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Abstract: In this study, the antimicrobial susceptibilities and presence of plasmids in 7 probiotics strains which
had  been  isolated  from  the  fermented  milk  were  determined. Resistance to 8 commonly used antibiotics
$- lactans (penicillin, ampicilin), gram positive spectrum (vanomycin), broad spectrum (rifampin, trimethoprim)
and aminogycosides (kanamycin, streptomycin, and bacitracin) was assessed by disk diffusion. Among these
strains 20, 20, 60, 70, 90 and 100% were found to be exhibit a significant degree of resistance to kanamycin,
trimetroprim, rifampicin, kanamycin, amphicilin and penicillin respectively. Further, plasmid profile and curing
of plasmid were performed for the seven isolates. Analysis of the plasmid profiles of the 7 cured derivatives
revealed loss of plasmids except 2 strains where curing was partially effective. All the strains lost penicillin
resistance after curing indicating that plasmids encodes for resistance character. However, vanomycin resistance
is not lost upon curing which indicates that such resistance is usually intrinsic (chromosomally encoded and
not transmissible). Finally, the antimicrobial susceptibility after curing was done to check the safety aspect of
the isolates for their application as probiotics and among the 7 strains, 5 were proved to be potent probiotics.
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INTRODUCTION

Probiotics are commonly defined as viable micro
organisms that exhibit a beneficial effect on the health of
the   host   when   they  are ingested (Fuller, 1989;
Perdigon et al., 1990). Mainly, the ability to reduce serum
cholesterol levels, antimicrobial substrate production and
immune modulation are considered as effective
properties. In which, Lactobacillus (Lactic Acid Bacteria,
LAB) is a commercially important bacterium with wide
variety  of  application,  both  in  the  food  industry  and
as  a  probiotic  agent  for  the  improvement  of  human
health   (Arunachalam   et   al.,  2000;  Fuller,  1989;
Grahn et al., 1994). Most LAB strains regardless of their
source harbor at  least  one  indigenous  plasmid and often
more (Ghosh et al., 2000; Posno et al., 1991; Pouwels and
Leer, 1993). In which, some LAB may carry potentially
transmissible  plasmid  encoded  antibiotic  resistance
genes   (Ahn   et   al.,  1992;  Ishiwa  and  Iwata,  1980;
Lin et al., 1996) and any strains harboring antibiotic
resistance plasmids are considered unsuitable for use as
human or animal probiotics (Kalavathy et al., 2003;
Ghosh et al., 2000). However, the importance of intrinsic
antibiotic resistant strains which may benefit patients
whose normal intestinal micro biota has become
unbalanced or greatly reduced in numbers due to
administration of various antimicrobial agents have also
been reported (Billman-Jacobe, 1996; Kullen and
Klaenhammer, 1999; Posno et al., 1991). 

Further, some of these plasmids have important
characteristics such as drug resistance, metabolic
functions, a restriction system or phage resistance and
some plasmids are important for industrial applications
(Adams and Marteau, 1995; Cebeci and Gürakan, 2003;
Gill et al., 2001b; Saarela et al., 2000). In addition, most
of the natural isolates carried low molecular weight
plasmid DNA, which may fetch interest on their
application to rDNA technology. However, according to
our current interest, exchange of antibiotic resistance
determinants in bacteria has become a topic of major
concern especially in the food, feed and medicinal
industry. Hence, in this study, to further test the safety of
these LAB strains which were isolated from the fermented
milk in our region, we investigated their antibiotic
susceptibilities after curing the plasmids to propose as
potent probiotcs. 

