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Differential protein profiling of pathogenic and non pathogenic Escherichia coli

ABSTRACT

In India, diarrhea is third most leading cause of deaths in children under five years of
age. A variety of pathogens including bacteria, viruses and protozoan are responsible
for the cause of diarrhea. Higher morbidity and mortality rates associated with
diarrhea may be attributed to the insufficient diagnostic techniques and improper
management of diarrhea symptoms. Commensal strains of E. coli constitute essential
component of human gastrointestinal tract, however pathogenic ones cause
debilitating infection in the host. E. coli strains causing gastrointestinal infection are
categorized as diarrhoeagenic E. coli and are classified into six various pathotypes.
Each of these pathotype expresses different genomic elements to demonstrate unique
mechanism of pathogenicity. The most widely used characterization method is
polymerase chain reaction (PCR) targeting unique virulence genes. But the high cost,
sophisticated procedure and requirement of pre training make limited use this method

in diagnosing diarrhoeagenic E. coli.

This study was conducted to obtain differential protein profiles of pathogenic and non
pathogenic E. coli. Initially growth characteristics of pathogenic and non pathogenic
E. coli were observed and then secretory and cytosolic proteome were extracted from
all strains. Then cytosolic and secretory proteome were analyzed on SDS PAGE gel to
differentiate between pathogenic and non pathogenic strains. 2D analysis of secretory
proteome of pathogenic and non pathogenic E. coli showed differential expression
profiles. The present study clearly indicated expression of unique proteins in

pathogenic E. coli proteome as compared to commensal strains.
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CHAPTER-1

INTRODUCTION
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Differential protein profiling of pathogenic and non pathogenic Escherichia coli

Diarrhea is a prime killer among children under five years of age, accounting for 9 per
cent of child mortality worldwide (UNICEF data; 2016). Nine percentage deaths
transcribe about 1,400 young children each day, or ~0.5 million children per year.
More than 90% of diarrhea cases are reported in developing countries. In India
diarrhea is the third most common cause of death in under-five children, responsible
for 13% deaths, which is about 300,000 children each year (Lakshminarayanan and
Jayalakshmy, 2015).

A number of pathogens are known as etiologic agents of diarrhea that includes
bacteria, protozoan and viruses. The causative bacterial agents include
diarrheagenic Escherichia coli, Shigella, Aeromonas, Campylobacter,
Salmonella, Vibrio, and Yersinia. Chief causative viruses which are responsible for
outbreak of diarrhea include rotaviruses, noroviruses, astroviruses, and adenoviruses.
Intestinal parasites such as Giardia lamblia and Entamoeba histolytica are major
etiologic protozoan are also responsible for diarrhea. (Hashmey et al 1997;
Finkbeiner et al; 2008, Navaneethan et al., 2008; Kittigul et al; 2009)

Escherichia coli is most abundant gram negative, rod shaped, facultative anaerobe
of the human gut biota which belongs to Enterobacteriaceae family having mutual
relationships. E. coli usually remains harmless and restricted to the intestinal lumen.
However, in the immunocompromised host, or when gastrointestinal barriers are
invaded, normal nonpathogenic” E. coli can cause infection. Apart from non
pathogenic E. coli certain isolates have been involved in causing disease. E. coli
infections are restricted to mucosal lining of organs which includes two main
categories (Kaper et al; 2004)

» Diarrheagenic E. coli which includes six pathovars: enteropathogenic E. coli
(EPEC), enterohemorrhagic E. coli (EHEC), enterotoxigenic E. coli (ETEC)
enteroinvasive E. coli (EIEC), diffusely adherent E. coli (DAEC), and
enteroaggregative E. coli (EAEC).

» Extraintestinal E. coli which includes uropathogenic E. coli (UPEC) and

neonatal meningitis E. coli (MNEC)

DNA microarray has been widely used essential tool for monitoring whole-
genome-wide expression profiles at the transcriptome level. Similarly, proteomics can

be used to compare changes in the expression levels of many proteins at particular
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time under same environmental conditions. Unlike transcriptomics which focuses on
gene expression, proteomics examines the levels of proteins and their changes in
response to different conditions. The studies on proteomes under well-defined
conditions can be a better means for understanding of complex biological mechanisms
and may allow inference of unknown functions of protein. Most of all, proteomic
approaches provide information about post-translational modifications which cannot
be obtained from mMRNA expression profiles; these approaches have proven critical to
our understanding of proper physiological protein function, translocation, and sub-

cellular localization (Liochev et al; 1994; Han et al., 2006).

Transcriptome expressions are complementary to expression of proteome. But
studies at proteome level have advantage over tanscriptome that it determine changes
in protein expression, efficiency of translational machinery, protein folding,
packaging into vesicles, secretion, transport and localization and also extend of
degradation at particular condition and time. These studies help in understanding of
complex biological processes and may help to understand the function of protein upto
certain extend (Calvo et al; 2009). Hence, proteomics approaches offers a way to
determine post translational modifications which cannot be determine with mRNA

expression studies.

