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Abstract

Commensal Escherichia coli helps to establish a microbial barrier against potentially
pathogenic invaders. They significantly contribute to the development and training of gut
associated lymphoid tissue (GALT) and energy supply to the colonic mucosa. The major
strains of E.coli exhibiting probiotic properties are E.coli Nissle 1917, E.coli Pingle,
E.coli M17 and Ecoli H22. The first commercial probiotic E.coli Nissle 1917 was isolated
by Professor Alfred Nissle and is being used as a probioitic since 1916. It is
commercially available today as ‘Mutaflor’. E.coli M17 is also commercially available
today as ‘Symbioflor’. This strain was identified and is being used as a probiotic for
more than 70 years. However further work on the use of E.coli for probiotic purpose
remained neglected as the focus shifted to lactobacilli and bifidobacteria. The work on
E.coli still remains limited to few strains only. The E.coli isolates were isolated from
human and bovine fecal materials and identified by IMViC tests.The isolates were then
screened for their antimicrobial action against three gram negative pathogens namely
E.coli O157:H7, Salmonella typhi, and Shigella dysenteriae and 15 isolates were
selected. The isolates had good acid and bile tolerance attributes and cell surface
hydrophobicity. The isolates were then assessed for safety. The isolates did not show
multiple drug resistance, however six of the isolates showed presence of stx gene. The
isolates E1, E2, E3, E8, E9, E12, E13, E14 and E15 were finally screened. These
isolates showed good acid and bile tolerance and cell surface hydrophobicity. The
isolates were devoid of stx gene and were not multiple drug resistant and gelatin
liuefaction and haemolysis were also negative. Further studies in vivo subjects will

determine the suitability of the isolates as probiotics.
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INTRODUCTION

The Greek translation of word probiotic is ‘for life’, and according to the currently
adopted definition by FAO/WHO, probiotics are: "Live microorganisms which when
administered in adequate amounts confer a health benefit on the host".The intestinal
microflora consists of about 10™*microorganisms, of about 1000 species representing a
complex ecological entity with diverse metabolic activities. This is about 10 times the
total number of cells in our body that is 10, These purely numerical reflections point to
the significance of indigenous microflora in physiological and pathophysiological
process in the gut. Probiotic bacteria possess the ability to survive in the host
depending on their metabolic activity, resistant to gastric acidity, adhesion to the
mucosal surface, friendly to the host and protect the host against infection. Antimicrobial
substances include short chain fatty acid, hydrogen peroxide and bacteriocins.
Bacteriocins relatively narrow killing spectrum and are only toxic to bacteria closely
related to the producing strain.

Most probiotic bacteria are Gram-positive strains. This is largely because of their
ability to persist within the gut ecosystem and produce organic acids such as lactate
and acetate. One difficulty with many probiotics, however, is stability within the product.
For example, the bifidobacteria are strictly anaerobic, leading to processing difficulties.
Attention has therefore turned to less fastidious micro-organisms and recent reports

have cited the use of E. coli as a probiotic.

Escherichia coli strain Nissle 1917 (EcN) has come a long way since it was first
described. In 1917, during World War |, the German physiologist, microbiologist and
physician Alfred Nissle (1874—-1965) isolated a particular E. coli strain that appeared
to provide some protection against the intestinal disorders that were highly prevalent
in South Eastern Europe at that time. Subsequent observations by Nissle, which
included self-experiments, convinced him that there were no harmful side effects
associated with this “antagonistically strong E. coli strain.” Therefore he began to fill
gelatine capsules with bacteria that he had grown on agar plates, and the Mutaflor
trademark was born. Since then, beneficial effects of ECN have been reported in

various gastrointestinal disorders, ranging from childhood diarrhoea to Inflammatory



Bowel Diseases (IBD). More recently, basic research has identified some of the
characteristics of EcN that promote its survival amongst the hostile intestinal
microbiota and determine some of the underlying mechanisms mediating the clinical
effects of EcN. The Escherichia coli strain Nissle 1917-designated DSM 6601 in
the German Collection for Microorganisms in Brauschwieg is one of the best-
examined and therapeutically relevant bacterial strains worldwide. EcN, belongs to
the common O6 serogroup (serotype O6:K5:H1) which is very heterogeneous and
includes non-pathogenic commensals as well as pathogenic variants (mainly
diarrhoeagenic and uropathogenic). However, in contrast to many other members of
this group, EcN lacks prominent virulence factors (e.g. E.coli a-haemolysin, P-fimbrial
adhesins). Furthermore, the sequencing of the EcN has indicated that this strain,
unlike other nonpathogenic strains, exhibits a specific pattern of fitness factors that
promote its survival in the competitive environment of the intestine. For example, ECN
exhibits at least six different iron-uptake systems for the generation of energy through
ATP and through the production of microcins it excludes the pathogenic E. coli and
other enteropathogens of the intestinal microbiota. Passage of live ECN has been

demonstrated in animals and humans following oral administration.

However, the use of E. coli as a probiotic remains limited and except EcN few other

strains like E. coli M17, E. coli Pingle and E. coli H22 have been investigated.. The

studies on the use of E. coli as a probiotic still remains neglected as the major focus

has been on lactobacilli and bifidobacteria. The Gram —ve bacteria can be more

successful in antagonizing the closely related Gram-ve pathogens as compared to the

Gram+ve lactic acid bacteria. Keeping this in view, the present study was taken with

the following objectives:

e To isolate and characterize potential probiotic E. coli from different sources.
e Screening the potential probiotic isolates for virulence factors and susceptibility to

antibiotics to evaluate them for safety.
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REVIEW OF LITERATURE

The intestinal microflora consists of about 10**microorganisms, of about 1000 species
representing a complex ecological entity with diverse metabolic activities. This is about
10 times the total number of cells in our body that is 10**. These purely numerical
reflections point to the significance of indigenous microflora in physiological and
pathophsiological process in the gut.

E.coli is one of the most prominent colonizers of sterile gut of the neonate. The
metabolic activities of the early aerobic colonizers like E. coli prepare the intestinal
milieu for subsequent colonization by the anaerobes. Commensal E. coli is

predominantly found in the colonic mucosa.

The commensal E. coli helps to establish a microbial barrier against pathogenic and
potentially pathogenic invaders. They significantly contribute to development and
training of gut associated lymphoid tissue (GALT). Their metabolic products support
energy supply to the colonic mucosa. The short chain fatty acids of microbial origin
stimulate water re-absorption, and blood circulation within the colonic mucosa. The

major strains of E. coli exhibiting probiotic properties are:

e E. coliNissle 1917.

e E. coliM17.
e E. coli Pingle.
e E.coliH22.

E. coli Nissle 1917 was isolated by Professor Alfred Nissle and is being used as a
probiotic since 1916. It is commercially available today as ‘Mutaflor’. E. coli M17 is
also commercially today as ‘Symbioflor’. This strain was identified and used a

probiotic for more than 70 years.

2.1 Probiotics:

The gastrointestinal tract is a biologically diverse and complicated system which
contains around 10** bacterial cells and up to 1000 species (Savage, D.C., 1977). The

microbial population consists of commensurate bacteria and opportunistic pathogens.



Some of the commensurate bacteria with beneficial effects to the host have been
employed as probiotics. Probiotics are live microorganisms which when administered in
adequate amount confer health benefits to the host. The major groups are Lactobacilli,
Bifidobacteria and some minor groups are Saccharomyces, Streptococcus, E. coli
Nissle 1917 and E. coli H22 strains have been reported as potential therapeutic agents
(Gillor, O., A. Etzion and M.A. Riley, 2008). Probiotic bacteria possess the ability to
survive in the host depending on their metabolic activity, resistant to gastric acidity,
adhesion to the mucosal surface, friendly to the host and protect the host against
infection (Klaenhammer, T.R. and M.J. Kullen, 1999). Antimicrobial substances include
short chain fatty acid, hydrogen peroxide and bacteriocins. Bacteriocins relatively
narrow killing spectrum and are only toxic to bacteria closely related to the producing
strain (Cascales et.al, 2007.). Mode of action of bacteriocin produced from gram
positive and gram negative microorganism differ and the immune responses activation
in host against gram positive and gram negative also vary (Gillor, O., A. Etzion and M.A.
Riley, 2008). Probiotics were mainly Lactobacillus and Bifidobacteria, however enteric
Escherichia coli isolates were relatively less investigated. A nonpathogenic strain E. coli
Nissle 1917 has been well established in human medicine since 1917(Buenau et.al,
2005).