MATERIALS AND METHODS

Isolation of cultures: All the strains were isolated from
fermented milk samples collected from various sources
and places during the period of January 2010 to August
2010 at VIT University, Vellore, Tamil Nadu, India. The
samples were diluted serially from 10G1 to 10G9 and the
dilutions 10G4 to 10G9 were plated onto Man, Rogosa and
Sharpe media (MRS) agar. The individual colonies with
different morphology were picked using tooth pick and
grown  in  MRS  broth. Further it was plated to check for
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purity. These cultures were subjected to preliminary
screening of LAB with Gram staining and catalase
reaction. From the, 47 isolates, seven strains
(Lactobacillus   pentosum   (L08),   L.  Jungurthi  (L10),
L. Reuteri (L16), L. fermentum (L18), L. plantarum (L29),
L. brevis (L43), and   L. casei (L47)) were selected based
on their probiotic characters (Ulrich and Friedrich 1987).
Glycerol stocks of the screened isolates were prepared by
mixing 1 mL of 80% glycerol with 1 mL of the culture
broth and stored at -20ºC.  A set of MRS stabs were also
made and stored at 4ºC for use as working culture. All the
procedures   were  adapted  as  proposed  in  earlier
reports (Ulrich and Friedrich, 1987; Ljungh and
Wadstrom, 2006).

Plasmid profiling: Plasmid isolation: Overnight
Lactobacillus (10 mL) culture was used for the plasmid
extraction. After centrifuging at 8000 rpm for 10 min, the
pellet was resuspended in 25% sucrose containing 30
mg/mL lysozyme, to a final volume of 200 :L. This was
incubated for 15 min at 37 ºC and 400 :L of alkaline SDS
was added and incubated for 7 min at 37ºC. Then 300 :L
of ice cold sodium acetate (3M, pH 4.8) was added. After
mixing well, the contents were centrifuged at 12000 rpm
for 15 min and the supernatant was carefully collected to
a fresh eppendorf tube and 650 :L of isoproponal was
added and centrifuged at 12000 rpm for 15 min and the
liquid content were discarded carefully. The pellet was
resuspended with 320 :L of sterile distilled water, 200 :L
of 7.5 M ammonium acetate containing 0.5 mg/mL
ethidium bromide and 350 :L of phenol chloroform were
added and were centrifuged at room temperature. The
supernatant was taken carefully and 100% ethanol (-20ºC)
was added to precipitate the DNA. The mixture was
centrifuged at 12000 rpm for 15 min and the pellet was
dried and resuspended in TER buffer. Finally the bands
were visualized in 0.8% agarose gels with 0.5 mg/mL of
ethidium bromide in 10 mM Tris-acetate buffer. This
procedure was conducted according to the method
described by O’Sullivan and Klaenhammer (1993) and
others (Anderson and McKay, 1983; Frere, 1994). 

Plasmid curing: Curing of plasmid was done (Anderson
and McKay, 1983; Marcelo et al., 1998) by exposing the
overnight grown culture to elevated temperature (37ºC)
and 1% Sodium Dodecyl Sulphate (SDS). These cultures
were  then  streaked  onto MRS plates and incubated for
24 h. The colonies found were cured colonies and it was
inoculated to sterile MRS broth. This culture was
subjected to plasmid isolation and visualized in 0.8%
agarose gels with 0.5 mg/mL of ethidium bromide in 1
mM Tris-acetate buffer.
 
Antibiotic susceptibility after curing: Each cured strain
was inoculated into the MRS broth which was incubated
at 37ºC for  12 h. Plates were made with Muller Hinton

agar and allowed to solidify. The cultures were inoculated
in the plates using sterile swab by spread plate technique.
The antibiotic discs of kanamycin, penicillin,
vancomycin, ampicillin, streptomycin, bacitracin,
trimethoprim, and rifampicin were placed in the plates
(Bauer et al., 1966; Koneman, 1997). Agar plates with
antibiotic disks were then incubated for 24 h. The
diameters of the inhibition zones were measured using a
ruler under a colony counter apparatus (Gallenkamp,
England). The results (average of five readings) were
expressed as sensitive (S), marginally susceptible (I) and
resistant  (R)  as  per  the  recommended  standards
reported  standards  (Acar  and  Goldstein, 1991;
Woodford et al., 1995)

