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Summary

Bacillary dysentery caused Bhigellabacteria (shigellosis) is a major health problem i
developing countries. Even though contaminateckdrgnwater is expected to play an
important role for the dissemination of this infeat disease the survival and distribution of
Shigellabacteria in the aquatic environment is not wellenstbod.

This project focused on a bacterial isolate, cabed 0, from a lake outside Dhaka in
Bangladesh. It strongly cross- reacts serologicaiti Shigella boydiil5 specific antisera
but does not possess the genes associate@higlellavirulence, which makes it a potential
candidate for development of a ligkigellosis vaccine. The main goals were to idgrihié
relationship between Isol18higellaandEscherichia colusing Multi Locus Sequence
Analysis and comparison of the proteomic and LP&8adtteristics of 1so10 witB. boydiil5
trough 2D gel analysis and Western blotting.

The results from sequencing of the 16S rRNA gemk7anousekeeping genesufp, adk, icd,
fumC, recA, mdaandgyrB) from 1so10 showed that it shares significant seqaedentity
with the specie&sherichia fergusoniiA phylogenetic tree based on concatemers of the 7
genes showed that Iso10 is placed together Biflergusoniioutside the main clusters Bf
coli andShigellaspp.

Membrane proteins were successfully extracted ismh0 and separated on a 2D gel. Ten
different proteins were identified by deNovo seqtieg (MALDI TOF-TOF MS) and Peptide
Mass Fingerprinting with MALDI-TOF MS.

One protein, showing a very strong cross- reactith Shigella specific antisera, was
identified as Outer membrane protein A (OmpA). Angarative study with OmpA extracted
from 1s010.E. coliK12, S. boydiil5 andE. fergusonishowed that all the proteins reacted
with Shigella specific antisera, indicating that OmpA is a Iygtonserved porin in the
Escherichia/Shigellgroup. OprF, a membrane protein previously onlgcked in
Pseudomonaspp., was identified by deNovo sequencing whiclicaitgs an exchange of
antigens between species which has not earlier tdessrved.

LPS from Iso10E. fergusoniiandS. boydiiwas extracted and probed whboydiil5 type
specific antisera. The results showed that Isot&aoydiicross- reacted but no cross-
reaction could be detected betwéerfergusoniandShigella-anitsera, which indicates a
previous horizontal gene transfer of the O- antigene cluster{b) betweersS. boydiil5and
Is010. Iso10 may induce an immune response capépi®tecting againss. boydiil5
infections. However, since the virulencekoffergusonistill is unclear further

characterization has to be carried out beforenthmevaluated as a possible live vaccine.
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1 Introduction

1.1 Background and objectives for the study

TheShigellabacteria is the causative agent of shigellosisaaillary dysentery, a disease
responsible for major health problems in develomogntries today ranging from mild
diarrhoea to severe dysenteric syndrome (Maunetliansonetti 1988). The annual number
of shigellosis episodes is estimated to be 16Aanglwith 1.1 million deaths, mainly children
under 5 years old (Kotloff et al. 1999). Due t@w linfection dose (10 cell§higellais easily
spread in areas with poor sanitation and low hygiendirect fecal—oral route or by
contaminated food, flies and water (Hale 1991).

Recently, the emergence of multi— resis@higellastrains is reducing options for effective
antibiotic treatment. This is complicating the treant in developing countries with poor
health systems, and increases the need for anie&f&higellavaccine (von Seidlein et al.
2006).

Shigellastudies are normally based on isolates from th@lsbf diarrhoeal patients. Even
though drinking water is thought to be essentiatlie dissemination d@higella only one
report has earlier described the isolatiosbigellafrom environmental water (Faruque et al.
2002).

As a part of the NUFU project “Assessment of migabpollution, diversity and community
structure in freshwater resources in Bangladesigusiolecular techniques” the Department
of Microbiology at the University of Dhaka has seeded in isolating eleven bacterial strains
from ponds, lakes and rivers around Dhaka citydiping novel protocols designed and
optimized for isolation oShigella(Rahman et al. 2007). The strains fogmigella-like

colonies on selective agar and show serologicalsereaction wittshigellaspecific antisera.
This master project focuses on one of the envirartahésolates, called Iso10, which cross-
reacts strongly with antisera fro@higella boydiil5. This specific isolate is of special interest
because it does not endure any of the virulencegpresent ighigella boydiand can

therefore be a tool in the development of a Begellavaccine.