2.2 E.coli as a probiotic:

Escherichia coli strain Nissle 1917 (EcN) has come a long way since it was first
described. In 1917, during World War |, the German physiologist, microbiologist and
physician Alfred Nissle (1874—1965) isolated a particular E. coli strain that appeared to
provide some protection against the intestinal disorders that were highly prevalent in
southeastern Europe at that time. Subsequent observations by Nissle, which included
self-experiments, convinced him that there were no harmful side effects associated with
this “antagonistically strong E. coli strain.” Therefore he began to fill gelatine capsules
with bacteria that he had grown on agar plates, and the Mutaflor trademark was born.
(Nissle A. 1916). Since then, beneficial effects of ECN have been reported in various
gastrointestinal disorders, ranging from childhood diarrhoea to Inflammatory Bowel

Diseases (IBD). EcN, a gram negative bacterium of the Enterobacteriaceae family,



belongs to the common O6 serogroup (serotype O6:K5:H1) (Wolf KM. 1997) which is
very heterogeneous and includes non-pathogenic commensals as well as pathogenic
variants (mainly diarrhoeagenic and uropathogenic) (Blum et.al, 1995). However, in
contrast to many other members of this group, EcN lacks prominent virulence factors
(e.g. E. coli a-haemolysin, P-fimbrial adhesins) (Grozdanov et.al, 2002). This strain was
used successfully under the brand name Mutaflor for treating various gut-related
diseases, e.g., chronic constipation, ulcerative colitis, Crohn’s disease, or pouchitis. In
addition, the strain prevented colonization of the intestine with microbial pathogens in
new born infants. In Germany, E. coli strain Nissle 1917 is authorized under the brand
name Ponsocol for the prophylaxis of neonatal calf diarrhea and has been marketed
since 2001(Buenau et.al, 2005). E. coli H22 produces several antimicrobial compounds
with inhibitory capabilities against pathogenic Enterobacter spp. and inhibited the
gastrointestinal enteric infections (Cursino et. al, 2006). Certain strains of E. coli
isolated from the cattle rumen was found to inhibit E.coli K88 and hence could be used
as a probiotic in post-weaning diarrhea (Setia et.al, 2008). Escherichia coli isolates
showing anti O157:h7 activity has also been isolated from bovine colon (Etcheverria
et.al, 2005).

2.3 Isolation of probiotic Escherichia coli

Commensal E. coli predominate in colonic mucosa of mammals. They help to
establish a microbial barrier against pathogenic and potentially pathogenic invaders.
They significantly contribute to development and training of gut associated lymphoid
tissue (GALT) (Sonnenborn, Schulze., 2004).

Faecal samples were collected from Charles Foster rats of different age groups.
Samples were dissolved in 10 mL of 0.85% NaCl and agitated vigorously. Serial
dilutions of the resulting suspensions were spread on MacConkey lactose agar and
incubated for 24 h at 37°C. Approx 10-15 lactose-positive colonies from each sample
were selected to perform IMVIC tests. Isolates confirmed IMViC positives were finally
transferred to HiCrome Coliform Agar (HiMedia Laboratories). Isolated strains confirmed
by above tests as E. coli were used to screen for their probiotic ability (Kumar et.al,
2009).



The E.coli isolates showing anti O157:H7 activity were isolated from 200 samples
of cattle colon from animals whose faeces were negative for Stx1/ Stx2 encoding E. coli
as determined by polymerase chain reaction (PCR) (Woodward et al. 1992; Parma et al.
1996). Portions of distal colon (10 cm) were obtained at slaughter and transported on
ice to the laboratory for later use. Mucosal swabs were plated onto the surfaces of
MacConkey agar plates and then incubated overnight at 37°C. Ten to 15 colonies were
randomly selected from each plate to screen their anti-E. coli O157:H7 properties.

Lysogenic, siderophore-producing and colicinogenic strains of E.coli were isolated ,
determined, and supported by Prof. V. Obdrzalek (Department of Microbiology, Faculty
of Medicine, Masaryk University in Brno). All were selected randomly during the
summer of 2004 from the daily diagnostic practice of the Department of Microbiology.
Each strain was taken from a healthy, human, adult volunteer (both sexes). None of the
volunteers suffered from any type of intestinal problem. All donors lived in the city of
Brno or its close surroundings (Smarda et al. 2002).

Escherichia coli isolates to be screened for activity bactericidal for or inhibitory to
E. coli O157:H7 were isolated from cattle feces or cattle gastrointestinal tissue (intestine
and colon). Fecal samples were collected from cattle that were confirmed to be negative
for E. coli O157: H7 by fecal testing. Fifty-five fecal samples were serially diluted (1:10)
in 0.1M phosphate buffer (phosphate-buffered saline [PBS]; pH 7.2), 0.1 ml of each
dilution was plated onto sorbitol MacConkey agar (SMA), and the plates were incubated
for 16 h at 37°C. Up to 10 colonies were randomly selected, and each one was
transferred to a test tube containing 10 ml of Trypticase soy broth (TSB). Cultures were
incubated for 16 h at 37°C. Sixty-eight tissue samples (1 g each in 9 ml of PBS) were
homogenized individually (Ultra-Turrax T25 homogenizer; Janke & Kunkel IKA
Labortechnik, Staufen, Germany) at 9,500 rpm for 1 min, and 0.1-ml portions were
plated onto the surfaces of SMA plates. The plates were incubated for 16 h at 37°C. Up
to 10 colonies were each transferred to test tubes containing 10 ml of TSB, and the
tubes were incubated for 16 h at 37°C. E.coli isolates showing anti E.coli K 88 activity

was isolated from cattle rumen, cattle feces, swine feces, and soil (Setia et.al, 2008).



2.4 Genotypic identification of E.coli isolates:

Escherichia coli has been the appropriate focus for monitoring of potential enteric
pathogens in water and foods. Although, several methods have been used for the
detection or enumeration of E. coli cells in water and foods, the time and accuracy
limitations of these methods suggest the need of a rapid and specific method. By
comparison of the gene sequences coding for malic acid dehydrogenase (mdh) of E.
coli and non-E. coli strains, two oligonucleotides were designed and their possible use
as E. coli-specific PCR primers was tested. All of the 110 E. coli strains tested, including
non-pathogenic and various pathogenic strains, generated the expected PCR products
with Mw equal to 392 bp. On the other hand, only 97 of these 110 E. coli strains were
detectable using the BAM gas production method. With the exception of Shigella
strains, non-E. coli strains, including strains of the family of Enterobacteriaceae, did not
generate any false positive PCR results. When this PCR system was used for the
monitoring of E. coli cells inoculated into water and milk samples, as low as 10(0) cfu
per 100 ml of water or per ml of milk sample could be detected if an 8 h preculture step
was performed prior to the PCR. Including the preculture step, the whole PCR detection

process may be completed within 12 h (Hsu et.al, 2001).

2.5 Probiotic properties of E. coli isolates:
2.5.1 Acid tolerance of E. coli isolates:

Acid tolerance assay was performed at different pH-1.0, 2.0 and 3.0 for the eight
antibiotic sensitive strains. Isolates E. coli strains 10, 20 and 16 showed higher acid
tolerance whereas E. coli strains 3, 44, 45, 14 and 17 showed poor acid tolerance at pH
2.0. But at pH 3.0, all the isolates showed good acid tolerance up to 6 h. However, none
of the isolates showed acid tolerance at pH 1.0(Kumar et.al, 2009).

Table 2.1: Acid tolerance of E. coli isolates

% Survival after incubation

Strain | p.H. 1.0 p.H. 2.0 p.H. 3.0

2h 2h 4h 6h 2h 4h 6h
E.coli | 0.00+0.00 | 0.740+£0.15 | 0.090+0.03 | 0.01+0.00 | 71.95+2.47 | 61.50+2.12 | 39.40+3.68
17




E.coli | 0.00+0.00 | 2.260+0.21 | 0.600+0.14 | 0.00+0.00 | 35.50+4.95 | 19.80+3.11 | 11.95+0.92
14

E.coli | 0.00+0.00 | 0.220+0.01 | 0.150+0.01 | 0.06+0.01 | 46.50+6.36 | 38.65+1.06 | 35.55+0.21
44

E.coli | 0.00+0.00 | 2.100+0.14 | 1.180+0.03 | 0.18+0.01 | 67.00+5.66 | 58.15+3.04 | 14.80+1.13
45

E.coli | 0.00+0.00 | 0.415+0.01 | 0.350+0.00 | 0.09+0.01 | 68.25+2.52 | 56.00+8.49 | 43.13+1.28

E.coli | 0.00+0.00 | 8.350+0.35 | 7.350+0.21 | 6.80+0.28 | 74.50+4.95 | 25.15+0.49 | 21.40+1.41
10

E.coli | 0.00+0.00 | 0.215+0.01 | 0.130+0.04 | 0.00+0.00 | 41.75+2.76 | 35.53+0.75 | 31.15+1.63
20

E.coli | 0.00+0.00 | 41.35+0.78 | 15.70+2.40 | 0.06+0.01 | 76.20+1.13 | 74.10+1.84 | 45.20+0.85
16

Acid tolerance of E. coli isolates (Kumar et.al, 2009)

E. coli strains are known to possess good acid adaptation and acid resistance
(Lin et.al., 1996). There are three distinct low-pH-induced acid survival mechanisms in
E. coli (Lin et.al.,, 1995). The first system is expressed in oxidatively metabolizing
bacteria grown in complex media but also protects cells in minimal medium at pH. 2.5.
This system is not apparent in fermentatively metabolizing cells. The other two systems
also protects against pH. 2.5 in minimal medium , only if the medium is supplemented
by arginine (i.e. arginine-dependent acid resistance; encoded by adi) or glutamate (i.e.
glutamate-dependent acid resistance) (Lin et.al., 1996). The regulatory gene rpoS, is
also involved in acid resistance. RpoS is an alternate sigma factor involved in regulating
a variety of stress response genes (Lange et.al., 1991). Survival via glutamate system
for commensal E. coli is between 80-100% whereas survival attributed to the glutamate
system was between 10-50%. The oxidative system varies according to the strain ( Lin
et.al., 1996).




