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Abstract
Objective: To explore the genetic relatedness among the Escherichia coli isolates recovered from rectal mucosa of

patients with Ulcerative Colitis(UC) as well as from non specific diarrhoea patients by using ERIC PCR (whole genome
analysis).

Material & Methods: A total of 44 strains of E coli, each from patients suffering from UC with exacerbation while on
maintenance therapy, were isolated to see if there is any association with specific genotype of E coli with the  clini-
cal condition. For comparison, 20 strains of E coli were also isolated from patients suffering from non specific diar-
rhoea. These isolates were subjected to ERIC PCR for analysing similarity/ dissimilarity with each other based on the
distribution of ERIC sequences in the whole genome of the bacterial species.

Results: The dendrogram prepared on the basis of banding pattern showed that majority of UC patients (39/44,
88.6%) grouped in to one major cluster while second major cluster comprised mostly strains isolated from patients
with non specific diarrhoea i.e. controls (17/18, 94.4%). Moreover, in the cluster representing UC patients, a total of
11 strains were observed to be genotypically similar followed by 8 strains by ERIC PCR.

Conclusion: Our results strongly indicate that specific Escherichia coli strains may be involved/ associated with UC

and its relapse.

Key Words: Ulcerative colitis; Escherichia coli; ERIC; PCR

1. Introduction
Ulcerative colitis (UC) is a chronic inflammatory
disorder of the gastro intestinal tract that mainly
affects the large bowel which is a major disorder of
inflammatory bowel diseases (IBD). UC has almost
similar incidence(6-9 cases per100,000 population) both
in USA and India (developed and developing countries
respectively)."? Etiologically, UC is suggested to be due
to interplay of commensal bacterial flora®® genetic
susceptibility*® and autoimmunity®® superimposed on
factors viz., diet, stress, smoking, oral contraceptive
pills etc. Several clinical and research data suggest the
role of bacteria in onset and perpetuation of disease.?
Positive therapeutic response to antibiotics in patients
with UC has been reported.” However to date, searches
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for specific pathogens have been unable to satisfy
Koch’s postulates. Studies have highlighted the
association of Escherichia coli with UC. E. coli from
patients with UC differed from control strains in being
more likely to produce hemolysin and necrotoxin and to
cause distension of rabbit ileal loops."”'* However,
these pathogenic differences were seen more
consistently in strains following rather than preceding
colitis.”® Patients with UC possess agglutinating
antibodies in their sera to a greater number of E. coli O
antigens and in higher titres than controls.’ Therefore,
it became pertinent to see the genetic aspect of those
E. coli strains isolated from rectal mucosa of patients
with UC. To explore the genetic relatedness among the
E. coli isolates recovered from rectal mucosa of patients
with UC as well as from non specific diarrhoea patients,
ERIC PCR (whole genome analysis) was used in the
present study.



2. Material and Methods

2.1. Bacterial strains

A total of 64 E. coli strains were isolated from rectal
biopsy of patients comprising of 44 UC and 20 non
specific diarrhoea (NSD). These E. coli strains were
predominant growth present along with few other
bacterial species. The tissue biopsy was transported to
the laboratory in Luria Bertani (LB) broth, then
homogenized and cultured on MacConkey and sheep
blood agar, incubated at 37°C overnight. The strains
were identified by typical colony morphology, Gram’s
staining and by using variety of test substrates for
biochemical reaction.

2.2. DNA extraction

Bacterial DNA was isolated using a standard proteinase K
and phenol chloroform method.™ The bacterial colonies
underwent DNA extraction in a single batch
accompanied by a negative control tube. The tubes
containing the DNA were dried at 37°C for 30 min and
re-suspended in 50 ml TE buffer (pH 8). The isolated
DNA was kept at 4°C till further use.