The master project is divided into three parts:

1) Multi Locus Sequence Typing (MLST) analysis of se@usekeeping genes and 16S
rRNA gene sequencing of strain Iso10.

2) 2D gel of soluble and membrane protein from Isodfgared wittShigella
boydii 15 type strain. Identification of proteins by DaM@equencing and Peptide
Mass Fingerprinting (PMF).

3) Serological comparisons using Western analysisaiem and Lipopolysaccharides
(LPS) gels.
Western blot of 2D gels/SDS— PAGE gels with meménaoteins and LPS from
Iso10 andShigella boydiil5 probed witls. boydiil5 type- specific antisera.

1.2 Worldwide disease burden of shigellosis

TheShigellagenus is divided into four speci&higella dysenteriae, Shigella flexneri,
Shigella boydii and Shigella sonngiach of the species is subdivided into severatbfit
serotypes exce@. sonnewhich only have one serotype. The serogroupsreegularly
distributed worldwide but industrial countries seenimave a similar pattern of outbreaks. A
study performed by Kotloff et al. (1999) estimatedannual number of 164.7 million
shigellosis episodes worldwide, of which 163.2 wiardevelopment counties and 1.5 million
in industrialized countries.

During the last 50 years pandemic waves if Shigaedteri §. dysenteiagype 1) have hit
South East Asia, Africa and the Indian subcontirsend consequence of natural disasters and
war, placing populations in vulnerable situatiom@vercrowded areas with poor sanitation
and low water quality (Bennish et al. 1998).dysenteriaé usually leads to the most severe
stages of dysentery and life-threatening complicetiand produce a high level of Shiga
toxin, which is only produced at low level $ sonneandsS. flexner{Keusch and Jacewicz
1977). Even though th®. dysenteria& infection has the most dramatic outcom&bigella
infections it is not the dominating sereogroup caneg to the total number 8higella
episodes. In developing countries the median pé&agerof isolates of. flexneri, S. sonnei,
S. boydiiandS. dysenteriags, 60%, 15%, 6% and 6%, respectively, but in sidalized
countries 16%, 77%, 2% and 1%, respectively (Fiduig (Kotloff et al. 1999).

Outbreaks in Western countries seem to occur sjpalfdand often involve uncooked food.

Endemic shigellosis caused by direct fecal-oratammation in industrialized countries



usually involvesS. sonneand is often connected to mental hospitals, dey centres, and
prisons (Hale 1991). High risk groups also invahavellers, overseas soldiers and

homosexual men (Kotloff et al. 1999).
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Figure 1-1: Percentage ofhigella isolates belonging to four serogroups, by
region (Kotloff et al. 1999).

In developing countrieS. flexneris clearly the dominating subgroup. This dataugp®rted

by a newer study (von Seidlein et al. 2006pbfgellaoutbreaks in six Asian countries
(China, Indonesia, Vietnam, Pakistan, BangladeshTdrailand).S. flexnerwas the most
frequent serotype isolated (68%) in all the cowstexcept Thailand. Thailand has been
undergoing rapid industrialization the last 30 geamd here, like in other industrial countries,
the most common serotype wassonne(85%) S. dysenteriagvas infrequently isolated in
this study (4%) and none of the isolates were ifledtasS. dysenteriagype 1.

Curiously, the rarely detected subgrddipooydiirepresented nearly one quarter (23%) of the
total episodes dhigellain Bangladesh (von Seidlein et al. 2006).

This study also revealed a significant shift in filegjuency of the different serotypesf
flexneriboth geographically and temporally. This may cdogté a future development of a
Shigella flexnerivaccine since only type-specific immunity has bdetected in humans (Mel
et al. 1965).