2.5.2 Antipathogenic properties of probiotic E.coli isolates:

2.5.2.1.Antimicrobial properties of probiotic E.coli isolates:

In primary screening the antimicrobial activity of pure isolates were determined by
agar spot method against E. coli (DH5a and BL21) on Luria agar (LA). A total of 47 of
288 isolates of E. coli produced zone of inhibition against E. coli DH5a and BL21
strains. Secondary screening was performed by induction of 47 isolates with mitomycin
C. Antimicrobial activity of the culture filtrates against the test organisms Escherichia
coli, Enterobacter asburiae, Klebisella sp., Staphylococcus aureus, Salmonella typhi
and Salmonella abony. Culture filtrates which showed antimicrobial activity towards
pathogens were treated with proteinase K and protease which resulted in loss of
antimicrobial effect thus suggesting that the antimicrobial compound is a protein.
Sixteen out of 47isolates showed better inhibitory activity against different pathogens
(Kumar et.al, 2009).

Table 2.2: Antimicrobial activity of E. coli against Enteropathogens

E. coli culture No: Enteropathogens

10, 14, 14P Enterobacter asburiae
9, 10, 14, 17, 20, 14P Klebsiella pneumoniae
3,9, 14, 35, 44, 2P, 8P Salmonella typhi

10, 14, 16, 14P Staphylococcus aureus
9, 14, 2P, 8P Salmonella abony

Antimicrobial activity of E. coli against Enteropathogens (Kumar et.al, 2009).

A total of 216 (18 test strains x 12 E. coli K88 indicator strains) individual plate
assays were performed. Zones of clearing (ho growth) around the test strains were
measured with an image analysis device and digital calipers (Alpha Innotech, San
Leandro, CA). The most sensitive indicator strain was 2-12 and was subsequently used
for screening of the 463 environmental isolates. All 463 environmental isolates were

tested using the procedure described above against E. coli K88 strain 2-12 in duplicate,




and positive assays showing inhibition were repeated. Approximately 25% of the 463
environmental isolates produced inhibitory activity against the K88 indicator strain (2-
12), but none were from the rumen.

Table 2.3:Sources of environmental E. coli isolates and distribution of colicin like

activity

Source of isolates Number of isolates | Strains inhibiting K88 | Noninhibiting
Cattle feces 358 96 262
Rumen fluid 33 0 33
Swine feces 35 9 26
Manure amended soil 37 16 21
Total 463 121 342

Sources of environmental E.coli isolates and distribution of colicin like activity (Setia et.al, 2008).

Schamberger and Diez — Gonzalez (2002) screened isolates of E. coli from the feces of
cats, cattle, chickens, deer, dogs, ducks, horses, humans, pigs, and sheep. They found
colicinogenic strains from all sources, but the greatest number was from cats and
sheep. No rumen isolates evaluated were effective at inhibiting K88, but isolates from
cattle feces were effective. This is rather interesting because it suggests that even
though all isolates were phenotypically E. coli, there are subtle differences between
those inhabiting the rumen compared to those in the hind-gut ( Setia et.al, 2008).

Colonies isolated from the colon samples were picked with a sterile, sharp-ended
toothpick and stab-inoculated into trypticase soy broth—1.2% agar plates and incubated
overnight at 37°C. Then, the bacteria were lysed by exposing to chloroform vapour for 1
h into an airtight container. Subsequently, chloroform was allowed to evaporate for
another hour. Next, the plates were overlaid with 5 ml of LB—0.4% agar containing 10°
E. coli 0157:H7 CFU ml)* and incubated overnight at 37°C. Bacteria around which
were observed zones of growth inhibition of the indicator strain wider than 3 mm were
selected as potential probiotic strains (Fredericq 1965; Jordi et al. 2001). These bacteria
were screened for the presence of virulence factors: stx1, stx2, ehxA, eae, stla and Itl1
by PCR as described previously (Woodward et al. 1992; Fratamico et al. 1995; Parma
et al. 1996; Paton et al. 1996). Thirteen strains demonstrated the ability to inhibit the
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growth of the indicator strain, BP 166. For further studies we selected only seven of
them, which corresponded to the strains producing the largest and clearest growth
inhibition zones of the indicator strain. All of them were identified as E. coli by
biochemical tests (Cowan and Steel 1993). The absence of stxl1, stx2, eae, ehxA, stla
and ltl virulence genes was demonstrated in all the selected strains when screened by
PCR. Additionally, 11 O157:H7 isolates (stx2+, eaeO157+, ehxA+) from grazing cattle
(three isolates), grain-fed cattle (three isolates) and humans (HUS, three isolates;
bloody diarrhoea, two isolates) were also inhibited by the potential probiotic E. coli

strains.

53 strains were tested both as a possible producer and as a possible sensitive strain
to any of the four inhibitory factors followed. For this testing, a modified Fredericq’s
(1946) agar stab test for colicinogeny was applied in a 53 by 57 matrix. Agar plates
were inoculated by needle stab with fresh broth cultures and incubated for 20 h at 37°C.
The plated bacteria were then killed by exposure to chloroform vapor and each plate
was overlaid with a thin layer of soft agar containing 107 cells per mL of a fresh
indicator strain broth culture. After solidification, the plates were incubated at 37 °C
overnight. All 53 strains were cross-tested — as possible producers and as possible
indicators — and further tested against 4 additional indicator strains. Each pair of strains
was tested repeatedly. The presence of LMW colicin appeared as a growth-inhibition
zone that formed around the macrocolony of the producer strain; no LMW bacteriocin
zone appeared on agar that contained trypsin. The presence of lysogenic producers
appeared as phage plaques (mostly tiny ones) that were scattered around the
macrocolonies. The phages were auto-reproducible in subcultures. The presence of
HMW colicin appeared as a growth-inhibition zone that was conspicuously narrow,
compared to LMW caolicin zones and, unlike LMW colicin, it was not sensitive to trypsin.
The presence of siderophore appeared as a growth inhibition zone that was usually very
wide, only partially hampered growth, was not delineated by a distinct (sharp) edge, and
was not sensitive to trypsin. However, the zone was much more distinct on iron-limited
agar, i.e. on nutrient agar containing the iron-chelating compounds (see nutrient media).

The siderophore strain specificity was in some cases very low (Smarda et.al, 2006).
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2.5.2.2 Immunomodulatory action of probiotic E.coli isolates:

Inducible epithelial human beta-defensins (hBD) play an important role in
intestinal barrier function. In vitro studies showed that clinically effective probiotics
induce antimicrobial hBD-2. Here, the study was aimed to assess the in vivo effect in
healthy volunteers and also addressed how defensins affect probiotic survival.
Symbioflor 2 containing one strain of several viable genotypes of Escherichia coli was
administered to 23 healthy individuals. After 3 weeks, fecal hBD-2 peptide was
increased in 78 % (mean 3.7-fold; P < 0.0001). Interestingly, the fecal hBD-2 peptide
was still elevated 9 weeks after treatment (P = 0.008). In vitro studies revealed that this
effect was mediated by only one out of three tested E. coli genotypes and comparable
to probiotic E. coli Nissle 1917 (10- to 15-fold). Functional assays showed that all tested
bacteria were similarly killed by defensins allowing to speculate about a suicidal
character of this effect. Defensin induction seems to be a common and important

mechanism of probiotic treatment (Mondel et.al, 2008).