As a vast array of pathogens are potential cause of diarrhea and diagnosis is
required before treatment. Although acute diarrhea can be cure with oral rehydration
solutions, but in severe cases it is required to have prescribed medicines (The
treatment of diarrhea; WHO guidelines). Medication is possible only after
characterization of pathogen. The duration of diarrhea is approximately three days, so
a diagnostic technique required that should be fast, reliable and cost effective. A
number of molecular based diarrhea diagnostic kits are available (Platts-Mills et al.,
2012). But the problem in E. coli diagnosis is that it has 6 pathotypes and the
mechanism of infection is different in each pathotype. The aim of this study was
towards differential protein profiles of pathogen versus commensal counterparts, so
that unique pathogenic markers can be further utilized for the development of protein

based diagnosis kit.
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CHAPTER 2

REVIEW OF LITERATURE
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2.1 Diarrhea

Diarrhea is a gastrointestinal disease that is an outcome of altered movement of ions
and water. Each day about 8-9 liters of fluid along with electrolytes are absorbed by
intestinal cells whereas only few amounts about 100-200 ml are excreted in stools.
But when enteric pathogens infect intestine, balance between absorption and excretion
get disturbed and consequences in diarrheal disease. Pathogens get attached to
intestinal cells with different mechanisms and results in altered transport of ions
though Na'*/glucose symporter, Na*/H" antiporters and CI/HCOs exchanger, also
reduced water absorption through aquaporin (Hodges and Gill., 2010). This altered
transport of ions results in access release of essential ions and water from body either

though loose stools or vomiting that cause dehydration in the body.

2.2 Escherichia coli

E. coli is rod shaped, gram negative, facultative anaerobic bacteria belongs to
Enterobacteriaceae family. It is essential part of human gut microbiota and present in
infant’s gastro intestine within few hours after birth. In 1885 a German bacteriologist
firstly discovers E. coli and now it’s mostly studied model organism. E. coli have
more than 700 serotype depending on their H (flagellar), O (somatic) and K (capsular)
surface antigen profiles (Edwards and Ewing., 1972; Engdaw and Temesgen., 2016).

As E. coli is most extensively studied model organism, its complete genome
has been sequenced in 1997. E. coli K-12 strain contains complete genome of
4,639,221-base pair and 2436 protein coding genes (Blattner et al., 1997).

2.2.1 Origin of E. coli pathogenicity

Evolution of pathogenic bacteria associated with addition or deletion of mobile
genetic elements. Pathogens require new traits for their survival and fitness during
infection. These new traits are acquired by the mechanism of horizontal gene transfer
(HGT). Comparison between pathogenic and non pathogenic bacteria found presence
of large clusters of virulence genes generally known as pathogenicity islands (Dean et
al., 2006). These pathogenicity islands can either be found on plasmids or may
integrate into the genome. The genome size of pathogenic E. coli can be up to 1Mb
larger than non pathogenic E. coli. This is because of presence of pathogenicity

islands (Rasko et al., 2008). HGT help recipient to survive under new environment
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conditions. According to Wirth et al., in 2006 bacteria exposed to multiple HGT
events are able to survive under new selective conditions and these organisms are
virulent cause of epidemic. Hence under new selective pressure recipients of HGT
will survive over non pathogenic strains.

The genome size of pathovars and commensal E. coli is variable. For example:
EPEC contain 400 more genes than E. coli K-12 and around 650 fewer genes than
EHEC and 770 fewer genes than UPEC, suggesting it required smaller genes to
become EPEC than other pathovars (Croxen et al., 2012).

2.3 Pathogenicity caused by E. coli

2.3.1 Enterotoxigenic E. coli (ETEC): Major cause of traveler’s diarrhea in
developing countries and also fatal for children under 5 years. Colonization factors of
ETEC bind to epithelial cells of small intestine. Carbohydrates moieties of
glycolproteins act as target for binding of colonization factors (Jansson et al., 2006).
Major cause for pathogenicity is secretion of heat stable enterotoxins (STs) and heat
labile enterotoxins (LT). Secreted STs results in decreased Na® absorption and
activation of cystic fibrosis transmembrane conductance regulators (CFTR) that is a
consequence of impairment in G-protein coupled receptor signalling. Pathogenicity of
LT toxins is similar to cholera toxins (having ABs subunits). After secretion, these
toxins have lipopolysaccharide coating that helps in attachment on the surface of host
cell. The B subunit bind to the cell surface, and toxin get internalized to cytosol. The
A subunit ADP-ribosylate Gsa. subunit of G protein and results in activation of CFTR

that cause secretion of CI™ ions (Fleckenstein et al., 2010).

2.3.2 Enteropathogenic E. coli (EPEC) causes diarrhea by attaching and effacing
(A/E) mechanism, where pathogen get attached to epithelial cells of intestine leads to
accumulation of polymerized actin. A gene called locus of enterocyte effacement
(LEE) which is present on 35kb pathogenicity island (PAI) is responsible for
mechanism of attaching and effacing. LEE is responsible for the expression of intimin
protein which is a 94kD outer membrane protein that mediates the attachment of this
pathotype to host epithelial cells. Apart from attaching intimin also invigorate the
response of mucosal Tyl cells. Expression of LEE gene is highly regulated as it is
responsible for type Il secretion system which is responsible for secretion of bacterial
proteins to the host cytoplasm for example translocated intimin receptor (Tir) which
act as receptor for intimin. (Kaper et al., 2004 and Deng et al., 2004)

Monika Choudhary, 152551, M. Tech Biotechnology, JUIT Solan Page 7
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Bundle forming pili (BFP) is another factor responsible for initial binding of
EPEC to small bowel. BFP is encoded by EPEC adherence factor (EAF) plasmid.
This BFP are rope like fimbriae that interact with both, other EPEC bacteria and host
receptors containing N-acetyl-lactosamine. (Croxen et al., 2010)
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Figure 1- Schema of pathogenicity caused by diarrheagenic E. coli. Each of six
pathogenic E. coli have unique features of attachment to intestinal cells. a) EPEC
interact to small bowel by A/E mechanism. b) EHEC also induce A/E lesions but also
produce stx toxin. ¢) ETEC induces secretion of STs and LTs. d) EAEC induces
formation of thick biofilms. e€) EIEC induces the lyses of phagosome. f) DAEC
having diffusely adherence binding patterns are generated with the help of fimbrial
(Dr) and afimbrial (Afa) adhesions (Kaper et al., 2004)

