATACCGCATAGATCCARGAACCGCATGGT TCTTGGCTGARAGATGGCGTAR-GCTATCGLTTT
CGARCTGGTGAGTAACACGTGGGARACCTGCCCAGARGCGGGGGATARCACCTGGARACAGATGCTARTACCGCATARCAACT TGGACCGCATGGTCCGAGCTTGARAGATGGCTTCG-GCTATCACTTT
CGGACGGGTGAGTAACACGTAGGTAACCTGCCCAGARGC GGGGGACAACAT T TGGARACAGATGC TAATACCGCATARCAGCGTTGTTCGCATGARCAACGCTTAAAAGATGGCTTCTCGCTATCACTTC
CGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGTCTGGGATACCACT TGGARACAGGTGCTARTACCGGATARGARAGCAGATCGCATGATCAGCTTATARAAGGCGGCGTAR-GCTGTCGCTAT
CGARCTGGTGAGTAACACGTGGGARACCTGCCCAGARGCGGGGGATARCACC TGGARACAGATGCTARTACCGCATARCAACTTGGACCGCATGGTCCGAGTTTGARAGATGGCTTCG-GCTATCACTTC
CGGACGGGTGAGTAACACGTGGGTAACCTGCCTAAARGARGGGGATARCACT TGGARACAGGTGCTARTACCGTATATCTCTARGGATCGCATGATCCTTAGATGAAAGATGG-TTCT-GCTATCGCTTT

261 270 280 290 300 310 320 330 340 350 360 370 380 390

1 1
TGGATGGACCTGCGGTGCATTAGCTAGTTGGTAAGGTARCGGCTTACCARGECAATGATGCATAGCCGAGT TGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCARACTCCTACGGGAGGLAG
TGGATGGACCCGCGGCGTATTAGCTAGT TGGTGAGGTARTGGC TCACCAAGECGATGATACGTAGCCGARC TGAGAGGT TGATCGGCCACAT TGGGAC TGAGACACGGCCCARACTCCTACGGGAGGCAG
TGGATGGTCCCRCGGCGTATTAGCTAGATGGTGGGGTARCGGCTCACCATGECAATGATACGTAGCCGACC TGAGAGGGTARTCGGCCACATTGGGACTGAGACACGGCCCARACTCCTACGGGAGGLAG
TGGATGGACCTGCGGTGCATTAGCTTGTTGGTGGGGTARTGGCC TACCARGECGATGATGCATAGCCGAGT TGAGAGAC TGATCGGCCACARTGGGAC TGAGACACGGCCCATACTCCTACGGGAGGCAG
GGHHTGGCCCCGCGGTGCATTAGCTAGTTGGTAGGGTARCGGCC TACCARGGCAATGATGCATAGCCGAGT TGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCARACTCCTACGGGAGGCAG
TGGATGGTCCCGCGGCGTATTAGCTAGATGGTGGGGTARCGGC TCACCATGECAATGATACGTAGCCGACC TGAGAGGGTARTCGGCCACAT TGGGAC TGAGACACGGCCCARACTCCTACGGGAGGCAG
TAGATGGACCCGCGGCGTATTARCTAGTTGGTGGGGTARCGGCCTACCARGETGATGATACGTAGCCGARC TGAGAGGT TGATCGGCCACATTGGGACTGAGACACGGTCCARACTCCTACGGGAGGCAG

391 400 410 420 430 440 450 460 470 480 490 500 510 520
| |
CAGTAGGGAATCTTCCACARTGGACGCARGTCTGATGGAGCAACGCCGCGTGAGTGARGAAGGGT TTCGGCTCGTARAGCTCTGTTGGTAGTGARGARAGATAGAGGTAGTARCTGGECCTTTATTTGACG
CAGTAGGGARTCTTCCACARTGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGT GARGAAGGCTTTCGGGTCGTARARCTCTGTTGT TGGAGAAGARTGGTCGGCAGAGTARCTGTTGTCGGCGTGACG
CAGTAGGGAATCTTCCACARTGGACGARAGT CTGATGGAGCAACGCCGCGTGAGT GARGAAGGGT TTCGGCTCGTARAACTCTGTTGT TRAARGARGARCATATCTGAGAGTARCTGTTCAGGTATTGACG
CAGTAGGGARTCTTCCACARTGGGCGCAAGCCTGATGGAGCARCACCGCGTGAGT GARGAAGGGTTTCGGCTCGTARAGCTCTGTTGT TAARGAAGARCACGTATGAGAGTARCTGTTCATACGTTGACG
CHGTAGGGAATCTTCCACARTGGACGARAGT CTGATGGAGCAACGCCGCGTGAGTGARGAAGGTTTTCGGATCGTARAGCTCTGTTGT TGGTGARGARGGATAGAGGTAGTARCTGGCCTTTATTTGACG
CAGTAGGGARTCTTCCACARTGGACGARAGT CTGATGGAGCAACGCCGCGTGAGT GARGAAGGGTTTCGGCTCGTARARCTCTGTTGT TAARGAAGAARCATATCTGAGAGTARCTGTTCAGGTATTGACG
CAGTAGGGAATCTTCCACARTGGACGCARGTCTGATGGAGCAACGCCGCGTGAGTGARGAAGGTCTTCGGATCGTARAACTCTGTTGT TAGAGARGARCACGAGTGAGAGTARCTGTTCATTCGATGACG

521 530 54 550 560 570 580 590 BGO0 610 620 630 640 650

1 1
GTARTTACTTAGARAGTCACGGC TRAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGECARGCGTTGTCCGGATTTATTGGGCGTARAGCGAGTGCAGGCGGTTCARTARGTCTGATGTGARRGCCTT
GTATCCAACCAGAAAGCCACGGC TAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGECARGCGT TATCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGGTTTTTTARGTCTGATGTGAARAGCCCT
GTATTTAACCAGARAGCCACGGC TRAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGGCHAGCGTTGTCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGGTTTTTTARGTCTGATGTGARRGCCTT
GTATTTARCCAGAAAGTCACGGC TAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGECARGCGT TATCCGGATTTATTGGGCGTARAGAGAGTGCAGGCGGTTTTCTARGTCTGATGTGARAGCCTT
GTARTCAACCAGARAGTCACGGC TRAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGGCHAGCGTTGTCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGGARGARTARGTCTGATGTGARRGCCCT
GTATTTAACCAGAAAGCCACGGC TAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGECARGCGT TGTCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGGTTTTTTARGTCTGATGTGAARAGCCTT
GTATCTAACCAGCARGTCACGGC TRAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGECARGCGTTGTCCGGATTTATTGGGCGTARAGEGAACGCAGGCGGTCTTTTARGTCTGATGTGARRGCCTT

651 660 670 680 690 Foin 0 720 730 740 750 760 770 780

| |
CGGCTCARCCGGAGAAT TGCATCAGARACTGTTGARCT TGAGTGCAGARGAGGAGAGTGGARCTCCATGTGTAGCGGTGGAATGCGTAGATATATGGARGARCACCAGTGGCGARGGCGGCTCTCTGGTC
CGGCTTAACCGAGGAAGCGCATCGGARACTGGGARACT TGAGTGCAGARGAGGACAGTGGARCTCCATGTGTAGCGGTGARATGCGTAGATATATGGARGARCACCAGTGGCGARGGCGGCTGTCTGGTC
CGGCTCARCCGARGAAGTGCATCGGARACTGGGARACT TGAGTGCAGARGAGGACAGTGGARCTCCATGTGTAGCGGTGARATGCGTAGATATATGGARGARCACCAGTGGCGARGGCGGCTGTCTGGTC
CGGCTTAACCGGAGAAGTGCATCGGAAACTGGATARCT TGAGTGCAGARGAGGGTAGTGGARCTCCATGTGTAGCGGTGGAATGCGTAGATATATGGARGARCACCAGTGGCGARGGCGGCTACCTGGTC
CGGCTTAACCGAGGAAC TGCATCGGARACTGTTTTTCTTGAGTGCAGARGAGGAGAGTGGARCTCCATGTGTAGCGGTGGAATGCGTAGATATATGGARGARCACCAGTGGCGARGGCGGCTCTCTGGTC
CGGCTTAACCGARGAAGTGCATCGGARACTGGGARACT TGAGTGCAGARGAGGACAGTGGARCTCCATGTGTAGCGGTGARATGCGTAGATATATGGARGARCACCAGTGGCGARGGCGGCTGTCTGGTC
CGGCTTAACCGGAGTAGTGCATTGGARACTGGARGACT TGAGTGCAGARGAGGAGAGTGGARCTCCATGTGTAGCGGTGARATGCGTAGATATATGGARGARCACCAGTGGCGARAGCGGCTCTCTGGTC

781 790 800 810 820 830 840 850 860 820 880 890 900 910
| 1
TGCAACTGACGC TGAGGCTCGARAGCATGGGTAGCGARCAGGAT TAGATACCCTGGTAGTCCATGCCGTARACGATGAGTGCTARGTGT TEG—GAGGTTTCCGCCTCTCAGTGCTGCAGCTARCGCATTA
TGTAACTGACGC TGAGGCTCGARAGCATGGGTAGCGARCAGGAT TAGATACCCTGGTAGTCCATGCCGTARACGATGARTGCTAGGTGT TRG—AGGGTTTCCGCCCTTCAGTGCCGCAGCTARCGCATTA
TGTARCTGACGC TGAGGCTCGARAGTATGGGTAGCARACAGGAT TAGATACCCTGGTAGTCCATACCGTARACGATGARTGCTARGTGT TEG—AGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTA
TGCAACTGACGC TGAGACTCGARAGCATGGGTAGCGARCAGGAT TAGATACCCTGGTAGTCCATGCCGTARACGATGAGTRCTAGGTGT TRGGAGGGTTTCCGCCCTTCAGTGCCGGAGCTARCGCATTA
TGCAACTGACGC TGAGGCTCHHARGCATGGGTAGCGARCAGGAT TAGATACCCTGGTAGTCCATGCCGTARACGATGAGTRCTARGTGT TEG—GAGGTTTCCGCCTCTCAGTGCTGCAGCTARCGCATTA
TGTARCTGACGC TGAGGCTCGARAGTATGGGTAGCARACAGGAT TAGATACCCTGGTAGTCCATACCGTARACGATGARTGCTARGTGT TRG—AGGGTTTCCGCCCTTCAGTGLTGCAGCTAACGCATTA
TGTARCTGACGC TGAGGTTCGARAGCGTGGGTAGCARACAGGAT TAGATACCCTGGTAGTCCACGCCGTARACGATGARTGRCTAGGTGT TEG—-AGGGTTTCCGCCCTTCAGTGCCGCAGCTARCGCARTA

911 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040

| 1
RAGCACTCCGCC TRGGGAGTACGACCGCARGGT TGARACTCARAGGAAT TGACGGGGGCCCGCACARGCGGTGGAGCATGTGGTTTARTTCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCCAGT
RAGCATTCCGCC TRGGGAGTACGACCGCARGGT TGARACTCARAGGAAT TGACGGGGGCCCGCACARGCGGTGGAGCATGTGGT TTARTTCGGAGCARCGCGARGARCCTTACCAGGTCTTGACATCTTTT
RAGCATTCCGCCTGGGGAGTACGECCGCARGGCTGARAC TCARAGGAAT TGACGGGGECCCGCACARGCGGTGGAGCATGTGGTTTAATTCGARGC TACGCGARGARCCTTACCAGGTCTTGACATACTAT
RAGCACTCCGCCTGGGGAGTACGACCGCARGGT TGARAC TCARAGGAAT TGACGGGGECCCGCACARGCGGTGGAGCATGTGGTTTAATTCGARGC TACGCGARGARCCTTACCAGGTCTTGACATCTTGE
RAGCACTCCGCCTGGGGAGTACGACCGCARGGT TGARAC TCARAGGAAT TGACGGGGNCCCGCACARGCGGTGGAGCATGTGGT TTARTTCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCTAGT
RAGCATTCCGCCTGGGGAGTACGGCCGCARGGCTGARAC TCARAGGAAT TGACGGGGECCCGCACARGCGGTGGAGCATGTGGTTTARTTCGARGC TACGCGARGARCCTTACCAGGTCTTGACATACTAC
RGCATTCCGCCTGEGGAGTACGACCGCARGGT TGARAC TCARAGGAAT TGACGGGGECCCGCACARGCGGTGGAGCATGTGGTTTAATTCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCCTTT
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1041 1050 1060 1070 1080 1080 1100 1110 1120 1130 1140 1150 1160 1170
1 1

L.gasseri GCARACCTARGAGATTAGGTGTTCCCTTCGGGGACGCTGAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TARGTCCCGCAACGAGCGCARCCCTTGTCATTAGTTGCCATC
L.casei GATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCARARTGGCAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCAACCCTTATGACTAGTTGCCAGC
L.plantarun GCARATCTARGAGATTAGACGTTCCCTTCGEGEGACACGGATACAGGTGGTGCATGGTHGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCARCCCTTATTATCAGT TGCCAGE
L.fernentun GCCARCCCTAGAGATAGGGCGTTTCCTTCGEGAACGCARTGACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCARCCCTTGTTACTAGT TGCCAGC
L.acidophilus GCARTCCGTAGAGATACGGHGTTCCCTTCGGGGACACTAAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGTGCAACCCTTGTCATTAGTTGCCAGC
L.bervis GCTARCCTGAGAGATTAGGCGTTCCCTTCGGGGACGTGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCAACGAGCGCARCCCTTATTATCAGTTGCCAGC
L.salivarius GACCACCTARGAGATTAGGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCATGGCTGTCGTCAGCTCATRTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCAACCCTTGTTGTCAGTTGCCAGE
165-8F
165-1541R

COMSENSUS  4iaastesassessssessssetessetesseseesestssesisssssstessstssstttsssttssttesstttssestesestssessssassstsssstsssstssssttssstssssnsnnns

1171 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
1 1

L.gasseri ATTARGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGARGGTGGGGATGACGTCARGTCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACARCGAGARGCGAAC
L.casei ATTTAGTTGGGCACTCTAGTAAGACTGCCGGTGACAAACCGGAGGARGGTGGGGATGACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACARCGAGT TGCGAGA
L.plantarun ATTARGTTGGGCACTCTGGTGAGACTGCCGGTGACARACCGGAGGARGGTGGGGATGACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAACGAGTTGCGAAC
L.fernentun RATTRAGTTGGGCACTCTAGTGAGACTGCCGG TGACARACCGGAGGARGGTGGGGACGACGTCAGATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACARTGGACGGTACARCGAGTCGCGAAC
L.acidophilus ATTARGTTGGGCACTCTARTGAGACTGCCGGTGACAAACCGGAGGARGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACARTGGACAGTACAACGAGGAGCAAGC
L.bervis ATTARGTTGGGCACTCTGGTGAGACTGCCGGTGACAAACCGGAGGARGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACARTGGATGGTACAACGAGTTGCGAAC
L.salivarius ATTARGTTGGGCACTCTGGCGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCARGTCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACARTGGACGGTACARCGAGTCGCAAGA
165-8F
165-1541R
CONSENEUS  ceeeeeecccssnsessssssssssccsssssssssssnsssccssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns

1301 1310 1320 1330 1340 1350 1360 1370 1380 13390 1400 1410 1420 1430
1 1

L.gasseri CTGCGARGGCARGCGGATCTCTGAAAGCCGTTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGARGCTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGEECCTTGT
L.casei CCGCGAGGTCARGCTAATCTCTTAAAGCCATTCTCAGTTCGGACTGTAGGCTGCARCTCGCCTACACGAAGTCGGARTCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGEGCCTTGT
L.plantarun TCGCGAGAGTARGCTAATCTCTTARAGCCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGARGTCGGARTCGCTAGTARTCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGT
L.fernentun TCGCGAGGGCARGCARATCTCTTARRACCGTTCTCAGTTCGGACTGCAGGCTGCAACTCGCCTGCACGARGTCGGAATCGCTAGTARTCGCGGATCAGCATGCCGCGGTGARTACGTTCCCGEGCCTTGT
L.acidophilus CTGCGAAGGCAAGCGAATCTCTTAAAGCTGTTCTCAGTTCGGACTGCAGTCTGCARCTCGACTGCACGAAGCTGGARTCGCTAGTARTCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGT
L.bervis TCGCGAGAGTARGCTAATCTCTTAAAGCCATTCTCAGTTCGGATTGTAGGCTGCARCTCGCCTACATGAAGTCGGARTCGCTAGTARTCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGT
L.salivarius CCGCGAGGTTTAGCTARTCTCTTARAGCCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGARGTCGGARTCGCTAGTAATCGCGARTCAGCATGTCGCGGTGAATACGTTCCCGGGCCTTGT
165-8F
165-1541R
Consensus .

1431 1440 1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560
1 1

L.gasseri ACACACCGCCCGTCACACCATGAGAGTCTGTAACACCCAAAGCCGGTGGGATAACCTTTATAGGAGTC-AGCCGTCTARGGTAGGACAGATGATTAGGGTGARGTCGTAACARGGTAGCCGTAGGAGAAC
L.casei HDHDHDDEEDDETCHCHCCHTGHGHETTTETHHCHCCCGHHGCCGETEEDETRREEDTTTTHGGGHGCGHGCCETCTHHEETEEGHCHHHTEHTTHEEETERﬂETCGTHHCHHGGTHECCETHEEHEHHC
L.plantarun ACACACCGCCCGTCACACCATGAGAGTTTGTAACACCCARAGTCGGTGGGGTAACC-TTTTAGGAACC-AGCCGCCTARGGTGGGACAGATGATTAG
L.fernentun RACACACCGCCCGTCACACCATGAGAGTTTGTAACACCCARRGTCGGTGGGGTARCC-TTTTAGGAGCC—AGCCGCCTARGGTGGGACAGATGATTAGGG- EHHETEETHHEH
L.acidophilus RACACACCGCCCGTCACACCATGGGAGTCTGCARTGCCCAARGCCGGTGGCCTARCC---TTCGGGARGGAGCCGTCTARGGCAGGGCAGATGACH: GAAC
L.bervis ACACACCGCCCGTCACACCATGAGAGTTTGTAACACCCARAGTCGGTGGGGTAACC-TTTTAGGARCC-AGCCGCCTAAGGTGGGACAGATGATTAGGGTGAAGTCGTARCAAGGTAGCCGTARGAGAAC
L.salivarius ACACACCGCCCGTCACACCATGAGAGTTTGTAACACCCAARAGCCGGTGGGGTAACC-GCA-AGGAGCC-AGCCGTCTARGGTGGGACAGATGATTGGGGTGARGTCGTARCARGGTAGCCGTAGGAGAAL
165-8F
165-1541R
CONSENEUS  ceeeeeecccssnsessssssssssccsssssssssssnsssccssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns

1561 1570 1580 1590 1697
1 1

L.gasseri CTGCGGCTGGATCACCTCCTTT
L.casei DTEDEEDTEERTDHCCTCCTT

L.plantarun CTG====== GATCACCTCCTTTCT
L.fernentun
L.acidophilus CTG-————-| GATCACCTCCTTTCTA

L.bervis CTECEECTEGRTCHCCTCCTHHHGC
L.salivarius CTGCGGCTGGATCACCTCCTTARGCTTGGATCCCGGG

165-8F
165-1541R GGCTGGATCACCTCCTT
Consensus  ....ggctggatcaccboctb. ...