2.3. Enterobacterial Repetitive Intergenic Consensus
(ERIC) PCR

This method is used for distinguishing intraspecific
variations among bacterial strains of the same species
using ERIC PCR primers derived from within ERIC
sequences.”  Enterobacterial repetitive intergenic
consensus (ERIC) sequences are 127-bp imperfect
palindromes that occur in multiple copies in the
genomes of enteric bacteria and vibrios. They are
distributed randomly in the bacterial species throughout
the whole genome. It is speculated that the ERIC
sequences might be responsible for gene expression. The
primers are designed so that amplification occurs
between copies of the ERIC sequence. If the positions of
copies vary among different strains, the amplification
products provide each strain with a unique fingerprint
when run on a gel.

PCR was carried out using forward
(5-ATGTAAGCTCCTGGGGATTCAC-3) and reverse primers
(5-AAGTAAGTGACTGGGGTGAGCG-3)", in  25ul volume
using 10ng of DNA, 1U of Taq polymerase (Bangalore Genie,
India), and 10pmoles of each primers (Quiagen Operon,
Cologne, Germany), 0.25mM (each) deoxynucleotide
triphosphate (MBI, Fermentas) and 1.5 mM MgCl; in
standard PCR buffer. All the amplifications were carried
out in a thermal cycler (Biometra, Goettingen, Germany).
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2.4. Analysis of PCR amplified products

After PCR, 3 pl of gel loading buffer (0.1% bromophenol
blue, 50% glycerol) was mixed with each amplified
products, and 15 pl of the mixture was loaded onto 1%
agarose gel containing 0.5 pg/pl ethidium bromidein 1x
TBE buffer (40 mM Tris-borate; 1 mM EDTA, pH 8.0. DNA
ladders 100bp and 1kb (MBI, Fermentas) were used as
molecular markers.

The electrophoresis was carried out initially at 250 V for
5 min to allow the samples to enter the gel quickly (to
avoid diffusion due to prolonged electrophoresis at 50V)
and then at 50V for about 40 min till the dye marker
moved at least 3/4th the length of the gel. The DNA
bands were visualized under UV transillumination. The
photographs were taken using AlphaDigiDoc™ gel docu-
mentation system(Alpha Innotech Corporation, CA, USA)
to record results and visually compare isolates and thus
test for relatedness among different strains (Fig-1).
Reproducibility was monitored by comparing the results
of ERIC carried out with the same samples on different
days.

2.5. Dendrogram construction and

relatedness

genetic

Dendrogram for cluster analysis of all the isolates were
constructed by using NTSYS pc2.0 programme of
unweighted pair-group method, arithmetic mean
(UPGMA).

A binary table or haplotype matrix for each strain was
constructed linearly composing presence (1)/absence (0)
data derived from the analysis of the gel. Microsoft
Excel program was used for putting strains in the rows
and markers in the columns. Haplotype matrix, made in
microsoft excel was incorporated in NTSYS pc2.0, SIMINT
program was used to compute similarities or
dissimilarities in the form of average taxonomic distance
which was used to perform sequential, agglomerative,
hierarchical, and nested (SHAN) clustering. Dendrogram
was constructed from the similarity matrix obtained in
the SIMINT program by the unweighted pair group
method arithmetic mean (UPGMA).

2.6 Statistical analysis

Fischer’s exact test was used to analyse the association
between a particular genotype with disease conditions
i.e. ulcerative colitis and non specific diarrhoea.

3. Results
Figure-1 shows the gel photograph of the amplified PCR
products and quite significantly all the lanes except 2-5
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and 26-29 show characteristically a band at 1000bp
location which gives a clue to the fact that these band
possessing E.coli recovered from UC patients may have
some common arrangement of ERIC sequences in their
genome. On the basis of these bands a dendrogram was
constructed which is depicted in figure-2.
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Figure-1: Representative gel showing amplification of Escherichia
coli genomic sequences by ERIC primers. Lane 1& 19: 100 bp
ladder; Lane 18 & 36: 1 kb ladder molecular marker. Lanes 3-17 &
20-35: Escherichia coli isolates