Antimicrobial resistance has prevented efficieaatment of shigellosis since the 1940s when
resistance against sulphonamide first was detactéapan. Ampicillin became the first
choice for treatment in the 1950s after the emerg@hShigellastrains resistant to
tetracycline and chloramphenicol. Due to extensse, ampicillin-resistant strains emerged
in Africa and Asia during the 1980s. After yearshwinappropriate use of antibiotics and over
counter sales without prescriptioBhigellais developing further resistance against antibsoti
(Niyogi 2007)(Table 1-1). In 2004 The World Heaflinganization recommended
ciprofloxacin, which earlier had been used as &-bag drug for cotrimoxazole and nalidixic
acid, as the first of choice drug (WHO 2005). Segddf shigellosis episodes in China
revealing 100% resistance amddgflexneriand 98% resistance amo8gsonneisolates
against nalidixic acid shows that alternative dralgsady is needed in special areas of

developing countries (von Seidlein et al. 2006).

Table 1-1: Antimicrobial resistance pattern for reent clinical Shigella spp. isolates from 6 different Asian
countries (China, Indonesia, Vietham, Pakistan, Bagladesh and Thailand) (adapted from von Seideln,
Kim et al 2006).

Antibiotic S. flexneri (% of n) | S.boydii (% of n) | S. dysenteriae (% of n) | S. sonne (%of n)

(n=1976) (n=189) (n=110) (n=652)
Ampicillin 1653(83.7%) 46 (24,3%) 41 (37,3%) 64 (9,8%)
Cotrimoxazole | 1490(75,4%) 91(48,2%) 68 (61,8%) 603 (92,5%)
Nalidixic acid | 473 (23,9%) 40 (21,2%) 9 (8,2%) 92(14,1%)
Ciprofloxacin 31(1,6%) 2 (1,1%) 0 (0%) 1 (0,2%)
Multidrug 18 (0,9%) 0 (0%) 0 (0%) 0 (0%)
resistant*

* |solates are resistant to ampicillin, cotrmoxagzaialidixic acid and ciprofloxacin.

1.3 Current status of Shigella vaccine development
The development of a safe and effect8legellavaccine would be a major contribution to the

public health system to fight the spread of shagel. Several vaccine candidates are under
development, but currently there is no licenseciwvecagainsghigellaoutside China
(Venkatesan et al. 19913higellahas 47 different serotypes. Since only serotymeifip
immunity has been observed in humans a polyvalattine representing the most important
subspecies and serotypesStiigellais needed. A polyvalent vaccine which includes%Qii

S. flexneriserotypesS$. dysenteriae tygkeandS. sonne{consist of only one serotype) would
cover 79% ofShigellainfections in developing countries and 83% in isttialized countries
(Kotloff et al. 1999).



Candidate vaccines currently under developmentidecpolysaccharide conjugate and live
attenuated vaccines (WHO Updated February 2009 pblysaccharide conjugate vaccine is
based on lipopolysaccharides (LPS) from the relesarotypes and conjugation to tetanus
toxid or recombinanPseudomonas aerguinosaotoxin A (rEPA). A phase Il efficacy trial
of aS. flexnerRa andS. sonneconjugate polysaccharide vaccine was recentlyethaut in
Israel (Passwell et al. 2001). An example of a &ttenuated vaccine is the bivalent vaccine
currently only licensed in China based on a Shegstitain (E.-Istrati) expessing bot8.
flexneri2a andS. sonneD-antigensvith deletions in the invasion plasmid and virGAcs
genes. However, a major drawback with this potémteacine is the three dose regimen with
high doses of live vaccine (2x6fu) (Kweon 2008).

1.4 The virulence of the Shigella in historical pe  rspective

Initially, Shigellawas described d@acillus (now Escherichid dysenteriadoy Shiga in 1898.
After thorough characterisation of the genus, ®801‘Congress of the International
Association of MicrobiologistShigellaCommission” recommended tHaligellawas to be
adopted as the generic name with four subspeSiedysenteriae, S. boydii, S. flexredS.
sonnei(Hale 1991).

Further research during the 1950s and 1960s engplingeclose genetic relationship between
ShigellaandE. coliand was concentrated on the genes involv&higellavirulence.
Experiments using conjugation betwdencoli K—12Hfr donor and. flexnerirecipient
revealed several loci that are important3tigellavirulence, among these tkgl-rharegion
coding for the ability to multiply intracellularliMaurelli and Sansonetti 1988).