Figure 8. The alignment of universal primers 16S-8F and 16S-1541R with 16S rRNA
gene sequence of Lactobacillus spp.
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|
B.bifidun GTTTCGATTCTGGCTCAGGATGARCGCTGGCGGCGTGLT TARCACATGCARGTCGARCGGGATCCATCARGCTT-GCTTGGTGGTGAGAG TGGCGAACGGGTGAGTARTGCGTGACCGACCTGLCCCA
B.dentiun TTTGATCATGGCTCAGGATGAACGCTGGCGGCGTGCTTARCACATGCARGTCGAACGGGATCCCGGGGGTTC-GCCTCCGGATGAGAGT GGCGAACGGGTGAGTAATGCGTGACCGACCTGCCCCA
B.breve AGAGTTTGATCCTGGCTCAGGATGARCGCTGGCGGCGTGCTCAACACATGCAAGTCGARCGGGATCCAGGCAGCTT-GCTGCCTGATGAGAGTGGCGAACGGGTGAGTAATGCGTGACCGACCTGCCCCA
B.longun AGAGTTTGATCCTGGCTCAGGATGARCGCTGGCGGCGTGCTTARCACATGCAAGTCGARCGGGATCCATCAGGCTTTGCTTGGTGGCGAGAGTGGCGAACGGGTGAGTAATGCGTGACCGACCTGCCCCA
1n26 GATTCTGGCTCAGGATGAACG
1n3

Consensus  .......88k . CbEgCtCagEal Ba8CH .1 arraresersrsrasrarsrsssserasrsssssssrerrassass serasrassssssserasrersssssssrrarssssessrarrarsassssss

131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 |
B.bifidun TGCTCCGGAATAGCTCCTGGARACGGGTGGTAATGCCGGATGTTCCACATGATCGCATGTGATTGTGGGARAGATTCTATCGGCGTGGEATGGGGTCGCGTCCTATCAGCTTGTTGGTGAGGTARCGGLT
B.dentiun TRCACCGGAATAGCTCCTGGARACGGGTGGTAATGCCGGATGCTCCGGTTGGATGCATGTCCT TCCGGGARAGGT TCCATCGGTATGGEATGGGGTCGLGTCCTATCAGCT TGATGGCGGEGTARCGGCC
B.breve TGCACCGGAATAGCTCCTGGARACGGGTGGTAATGCCGGATGCTCCATCACACCGCATGGTGTGTTGGGARAGCCTTTG-CGGCATGGGATGGGGTCGCGTCCTATCAGCTTGATGGCGGGGTAACGGLL
B.longun TACACCGGAATAGCTCCTGGARACGGGTGGTAATGCCGGATGCTCCAGTTGATCGCATGGTCTTCTGGGARAGCTTTCG-CGGTATGGGATGGGGCCGCGTCCTATCAGCTTGACGGCGGGGTAACGGLL
1n26
1n3

LOMSENSUS 4 oaassasssarssessssrsstesssetssersssstststststsstssetssstssssesssetsettsetetstetssettetitstsrtsstsstssetsssssstssssetssttsstasseats

261 270 280 290 300 310 320 330 340 350 360 370 380 390

1 |
B.bifidun CACCAAGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGRGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCARGCCTGATGCAGCGALC
B.dentiun CACCATGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCARGCCTGATGCAGCGAC
B.breve CACCATGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACAT TGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGT GGGGARTATTGCACART GGGCGCARGCL TGATGCAGCGAL
B.longun CACCGTGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACAT TGGGACTGAGATACGGCCCAGACTCCTACGEGAGGCAGCAGTGGGGAATATTGCACARTGGGCGCAAGCC TGATGCAGCGAC
1n26
1n3

oM ENBUS 4 iitetantssstetesetssssseseetetsstssesesetaststssssesetastssssssetettstssssttetaststssssssetastsssssstssettatssssssstasssssasssnss

391 400 410 420 430 440 450 460 470 480 490 500 510 520

1 |
B.bifidun GLCGCGTGAGGGATGGAGGCCTTCGGGTTGTAARRCCTCTTTTGTTTGGGAGCARGCC-=TTCGGG~TGAGTGTACCTTTCGARTARGCGCCGGCTAACTACGTGCCAGCAGCCGLGGTARTACGTAGGGE
B.dentiun GCCGCGTGCGGGATGGAGGCCTTCGGGTTGTARACCGCTTTTGATCGGGAGCARGCC-CTTCGGGRTGAGTGTACCCTTCGAATARGCACCGGCTAACTACGTGCCAGCAGCCGCGGTARTACGTAGGGT
B.breve GCCGCGTGAGGGATGGAGGCCTTCGGGTTGTAAACCTCTTTTGTTAGGGAGCARGGCACTTTGTGTTGAGTGTACCTTTCGARTARGCACCGGCTARCTACGTGCCAGCAGCCGCGGTAATACGTAGGRT
B.longun GCCGCGTGAGGGATGGAGGCCTTCGEGTTGTARACCTCTTTTATCGGGGAGCARGCGA==-~GAGT-GAGTTTACCCGTTGARTARGCACCGGCTARCTACGTGCCAGCAGCCGCGGTARTACGTAGGET
1n26
1n3

LOMSENSUS  4osassasssssssersceraseosseersesrseesrstssstssssstssstsssssssssssetsestasetssstetrssetsetssstssstssssstssetasstassssssetssstsssnsssnts

521 530 540 550 560 570 580 590 3100 610 620 630 640 B50
1 |
B.bifidun GCARGCGTTATCCGGATTTATTGGGCGTAAAGGGC TCGTAGGCGGCTCGTCGCGTCCGARTGTGAARGTCCATCGCTTARCGGTGGATCTGCGLCGGGTACGGGCGGGCTGEAGTGLGGTAGGEGAGACTG
B.dentiun GCARGCGTTATCCGGAATTATTGGGCGTARAGGGL TCGTAGGCGGTTCGTCGCGTCCGRTGTGAAAGCCCATCGCTTARCGGTGGGTCTGLGLCGGGTACGEGCGEGE TGGAGTGLGGTAGGEGAGACTG
B.breve GCARGCGTTATCCGGARTTATTGGGCGTARRGGGCTCGTAGGCGGTTCGTCGCGTCCGRTGTGAAAGTCCATCGCTTAACGGTGGATCCGCGCCGAGTACGGGCGRGETTGAGTGCGG TAGGGGAGACTG
B.longun GCARGCGTTATCCGGARTTATTGGGCGTARAGGGCTCGTAGGCGGTTCGTCGCGTCCGRTGTGAAAGTCCATCGCTTARCGGTGGATCCGCGCCGAGTACGGGLGRGCTTGAGTGCGGTAGGGGAGACTG
1n26
1n3

LOMSENSUS 4 oaassasssarssessssrsstesssetssersssstststststsstssetssstssssesssetsettsetetstetssettetitstsrtsstsstssetsssssstssssetssttsstasseats

651 660 670 680 690 00 10 20 730 240 50 760 7 780

1 |
B.bifidun GAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGARCACCGATGGCGARGGCAGGTCTCTGAGCCGTCACTGACGCTGAGGAGCGARAGCGTGGGGAGCGARCAGGATTAGATACCCTGGTAG
B.dentiun GARATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGARCACCAATGGCGARGGCAGGTCTCTGARGCCGTCACTGACGL TGAGGAGCGARAGCGTGGGGAGCGARCAGGATTAGATACCCTGGTAG
B.breve GAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCAATGGLCGARGGCAGGTCTCTGEGCCGTTACTGACGE TGAGGAGCGARAGLGTGGGGAGCGARCAGGAT TAGATACCCTGGTAG
B.longun GAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCARTGGCGARGGCAGGTCTCTGRGCCGTTACTGACGE TGAGGAGCGARAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
1n26
1n3

oM ENBUS 4 iitetantssstetesetssssseseetetsstssesesetaststssssesetastssssssetettstssssttetaststssssssetastsssssstssettatssssssstasssssasssnss

781 790 800 a10 820 830 840 as0 860 870 880 890 900 910

1 |
B.bifidun TCCACGCCGTARACGGTGGACGCTGGATGTGEGGCACGTTCCACGTGT TCCGTGTCGGAGCTARCGCGTTARGCGTCCCGCCTGGEGAGTACGGCCGCAAGGE TAARACTCAARGAARTTGACGGGGELTC
B.dentiun TCCACGCCGTARACGGTGGATGCTGGATGTGRGGCCCGTTCCACGRGTTCCGTGTCGGAGCTARCGCGTTAAGCATCCCGCCTGGGGAGTACGGCCGCARGGE TARAACTCARRGARRTTGACGGGGGLC
B.breve TCCACGCCGTAAACGGTGGATGCTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGCTARCGCGTTAAGCATCCCGCCTGGGGAGTACGGCCGCAAGGC TARARCTCARAGAARTTGACGGEGGLL
B.longun TCCACGCCGTARACGGTGGATGCTGGATGTGGGGCCCGTTCCACGEGT TCCGTGTCGGAGCTARCGCGTTARGCATCCCGCCTGGEEGAGTACGGLCGCARGGC TARARCTCARAGAAART TGACGGEGELL
1n26
1n3

LOMSENSUS  4osassasssssssersceraseosseersesrseesrstssstssssstssstsssssssssssetsestasetssstetrssetsetssstssstssssstssetasstassssssetssstsssnsssnts

911 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040

| 1
B.bifidun CGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCARCGCGAAGARCCTTACCTGGECTTGACATGTTCCCGACGACGCCAGAGATGGCGTTTCCCT TCGGEGCGEGETTCACAGGTGETGCATGETCGT
B.dentiun CGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCARCGCGAAGARCCTTACCTGGECTTGACATGT TCCCGACGGCCGTAGAGATACGGCCTCCCT TCGGEGCGEGETTCACAGGTGETGCATGETCGT
B.breve CGCACARGCGGCGGAGCATGCGGATTAATTCGATGCARCGCGARGARCCTTACCTGGGCTTGACATGTTCCCGACGATCCCAGAGATGGGGTTTCCCTTCAGGECGGET TCACAGETGGTGCATGGTCGT
B.longun CGCACARGCGGCGGAGCATGCGGATTAATTCGATGCARCGCGARGARCCTTACCTGEGCTTGACATGTTCTCGACGGTCGTAGAGATGCGGCTTCCCTTCGGGGCGEGT TCACAGGTGETGCATGGTCGT
1n26
1n3

CONSENSUS  10ussessseracerscersesssssorsenrssersssssstssetssstssstasstssesssessssetssetsseteettsetssstssstssstssssssssstssetssetscstsestsesnns

1041 1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170
| |

B.bifidun CGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCARCCCTCGCCCCGTGTTRCCAGCACGTTATGGTGGGARCTCACGGGAGACCGCCGGGGTTAACTCGGAGGARGGTGGGGATGA
B.dentiun CGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCARCCCTCGCCCTGTGTTRCCAGCACGTCATGGTGGGARCTCACGGGAGACCGCCGGGGRTCAACTCGGAGGARGGTGGGGATGA
B.breve CGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCAACGAGCGCARCCCTCGCCCCGTGTTGCCAGCGGATTATGCCGGGARCTCACGGGGGACCGCCGGGGT TAACTCGGAGGARGGTGGGGATGA
B.longun CGTCAGCTCGTGTCGTGAGATGTTGGGTTARGTCCCGCARCGAGCGCARCCCTCGCCCCGTGTTGCCAGCGGATTATGCCGGGARCTCACGGGGGACCGCCGGGGT TARCTCGGAGGARGGTGGGGATGA
1n26
1n3

DM EENEUS  taussesssesssetssetsstesttestsatssstsssssssssssssstssssssstsssesstesssstssstssstssttsssssstasssassssssssssstssstssstssstssstsssass

1171 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
| |

B.bifidun CGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACAGCGGGATGCGACATGGCGACATGGAGCGGATCCCTGAARACCGGTCTCAGTTCGGATCGGAGCCTGCARCT
B.dentiun CGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACAGCGGGATGCGACATGGCGACATGGAGCGGATCCCTGAARACCGGTCTCAGTTCGGATTGGAGTCTGCARCC
B.breve CGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACAACGGGATGCGACAGTGCGAGCTGGAGCGGATCCCTGAARRCCGGTCTCAGTTCGGATCGCAGTCTGCARCT
B.longun CGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACARCGGGATGCGACGEGGCGACGCGGAGCGGATCCCTGAARRCCGGTCTCAGTTCGGATCGCAGTCTGCARCT
1n26
1n3

LONSENSUS L uussesssersssrsssrsesesstorssstsserssetsesssssssetssstssttsstesstesssetssetisettettetriststttstsssttssststssstssetsottsssrsrsars

1301 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430
| |

B.bifidun CGGCTCCGTGARGGCGGAGTCGCTAGTARTCGCGGATCAGCARCGCCGCGGTGARTGCGTTCCCGGGCCTTGTACACACCGCCCGTCARGTCATGARAGTGGGCAGCACCCGARGCCGGTGGCCTARCCE
B.dentiun CGACTCCATGARGGCGGAGTCGCTAGTARATCGCGGATCAGCARCGCCGCGGTGARTGCGTTCCCGGGCCTTGTACACACCGCCCGTCARGTCATGARAGTGGGCAGCACCCGARGCCGGTGGCCTARCCE
B.breve CGACTGLCGTGARGGCGGAGTCGCTAGTAATCGCGAATCAGCARCGTCGCGGTGAATGLGTTCCCGGGCCTTGTACACACCGLCCGTCAAGTCATGARAGTGGGCAGCACCCGARGCCGETGGLCTAACCE
B.longun CGACTGCGTGARGGCGGAGTCGCTAGTAATCGCGARTCAGCARCGTCGCGGTGARTGCGTTCCCGGECCTTGTACACACCGLCCGTCAAGTCATGAARGTGGGCAGCACCCGARGCCGETGECCTARCCE
1n26
1n3 CATGARAGTGGG-AGCACCCG

CONSENSUS  .evevrssersesrasrsssssssrasrsrsssssrasrarsrsssrasrarsrsssrsrrarsrssssnrrarsrssssnrraresessCALEAAAE YL . ABCACCCE cnerrrrrrerranrnns

1431 1440 1450 1460 1470 1480 1490 1500 1510 1520 1526
| 1

B.bifidun CT-TGTGGGATGGAGCCGTCTARGGTGAGGCTCGTGATTGGGACTARGTCGTARCAAGGTAGCCGTACCGGARGGTGCGGCTGGATCACCTCCTTA
B.dentiun TTCTGTGGGATGGAGCCGTCTARGGTGAGGCTCGTGATTGGGACTARGTCGTARCAAGGTAGCCGTACCGGARGGTGCGGCTGGATCACCTCCT
B.breve CT-TGCGGGAGGGAGCCGTCTARGGTGAGGCTCGTGATTGGGACTARGTCGTARCARGGTAGCCGTACCGGAAGGTGCGGCTGGATCACCTCCTT
B.longun CT-TGTGGGATGGAGCCGTCTARGGTGAGGCTCGTGATTGGGACTARGTCGTARCARGGTAGCCGTACCGGARGGTGCGGCTGGATCACCTCCTT
1n26
1n3

CONSENSUS 14 4atssstiesesassssesesetassssstesetassssstesstassssssesstatsssstesssstsssssssssntsssssassnnts

Figure 9. The alignment of universal primers Im 26 and Im3 with 16S rRNA gene
sequence of Bifidobacterium spp.
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1 10 20 30 40 50 1] 70 a0 90 100 110 120 130

|

5.thernophilus AGAGTTTGATCCTGGCTCAGGACGARCGGTGGCGGCGTGCCTARTACATGCARGTAGARCGC TGARGAGAGGAGCTTGCTCTTCTTGGATGAGTTGCGAACGGETGAGTARCGCGTAGGTAAC
5.vestibularis ATGGGAGAGTTTGATCCTGGCTCAGGACGARCGCTGGCGGCGTGCCTARTACATGCARGTAGAACGC TGARGAGAGGAGCTTGCTCTTCTTGGATGAGTTGCGAACGGETGAGTARCGCGTAGGTAAC
S.salivarius TTTARTGAGAGT TTGATCCTGGCTCAGGACGARCGCTGGCGGCGTGCCTARTACATGCARGTAGARCGCTGARGAGAGGAGCTTGCTCTTCTTGGATGAGT TGCGARCGGGTGAGTARCGCGTAGG TAAC

forvard RAGAGTTTGATCCTGGCTCAG
usze
CONSENSUS . .0ee e BRAREEL YAt Ol gEObCag. cr ittt rrsrarerssrssesscrsserserssaserssssserssrsserserssssessstasersstssessersssrstsssasetsstasersers
131 140 150 160 170 180 190 200 210 220 230 240 250 260
I 1
S.thernophilus CTGCCTHGTAGCGGGGGATAACTATTGGARACGATAGCTARTACCGCATARCARTGGATGACACATGTCATTTATTT ARTTGCTCCACTACARGATGGACCTGCGTTGTATTAGCTAGTAG

S.vestibularis CTGCCTTGTAGCGGGGGATAACTATTGGARACGATAGCTARTACCGCATAACARTAGETGACACATGTCATTTATTTGAARAGGGGCAATTGCTCCACTACAAGATGGACCTGLGTTGTATTAGCTAGTAG
S.salivarius CTGCCTTGTAGCGGGGGATARCTATTGGAAACGATAGCTAARTACCGCATARCARTGGATGACCCATGTCATTTATTTGARAGGGGCARATGCTCCACTACARGATGGACCTGCGTTGTATTAGCTAGTAG
forward
U926

DOMEEMSUS s eeiitisassssssnssssssssessetssssssssssssssssssessstssststsssstsssssssetsstssstssttssatstsstassssstsssssstssstsssssassssstssetssss

261 270 280 290 300 310 320 330 340 350 360 370 380 390

1 1
5,thernophilus GTGAGGTARTGGCTTACCTAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT TCGGCARTGGGGGCAAC
S.vestibularis GTGAGGTAACGGCTCACCTAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGGGECAAC

S.salivarius GTGAGGTARCGGCTCACCTAGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGARTCTTCGGCAATGGGGGCAAC
foruward
U326

CONSENSUS 44 eeserronrrsrssnsossssssesssrsestserssststssssssessttseetsttstntetsttssetsttseetsttstststtttstetsttssersttsserstrsestetsstsssersees

391 400 410 420 430 440 450 460 470 480 490 500 510 520

I 1
5.thernophilus CCTGACCGAGCAACGCCGCGTGACTGARGARGGTTTTCGGATCGTARAGCTCTGTTGTARGTCARGAACGGG TRTGAGAGTGGARAGT TCACACAGTGACGGTAGCT TACCAGARAGGGACGGC TAACTA
5.vestibularis CCTGACCGAGCAACGCCGCGTGAGTGARGARGGTTTTCGGATCGTARAGCTCTGTTGTARGTCARGAACGAGTGTGAGAGTGGARAGT TCACACTGTGACGGTAGCT TACCAGAR-GGGACGGCTAACTA

S.salivarius CCTGACCGAGCARCGCCGCGTGAGTGARGARGGTTTTCGGATCGTARAGCTCTGTTGTARGTCARGARCGAGTGTGAGAGTGGARAGT TCACACTGTGACGGTAGCTTACCAGARAGGGACGGCTARCTA
forward
usze

CONSENSUS 4 ooasersenrersssssersssasessersestessstasetsstasessetssesstsststetsstasetsetssessetststetsstasetsstasessetseerstsssssetsstasersers

521 530 540 550 560 570 580 590 600 610 620 630 640 650

1 1
S.thernophilus CGTGCCAGCAGCCGCGGTARTACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTGATARGTCTGARGT TAARGGCTGTGGCTCAACCATAGTTCGCTTTGGAAACT
S.vestibularis CGTGCCAGCAGCCGCGGTARTACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTGATARGTCTGARGT TAARGGCTGTGGCTCAACCATAGTTCGCTTTGGAAACT
S.salivarius CGTGCCAGCAGCCGCGGTAATACGTAGGTCCCGAGCGTTGTCCRGATTTATTGGGCGTARAGCGAGCGCAGGCGGTTTGATARGTCTGAAGT TAARGGC TGTGRCTCARCCATAGTTCGCTTTGGARACT
foruward
U326

DOMSENSUS s eeiitienssssssnsssssessessstssstssssssssssssssessstssststsssstsssssssetsstssststtssatstsstassssstsssssstssstsssssassssstssetssss

651 6EO 670 680 690 700 o 720 730 F40 750 760 0 780
| |
5,thernophilus GTCARACTTGAGTGCAGARGGGGAGAGTGGART TCCATGTGTAGCGGTGARATGCGTAGATATATGGAGGAACACCGGTGGCGARAGCGGCTCTCTGGTCTGTAACTGACGCTGAGGC TCGARAGCGTGG
S.vestibularis GTCAAACTTGAGTGCAGAAGGGGAGAG TGGARTTCCATGTGTAGCGGTGARATGCGTAGATATATGGAGGAACACCGGTGGCGARAGCGGLTCTCTGGTCTGTAACTGACGCTGAGGC TCGARAGCGTGE
S.salivarius GTCARACTTGAGTGCAGAAGGGGAGAGTGGARTTCCATGTGTAGCGGTGARATGCGTAGATATATGGAGGAACACCGGTGGCGARAGCGECTCTCTGGTCTGTAARCTGACGLTGAGGC TCGARAGCGTGG
foruward
usze

LONSENSUS 4 ooesersenrersssssessssasessersesteerstasessstasessetssesstrststsetsstasetsetssesserststetsstasetsstasessetsserstsssssetsstasersers

781 790 800 810 820 830 840 850 860 a70 880 830 900 10
I 1
S.thernophilus GGAGCGARCAGGATTAGATACCCTGGTAGTCCACGCCGTARACGATGAGTGCTAGGTGTTGGATCCTTTCCGEGATTCAGTGCCGCAGCTAARCGCATTARGCACTCCGCCTRGGGAGTACGACCGGARGG
S.vestibularis GGAGCGARCAGGATTAGATACCCTGGTAGTCCACGCCGTARACGATGAGTGCTAGGTGTTGGATCCTTTCCGEGATTCAGTGCCGCAGCTAARCGCATTARGCACTCCGCCTRGGGAGTACGACCGCARGG
S.salivarius GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTARACGATGAGTGCTAGGTGTTGGATCCTTTCCGGGATTCAGTGCCGCAGCTARCGCATTARGCACTCCGCCTGGGGAGTACGACCGCARGG
foruward
U926

D OMEENSUS s eeiitisastssssnsssssessessetssssssssssssssssssessstssststssssssssssssetsstssstssttssatstsstasstsstsssssstssstsssssassssstssetssss

911 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040

1 1
S,thernophilus  TTGARACTCAAAGGAATTGACGGGG-CCCGCACAAGCGGTGGAGCATGTGGTTTAAT TCGARGCARCGCGARGARCCTTACCACCTCTTGACATCCCGATGCTATT TCTAGAGATAGAARGT TACTTTGG
S.vestibularis TTGAAACTCAAAGGAATTGACGGGGGCCCGCACARGCGGTGGAGCATGTGGTTTAATTCGARGCARCGCGARGARCCTTACCAGGTCTTGACATCCCGATGCTATTTCTAGAGATAGARAGTTACTTCGG
S.salivarius TTGARRCTCAAAGGARTTGACGGGGGCCHGCACAAGCGGTGGAGCATGTGGTTTARTTCGARGCARCGCGAAGAACCTTACCAGGTCTTGACATCCCGATGCTATTTCTAGAGATAGARAGTTACTTCGG
foruward
U326 ARACTCAAAGGARTTGACGG

C. +».@3ack Lo L L - T T T I

1041 1050 1060 1070 1080 1030 1100 1110 1120 1130 1140 1150 1160 1170
1

S.thernophilus TACATCGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT TGGGTTARGTCCCGCARCGAGCGCARCCCCTATTGTTAGTTGCCATCATTCAGTTGGGCACTCTAGCGAGACTGCCGG
S.vestibularis TACATCGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGRGT TARGTCCCGCARCGAGCGCARCCCCTATTGTTAGTTGCCATCATTCAGT TGGGCACTCTAGCGAGACTGCLGG
5.salivarius TACATCGGTGACAGGTGGNGCATGETTGTCGTCAGCTCGTGTCGTGAGATGT TGGGTTARGTCCCGCAACGAGCGCARCCCCTATTGTTAGTTGCCATCATTCAGTTGGGCACTCTAGCGAGACTGCCGE
forward
uaze