2.5.2.3 Competitive exclusion by probiotic E.coli isolates:

Different Escherichia coli strains generally have the same metabolic capacity for
growth on sugars in vitro, but they appear to use different sugars in the streptomycin-
treated mouse intestine (Fabich et al.,2008). Here, mice were precolonized with any of
three human commensal strains (E. coli MG1655, E. coli HS, or E. coli Nissle 1917) and
10 days later were fed 10° CFU of the same strains. While each precolonized strain
nearly eliminated its isogenic strain, confirming that colonization resistance can be
modeled in mice, each allowed growth of the other commensal strains to higher
numbers, consistent with different commensal E. coli strains using different nutrients in
the intestine. Mice were also precolonized with any of five commensal E. coli strains for
10 days and then were fed 105 CFU of E. coli EDL933, an O157:H7 pathogen. E. coli
Nissle 1917 and E. coli EFC1 limited growth of E. coli EDL933 in the intestine (10° to
10* CFU/gram of feces), whereas E. coli MG1655, E. coli HS, and E. coli EFC2 allowed
growth to higher numbers(10° to 10” CFU/gram of feces). Importantly, when E. coli
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EDL933 was fed to mice previously co-colonized with three E. coli strains (MG1655,
HS, and Nissle 1917), it was eliminated from the intestine (<10 CFU/gram of feces).
These results confirm that commensal E. coli strains can provide a barrier to infection
and suggest that it may be possible to construct E. coli probiotic strains that prevent
growth of pathogenic E. coli strains in the intestine.

Two E. coli strains, EMO, isolated from human feaces and JM105 K-12 were tested
for their ability to prevent in vivo and in vitro infection by Salmonella typhimurium C5.

Inhibition of C5 cell invasion by E.coli was investigated in vitro using Caco-2/TC7 cells.
The protective effect of E.coli was examined in vivo in germ free mice or conventional
C3H/He/Oujco mice orally infected by the lethal strain C5.

In vitro the two strains did not prevent the growth of C5 by secreted microcins or
modified cell invasion of C5. In vivo establishment of EMO or JM105 in the gut of
germfree mice resulted in significant increase in the number of surviving mice. 11 out of
12 mice and 9 out of 12 mice survived respectively, at 58 days after infection (2x10°%/
mouse) versus 0/12 in control germfree group at 13 days after infection. Colonisation
level and translocation rate of C5 were significantly reduced during the three days after
infection. So establishment of E.coli strains, which do not display antimicrobial activity,

protects germfree mice against infection and delays the establishment of C5 in the gut.

2.6 Safety evaluation of probiotic E.coli isolates:

2.6.1 Antibiotic Resistance of the E.coli isolates:

E. coli strains were examined for resistance to amikacin (30 ug), amoxyclav (30
Mg), ampicillin (10 ug), ceftazidime (30 ug), cephotaxime (30 ug), co-trimoxazole (25
Mg), ciprofloxacin (5 ug), cefuroxime (30 ug), furazolidone (100 pg), gentamicin (10 ug),
nitrofurantoin (300 ug), nalidixic acid (30 pg), netilin (30 ug), ofloxacin (10 ug) and
tetracycline (30 pg) and tobramycin (10 ug) using commercial discs (HiMedia
Laboratories). E. coli strain BL21 sensitive to all the antibiotics was included for quality
control. Characterization of strains as susceptible, resistant or having reduced
susceptibility was done in accordance with the manufacturer's instructions on sizes of

inhibition zones around each disc, which matched the interpretive criteria recommended
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by the Clinical and Laboratory Standards Institute (CLSI). Most isolates did not show
multi-drug resistance and the isolates which showed low multiple resistance were
eliminated in initial screening with commercial antibiotics. Sixteen isolates were finally

screened by using commercial antibiotics discs( Kumar et.al, 2009).

Table 2.4: Antibiotic susceptibility pattern of E.coli isolates

St. A | G | Ac|Tb [ Co| Ce| Na| Nt |[Nf |[Ak |Cf |[Ca |Of | T |Cu
No- 10 | 10 | 30 |10 | 25| 30 |30 | 30|300(30 |5 |30 |5 |25 | 30
3 S | S || S|S|S|S|S|S|S|S|S|sSs|s |s

S|S|S|S|S|S|S|S|S|S|S|S|Ss|s |s

9 S|S|S|S|S|S|S|S|S|S|S|S|sSs|s |s
0 |[S |S|S |S|S|S|S|S|S|S|s|S|s|s s
14 |S | S || S|S|S|S|S|S|S|S|S|S|s |s
16 S S S S S S S S S S S S S S S
17 S S R S S S S S I S S S S S S
19 R S I S S S S S S S S S S S S
20 S S I S S S S S I S S S S S S
21 S S S S S S S S I S S S S S S
35 | S I S S S S S S S S S S S S
44 S S I S S S S S R S S S S S S
45 S S S S S S S S I S S S S S S
2P S S S S S S S S S S S S S S S
8P S S S S S S S S S S S S S S S
14P | S S S S S S S S S S S S S S S

Antibiotic susceptibility pattern of E.coli isolates(Conc. Of antibiotic in pg/ml)(Kumar et.al, 2009).

The antibiotic sensibility of the probiotic E.coli isolates determined by Etcheverri‘a et.al,
2005 following the Bauer— Kirby procedure (Chengappa 1990). The amount of each

antibiotic per disc was: ampicillin (10 micro g), cephalothin (30 micro g), cephotaxime
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(30 micro g) ciprofloxacin (5 micro g), chloramphenicol (30 micro g), gentamicin (10
micro g), imipenem (10 micro g), trimethoprim/sulfamethoxazole (TMS) (25 micro g).

Table 2.5: Antibiotic susceptibility of bacteriocin-producing bacteria

Bacteriocin-producing bacteria
Antibiotics 1 2 3 4 5 6 7
Ampicillin S S S S S S S
Cephalothin S R R I S R R
Cephotaxime S S S S S S S
Ciprofloxacin S S S S S S S
Chloramphenicol S S S S S S S
Gentamicin S S R I S S S
Imipenem S S S S S S S
TMS S S S S S S S

Antibiotic susceptibility of bacteriocin-producing bacteria (Etcheverria et al. 2005)

2.6.2. Multiplex PCR Assay for Identification of Human Diarrheagenic E.coli :

. Escherichia coli is the most important etiologic agent of childhood diarrhea and
represents a major public health problem in developing countries. Identification of
diarrheagenic E. coli strains requires that these organisms be differentiated from
nonpathogenic members of the normal flora. Serogrouping of O antigen is not sufficient
to identify a strain as diarrheagenic, because it does not correlate, in most cases, with
the presence of virulence factors. Thus, identification of diarrheagenic E. coli strains
needs to detect factors that determine the virulence of these organisms. With the advent
of PCR, it has become possible to detect pathogenic genes in bacterial isolates,
allowing the rapid diagnosis of diarrheagenic E. coli. PCR methods using single primer
sets have been reported elsewhere, but screening of bacterial isolates requires a large
number of individual PCRs if single primer sets are used in separate reactions. To
reduce the number of tests needed for diagnosis of diarrheagenic E. coli, several
multiplex PCR systems have been reported previously. However, usually more than one

multiplex PCR is required for identification of a diarrheagenic E. coli strain. Pass et
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al.2000 reported a multiplex PCR to detect 11 virulence genes, but it has not been fully
evaluated against a large panel of isolates. This study attempted to develop a multiplex
PCR for identification of enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC),
enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAEC), and Shiga toxin
producing E. coli (STEC). Thirteen E. coli control strains were used in this study . EPEC,
STEC, and EIEC strains were characterized in previous studies and confirmed to have
the relevant gene by single PCRs and phenotypic assays. For ETEC strains, the
production of heat-labile enterotoxin was determined by a reversed passive latex
agglutination test (Denka Seiken, Co., Ltd., Tokyo, Japan), and the production of heat-
stable enterotoxin(ST) was determined by an enzyme immunoassay kit (Denka Seiken
Co., Ltd.). For EAEC strains, the HEp-2 cell adherence assay was performed as
described by Cravioto et al, 1979. The targets selected for each category were eae for
EPEC, stx for STEC, elt and est for ETEC, and ipaH for EIEC. The primers to detect the
bfpA (bundle-forming pilus) gene, which is present in typical EPEC, were not included in
this multiplex PCR since the presence of eae is sufficient to define EPEC. On the other
hand, atypical EPEC strains which do not possess bfpA and a high rate of spontaneous
cure of the EAF plasmid have been reported previously by Nataro et al, 1998. For each
of the target genes, different pairs of primers were selected from the literature and
tested in a single CR. Universal primers were selected when different alleles could be
present to reduce the number of primer sets. Therefore, primer set SK1-SK2 , which
can detect all the intimin variants, was used for detection of eae; primer set VTcom-u—
VTcom-d, which allows amplification of stx1, stx2, and its variants , was selected for stx;
and the primer set AL65-AL125 , which reacts with the two ST-I toxin genes (ST-la and
ST-Ib), was used for detection of the est gene. Primers sets LTL-LTR and ipalll-ipalV
were selected to detect elt and ipaH, respectively, so that PCR products were
sufficiently different in size to be distinguishable by agarose gel electrophoresis. This
study identified EPEC, STEC, EIEC, and ETEC strains because the virulence markers
for these four categories are well defined. To include the identification of EAEC strains
in the multiplex PCR, we selected the primer set aggRksl-aggRkas2, which gave the
best result when combined with the other five sets of primers. Some aggR-negative

strains with aggregative adherence will not be detected by this assay. However,
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considering the difficulty of performing phenotypic assays in some laboratories, the
multiplex PCR presented in this studyis a practical and rapid diagnostic tool for
identification of diarrheagenic E. coli in a single reaction tube (Toma et.al,2003).
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CHAPTER 3

