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ABSTRACT

This study was conducted to isolate lactic acid bacteria (LAB) from cow’s milk and characterize through morphological, physiological, biochemical,
carbohydrate fermentation and its antimicrobial property. The bacteria were isolated by serial dilution of milk samples and confirmed through
biochemical, physiological and 16s rRNA sequencing. The antibiotic susceptibility test of bacteria, antimicrobial test of bacteriocin by agar well
diffusion assay was carried out. A total of 12 LAB has been isolated among them one isolate which showed good antimicrobial activity against Gram-
positive bacteria viz., Staphylococcus aureus, Bacillus subtilis and Bacillus cereus and gram-negative bacteria viz., Pseudomonas aeruginosa and E.coli
was chosen for further analysis. The gram +ve LAB grew well at pH 5 and 7, at temperature 25 and 37°C, 5% Nacl solution and no growth was
observed at pH 4 and 9, at temperature 4 and 45°C, 15 and 25 % Nacl concentration. The LAB was catalase, gelatin and oxidase -ve and non acid
fast. Further, through 16s rRNA gene sequencing it was identified as Lactococcus garvieae. The study showed that the Lactococcus garvieae produce
bacteriocin that inhibits a wide variety of pathogenic microbes which suggested that it can be used as an alternative type of antibiotic.
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INTRODUCTION

This study was conducted to isolate lactic acid bacteria (LAB) from
cow’s milk and characterize through morphological, physiological,
biochemical, carbohydrate fermentation and its antimicrobial
property. The bacteria were isolated by serial dilution of milk
samples and confirmed through biochemical, physiological and 16s
rRNA sequencing. The antibiotic susceptibility test of bacteria,
antimicrobial test of bacteriocin by agar well diffusion assay was
carried out. A total of 12 LAB has been isolated among them one
isolate which showed good antimicrobial activity against Gram-
positive bacteria viz., Staphylococcus aureus, Bacillus subtilis and
Bacillus cereus and gram-negative bacteria viz., Pseudomonas
aeruginosa and E.coli was chosen for further analysis. The gram +ve
LAB grew well at pH 5 and 7, at temperature 25 and 37-C, 5% Nacl
solution and no growth was observed at pH 4 and 9, at temperature
4 and 45°C, 15 and 25 % Nacl concentration. The LAB was catalase,
gelatin and oxidase -ve and non acid fast. Further, through 16s rRNA
gene sequencing it was identified as Lactococcus garvieae. The study
showed that the Lactococcus garvieae produce bacteriocin that
inhibits a wide variety of pathogenic microbes which suggested that
it can be used as an alternative type of antibiotic.

MATERIALS AND METHODS
Cultures

The indicator organisms namely Bacillus cereus, Staphylococcus
aureus, Bacillus subtillus E.coli, and Pseudomonas aeruginosa were
taken for the inhibitory activity which were isolated from Bovine
mastitis infected udder milk and maintained in the Department of
Biotechnology and Microbiology, Karnatak University, Dharwad.

Isolation of LAB

Raw unpasteurized milk samples of Cow were collected from the
local Dairy (Vinay Dairy) in Dharwad, Karnataka, India. During the
lactation period under aseptic conditions in sterile tarsons tubes and
brought to the lab, processed within one hour and utilized for
further studies. The milk sample was serially diluted in distilled
water and plated on Man Rogosa Sharpe Agar and incubated at 37°C
for 48-72 hrs. The colonies with typical characteristics namely pure

white, small of 2-3mm diameter with entire margins were hand
picked from each petri plate. The cultures were identified according
to their morphological, physiological, biochemical and molecular
characteristics up to the genetic level [Harrigan et al.,, 1970; Sneath
etal 1986; Holzapfel et al., 1991].

Biochemical Characterization

Bacteriocin producing strains were gram stained and examined
microscopically for cellular morphology and gram-stain phenotype.
Catalase activity was tested by spotting colonies with 3% hydrogen
peroxide. Growth was assayed in MRS broth at 4, 25, 37 and at 45 °C
as well as at pH of 4, 5, 7, 9 and incubated at 37 °C. Salt tolerance was
tested with 5, 15 and 25 % (w/v) NaCl in MRS broth. The production
of acid and CO: from glucose was tested in MRS broth containing
Durhams tube with citrate omitted [Schillinger et al., 1987]. An assay
for gelatin hydrolysis was performed in accordance with [Harrigan
et al 1970]. Ability to ferment various carbohydrates was evaluated
using MRS broth [Schillinger et al., 1987].