CONSENSUS L uirsirsnssrssssasssassrssssasssssssssssessrssstassssnsssstssstassssnsesststssessssasessnstastsastssnsesstssssrssstassssrsrssrsans

1171 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
I

S.thernophilus TARTAARCCGGAGGAAGGTGGGGATGACGTCARATCATCATGCCCCTTATGACCTGGGECTACACACGTGCTACAATGET TEGETACAACGAGTTGCGAGTCGRTGACGGCGAGCTARTCTCTTARAGCCAR
S.vestibularizs TAATARACCGGAGGAAGGTGGGGATGACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACARTGGT TGGTACAACGAGT TGCGAGTCGGTGACGGCARGCTARTCTCTTARAGCCAR
S.salivarius TAATAAACCGGAGGARGGTGGGGATGACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACARTGGT TGGTACARCGAGT TGCGAGT CGGTGACGGCARGCTARTCTCTTARAGCCAR
foruard
326

COMSENSUS  4rsranssssssnsesastsnssessstsnssestssstsnsstssstsssesstssstssststsststsattsnsetststsstetstststsasttssstssstsstsssesastsasssssstsns

1301 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430
I

S.thernophilus TCTCAGTTCGGATTGTAGGCTGCARCTCGCCTACATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGT
S.vestibularis TCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGT
S.salivarius TCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCTAGTARTCGCGGATCAGCACGCCACGGTGAATACGTTCCCGGGLCTTGTACACACCGCCCGTCACACCACGAGAGTTTGT
forward
U926

DOMEEMEUS 4 aiuaursrrsrsersasesersrerrsessesesssstsssstsessassssrsssstsesssassssesessststestsessasessrstestsesssssissstessstsestassssrstastsnes

1431 1440 1450 1460 1470 1480 1430 1500 1510 1520 1530 154 1551
I

S.thernophilus AACACCCGAAGTCGGTGAGGTARCCTTTTGGAGCCAGCCGCC TARGRTGGGACAGATGATTGGGGTGAAGTCGTARCAAGGTAGCCGATCCGGARGGTGCGRCTGGATCACCTCCTTT
S.vestibularis HHCHDCCGHHGTCEGTEHGGTHHCDTTTTEGHECCHECCGDCTHHEGTEEGHTHGHTGHTTGGEETGHHGTDETHHCHREETHECCGTHTCEEHHEETGCEGCTEGHTCHC
§.salivarius AACACCCGAAGTCGGTGAGGTAACCTTTTGGAGCCAGCCGCCTARGGTGGGATAGATGA-=-GGEG=—————" GTARCARGGTA ATCACCTCCTTTCTA
forward
uaze

CONSENSUS L ususvrsnsrrssssasssassrasssassssnssssrssssrssstassssnsesstssstassssnsesstsestesssssstsssstssstassssnsssstssstessssasrsns

Figure 10. The alignment of universal primers F and U926 with 16S rRNA gene
sequence of Streptococcus spp.
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Table 6. Genotypic identification of Lactobacillus spp. based on 16S rRNA gene
sequencing

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
lactation (bp)
)

Lactobacillus gasseri (NCBI) 99.0

1 20 St8 906
(60d.) Lactobacillus gasseri (RDP) 98.9
Lactobacillus salivarius (NCBI) 98.0

5 25 Lac39 1513
(60d.) Lactobacillus salivarius (RDP) 98.5
Lactobacillus fermentum (NCBI) 98.0

3 28 Lac31 928
(60d.) Lactobacillus fermentum (RDP) 97.9
Lactobacillus salivarius (NCBI) 99.0

4 29 L ac40 1477
(60d.) Lactobacillus salivarius (RDP) 99.4
Lactobacillus salivarius (NCBI) 100.0

S) 30 Lac4l 656
(60d.) Lactobacillus salivarius (RDP) 99.6
Lactobacillus salivarius (NCBI) 100.0

6 35 Lac42 N7
(15d.) Lactobacillus salivarius (RDP) 99.8
Lactobacillus rhamnosus (NCBI) 98.0

7 40 Lac43 1507
(15d.) Lactobacillus rhamnosus (RDP) 98.4
Lactobacillus casei (NCBI) 99.0

41 786
8 (15d.) Lacd4 Lactobacillus casei (RDP) 98.9
Lactobacillus salivarius (NCBI) 94.0

9 44 Lac45 624

(15d.) Lactobacillus salivarius (RDP) 94.6
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Table 6. Genotypic identification of Lactobacillus spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. length
(day of isolates (Data bank) Identity
lactation) (bp)
Lactobacillus salivarius (NCBI) 99.0
NL1 1101
Lactobacillus salivarius (RDP) 98.9
Lactobacillus salivarius (NCBI) 100.0
10 45 NL2 1157
(60d.) Lactobacillus salivarius (RDP) 99.6
Lactobacillus salivarius (NCBI) 99.0
NL3 1497
Lactobacillus salivarius (RDP) 99.5
Lactobacillus salivarius (NCBI) 100.0
11 50 NL5 653
(60d.) Lactobacillus salivarius (RDP) 99.8
Lactobacillus salivarius (NCBI) 99.0
NL6 614
Lactobacillus salivarius (RDP) 98.9
2 . —
(30d.) Lactobacillus salivarius (NCBI) 82.0
NL7 796
Lactobacillus salivarius (RDP) 82.4
Lactobacillus gasseri (NCBI) 100.0
13 55 NL8 1493
(60d.) Lactobacillus gasseri (RDP) 99.8
Lactobacillus salivarius (NCBI) 97.0
14 56 NL9 1311
(60d.) Lactobacillus salivarius (RDP) 97.4
Lactobacillus gasseri (NCBI) 99.0
15 59 NL10 901
(28d.) Lactobacillus gasseri (RDP) 99.5
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Table 6. Genotypic identification of Lactobacillus spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
lactation (bp)
)
Lactobacillus salivarius (NCBI) 98.0
16 61 NL12 1028
(30d.) Lactobacillus salivarius (RDP) 97.8
Lactobacillus fermentum (NCBI) 99.0
17 62 NL16 903
(60d.) Lactobacillus fermentum (RDP) 98.9
Lactobacillus mucosae (NCBI) 98.0
18 63 NL18 1502
(60d.) Lactobacillus mucosae (RDP) 98.4
Lactobacillus salivarius (NCBI) 99.0
19 65 NL19 1389
(30d.) Lactobacillus salivarius (RDP) 99.5
Lactobacillus mucosae (NCBI) 98.0
20 67 NL20 962
(60d.) Lactobacillus mucosae (RDP) 97.8
Lactobacillus mucosae (NCBI) 97.0
21 70 NL25 1523
(60d.) Lactobacillus mucosae (RDP) 96.9
Lactobacillus salivarius (NCBI) 98.0
22 71 NL26 661
(60d.) Lactobacillus salivarius (RDP) 97.8
Lactobacillus salivarius (NCBI) 94.0
23 72 NL45 601
(60d.) Lactobacillus salivarius (RDP) 93.9
Lactobacillus mucosae (NCBI) 100.0
24 75 NL46 1077

(60d.) Lactobacillus mucosae (RDP) 100.0
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Table 6. Genotypic identification of Lactobacillus spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
actati (bp)
actation)
Lactobacillus gasseri (NCBI) 99.0
o5 76 NL48 . _ 1296
(60d.) Lactobacillus gasseri (RDP) 99.4
Lactobacillus oris (NCBI) 95.0
26 78 NL49 _ _ 621
(60d.) Lactobacillus oris (RDP) 94.8
Lactobacillus fermentum (NCBI) 97.0
97 81 NL50 _ 747
(60d.) Lactobacillus fermentum (RDP) 97.4
Lactobacillus mucosae (NCBI) 99.0
28 84 NL52 _ 1509
(60d.) Lactobacillus mucosae (RDP) 98.6
Lactobacillus fermentum (NCBI) 100.0
29 86 NL53 \ 749
(60d.) Lactobacillus fermentum (RDP) 99.8
Lactobacillus gasseri (NCBI) 97.0
30 87 NL54 _ | 809
(23d.) Lactobacillus gasseri (RDP) 97.4
Lactobacillus fermentum (NCBI) 97.0
31 90 NL55 \ 780
(60d.) Lactobacillus fermentum (RDP) 96.9
Lactobacillus rhamnosus (NCBI) 99.0
30 92 NL56 048

(60d.) Lactobacillus rhamnosus (RDP) 98.9
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Table 6. Genotypic identification of Lactobacillus spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
actati (bp)
actation)
Lactobacillus casei (NCBI) 85.0
33 95 NL57 _ _ 791
(30d.) Lactobacillus casei (RDP) 85.4
Lactobacillus rhamnosus (NCBI) 97.0
34 97 NL58 _ 759
(60d.) Lactobacillus rhamnosus (RDP) 97.5
Lactobacillus casei (NCBI) 98.0
35 98 NL60 \ \ 658
(60d.) Lactobacillus casei (RDP) 98.4
Lactobacillus plantarum (NCBI) 99.0
36 100 NL61 _ 942
(60d.) Lactobacillus plantarum (RDP) 98.6
Lactobacillus gasseri (NCBI) 98.0
37 102 NL62 086

(60d.) Lactobacillus gasseri (RDP) 97.9




49

Table 7. Genotypic identification of Bifidobacterium spp. based on 16S rRNA gene
sequencing

Subject

: : Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
o (bp)
actation)
Bifidobacterium breve (NCBI) 100.0
1 23 Bif29 874
(60d.) Bifidobacterium breve (RDP) 99.8
Bifidobacterium breve (NCBI) 99.0
5 26 NB1 3 _ 1355
(22d.) Bifidobacterium breve (RDP) 99.8
Bifidobacterium psedocatenulatum 99.0
(NCBI)
3 31 NB2 /1 \ 1360
(15d.) Bifidobacterium psedocatenulatum 99.5
(RDP)
Bifidobacterium dentium (NCBI) 99.0
4 40 NB3 A ) _ 1355
(15d.) Bifidobacterium dentium (RDP) 99.8
Bifidobacterium dentium (NCBI) 99.0
5 41 NB4 ” _ . 1358
(15d.) Bifidobacterium dentium (RDP) 99.5
Bifidobacterium bifidum(NCBI) 99.0
NB5
Bifidobacterium bifidum (RDP) 998  19°0
45
6 (60d.) Bifidobacterium dentium (NCBI) 99.0
NB6 1356

Bifidobacterium dentium (RDP) 99.5

Bifidobacterium longum (NCBI) 99.0
y 47 NB8 y _ 1340
(60d.) Bifidobacterium longum (RDP) 99.8
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Table 7. Genotypic identification of Bifidobacterium spp. based on 16S rRNA gene
sequencing (Continued)

Subject

: : Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
o (bp)
actation)
Bifidobacterium psedocatenulatum 98.0
(NCBI)
8 48 NB9 1356
(60d.) Bifidobacterium psedocatenulatum 98.4
(RDP)
Bifidobacterium psedocatenulatum 98.0
(NCBI)
9 53 NB10 » \ 1356
(30d.) Bifidobacterium psedocatenulatum 98.6
(RDP)
Bifidobacterium dentium (NCBI) 100.0
10 54 NB11 1 _ _ 993
(30d.) Bifidobacterium dentium (RDP) 99.8
Bifidobacterium bifidum (NCBI) 98.0
11 59 NB12 - : - 973
(28d.) Bifidobacterium bifidum (RDP) 98.4
Bifidobacterium bifidum (NCBI) 100.0
O N5t 7 LIN 938
(30d.) Bifidobacterium bifidum (RDP) 99.5
Bifidobacterium dentium (NCBI) 100.0
13 64 NB14 B _ . 1475
(30d.) Bifidobacterium dentium (RDP) 99.8
Bifidobacterium bifidum (NCBI) 99.0
14 67 NB15 1365

(60d.) Bifidobacterium bifidum (RDP) 98.9
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Table 7. Genotypic identification of Bifidobacterium spp. based on 16S rRNA gene
sequencing (Continued)

Subject

: : Query
Bacterial Match organism %
No. No. _ _ length
(day of isolates (Data bank) Identity b
lactation) (p )
Bifidobacterium bifidum (NCBI) 99.0
5 MO NB16 0 g 1350
(60d.) Bifidobacterium bifidum (RDP) 98.8
Bifidobacterium longum (NCBI) 98.0
16 71 NB17 . : 1347
(60d.) Bifidobacterium longum (RDP) 98.6
Bifidobacterium longum (NCBI) 99.0
17 72 NB18 /3 \ 696
(60d.) Bifidobacterium longum (RDP) 99.5
Bifidobacterium longum (NCBI) 99.0
18 75 NB19 A _ 085
(60d.) Bifidobacterium longum (RDP) 98.8
Bifidobacterium longum (NCBI) 99.0
19 76 NB20 A . 1350
(60d.) Bifidobacterium longum (RDP) 98.9
Bifidobacterium breve (NCBI) 99.0
20 82 NB25 » _ 623
(60d.) Bifidobacterium breve (RDP) 98.8
Bifidobacterium longum (NCBI) 99.0
21 83 NB28 K . 1350
(60d.) Bifidobacterium longum (RDP) 99.5
Bifidobacterium breve (NCBI) 98.0
NB31 701
Bifidobacterium breve (RDP) 98.4
2 &
(60d.) Bifidobacterium dentium (NCBI) 98.0
1355
NB37
Bifidobacterium dentium (RDP) 98.6
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Table 7. Genotypic identification of Bifidobacterium spp. based on 16S rRNA gene
sequencing (Continued)

Subject

: : Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
actati (bp)
actation)
Bifidobacterium breve (NCBI) 100.0
23 86 NB38 X _ 1368
(60d.) Bifidobacterium breve (RDP) 99.8
Bifidobacterium bifidum (NCBI) 98.0
204 8 NB3S 1 =z 1460
(60d.) Bifidobacterium bifidum (RDP) 98.8
Bifidobacterium dentium (NCBI) 100.0
o5 90 NB40 /3 \ \ 1365
(60d.) Bifidobacterium dentium (RDP) 99.5
Bifidobacterium bifidum (NCBI) 100.0
26 on. N/ SRS &\ 1222
(60d.) Bifidobacterium bifidum (RDP) 99.8
Bifidobacterium psedocatenulatum 99.0
(NCBI)
27 92 NB45 1351
(60d.) Bifidobacterium psedocatenulatum 98.9
(RDP)
Bifidobacterium breve (NCBI) 98.0
28 95 NB46 ' _ 1363
(60d.) Bifidobacterium breve (RDP) 98.5
Bifidobacterium longum (NCBI) 99.0
29 97 NB47 1540

(60d.) Bifidobacterium longum (RDP) 99.4
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Table 7. Genotypic identification of Bifidobacterium spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
o (bp)
actation)
Bifidobacterium psedocatenulatum 99.0
(NCBI)
30 98 NB48 1369
(60d.) Bifidobacterium psedocatenulatum 98.8
(RDP)
Bifidobacterium breve (NCBI) 97.0
31 102 NB49 3 \ 1355
(60d.) Bifidobacterium breve (RDP) 97.5
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Table 8. Genotypic identification of Streptococcus spp. based on 16S rRNA gene
sequencing

Subject _ . Query
Bacterial Match organism %
No. No. _ _ length
(day of isolates (Data bank) Identity
actati (bp)
actation)
Streptococcus salivarius (NCBI) 98.0
1 2 Stl 875
(15d.) Streptococcus salivarius (RDP) 97.9
Streptococcus salivarius (NCBI) 98.0
5 8 St2 765
(15d.) Streptococcus salivarius (RDP) 98.4
Streptococcus sp. (NCBI) 99.0
3 10 St4 914
(15d.) Streptococcus sp. (RDP) 98.9
Streptococcus salivarius (NCBI) 98.0
4 17 Stb 886
(60d.) Streptococcus salivarius (RDP) 98.6
Streptococcus salivarius (NCBI) 98.0
Sto 888
Streptococcus salivarius (RDP) 97.9
18
> (60d.) Streptococcus mitis (NCBI) 98.0
St7 893
Streptococcus mitis (RDP) 98.3
Streptococcus lactarius (NCBI) 100.0
Lac22 669
Streptococcus lactarius (RDP) 99.5
21
6 (60d.) Streptococcus parasanguis (NCBI) 98.0
st9 887

Streptococcus parasanguis (RDP) 97.6




55

Table 8. Genotypic identification of Streptococcus spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
lactation (pb)
)
Streptococcus lactarius (NCBI) 99.0
St10 886
Streptococcus lactarius (RDP) 99.4
Streptococcus lactarius (NCBI) 99.0
883
Stll
Streptococcus lactarius (RDP) 98.6
Streptococcus salivarius (NCBI) 98.0
7 22 St12 884
(60d.) Streptococcus salivarius (RDP) 97.9
Streptococcus salivarius (NCBI) 98.0
St13 887
Streptococcus salivarius (RDP) 97.6
Streptococcus salivarius (NCBI) 98.0
888
St14
Streptococcus salivarius (RDP) 98.3
Streptococcus salivarius (NCBI) 98.0
St15 886
Streptococcus salivarius (RDP) 98.5
23
8 (60d.) Streptococcus mitis (NCBI) 99.0
884
St16
Streptococcus mitis (RDP) 98.9
Streptococcus sp. (NCBI) 99.0
9 50 NL4 935
(60d.) Streptococcus sp. (RDP) 99.5
Streptococcus salivarius (NCBI) 97.0
10 54 NL9 931

(30d.) Streptococcus salivarius (RDP) 97.4
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Table 8. Genotypic identification of Streptococcus spp. based on 16S rRNA gene
sequencing (Continued)

Subject _ . Query
Bacterial Match organism %
No. No. _ ~ length
(day of isolates (Data bank) Identity
actati (bp)
actation)
Streptococcus salivarius (NCBI) 95.0
11 61 St19 o 864
(30d.) Streptococcus salivarius (RDP) 94.6
Streptococcus salivarius (NCBI) 94.0
12 67 St20 2z 865
(60days) Streptococcus salivarius (RDP) 94.5
Streptococcus salivarius (NCBI) 95.0
St21 838
Streptococcus salivarius (RDP) 94.9
13 M0
(60d.) Streptococcus parasanguis (NCBI) 97.0
St22 824
Streptococcus parasanguis (RDP) 97.4
Streptococcus lactarius (NCBI) 99.0
14 81 St26 _ 849
(60d.) Streptococcus lactarius (RDP) 99.5
Streptococcus sp. (NCBI) 99.0
15 87 St27 855
(23d.) Streptococcus sp. (RDP) 98.9
Streptococcus sp. (NCBI) 99.0
St32 846
Streptococcus sp. (RDP) 99.4
6 >
(30d.) Streptococcus mitis (NCBI) 97.0
641
St33
Streptococcus mitis (RDP) 96.9
Streptococcus salivarius (NCBI) 92.0
17 100 St34 262

(60d.) Streptococcus salivarius (RDP) 91.8
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Table 9. Bacterial isolates cultivated from breast milk samples and genotypically
identified

Culture No. of No. of samples
isolates (Total=102)
MRS culture:
Suspected Lactobacillus 74 71
Positive by Lactobacillus-specific PCR 53 49
Identified as Lactobacillus spp. based on 16S 40 37
rRNA sequencing
MC culture:
Suspected Bifidobacterium 62 58
Positive by Bifidobacterium -specific PCR 45 43
Identified as Bifidobacterium spp. based on 16S 33 31
rRNA sequencing
M17 culture:
Suspected Streptococcus 40 34
Positive by Streptococcus-specific PCR 26 23
Identified as Streptococcus spp. based on 16S 26 17

rRNA sequencing




Table 10. Lactobacillus, Bifidobacterium and Streptococcus species in breast milk
identified by 16S rRNA gene sequencing

) ) Number of Occurrence in milk
Bacterial species

isolates samples
Lactobacillus
L. gasseri 6 6
L. salivarius 16 13
L. fermentum 5 5
L. mucosae 5 5
L. rhamnosus 3 3
L. casei 3 3
L. plantarum 1 1
L. oris 1 1
Total 40 37 (36.27%)
Bifidobacterium
B. longum 8 8
B. breve 7 6
B. psedocatenulatum 5 5
B. dentium 8 7
B. bifidum 5 5
Total 33 31 (30.39%)
Streptococcus
S. salivarius 13 10
S. lactarius 4 3
Streptococcus sp. 4 4
S. mitis 3 3
S. parasangius 2 2

Total 26 17 (16.67%)
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Table 11. Other bacterial species found in breast milk

Groups of bacteria No. of isolates
Staphylococcus aureus 5
Staphylococcus epidermidis 4
Actinomyces radicidentis 1
uncultured bacteria 15
Total 25

3. PCR analyses of lactobacilli, bifidobacteria and streptococci from breast milk
samples.

Since culture may not be able to recover all lactobacilli, bifidobacteria and
streptococci, PCR was used to detect the presence of these bacteria in breast milk
samples. DNA targets were extracted from samples using QlAamp DNA stool minikit
(Qiagen, Hilden, Germany). DNA target were amplified by genus-specific primers
L159F and L677R for Lactobacillus spp., Bif164F and Bif601R for Bifidobacterium
spp. and Tuf-Strep-1 and Tuf-Strep-R for Streptococcus spp. The amplified product of
Lactobacillus, Bifidobacterium and Streptococcus was 546bp, 443bp and 560bp,
respectively (Figure 11). Lactobacilli, bifidobacteria and streptococci DNA was
detected by PCR in 94 (92.16%), 60 (58.82%) and 56 (54.90%) out of 102 breast milk
samples, respectively (Figure 12).
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Figure 11. Genus-specific amplification by Polymerase Chain Reaction (PCR). Lane
1, 100 bp DNA ledder: lane 2, suspected Lactobacillus sample: lane 3, L. salivarius
control: lane 4, suspected Bifidobacterium sample: lane 5, B. bifidum control: lane 6,
suspected Streptococcus sample: lane 7, S. salivarius control: lane 8, negative
control.