In 1964 it was discovered that one of the essestiggls in pathogenesis of shigellosis is the
invasion of the human colonic mucosa (Labrec €1264).

Later, as a part of a program to develop live vagicine against shigellosis, experiments
using aS. flexneriHfr donor and atk. coli K—12 recipient to confeBhigellavirulence,
showed that even when all essential virulence gemes transferred;. colifailed in
conferring aShigellapathogenicity phenotype (Formal and Hornick 1978).

A breakthrough came in the early 1980s when Satis@mel his science group revealed that
a plasmid present i8. sonneinvasive forml strains was absent in non-invasive fdim
strains. When this plasmid was introduced to theingasive formll strain, the bacteria
expressed the invasive phenotype and somatic gpgcdf the donor strain (Sansonetti et al.
1981).
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A similar plasmid was later detectedSnflexneriand then extended to include the other
species oBhigellaand enteroinvasivi. coli(Sansonetti et al. 1983).

Genetic studies have since then revealed thatagiasmid genes are necessary to express
the pathogenic phenotype. Multiple regulatory indhe chromosome and plasmid that play
an important part in th8higellavirulence phenotype have been identified and sexpce

(Hale 1991).

1.5 Molecular relationship of E. coli and Shigella species

Even thougtE. coliandShigellaspp. are classified as distinct species, they hlways been
considered to be very closely related. In the 19@€E. coliisolates were described which
tested positive for the Sereny test by causing xgatal keratoconjunctivitis in guinea pigs.
The invasion and multiplication in corneal epithati mimicsShigellabehaviour in intestinal
epithelium. A positive Sereny test is often used abaracteristic to identifghigella

(Maurelli and Sansonetti 1988). The strains weasd @ilassified aShigellg but were later put
in a newk. colisubgroup called enteroinvasike coli (EIEC) (Lan et al. 2004).

There are few biochemical and physiological charastics that separate EIEC frddhigella
Most Shigellaand EIEC strains are identified by O- serotypinthwommercially available
antisera, but even some of the O antigens assdaiatie EIEC are identical to those found in
Shigellaspp. (Coimbra et al. 2000).

Since the mid—eighties there has been an ongogugiskion concerning two aspects of the
Shigella—E. colirelationship. Shoul&higellabe defined as a group withih coliand has.
coli arisen many times or evolved from one comr&oroli ancestor.

The later years it has been more or less acceipg¢8higelladoes not form a discrete group
within E. coliand do not even represent a subspecies. Alredthg ih980s studies using
Multilocus Enzyme Electrophoresis (MLEE) showed tBhigellaandE. coli could not be
separated into two different genera (Ochman &t983). A later study which included all the
different pathogenic groups &f coliandShigellaconcluded thaBhigellafall into different
clusters oE. coli and does not form one discrete group (Pupo é98l7). A newer project
including all the serotypes &higellawas performed by sequencing eight housekeeping
genes. It identified three main clusters of staithencluding the strains from more than one of
the traditional subgroups and five forms not clpselated to any of the other (Pupo et al.
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2000). On the basis of these phylogenetic analysess strongly argued th&higella/E. coli
have derived from multiple independent origins.slivas supported by the major
phylogenetic study dbhigella/E. colby Wirth et al (2006). However, a different stusfithe
virulence plasmids dbhigellaand EIEC strains showed that the chromosome and th
virulence plasmid share a similar evolutionarydngt From this the researches concluded
that the virulence plasmid was transferred int@acestrak. colithat gave rise to all the
Shigellaand EIEC groups (Escobar-Paramo et al. 2003).

This is still an ongoing discussion and none ofttiedries are fully accepted. However,
recently it seems like more and more groups ofigisies support the multiorgin theory (Yang
et al. 2007).