2.3.3 Enteroaggregative E. coli (EAEC) second most common cause for traveler’s
diarrhea. EAEC colonization may occur in mucosa of either small intestine or in large
intestine (Kaper et al., 2004). The aggregative adhesion includes stacked brick pattern
with epithelial cells that involves pathogenic factors encoded by pAA virulence

plasmid. Aggregative adherence fimbriae which are encoded by pAA plasmid are
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responsible for adherence of EAEC (Boisen et al., 2008). Pathogenicity also involves
secretion of toxins though type IV secretion system. Two toxins, Shigella enterotoxin
1 (ShET1) and enteroaggregative E. coli ST (EAST1) are encoded by same
chromosomal locus from opposite strands (Sheikh et al., 2001). Still complete

mechanism of pathogenicity through these toxins is not completely understood.

2.3.4 Enterohaemorrhagic E. coli (EHEC) is responsible for major outbreaks in
North America, Japan and some parts of Europe (WHO: Outbreaks of E. coli
0104:H4 infection). This pathovar infect host via attaching and effacing mechanism.
Major virulence factors for pathogenicity are encoded by virulence plasmid called
pO157. Another important factor for pathogenicity is Shiga toxin (Stx) but EHEC
lacks secretory mechanism to secretion of Stx. The release of Stx is only a response of
lambdoid phage mediated lysis which may be a result of antibiotic therapy (Wagner et
al., 2002).

2.3.5 Enteroinvasive E. coli (EIEC): it causes pathogenicity similar to Shigella like
bloody diarrhea. It infects epithelial cells and reaches submucosa where it disrupts
tight junctions and cause inflammation. This strain also contains virulence vector that
encodes type three secretion system responsible for its invasion, survival and

apoptosis of macrophages (Ogawa et al., 2008).

2.3.6 Diffusely adherent E. coli (DAEC): associated with diarrhea in children and
recurring urinary tract infections in adults. Diffusely adherence binding patterns are
generated with the help of fimbrial (Dr) and afimbrial (Afa) adhesions. These
adhesion molecules gel attached to decay-accelerating factors associated on the
surface of intestinal and urinary epithelial cells. As a result brush border microvilli

effaced from intestine (Servin et al., 2005).

2.4 Diagnosis

Most common conventional methods for detection includes culture based techniques
and microscopic examination. Culture based techniques are time and labor intensive
also have low detection yield. Hence, are not suitable before antibiotic prescriptions.
Similarly microscopic detection requires time and labor, also needs substantial
equipment and training (Guerrant et al., 2001). Antigen based detection has been used
since 1970s and important tool for diarrhea diagnosis for determination of rotavirus,
norovirus, astrovirus, Entamoeba, Cryptosporidium Giardia, Clostridium and

Monika Choudhary, 152551, M. Tech Biotechnology, JUIT Solan Page 9



Differential protein profiling of pathogenic and non pathogenic Escherichia coli

Campylobacter (Kirby et al., 2010). Again the problem of antigen based detection is
high cost and only limited number of pathogens can be detected. Molecular detection
methods such as PCR based amplification of RNA or DNA have promising role in the
diagnosis of infectious diseases. These methods offer excellent sensitivity over
traditional diagnostics (Sjoling et al., 2014).

EPEC infection can be detected via amplifying bundle-forming pilus (bfp ie.,
326bp product) gene through PCR. (Gunzburg et al.,1995). Presence of ETEC can be
detected via PCR amplification of genes for ST toxins, LT toxins or any of 22
different colonization factors. Gene eltB (273) encode for LT, stl1 (166) STp and estA
(64) encode STh (Sjoling et al 2007). The detection of EAEC presence is associated
with amplification of three aggregative adherence genes of plasmid. These genes
include aaP (310bp), aggR (457bp) and AAprobe (629bp). EHEC confirmation can be
attain with the PCR amplification of either stx; (180bp), stx, (255bp), eaeA (384bp) or
EHEC hylA (534bp) (Paton and Paton., 1998). As 220 kb plasmid is major virulence
determinant of EIEC and Shigella. This plasmid contains a gene called ipaH (150bp)
that can be used as diagnostic tool for EIEC detection (Thiem et al., 2004).

As E. coli is major cause of diarrhea worldwide and major challenge in
detection is 6 pathogenic strains. Among these strains, antibiotic treatment against
EHEC should be avoidable whereas; use of antibiotics is a treatment against other
strains. The use of suitable treatment therapy must be decided in short time after
infection. Hence, the method of detection must be rapid, inexpensive and sensitive. In
2008 Guion et al., have developed a real time multiplex PCR detection method where
PCR products are identified based on melting-point curve analysis. This method is
capable of diagnosing all pathotypes of E. coli at once. Limitation of this diagnosing
method is that it is not efficient to diagnose pathogen directly from stool sample.

Hence cannot be used in laboratories.