Isolation of genomic DNA

Extraction of DNA from culture broth (~10-20mg). The first step is
to add Lysis solution containing SDS to broth and Proteinase K. The
lysate is then incubated at high temperature to digest proteins and
release nucleic acid, followed by removal of proteins and cellular
debris by precipitation and centrifugation. The nucleic acid is then
recovered from the clarified lysate by isopropanol precipitation.
Yields are dependent on the type and amount of sample, but are
typically between 10-100 pg per prep. The purity of the nucleic acid
as determined by UV absorbance ratio (Abs 260/Abs 280) is
typically between1.8-2.0.

Identification of bacteria by sequencing of the 16S rRNA gene

The genomic DNA was isolated from the isolate. Amplification of the
16s rRNA gene was performed using the universal primers.
Sequence analysis was carried out using NCBI online tools.

16S BACTERIAL PRIMER SEQUENCE

63F-5" CAG GCC TAA CAC ATG CAAGTC 3’
1387R-5" GGG CGG AGT GTA CAA GGC 3’
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Maintenance of microorganisms

All the lactic acid bacterial cultures were maintained at 4°C in MRS
broth. Pathogenic microorganisms were maintained at 4°C in Brain
Heart Infusion broth. All the bacterial cultures were sub-cultured at
10 days interval.

Production of bacteriocin like inhibitory substances (BLIS)

Isolated bacterial cultures were inoculated in 100 ml of MRS broth
and incubated at 37°C for 24 h. The broth was subjected to
centrifugation at 12,000 rpm for 20 mins, the resulting cell residue
was discarded giving rise to a cell free supernatant (CFS). The pH of
supernatant was adjusted to 5.0 with 1N NaOH and then subjected
for rotary flash evaporator, resulting solution thus obtained has
been designated as BLIS. For inhibitory activity BLIS was filter
sterilized by 0.22 um membrane filter paper (Millipore, India) to
carry out the anti-microbial activity by well diffusion assay [VijVijai
Pal et al,, 2005].

Antimicrobial susceptibility testing
Agar Well Diffusion Assay (AWDA)

100ul of the 24 h old test cultures was inoculated onto the nutrient
agar plates by the spread plate method. 3 wells of diameter 6mm
were made in each of the plates. These wells were filled with 15pl,
30ul and 45pl of BLIS and the plates were incubated at 37° for 24hrs
[Schillinger et al, 1987]. The inhibition zone was measured in
millimeter using zone interpretation scale (HiMedia, Mumbai).

Antibiotic susceptibility test

Colonies of Lactococcus garvieae were inoculated in MRS broth at 37
°C for 24 h. A sterile spreader dipped into the bacterial suspension
was spread evenly on the surface of the MRS agar plate. The
inoculated plate was allowed to dry before placing the diffusion
discs containing antibiotics. The antibiotics used for the test are
Ceftriaxone (30mcg), Penicillin (10mcg), methicillin (5mcg),
Cephalothin (30mcg), cloxacillin (30mcg), Tetracycline (30mcg),
Ampicillin (10mcg), Amoxyclav (30mcg), Erythromycin (15mcg),
Rifampicin (30mcg), Ciprofloxacin (5mcg), Cefpodoxime (10mcg),
Carbenillicin (100mcg), Gentamicin (10mcg), which are procured
from Hi-media Laboratories Pvt, Ltd Mumbai. The zone of inhibition
is measured by a zone interpretation scale from Hi-media.

RESULTS
Physiological and Biochemical Characteristics

The isolated colony weakly grows at temperature of 4°c and a pH of
4 and 9, however it grown profusely at temperature 37° ¢ and pH of
5 and 7. The organism grown well in 5% Nacl concentration and
weak in 15% and shows no growth in 25% of Nacl concentration.
The isolated colony is gram positive, gelatin negative, catalase
negative, oxidase negative, and non-acid fast. It is non-motile and
non sporulating.
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Table 1: Physiological and Biochemical characteristics of
Lactococcus garvieae strain

Tests Lactococcus garvieae
Morphology Cocci
growth at temp (°C)

4 W+

25 +

37 ++

45 -
growth at pH

4 W+

5 +

7 ++

9 W+
Nacl (%)

5 ++

15 W+

25 -
Motility Non-motile
Spore Non sporulating
catalase -
oxidase -
gelatine -
acid fast -

Luxurious growth (++), Growth (+), Weak growth (W+), No
growth (-)

Carbohydrate Utilization Test

The results have shown that the isolated colonies fermented sucrose,
glucose, maltose, galactose, lactose, fructose, mannose and it weakly
fermented xylose and does not ferment mannitol. Hence, it shows
that it may belong to Lactococcus species.