1.6 Phylogenetic studies of Shigella and E. coli

In 1984 72E. coliisolates from different geographic locations amufrfra variety of human

and animal hosts were chosen to represent the kgenetic diversity oE. coli(Ochman

and Selander 1984). This is called Ehecolireference collection (ECOR). MLEE studies of
the ECOR collection divideH. coliinto 4 subgroups: A, B1, B2, D and a minor group E
(Herzer et al. 1990) (Figure 1-2).

In 2006 a new database based on sequences oflsmvsgkeeping genes from 460 isolates of
E. coli (includingShigelld from a number of different sources was estabtiqnéirth et al.
2006). This database, established by Mark Achtrmaimaw known as the MLST database
for E. coliat Environmental Research Institute (ERI) (Uniitgr€ollege Cork), was used in a
study which revealed a new subdivisiorEofcoli strains by using population genetic tools. In
addition to subgroup A, B1, B2 and D they define@ aew hybrid group named AxB1, and a
second group called ABD. The new groups includetatss which had gone through
extensive recombination between the different dat&COR groups (Figure 1-3).

A tree defining the six ancestry groups was preskahd compared with five of the
pathogenic groups @&. coli (Figure 1-4 and 1-5). This showed that over 50%efEIEC
andShigellastrains fell into hybridgroup ABD and AxB1, indigag a connection between

virulence and homologous recombination.
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Figure 1-2: Heuristic maximum likelihood tree basedon neighbour joining (NJ) including concatenated
sequences of the 7 housekeeping genes from the EC@dection. The numbers at the nodes are

bootstrap values above 70% (Wirth et al. 2006).

i A AxB1 B1 B2 D

ABD

Figure 1-3: Propotions of ancestry from groups A, BB2, and D inferred by STRUCTURE and their
assignment to six groups as displayed with DISTRUCTThe plot shows one vertical line for each isolate
indicating the proportions of ancestry from the fou groups, colour indicated as in Figure 1-4 (Wirthet al

2006).
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Figure 1-4: Distribution of ancestry from groups A,B1, B2, D, AxB1 and ABD in a minimal spanning tree
of 275E. coli Sequence Types (ST)based on degree of allele shgriDots, each representing one ST, are
coloured according to groups and lines connectingTScomplexes are shaded in gray (Adapted from Wirth
et al 2006).

[ |snigelia

[ ]other pathogen
I:l Non pathogen

0157:H7/-
Figure 1-5: Pathogenic types of E.coli presented im minimal spanning tree. Different colours represet
different pathogenic types of E.coli. Circled numbes indicate ST complexes whereas arrows indicate ST
11 and 62. The lines connecting the pairs of ST spfyy how many allelic pairs they share: Black, thik
lines (six alleles shared), black, thin lines (fiyeblack, dotted lines (four), grey, dotted linestbiree to one).
Gray, shaded lines indicate that the line connectTS with an ST complex (Wirth et al 2006).
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1.7 Earlier work with the environmental isolate Iso 10
Iso10 has earlier been a central part of the stientork in one Master thesis by Nafisa

Azmuda (Azmunda 2006) and the ongoing doctoralishesrk of Mohammed Ziaur Rahman
(Rahman et al. 2007) at the Department of Micragg| University of Dhaka in Bangladesh.
The most important findings in this work will begsented in the following sections.

1.7.1 Morphological and cultural characteristics an d antibiotic
susceptibility pattern
The sampling and culturing methods used to isdtie0 is described in Rahman et al. 2007.

By microscopic techniques 1so10 was identified asdashaped, non-motile, gram negative
bacterium. It grows on selective and differentgdualike MacConkey agar, Xylose Lysine
Desoxycholate agar (XLD), Hektoen Enteric agar (lBAdSalmonella-Shigellagar (SS).
Iso10 was found to be multiple resistant to théofeing antibiotics: Streptomycin,

erythromycin, trimethoprim— sulfamethoxazole antidi&c acid.

1.7.2 Slide agglutination test for serological ide  ntification and Enzyme
Linked Immunosorbent Essay (ELISA)

The slide agglutination test is used routinelyderological identification of bacteria.
Colonies from a pure culture is mixed with spec#itisera on a class slide and observed for
agglutination.

Iso10 showed strong agglutination for group spe@&fiigella boydipolyvalent antisera and
Shigella boydiil5 type specific antisera, but no reaction wasinbthwith the other type
specific antisera.

