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Abstract: Problem statement: Gastrointestinal disorders mainly diarrhea is ttesthtommon cause
of morbidity and mortality among infants and chddrin the developing countries occurs due to
infection by enteropathogens. Ccontrol of thesehggens could be achieved by nonpathogenic
Escherichia coli producing bacteriocindApproach: Primary aim of this study was to isoldEe coli
strains which inhibit enteropathogens. For thisppse,E. coli strains were isolated and tested for
probiotic properties such as antimicrobial actiatyainst enteropathogens, antibiotic susceptilalitst
resistance to low pH, absence of virulence traiisceptibility to proteolytic activity and detectiof
colicins type.Results: Approximately 280E. coli strains were collected from rat feacal samples at
different ages and were screened for their antwbial activity. Out of these, 47 isolates showed
antimicrobial effect againdt. coli DH5a and BL21 strains and 16 were effective againstedhffit
pathogens vizSalmonella sp., Klebisella pneumoniae, Staphylococcus aureus and Enterobacter sp.
These 16 isolates were susceptible to the commudibidtics and most of them better survived at pH 3
and a few survived even at pH 2. Colony PCR ofdfisslates with colicinogenic primer demonstrated
the presence of multiple colicin types. Out of §6lates, 12 had multiple pore forming colicins df E
and la/lb type. In addition to the pore formingdatl 1a/1b colicins, fouE. coli strains 16, 2P and
14, 20 had Emix (nuclease type)/BD type (transtab@ocker) colicins, respectivelonclusion: This
study showed thaE. coli isolates 10, 14 and 14 P possess good probiotipepies and could be
effective against enteropathogens.
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INTRODUCTION Saccharomyces, Streptococcus, E. coli Nissle 1917 and
E. coli H22 strains have been reported as potential
The gastrointestinal tract is a biologically diser therapeutic agerifs Probiotic bacteria possess the
and complicated system which contains around® 10 ability to survive in the host depending on their
bacterial cells and up to 1000 spelleghe dominant metabolic activity, resistant to gastric aciditghasion
microflora in faecal samples is obligatory anaecobi to the mucosal surface, friendly to the host armtqmt
(Bacteroides spp., Eubacterium spp., Bifidobacterium  the host against infectiéh Antimicrobial substances
spp.,Lactobacilli) and anaerobicQocci andClostridium  include short chain fatty acid, hydrogen peroxidcel a
spp.). In addition, facultative anaerobic organisush bacteriocins. Bacteriocins relatively narrow kigin
as Escherichia coli, Enterococci and Streptococci are  spectrum and are only toxic to bacteria closelgtssl
also preseft. The microbial population consists of to the producing straifh. According to Klaenhammer,
commensurate bacteria and opportunistic pathogen89% of all bacteria may make at least one
Some of the commensurate bacteria with beneficiabacteriocif®. Mode of action of bacteriocin produced
effects to the host have been employed as prosbiotic from gram positive and gram negative microorganism
Probiotics are live microorganisms which whendiffer and the immune responses activation in host
administered in adequate amount confer healttagainst gram positive and gram negative also'¥/8ry
benefits to the host. The major groups areConsortium of organisms might be more effectiventha
Lactobacilli, Bifidobacteria and some minor groups are the application of a single strain.
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Probiotics were mainly Lactobacillus and (30 ug), cephotaxime (30 pg), co-trimoxaz(#é ug),
Bifidobacteria, however enteric Escherichia coli ciprofloxacin (5 pg), cefuroxime (30 pug), furazaicke
isolates were relatively less investigated. A(100pg), gentamicin (10 pg), nitrofurantoin (300 pg),
nonpathogenic strain has been well established inalidixic acid (30 pg), netilin (30 pg), ofloxadih0 pg)
human medicine since 19%7 This strain was used and tetracycline (30 pg) and tobramycin (10 pghgisi
successfully under the brand name Mutaflor fortinga commerciabiscs (HiMedia Laboratorieslg. coli strain
various gut-related diseases, e.g., chronic coatstip, BL21 sensitive to althe antibiotics was included for
ulcerative colitis, Crohn’s disease, or pouchitia. quality control. Characterizationof strains as
addition, the strain prevented colonization of thesusceptible, resistant or having reduced suscéftibi
intestine with microbial pathogens in new bornwas done in accordance with the manufacturer's
infantd®. In Germany,E. coli strain Nissle 1917 is instructionson sizes of inhibition zones around each
authorized under the brand name Ponsocol for thdisc, which ~matched the interpretive criteria
prophylaxis of neonatal calf diarrhea and has beemecommended by the Clinical and Laboratory Starglard
marketed since 2001E. coli H22 produces several Institute (CLSI).
antimicrobial compounds with inhibitory capabilgie
against pathogeniEnterobacter spp. and inhibited the Tolerance to acidic pH values: E. coli strains were
gastrointestinal enteric infectidfls Bacteriocins inhibit grown in Luria broth (HiMedia) at 37°C overnight,
pathogens within the closely related species sueh asubcultured into fresh Luria broth and incubatdhe
Salmonella, Shigella, Klebsiella, Enterobacter and  culture was grown up to 0.6 OD at 550nm. The cekur
pathogenicE. coli, which are the most common causewere centrifuged at 5089 for 10 min. The pellets
of gastrointestinal illnesses. We report the isotabf  were washed in sterile Phosphate-Buffered Saline
potential probiotic ofE. coli strains from rat faecal (PBS) pH 7 and resuspended in PBS. Initial courg wa
matter which could eliminate gram negative pathegen determined with appropriate dilution. Each straiasw