2.5 Treatment

Dehydration is major symptom and severe problem during diarrhea. Loss of fluids
within 24 hours during diarrhea may vary from 5mi/kg (normal) to 200ml/kg or more
(severe). Sodium deficiency in case of severe dehydration is about 70-110mM/litre
(Ribeiro et al., 1994). To prevent dehydration primary treatment is to drink oral
rehydration solution (ORS) contains salt concentration upto 3g/litre and avoid

commercial fruit juice or carbonated beverages.
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Zinc deficiency is also associated with high risk of diarrhea. Supplementation
with zinc ion can reduce the risk of diarrhea. According to WHO guidelines, if
children under 5 years are supplemented with 10-20mg Zn per day upto 14 days, risk
of diarrhea will reduced for 2 or 3 months.

Antibiotic treatment is not prescribed until pathogen diagnosed. And it is not
advisable to treat children below 5 years with antimicrobial agents because these
agents neither prevent dehydration nor improve nutritional status. Also the use of
antibiotics may results in antibiotic associated diarrhea, which is a consequence of

disruption of commensal gut microflora. (Barbut and Meynard, 2002)

2.6 Proteome dynamics

Proteins concentrations in biological samples vary from organ to organ, at a time one
protein may have high concentration in an organ, at same time it may have very low
concentration in other organ. The expressions of proteins are highly dependent on the
need of an organism, but it is not obvious that their levels are always regulated at
MRNA levels. The roles of protein are highly regulated by post-translational
modifications (PTMs) which increase the complexity of proteome. Another challenge
of proteome studies is the detection of low abundant proteins as their relative
concentration is very less; it is difficult to detect them. (Hortin et al., 2006 and GE

Healthcare Life sciences).

2.7 Protein expression studies

Gene expressions studies at transcriptomic level are conjectural as gene regulation
takes place at particular locus on DNA. There are variations in mMRNA copy number
and expressed protein at a particular time in a cell (Taniguchi et al., 2011). As
proteins are functional units performing almost all catalytic functions in a cell,
complete information about the amino acid sequence and tertiary (3D) structure of
proteins must required for determining its role in biological system. Studies at
proteome level have advantage over tanscriptome studies that it determine changes in
protein expression and also extend of expression at particular condition and time.
These studies help in understanding of complex biological processes and may help to
understand the function of protein upto certain extend. Proteomic approaches offers a
way to determine post translational modifications which cannot be determine with
MRNA expression studies (Li et al., 1998).
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Separation of proteins using this technique is still one of the most widely used
because of its optimal cost, robustness, adequate resolution, and ability to separate
entire and intact proteins. Identified protein spots can be further sequenced with the
help of mass spectrometry (Hao et al., 2015). In 1994 Marc Wilkins defined the
concept of proteome which creates new possibilities in elucidation of biopatho-
mechanisms and the discovery of novel biomolecular markers (Wilkins, 2009 and
Hao et al., 2015).

Proteins has widely used as clinical tool since 1847 simultaneously
Quantitative and qualitative determination of hundreds of proteins in biological fluids
in clinical laboratories have developed over succeeding years. The use current
methods have ability to separate different components of complex biological fluids.
The highest resolution techniques for analysis of proteins can separate a maximum of
a few thousand components at particular time (Hortin et al., 2006). Proteomic
technology allows identification of large of proteins in single analysis, greatly

accelerated identification of new biomarker for detection of diseases.

2.8 Development in proteome studies

First proteomic analysis conducted since 40 years ago, continuous advancements are
added day by day in the techniques for better expression studies. There are three types
of approaches to study proteome, they includes: Gel based, non gel based and
predictive proteomics. Gel based approaches are being used to separate proteins in gel
matrix (Klose, 1975). Most widely used gel based technique to study E. coli proteome
is 2D gel electrophoresis. In 1975 the technique of two-dimensional gel
electrophoresis (2-DE) was developed by O’Farrell and Klose. In 1992 VanBogelen et
al., have developed 2D protein maps for E. coli using carrier ampholytes containing
IEF in first dimension. The limitation of this method is variability of results among
different laboratories. Then the use of an immobilized pH gradient gel came into the
picture and now a day number of different pH gradient strips are available
commercially. University hospital of Geneva and Department of Medical
Biochemistry of Geneva University has established SWISS-2DPAGE database in
1993 (Appel et al., 1993). SWISS-2DPAGE database for E. coli has been established
in year 1996 by collaboration of number of institutes (Pasquali et al., 1996). These
2D maps were established by using IPG strips for first dimension from pH range 4-5,
4.5-5.5, 5-6, 5.5-6.7, 6-7, 6-11, 6-9 that contain 206 spots out of which 180 protein
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entries have been identified (http://world-2dpage.expasy.org/swiss-2dpage/). The use
of these wide range gels allowed the visualization of 70% of the E. coli proteome
(Tonella et al., 2001).

The separation potential of 2D gels have been increased with sample pre
fractionation which help to improve protein loading capability with potential to
discriminate number of migrating proteins. The advantage of sample pre fractionation
is enhanced sensitivity (Molloy et al., 2000).

Use of chromatography for sample fractionation can achieve hundreds of
fractions for single 2D gel analysis that is essential to visualize proteins with low
expression. Hence allow better quantitative and qualitative analysis of 2D gels (Han et
al., 2006). Maximum protein expression can be achieved with combination of 2D, LC
and MS/MS, which is helpful in all stages of drug discovery (Lee, 2002).
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AIM AND OBJECTIVES

» To study growth characteristics of pathogenic and commensal E. coli.

> To extract cytosolic and secretory proteome from three pathotypes and
commensal E. coli.

» To separate and compare secretory and cytosolic proteome of
commensal E. coli with pathogenic E. coli strains using SDS -PAGE
technique.