Screening of probiotic characters: Cholesterol reduction
assay: The cholesterol reduction assay was performed by
methods proposed by Rudel and Moris (1973). LAB
isolates were grown in MRS broth supplemented with
0.3% bile salt and 10 mg of cholesterol dissolved in 500:l
of ethanol was added to 100 mL of MRS broth with bile
salt. The culture was grown for 24 h at 37ºC and the cells
were harvested by centrifugation at 8000 rpm for 10 min
at 4ºC. The spent broth was collected and used for
cholesterol assay and the uninoculated broth was
considered as control. To the 1 mL of spent broth, 3 mL
of 95% ethanol followed by 2 mL of 50% KOH were
added. The contents were mixed well after addition of
each component and the tubes were heated for 10 min at
60ºC in a water bath. After cooling, 5 mL of hexane was
dispensed and vortexed for 5 min at 20 sec interval.  Then
the tubes were allowed to stand for 15 min at 30ºC to
permit phase separation. From which, 2.5 mL of hexane
layer was transferred to a fresh test tube and allowed to
dry completely. Then 1.5 mL of ferric chloride reagent
was added to each test tube and allowed to stand for 10
min. Finally, 1 mL of concentrated sulphuric acid was
added along the sides of the tube and the mixture was
vortexed and allowed to stand for 45 min at 30ºC. The
optical density was measured at 540 nm and the
percentage assimilation was calculated.

Screening for exopolysaccride producers: The cultures
were streaked onto MRS agar plates and incubated for 24
h at 37ºC and the strains which produced slimy colonies
were recorded as capable of producing exopolysaccrides
(Vijayendra et al., 2008). The selected producers were
inoculated to 10 mL of MRS broth and incubated
overnight. Then it was centrifuged at 10000 rpm for 20
min and the supernatant was transferred to fresh tube and
twice the volume of ice cold isopropanol was added and
exopolysaccride was allowed to precipitate overnight. It
was centrifuged at 12000 rpm for 30 min and the pellet
was reprecipitated with isopropanol for decolourisation.
Then the pellet was dissolved in 1 mL of sterile distilled
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Table 1: Antibiotic susceptibility of test strainsa

L08 L10 L16 L 18 L29 L43 L47
$-Lactans
Penicillin R R R R R R R
Ampicilline R R R R R R R
Gram+spectrum
Vanomycin R S S R S R S
Broad spectrum
Rifampin R R R R S R R 
Trimethoprim R R R R I R R 
Aminoglycosides
Kanamycin S R I I R R R 
Streptomycin S R S I S R R
Basitracin I S S S R S S
R, Resistant; I, marginally susceptible; S, susceptible
aL08: Lactobacillus pentosum, L10: L. jungurthi, L16: L. reuteri, L18: L. fermentum, L29: L. plantarum, L43: L. brevis, and L47. L. casei

Fig. 1: Plasmids isolated from LAB strains. Lane 1:
Lactobacillus pentosum (L08),        Lane 2: L. jungurthi
(L10), Lane 3: L. reuteri (L16), Lane 4: L. fermentum
(L18),  Lane 5: L. plantarum (L29), Lane 6: L. brevis
(L43), and Lane 7: L. casei (L47)

water. And the amount of exopolysaccride was
determines   by   phenol   sulphuric   acid   method
(Dubois et al., 1956; Vijayendra et al., 2008)

RESULTS

In the present study seven newly identified probiotic
isolates were tested for antibiotic susceptibilities and the
presence of plasmids, latter was attempted to determine
whether strains  carry any plasmid encoded antibiotic
resistance genes. Results (Table 1) showed that strains
L43 showed resistance to maximum of 7 antibiotics
leaving bacitracin (aminoglycosides antibiotic). Among
the  other  strains,  L47 and L10 strains were observed
with   susceptibility   to   two  antibiotics  (bacitracin and

Table 2: Profile of plasmid from LAB strains
LAB Strains No. of plasmids
Lactobacillus pentosum (L08) 2
L. jungurthi (L10) 4
L. reuteri (L16) 8
L. fermentum (L18) 8
L. plantarum (L29) 1
L. brevis (L43) 4
L. casei (L47) 1

vanomycin) and L08 and L18 showed susceptibility three
antibiotics (bacitracin, kanamycin and streptomycin). The
remaining two strains, L16 and L29 have been observed
with maximum susceptibility to 4 antibiotics.