diluted 1/100 in PBS at pH 1, 2 and 3. Incubatiomet
MATERIALSAND METHODS were 2, 4 and 6 h. Bacterial cultures were then
transferred to Luria agar plates and incubated7a€3
Isolation of Escherichia coli from Rats faecal  overnight**?. The number of colonies was counted to
samples: Faecal samples were collected from Charlesbtain the viable counts at each time interval visat
Foster rats of different age groups. Samples wergercentage of strains to different pH values wasnth
dissolved in 10 mL of 0.85% NaCl and agitatedcalculated as percentage survival = (viable coafter
vigorously. Serial dilutions of the resulting susp®ns  acid exposure/initial viable counts)100d%.
were spread on MacConkey lactose agar (Himedia
Laboratories) and incubated for 24 h at 37°C. ARpro Detection of pathogenic strains: Pathogenic detection
10-15 lactose-positive colonies from each sampleewe of E. coli isolates was done by using eight primers as
selected to perform IMVIC tests. Isolates confixﬂmedreported by Tomat al 13
IMVIC positives were finally transferred to HiCrome
Coliform Agar (HiMedia Laboratories). Isolated $tt%8  Characterization of the antimicrobial agent:
confirmed by above tests &scoli were used to screen Samples of culture supernatants, pellets and crude
for their probiotic ability. extract were examined for susceptibility to proytiol
enzymes. The following enzymes were used: Proteinas
Testing for Antimicrobial activity: For detection of K (5 mg mL™? and Trypsin (2 mg mE)*2. The crude
antimicrobial  activity, agar spot tests were extract was treated with enzymatic solutions and
performed®. Indicator strains were grown in Luria incubated at 37°C for 1h, after which the remaining
broth at 37°C and approximatelyxB)' cells were activity was determined by the agar spot techritffue
inoculated into 4 mL of soft agar containing 0.7&&1Q
and poured over the plate on which the producer waBetection and identification of Colicin: Culture was
spotted. The plates were incubated at 37°C for 24 hyrown overnight and freshly inoculated pD in 5 mL
Inhibitory activity was demonstrated by a clear €on in Minimal media containing 0.6% casamino acid and
around the spots. 1% glucose and grown till 0.6 OD. This culture was
split into two parts and one part was induced with
Testing for resistance to antibiotics: E. coli strains  Mitomycin C (200 ng mL?). After 4 h of incubation at
were examined for resistance to amikacin (30 pg)37°C (for induced culture), the samples were clergted
amoxyclav (30 pg), ampicillinll0 pg), ceftazidime at 15000 g/10 min/4°C. Supernatant was filterech wit
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cellulose acetate filter (0.2m filter) and 5uL was  Antibiotic susceptibility of rat faecal E. coli isolates:
spotted on the indicator organism i.8almonella sp.,  Most isolates did not show multi-drug resistance an
Klebisdlla pneumoniae, Saphylococcus aureus and  the isolates which showed low multiple resistanesen
Enterobacter asburiae. The pellet was suspended in eliminated in initial screening with commercial
0.05 M Phosphate buffer pH 7.0 and sonicated 3660 antibiotics (data not shown). Sixteen isolates were
and centrifuged at 15000 g/10 min/4°C, lysis cdtur finally screened by using commercial antibiotitiscs
was filtered with cellulose acetate filter (Queh filter) (HiMedia Laboratories) Table 2.