» To compare secretory proteome of commensal E. coli with pathogenic
strains E. coli using 2 dimension gel electrophoresis.
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CHAPTER 3

MATERIALS AND METHODS
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WORK PLAN

| Pathogenic and non pathogenic E. coli strains were revived from glycerol stock \

No”

| Streaking on MacConkey agar to obtain isolated colonies \

N

| 16s rRNA amplification with PCR for confirmation of E. coli strains \

-

| Study of growth characteristics by taking OD at 600nm \

N

| Cytosolic and secretory protein extraction \

S

| Precipitation using TCA/acetone \

N

| Separation of cytosolic and secretory proteins using SDS PAGE \

N

| Separation of secretory proteins on 2D gel electrophoresis \
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3.1 Materials

Luria broth, MacConkey agar, BSA stock (20mg/ml), bradford reagent, ammonium
persulphate (APS), triton X-100, idoacetamide were purchased from Hi-media
Mumbai, India. Sodium dodecyl sulphate (SDS), glycerol, trichloroacetic acid,
acetone, glacial acetic acid, ethanol, methanol, urea were purchased from Loba
chemie Mumbai, India. Coomassie Brilliant blue G250, TEMED, B mercaptoethanol
were purchased from Sisco research laboratory Mumbai, India. Acrylamide and bis-
acrylamide, tris base, EDTA, glycine, broad range protein marker, 11cm broad range
IEF strips, DTT, biolytes, CHAPS were bought from Bio-rad laboratories, USA. PCR
master mix was purchased from takara, Japan and primers were used from Eurofins
scientific USA.

3.2 Procedure
3.2.1 Culturing of E. coli strains and confirmation with PCR amplification

1. 20ul from stocks of each E. coli strains was inoculated into 10ml of LB.

2. Cultures were incubated at 120 rpm for overnight at 37°c.

.

Each strain was streaked on MacConkey agar plates and incubated at 37°c
for overnight, to make ensure cultures are pure.

Isolated colonies were picked and dissolve in 10ul nuclease free water.
Colonies were boiled at 95°c for 10 min.

Centrifuged at 3000 rpm for 3 minutes.

Supernatant contains DNA and used for the PCR reaction

© N o o &

PCR reaction mixture was prepared using
Nucleas free water - 4.5ul
DNA template - 2ul
PCR master mix (takara) - 7.5u
Forward primer - 0.5ul
Reverse primer - 0.5ul

9. The following PCR reaction was run in Applied Biosystem thermocycler.
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94°c | 94%

Po4min {30 sec 2% | 72%

40 sec : 7 min.

4°¢

Figure 2 - PCR reaction for the amplification of VV3 region of 16s rRNA. The

reaction was allowed to run 35 cycles.

3.2.2 Growth curve

o1

Single isolated colony was picked and inoculated in 10ml of LB.

1
2. Tubes were allowed to incubate at 120rpm for overnight at 37°c.
3.
4

OD was taken at 600nm with ThermoScientific spectrophotometer.

Equal number of cells (i.e.,<1.8X10" cells/ml) from each strain was
inoculated in 100ml LB.

Again cultures were allowed to incubate at 120rpm for overnight at 37°c.
Growth characteristics of each strain were determined by measuring OD at
600nm after interval of 1 hour using ThermoScientific spectrophotometer

using LB as blank.

3.2.3 Protein extraction from all E. coli strains (Marcus et al. 2010)

1.

All strains are inoculated with approximately same number of cells
i.e.,1.8X10" cells/ml which corresponds to OD of 5.5

Cultures were allowed to incubate at 120rpm for overnight at 37°c.

After 10 hours OD reaches about 1.5 which means cells had completed log
phage and now they are entering in stationary phase.

Cultures transferred to 50ml falcon tubes, and pellets were harvested by
centrifugation at 8,000rpm for 7 minutes at 4°c.

Supernatant collected in sterile falcons as it contain excretory proteins and

cells in pellet washed with Tris-Cl at 8,000rpm for 7 mints at 4°c.
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3.2.3.1 Secretory proteins from media

1. Supernatant from each culture along with LB as control was transferred in
round bottom flasks (RBF) and freezed at -80°c meanwhile lyophilizer
turned on and temperature maintained at -80°c.

2. After 3hours freezed samples in RBF were loaded onto lyophilizer and
vacuum pump turned on and kept there for~40hours.

3. RBF removed after releasing eliminating vacuum conditions.

4. Each sample solublized in 10ml of distilled water and then precipitated

using TCA acetone.
3.2.3.2 Cytosolic protein extraction:

1. 7.5ml of chilled lysis buffer added in each cell fraction.

2. Samples were sonicated at interval of 60:45:30 seconds and
simultaneously thaw on ice for 10 seconds after each interval.

3. Centrifuged at 7,000rpm for 8 min at 4°c.

4. Pellet containing cell debris discarded whereas supernatant was transferred
in fresh tubes as it contains membrane proteins and precipitated.

3.2.3.3 Protein precipitation using TCA-Acetone: (TCA/Acetone Protein

Precipitation Protocol; Cornell University)

In each sample 10% (W/V) TCA and 40% (V/V) chilled acetone added.
Incubated at -20°c for overnight.

Samples were thawed on ice for about 3hours.

Centrifuged at 5,000rpm for 10min at 4°c.

a & w0 N e

Supernatant was discarded and pellet was washed with 1ml chilled

acetone.
3.2.4 Protein Quantification using Bradford Assay (Bradford, 1976)

1. BSA stock solution was prepared (1mg/ml)
2. From BSA stock volume in increasing order added in different wells (2ul,
4ul, 8ul, 16pul, 32ul and 40pl) and in blank well no BSA added.