Figure-2 shows 3 clusters at the similarity level of 25%.
The largest cluster (cluster-1) consisted of 42 strains.
Many of the strains were genotypically identical by ERIC
PCR in this cluster. A total of 11 isolates were found to
be identical followed by another group of 8 and 4 and 3
isolates in this cluster. With the exception 3 isolates
from patients with non specific diarrhoea, all the 39
(92.8) strains clustered in this group were of UC origin.
The number of strains of UC origin were significantly
higher than of NSD origin (p<0.000001). Further, 2 of the
3 jsolate from nonspecific diarrhoea (NSD) cases could
be seen on separate branches of the dendrogram while
the 3rd one was identical with 2 strains of UC origin (UC
29 and 30). On the other hand, cluster-1l was comprised
of 18 strains of which 17 strains were of non specific
diarrhoea (NSD) origin. A single strain of UC origin
(UC22) could be seen in this cluster, but on completely
independent branch. In cluster Il also the number of
strain of NSD origin was significantly higher than those
of UC origin (0.000002). Moreover, 8 of the 17 (47.1%)
NSD origin strains were found to be identical by ERIC
PCR method. Further 3 strains (NSD 12, 13, 20) were
identical while 2 pairs (NSD 6, 7 and NSD 14, 16) were
also found to have identical banding pattern. Only
strains NSD15 and NSD 17 were seen on totally
independent branch. Cluster 3 consisted of 4 strains and
none of them was identical and all of them were
isolated from UC patients.
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Figure-2: Dendrogram of 64 Escherichia coli strains based on ERIC PCR.
Strains:1 - 20, Non Specific Diarrhoea; Strains:21- 64, Ulcerative Colitis

4. Discussion

The aim of this preliminary study was to explore the
genetic diversity among the E. coli isolates recovered
from rectal mucosa of patients with ulcerative colitis
and patients with non-specific diarrhoea. Majority of the
available reports have emphasized on phenotypic
characterization of E. coli from IBD or on a few of the
virulence factors encoding genes.'>' Qur aim was to
assess whether a particular type of strain was associated
with UC on the basis of whole genome analysis of E. coli
isolates by using ERIC PCR.

The efficacy of ERIC PCR based discrimination DI of
0.845 seems to be quite satisfactory than ribotype
profiling on the E. coli strains isolated from Crohn’s
disease." Interestingly, 39 (88.6%) of the 44 UC isolates
could be placed in single major cluster. Only 3 strains of
NSD were seen in this cluster. Further, clustering of 39
UC isolates in one cluster along with presence of 11
genetically identical strains strongly indicates that
E. coli strains from UC patients are definitely closely
related. E coli strains from NSD are definitely of
different type since 8 of the strains belonging to this
group were also identical. The patients yielding the 3
strains of the later origin grouped with UC cluster; need
to be followed up whether they are developing any in-
flammatory bowel disease in future. Therefore, exis-
tence of UC specific E. coli strains may be considered.
Implication of these strains in the disease process and/
or relapse may be further affirmed.

The present study indicates existence of E. coli strains
that may have evolved from same ancestral strains
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perhaps by acquisition of additional virulence factors via
gene transfer or insertion of pathogenecity island(s) in
the bacterial genome. These changes would increase the
pathogenecity of some E. coli strains leading to the
colonization of the intestinal mucosa of patients with
ulcerative colitis. As the present ERIC PCR based whole
genome analysis cannot throw light on the variations in
the specific virulence factor/s in the isolates of UC
origin, therefore, various virulence genes and their
expression of these E. coil strains must be explored
extensively. Further work, using molecular techniques
for DNA mapping of insertional DNA sequences, different
virulence marker genes in E.coli strains associated with
ulcerative colitis but absent in those isolated from
healthy individuals is needed to be explained for
detection of potentially unknown virulence
determinants. Furthermore, 2D proteomic analysis of
such E. coli strains in terms of their excretory, secretory
products and whole bacteria may also provide some
clues about virulence protein(s).
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