Materials and Methods



MATERIALS AND METHODS

3.1. Reagents and media used:

e Mac Conkey Broth

e Purple E.M.B Agar

e Nutrient Agar

e Luria Bertani or Lysogeny Broth
e Normal Saline solution

e PUM Buffer

e n-Hexadecane CigHza

e PBS

e Antibiotic discs
3.2. Methods:
3.2.1. Isolation of Escherichia coli from human and bovine fecal materials:
Equipments used:
e Olympus CH20i Microscope: Model CH20iBIMF (India).
Method:

Faecal samples were collected from five human and four bovine subjects.
Samples were dissolved in 10 mL of 0.85% NaCl and agitated vigorously. Serial
dilutions of the resulting suspensions were spread on E.M.B agar (Himedia
Laboratories) and incubated for 24 h at 37°C. Approximately 3 to 4 of the characteristic
green metallic colonies from each plate were inoculated in MacConkey’s lactose broth
and incubated overnight for 24 hrs at 37°C. IMVIiC tests were then performed on the
isolates. The isolates were observed under microscope after staining with nigrosin stain.
Then Gram’s staining was done. Isolated strains confirmed by above tests as E. coli

were used to screen for their probiotic ability.
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3.2.2. Probiotic attributes of the obtained E.coli isolates:
3.2.2.1. Antimicrobial activity of the obtained E.coli isolates:

Equipments used:
e Sigma 3-18 K centrifuge (Germany).

Method: Agar well method was followed for evaluation of the antimicrobial activity
(Anand et.al., 1984). Nutrient agar containing 0.1% of Tween 80 was seeded with 200
pL of overnight grown culture of indicator organisms E.coli O157: H7, Salmonella typhi
and Shigella dysenteriae and poured into the plates and were allowed to solidify. Wells (
8 mm diameter) were cut and 50 pL cell free culture filtrate of the 24 hr LB broth culture
of the E.coli isolates was poured into the respective well and incubated at 37°C

overnight and the diameter (mm) of inhibition zone around the well was measured.
3.2.2.2. Acid tolerance of the isolated E.coli isolates:
Equipments used:

e Sigma 3-18 K centrifuge (Germany).

e p.H. Meter: Thermo, Scientific.

Method: E. coli strains were grown in Luria broth at 37°C overnight. The cultures were
centrifuged at 50009 for 10 min. The pellets were washed in sterile Phosphate-Buffered
Saline (PBS) pH 7 and resuspended in PBS. Initial count was determined with
appropriate dilution. Each strain was diluted 1/100 in PBS at pH 2.0. Incubation times
were 1, 3 and 5 h. Bacterial cultures were then transferred to Luria agar plates and
incubated at 37°C overnight. The number of colonies was counted to obtain the viable
counts at each time interval. Survival percentage of strains to different pH values was
then calculated as percentage survival = (viable counts after acid exposure/initial viable

counts) x 100.

3.2.2.3. Bile tolerance of the isolated E.coli isolates:
Equipments used:
e Sigma 3-18 K centrifuge (Germany).

e p.H. Meter: Thermo, Scientific.
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Method: E. coli strains were grown in Luria broth at 37°C overnight. The cultures were
centrifuged at 50009 for 10 min. The pellets were washed in sterile Phosphate-Buffered
Saline (PBS) pH 7 and resuspended in PBS. Initial count was determined with
appropriate dilution. Each strain was diluted 1/100 in PBS at 0.5% and 1.0% ox gall.
Incubation times were 1, 3 and 5 h. Bacterial cultures were then transferred to Luria
agar plates and incubated at 37°C overnight. The number of colonies was counted to
obtain the viable counts at each time interval. Survival percentage of strains to different
pH values was then calculated as percentage survival = (viable counts after bile
exposure/initial viable counts) x 100.

3.2.2.4. Cell Surface Hydrophobicity of the isolated E.coli isolates:
Equipments used:
e Sigma 3-18 K centrifuge (Germany).

e Jenway Spectrophotometer; Model Genova (United Kingdom).

Method: Adhesion to n-Hexadecane, a hydrophobic marker was carried out to assess
the cell surface hydrophobicity of the lactobacilli cultures. The cell surface
hydrophobicity of lactobacilli to adhere to the n-Hexadecane was carried out as per the
method described by Rosenberg et al. (1980) with required modification as follows. The
E. coli cultures were grown in LB broth (16-18 hrs at 37°C) and cells were harvested by
centrifuging at 2000g for 10 minutes at 4°C, followed by washing (twice) in PUM buffer
and finally, suspended in the buffer. Absorbance (Ao) was adjusted to 0.7 OD at 580
nm. The cell suspension (3 ml) and n-Hexadecane (1 ml), taken in clean falcon tubes,
incubated at 37°C, 1 h for separation of phases. The lower agueous phase was taken
out and the absorbance was measured (A). The percent cell surface hydrophobicity
(H%) was calculated as follows:
H% = {(Ao — A)/ Ag} x 100 .

3.2.3. Safety assessment of the E.coli isolates:
3.2.3.1. Antibiotic resistance of E.coli isolates:
Method: E. coli strains were examined for resistance to amikacin (30 ug), amoxyclav

(30 ug), ampicillin (10 ug), ceftazidime (30 pg), cephotaxime (30 ug), ciprofloxacin (5
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Mg), cefuroxime (30 pg), gentamicin (10 pg), nitrofurantoin (300 ug), netilin (30 ug),
tobramycin (10pg) and tetracycline (30 pg) and using commercial discs (HiMedia
Laboratories). Characterization of strains as susceptible, resistant or having reduced
susceptibility was done in accordance with the manufacturer's instructions on sizes of
inhibition zones around each disc, which matched the interpretive criteria recommended
by the Clinical and Laboratory Standards Institute (CLSI).

3.2.3.2. Detection of pathogenic strains by PCR of indicator genes:
Equipments used:

e Sigma 3-18 K centrifuge (Germany).

e Genepro Thermal Cycler: Model TC-E-96G (United States of America).

e Cell Biosciences Alpha Manager EP

3.2.3.2.1. Isolation and quantification of Genomic DNA from E.coli isolates:
Isolation of genomic DNA was performed as described by Rajeshwari and Sonti (2000).

1. The E.coli isolates were cultured in 5 ml LB medium for overnight at 37°C in
incubator.

2. 2ml of the culture grown overnight was taken in eppendorf tube.

3. Cells were pelleted by centrifugation at 8000 rpm for 6 min.

4. The pellets were dissolved in 3 ml of solution-I (50 mM glucose + 25 mM TrisCl
(pH8) + 10 mM EDTA (pH 8)) and resuspended gently.

5. 600 pl of lysozyme (10 mg/ml stock)was added and it was incubated at room
temperature for 20 min.

6. 160 pl of 10% SDS solution was added and incubated again at 50°C for 10 min.
200ul of RNase A (10mg/ml stock solution) was added to it and it was incubated
at 37°C for 90 min.

170 pl of 0.5M EDTA (pH8) was added and incubated at 50°C for 10 minutes.
8. The sample was brought to room temp and 200ul Proteinase K (5mg/ml stock

solution) was added and incubated for overnight at 37°C.

©

The samples were removed to corex tubes and 2 volume of phenol saturated
with 0.1M Tris-HCI (pH8) was added and mixed thoroughly (for 10 -15 min).
10.1t was then centrifuged at 10000 rpm for 15min and the phenol step was repeated

for 2 times.
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11.The aqueous phase was taken in the corex tube and 2 vol Phenol: CIA (1:1) was
added. The mixture was spun at 10000rpm for 15min.

12.The aqueous phase was transferred again into another corex tube and equal
volume CIA (24:1)was added and spun at 10000rpm for 15 minutes.

13. The DNA was pooled with a tip and washed with 70% ethanol then spun at
10000rpm for 15min. The pellets were dried and dissolved in 50ul MQ water by
keeping at 65°C for 10 min.

14.The quality of DNA was checked by running a 0.7% Agarose gel at 80 volts.