3. From precipitated protein samples 2ul sample was added.
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4. In each well volume made up to 40ul with distilled water (38ul, 36ul,
32ul, 24ul, 8ul and in last well no water added) and in blank well 40ul
distilled water added.

5. 400ul of Bradford reagent added in each well including blank.

6. 96 well plate was incubated for 5 min at room temperature.

7. OD at 595 nm wavelength was taken

3.2.5 Protein separation using SDS Polyacrylamide gel electrophoresis using Bio-
rad min gel assembly (Laemmli, 1970)

1. Resolving gel mounted in the electrophoresis apparatus. After
polymerization (about 30 min), then stacking gel poured and comb was
placed.

2. After 20 minutes, the comb was removed carefully and wells were rinsed
immediately with water or with the SDS-PAGE running buffer to remove
any unpolymerized acrylamide.

3. Sample preparation- known concentration of sample was mixed with 2X
sample buffer and then boiled for 5 min at 95°c.

4.  Then the gel placed in running chamber, and filled with 1X running buffer.

5. Protein samples were loaded carefully in the each well and allowed to run at
100V.

6. After complete run, the gel was removed from running chamber and placed
into staining chamber.

7. Staining chamber was placed onto rocker for at least one hour or overnight.

8. Staining dye was removed, and destaining solution was added in the same
chamber again the chamber was kept onto rocker.

9. Destaining solution was removed several times after each hour.

10. Protein bands were viewed on white background.

3.2.6 Protein separation with 2D PAGE (Biorad instruction manual)

3.2.6.1 Rehydration of 11cm broad range IPG strips

1. Sample (200pg protein) was prepared in 200ul of rehydration buffer.
2. Sample was loaded on rehydration tray and IPG strips were gently placed

(gel side down) onto sample after removing plastic covering.
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3.

(During IPG strip loading, must ensure to remove air bubbles)
Strips were overlay with 2ml mineral oil and allowed to rehydrate

overnight after covering tray properly.

3.2.6.2 Isoelectric focusing of IPG strips

1.
2.

Mineral oil was removed from strips rehydration tray.

Paper wicks were loaded on each end of focusing tray and 50ul of
deionized water was added to each strip.

Strips were placed (gel side down) carefully over IEF tray with forceps
and overlay with mineral oil.

(Care is required to ensure + end of strip must paced towards + marked
end of IEF tray)

IEF tray covered properly and 11cm IEF strips were run for 20-35,000 volt
hours, with 50pA/IPG at 20°C.

(250V-30min, 500V-30min, 2000V-1hr, 5000V-2hr, 8000V-2hr)

3.2.6.3 Equilibration and SDS-PAGE

1.

2ml equilibration buffer | was added onto each IPG strip and kept on
shaking for 10 min.

After decanting equilibration buffer I, equilibration buffer Il was added
and again IPG strips were kept on shaking for 10 min.

12.5% resolving gel was prepared and strips were loaded (gel side towards
face).

(Care required ensuring no air bubble should trap beneath IPG strips)

2% low melting agarose overlay to fix IPG strip.

The gel was placed in running chamber, and filled with 1X running buffer.

Gel was allowed to run at 80V for about two and half hours.

3.2.6.4 Staining and destaining

1.

After complete run, the gel was removed from running chamber and
placed into staining chamber.

Staining chamber was placed onto rocker for at least one hour or
overnight.

Staining dye was removed, and destaining solution was added in the same
chamber again the chamber was kept onto rocker.

Destaining solution was removed several times after each hour.

Protein bands were visualized on white background.
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CHAPTER 4

RESULTS AND DISCUSSION
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4.1 Culturing of E. coli cells

Total eleven strains of E. coli have taken which includes nine pathotypes and two non
pathogenic. All strains were grown in Luria broth. MacConkey agar plates were used
to ensure pure culture, as it is differentiate between lactose fermenting and non lactose

fermenting microbes.

Figure 3- Pure colonies of E. coli strains after streaking on MacConkey agar
plate. Pink colonies on MacConkey agar plate ensure the growing bacteria is gram

negative.

4.2 Confirmation of E. coli strains with PCR

PCR reaction for the amplification of 16rRNA of all E. coli strains was used as gold
standard for E. coli confirmation. PCR product was run on 1.2% agarose gel along
with 100bp ladder. Amplification of V3 region of 16s rRNA (542 bp product) confirm

that the used culture is of E. coli; hence we can proceed with further analysis.

16s1IRNA

Figure 4 — PCR product of V3 region of 16s rRNA using 1.2% agarose gel. Lane
1 represent negative control, lane 2 E. coli DH5a, lane 3 E. coli ATCC 25922, lane 4,
5, 6 pathogenic ETEC, lane 7, 8, 9 pathogenic EPEC, lane 10 100bps ladder form new
emerald biology and lane 11, 12, 13 pathogenic EAEC.
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4.3 Growth characteristics of pathogenic and non pathogenic E. coli

E. coli cells give maximum absorption at 600nm, which can be used as standard for
determining growth of cells. As cells divide number of cells increase respectively,
hence OD will also increase. According to Sezonov et al., 2007, OD of 0.3
corresponds to 5x107 cells/ml, hence it is possible to determine cell concentration by
measuring OD. Here, pathogenic and non pathogenic strains were cultured using
approximately equal number of cells (<1.8X10’ cells/ml), and growing characteristics
have determined.