ELISA is a rapid immunochemical test for detectodrmntigen-antibody reaction. An ELISA-
plate is coated with whole cell extracts from tlaetieria. Primary antibody and enzyme
linked secondary antibody reacts with the antiJdme final substrate is added and converted
by the enzyme to a coloured product which can basored by a spectrophotometer.

Is010 gave a very strong reaction in the ELISA (&%) with S. boydiil5 type specific
commercial antisera and yielded even higher titeais the positive controS( boydiitype 15;
ATCC12034).

1.7.3 Detection of virulence genes and random ampli  fied polymorphic
DNA assay (RAPD)

Genomic DNA from Iso10 was subjected to PCR anslystih primers specific for

amplification ofShigellavirulence genes. No PCR product was obtaineddoeg coding for
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ipaH, ipaBCD, virA, ialandstx,indicating that Iso10 does not possess tissgellaspecific
virulence genes. The absence of these genes veageaified by Southern analysis.

The principle for RAPD is a PCR reaction where @tsjc primers and chromosomal DNA
are used to produce a RAPD profile. This will detaoall differences in the chromosomal
DNA for different isolates. The RAPD profile frormad10 ands. boydiil5 did not match
(Figure 1-6).

12, 000 bp
5000 bp

2000 bp
1650 bp

1000 bp

650 bp
500 bp

100 bp

Figure 1-6: Representative RAPD pattern of 1so10 ahS. boydii 15. Lane 1 and 2 contain the fragments of
Iso10 andS. boydii respectively analysed with primer set 1. Lane 3 @h4 contains the fragments of I1so10
and S. boydii respectively analysed with primer set 2. Lane 5 atains 1kb plus DNA marker.

1.7.4 Restriction fragment length polymorphism anal ysis (RFLP),
ribotyping and restriction analysis of the O antige n gene cluster

Restriction fragment length polymorphism (RFLP)sussstriction enzymes to cut
chromosomal DNA and produce a unique RFLP patfénis pattern can be transferred from
an agarose gel to cellulose membrane and hybrigvithdspecific DIG— labelled DNA
probes such as a 16SrRNA gene probe (ribotypingptiRoing of Iso10 an&. boydii(ATCC
12034) showed that only 5 out of 7-9 bands mat¢kreglre 1-7), indicating a difference in

genome organization.

16



1 2 M
. ¥« 23130

< 9,416
8 o« 6557

< 4,361

i e B
T - 2,027

Figure 1-7: Pattern of bands after ribotyping analysis. Lane 1, 2 and M represent the bands & boydii,
Iso10 andA-DNA /Hindlll markers respectively. The small arrows indicatebands which are different.

The Lipopolysaccharides (LPS) is a vital part & tduter membrane of Gram-negative
bacteria. LPS usually consists of three regiongidLA, core oligosaccharide and variable
polysaccharide side chains (O antigen). The O antig the most variable part, made out of
many repeats of O units(Guo et al. 2005). The @eantgene locusfb, encoding the O-
antigen biosynthesis genes, is located betweegalteandgnd genes, and varies in size and
nucleotide sequence, making it possible to sepaatteria into O antigen gene cluster
restriction fragment types based on RFLP analyfsiBi® locus (Schnaitman and Klena 1993).
The O antigen gene cluster of 1so10 was PCR areglifind the product was treated with
Mbo1l1 restriction enzyme and analysed by agarolselgerophoresis. The restriction
fragment from 1so10 anl. boydiishowed a similar pattern on the agarose gel anedvanly
in three weak fragments (Figure 1-8). This corrabes the strong serological O-antigen
cross-reactivity and implies that Iso10 aéhdooydiitype 15 share a significant O-antigen

gene homology.

==31 T T [
| RUUIERE B

Figure 1-8: The restriction pattern of the O—antiga gene cluster from Iso10 ancb. boydii in lane 2 and 3
respectively. The small arrows indicate the bands kch are different.
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1.8 Escherichia fergusonii

During the experimental work with 1s010 it earlychene clear that the strain showed many
similarities with the specidsscherichia fergusoniiThis is a rare member &sscherichiathat
was first known as Enteric group 19, but was pregass a new species by Farmer in the mid-

eighties (Farmer et al. 1985).