Q)

100 1 92.16
90 -
80 (i
70 -

oo 58.82 E'i'_)g
50 -
40 -
30 -
20 -
10 -

% of bacterial DNA

Lactobacillus Bifidobacterium Streptococcus

Bacterial groups

Figure 12. Percentage of bacterial DNA detected by PCR using genus-specific

primers. (ii) Lactobacillus , (ii) Bifidobacterium and (iii) Streptococcus
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4. Antagonistic activity of Lactobacillus, Bifidobacterium and Streptococcus

isolates against bacterial pathogens

The inhibitory activity of 40 Lactobacillus isolates was demonstrated in Table
12. All 40 Lactobacillus isolates had no inhibitory effect against E. coli and H. pylori
but these isolates had weak inhibition against ETEC, EIEC, EPEC, EHEC and S.
Typhimurium. Out of 40 isolates, 30 (75.00%) were able to inhibit the growth of V.
cholerae and S. flexneri. The strong inhibitory activity of Lactobacillus against V.
cholerae and S. flexneri was found in 9 isolates (Lac43, Lac44, Lac45, NL1, NLS6,
NL7, NL8, NL18 and NL50) and 6 isolates (Lac45, NL3, NL5, NL6, NL10 and
NL50), respectively. The clear zones demonstrated antagonistic activity of lactobacilli
against V. cholerae was shown in Figure 13. Furthermore, six Lactobacillus isolates
had weak inhibition against Methicillin-resistant Staphylococcus aureus (MRSA) as
shown in Figure 14.

The inhibitory activity of 33 Bifidobacterium isolates was demonstrated in
Table 13. All Bifidobacterium isolates had no inhibition against E. coli and MRSA
but they had partial inhibition against ETEC, EIEC, EPEC, EHEC and S.
Typhimurium as microcolony. Out of 33 isolates, 30 (90.91%) and 28 (84.85%) were
able to inhibit the growth of V. cholerae and S. flexneri, respectively. The strong
inhibitory activity of Bifidobacterium against V. cholerae and S. flexneri found as 10
isolates (Bif29, NB4, NB11, NB13, NB14, NB15, NB16, NB17, NB31 and NB40)
and 1 isolate (NB28), respectively. The clear zones demonstrated antagonistic activity
of bifidobacteria against V. cholerae were shown in Figure 15. In addition, 23
(69.70%) out of 33 isolates inhibited the growth of H. pylori. Five of these 23
Bifidobacterium isolates (NB6, NB8, NB14, NB28 and NB31) had strong inhibitory
activities against H. pylori.

The inhibitory activities of Streptococcus were tested in 21 isolates whereas
those of 5 isolates were neglected. These 5 isolates belonged to Streptococcus mitis
and Streptococcus parasanguis which were considered as human pathogens. The
inhibitory activities of Streptococcus were demonstrated in Table 14. All 21
Streptococcus isolates had no inhibition against all bacterial pathogens, except four

isolates had partial inhibition against S. flexneri as microcolony. Moreover, 8
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(36.36%) and 5 (22.73%) out of 21 isolates had weak inhibition against V. cholerae
and MRSA, respectively. The summary antagonistic activity of Lactobacillus,

Bifidobacterium and Streptococcus were shown in Tables 15-17.



Table 12. Lactobacillus antagonistic activity against bacterial pathogens

Pathogens
5 V. H, MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexmeri | cholerae |- .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 20971 20972 20970 ATCC 13311 DMST 43504
4423
2873
St8 - - - - - - - - - )
Lac3l - - - - - - - - - )
Lac39 M M M - M weak weak - - )
Lac40 M M M - M weak weak - - strong
Lac4l weak weak weak - M weak weak - - strong
Lac42 - - - - - M M - - )
Lac43 - M M - - weak strong - - i
Lac44 - M M - weak weak strong - - )
Lac45 weak weak weak weak weak strong - - )
NL1 weak weak M weak weak strong - - )
NL2 - M M - M weak weak - - )
NL3 - M M M M weak weak - - )

- 2 No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak
a clear inhibition zone of 3-4 mm

> a clear inhibition zone of 1-2 mm; strong:



Table 12. Lactobacillus antagonistic activity against bacterial pathogens (Continued)

Pathogens
5 V. H, MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexmeri | cholerae |- .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 20971 20972 20970 ATCC 13311 DMST 43504
4423
2873
NL5 M - M M M strong weak - - )
NL6 weak weak weak weak weak strong strong - - )
NL7 weak weak weak M weak weak strong - - )
NL8 - - - - - weak strong - - i
NL9 weak weak M - M weak weak - - )
NL10 - M - - - strong weak - - )
NL12 - M - - - weak weak - - )
NL16 - - - - - M weak - - )
NL18 - - - - - weak strong - - weak
NL19 M - M - - weak weak - - )
NL20 - - - - - - - - - )
NL25 - M - M - weak weak - - )

-  No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak: a clear inhibition zone of 1-2 mm; strong:
a clear inhibition zone of 3-4 mm



Table 12. Lactobacillus antagonistic activity against bacterial pathogens (Continued)

Pathogens
S V. H. MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexneri | cholerae | .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 20971 20972 20970 ATCC 13311 DMST 43504
4423
2873
NL49 - - - - - - - - - i
NL50 - - - - - strong strong - - weak
NL52 - - - - . M weak ; ; weak
NL53 - M ; - ; M weak ] ] weak
NL54 - - M - - - - - - i
NL55 - - - - - - M - - )
NL56 M M M - M M weak - - )
NL57 M M M - M weak weak - - )
NL58 M M M M M weak weak - - )
NL60 - M M M - weak weak - - )
NL61 M M M M M weak weak - - )
NL62 - - - - - - - - - i

-  No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak: a clear inhibition zone of 1-2 mm; strong:

a clear inhibition zone of 3-4 mm



Table 13. Bifidobacterium antagonistic activity against bacterial pathogens

Pathogens
s V. H, MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexieri | cholerae | .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 20971 20972 20970 ATCC 13311 DMST 43504
4423
2873
Bif 29 M M M M M weak | strong . weak .
NB1 - - - - - f - - ) -
NB2 - - - - - weak weak - weak -
NB3 - - - - - weak weak - weak -
NB4 - - - - weak strong - weak ;
NB5 M M . . weak weak . weak :
NB6 - - - - weak weak - strong -
NB8 - - - - - weak weak - strong -
NB9 - - - - - weak weak - weak -
NB10 - - - - - weak weak - ) -
NB11 - - - - weak strong - weak .

- : No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak: a clear inhibition zone of 1-2 mm; strong:

a clear inhibition zone of 3-4 mm
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Table 13. Bifidobacterium antagonistic activity against bacterial pathogens (Continued)

Pathogens
s V. H, MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexieri | cholerae | .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 20971 20972 20970 ATCC 13311 DMST 43504
4423
2873
NB12 - M M - - weak weak - ) -
NB13 - M - M M weak strong - weak -
NB14 - - - - - weak strong - strong -
NB15 - M - M M weak strong - weak -
NB16 - M - - - weak strong - weak -
NB17 - M - - M weak strong - weak -
NB18 M : M M weak weak
NB19 M - M M weak weak - ) -
NB20 i M i : M ; weak i weak .
NB25 - - - - - weak weak - ) -
NB28 - - - - - strong weak - strong -

- : No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak: a clear inhibition zone of 1-2 mm; strong:
a clear inhibition zone of 3-4 mm



Table 13. Bifidobacterium antagonistic activity against bacterial pathogens (Continued)

Pathogens
s V. H, MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexmeri | cholerae | .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 | 20971 | 20972 | 20970 | ATCC 13311 DMST 43504
4423
2873
NB31 - M M - M M strong - strong -
NB37 - - - - - M weak - i -
NB38 - - - - - weak weak - i -
NB39 M M M M M weak weak . weak :
NB40 - - - - M weak strong - weak ;
NB42 . . . . ) M weak . weak .
NB45 - - - - M M weak ) weak )
NB46 - - - - A N 3 - ) -
NB47 - - - - - - - - ) -
NB48 - - - - - M weak } weak )
NB49 - - - - - - M - - -

- : No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak: a clear inhibition zone of 1-2 mm; strong:
a clear inhibition zone of 3-4 mm



Table 14. Streptococcus antagonistic activity against bacterial pathogens

Pathogens
S ¥ H. MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexneri | cholerae | o .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium | o> | nonOl 5920 | ATCC 43300
12743 | 20971 | 20972 | 20970 | ATCC 13311 DMST 43504
4423
2873
Stl - - - - - - R - - )
St2 - - - - - . . - - )
St4 - - - - - - - - - )
St - - - - - > M - - )
St6 - - - - - - weak - - i
Lac22 - - - - ‘) S = - - )
$t10 - . - - - - - - - weak
Stl1 - - - : - - - - - weak
St12 - - - - - M weak - - M
St13 - - - - - M weak - - M
St14 - - - - - M weak - - i

- No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak: a clear inhibition zone of 1-2 mm; strong:

a clear inhibition zone of 3-4 mm



Table 14. Streptococcus antagonistic activity against bacterial pathogens. (Continued)

Pathogens
s V. H, MRSA
Isolates | EHEC | EIEC | EPEC | ETEC S. fexieri | cholerae | .| pylori ATCC
DMST | DMST | DMST | DMST | Typhimurium DMST non O1 2'5922 ATCC 43300
12743 | 20971 | 20972 | 20970 | ATCC 13311 DMST 43504
4423
2873

St15 - - - - . : weak - - )
NL4 i i i ) : y i ) ) weak
NLO9 i i i ) ) ! ) ) ) weak

St19 - - - - i 8 - - - M

$t20 - - - - - - - - - )

St21 - - - - - = - - - M

St26 - - - - i - ; )
St27 - - - - . - weak - B weak

St32 - - - - \ N weak - - M

St34 - - - - - M weak - - M

- - No inhibition zone; M, microcolonies : opaque zone of inhibition <1 mm; weak
a clear inhibition zone of 3-4 mm

: a clear inhibition zone of 1-2 mm; strong:

70
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Microcolonies

Clear zone

No inhibition

Figure 13. Antagonistic activity of Lactobacillus against Vibrio cholerae with clear
zone, microcolonies and no inhibition zone in 140 mm plate

Clear zone

Figure 14. Antagonistic activity of Lactobacillus against methicillin-resistant
Staphylococcus aureus (MRSA) with clear zone and no inhibition zone in 140 mm
plate
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Microcolonies

Clear zone

Figure 15. Antagonistic activity of Bifidobacterium against Vibrio cholerae with

clear zone and microcolonies in 140 mm plate
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Table 15. The summary antagonistic activity of Lactobacillus spp. against bacterial

pathogens

Pathogens Inhibition -results

(number of isolates)

ETEC Inhibition (10): weak (1), microcolony (9)
EIEC Inhibition (21): weak (6), microcolony (15)
EPEC Inhibition (20): weak (4), microcolony (16)
EHEC Inhibition (14): weak (6), microcolony (8)
S.Typhimurium Inhibition (16): weak (5), microcolony (11)
E. coli No inhibition
V. cholerae Inhibition (30): strong (9), weak (19), microcolony (2)
S. flexneri Inhibition (30): strong (6), weak (20), microcolony (4)
MRSA Weak inhibition (6)
H. pylori No inhibition

Table 16. The summary antagonistic activity of Bifidobacterium spp. against bacterial

pathogens

Pathogens Inhibition -results

(number of isolates)

ETEC Inhibition as microcolony (5)
EIEC Inhibition as microcolony (12)
EPEC Inhibition as microcolony (4)
EHEC Inhibition as microcolony (5)
S.Typhimurium Inhibition as microcolony (13)
E. coli No inhibition
V. cholerae Inhibition (30): strong (10), weak (19), microcolony (1)
S. flexneri Inhibition (28): strong (1), weak (21), microcolony (6)
MRSA No inhibition

H. pylori

Inhibition (23): strong(5), weak (18)




Table 17. The summary antagonistic activity of Streptococcus spp. against bacterial
pathogens

Inhibition results

Pathogens _
(number of isolates)
ETEC ™
EIEC
EPEC vy
> No inhibition

EHEC
S.Typhimurium
E. coli —
V. cholerae Inhibition (9): weak (8), microcolony (1)
S. flexneri Partial in inhibition as microcolony (4)
MRSA Weak inhibition of (5)
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CHAPTER V

DISCUSSION

Breast milk is the best food for growing infant and has been shown to be a
source of commensal and/or probiotic bacteria [2]. The commensal bacteria presented
in breast milk were such as staphylococci, streptococci, lactobacilli, enterococci and
bifidobacteria [3, 4]. These bacterial groups were shown to be associated with
neonates gut microbiota and may also play role in the reduction of the incidence of
infections in the breast-fed infant [2, 5]. Our results showed the diversity of
lactobacilli, bifidobacteria and streptocooci in breast milk detected by the use of
culture-dependent techniques and genotypic identification. MRS medium was a
culture medium for the cultivation of Lactobacillus and Bifidobacterium [140].
However, our study demonstrated that only Lactobacillus was recovered on MRS
agar. Bifidobacterium was detected only on MC agar which is Columbia medium
modified by the addition of glucose, cysteine hydrochloride, agar and bromocresol
purple for the differentiation of acid-producing as described by Beerens [68]. There
are many type of media for detection of Bifidobacterium such as TPY medium
(trypticase-phytone-yeast) described by Scardovi (1986) [141] and Columbia agar
containing horse blood (5%, V/V) [140]. In fact, Streptococcus may grow on MRS
medium but this work could not isolate these bacteria from this medium.
Streptococcus isolates were detected on M 17 medium which is a selective media for
lactic acid streptococci and recommended for the isolation of S. thermophilus from
yogurt [142].

The skin swabs were cultured for Lactobacillus, Bifidobacterium and
Streptococcus in the same condition as breast milk samples and none of them were
recovered. This suggested that Lactobacillus, Bifidobacterium and Streptococcus
found in breast milk were not from the contamination of these bacteria from nipple
and the surrounding skin of volunteers. The origin of the live Lactobacillus,
Bifidobacterium and Streptococcus in breast milk is still controversial. They may be
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from exogenous source such as the infant mouth and fecal of the mother [143] or the
maternal gut involving maternal dendritic cells and macrophages [5, 144].

All isolates of Lactobacillus, Bifidobacterium and Streptococcus were
genotypically identified by 16S rRNA gene sequencing. Forty Lactobacillus isolates
were identified to 8 species such as L. gasseri, L. salivarius, L. fermentum, L.
mucosae, L. rhamnosus, L. casei, L. plantarum and L. oris. These Lactobacillus
isolates were recovered from 37 (36.27%) milk samples. The result demonstrated that
the diversity of species was more than that found in previous studies but the number
of positive samples was varied. Heikkila et al. isolated 7 Lactobacillus from 4 (10%)
of 40 healthy lactating mothers in Finland. The majority of samples were taken within
90 days of delivery. These Lactobacillus species were L. rhamnosus and L. crispatus
[3]. Martin et al. reported the isolation of three Lactobacillus species such as L.
gasseri and L. fermentum from 8 (100%) lactating mothers [2, 145]. However, this
study did not mention about the age of lactation.

Thirty-three Bifidobacterium isolates were identified to 5 species such as B.
longum, B. breve, B. psedocatenulatum, B. dentium and B. bifidum. These
Bifidobacterium isolates were recovered from 31 (30.39%) milk samples. The
diversity of species was more but the number of positive samples was less than those
of the previous study. Martin et al. was the first to report the isolation of
bifidobacteria from 8 (34.78%) of 23 healthy lactating mothers in Spain. These
Bifidobacterium species were B. breve, B. adolescentis and B. bifidum [4].

Twenty-six Streptococcus isolates were identified to 5 species such as S.
salivarius, S. lactarius, Streptococcus sp., S. mitis and S. parasanguis. These
Streptococcus isolates were recovered from in 17 (16.67%) milk samples. The
diversity of species and the number of positive samples was less than those found in
previous studies. Heikkila et al. isolated Streptococcus from 40 healthy lactating
mothers in Finland. The result was shown 151 Streptococcus isolates and recovered
from 29 (72.5%) milk samples. The Streptococcus species such as S. salivarius, S.
mitis, S. parasanguis, S. peroris, S. agalactiae and Streptococcus sp. (oral) [3]. In
fact, genus Streptococcus was the second most abundant in breast milk and associated
with oral species. In this work S. lactarius which was reported as a novel species in

breast milk [146] was also recovered from milk samples. Staphylococcus isolates
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which were picked up by technical errors from catalase test and positive with
Lactobacillus-specific amplification revealed that genus-specific primers had
homology with Staphylococcus DNA. Alignment of these primers with S. aureus and
S. epidermidis 16S rRNA genes showed that they had 59.09% and 86.36%,
respectively. It is therefore possible that the genus-specific primers could amplify S.
epidermidis which is skin flora.

Polymerase chain reaction (PCR) method was used for detect of lactocbacilli,
bifidobacteria and streptococci DNAs in breast milk. Targets DNA were extracted by
Qiagen stool mini kit and add a bead-beading to the chemical lyses for increase cells
lysis step. PCR amplicons were generated with genus-specific primers for
Lactobacillus, Bifidobacterium and Streptococcus. The results demonstrated the
presence of lactobacilli, bifidobacteria and streptococci DNAs in 94 (92.16%), 60
(58.82%) and 56 (54.90%) of 102 breast milk samples, respectively. Based on the
false-positive result of genus-specific amplification of bacterial isolates in Table 9
the positive result of DNA presence in breast milk samples was estimated to be
76.94% of Lactobacillus, 84% of Bifidobacterium and 100% of Streptococcus.
Collado et al. reported the presence of Lactobacillus, Bifidobacterium and
Streptococcus in 50 (100%) lactating mothers by quantitative real-time PCR [136]. In
addition, Martin et al. reported the detection of Bifidobacterium in 22 (95.65%) of 23
milk samples by quantitative real-time PCR. They also showed that the percentage
of Bifidobacterium DNA was < 16% of total bacterial DNA [4]. Our result
demonstrated that the number of bacterial isolates cultivated from breast milk samples
was lower than that detected by PCR. This resulted from the fact that culture method
is not perfect to recover all bacterial species in samples.

Since Lactobacillus and Bifidobacterium are anaerobic bacteria, they are
sensitive to oxygen. Samples should be transported in anaerobic condition which was
not feasible for liquid samples like breast milk and skin swab in peptone water. To
acquire anaerobic condition, the lid of sample tube must be loosen resulting in sample
leak. In addition, sample transportation was carried in cold which was not appropriate
temperature for cold- sensitive Streptococcus. The result of Streptococcus prevalence
in breast milk was then less than that of previous study [3].
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Antagonistic activity assay was performed in all isolates of Lactobacillus,
Bifidobacterium and Streptococcus against bacterial pathogens such as
enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E.
coli (EPEC), enterohemorrhagic E. coli (EHEC), Salmonella Typhimurium, Shigella
flexneri, Vibrio cholerae, Helicobacter pylori and methicillin-resistant
Staphylococcus aureus (MRSA). Thirteen Lactobacillus isolates such as Lac43 (L.
rhamnosus), Lac44 (L. casei), Lac45 (L. salivarius), NL1 (L. salivarius), NL3 (L.
salivarius), NL5 (L. salivarius), NL6 (L. salivarius), NL7 (L. salivarius), NL8 (L.
gasseri), NL10 (L. gasseri), NL18 (L. mucosae), NL26 (L. salivarius) and NL50 (L.
fermentum) had strong antagonistic activity against V. cholerae and S. flexneri and
weak antagonistic activity against ETEC, EIEC, EPEC, EHEC and S. Typhimurium.
Furthermore, six isolates of Lactobacillus such as Lac 40 (L. salivarius), Lac4l (L.
salivarius), NL26 (L. salivarius), NL50 (L. fermentum), NL52 (L. mucosae) and
NL53 (L. fermentum) could inhibit the growth of methicillin-resistant Staphylococcus
aureus (MRSA). Since 2006, only Olivares et al. has reported breast - milk originated
Lactobacillus such as L. salivarius CECT5713 and L. gasseri CECT5714 could
inhibit the growth of Salmonella cholerasuis, Escherichia coli, Staphylococcus
aureus, Literia monocytogenes and Clostridium tyrobutyricum, [32].Antagonistic
activity was reported in Lactobacillus isolated from other sources such as four
Lactobacillus reuteri strains could inhibit the growth of enteric pathogens (EHEC,
ETEC, Salmonella enterica, Shigella sonnei and Vibrio cholerae) [11]. Parvathi et al.
demonstrated that Lactobacillus fermentum isolated from the intestinal biopsy
samples could inhibit the growth of enteric pathogens such as E. coli, S. paratyphi,
and S. sonnei [147]. Raffaella et al. reported Lactobacillus acidophilus ATCC 4356
could inhibit growth of Campylobacter jejuni strains [148].

Eleven Bifidobacterium isolates such as Bif29 (B. breve), NB4 (B. dentium),
NB11 (B. dentium), NB13 (B. bifidum), NB14 (B. dentium), NB15 (B. bifidum), NB16
(B. bifidum), NB17 (B. longum), NB28 (B. longum), NB31 (B. breve) and NB40 (B.
dentium) had strong antagonistic activity against V. cholerae and S. flexneri and had
partial antagonistic activity against ETEC, EIEC, EPEC, EHEC and S. Typhimurium
as microcolony. In addition, five Bifidobacterium isolates including NB6 (B.
dentium), NB8 (B. longum), NB14 (B. dentium), NB28 (B. longum) and NB31 (B.
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breve) had strong antagonistic activity against H. pylori. Breast-milk originated
Bifidobacterium spp. have not been reported for their antagonistic activity. Only
Bifidobacterium isolated from feces were studied previously. Gibson et al. has shown
that B. infantis isolated from infant feces could inhibit the growth of E. coli and
Clostridium perfringens [149]. Bevilacqua et al. has shown bifidobacteria isolated
from human feces could inhibit the growth of Clostridium sporogenes [150]. Collado
et al. had demonstrated that Bifidobacterium isolated from feces could inhibit the
growth of Helicobacter pylori [151].