Optical density at 600nm was taken for all cultured strain and used to plot
graph between time (on x-axis) and OD (on y-axis). This graph expresses different
phases of bacterial growth i.e., Lag, Log and Stationary phase.

According to the obtained growth curve we can say that commensal E. coli
have more doubling time as compare to other pathogenic strains. As non pathogenic
E. coli enters in lag phase after 4 hours, whereas pathogenic strains takes only 2 hours
to enter log phase, it may be possible because non pathogenic E. coli take more time

to get established in new environment.

1.8
1.6

1.4 4

1.2 == Non pathogenic
~—ETEC
EPEC

08 ——EAEC

0.6

OD at 600nm

0.4 -

0.2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

Time in hours

Figure 5- Comparative analysis of growth characteristics of commensal and
pathogenic E. coli strains. x-axis represents OD at 600nm and y-axis represents time
in hours. Blue line represents the growth pattern of non pathogenic E. coli, whereas

red purple and green represents the growth pattern of pathogenic E. coli.
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4.4 Protein Extraction and Precipitation

After protein extraction we cannot ensure whether the protein has extracted or not,
until unless it is quantified. Since white pellets were observed after precipitation with
TCA Acetone, hence we assume that our protein has extracted successfully.
Precipitated protein pellets were dissolved in 10mM tris-Cl pH 7.4 for quantification

with Bradford assay.
4.5 Protein Quantification using Bradford Assay

Standard plot of BSA protein was plotted using 10mM tris as blank to determine

concentration of E. coli proteins from all samples.

N
1.8
y=10.0032x
s -

1.6 - R*=0.9592

1.4

1.2 4
£
=
g} 1
=a)
w
-
= 0.8
=]
< 0.6

0.4 -

0.2

0 . T T . )
0 100 200 300 400 500 600

Protein concentration (pg/ pl)

Figure 6- Standard curve for BSA protein estimation using Bradford assay. x-

axis represents OD at 595nm and y-axis represents protein concentrations in pg/pl.

The standard plot from bradford assay was obtained that have R? value of 0.9592 and
y=0.0032x
Hence, x=y/0.0032
The above equation can be used to determine the concentrations in cytosolic as well
as secretory protein samples. (because here, X is protein concentration and y is OD at
595nm)

Proteins concentrations (mg/ml) were determined using above equation

i.e., x=y/0.0032Xdilution factor
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4.6 Protein separation using SDS PAGE

Sample loading was most critical step in SDS PAGE, too high concentration results in
protein aggregates which are visible as smear or large spot. On other hand if loaded
concentration is not optimal, only most abundant proteins will be visible or no results

will be obtained.

Here, equal final concentration i.e., 1mg/ml from each proteins sample was loaded in

each well which help us to understand the expression of proteins at a particular time.
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Figure 7- SDS polyacrylamide gel electrophoresis of cytosolic proteins of
pathogenic and non pathogenic E. coli strains. In both images a) and b), lane 1
broad range protein marker (Bio-rad), lane 2 E. coli DH5a, lane 3 E. coli ATCC
25922, lane 4 EPEC, lane 5 EAEC, lane 6 ETEC, lane 7 EPEC, lane 8 EAEC, and
lane 9 ETEC and lane 10 EAEC. Each well was loaded with 20ug of protein sample
(image captured with Bio-rad GS-800 scanner)

From above SDS PAGE gel, difference in protein expression of pathogenic
and non pathogenic E. coli can be visualized easily. Although results from SDS-
PAGE cannot be used to interpret any final conclusion as a single band may contain
number of proteins. But after visualizing SDS PAGE image we determine comparison
between number of expressed proteins between pathogenic and non pathogenic and

can proceed with further analysis.
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In the case of Secretory proteins again equal concentration (1mg/ml) of
proteins has loaded. Here, LB has used as a control to ensure whether proteins are

coming from E. coli strain or from media itself.
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Figure 8- SDS polyacrylamide gel electrophoresis of secretory proteins of

pathogenic and non pathogenic E. coli. Lane 1 broad range protein marker, lane 2
media control, lane 3 E. coli DH5q, lane 4 E. coli ATCC 25922, lane 5 EPEC, lane 6
EAEC, lane 7 ETEC lane 8 EPEC and lane 9 ETEC. Each well was loaded with 20ug

of protein sample (image captured with Bio-rad GS-800 scanner).

As no protein band has detected in precipitated media control it is sure
whatever bands or smear coming, it is from particular E. coli strain. From above
image the variations in expressed proteins can be visualize variations among

pathogenic and non pathogenic secretory proteome.

From figure 8, maximum variations are obtained in ETEC, selected for
further analysis. But before proceeding with analysis, SDS PAGE was performed with

all strains of ETEC to visualize differences in expressed proteins.
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Figure 9— SDS polyacrylamide gel electrophoresis of secretory proteins of non
pathogenic E. coli and pathogenic ETEC. In both images a) and b), lane 1 broad
range protein marker, lane 2 Media control, lane 3 E. coli DH5a, lane 4, lane 5 and
lane 6 contains pathogenic ETEC. Each well was loaded with 20ug of protein sample
(image captured with Bio-rad GS-800 scanner) Highlighted red stops represent
variation in expressed proteins in pathogenic and non pathogenic strains.

Again from above image of pathogenic and non pathogenic E. coli, visible
differences in the expression of secretory proteins were obtained. These differences
can represent either the presence or absence of a protein or extent of expression at

particular time and conditions.