3.2.3.4.2. PCR detection of stx toxin gene: stx is shiga toxin gene which is the
primary toxin gene found in E. coli O157:H7 which belongs to the class STEC. For this
the primers VTcom-U and VTcom-D were used (Toma et.al, 2003). The sequence of the
primers were:

e VTcom-U: GAGCGAAATAATTTATATGTG

e VTcom-D: TGATGATGGCAATTCAGTAT
. These primers allow the amplification of stx1, stx2 and its variants. The amplicon size
is of 518 bp. The standardized PCR mix was prepared in the following way.

Table 3.1: PCR mix for detection of stx gene

Ingredients Composition (ul)
Nuclease free H,O 320.40

Taq Buffer 45
DNTP 18
VTcom-U 11.6
VTcom-d 11.6
Taq polymerase 7.38
DNA 2.0

The PCR program was 95°C for 1 min, 52°C for 1 min, and 72°C for 1 min, for 30
cycles, and 72°C for 10 min. PCR products were then electrophoresed on a 2.5%
agarose gel, stained with ethidium bromide, and visualized by UV transillumination. The
buffer in the electrophoresis chamber and in the agarose gel was 0.5xTris-borate-
EDTA.
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3.2.3.3. Haemolysis: Bovine blood was collected in a vacutainer. Nutrient agar was
prepared and sterilized. It was then cooled to 45 to 50°C, add 5% (vol/vol) sterile blood
that has been warmed to room temperature. Swirl the flask to mix thoroughly, avoiding
the formation of bubbles, and dispense into sterile plates, continuing to avoid bubbles
and froth on the surface. The plates were then kept in a refrigerator for 30 mins and
taken out. The cultures were streaked on it and was incubated for 37°C for 24 hours.

3.2.3.4. Gelatin liquefaction test: Gelatinases are proteolytic enzymes that hydrolyze
gelatin into polypeptides and individual amino acids. These enzymes destroy the
structure of gelatin and gelatin becomes liquid 5% gelatin was added to nutrient broth
to prepare the nutrient gelatin medium. 5 ml of the nutrient gelatin medium was filled in
each of the test tubes. A loopful of culture was then inoculated in each of the test tubes.
The tubes were incubated overnight at 37°C. The tubes were then taken out from the
incubator and kept in a refrigerator for 30 minutes. The tubes were then taken out and
kept at 37°C for 15 minutes. The tubes were then checked for liquification of gelatin.
The tubes in which gelatin is still solid should be considered to be gelatinase negative

and those that have become liquid should be considered gelatinase positive.
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CHAPTER 4

Results and Discussion



RESULTS AND DISCUSSION

4.1 Isolation and identification of the E. coli isolates from fecal sources:

A total of 45 isolates of E. coli were obtained, out of which 18 isolates came
from bovine fecal samples and the rest 27 from human fecal samples. All the isolates
were Gram —ve, short and slender rods (Fig 4.1a & b) that produced acid and gas in
Mac Conkey’s broth, and conformed to the IMVIC test by Indole production, acid
production (Methyl red test), negative VP test and no citrate utilisation. The isolates
were subcultured in Mac Conkey’s broth at regular intervals and were plated on EMB
agar. The isolates gave characteristic colonies with green metallic sheen on EMB
agar. These 45 isolates were studied further.

4.2 Probiotic attributes of the E. coli isolates
4.2.1. Antimicrobial activity shown against different gram negative pathogens:

All the 45 isolates were checked for antimicrobial activity against three different
pathogens i.e. E.coli O157:H7, Salmonella typhi NCTC 6017and Shigella dysenteriae.
Among these 15 isolates designated from E1 to E15 were selected on the basis of
formation of zones around test organisms (Table 4.1). The isolates E1, E2, E4, EG6, ES,
E9, E10, E12 and E14 were isolated from human fecal samples whereas the isolates
E3, E5, E7, E11, E13 and E15 were isolated from bovine fecal samples. Among these
isolated E1 and E7 showed antimicrobial properties against all the three pathogens
tested. The other isolates showed antimicrobial property against at least one
pathogen. In a similar study, Kumar et.al. (2009) screened 288 isolates of E. coli and
found 47 isolates that produced zone of inhibition against E. coli DH5a and BL21
strains. Secondary screening performed by using colicin inducer mitomycin C.
displayed antimicrobial activity against Escherichia coli, Enterobacter asburiae,
Klebisella sp., Staphylococcus aureus, Salmonella typhi and Salmonella abony.

Sixteen isolates showed better inhibitory activity against different pathogens.
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Fig 4.1a. Morphology of the E. coli isolates as seen by negative staining

Fig 4.1b. Morphology of the E. coli isolates as seen by Gram’s staining
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Table 4.1: Antimicrobial property of the selected E. coli isolates against enteric pathogens

Zone of clearance diameter (cm), including the well diameter of 0.6 cm

Sl no. Strain Designation Source
E. coliO157:H7 S. typhi S. dysenteriae
1. E2 human 1.6 _ _
2. E4 human 1.0 _ _
3. E9 human 1.3 _ _
4. El human 1.0 1.3 1.2
5. E6 human _ 1.3 _
6. E8 human _ _ 1.1
7. El4 human _ _ 1.4
8. E10 human _ 1.1 _
9. E12 human 1.2 _ 1.3
10. E3 bovine _ 0.9 _
11. E5 bovine _ 15 _
12. E1l1l bovine 1.1 _ _
13. E7 bovine 1.3 1.2 1.4
14. E13 bovine _ 1.3 _
15. E15 bovine 1.2
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Fig 4.3. Antimicrobial activity of the isolates against E. coli 0157:H7

Fig 4.4. Antimicrobial activity of the isolates against S.typhi
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The isolates showing antimicrobial property against at least one pathogen were
further checked for probiotic attributes including safety aspect. Figure 4.3 shows
antimicrobial activity by the isolates E1 and E2 against the pathogenic E.coli O157:H7.
Figure 4.4 shows the antimicrobial activity by the isolates E1, E6, E10, E5, E7 and E13
against test organism Salmonella typhi.

4.2.2. Acid tolerance of the E.coli isolates:

The isolates E1 to E15 showed good acid tolerance at pH 2.0. The isolates E1,
E4, E9, E13 and E15 showed good acid tolerance even after 5 hours of acid
treatment. E. coli strains are known to possess good acid adaptation and acid
resistance (Lin et.al.,, 1996). There are three distinct low-pH-induced acid survival
mechanisms in E. coli (Lin et. al, 1995). The first system is expressed in oxidatively
metabolizing bacteria grown in complex media but also protects cells in minimal
medium at pH 2.5. This system is not apparent in fermentatively metabolizing cells.
The other two systems are arginine or glutamate dependent as they protectect
against pH. 2.5 (in minimal medium) only if the medium is supplemented with
arginine (encoded by adi) or glutamate (i.e. glutamate-dependent acid resistance)
(Lin et.al, 1996). The regulatory gene rpoS, is also involved in acid resistance. RpoS
is an alternate sigma factor involved in regulating a variety of stress response genes.
Survival via arginine system for commensal E. coli is between 80-100% whereas
survival attributed to the glutamate system was between 10-50%. The oxidative
system varies according to the strain (Lin et.al, 1996). The acid tolerance of the E.
coli isolates was determined at pH 2.0 which is close to the pH of human stomach.
The acid tolerance of the isolates is given in Table 4.2.

4.2.3. Bile tolerance of the E.coli isolates:

All the coliforma bacteria are known for bile tolerance and bile salts are included in
selective and differential media to selectively inhibit Gram +ve bacteria, for the
isolation of coliforms or E. coli, All the 15 isolates ( E1 to E15) showed bile tolerance
in general, however, isolates E1, E7, E8, E10, E13 and E15 showed comparatively
higher bile tolerance even after 5 hours of bile treatment (Table 4.3.). The bile
treatment in E. coli s led to decrease in counts by not more than one logarithmic
cycle, whereas in case of lactobacillus most pf the reports show bile tolerance only

28



upto 0.3% (Mirlohi, et. al., 2009). The bile tolerance of the E. coli isolates upto bile
concentration of 1.0% which is close to the bile concentratin of human small
intestine. Thanassi et.al (1997) stated that outer membrane barrier of gram-ve
bacteria plays an important role in this resistance by retarding the influx of bile salts.