Plasmid profile: The plasmid profiles of 7 strains are
shown in Fig. 1. Plasmids ranging in size from 2.5 to 20
kb were detected in all the examined strains and the
number of plasmids observed in each samples are
represented in Table 2. In which L16 and L18 strains were
observed with maximum number of plasmids and L 29
and L47 strains had observed with only one plasmid.
Further, all strains based on the presence of a plasmid
bands were subjected to clustering analysis (Fig. 2) with
the help of software NTSYspc (Rohlf, 1994). In this,
strain L08 has high coefficient so it’s more closely related
to all other strains. In rest of the strains, L29, L43 and L29
form one group and rest the rest are falling in other group.

Plasmid curing: These seven strains were consequently
subjected to a plasmid curing procedure with SDS, in
order to cure their respective antibiotic resistance
properties (Fig. 3 and Table 3). Of these seven
Lactobacillus strains, it was found effective to most of the
strains except two strains (L18, L08), where the curing
was partially efficient. The loss of resistance after curing
indicates the presence of the resistance character in
plasmid and such strains were rejected considering the
safety of the organism. Further, the SDS failed to
eliminate the plasmid even after prolonged sub culturing
(every 24 h for 28 days) in sublethel concentrations. After
curing,  the  selected  five  strains  were studied for other



Adv. J. Food Sci. Technol., 3(2): 95-101, 2011

98

sample 8

sample 29

sample 47

sample 43

sample 10

sample 16

sample 18

0.25 0.44 0.63 0.81 1.00
Coefficient

Table 3: Antibiotic susceptibility after curing
Sample V P R T B K A S 
L08 R S R R I I R S
L10 S S R S S R S R
L16 S S R R S I R I
L18 R S R R S I R I
L29 S S S I R R S S
L43 R S R R S R R R
L47 S S R R S R R R
R: Resistant; I: marginally susceptible; S: susceptible. L08: Lactobacillus pentosum, L10: L. jungurthi, L16: L. reuteri, L18: L. fermentum, L29: L.
plantarum, L43: L. brevis, and L47. L. casei. V: Vanomycin, P: Penicillin, R: Rifampin, T: Trimethoprim, B: Bacitracin, K: Kanamycin, A: ampicillin,
S: streptomycin

Fig. 2: Clustering of plasmid DNA from LAB isolates from fermented milk by NTSYpc software. Plasmids isolated from LAB
strains. Sample 8: Lactobacillus pentosum, Sample 10: L. jungurthi, Sample 16: L. reuteri, Sample 18: L. fermentum,   Sample
29: L. plantarum, Sample 43: L. brevis, and Sample 47: L. casei

Fig. 3: Plasmids profiles of LAB strains and their cured
derivatives.  Lane 1: Lactobacillus pentosum (L08),
Lane 2: L08, cured, Lane 3: L. jungurthi (L10), Lane 4:
L10, cured, Lane 5: L. reuteri (L16), Lane 6: L16,
cured, Lane 7: L. fermentum (L18), Lane 8: L18, cured,
Lane 9: L. plantarum (L29), Lane 10: L29, cured, Lane
11: L. brevis (L43), Lane: L43, cured, Lane 13: L. casei
(L47) and Lane 14: L47, cured.

Table 4: Selection of potential probiotic strainsa after curing
Isolates Before curing After curing Inference
L08 VPRTA VRTA    *
L10 PRTKAS RKS    -
L16 PRTA RTA    *
L18 VPRTA VRTA    *
L29 PBKA BKA    -
L43 VPRTKAS VRTKAS    *
L47 PRTKAS RTKAS    *
*: selected; -: not selected; aL08: Lactobacillus pentosum; L10: L.
jungurthi; L16: L. reuteri; L18: L. fermentum; L29: L. plantarum; L43:
L. brevis; L47: L. casei

probiotic characters like cholesterol reduction &
exopolysaccharide production and the results are
presented in Table 4 and 5. From the overall results, it has
been observed that, these five strains show significant
properties to be considered as potential probiotics for
further applications. 