and 5uL was spotted on the indicator organism. PCR-

based method was used for identification of 18ecaéiht Acid tolerance assay: Acid tolerance assay was

colicins using nine primef’é. performed at different pH-1.0, 2.0 and 3.0 for éight
antibiotic sensitive strains. IsolatBscoli strains 10, 20
RESULTS and 16 showed higher acid tolerance whergasoli

) ) ) strains 3, 44, 45, 14 and 17 showed poor acidant
Isolation of E. coli strainsfrom rat faecal matter: On 5t pH 2.0. But at pH 3.0, all the isolates showeddy
the Hichrome coliform agar plates, rat faecal s@ipl acid tolerance up to 6 h. However, none of theatesl

contained E. coli (4.79+1.204)x1d (Cfu gm™ wet  showed acid tolerance at pH 1.0 (Table 3).
faecal samples) after weaning and (2.32+1.0219x10

-1
(Cfu gm™ wet faecal samples) at adults stage. Detection of pathogenic strains by Multiplex PCR of

) ) . ) . indicator genes: Positive controls were generated by
Screening of E. coli for antimicrobial activity: In gptaining amplicons for seven indicator genes: aggR
primary screening th_e antimicrobial activity of PUr est, aspU, CVD432, elt, eae and stke sizes of the
isolates were determined by agar spot method @gaingmplicons were similar to the reported pathogenic
E. coli (DH5a and BL21) on Luria agar (LA). A total of genes. Hence, the primers were used to determine th
47 of 288 isolates d. coli produced zone of inhibition presence of the pathogenic genes inBheoli isolates.

againstE. coli DHSao and BL21 strains. Secondary o amplicons were obtained from the genomic DNA of
screening was performed by induction of 47 isolates,| theE. coli isolates.

with mitomycin C. Antimicrobial activity of the culre
filtrates against the test organisrascherichia coli,
Enterobacter asburiae, Klebisella sp., Saphylococcus :

. . E. coli cultureNo. Enteropathogens
aureus, Salmonella typhi and Salmonella abony is 10 14 14p Etorobacter ashuriae
shown in Tf';lb_le 1 _and F_|g_. 1. Culture filtrates vihic 9,10, 14, 17, 20, 14P Klebsiella pneumoniae
showed antimicrobial activity towards pathogensewer 3 o 14, 35, 44, 2P, 8P Salmonella typhi
treated with proteinase K and protease which reduft 10, 14, 16, 14P Staphylococeus aureus
lost of antimicrobial effect thus suggesting thaet 9,14, 2P, 8P Salmonella abony
antimicrobial compound is a protein. Sixteen out@f
isolates showed better inhibitory activity againstrtaple 2: Antibiotic susceptibility pattern off. coli isolates
different pathogens. (Concentration of antibiotic in g i)

Culture A. G Ac Tb Co Ce Na Nt Nf Ak Cf Ca Of T Cu
No. 10 10 30 10 25 30 30 30 30030 5 305 2530

Table 1: Antimicrobial activity oE. coli against Enteropathogens
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Fig. 1. Supernatant ofE. coli isolates showed 2p
antimicrobial activity in the presence of 8P
mitomycin C induction 14pP
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Table 3: Acid tolerance d&. coli isolates