Table 4.2: Acid tolerance of the selected E. coli isolates

Logarithmic count after incubation at pH 2.0

St. Oh 1h 3h 5h
no.
El

8.10 8.02 7.79 7.73
E2

8.28 8.18 7.90 7.66
E3

8.20 8.10 7.77 7.69
E4

8.29 8.20 8.01 7.86
E5

8.36 8.28 7.91 7.79
E6

8.37 8.21 8.00 7.86
E7

8.29 8.20 7.99 7.93
E8

8.32 8.10 7.80 7.73
E9

8.29 8.12 8.04 7.98
E10

8.30 8.15 7.94 7.79
E11

8.37 8.30 7.98 7.86
E12

8.31 8.20 7.95 7.79
E13

8.18 8.15 8.01 7.86
E14

8.24 8.10 7.98 7.81
E15

8.14 8.07 7.91 7.73
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Table 4.3: Bile tolerance of the selected E. coli isolates

Logarithmic count after incubation at 1.0%bile

St. no. Oh 1h 3h 5h

El
8.45 8.28 8.17 7.96

E2
8.26 8.15 7.96 7.68

E3
8.36 8.21 8.08 7.79

E4
8.31 8.09 8.02 7.91

E5
8.18 8.02 7.87 7.72

E6
8.33 8.13 7.97 7.79

E7
8.37 8.26 8.18 8.02

ES8
8.32 8.17 8.06 7.92

E9
8.21 8.12 7.97 7.75

E10
8.32 8.28 8.20 8.10

Ell
8.19 8.07 7.99 7.63

E12
8.28 8.21 8.08 7.87

E13
8.45 8.38 8.29 8.21

E14
8.11 8.00 7.86 7.70

E15
8.17 8.07 8.01 7.91
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4.2.4. Cell surface hydrophobicity of the E. coli isolates:

Bacterial cell surface hydrophobicity is one of the most important factors that
influence bacterial adhesion to hydrocarbons (BATH). The attachment of the
bacterial cells to the hydrophobic marker after 1 hour of incubation denotes the cell
surface hydrophobicity. The higher the % cell surface hydrophobicity, the more is the
adhesion ability of the probiotic cells to the intestinal epithelium. Cell surface
hydrophobicity assay was carried out using n- hexadecane as hydrophobic marker.
The cell surface hydrophobicity values ranged between 32.44% to 51.05% (Table
4.4). .The highest cell surface hydrophobicity (51%) was observed for the isolate E7.
The isolates E1, E8, E9, E10, E12 and E15 also showed good cell surface
hydrophobicity (42.44 to 48.54). The cell surface hydrophobicity observed in present
study is much higher than that reported earlier for Lactobacillus plantarum LP9
(35.73%) by Duary et.al, (2010). So E.coli may show better adhering ability and
colonization in the gut as compared to Lactobacillus sp.

60 -

50 -

40 -

30 A

20 A

% cell surface hydrophobicity

El E2 E3 E4 E5 E6 E7 E8 E9 EI0O E11 E12 E13 E14 E15
E.coli isolates

% cell surface hydrophobicity of the E.coli isolates

Fig 4.5. Graphical representation of cell surface hydrophobicity of the isolates.
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Table 4.4: Cell surface hydrophobicity of the E. coli isolates

Sl no Strain number % Cell surface hydrophobicity
1 El 45.23
2 E2 40.73
3 E3 32.44
4 E4 41.23
5 E5 39.35
6 E6 35.63
7 E7 51.05
8 ES8 48.54
9 E9 45.41
10 E10 43.42
11 Ell 36.95
12 E12 42.44
13 E13 39.23
14 E14 38.63
15 E15 45.27

4.3. Safety evaluation of the selected E. coli isolates:

4.3.1. Antibiotic resistance pattern:

The selected isolates were checked for antibiotic resistance against 12
antibiotics namely (ciprofloxacin, cefuroxime, amikacin, cephotaxime, tobramycin,
ceftazidime, gentamycin, tetracycline, nitrofurantoin, amoxyclav and netillin). Isolates
showing clearance zones of greater than 1.0 cm in diameter were considered to be
susceptible and below 0.5 cm were considered to be resistant, and zones with
diameters greater than 0.5 cm but lesser than 1.0 cm were considered to be
intermediate (CLSI, 2006).
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Table 4.5. Antibiotic resistance pattern of the E. coli isolates

The zone of inhibition is in cm (R denotes resistant, diameter below 0.5 cm, | denotes intermediate resistance)

Sl no Isolate

Cip Cef Ami Cep Amp Tob Ceft Gen Tet Nit Amo Net
1. El 1.0 2.1 1.3 3.0 2.0 11 2.3 1.3 1.2 1.7 2.5 14
2. E2 4.0 1.8 15 2.2 2.0 15 2.6 1.3 2.0 2.0 2.3 1.6
3. E3 2.3 1.3 15 1.6 R 1.6 2.6 15 1.6 15 1.0 1.7
4. E4 2.0 1.3 2.0 15 R 2.0 1.7 1.7 1.0 1.6 0.8 2.2
5. ES 1.7 1.0 2.0 1.9 R 1.3 15 1.0 1.0 14 1.3 1.0
6. E6 3.5 2.5 2.3 3.0 2.1 1.8 3.0 2.2 2.3 2.2 2.4 2.4
7. E7 3.0 R 15 1.0 1.0 1.3 1.2 1.3 2.2 2.3 1.0 15
8. E8 2.0 2.2 15 3.0 2.6 14 2.7 1.3 1.2 1.7 2.3 1.3
9. E9 2.5 2.2 15 2.7 2.2 14 2.8 2.6 2.2 2.3 2.6 1.6
10. E10 2.7 R 1.6 1.0 1.0 1.7 1.8 1.7 2.0 2.4 1.0 1.8
11. Ell 1.8 2.3 1.6 3.5 R 14 2.7 1.1 15 2.0 1.2 1.7
12. E12 15 1.7 1.2 2.4 0.7 (1) 1.7 2.2 14 R 2.0 1.8 1.6
13. E13 2.5 15 2.0 2.0 1.7 1.7 2.0 2.0 2.3 1.6 2.0 2.1
14. E1l4 15 2.2 1.3 3.3 R 1.2 2.5 1.3 15 1.9 1.6 14
15. E15 2.4 R 1.7 1.6 R 1.7 1.8 19 24 2.3 1.9 2.2
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Most of the isolates were found to be sensitive to all the antibiotics, whereas three
isolates showed resiatance against ciprofloxacin, six against ampicilin and one
strain against tetracycline. Isolate E15 showed show resistance to more than 1
antibiotics i.e. ciprofloxacin and ampicillin (Table 4.5). The isolates E1, E2, E6, ES,
E9 and E13 did not show resistance against any of the antibiotics tested. However
the isolate E15 showed resistance to two antibiotics cefuroxime and ampicillin.

However, In a study, by Akond et. al. (2009), 52-88% of E.coli isolated from
poultry sources were found to be resistant to the antibiotics penicillin, ciprofloxacin,
riphampicin, kanamycin, streptomycin, cefixine, erythromycin, ampicillin and
tetracycline, 20% strains showed resistance to both chloramphenicol and neomycin.
No strains showed resistance to norfloxacin and gentamycin. Sensitivity was
recorded in case of 60-86% strains to norfloxacin, gentamycin, chloramphenicol and
neomycin; and 26-36% strains against tetracycline, streptomycin and ampicillin.
Intermediate resistance to various antibiotics were observed for 12-36% E.coli
strains. Multiple drug resistance was found in case of 6-10 antibiotics for all strains
tested. Antibiotic resistance may be higher as the overall usage of antibiotics in the

poultry sector is higher.

4.3.2. Detection of Shiga toxin producing (stx) gene:

The isolates were tested for the presence of stx gene by PCR using the primers

VTcom-U and VTcom-D which amplifies the stx1, stx2 and its other varients.. Six of the

isolates E3, E5, E6, E7, E10 and E11 showed presence of stx genes and thus may be

considered as potential pathogens. Whereas, nine of the isolates (E1, E2, E4, E8, E9,

E12, E13, E14 and E15) were found to be negative for the presence of stx gene and may

be considered as potent candidates for probiotic applications. However, presence of

other toxin genes also needs to be ruled out as Kumar et al. (2009) screened the E. coli

isolates against 8 sets of primers for presence of different toxins. Toma et al (2003)

developed a multiplex PCR for detection of toxigenic strains of E. coli. The present work

needs to be extended further to investigate and rule out the presence of all the reported

toxin genes found in E. coli.
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4.3.3. Haemolysis assay of the E.coli isolates:

The selected nine isolates, E1, E2, E4, E8, E9, E12, E13, E14 and E15 showed
the absence of any kind of zone formation around the colonies i.e. neither green zones
of a haemolysis nor yellow transparent zones indicating 3 haemolysis (Fig. 4.8). These
isolates thus showed y haemolysis or no haemolysis and hence can be considered
safe from the haemolytic point of view. The commensal E. coli strains do not exhibit
hemolysis.

4.3.4. Gelatin liquefaction assay of the E.coli isolates:

All the selected isolates E1, E2, E4, E8, E9, E12, E13, E14 and E15 showed
negative for gelatinase production on gelatin liquifaction assay.