DISCUSSION

Most of Lactobacillus species, regardless of their
source (Plants, meat, silage, sourdough or gastrointestinal
tract), harbor at least one indigenous plasmid (Pouwels
and Leer, 1993). The functions of these plasmids have
classically been correlated with phenotypical properties,
including   drug   resistance,   carbohydrate   metabolism,
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Table 5: Probiotic characters for selected strains
Isolates Genera Cholesterol assimilation Exopolysaccride productivity Resistant character
L08 L. pentosum 77.55 63.44 VRTA
L16 L. reuteri 83.33 95.20 RTA
L18 L. fermentum 78.57 64.60 VRTA
L43 L. casei 81.97 90.81 VRTKAS
L47 L. brevis 75.17 75.87 RTKAS

amino acid metabolism and bacteriocin production. The
discovery of plasmid DNA in the lactic acid bacteria is
generally attributed to Cords et al. (1974) and has since
been correlated with a number of commercially associated
phenotypes in lactic acid bacteria, including lactose
metabolism, proteinase activity, citrate fermentation,
bacteriocin production, drug resistance, sugar transport
and metabolism and the phage resistance mechanisms of
restriction/ modification, adsorption resistance and
abortive infection so on (Carr et al., 2002; Cebra, 1999;
Fernandes et al., 1987; Zhou et al., 2000a). However, a
key requirement for probiotic strains is that they should
not carry any transmissible antibiotic resistance genes.
Ingestion of bacteria carrying such gene is undesirable as
horizontal gene transfer to recipient bacteria in the gut
could  lead  to  the  development  of  new  antibiotic
resistant  pathogen  (Yamamoto  and  Takano,  1996;
Nicas et al., 1989; Olukoya et al., 1993). Considering this,
in this study, the plasmid profiling and curing followed
with antibiotic susceptibility test were carried out. All the
seven strains lost their penicillin resistance after curing
ensured that plasmid encode for resistance character and
similar observations also reported by many researchers for
different organisms (Caro et al., 1984; Carr et al., 2002;
Cebeci  and  Gürakan,  2003;  Cohen, 1993; Cords et al.,
1974). However, the vanomycin resistance is not lost
upon curing which indicates that such resistance is usually
intrinsic it means chromosomally encoded and non
transmissible. This is in accordance with earlier findings
(Kanatani and Oshimura, 1994; Klein et al., 1998; Ljungh
and   Wadstrom,   2006;   Marcelo   et  al.,  1998;
Woodford et al., 1995).

Further, the loss of resistance after curing indicates
the presence of the resistance character in plasmid and
such strains were rejected (Table 4) considering the safety
of the organisms. The strains of Lactobacilli and
Bifidobacteria have long history of safe use in microbial
adjunct nutrition (Zhou et al., 2000a). Therefore, the
characterization   of  these  bacteria,  particularly  in
regard to antimicrobial resistance, is often neglected and
this practice could become a problem, considering the
strong  expansion  of  the  probiotic  market  as  well  as
the  increasing  microbial  drug  resistance  (Tynkkynen
et  al.,  1998;  Klein  et  al.,  1998,  Ljungh  and
Wadstrom, 2006). In fact, since probiotic bacteria are
added to different kinds of products, they represent a
potential source for the spread of antibiotic resistance
genes (Perreten et al., 1997). Considering this fact, apart
from plasmid curing studies, the other needed probiotic
characters (antibiotic susceptibility, exopolysaccharide

production and cholesterol reduction) were also carried
out and the results are very much appreciable and
comparable with earlier findings for existing probiotics
(Zhou et al., 2000a, b).  Over all, considering the results,
the present study showed that, the selected lactic acid
bacteria which have been isolated from our fermented
milk sample can be a promising probiotics in future food
and diary markets in our region.

CONCLUSION

From the present study we have selected 5 isolates
which were not containing antibiotic resistance character
in its plasmid to avoid spread of drug resistance. These
selected organisms were considered for further screening
process to fulfill the need of a probiotic in the food
industry.  All  the  isolates  were characterized to the
species level and was identified to be L10: L. jungurthi,
L16: L. reuteri, L29: L. plantarum, L43: L. brevis, and
L47. L. casei.
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