Eight Streptococcus isolates such as St6 (S. salivarius), St12 (S. salivarius),
St13 (S. salivarius), St14 (S. salivarius), St15 (S. salivarius), St 32 ( Streptococcus
sp.) and St34 (S. salivarius) had weak antagonistic activity against V. cholerae. Five
isolates including St10 (S. lactarius), St11 (S. lactarius), NL4 (Streptococcus sp.),
NL9 (S. salivarius) and St27 (Streptococcus sp.) weakly inhibited the growth of
MRSA. There was only one report of Heikkila et al. demonstrating that
Streptococcus salivarius isolated from breast milk had antagonistic activity against
Staphylococcus aureaus [3].

Beneficial bacteria such as Lactobacillus, Bifidobacterium and Streptococcus
isolated from breast milk had the ability to inhibit the growth of pathogenic bacteria.
It has been documented that bacterial antagonistic activity may be from the
production of acid, hydrogen peroxide or bacteriocin and small organic molecules [9,
145, 149-152]. Sigrid et al. reported the antibacterial activity of Lactobacillus
rhamnosus GG against Salmonella typhimurium by the production of antimicrobial
compound which was a low molecular weight, heat-stable, non-proteinaceous
substance, thought to be lactic acid [153]. Collado et al. demonstrated that six
Bifidobacterium isolated from feces could inhibit the growth of H. pylori. These
antagonistic effects were found to relate to heat-stable, proteinaceous bactericidal
substance, suspected to be antimicrobial peptides [151]. Cheikhyoussef et al. purified
bacteriocin called bifidin 1 from Bifidobacterium infantis BCRC 14602 and
demonstrated its ability to inhibit the growth of many Gram-positive and Gram-
negative bacteria which cause food spoilage and food-borne diseases [76]. Mathot et
al. reported that S. thermophilus could produce bacteriocin called thermophilins with

the ability to inhibit the growth of Clostridium tyrobutyricum [13].
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The mechanisms which breast milk-derived lactobacilli, bifidobacteria and
streptococci employed to suppress the growth of pathogens in this study were not

determined. They were of interest to investigate in further study.
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CHAPTER VI

CONCLUSION

Culture and identification of beneficial bacteria from breast milk and swabs of
nipple and surrounding skin of Thai healthy mothers were performed. It was found
that 40 Lactobacillus, 33 Bifidobacterium and 26 Streptococcus isolates were
recovered from 37 (36.27%), 31 (30.39%) and 17 (16.67%) samples, respectively.
None of these bacteria was recovered from skin swabs. Isolated Lactobacillus spp.
included L. gasseri, L. salivarius, L. fermentum, L. mucosae, L. rhamnosus, L. casei,
L. plantarum and L. oris whereas isolated Bifidobacterium spp. were B. longum, B.
breve, B. pseudocatenulatum, B. dentium and B. bifidum. Isolated Streptococcus was
found to be S. salivarius, S. lactarius, Streptococcus sp., S. mitis and S. parasangius

Test for antagonistic activity against ETEC, EIEC, EPEC, EHEC and S.
Typhimurium revealed that all isolates of Lactobacillus, Bifidobacterium and
Streptococcus had weak, partial and no activity, respectively. Thirteen Lactobacillus
isolates (Lac43, Lac44, Lac45, NL1, NL3, NL5, NL6, NL7, NL8, NL10, NL18, NL26
and NL50) and 11 Bifidobacterium isolates (Bif29, NB4, NB11, NB13, NB14, NB15,
NB16, NB17, NB28, NB31 and NB40) demonstrated strong antagonistic activity
against V. cholerae and S. flexneri. Furthermore, six Lactobacillus isolates (Lac 40,
Lac41, NL26 NL50, NL52 and NL53) and 5 Streptococcus isolates (St10, St11, NL4,
NL9 and St27) weakly inhibited the growth of MRSA. In addition, five
Bifidobacterium isolates (NB6, NB8, NB14, NB28 and NB31) had strong antagonistic
activity against H. pylori.

The majority of lactobacilli, bifidobacteria and streptococci that had strong
inhibitory activities against bacterial pathogens belonged to L. salivarius, L. gasseri,
L. mucosae, L. fermentum. B. dentium, B. bifidum. Since specific strains of
Lactobacillus, Bifidobacterium and Streptococcus had probiotic properties, these
breast milk-derived bacteria were probiotic candidates for further study to elucidate
their antagonistic mechanism against gastrointestinal bacterial pathogens.
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APPENDIX A

MATERIALS AND EQUIPMENTS

Materials and reagents
- Agarose (Research organism, USA)
- Anaerobic indicator (Oxoid, Basingstroke, Hamps, UK)
- Boric acid (Sigma, USA)
- Brain heart infusion agar (Difco, USA)
- Brain heart infusion broth (Difco, USA)
- Columbia blood agar base (Oxoid, Basingstroke, Hamps, UK)
- Cysteine hydrochloride (Sigma, USA)
- Dextrose bacteriological (Oxoid, Basingstroke, Hamps, UK)
- Ethylene diamine tetraacetic acid (EDTA) (Sigma, USA)
- Ethidium bromide (Bio Rad, USA)
- Gaspak (AnaeroPack-Anaero, Mitsubishi, Japan)
- GeneRuler™ 100bp DNA Ladder Plus (Fermentas, USA)
- Glycerol (Merck, Germany)
- MRS agar (Oxoid, Basingstroke, Hamps, UK)
- MRS broth (Oxoid, Basingstroke, Hamps, UK)
- M17 agar (Oxoid, Basingstroke, Hamps, UK)
- M17 broth (Oxoid, Basingstroke, Hamps, UK)
- Peptone bacteriological (Oxoid, Basingstroke, Hamps, UK)

- Proteinase K (Sigma, USA)
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- QIAamp® DNA Stool Mini Kit (Qiagen, Hilden, Germany)
- QIAquick PCR Purification Kit (Qiagen, Hilden, Germany)
- Sodium chloride (NaCl) (Sigma, USA)

- Tris base (Sigma, USA)

- Tween 20 (Merck, Germany)

- Tween 80 (Sigma, USA)

- Yeast extract (Difco, USA)

2. Equipments
- Anaerobic Chamber (Concept Plus, Ruskinn Technology, UK)
- Anaerobic Jar (BBL, USA)
- Autoclave (Hirayama, Japan)
- Autopipettes (Gilson, France)
- Centrifuge (Kubota, Japan)
- Deep Freezer (-20°C) (Sanyo, Japan)
- Deep Freezer (-80°C) (Sanyo, Japan)
- Electrophoresis chamber (BioRad, USA)
- Frogger (DAN-KAR CCRP, USA)
- Gel doc (BioRad, USA)
- Heat block (Scientific, USA)
- Hot air oven (Haraeus, Germany)
- Incubator (Forma Scientific, USA)
- Light Microscope (Nikon, Japan)

- Microcentrifuge (Eppendorf, USA)
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- pH meter (Orion, USA)
- Thermal cycler (Eppendorf, Hamburg, Germany)
- Vortex mixer (Scientific, USA)

- Water bath (Memmert, USA)

3. Software and program
- GenBank DNA database search (http://www.ncbi.nlm.gov/BLAST).
- Multalin program (http://bioinfo.genotoul.fr/multalin)
- Sequence mach program of the Ribosomal Database Project 11 (RDP-II;

http://rdp.cme.msu.edu)


http://www.ncbi.nlm.gov/BLAST�
http://bioinfo.genotoul.fr/multalin�
http://rdp.cme.msu.edu/�
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APPENDIX B

PREPARATION OF MEDIA AND REAGENT

Media for lactobacilli

1. MRS agar
MRS agar (oxoid) 62 g
Distilled water 1,000 ml
2. MRS broth
MRS broth (oxoid) 52 g
Distilled water 1,000 ml
3. 20% glycerol MRS broth
Glycerol 20 ml
Distilled water 40 ml
MRS broth 40 ml

(MRS 2.08 g + DW 40 ml)
20% glycerol MRS broth using for kept lactobacilli cell in deep freeze.

Media for bifidobacteria

4. Modified Columbia (MC) medium

Columbia agar base (oxoid) 39 g
Glucose 5 g
Cysteine hydrochloride 05 ¢
Agar 5 g
Distilled water 1,000 ml

The pH was adjusted to 7.3 before autoclaving at 121°C for 15 minutes.



When use the media as differential medium add 0.03 g/l of bromocresol purple
indicator for observed glucose fermentation.
5. Brain Heart Infusion Broth (BHB)

Brain Heart Infusion (BBL) 37 g
Yeast extract 5 g
Cysteine hydrochloride 05 g
Distilled water 1,000 ml

The pH was adjusted to 7.2 before autoclaving at 121°C for 15 minutes.

Brain heart infusion broth using as enrichment medium.

6. Brain Heart Infusion Agar (BHA)

Brain Heart Infusion Agar (BBL) 52 g
Yeast extract 5 g
Cysteine hydrochloride 05 g
Distilled water 1,000 ml

Brain heart infusion agar using for antagonistic activity assay.

7. 20% glycerol Brain Heart Infusion Broth

Brain Heart Infusion (BBL) 37 g
Yeast extract 0.5 g
Cysteine hydrochloride 005 ¢
Glycerol 20 ml
Distilled water 80 ml

20% glycerol BHB using for kept bifidobacteria cell in deep freeze.

Media for streptococci

8. M17 agar
M17 agar (oxoid) 48.25 ¢
Distilled water 950 ml

10% lactose solution 50 ml
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9. 20% glycerol M17 broth

Glycerol 20 ml
Distilled water 40 ml
M17 broth (oxoid) 40 ml

(M 17 1.37 g+ Lactose solution 5 ml + DW 35 ml)

Reagent for molecular analysis

10. 0.5M EDTA, pH 8.0

Ethylene diamine tetraacetic acid (EDTA) 93.05 g

Distilled water 500 mi

Dissolve 93.05 g of EDTA in 400 ml of distilled water, then the pH was
adjusted to 8.0 with NaOH (pellets) and final volume was bought up to 500 ml. The
stock reagent sterile by autoclaving at 121°C at 15 pounds/inch® pressure for 15

minutes. The solution was stored at room temperature.

11. 5X TBE
Tris base 54 g
Boric acid 275 g
0.5M EDTA pH 8.0 20 ml
Distilled water 1,000 ml

Dissolve all of ingradients in 1,000 ml of distilled water. The stock reagent
sterile by autoclaving at 121°C at 15 pounds/inch® pressure for 15 minutes. The

solution was stored at room temperature.
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12. 1M Tris-HCI, pH 8.0

Tris base 1211 ¢

Distilled water 1,000 ml

Dissolve 121.1 g of Tris base in 800 ml of distilled water. Adjust the pH to the
desired value by adding concentrated HCI 42 ml and allow the solution to cool to
room temperature before making final adjustments to the pH 8.0. Adjust the volume
of the solution to 1 liter with distilled water. Dispense in to aliquots and sterilize by
autoclaving.
13. 10X Digestion buffer

The stock reagent 10X digestion buffer contained 5% tween 20 and 10 mg/ml
proteinase K in 0.2 M Tris pH 8.3. For example prepare 4 ml of the stock reagent.

Tween 20 0.2 mi
Proteinase K 40 mg
1M Tris pH 8.3 08 ml
Distilled water 3.0 ml

Dissolve 40 mg of Proteinase K in 3 ml of distilled water adding Tween 20

and 1M Tris pH 8.3 making final volume to 4 ml. Mix well and store at 4°C.
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APPENDIX C

FLOW CHART OF PROTOCAL

1. Collection of breast milk

Thai healthy mother

l

Gave written informed consent to the protocol

l

Clean hands with 70% alcohol gel

l

Clean around mammary and nipple with sterile water

v ’

Skin sampling with sterile cotton swab and Milk sampling 5 ml put in
put in sterile tube with 0.15% peptone water sterile tube by manual

The sample collected on 4 °C until delivery to the laboratory
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2. Isolation of Lactobacillus, Bifidobacterium and Streptococcus from breast milk

Milk sample 1 ml

l

i Serial dilution (10-2-10-3)
Sampling swab with 0.15% peptone water

l l

Plate on MRS, MC and 100 pl sprated on MRS,
M17 agar MC and M17 agar

l l

Incubated in anaerobic condition at 37 °C for 48-72 h in
anaerobic chamber, except plates of M17 agar incubated in
aerobic condition at 37 °C for 24-48 h

l

Record and peaked different colonies less
than 7 colonies of each type

l

Gram stained and catalase tested
(Gram-positive rod, catalase negative; Lactobacillus-like bacteria, Gram-positive
bifid or irregular rod, catalase negative; Bifidobacterium-like bacteria and Gram-
positive cocci , catalase negative; Streptococcus-like bacteria)

l

Restreak on the same media

l

Single colonies kept in MRS, brain heart infusion broth (BHB), and M17
with 20% glycerol and stored in frozen cultures at -80 °C
for experimental use.
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3. Antagonistic activity assay of lactobacilli and bifidobacteria using agar spot
method

Subculture of lactobacilli and bifidobacteria on MRS and MC agar

incubate in anaerobic condition at 37
l °C for 48-72 h in anaerobic chamber

Pick up the single colony inoculate into 180 yl MRS
and BHI broth in 96 well plate

incubate in anaerobic condition at 37
l °C for 48 h in anaerobic chamber

subculture into into 180 yl MRS and BHI broth
in a 96-well plate using Frogger

incubate in anaerobic condition at 37
°C for 48 h in anaerobic chamber

using Frogger spot on BHI agar (140 mm)

incubate in anaerobic condition at 37

Culture target bacteria were grown °C for 48-72 h in anaerobic chamber

on appropriate media and condition
for experimental use v

Overlay the spot with target pathogens in trytic soft agar at a
final concentration of 10" CFU/ml

[2 ml pathogens 10° CFU/ml + 18 ml soft agar (agar 7.5g/1)]

l incubate in condition for experimental use

Measured inhibition zone around the spot (mm)
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4. Antagonistic activity assay of streptococci using agar spot method

Subculture of streptococci on M17 agar

incubate in aerobic condition at 37 °C
l for 24-48 h

Pick up the single colony inoculate into 180 pl
M17 broth in 96 well plate

incubate in aerobic condition at 37 °C
l for 24 h

subculture into into 180 pl M17 broth
in a 96-well plate using Frogger

incubate in aerobic condition at 37 °C
for 24 h

using Frogger spot on BHI agar (140 mm)

incubate in aerobic condition at 37 °C

Culture target bacteria were grown for 24-48 h
on appropriate media and condition
for experimental use v

Overlay the spot with target pathogens in trytic soft agar at a
final concentration of 10’ CFU/ml

[2 ml pathogens 10° CFU/mI + 18 ml soft agar (agar 7.5g/1)]

l incubate in condition for experimental use

Measured inhibition zone around the spot (mm)
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1. The similarly alignment 16S rRNA gene sequence of Lactobacillus spp. isolated
from breast milk with the 16S rRNA gene sequence of Lactobacillus spp. published in
NCBI data bank.

»gh |DQ901733.1]

partial sequence

Length=1063

867 bits (469), Expect
Identities = 488/497 (98%), Gaps

Score

0.0
1/497 (0%)

strand=PTus /Plus

Query
shijct
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shjct
Query
shjct
Query
shict
Query
shijct
Query
shijct
Query
shjct
Query
Shjct

Query

395
554
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614
518
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734
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318
974
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AGGTCTTGACATCCTTTGACCACCTAAGAGATTAGGCTTTCCCTTCGGGGACAAAGTGAC

FETTEEET e e e e e e et e e e e e e e e e e
AGGTCTTGACATCCTTTGACCACCTAAGAGATTAGGCTTTCCCTTCGGGGACAAAGTGAC

AGGTGGETGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGT TGGGTTAAGTCCCGCAACGA

LT e et e e e e e e e e el
AGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGA

GCGCAACCCTTGTAGTCAGTTGCCAGCATTAAGT TGGGCACTCTGGCGAGACTGCCGGTG

LETTEEETT e rerreee et e e e e e e e e e e e e e e eernnnd
GCGCAACCCTTGTTGTCAGTTGCCAGCATTAAGTTGGGCACTC TGGC GAGACTGCCGGTG

ACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGACCTGGGCTAC

CETEETEE e e e e e e e e e e e e e e il
ACAAACCGGAGGAAGGTGGGGAC GACGTCAAGTCATCATGCCCCTTATGACCTGGGC TAC

ACACGTGCTACAATGGACGGTACAACGAGTCGCGAGACCGC GAGGTTTAGCTAATCTCTT

FETETTEE e et e e e e e e e e e e e il
ACACGTGC TACAATGGAC GGTACAAC GAGTC GCGAGACCGCGAGGTTTAGCTAATCTCTT

AAAGCCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCTA

FETTEETEE e et e e e et e e e et et
AAMAGCCGTTCTCAGTTCGGATTGTAGGC TGCAACTCGCCTACATGAAGTC GGAATCGCTA

GTAATCGCGAATCAGCATGTCGCGGTGAATACGT TCCCGGGCCTTTTACGGACCGCCCAT

LETEEEErrer e e e e e eyt rrrrrnrt
GTAATCGCGAATCAGCATGTCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT

CACACCATGAGAGTTTGTTTC TTCCGAAAGCCGGTGGGGTAACC GCAAGGAGCCAGCCGT
Lerreereeeerreerrt 0 tr Perrr e e e e e e e
CACACCATGAGAGTTTGTAACACCC-AAAGCCGGTGGGGTAACC GCAAGGAGCCAGCCGT

CTAAGGTGGGACAGATG 894

Lactobacillus salivarius strain DsM 20555 165 ribosomal RNA ge

457
613
517
673

w
|
|

|
wJ
w

637

793

853
757
913
817
973
877

1032



=gb|F155/004.1]

partial sequence

Length=

Score

151

= 1605 bits (869), Expect

Identities
strand=Plus/Plus

Query
shijct
Query
shijct
Query
shjct
Query
shjct
Query
shjct
Query
shjct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct

397
619
457
679
517
739
577
799
637
859
697
919
757
979
817
1039

877

1099
937

1159
997

1219
1057
1279
1117
1339
1177
1399
1237
1459

0.0
2/885 (0%)

880/885 (99%), Gaps

CTCAAC AGAATTGCATCAGAAACTGTTGAACT TGAGTGCAGAAGAGGAGAGT

CTCAAC AGAATTGCATCAGAAACTGTTGAACT TGAGTGCAGAAGAGGAGAGT

GGAACTCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGC

GGAACTCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGC

TGGGTAGCGAACAGGATTAGA
||II|||||||II|||||||II|||||||II|||||||I||||||||I||||||||I||

GGCTCTCTGGTCTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGA

TACCCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGT TGGGAGGT TTCCGCCTCTC

TACCCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGT TGGGAGGT TTCCGCCTCTC

AGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACT

CELTLEETEEE e et e e e e e e e e e e e e ey
AGTGCTGCAGC TAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACT

CAAAGGAATTGACGGGGGCCCGCACAAGCGGTGRAGCATGTGGTTTAATTCGAAGCAACG

CEPTLEETEEE e et e e e e e e e e e e e ety
CAAAGGAATTGACGGGGGCCCGCACAAGC GGTGGAGCATGTGGTTTAATTC GAAGCAACG

CGAAGAACCTTACCAGGTCTTGACATCCAGTGCAAACCTAAGAGATTAGGAGTTCCCTTC

||II|||||||II|||||||II|||||||II|||||||I||||||||I||||||||I||
GAAGAACCTTACCAGGTCTTGACATCCAGTGCAAACCTAAGAGATTAGGAGTTCCCTTC

GGGGACGCTGAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTT

CETTPEETEEr e e e e e e e e e e e e el
GGGGACGCTGAGACAGGTGGTGCATGGCTGTCGTCAGC TCGTGTCGTGAGATGTTGGGTT

AAGTCCCGCAACGAGCGCAACCCTTGTCATTAGT TGCCATCATTAAGTTGGGCACTCTAA

FEEETETR e e et e et r e e e e e e e e e
AAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCCATCATTAAGT TGGGCACTCTAA

TGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTT

LEEEPEErrrer e e e e e e e e e e e e e e e
TGAGAC TGCCGGTGACAAACC GGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTT

ATGACCTGGGECTACACACGTGCTACAATGGACGGTACAAC GAGAAGC GAACCTGCGAAGG

LLEEEEErrrer e et e e e e e e e e e e e e e e et
ATGACCTGGGC TACACACGTGC TACAATGGACGGTACAAC GAGAAGC GAACCTGC GAAGG

CAAGCGGATCTCTGAAAGCCGTTCTCAGTTCGGACTGTAGGC TGCAACTCGCCTACAGGA

LEEEEErrrrer e et e e e e e e e e e e e e e
CAAGCGGATCTCTGAAAGCCGTTCTCAGTTCGGAC TGTAGGC TGCAACTCGCCTACACGA

AGCTGGAATCGCTAGTAATC GCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTG

FLETUEET e et e e e e e e e e e e e
AGCTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTG

TACACACCGCCCOTCACACCATGAGAGTCTGTAACACCCAAAGCCGGTGGGATAACCTTT

LEEEEEERrrer e e e e e e et e e e e e e e e e
TACACACCGCCCGTCACACCATGAGAGTC TGTAACACCCAAAGCCGGTGGGATAACCTTT