In the present study 9 isolates have been found to posess antimicrobial
activity against Gram-ve pathogens i.e. E. coli 0175 H7, Salmonella typhi NCTC6017
and Shigella dysenteriae. Isolate E-1 and E-7 showed inhibitory effect on all three
pathogenic strains. However, E7 was found to be STX positive. Isolates E1, E2, E4,
E8, E9, E12, E13, E14 and E15 showed good acid and bile resistance, cell surface
hydrophobicity, antagonoism against selected pathogens, absence of shiga like toxin
genes and did not display gelatin liquefaction or production of hemolysins. These
isolates also showed very negligible incidence of antibiotic resistance and thus
appear to be potet candidates for further studies to evaluate and develop a potent
Gram-ve probiotic strain which may have the higher potential to combat gut

infections caused by Gram —ve pathogens.
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Fig 4.6. Antibiotic resistance pattern of the E. coli isolates E1, E11 and

E14 against various antibiotic discs
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518 bp

00bp1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 C 17 1Kb

Fig 4.7. The isolates in the lanes from left to right are E10, E2, E1, E4, E9,ES8, E5, E11,E3,E13, E14,
E7, E6, negative control and positive control. The isolates E10, E5, E11, E3, E7 and E6 showed the
presence of stx gene.
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Fig 4.8. Plates showing negative haemolysis or y haemolysis
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CHAPTER 5

Summary and Conclusion



SUMMARY & CONCLUSION

. Atotal of 45 strains of E. coli were isolated from six human and 4 bovine fecal
samples.

. The isolates were confirmed to be E. coli as they produced acid and gas from
lactose and showed Indole production, methyl red positive and negative for
citrate utilization and VP tests.

. The isolates were further screened for their antimicrobial activity against E. coli
0157:H7, Salmonella typhi and Shigella dysenteriae. Fifteen of the isolates
named E1 to E15 displayed good inhibitory action against the se pathogens.
The isolates E1, E2, E4, E6, E8, E9, E10, E12 and E14 were isolated from
human fecal samples whereas the isolates E3, E5, E7, E11, E13 and E15 were
isolated from bovine fecal samples. E1 and E7 showed antimicrobial property
against all the three pathogens tested.

. The isolates were then checked for their acid tolerance at pH 2.0 and counts
were taken after 1, 3 and 5 hours and their bile tolerance was checked at 1.0%
bile concentration and counts were taken after 1, 3 and 5 hours. All the isolates
showed good acid and bile tolerance. Normally lactobacilli are tested upto 0.3%
bile tolerance and pH 3.0. The acid and bile resistance of the E. coli isolates is

much higher than the lactic acid bacteria.

. The cell surface hydrophobicity (%) was tested based on their attachment ability
to the hydrocarbon n-hexadecane. The isolates exhibited cell surface
hydrophobicity values ranging from 32% to 51%. The isolate E7 exhibited the
highest percentage cell surface hydrophobicity. The hydrophobicity was much
higher than previously reported for the probiotic strains of Lactobacillus.

. The isolates were then evaluated for their safety aspects. The antibiotic
resistance of the isolates was found out following the Bauer-Kirby procedure.
Using ciprofloxacin, cefuroxime, amikacin, tobramycin, ceftazidime, gentamycin,
tetracycline, nitrofurantoin, amoxyclav and netillin. Most of the isolates were
found to be susceptible to all the antibiotics i.e. the isolates did not show any

multiple drug resistance.
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. The isolates were then screened for the presence of shiga toxin producing stx
gene by using PCR primers. Six isolates E3, E5, E6, E7, E10 and E11 were
found to possess the stx gene and thus did not fulfill the safety requirement.
Other nine strains tested negative for the shiga toxin genes.

. The rest of the isolates (9) were checked for haemolysis and gelatin liquefaction
assays. All the isolates tested negative for both gelatin liquefaction and
haemolysis.

. Isolates E1, E2, E4, E8, E9, E12, E13, E14 and E15 appear to be potet
candidates for further studies to evaluate and develop a potent Gram-ve
probiotic strain which may have the higher potential to combat gut infections

caused by Gram —ve pathogens.

10. Further studies may be conducted to characterize the antimicrobial potency,

nature of the antimicrobial agent, and presence of other toxin genes. The potent
E. coli strains may prove more useful in combating the Gram-ve pathogens as
they have displayed remarkable acid & bile resistance, hydrophobicity and

antagonistic action against different Gram-ve pathogens.
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Appendix-|

1. Mc Conkey’s broth: 40.00 gm of Mac Conkey’s broth was added to 1 litre of
water. It was mixed properly and sterilized at 121°C for 15 minutes.

Components Quantity
Peptone 20.00gms/lit
Lactose 10.00 gms/lit

NacCl 5.00 gms/lit
Na-taurocholate 5.00 gms/lit
Bromo cresol purple 0.01gmsl/lit

2. EMB Agar: 37.46 gm of Mac Conkey’s broth was added to 1 litre of water. It was
mixed properly and sterilized at 121°C for 15 minutes.

Components Quantity
Peptone 10.00gms/lit
Di potassium phosphate 2.00gms/lit
Lactose 10.00gms/lit
Eosin-Y 0.40 gmsl/lit
Methylene blue 0.065 gmsl/lit
Agar 15.00gms/lit




3. Nutrient Agar: The components were mixed in 1 litre of water , mixed properly
and autoclaved at 121°C for 15 minutes.

Components Quantity
Peptone 5.00gm/lit
Beef extract 1.50gm/lit
Yeast extract 1.50gm/lit
Agar 15.00gm/lit

4. Luria Bertani broth: The components were mixed in 1 litre of water , mixed
properly and autoclaved at 121°C for 15 minutes.

Components Quantity
Tryptone 10.00gms/lit
Yeast extract 5.00gms/lit

NaCl 10.00gms/lit




5. Phosphate Buffered Saline: The components were mixed in 1 litre of water ,
mixed properly and autoclaved at 121°C for 15 minutes.

Components Quantity
NacCl 8.01
KCI 0.20
Na;HPO, ¢ 2 H,O 1.78
KH2PO4 0.27
pH 7.4

6. PUM Buffer: The components were mixed in 1 litre of water, mixed properly and
kept in the refrigerator.

Components Quantity
K2HPO,4 22.2 gms/lit
KH2PO,4 7.26 gms/lit

Urea 1.8gmsl/lit

MgSO,4 7H,0 0.2gms/lit

pH 7.1




Appendix-Il

1. REAGENTS FOR ISOLATION OF GENOMIC DNA

1.1 SET BUFFER(Solution 1)
6.7% Sucrose

50mM Tris

1mM EDTA (Di sodium EDTA)

Deionized Water

6.709g
0.606 g
0.0372 ¢

100 ml

All these components were dissolved in 80 ml of water and pH was adjusted

to 8.0 with 6N NaOH and volume was made to 100 ml. Buffer was autoclaved

(121°C/15 min) after preparation.

1.2 SDS Solution (10%)

SDS

Deionized Water

Solution was autoclaved before use.
1.3 5M NaCl

NaCl

Deionized Water

1.4 Chloroform: Isoamyl alcohol (24:1)
Isoamyl Alcohol

Chloroform

1.5 TE Buffer

Tris (10mM)

Di-Sodium EDTA (1mM)

Deionized Water

109

100 ml

29.22 g

100 ml

4.0 ml

96.0 ml

0.1212 g
0.0372 g

100 ml



All the components were dissolved in 80 ml of water and pH was adjusted to 8.0 with
6 N NaOH and volume was made upto 100 ml. Buffer was autoclaved (121°C/15)
min after preparation.

2. REAGENTS FOR AGAROSE GEL ELECTROPHORESIS OF DNA

2.1 TAE Buffer (50X) (Stock Solution)

Tris 242049
50 M Di-Sodium EDTA (pH 8.0) 10.00 ml
Glacial Acetic Acid 571 ml
Deionized Water 100 ml

pH of this solution was not adjusted.

2.1.1 Working Solution (1X)
Working solution was prepared by diluting 1 ml of stock solution to 50 ml with
distilled water .

2. TBE Buffer (10X)

Tris 54 g
Di-sodium EDTA 3.722 g
Boric Acid 275¢
pH 8.3

The volume was made up to 500 ml, filtered and autoclaved at 121°C/ 15 minutes.

2.2.1. Working Solution (1X)

Working solution was prepared by diluting 100 ml of stock solution to 900 ml with
distilled water.

2.3 Gel loading solution
Bromophenol Blue 0.05¢

Sucrose 40.00 g



Di-Sodium EDTA 3.72 ¢
SDS 0.50 g

Deionized Water 100 ml.

2.4 Staining Solution

2.4.1 Stock Solution (10 mg/ml):
Ethidium bromide was prepared as a stock solution of 10 mg/ml in water,

stored at room temperature in screw cap tubes wrapped in aluminium foil.

2.4.2 Working Solution (0.5 pg/ml):
The working solution was prepared by adding 50 ul of stock solution to 10 ml

of distilled water.
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