E_ vulneris "
S. flexneri
57 S.sonnei
99 W
7 - E.coli2
— S. boydii
S. dysenteriae
E. coli4
S. Enteritidis '
i[: S. Typhimurium
S. Typhi
———— S. bongori "
K. planticola ©
C. sedlakii

a9 C. amalonaticus ~©
L C. farmeri '

Figure 1-9: Part of a phylogenetic tree of the members dEnterobacteriaceae based on sequences from 16S
rDNA gene generated by the neighbour joining methodAdapted from Paradism Boissiont et al (2005)
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Based on 16S rRNA sequendesfergusoniifalls intoE. coli- Shigellacluster as shown in the
phylogenetic three in Figure 1-9 (Paradis et &0520

However, biochemical characterisation and DNA-DN/tidisation has shown th&t
fergusoniishould be classified as a separate species widmuasgscherichia.

Biochemically, it can be differentiated frdi coli by being sorbitol and lactose negative but
adonitol positive.E. coliShigellais the closest relatives & fergusoniby DNA-DNA
hybridisation, sharing 49-63% similarity (Farmeakt1985). This taxa has been confirmed
by phylogenetic analyses based on the sequencegesfmembrane protein 3ArfpA)and
glyceraldehyde—3— phosphate dehydrogengag) @s shown in Figure 1-10 (Lawrence et al.
1991).

E. fergusoniihas been isolated from a variety of human and anifimical specimen

including blood, urine and faeces, but the pathageotential ofE. fergusoniiis not clear. It
has frequently been associated with wound infestlmrt have also been reported from other
types of infections (Mahapatra and Mahapatra 2005).
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Funke et al. (1993) reported isolationtoffergusoniifrom four different sites (gall bladder
fluid, blood cultures, faeces and wounds) from teepawith pancreatic carcinoma and
cholangiosepsis (Funke et al. 1993)hHs also been found to cause disease clinicatijasi

to salmonellosis in sheep and cattle by leadiraptartion and mastitis (Bain and Green
1999).

In a recent study using &n colivirulence gene array, 30 isolatestoffergusoniwere tested
for the presence d&. colivirulence geness (increasedesum sirvival), prfB (P-related
fimbriae regulatory) andeA (sideropore receptor ireA). 43% of the samplestepbsitive

for theissgene, while 10% werngrfB andireA positive (Wragg et al. 2008). This links
fergusoniiisolates to pathogenic typeskofcolilike EXPEC and APEC.

During routine screening of beef in 2006, a stddif. fergusoniwhich tested positive fdg.
coli 0157 antibodies was observed in Australia. Thiaisdested positive for the O157gene
by PCR, and further tests revealed a high levekgluence identity and identical gene order
betweerk. coliO157 O-antigen gene cluster and Ehdéergusoniistrain. This indicates that
the O157 O-antigen has been transferred trouglkdrdel gene transfer betweEncoli

0157 and th&. fergusoniistrain (Fegan et al. 2006).

— Fscherichia coli

— Escherichia fergusonii
_1 Salmonella typhimurium
Citrobacter freundii

Escherichia hermannii

Escherichia vulneris 33821

Enterobacter aerogenes

Klebsiella pneumoniae

Escherichia vulneris 29943

Escherichia blattae
Serratia marcescens

Serratia odorifera

Figure 1-10: Phylogeny of selected enteric bacteriaased on the sequences gép and ompA genes,
generated by a maximum parsimony algorithm (Lawrene et al 1990).
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1.9 Multi Locus Sequence Typing
Multi Locus Sequence Typing (MLST) is based onglame principles as its predecessor,

Multi Locus Enzyme Electrophoresis (MLEE), but u#ies DNA sequences from multiple
housekeeping genes to detect differences amongriadtrains. In most cases sequences
from 4-8 genes are sufficient to discriminate betbacterial strains (Cooper and Feil 2004).
All allelic variants for a given locus are presetban allelic number. The combination of the
allelic numbers for each locus for a given stramposes the Sequence Type (ST). Many
MLST datasets arrange related ST into groups,&&@le complexes. There is no general
definition of a ST complex but it is normally basaathe principle that some STs are more
frequent in the dataset than others. An ST comgdexfor example consist of a group of
minimal three sequence types that share at leasbid of seven allelic numbers (Urwin and
Maiden 2003).