ATAGGAGTCAGCCGTCTAATGTAGGACAGA-GATTAGTGGTTAAG 1280

LLEEEETRrEerr e terr ey e e 1
ATAGGAGTCAGCCGTCTAAGGTAGGACAGATGATTAG-GGTGAAG 1502

110

Lactobacillus gasseri strain NCCZ&20 15 ribosomal RNA gene,

456
678
516
738
576
798
636
858
696
918
756
978
316
1038
876
1098

936

1158
996

1218
1056
1278
1116
1338
1176
1398
1236
1458
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gh |AF126738.1|AF126738 Lactobacillus mucosae 165 ribosomal RNA gene, complete sequence
Length=1568

Score = 2651 bits (1433), Expect = 0.0
Identities = 1477 /1495 (99%), Gaps = 14/1495 (1%)
strand=PTlus/Plus

Query 8 ATACATGCAAGTCGAACGCGTTGGCCCAACTGATTGAACGTGCTTGCACGGACTTGACGT 67
PP e e et e et e ettt

sbjct 44 ATACATGCAAGTCGAACGCGTTGGCCCAACTGATTGAACGTGC TTGCACGGACTTGACGT 103

query 68 TGGTTTACCAGCGAGTGGCGGAC GGGTGAGTAACACGTAGGTAACCTGCCCCAAAGCGGG 127

ULt e e e e e et e et
sbjct 104  TGGTTTACCAGCGAGTGGCGGACGGGTGAGTAACACGTAGGTAACCTGCCCCAAAGCGGG 163

Query 128 GGATAACATTTGGAAACAGATGC TAATACCGCATAACAATTTGAATCGCATGATTCAAAT 187

LLEErrrrerrerr e et e et e et ettt
Shbjct 164  GGATAACATTTGGAAACAGATGCTAATACCGCATAACAATTTGAATCGCATGATTCAAAT 223

Query 138 TTAAAAGATGGC TTCGGC TATCACTTTGGGATGGACCTGCGGCGCATTAGCTTGTTGGTA 247

PP e e et e e et e ettt
sbjct 224  TTAAAAGATGGCTTCGGCTATCACTTTGGGATGGACCTGCGGCGCATTAGCTTGTTGGTA 283

Query 248 GGGTAACGGCCTACCAAGGCTGTGATGCGTAGCC GAGTTGAGAGACTGATCGGCCACAAT 307

LLLErrrreererrrrereere et et e e e e e e et et
sbjct 284  GGGTAACGGCCTACCAAGGCTGTGATGCGTAGCCGAGTTGAGAGACTGATCGGCCACAAT 343

Query 308 GGAACTGAGACACGGTCCATACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGG 367

LLErrerrerrrrrre e et et et e e e et e et
sbjct 344  GGAACTGAGACACGGTCCATACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGG 403

Query 368 GCGCAAGCCTGATGGAGCAACACCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCT! 427

LLLETEER e rrnrnl ||||I||I|||||||I|||||||I||||||
sbjct 404  GCGCAAGCCTGATGGAGCAACACCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCT 463

Query 428 GTTGTTAGAGAAGAACGTGCGTGAGAGCAACTGTTCACGCAGTGACGGTATCTAACCAGA 487

LLrrrerrrrrrrrrrrrrere et e et e et et ettt
sbjct 464  GTTGTTAGAGAAGAACGTGCGTGAGAGCAACTGTTCACGCAGTGACGGTATCTAACCAGA 523

Query 488 AAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCG 547

CELREPEEET P et e e e et et e ey
Shjct 524  AAGTCACGGCTAACTACGTGCCAGCAGCCGUGGTAATACGTAGGTGGCAAGCGTTATCCG 583

Query 548 GATTTATTGGGC GTAAAGCGAGC GCAGGC GGTTTGATAAGTCTGATGTGAAAGCCTTTGG 607

CEEEErrrrerr e e e e e e e e e e e e
sbjct 584  GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTGATAAGTCTGATGTGAAAGCCTTTGG 643

Query ©08 AACCAAAGAAGTGCATCGGAAACTGTCAGACTTGAGTGCAGAAGAGGACAGTGGAAC 667

|I|||||||I||I||I|||||||I||I||| SRR RN AR AR NNy
Shjct 644 AACCAAAGAAGTGCATC GGAAAC TGTCAGAC TTGAGTGCAGAAGAGGACAGTGGAAC 703

Query 668 TCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG 727

LETErrrrrrerrr et et e e e rer et e e e e
Sbhjct 704  TCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG 763

Query 728 TCTGGTCTGCAACTGACGCTGAGGC TCGAAAAGCATGGGTAGC GAAAACACGATTAGATA 787

CLEPEErerrreeer e err e rererr et teer Teerrnnd
Shjct 764  TCTGGTCTGCAACTGACGCTGAGGCTCG-AAAGCATGGGTAGCG--AACAGGATTAGATA 820

Query 788 CCCCTGGTAGTTCCATGCCCGTAAAACGATGAAGTGC TAGGTGTTGGAAGGGGTTTCCGC 847

LETrrrrer rrerer eeer reereerr teeer e e b e
Sbjct 821  -CCCTGGTAG-TCCATG-CCGT-AAACGATG-AGTGCTAGGTGTTGG-A-GGGTTTCCG-  §72

Query 848 CCCTTCAGTGCCGCAGCTAACGCATTAAGCACTCCGCCTGGGGGAGTNCGACCGCAAGGT 907

CEEREErErrr e e et e e e e peeerr e ferrrrrrrnrd
Shjct 873  CCCTTCAGTGCCGCAGCTAACGCATTAAGCACTCCGCCT-GGGGAGTACGACCGCAAGGT 931

Query 908 TGAAACTCAAAAGGAATTGAC GGGGGCCCGCACAAGC GGTGGAGCATGTGGTTTAATTCG 967

LEPEErre e e e e e e e e e e e e e e
Sbhjct 932  TGAAACTC-AAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCG 990

Query 968  AAGATACGCGAAGAACCTTACCAGGTCTTGACATCTTGCGCCAACCCTAGAGATAGGGCG 1027
CEL TR eer e et e e e et e e e ey
Shjct 991  AAGCTACGCGAAGAACCTTACCAGGTCTTGACATCTTGCGCCAACCCTAGAGATAGGGCG 1050

Query 1028 TTTCCTTCGGGAACGCAATGACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGAT 1087



»gh |[EU825658.1| Lactobacillus fermentum strain 1 165 ribosomal RNA gene,
sequence
Length=1554

Score = 1007 bits (545), Expect
Identities = 386/607 (97%), Gaps

0.0
7/607 (1%

strand=PTlus/Plus

qQuery
shjct
Query
shjct
Query
shjct
Query
Shjct
Query
shjct
Query
shjct
Query
Shjct
Query
Shjct
query
shict
query
Shijct
Query
Shjct

124
399
184
953
243
1013
303
1073
363
1133
423
1193
483
1253
543

1313
603

1373
663
1433
723
1493

GGGGAGGTACGACCCGCAAGGGTTGGAGACTCAAAGGAAATTGAAC GGLGGGGCCCGCNCA

LEEEE e ceeree et e reeerreer reerr tererrrrerrrr i
GGGGA-GTACGA-CCGCAA-GGTT-GAAACTCAAAGG-AATTG-ACGGGGGGCCCGCACA

AGCGGTGGAGCATGTGGTTTAAT TGGAAGC TACGCGAAGAACCTTA-CAGGTGT TGAGAT

FEEELErrrrrrreeer e et verer e e e e teenr 1 i
AGCGGTGGAGCATGTGGTTTAATTC GAAGC TAC GCGAAGAACC TTACCAGGTCTTGACAT

CTTGGGCCAACCCTAGAGATAGGGCGTTTCCTTNGGGAACGCAATGACAGGTGGTGCATG

LErE rrerrerreererr e e e rer trereer e e
CTTGCGCCAACCCTAGAGATAGGGC GTTTCCTTCGGGAACGCAATGACAGGTGGTGCATG

GTGGTCGTCAGCTCGTGTCGTGAGATGTTNGGTTAAGTCCCGCAACGAGCGCAACCCTTG

LErrrrrrrrrrrrereerrrerr e e terr e e e e
GTCGTCGTCAGCTCGTGTCGTGAGATGT TGGGTTAAGTCCC GCAACGAGCGCAACCCTTG

TTAATAGTTGCCAGCATTAAGTTGGGCACTCTAGTGAGACTGCCNGTGACANACCGGAGG

LED e eerrerer e e rerreerreeer e i prrrrrnd
TTACTAGTTGCCAGCATTAAGT TGGGCACTC TAGTGAGAC TGCCGGTGACAAACC GGAGG

AAGGTGGEGEGACGAC GTCAGATCATCATGLCCCTTATGACCTGGGCTACACACGTGCTACA

FELTLEERrrrr e et e e e e e e e e
AAGGTGGGGACGACGTCAGATCATCATGCCCCTTATGACC TGGGC TACACACGTGC TACA

ATGGACGGTACAACGGGTCGCGAACTCGCGAGGGCAAGCAAATCTCTTAAACCCGTTCTC

[LEEEErrrrrrr et teerr e e e e e e e P
ATGGACGGTACAACGAGTCGCGAAC TCGCGAGGGCAAGCAAATC TCTTAAAACCGTTCTC

AGTTCGGAC TGCAGGCTGCAAC TCGCC TGCACGAAGTC GGAATCGC TAGTAATCGCGGAT
CEEEEEErr e e e e e e e e e e e
AGTTCGGAC TGCAGGCTGCAAC TCGCC TGCACGAAGTCGGAATCGCTAGTAATCGCGGAT

CAGCATGCCGCGGTGAATACGTTCCCGGGUCTTGTACACACCGCCCOGTCACACCATGAGA

LEEEEerrrerreerr e e e e e e e e e e
CAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGAGA

GTTTGTAACACCCAAAGTCGGTGGGGTAACCTTTTAGGAGCCAGCCGCCTAAGGTGGGAC

LErrrerrrerrerrr e e e e et e e e e e e e
GTTTGTAACACCCAAAGTCGGTGGGGTAACCTTTTAGGAGCCAGCCGCCTAAGGTGGGAC

AGATGAT 729

[LTTTT]
AGATGAT 1499

112

partial

183
952
242
1012
302
1072
362
1132
422
1192
482
1252
542
1312
602

1372
662

1432
722
1492
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=dbj|AB120029.1| Lactobacillus plantarum gene for 16S rRNA, partial sequence,
strain: ABbLPO3
Length=625

score = 1016 bits (550), Expect
Identities = 555/557 (99%), Gaps
Strand=Plus/Plus

0.0
2/557 (0%)

Query 9 CATGCAAGGTCGAACGAACTCTTGGTATTGATTGGTGC TTGCATCATGATTTACATTTGA 68

CTEEEre e e e trer e e e e e e e e el
Shjct 18  CATGCAA-GTCGAACGAACTC-TGGTATTGATTGGTGCTTGCATCATGATTTACATTTGA 75

Query 69 GTGAGTGGCGAACTGGTGAGTAACACGTGGGAAACCTGCCCAGAAGC GGGGGATAACACC 128

CRLETTErr e e e e e e e e e e e e e e e e e e e e
Shjct 76  GTGAGTGGCGAACTGGTGAGTAACACGTGGGAAACCTGCCCAGAAGCGGGGGATAACACC 135

Query 129 TGGAAACAGATGCTAATACCGCATAACAACTTGGACCGCATGGTCCGAGTTTGAAAGATG 1838

CTLEETEE e e e e e e e e e e e e e e el
shjct 136 TGGAAACAGATGCTAATACCGCATAACAACTTGGACCGCATGGTCCGAGTTTGAAAGATG 195

Query 189 GCTTCGGCTATCACTTTTGGATGGTCCCGCGGCGTATTAGCTAGATGGTGGGGTAACGGC 248

CTLETTE e e e e e e e e e e e e e e el
Shjct 196 GCTTCGGCTATCACTTTTGGATGGTCCCGCGGCGTATTAGCTAGATGGTGGGGTAACGGC 255

Query 249 TCACCATGGCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGA 308

LEVTEEErrrer et e e er e e e e e el
Shjct 256 TCACCATGGCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGA 315

Query 309 CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCT 368

CPTEETEEr e e e e e e e e e e e e e e e e e el
Shjct 316 CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCT 375

Query 369 GATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAG 428

CTDEEPEEr e e e e e e e e e e e e e e e e e e el
Shjct 376 GATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGC TCGTAAAACTCTGTTGTTAAAG 435

Query 429 AAGAACATATCTGAGAGTAACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGC 488

CLEETET et e e et el
Shjct 436 AAGAACATATCTGAGAGTAACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGC 495

Query 489 TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGG 548

AR NN RN RN NN RN AN RN AR AR
Shjct 496 TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGG 555

Query 549 GCGTAAAGCGAGCGCAA 565

NEARRRRRRRRANNRY
Shjct 9556 GCGTAAAGCGAGCGCAA 572



»=gh|10412726.1| Lactobacillus casei strain L8 165 ribosomal RNA gene, p
sequence

Length=1518

S5core =

673 bits (364), Expect
Identities = 369/371 (99%), Gaps

0.0
2/371 (1%)

Strand=PTus/Plus

Query
shijct
Query
shict
query
shjct
query
shjct
query
shijct
Query
shijct
Query
shjct

7
15
67
73
127
133
187
193
247
253
307
313
367
373

CTATACATGCCAAGTCGGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA

LEEEreeer e eerr e e e e e
CTATACATG-CAAGTC-GAACGAGTTCTCGTTGATGATCGGTGC TTGCACCGAGATTCAA

CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGAT

CETTEETErr et e e e e e e e e e e e e e e e e el
CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGAT

AACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGA

FETTEETEEr et e e e e e e e e e e e e e e e e ey
AACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGA

AAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGT TGGTGAGGT

FETTEETEET e e e e e e e e e e e e e e e e e e e el
AAGATGGCGTAAGC TATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGT

AATGGCTCACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGA

FETTEETERT e et e e e e e e e e e e e e e e e e ey
AATGGCTCACCAAGGCGATGATAC GTAGCC GAAC TGAGAGGTTGATC GGCCACATTGGGA

CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGC

[ETEERTrrr e e e e e e e e e e e e e e e el
CTGAGACACGGCCCAAACTCCTAC GGGAGGCAGCAGTAGGGAATC TTCCACAATGGAC GC

AAGTCTGATGG 377

NRRRNNRAAN
AAGTCTGATGG 383

=gbh |HQBE97661.1] Lactobacillus oris strain 47-219 165 ribosomal RNA gene,
sequence
Length=567

Score =

248 bits (134), Expect
Identities = 152/163 (93%), Gaps

le-62
0/163 (0%

Strand=Plus/Plus

Query
Shijct
Query
Shijct
Query
Shijct

21
63
81
123
141
183

AGCGCACTGNNCCAACAGAAATGACGTGCTTGCACTGATTTGACGTTGNATTCCCAGTGA

FELELEErr e e e e e e et rerrrrrnnnd
AGCGCACTGGCCCAACAGAAATGACGTGCTTGCACTGATTTGACGTTGGATTCCCAGTGA

GCGGCGGACGGGTGAGTANCACGTGGCCCACCTGUCCCAAAGCGGGGGATAACATTTGGA

LELEREErrrer e trrrrer | |||I|I||||||||||||I|I||||||||||
GCGGCGGACGGGTGAGTAACACGTGGGCAACC TGCCCCAAAGC GGGGGATAACATTTGG

AACAGGTGCTAATACCGCATAATTTGGAATACTATATGEEtEt 183

CEEerrerrereererrer e e re rorer 1l
AACAGGTGCTAATACCGCATAACTTGGAAAACCACATGGTTTT

114

artial

66

72

126
132
186
192
246
252
3006
312
366
372

partial

30

122
140
152



»gb |[HM218396.1]

partial sequence

Length=1504

Score = 2623 bits (1420), Expect = 0.0

Identities

1469/1491 (99%), Gaps = 16/1491 (1%)

Strand=Plus/Plus

Query
shijct
Query
shjct
Query
Sbijct
Query
shijct
Query
shijct
Query
shijct
Query
sbjct
Query
Sbijct
Query
Shjct
Query
shjct
Query
shjct
Query
shjct
Query
shjct
Query
shjct
Query
shjct
Query
shjct

10

28

70

88

130
148
190
208
250
268
310
328
370
388
430

448
490

508
550
568
610
622
670
674
730
733
790
793
830
852
910
912

ATACATGCAAGTCOAACGAGTTCTGATTATTGAAAGGTGCTTGCATCTTGATTTAATTTI

LLETEPEEEr e et e e e e et eIl
ATACATGCAAGTCGAACGAGTTCTGATTATTGAAAGGTGC TTGCATCTTGATTTAATTTT

GAACGAGTGGCGGACGGGETGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATAACA

LEPTETT e e e e e e e e e e e e e e e e e e el
GAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACC TGCCCTTAAGTGGGGGATAACA

TTTGGAAACAGATGCTAATACCGCATAAATCCAAGAACCGCATGGTTCTTGGCTGAAAGA

LERTEEErEr e e e e e e e e e e e e e e e e e e el
TTTGGAAACAGATGC TAATACCGCATAAATCCAAGAACCGCATGGTTCTTGGC TGAAAGA

TGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTAGC TAGT TGGTGAGGTAACG

LETTETEEET e e et e e e e e e e et v e e e e el
TGGCGTAAGCTATCGCTTTTGGATGGACCC GCGGCGTATTAGC TAGT TGGTGAGGTAACG

GCTCACCAAGGCAATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGA

LERTETT et e et e e e e e e e e e e e e e el
GCTCACCAAGGCAATGATACGTAGCCGAAC TGAGAGGTTGATCGGCCACATTGGGACTGA

GACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGT

LCEETEEEEEr e e e e ettt
GACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATC TTCCACAATGGACGCAAGT

CTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGG

LERTEEEEr e e e e e e e e e e e e e e e el
CTGATGGAGCAACGCCGCGTGAGTGAAGAAGGC TTTCGGGTCGTAAAACTCTGTTGTTGG

AGAAGAATGGETCGECAGAGTAACTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCACG

FEPTEET Tt e e e e e e e e e e e e e e e el
AGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGAC GGTATCCAACCAGAAAGCCACG

GCTAACTACGTGCCAGCAGCCGCGGETAATACGTAGGTGGCAAGCGTTATCCGGATTTA

IIII|||||||||||||||III|||||||||||||||IIII|||||||||||||||III
GCTAACTACGTGCCAGCAGCC GCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATT

GGGCGTAAAGCGAGCGCAGGCGGT TTTTNTTAAGTCCTGANGTGAAAANNCCNTCGGGCT
|l

LTPEErrrrrrreerrerrrerr e ot ter e [T 111
GGGCGTAAAGCGAGCGCAGGCGGTTTTT-T-AAGTC-TGATGTGAAAGC -CC-TCGG-CT

TTNNCCCGAGGGAAAGTGCATCCGGAAACTGGGAAAACTTTGAGT GCAGAAGNAGGACAG

I CETrrr e e ceeeerrrerrer ter terrrer et rrrrend
TAA-CC-GAGG-AA-GTGCATC -GGAAACTGGGAAA-CTT-GAGTGCAGAAG-AGGACAG

TGGAAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAG

LELEE T et e e e e e e et e e e e e e e el
TGGAA-CTCCATGTGTAGC GGTGAAATGC GTAGATATATGGAAGAACACCAGTGGCGAAG

GCGGCTGTCTGGTCTGTAACTGACGCTGAGGC TCGAAAGCATGGGTAGCGAACAGGATTA

LTPEET et e et e e e e e e et e e e e e e el
GCGGCTGTCTGGTC TGTAACTGACGC TGAGGC TCGAAAGCATGGGTAGC GAACAGGATTA

GATACCCCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGT TGGAGGGTTTCCGCC

RARNEN |||||||||||III|||||||||||||||IIII|||||||||||||||III
GATACCC-TGGTAGTCCATGCCGTAAACGATGAATGC TAGGTGTTGGAGGGTTTCCGCCC

TTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTTGAA

LETEEEEEEr e e e et e e e e e e e e e e e e e e el
TTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCC TGGGGAGTACGACC GCAAGGTTGAA

ACTCAAAGGAAT TGACGGGGGECCCGCACAAGCGGTGGAGCATGTGGTTTAAT TCGAAGC

IIII|||||||||||||||III|||||||||||||||IIII|||||||||||||||III
ACTCAAAGGAATTGAC GGGGGCCCGCACAAGC GGTGGAGCATGTGGTTTAATTCGAAGCA
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Lactobacillus rhamnosus strain NM34-5 165 ribosomal RNA gene,

69

87

129
147
189
207
249
267
309
327
369
387
429
447
489

507
549

567
609
621
069
673
729
732
789
792
349
851
909
911
969
971



Query
shijct
Query
Shjct
Query
shijct
Query
shjct
Query
shijct
query
shjct
Query
shijct
query
shjct
Query
shijct

970

972

1030
1032
1090
1092
1150
1152
1210
1212
1270
1272
1330
1332
1390
1392
1450
1452

ACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCC

LETEErrerrerr e er et e rerrer e e e e e
ACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCC

TTCGGGGGCAAAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGG

LETTLEEET e e e e et e e
TTCGGGGGCAAAATGACAGGTGGTGCATGGTTGTCGTCAGC TCGTGTCGTGAGATGTTGG

GTTAAGTCCCGCAACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTC

LETEErrrrrerrrr e e e e e rer e e e e e
GTTAAGTCCCGCAAC GAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTC

TAGTAAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCC

LETTEEET et e e e e e e e e e e et e rrrnd
TAGTAAGACTGCCGGTGACAAACC GGAGGAAGGTGGGGATGACGTCAAATCATCATGCCC

CTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAACGAGT TGCGAGACCGCGA

LETEErrerrerrrererr e e et e et et
CTTATGACCTGGGC TACACACGTGCTACAATGGATGGTACAACGAGT TGCGAGACCGCGA

GOTCAAGCTAATCTCTTAAAGCCATTCTCAGT TCGGACTGTAGGCTGCAACTCGCCTACA

LEEErrrrrrrer et e e e e e e
GGTCAAGCTAATCTC TTAAAGCCATTCTCAGTTCGGAC TGTAGGC TGCAAC TCGCCTACA

CGAAGTCGGAATCGCTAGTAATCGCGGATCAGCACGCCGUGGTGAATACGTTCCCGGGCC

LTt e et e eer e e e e
CGAAGTCGGAATCGC TAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGLC

TTGTACACACCGCCCGTCACACCATGAGAGTTTGTAACACCCGAAGCCGGTGGCGTAACC

LETEEErerrerrerr et e e e e e e e e e
TTGTACACACCGCCCGTCACACCATGAGAGTTTGTAACACCC GAAGCCGGTGGCGTAACC

CTTTTAGGGAGC GAGCCGTCTAAGGTGGGACAAATGATTAGTGTGAAGTCG 1500

LETEErrerrerrerr et e er e e e trrrentd
CTTTTAGGGAGC GAGCCGTCTAAGGTGGGACAAATGATTAGGGTGAAGTCG 1502
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1029
1031
1089
1091
1149
1151
1209
1211
1269
1271
1329
1331
1389
1391
1449
1451
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2. The similarly alignment 16S rRNA gene sequence of Bifidobacterium spp. isolated
from breast milk with the 16S rRNA gene sequence of Bifidobacterium spp. published
in NCBI data bank.