AT: Survival percentage (%=SD) after incubation

pH 2.0 pH 3.0
pH 1.0

Strain 2h 2h 4h 6h 2h 4h 6h
E. coli 17 0.00£0.00  0.740%0.15 0.09020.03 0.01x0.00 7295 61.50%2.12 39.40%3.68
E. coli 14 0.00£0.00  2.260+0.21 0.600+0.14 0.00+0.00 364585 19.80+3.11 11.95+0.92
E. coli 45 0.00£0.00  0.220%0.01 0.150+0.01 0.06+0.01 465586 38.65+1.06 35.5520.21
E. coli 44 0.00£0.00  2.100+0.14 1.180+0.03 0.18+0.01 675085 58.15+3.04 14.80+1.13
E.coli 3 0.00+0.00  0.415+0.01 0.350+0.00 0.09:0.01 68225 56.00+8.49 43.13+1.28
E. coli 10 0.00£0.00  8.350%0.35 7.35020.21 6.80+0.28 74555 25.15+0.49 21.40+1.41
E. coli 20 0.00£0.00  0.215+0.01 0.130+0.04 0.00+0.00 42T 35.53+0.75 31.15+1.63
E. coli 16 0.00£0.00  41.3520.78 15.70£2.40 0.06+0.01 761218 74.10+1.84 45.20+0.85

of fecal samples) showed antimicrobial activity iaga
the members of Enterobacteriaceae family viz.,

éggizp Enterobacter asburiae, Klebisella sp., Saphylococcus
aureus, Salmonella typhi and Salmonella abony. These

500bp isolates were susceptible to the most of antitsotic

400bp tested and low resistance was observed in some case

300b ) - . .
b which were eliminated in the screening. Abundanice o

antibiotic resistant and sensitive microorganisofi
to vary in animalé®* Multiplex PCR studies
demonstrated that thege coli strains do not contain
any pathogenic traitsAntibiotic sensitivity and non-
pathogenic traits are essential for probiotic oigas.
Antimicrobial activity of theseE. coli strains was
renhanced by Mitomycin C induction. Mitomycin C is
known to induce the production of colicihs
Antimicrobial activity ofE. coli strains 10, 14 and 14P
demonstrated broad host range. Majority of Eheoli
strains contained colicins E1 and la/lb in conttast
the combination of Microcin H47 with microcin M
reported by Gordomt el.?”. These colicins belong to
pore forming type. Interestingly, folE. coli strains
I5@1Iong with these pore forming colicins producedeoth
colicins. Isolates 16 and 2P possessed E mix which

Fig. 2: 2% Agarose gel Electrophoresis of PC
showing colicins gene (1): a/1b colicin 385 bp,
(2): E1 colicin 389 bp, (3): E1 and 1a colicin
combined approx 1.1 kb, bp, (4): 100 bp DNA
ladder)

Polymerase Chain Reaction (PCR) for Identification
of calicin gene in the isolates. Isolates 17 contained
only E1 type; isolates 3 9, 10, 35, 44, 8P and 14

contained E1 and _1a/1b type showed in F_|g. 2; ugsla elong to nuclease type whereas isolates 14 arth@0
.16 and 2P contain E1,_1a/1b and Emix type; an /D types which are translation blockers.
isolates 14 and 20 contained E1, 1a/lb and B/D type  pgefore reaching the intestinal tract, probiotic
colicins. bacteria must first survive transit through thensich.
Preliminary experiments showed that these colicin
DISCUSSION producingE. coli strains also had good but variable acid
tolerance at pH 3.(E. coli can survive at a pH as low

Escherichi li t in th t f | tt | ) ; X
Schericiia coll count In Ine rat faecal matter s 2.0 upon induction of acid resistant géhéd

decreased from weaning to the adult stage by abo
hundred fold. Variation in the abundance and dityers CONCLUSION
of microflora has been found to occur during the
development of animals. In the initial stages the  Present study demonstrates the isolatioft @bl
microflora is found to be more diverse and decreasstrains from rat faces with effective probiotic
during the transition to the adult stdge In addition, properties. These strains have the ability to retheh
the composition of the intestinal microflora is small intestine and colon. In addition, most stsairere
influenced by nature of the diet, antibiotic treatth  susceptible to antibiotics tested, which belongethe
and infection of  exogenous  opportunistic major classes of antibiotics used in human clinical
pathogen$®'”. The results of the present study therapy. The absence of virulence traits and antibi
demonstrated that some of tkecoli strains (isolated resistance can be considered a positive trait dotdvia
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used in probiotic. Some isolated strains were able 10.
inhibit the growth of enteropathogenic bacteria &émel
antibacterial compounds were identified as colicins
Among strainsE. coli 10, 14 and 14P showed good
probiotic properties which suggest their possitde in =~ 11
the therapeutic purpose against certain enteropatizo
Demonstration of their effectivenesa vivo against
enteropathogens will establish their beneficiab et
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