Table 2: Carbohydrate utilization test.

Carbohydrate Lactococcus garvieae

Sucrose +
Lactose +
Fructose +
Glucose +
Galactose +
Xylose 4%
Mannitol -
Mannose +

Test Legend: growth (+), no growth (-), delayed growth (+%*)

The evolutionary history was inferred using the NCBI distance tree
method. The evolutionary distances were computed using the p
distance method and are in the units of the number of base
differences per site. The analysis involved 11 nucleotide sequences.
Fig 1 showing the PCR amplification of 16sRNA gene of Lactococcus
garveie in comparison to 1kb ladder sequence.
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Sequencing of the16S rRNA gene

LANE1 LANE2

Fig 1: PCR amplified product in Agarose gel (Lane 1, PCR
amplified sample; Lane 2, fermentas 1kb ladder)

Antimicrobial susceptibility testing
Agar Well Diffusion Assay (AWDA)

Table 3: Inhibitory activity of Lactococcus garvieae against
various indicator bacteria.

Indicator Strains Lactococcus garvieae

(Diameter of Inhibition Zone in mm)

15 ul 30 ul 45 ul
Escherichia coli 19 mm 22 mm 30 mm
Bacillus subtilis . 26 mm 31 mm
Bacillus cereus 16 mm 21 mm 24 mm
Staphylococcus aureus 21 mm 25 mm 27 mm
Pseudomonas aeruginosa 17 mm _ 21 mm

Zone size in mm. 6mm well diameter

The present results revealed that the bacteriocin produced from LAB
showed moderate inhibition zone. At different concentrations of
bacteriocin such as 15pl, 30 pl and 45ul showing zone of inhibition
of 21 mm, 25 mm and 27 mm respectively against Staphylococcus
aureus. Further, it showed 0 mm, 26 mm, 31 mm of zone of
inhibition at concentration of 15 pul, 30 pl and 45 pl respectively
against Bacillus subtilis and at concentration of 15 pl, 30 pl and 45 pl
the bacteriocin showed zone of inhibition of 16 mm, 21 mm, 24 mm

@ Sample

firmicutes | 5 leaves

Uncuyltured bacterium clone PE1_aaiz7co4 165 ribosomal RRA gene, partial seq.
firmicutes | 2 leaves

Uncyltured bacterium clone GOMZa0 S 16 5 ribosomal RMA gene, partial sequence
Lactococcus garvieas strain IMAUS01435 165 ribosomal RN gene, partial sequ...
Urncultured bacterium gene for 16 5 rRMA, pardial sequence, clone: SC- 5 clone 4
Lactococous gamviese strain IMAUS0147 165 rbosomal RMA gene, partial sequ...
Lactococcus garvieas strain IMAUS01 59 165 ibosomal RMA gene, partial sequ...
firmicutes | 2 leawes

Lactococcus garviese shain INMALU 50157 165 ribosomal RS gene, partial sequ...

against Bacillus cereus and showed moderate inhibitory zone at 15ul
and 30 ul and maximum at 45pl in case of gram negative organism
like E. coli showing zone of inhibition of 19 mm, 22 mm, 30 mm
respectively and the bacteriocin showed 17 mm, 21 mm zone of
inhibition at concentration of 15 ul and 45 pl against P. aeruginosa.

Antibiotic susceptibility test

The antibiotic susceptibility test showed that Lactococcus garvieae
was sensitive to erythromycin, ampicillin, streptomycin and
gentamycin but was resistant to penicillin, methicillin, cefpodexime,
cephalothin and succeptible to carbenicillin, Rifampicin, Amikacin,
Tetracycline, Ciprofloxacin, Cefriaxone, Cloxacillin, and Norfloxacin.