»dbj |AB690245.1| Bifidobacterium longum gene for 165 rRNA, partial sequence, strain:
jcM 1250
Length=1464

Score = 2220 bits (1202), Expect = 0.
Identities = 1271,/1303 (98 %), Gaps = 10;1303 (1%
strand=Plus,/Plus

Query 27 AAC-GGAT-CATCAAGGCTTTG-TTggg999g0AGAG-AGAGTAACGGGTGATTAATGCC 82
CEE e e e v et teeer bt terer e et

shjct 47 AACGGGATCCATC-GGGCTTTGC TT-GGTGGTGAGAGTGGCG-AACGGGTGAGTAATGCG 103

Query 83 TGCCCGACCTGCCCCATACACC GGAATAGC TCCTGGAAACGGGTGGTAATGCCGGATGTT 142

LEoErrrrrerr e et er e e e e e el
Sbjct 104  TGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGTT 163

Query 143 CCAGTTGATCGCATGGTCTTCTGGGAAAGCTTTCGCGGTATGGGATGGGGTCGCGTCCTA 202

LEPEErrr e e et e e e e e el
sbjct 164  CCAGTTGATCGCATGGTCTTCTGGGAAAGCTTTCGCGGTATGGGATGGGGTCGCGTCCTA 223

Query 203 TCAGCTTGACGGCGGGGTAACGGCCCACCGTGGCTTCAACGGGGAGCCGGCCTGAGAGGG 262

LEErrererereree et e e e e perer reerer e rrrrrrnd
Shjct 224  TCAGCTTGACGGCGGGGTAACGGCCCACCGTGGCTTCGACGGGTAGCCGGCCTGAGAGGG 283

Query 263 CGACCGGCCACATTGGGACTGAAATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA 322

LEPErrerrerreererr et ter e e e e e e e el
Sbjct 284  CGACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA 343

Query 323 ATATTGCACAATGGGCGCAAGCCTGATGCAGCGACCCCGCGTGAGGCATGGAGGCCTTCG 382

[EPErrrrrer e et e rer et tererrrrirnnd
Sbjct 344  ATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGGAGGCCTTCG 403

Query 383 GGTTGTAAACCTCTTTTATC GGGGAGCAAGCGTGAGTGAGTTTACCCTTTGAATAAGCAC 442

LEPErrrrrerr e e e e et e e e et irrrnrd
Sbjct 404  GGTTGTAAACCTCTTTTATCGGGGAGCAAGCGTGAGTGAGTTTACCCGTTGAATAAGCAC 463

Query 443 CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTACGGTGCAAGCGTTATCCGGAATTA 502

LEPEErrr e e e et e et terrer e e et
Sbjct 464  CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTA 523

Query 503 TTGGGCGTAAAGGGC TCCTAGGC GGGTCGTCTCGACCGGTGTGAAAGTCCATCGCTTAAC 562

LELEEreerrrerer e reeerer reeer tr trrr et et el
Shjct 524  TTGGGCGTAAAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCTTAAC 583

Query 563 GGTGGATCCGCGCCGGGTACGGGC GGGCTTGAGTGCGGTAGGGGAGACTGGAATTCCCGG 622

L errrrrreerrrrrerererrrer et e e e rrend
Shjct 584  GGTGGATCCGCGCCGGGTACGGGCGGGCTTGAGTGCGGTAGGGGAGACTGGAATTCCCGG 643

Query 623 TGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCAATGGCGAAGGCAGGTCTCTGGG 682

LELEErererreererer et e et er b e e e el
shjct 644  TGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCAATGGCGAAGGCAGGTCTCTGGG 703

Query 083 CCGTTACTGACGCTGAGGAGC GAAAGCGTGGGGAGC GAACAGGATTAGATACCCTGGTAG 742

LEErrrrererrererrr e et e e er e e e et
Shjct 704  CCGTTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG 763

Query 743 TCCACGCCGTAAACGGTGGATGC TGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAG 802

LEEERErr e et rer e e e e el
Sbjct 764  TCCACGCCGTAAACGGTGGATGCTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAG 823

Query 803 CTAACGCGTTAAGCATCCCGCCTGGGGAGTACGGCCGCAAGGC TAAAACTCAAAGAAATT 862

LEErErrrer e e e er e e e e e el
Shjct 824  CTAACGCGTTAAGCATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATT 883

Query 863 GACGGGGGCCCGCACAAGC GGCGGAGCATGC GGATTAATTCGATGCAACGCGAAGAACCT 922

LETErrrrrrrerrerere e er e e e et e e e el
Sbjct 884  GACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCT 943

Query 923 TACCTGGGCTTGACATGTTCCCGACGATCCCAGAGATGGGGTTTCCCTTCGGGGCGGGTT 982

LELLErererrrrerer e rrerer e e er e et et e e rrrrend
Shjct 944  TACCTGGGCTTGACATGTTCCCGACGATCCCAGAGATGGGGTTTCCCTTCGGGGCGGGTT 1003

Query 983 CACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA 1042

LETERErr e e e e e e e et et e e e e
Sbjct 1004 CACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA 1063

Query 1043 CGAGCGCAACCCTCGCCCCGTGTTGCCAGCGGATTGTGCCGGGAACTCACGGGGGACCGC 1102

LEEEErrrrrrr e e e et e e e el
Shjct 1064 CGAGCGCAACCCTCGCCCCGTGTTGCCAGCGGATTGTGCCGGGAACTCACGGGGGACCGC 1123



Query
Sshjct
Query
Shjct
Query
shjct
Query
shijct

1103
1124
1163
1184
1223
1244
1283
1304

GGGGETTAACTCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGG

|||||||I|I|||||||||||| LELErErrr e e et
CGGGGTTAACTCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGG

GCTTCACGCATGCTACAATGGCCGGTACAACGGGATGCGACGCGGCGACGC GGAGCGGAT

LLrrrrrerererrrrer et eer e et e e rrrrertd
GCTTCACGCATGCTACAATGGCCGGTACAACGGGATGC GACGCGGC GACGC GGAGCGGAT

CCCTGAAAACCGGTCTCAGT TCGGATCGCAGTCTGCAACTCGACTGCGTGAAGGC GGAGT

|||||||I|I|||||||||||| LErrrerererrrrerrrrrer e rrrrerrd
CCTGAAAACCGGTCTCAGT TCGGATCGCAGTC TGCAACTCGAC TGCGTGAAGGC GGAGT

CGGTAGTAATC -CGGAATCAGCAACGTCCCGG-GAATGTGTTC 1323

LEorreeerer e et reirr rn
CGCTAGTAATCGCG-AATCAGCAACGTCGCGGTGAATGCGTTC 1345

1162
1183
1222
1243
1282
1303

118



»gh |GUI36674.1]

119

partial sequence

Length=1368

score = 2224 bits (1204), Expect = 0.0
Identities = 1274/1305 (98%), Gaps = 15/1305 (1%)
Strand=Plus/Plus

Query
shijct
query
shijct
query
shjct
query
shijct
query
shijct
Query
shijct
auery
shijct
auery
shijct
Query
Shijct
Query
sbijct
query
sbjct
Query
Shijct
Query
sbijct
qQuery
sbjct
Query
shijct
Query
sbijct
qQuery
sbjct

29
4
89
62
149
122
209
182
269
242
329
302
389
362
449

422
509

482
569
542
629
602
689
662
749
722
809
782
369
841
929
394
989
952

GEACTCGATCGCGGCTTTGCCTGGETGGTGAGAGTGGCGAACGLGTGAGTAATGCGTGACC

LT e e trree e e e e e e e e e e e e e e e el
GGA-TCCATCG-GGCTTTGCTTGGTGGTGAGAGTGGCGAAC GGGTGAGTAATGC GTGACC

GACCTGCCCCATGCTCCGGAATAGCTCCTGGAAAC GGGTGGTAATGCCGGATGTTCCACA

CPLEEETrrr e et e e e e e e e e e e e e e el
GACCTGCCCCATGC TCCGGAATAGC TCCTGGAAAC GGG TGGTAATGCCGGATGTTCCACA

TEATCGCATGTGATTGTGGGAAAGATTCTATCGGCGTGGGATGGGGTCGCGTCCTATCAG

CETETEErer e et e e e e e e e v e e e el
TGATCGCATGTGATTGTGGGAAAGATTCTATCGGCGTGGGATGGGGTCGCGTCCTATCAG

CTTGTTGGTGAGGTAACGGCTCACCAAGGCTTCGACGGGTAGCC GGCCTGAGAGGGCGAC

CTTEEErrer e e et e e e e e e e e e e e el
CTTGTTGGTGAGGTAACGGC TCACCAAGGC TTCGAC GGGTAGCCGGLC TGAGAGGGCGAC

CGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATAT

CTTETEErer e e et e e e e e e e e e e e e e el
CGGCCACATTGGGAC TGAGATAC GGCCCAGAC TCCTACGGGAGGCAGCAGTGGGGAATAT

TGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGUGTGAGGGATGGAGGCCTTCGGGTT

CTTETET e e e e e e e e e e e e e e e el
TGCACAATGGGC GCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGGAGGCC TTCGGGTT

GTAAACCTCTTTTGT T TGGGAGCAAGCCTTCGGGETGAGTGTACCTTTCGAATAAGCGCCG

LEPEEET et e e e e e e e e e e e e e e e e e e e ey
GTAAACCTCTTTTGTTTGGGAGCAAGCCTTCGGGTGAGTGTACCTTTCGAATAAGCGCCG

GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTATCCGGATTTATT

CTTEPEErer e e e e e e e e e e e e e e e el
GCTAACTACGTGCCAGCAGCCGCGGTAATAC GTAGGGC GCAAGCGTTATCCGGATTTATT

GGEGCGTAAAGGGCTCGTAGGCGGCTCGTCGCGTCCOGTGTGAAAGTCCATCGCTTAACGG

LEErrerr et e e e e e e e e e errrnnl
GGGCGTAAAGGGC TCGTAGGCGGC TCGTCGCGTCCGGTGTGAAAGTCCATCGCTTAACGG

TGGATCTGC GCCGGGTACGGGCGGLCTGGAGTGCGGTAGGGGAGACTGGAATTCCCGGTG

LR e e e e e e e e e e e e e rrrnd
TGGATCTGCGCCGGGTAC GGGL GGGC TGGAGTGC GG TAGGGGAGACTGGAATTCCCGGTG

TAACGGTGGAATGTGTAGATATCGGGAAGAAC ACCGATGGCGAAGGCAGGTCTCTGGGCC

LETELEEEEr e e e e e e e e e e e e e e e e e e el
TAACGGTGGAATGTGTAGATATC GGGAAGAACACC GATGGC GAAGGCAGGTC TCTGGGLC

GTCACTGACGCTGAGGAGCGAAAGCGTGGEGGAGCGAACAGGAT TAGATACCCTGGTAGTC

LEErrerrerrrrrrrrre e ettt e e e e it
GTCACTGACGC TGAGGAGC GAAAGC GTGGGGAGC GAACAGGATTAGATACCCTGGTAGTC

CACGCCGTAAACGGTGGACGCTGGATGTGGEGCACGTTCCACGTGTTCCGTGTCTGAACT

LETETEE e e e e e e e e e e e e ey e il
CACGCCGTAAACGGTGGACGC TGGATGTGGGGCACGTTCCACGTGTTCCGTGTCGGAGCT

AACGCGTTAAGCGTCCCGCCTOGEGCAGTACGGCCCGCAAGGCTAAAACTCAAAGAAATTG

FEEErrrrererrererre e et terer e rr e e rriind
AACGCGTTAAGCGTCCCGCCTGGGGAGTACGGLC - GCAAGGC TAAAACTCAAAGAAATTG

ACCGGALGLCCTACACAAAGCGGGLGGAGCATGCAGAATTAACTTCGATTTCAACCCGAA

L rreer roeer e reererr te teer teeeer rrer 1l
AC-GGGGEGCCCG-CACAA-GCGGCGG-AGCATGCGGA-TTAA-TTCGATG-CAACGCGAA

AAGACCCTTACCTGGGECTTGACATGT TCCCGACGACGCCAGAGATGGCGTTTCCCTTCGE

o TP e e e e e e e e e e e e e el
GA-ACC-TTACCTGGGC TTGACATGTTCCCGACGACGCCAGAGATGGCGTTTCCCTTCGG

GGCGGGTTCACAGGTGGTTCATGGTCGTCGTCAGCTCGTGTTGTGAGATGTTGGGTTAAG

LErrrereererrrrer e rrerrrrrret e e e trrrr et
GGCGGGTTCACAGGTGGTGCATGGTCGTCGTCAGC TCGTGTCGTGAGATGTTGGGTTAAG

Bifidobacterium bhifidum strain RO0O71 165 ribosomal RNA gene,

38

61

148
121
208
181
268
241
328
301
388
361
448
421
508

481
568

541
628
601
688
661
748
721
308
781
868
840
928
8§93
988
951
10438
1011



Query
shjct
Query
shjct
Query
shict
Query
shjct
Query
shijct

1049
1012
1109
1072
1169
1132
1229
1192
1288
1252

TCCCGCAACGAGCGCAACCCTCQUCCCGTATTGCCAGCACGTTATGGTGGGAACTCACGG

LEEEErrrrrerrr et e e e e e e e e r e
TCCCGCAACGAGCGCAACCCTCGCCCCGTGTTGCCAGCACGTTATGGTGGGAAC TCACGG

GGGACCGCCGGGGTTAACTCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTA

LEEEErrrrrerer e e e e e e e e e e i
GGGACCGCCGGGGT TAAC TCGGAGGAAGG TGGGGATGACGTCAGATCATCATGCCCCTTA

CGTCCAGGGCTTCACGCATGGTACAATGGCCGGTACAACGGGATGCGACATGGLGACATG

LEErerrrrrerrrerrr e rererrerr e rer e frerr e e e e
CGTCCAGGGCTTCACGCATGC TACAATGGCCGGTACAGCGGGATGC GACATGGCGACATG

GAGCGGATCCCTGAAAACCGGTCTCAGTTCGGATCGGAGCCTGCAACCCGGCTCCG-GAA

CETrErrrrrrrr e e e e e e e e e e e e ey 1l
GAGC GGATCCCTGAAAACCGGTCTCAGTTCGGATC GGAGCCTGCAACCCGGCTCCGTGAA

GGCGGAGTCGCTAGTAATACGCGGATCAGCAACGTCGCGG-GAAT 1331

CEETTEerrr e e e e e e e 1t
GGCGGAGTCGCTAGTAAT-CGCGGATCAGCAACGCCGCGGTGAAT 1295

120

1108
1071
1168
1131
1228
1191
1287
1251



=gh |HQ259740.1| Bifidobacterium breve strain LCR5> 165 ribosomal RNA gene,

sequence
Length=1393

Score = 2314 bits (1253), Expect = 0.0
Identities = 1282/1296 (99%), Gaps = 1/1296 (0%)
strand=Plus/Plus

Query 32 CCATCGAGCTTTGCTTGGTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCGACCTG
LEETEE T terr e e e e e e e e e et e e e e rrrernd

shjct 46 CCATCGGGCTTTGCCTGGTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGACCGACCTG

Query 92 CCCCATGCACCGGAATAGCTCCTGGAAAC GGGTGGTAATGCCGGATGC TCCATCACACCG

LEEErrrrerrer e et er e e e e et e el
Shbjct 106  CCCCATGCACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTCCATCACACCG

Query 152 CATGGTGTGT TGGGAAAGCCTTTGCGGCATGGGATGGGGTCGCGTCCTATCAGCTTGATG

LELTEEETr e e e e e e e et e e e rrnrrtd
shjct 166 CATGGTGTGTTGGGAAAGCCTTTGCGGCATGGGATGGGGTCGCGTCCTATCAGCTTGATG

Query 212 GCGGGGETAACGGCCCACCATGGCTTCGACGGGTAGCCGGCCTGAGAGGGC GACCGGCCAC

LEEErrrrerrer e e e e e e errrrrrnl
Shjct 226  GCGGGGTAACGGCCCACCATGGCTTCGACGGGTAGCCGGCCTGAGAGGGC GACCGGCCAC

Query 272 ATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAA

LI ET et e e e et e e e e et
Shjct 286  ATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAA

Query 332 TOGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGGAGGCCTTCGGGTTGTAAACC

LELErrrrrrre e e et e e e et el
Shjct 346  TGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGGAGGCCTTCGGGT TGTAAACC

Query 392 CTTTTGTTAGGGAGCAAGGCATTTTGTGTTGAGTGTACCTTTCGAATAAGCACCGGCTA

|I||||||I||||||I||||||||||||I|||I||||||I||||||I||||||I|||||
Shjct 406  TCTTTTGTTAGGGAGCAAGGCACTTTGTGTTGAGTGTACCTTTCGAATAAGCACCGGCTA

Query 452 ACTACGTGCCAGCAGCCGCGGETAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGC

LETErrrrrrer e e e e e e e e e e e
Shjct 466 ACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGC

Query 512  GTAAAGGGCTCGTAAGCGGTTCGTCCCGTCCGGTGTGAAAGTCCATCGCTTAACGGTGGA
LErrrrrerrrrer reeerrerrr rrrrrre et e et
shjct 526  GTAAAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCTTAACGGTGGA

Query 572 TCCGCGQLCGGGTACGGGCGGGCTTGAGTGCGGTAGGGGAGACTGGAATTCCCGGTGTAAC

LELrrerrerrrrerrerrerr e e e et e e et rrrrnl
sbjct 586  TCCGCGCCGGGTACGGGCGGGCTTGAGTGCGGTAGGGGAGAC TGGAATTCCCGGTGTAAC

Query 632 GGTGGAATGTGTAGATATC GGGAAGAACACCAATGGC GAAGGCAGGTCTCTGGGCCGTTA

L e e e e e et el
sbjct 646  GGTGGAATGTGTAGATATCGGGAAGAACACCAATGGCGAAGGCAGGTCTCTGGGCCGTTA

Query 692 CTGACGCTGAAGAAC GAAAGCCTGGGGAGCCAACAGGATTAGATACCCTGGTAGTCCACG

LErreererr te eeererr reeerrrr rerr et e et e e
shjct 706  CTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACG

Query 752 COTAAACGGTGGATGCTGGATGTGGGGCCCGTTCCACGGGT TCCGTGTCCGAACTAAC

g
Query 812 GTTAAGCATCCCGCCTGGGEEAGTACGGCCGCAAGGC TAAAACTCAAAGAAATTGACGGG
oser 526 LA AL A ot b Ak bk

Query 872 GGCCCGCACAAGCGGCGGAACATGCGGATTAATTCGATGCAACGCGAAGAACCTTACCTG

LEErrrrrrrrrererer rrrererr e e e e e e irrrrtl
Sbjct 886  GGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTTACCTG

Query 932 GGCTTGACATGTTCCCGACGATCCCAGAGATGGGGTTTCCCTTCGGGGCGGGTTCACAGG

L err e e e e errrrnl
sbjct 946  GGCTTGACATGTTCCCGACGATCCCAGAGATGGGGTTTCCCTTCGGGGC GGGTTCACAGG

Query 992 TOETGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGT TGGGT TAAGTCCCGCAACGAGCG

L rrr et et et er e et e errernl
sbjct 1006 TGGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG

Query 1052 CAACCCTCGCCCCGTGTTGCCAGCGGATTGTGCCGGGAAC TCACGGGGGACCGCCGGGGT

LErrrrerrerrrerrerr et e e ettt
sbjct 1066 CAACCCTCGCCCCGTGTTGCCAGCGGATTGTGCCGGGAACTCACGGGGGACCGCCGGGGT

121

partial

91

105
151
165
211
225
271
285
331
345
391
405
451
465
511
325

571
585
631
645
691
705
751
765
811
825
871
885
931
945
991
1005
1051
1065
1111
1125



Query
sbjct
Query
Shijct
Query
sbjct
Query
Shijct

1112
1126
1172
1186
1232
1246
1292
1306

TAACTCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCA

PPt r e et et r et el
TAACTCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCC TTACGTCCAGGGC TTCA

CGCATGCTACAATGGCCGGTACAACGGGATGCGACAGTGCGAGC TGGAGC GGATCCCTGA

et et e e el
CGCATGC TACAATGGCCGGTACAAC GGGATGC GACAGTGC GAGC TGGAGC GGATCCCTGA

AAACCGGTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGGCGGAGTCGCTAG

LEELrerrreerrrrreerrrerrrreerrrrr et et rrnnl
AAACCGGTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGGC GGAGTCGCTAG