After obtaining differences in secretory proteome of pathogenic ETEC and non
pathogenic E. coli, 2D analysis was performed to determine further differences.

4.7 Secretory protein analysis using 2D gel electrophoresis

Separation using 2D gel for the comparison of secretory proteome of pathogenic and
non pathogenic E. coli results in better prediction of expressed proteins.
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Figure 10 — 2D polyacrylamide gel electrophoresis of secretory proteins of E. coli.

a) and b) secretory proteome of non pathogenic E. coli, ¢) and d) are secretory
proteome of pathogenic ETEC on 3-11 IPG 11 cm IPG strips loaded with 100pg

protein from each sample (image captured with Bio-rad GS-800 scanner). Highlighted

red stops represent variation in expressed proteins in pathogenic and non pathogenic

strains.

From above gels we can predict that there are variations in secretory proteins

of pathogenic and non pathogenic E. coli. The use of silver staining may reproduce

better better prediction from above image. There are some spots present in pathogenic

ETEC but absent in non pathogenic E. coli, these proteins may be responsible

pathogenicity.
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CONCLUSION

The study was conducted to determine differences in growth characteristics and
proteome of pathogenic and non pathogenic E. coli. The study shows differences in
the growth of pathogenic and non pathogenic E. coli. As non pathogenic E. coli
require more time to enter log phase as compare to pathogenic strains, this may be a
reason for the cause of diarrhea because it may be possible that faster growing
pathogenic strains compete the gut microflora.

Cytosolic and secretory proteome was extracted efficiently and show visible
differences in pathogenic and non pathogenic E. coli. The differences in SDS PAGE
images for secretory and cytosolic proteome of pathogenic and non pathogenic E. coli
have obtained which may allow further analysis of differential band to obtain
complete information about these proteins. The significant differences in 2D PAGE
gel images of pathogenic ETEC and non pathogenic E. coli have obtained. The study
may helpful for further comparison between secretory proteome of pathogenic and
non pathogenic E. coli to obtain expression of unique pathogenic protein that can be

utilized for development protein based diagnostic tools.
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Acrylamide gel

APPENDIX

Components Separating/Resolving gel Stacking gel
12%(10ml) 12.5% (10ml) | (4%)(5ml)

30%acrylamide | 4ml 4.15ml 0.66ml

mixture

TrisHCI,15M | 2.5ml 2.5ml 0.63ml

Distilled water 3.3mi 3.15ml 3.6mi

10% SDS 100 pl 100pl 50ul

10% APS 100pl 100pl 50ul

TEMED Sul Sul 5ul

Destaining Solution 500ml

Sr. No. | Ingredients Volume /Quantity | Concentration
1. Methanol 200ml 40%V/IV

2. Acetic acid 50ml 10V/IV

3. MQ water 250ml 50%V/V

Equilibration buffer 1 (100ml)

Sr.No. | Ingredient Volume/Quantity | Concentration
1. Urea 36.034gm 6M

2 SDS 2gm 2% W/IV

3 Tris-Cl pH 8.8 4.543gm 0.375M

4. Glycerol 20ml 20% VIV

5 DTT 2gm 130mM

Add traces of bromophenol blue and final volume makeup to 100ml with

d/w. DTT should be added just before use.
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Equilibration buffer 11 (100ml)

Sr.No. | Ingredient Volume/Quantity | Concentration
1. Urea 36.034gm 6M

2 SDS 2gm 2% W/V

3 Tris-Cl pH 8.8 4.543gm 0.375M

4. Glycerol 20ml 20% VIV

6 lodoacetamide 2.4gm 135mM

Add traces of bromophenol blue and final volume makeup to 100ml with

d/w. IAA should be added just before use.

Laemmli’s buffer or SDS Sample buffer

Sr. No. | Ingredients Quantity/1000ml Concentration
1. Tris (pH 6.8) 15.14gm 0.125M

2 SDS 40gm 4%WIV

3. Glycerol 200ml 20%VIV

4 B-mercaptoethanol 100ml 10%V/IV
Luria broth (Himedia)

Sr.No. | Ingredients Quantity/1000ml

1. Casein enzymic hydrolysate 10gm

2. Yeast extract 5gm

5. Sodium chloride 5gm

SDS-PAGE running buffer (10X in 1000ml)

S. No. Ingredients Quantity Concentration
1 Glycine 144.13gm 192mM

2 SDS 10gm 0.1%W/V

3 Tris pH 8.3 30.285gm 25mM

Make Final Volume Up to 1000ml with d/w
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MacConkey agar (Himedia)

Sr. No. | Ingredients Quantity/1000ml
1. Peptones (meat and casein) 3gm

2. Pancreatic digest of gelatin 17gm

3. Lactose monohydrate 10gm

4. Bile salts 1.5gm

5. Sodium chloride 5gm

6. Crystal violet 0.001gm

7. Neutral red 0.030gm

8. Agar 13.500

Staining Solution 500ml

Sr. No. | Ingredients Volume /Quantity | Concentration
1. Methanol 200ml 40%VIV

2 Acetic acid 50ml 10VIV

3. MQ water 250ml 50%V/V

4 CBB R-250 1.25gm 0.25% W/V
Rehydration buffer 100ml

Sr.No. | Ingredient Quantity/100ml Concentration
1. Urea 48gm 8M

2. CHAPS 2gm 2% WIV

3. DTT 0.75gm 50mM

4. Biolytes 0.20ml 0.2%

Add traces of bromophenol blue and final volume makeup to 100ml with d/w.

Store at -80°C. DTT must be added just before use.
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