Table 4: Antibiotic susceptibility test against Lactococcus

garvieae.
Antibiotic Zone size in mm
Carbenicillin +
Erythromycin ++
Gentamycin ++
Cefpodexime ++4+
Penicillin +++
Rifampicin +
Amikacin +
Ampicillin ++
Tetracycline +
Ciprofloxacin +
Cefriaxone +
Cloxacillin +
Norfloxacin +
Methicillin +++
Streptomycin ++
Cephalothin +H+

Sucseptible (+), Sensitive (++), Resistant (+++)
DISCUSSION

On the basis of morphological, physiological and biochemical
characters, sugar utilization pattern and through 16S rRNA gene
sequencing this strain was identified as Lactococcus garvieae, which
was Gram-positive cocci did not produce CO: from glucose, and it is
catalase, oxidase, gelatin negative and non acid fast. These results
are in accordance with Pediococcus bacteria as reported earlier
[Garvie et al., 1986; Facklam et al, 1995]. Luxuriant growth was
observed for Lactococcus garvieae at 37 °C while it was weak at 10 °C
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and did not could grow at 45 °C. Molecular identification based on
16S rRNA gene sequence analysis the LAB isolate showed 99%
similarity with Lactococcus garvieae. These results are in similar to
P. acidilactici strain [Mahantesh et al., 2010]. In the present study
the bacteriocin like inhibitory substances of Lactococcus garvieae
showed the highest inhibition at concentration of 45l against gram-
positive bacteria namely B. cereus S. aureus and Bacillus subtillus.
The gram-negative organisms namely, P. aeruginosa and E.colj,
showed less inhibition zone compared to gram-positive organisms,
which showed that the bacteriocins of lactic acid bacteria were more
active towards gram-positive organisms compared to gram-negative
organisms [Jack et al, 1995]. The reason for the observed activity
may be due to the gram negative organisms that have an outer
protective membrane, which covers the cytoplasmic membrane and
peptidoglycan layer [Boziaris et al.,, 1999].

The antibiotics are used to test the susceptibility of Lactococcus
garvieae; it was sensitive to erythromycin, ampicillin, streptomycin
and gentamycin but was resistant to penicillin, methicillin,
cefpodexime and cephalothin [Diler et al.,, 2002]. The antibiotics are
most often used to control Lactococcosis rainbow outbreaks in
turkey. The susceptibility of these LAB isolates tested against 16
different types of antibiotics in the present study showed that they
are susceptible to the B-lactam group of antibiotics (penicillin G and
ampicillin) and other principal types of antibiotics which include
erythromycin, methicillin, gentamycin and tetracycline. B-lactam
which is bactericidal became the most extensively used beneficial
class of antibiotic because of their broad antibacterial spectrum and
excellent safety measure. They stop the bacterial cell wall synthesis
and lethal against gram positive bacteria. Erythromycins belong to
macrolides group and have a similar range of action and efficacy
similar to that of penicillin. These groups of antibiotics bind to
ribosome, blocks protein synthesis (bacteriostatic) and are effective
against gram-positive microorganisms [Liasi et al.,, 2009], selectively
accumulated compared with gram negatives), the bacteriocin may
be used as an alternative type of antibiotic [Kaur et al, 2012]. In the
present study carbohydrate utilization pattern of Lactococcus
garvieae revealed that it has the ability to ferment maltose, glucose,
lactose, fructose, sucrose, mannose, and galactose but could not
ferment mannitol and arabinose and showed delayed fermentation
of xylose. In case of lactose the results are similar to that of L.
garvieae strains from dairy origin are all lactose fermenters
[Teixeira et al., 1996; Fortina et al.,, 2007]. Ability to ferment maltose
is a special character of Lactococcuus garvieie while P. acidilactici
could not ferment it [Garvie et al.,, 1986; Facklam et al., 1995; Barros
et al,, 2001] due to the absence of specific enzymes. On the basis of
all these properties it is found to be homofermentative and did not
produce CO2 from glucose.

CONCLUSION

The present study indicated that Lactococcus garvieae isolated from
cow’s milk is effective in inhibiting the pathogenic microorganisms
and will act as obstruction by developing its antimicrobial actions in
the host system of defense. The inhibitory spectrum of the
bacteriocin like antimicrobial substance has a potential role as an
alternative form of antibiotic. The possible resistance mechanism of
bacterioicn secreted by Lactococcus garvieae against a wide variety
of bovine mastitis pathogens may enable to the development of
alternative types of antibiotics.
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