TAATCGCGAATCAGCAACGTCGTCGGTGAATGTGEE 1327

PP et 1l
TAATCGCGAATCAGCAACGTCG-CGGTGAATGCGTT 1340

122

1171
1185
1231
1245
1291
1305



=ref |NR_037117.1]

RNA, partial sequence

Length=

score

Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shijct
Query
shjct
Query
shjct
Query
shijct
Query
shjct
Query
shijct
Query
shjct
Query
shijct
qQuery
shijct
Query
shict
Query
shict

1513

= 2361 bits (1278), Expect = 0.0
Identities = 1294/1302 (99%), Gaps = 0/1302 (0%)
Strand=Plus/Plus

24
56
84
116
144
176
204
236
264
296
324
356
384
416
444
476
504
536
564
596
624
656
684
716
744
776
804
836
864
896
924
956
984
1016
1044
1076

AACGGAATCCATCAGGCTTTGCTTGGTGGTGAGGGTGGCGAACGGGTGAGTAATGCGTGA

FETE TR e e e e v e e e e rrrrrd
AACGGGATCCATCAGGCTTTGC TTGGTGGTGAGAGTGGCGAACGGGTGAGTAATGCGTGA

CCGACCTGCCCCATACACCGGEAATAGC TCCTGGAAACGGGTGGTAATGCCGGATGCTCCG

CETTEEETE e e e e e e e e e e e e e e e e e e rernd
CCGACCTGCCCCATACACC GGAATAGC TCCTGGAAACGGGTGGTAATGCC GGATGCTCCG

ACTCCTCGCATGGEGEGTGTCGEGAAAGAT TTCATCGGTATGGGATGGGGTCGCGTCCTATC

FLTTTETEE e e e e e e e e e e e el
ACTCCTCGCATGGGGTGTCGGGAAAGATTTCATCGGTATGGGATGGGGTCGCGTCCTATC

AGGTAGTCGGCGGEGEETAACGGCCCACCGAGCCTACGACGGGTAGCCGGCCTGAGAGGGCG

FLTTPEETT e e e e et e e e e e e e e e e rerad
AGGTAGTCGGCGGGGTAAC GGLCCACC GAGCC TAC GACGGGTAGCC GGLC TGAGAGGGL G

ACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT

CEETEETE e et e e e e e e e e e errrnd
ACCGGLCACATTGEGAC TGAGATACGGCCCAGAC TCCTACGGGAGGCAGCAGTGGGGAAT

ATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGCGGEGATGACGGLCTTCGGG

CLEETETEr e e e e e e e e e e rirrnl
ATTGCACAATGGGCGCAAGCCTGATGCAGC GACGCCGCGTECGGGATGAC GGCCTTCGGEG

TTGTAAACCGCTTTTGATCGGGAGCAAGCCTTCGGGTGAGTGTACCTTTCGAATAAGCAC

LLEEEETEr e e e e e e e e e e errrnd
TTGTAAACCGCTTTTGATCGGGAGCAAGCC TTCGGGTGAGTGTACCTTTCGAATAAGCAC

COGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTA

CECTEETE e e e e e e e e e el
CGGCTAACTACGTGCCAGCAGCC GCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTA

TTGGGCGTAAAGGGCTCGTAGGCGGTTCGTCGCGTCCOGTGTGAAAGTCCATCGCTTAALC

CEPErrerrrrrrrr e e e e e e e e e e e e e
TTGGGCGTAAAGGGC TCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCTTAAC

GGTGGATCTGCGCCGGGTACGGGCGLGGCTGGAGTGCGGTAGGGGAGACTGGAATTCCCGG

CERrrrerrrrrrrerr e e e e e e e e e et
GGTGGATCTGCGCCGGGTACGGGCGEGC TGGAGTGCGGTAGGGGAGAC TGGAATTCCCGG

TGTAACGGTGGAATGTGTAGATATCGGGAAGAACACCAATGGCGAAGGCAGGTCTCTGGG

CLEPEEEE et e e e e e e e e e e e e e
TGTAACGGTGGAATGTGTAGATATC GGGAAGAACACCAATGGL GAAGGCAGGTCTCTGGG

CCGTTACTGACGCTGAGGAGCGAAAGCGTGGGGAGC GAACAGGATTAGATACCCTGGTAG

CETREEEE et e e e et r e e e e
CCGTTACTGACGC TGAGGAGC GAAAGC GTGGGGAGC GAACAGGATTAGATACCCTGGTAG

TCCACGCCGTAAACGGTGGATGC TGGATGTGGGGCCCOTTCCACGGGTTCCGTGTCGGAG

CEPTEEEE e e e e e e r e e e e e
TCCACGCCGTAAACGGTGGATGC TGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAG

CTAACGCGTTAAGCATCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGAAATT

CEPPEEEE et e e e e e et r e e e e
CTAACGCGTTAAGCATCCCGCCTGGGGAGTACGGCC GCAAGGC TAAAAC TCAAAGAAATT

CACAAG COGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCT

|||||II|||||||||III|||||||||II||||||||||II|||||||||III|||||
CACAAGCGGCGGAGCATGCGGATTAATTC GATGCAACGC GAAGAACCT

TACCTGGGCTTGACATGTTCCCGACAGCGGCAGAGATGTCGCTTCCCTTCGGGEGECGGGETT

CERLEerrrerrerreeerrerrrerrr torerrre v rr terrerrrrrrnd
TACCTGGGCTTGACATGTTCCCGACAGCCGTAGAGATATGGCCTCCCTTCGGGGCGGGTT

CACAGGTGGTGCATGETCGTCGTCAGCTCGTGTCGTGAGATGT TGGGT TAAGTCCCGCAA

CERPEEET e e e e e e e e e e e errnd
CACAGGTGGTGCATGGTCGTCGTCAGC TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA

CGAGCGCAACCCTCGCCCTATGTTGCCAGCACGTCGTGGTGGGAACTCACGGGGGACCGL

LEPEEerrrerr e rerr e e trreee e e
CGAGCGCAACCCTCGCCCTGTGTTGCCAGCACGTCATGGTGGGAAC TCACGGGGGACCGC
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Bifidobacterium pseudocatenulatum strain B1279 165 ribosomal

83
115
143
175
203
235
263
295
323
355
383
415
443
475
503
535
563
595
623
655
683
715
743
775
803
835
863
895
923
955
983
1015
1043
1075
1103
1133



Query
Shijct
Query
Shijct
Query
shijct
Query
shijct

1104
1136
1164
1196
1224
1256
1284
1316

CGGGLTCAACTCGGRAGGAAGGTGGGELATGACGTCAGATCATCATGCCCCTTACGTCCAGS

LEELETEEET e e e e e e e et et e e e e nrl
CGGGGTCAACTC GGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGG

GCTTCACGCATGCTACAATGGCCGGTACAAC GGGATGC GACACGGLGACGTGGAGCGGAT

LEEEErrrer e et eer e e e e e e it
GCTTCACGCATGC TACAATGGCCGGTACAACGGGATGC GACAC GGCGACGTGGAGCGGAT

CCCTGAAAACCGGTCTCAGTTCGGATTGGAGTC TGCAACCCGACTCCATGAAGGCGGAGT

LEEEEErrrrr et et e e e e e e e il
CCCTGAAAACCGGTCTCAGTTCGGATTGGAGTC TGCAACCCGACTCCATGAAGGCGGAGT

CGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTC 1325

LETTEEEEEE e e e e e et et
CGCTAGTAATCGCGGATCAGCAACGCCGCGGTGAATGCGTTC 1357

124

1163
1195
1223
1255
1283
1315



>gh|GU361819.1|

partial sequence

Length=

Score

Query
shjct
Query
shjct
Query
shjct
Query
Shjct
Query
sbjct
Query
Shijct
Query
Shijct
Query
Shijct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
shijct
Query
shjct
Query
Shjct
Query
Shjct
Query
Shjct

1433

= 2314 bits (1253), Expect = 0.0
Identities = 1274/1284 (99%), Gaps = 1/1284 (0%)
Strand=Plus /Plus

33

49

93

109
153
169
212
229
272
289
332
349
392
409
452
469
512

529
572
589
632
649
692
709
752
769
812
829
872
889
932
949
992
1009

GGGGGTTCGCTTCCGGGTGAGAGTGGCGAAC GGGTGAGTAATGC GTGACCGACCTGCCCC

LErrerrrer rererrer e e e e et
GGGGGTTCGCCTCCGGGTGAGAGTGGC GAAC GGGTGAGTAATGC GTGACCGACCTGCCCC

ATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGCTCCGGTTGGATGCATG

LEPEEr e e e e e r e e e errr
ATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCCGGATGC TCCGGTTGGATGCATG

TCCTTCCGGGAAA-GATCCGTCGGTATGGGATGGGGTCGCGTCCTATCAGCTTGATGGCG

LErrrerrren e e trrerr e e e e e
TCCTTCCGGGAAAGGTTCCATCGGTATGGGATGGGGTCGCGTCC TATCAGC TTGATGGCG

GGGTAACGGCCCACCATGGCTTCGACGGGTAGCCGGLCTGAGAGGGCGACCGGLCACATT

LELEREErer et e e e e e e r e e e e et e e e el
GGGTAACGGCCCACCATGGCTTCGACGGGTAGCCGGCC TGAGAGGGCGACCGGCCACATT

GGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGG

LEEELErrer e e e e e e e e e e e e et e e el
GGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGG

GCGCAAGCCTGATGCAGCGACGCCGCGTGLGGGATGGAGGCCTTCGGGT TGTAAACCGCT

LErrerrrer e e et e e
GCGCAAGCCTGATGCAGC GAC GCCGCGTGC GGGATGGAGGCC TTCGGGTTGTAAACCGCT

TTTGATCGGGAGCAAGCCCTTCGGGGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTA

LEErEerrer e e e et err errer e
TTTGATCGGGAGCAAGCCCTTCGGGGTGAGTGTACCCTTCGAATAAGCACCGGCTAACTA

CGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGCGTAA

LErrerrrereerrerr e e rr e e e e e e et
CGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGCGTAA

AGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGCCCATCGCTTAACGGTGGGTCTG

FEEETEEEErreeer e e e e e e e e e e
AGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGCCCATCGCTTAACGGTGGGTCTG

CGECCGLGTACGEGCOGGCTGEAGTGCGGTAGGGGAGACTGGAATTCCCGGTGTAACGGTG

LEETTEErrrreeer e e e e e e e el
CGCCGGGTAC GGGCGGGL TGGAGTGL GGTAGGGGAGAC TGGAATTCCCGGTGTAACGGTG

GAATGTGTAGATATCGGGAAGAACACCAATGGCGAAGGCAGGTCTCTGGGCCGTCACTGA

CEEETEErrr e e e e e e e e e e e e e
GAATGTGTAGATATCGGGAAGAACACCAATGGCGAAGGCAGGTCTC TGGGCCGTCACTGA

CGCTGAGGAGC GAAAGCGTGGGGAGC GAACAGGAT TAGATACCCTGGTAGTCCACGCCGT

LErrrrrerrrerrerrrerrer e e e e e e e e e il
CGCTGAGGAGC GAAAGC GTGGGGAGC GAACAGGATTAGATACCCTGGTAGTCCACGCCGT

AAACGGTGGATGCTGGATGTGGGGCCCATTCCACGGGTTCCGTGTCGGAGCTAACGCGTT

FEREEErrreen e e er e e e e e e e el
AAACGGTGGATGCTGGATGTGGGGCCCGTTCCACGGGTTCCGTGTCGGAGC TAACGCGTT

AAGCATCCCGCCTGLAGAGTACGGCCGCAAGGCTAACACTCAAAGAAATTGACGGGGGCC

FEEETEErrrrerr cerrrrererrererererr terrrrer e
AAGCATCCCGCCTGGGGAGTAC GGCCGCAAGGC TAAAAC TCAAAGAAAT TGAC GGGGGCC

CGCACAAGCGOGCGGAGCATGCGGATTAATTCGATGCAACGCGAAAAACCTTACCTGGGCT

LEEELEEErreee e e e e er e e e e prrr et
CGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACC TTACCTGGGCT

TGACATGTTCCCGACAGCCGTAGAGATATGGCCTCCCTTCGLGECGGGTTCACAGGTGGT

CEPETEErrrreeer cerrrrerrr et e e e e
TGACATGTTCCCGACGGCCGTAGAGATACGGCC TCCCTTCGGGGCGGGTTCACAGGTGGT

GCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAAGTCCCGCAACGAGCGCAAC

LEVRTEErrreer e e e e e e e e
GCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGG T TAAGTCCCGCAACGAGCGCAAC
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Bifidobacterium dentium strain KCTC 3222 165 ribosomal RNA gene,

92

108
152
168
211
228
271
288
331
348
391
408
451
468
511
528
571

588
631
648
691
708
751
768
811
828
871
888
931
948
991
1008
1051
1068



Query
shijct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct

992

1009
1052
1069
1112
1129
1172
1189
1232
1249
1292
1309

GCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAAGTCCCGCAACGAGCGCAAC

LErrrrrerrerrrrrrer e e e e e e e e e e e e errrd
GCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC GAGC GCAAC

CCTCGCCCTGTGTTGCCAGCACGTCATGGTGGGAACTCAC GGGGGEACCGCCGGLGTCAAC

LErrrerrrererrrrrerrrerrer e er e e e e e e rrrrd
CCTCGCCCTGTGTTGCCAGCACGTCATGGTGGGAAC TCAC GGGGGACC GCCGGGGTCAAC

TCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCA

CEEEPEErrr et e e e e e e e e
TCGGAGGAAGGTGGGGATGACGTCAGATCATCATGCCCCTTACGTCCAGGGCTTCACGCA

TGCTACAATGGCCGGTACAGCGGGATGC GACATGGC GACATGGAGCGGATCCCTGAAAAC

CEEEPEE e e et e e e e e e e e
TGCTACAATGGCC GGTACAGCGGGATGC GACATGGCGACATGGAGC GGATCCCTGAAAAC

CGGETCTCAGTTCGGAT TGGAGTCTGCAACCCGACTCCATGAAGGCGGAGTCGCTAGTAAT

CETETEErr e e eer e e e e et
CGGTCTCAGTTCGGATTGGAGTC TGCAACCCGAC TCCATGAAGGCGGAGTCGCTAGTAAT

CGCGGATCAGCAACGCCGCGGTGA 1315

IR nNnnn
CGCGGATCAGCAACGCCGCGGTGA 1332

126

1051
1068
1111
1128
1171
1188
1231
1248
1291
1308
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3. The similarly alignment 16S rRNA gene sequence of Streptococcus spp. isolated
from breast milk with the 16S rRNA gene sequence of Streptococcus spp. published
in NCBI data bank.

»gh |GU045364.1| Streptococcus lactarius strain Mvl 165 ribosomal RNA gene, partial
sequence
Length=1452

Score = 907 bits (491), Expect = 0.0
Identities = 500/504 (99%), Gaps = 2/504 (0%)
strand=Plus/Plus

Query 20 GTGCCTAATACATGCAAGTAGAAC GCTGAAGGAAGGAGCTTGCTCTTTCTGGATGAGTTG 79

LLeerrrreeerrr e e e e e e e e e e
Sbjct 20  GTGCCTAATACATGCAAGTAGAACGCTGAAGGAAGGAGCTTGCTCTTTCTGGATGAGTTG 79

Query 80 CGAACGGGTGAGTAACGCGTAGGTAACCTGCCTCTTAGCGGGGGATAACTATTGGAAACG 139

LLEERrrreeer e e er e e e e e e
Sbjct 80  CGAACGGGTGAGTAACGCGTAGGTAACCTGCCTCTTAGCGGGGGATAACTATTGGAAACG 139

Query 140 ATAGCTAATACCGCATAAAAGTCGACATTGCATGAAGTTGACTTGAAAGGTGCAATTGCA 199

LLEErrrreeerrereer reererr e e e e e
Sbjct 140 ATAGCTAATACCGCATAACAGTCGACATTGCATGAAGTTGACTTGAAAGGTGCAATTGCA 199

Query 200 TCACTAAGAGATGGACCTGCGTTGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC 259

LLEEErrrrerr e e e e e e e e e
Sbjct 200 TCACTAAGAGATGGACCTGCGTTGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC 259

Query 260 GACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG 319

FEETRrErerrr e e e e e e e e
Sbjct 260 AACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG 319

Query 320 ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGGGGGAACCCTGACCGAGCAA 379

FLETTERreer et e e e e e e e e e e e
Shjct 320 ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGGGGGAACCCTGACCGAGCAA 379

Query 380 CGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTAAGAGAAGAACGAGT 439

FEEEEErreerrerr e e e e e et e el
Shbjct 380 CGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTAAGAGAAGAACGAGT 439

Query 440 GTGAGAGTGGAAAGTTCACACTGTGACGGTATCTTACCAGAAAGGGACGGCTAACTACGT 499

LEErrrerrrerrrererr e ee e et e e e e e e e el
Sbjct 440 GTGAGAGTGGAAAGTTCACACTGTGACGGTATCTTACCAGAAAGGGACGGCTAACTACGT 499

Query 500 GCCAGCACGCCGCGGTGAATACGT 523

LETEEEE TErrrerr rrerrntd
Sbjct 500 GCCAGCA-GCCGCGGT-AATACGT 521



gb |AY188352.1]

complete sequence

Length=1546

Score =

1480 bits (801), Expect
Identities = 813/818 (99%), Gaps

0.0
4/818 (0%)

Sstrand=PTlus/Plus

Query
shijct
Query
shjct
Query
shjct
Query
shjct
Query
shijct
Query
shjct
Query
Shijct
Query
Shijct
Query
Shjct
Query
Shjct
Query
shjct
Query
shjct
Query
shjct
Query
shjct

16
38
73
98
133
158
193
218
253
278
313
338

373
398
433
458
493
518
333
578
613
638
673
698
733
758
793
818

CGGC-TG-CT-ATACATGCAAGTAGAACGC TGAAGAGAGGAGCTTGCTCTTCTTGGATGA

LEEE et terrr et r e e e e e e e
CGGCGTGCCTAATACATGCAAGTAGAAC GC TGAAGAGAGGAGCTTGCTCTTCTTGGATGA

GTTGCGAACGGGTGAGTAACGCGTAGGTAACCTGCCTTGTAGCGGGGGATAACTATTGGA

LERrrrrrrrreer e rer e e e e e e e e et
GTTGCGAACGGGTGAGTAACGCGTAGGTAACCTGCCTTGTAGC GGGGGATAACTATTGGA

AACGATAGCTAATACCGCATAACAATGGATGACACATGTCATTTATTTGAAAGGGGCAAT

FERETEEEr et e et r e e et e e eer et
AACGATAGCTAATACCGCATAACAATGGATGACACATGTCATTTATTTGAAAGGGGCAAT

TGCTCCACTACAAGATGGACCTGCGTTGTATTAGC TAGTAGGTGAGGTAACGGCTCACCT

LELrrrrrerrerr e rer e e e e e e e e et
TGCTCCACTACAAGATGGACCTGCGTTGTATTAGC TAGTAGGTGAGGTAACGGCTCACCT

AGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGC

FEETEEEEr et e e e e et e e e et
AGGCGACGATACATAGCC GACC TGAGAGGG TGATCGGCCACAC TGGGAC TGAGACACGGC

CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGGGGCAACCCTGACCGA

LEPErreer e et e e e e e e e e e e
CCAGACTCCTAC GGGAGGCAGCAGTAGGGAATC TTCGGCAATGGGGGCAACCCTGACCGA

GCAACGCCGCGTGAGTGAAGAAGGT TTTCGGATCGTAAAGCTCTGTTGTAAGTCAAGAAC

LEErrrrrrrrrerrerrrerrerer e et er e e e e e e e e
GCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGC TCTGTTGTAAGTCAAGAAC

GAGTGTGAGAGTGGAAAAT TCACACTGTGACGGTAGCTTACCAGAAAGGGACGGCTAACT

LELErrrrerrerrerr eererer e e e e e e e e e
GAGTGTGAGAGTGGAAAGT TCACACTGTGAC GGTAGC TTACCAGAAAGGGACGGCTAACT

ACGTGCCAGCAGCCGCGGETAATACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTA

LLErrrrrrrr e e et e e e e e et e
ACGTGCCAGCAGCCGCGGTAATACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTA

AAGCGAGCGCAGGCGGTTTGATAAGTC TGAAGT TAAAGGC TGTGGCTCAACCATAGTTCG

LEErErrrrrr et et et e e et
AAGCGAGCGCAGGCGGTTTGATAAGTC TGAAGT TAAAGGC TGTGGC TCAACCATAGTTCG

CTTTGGAAACTGTCAAACTTGAGTGCAGAAGGGGAGAGTGGAATTCCATGTGTAGCGGTG

LErrrrrrrrrerrrerrererrerer et e rrer et e el
CTTTGGAAACTGTCAAACTTGAGTGCAGAAGGGGAGAGTGGAATTCCATGTGTAGCGGTG

AAATGCGTAGATATATGGAGGAACACCGGTGGCGAAAGCGGCTCTCTGGTCTGTAACTGA

FOLTLTTEr e e e et e e e e e e e e e
AAATGCGTAGATATATGGAGGAACACC GGTGGCGAAAGCGGCTCTCTGGTCTGTAACTGA

CGCTGAGGCTCGAAAGC GTGGGGAGCGAACAGGAT TAGATACCCTGGTAGTCCACGCCGT

LELEErrer e e e er e e e e e e e e e e e e el
CGCTGAGGCTCGAAAGC GTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGT

AAACGATGAGTGCTAGGTGTTGGATCCTTTCCGG-ATT 829

OETETTEREE e e ey
AAACGATGAGTGCTAGGTGTTGGATCCTTTCCGGGATT 855

72

a7

132
157
192
217
252
277
312
337
372
397

432
457
492
517
552
577
612
637
672
697
732
757
792
817
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Streptococcus salivarius strain ATCC 7073 165 ribosomal RNA gene,
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