An important part of an MLST analysis is the chaa¢genes. Cooper and Feil (2004)
distinguished between three classes of genesnhafitwnal genes involved in essential
functions of the cell (e.g. transcription), coraiBekeeping genes encoding proteins central in
cell metabolism (e.g. enzymes in the TCA cycle) hygervariable genes typically expressed
on the cell surfaces or associated with virulemgeathogenic bacteria.

The 16S rRNA gene is a typical example of an infaronal gene which is widely used for
identification of bacteria. Informational genes keoextremely slowly, and taxonomic
studies based on sequencing of 16S rRNA is in stases only effective for studies of
different genera and to a certain degree specieisdiuntra-species comparisons, like for
example in th&scherichia — Shigellalade, where the variation in 16S rRNA sequendeds
low to distinguish betweelBscherichiaand theShigellaspp. This was also shown in the
phylogenetic tree of the memberstofterobacteriacea@-igure 1-9) wheré&. fergusonii
groups withE. colistrains

Housekeeping genes typically evolves at moderage aad is preferred in most studies over
hypervariable genes in MLST analyses. Taxonomidistubased on genes which evolve at
extremely high rate might lead to discriminatiorstriins which in reality is very closely
related (Cooper and Feil 2004). However, in studiBsre recognition of microevolution is
essential, for example identification and sepanatibstrains in a specific geographic area,

analysis of hyper-variable genes can be very ugbfaiden et al. 1998).
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The MLST technique was first used in 1998 by Maided his staff with strains dfeisseria
meningitidegMaiden et al. 1998). During the last ten years ewous online MLST databases
including a wide range of species have been deedldp 2004 the MLST database tor

coli (including Shigellg at Environmental Research Institute (ERI), UnsitgrCollege Cork,
established by Mark Achtman, became available er{liritp://mlist.ucc.ie/mist/dbs/Ecoli).

This database is based on seven housekeeping @edy distributed around the coli
chromosomepurA, adk, icd, fumC, recA, mdimdgyrB (Figure 1-11) (Wirth et al. 2006).
After updating the database in April 2007 it ina@dds00 STs comprising 54 ST complexes.
The definition of an ST complex was also changeahiy include groups of at least three STs

sharing six alleles in pair-wise comparisons.
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Figure 1-11: The genomic locations of the housekeeg genes included in the Achtman MLST database
for E. coli (Wirth et al. 2006).

1.10 Proteomic analysis of the bacterial outer mem  brane

The envelope in gram negative cells makes up a engructure consisting of the outer
membrane, periplasma-peptidoglycan layer and therimembrane (Figure 1-12). The outer
membrane is made up of phospolipids, membraneipsytgoproteins and

lipopolysaccharides (LPS). Lipoproteins (Lpp or @1a lipoprotein) is one of the most
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abundant membrane proteins connecting the peptidagllayer to the outer membrane by its
hydrophobic end while other membrane proteins foncs porins or hydrophilic channels
which allows free diffusion of small molecules pesific transport across the outer
membrane (Weiner and Li 2008).
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Figure 1-12: Model of the envelope oE.coli K12 showing the membrane proteins, lipoproteins athLPS
which make up the outer membrane (Raetz and Whitfilel 2002)

Two- dimensional gel electrophoresis (2-DE) hasmiuthe later years become one of the
most important techniques in proteomics. It wasetleped by O’Farrell and his team in the
1974 to separate soluble proteingotoli. The method made it possible to separate proteins
according to isoelectric point (pl) and moleculaight (M) and identify protein spots of
interest by Mass Spectrometry (MS) (O'Farrell 1975)

The working process of 2-DE identification can bparated into five steps
1. Protein isolation and solubilisation
2. Protein separation with isoelectric focusing &m5- PAGE
3. Protein detection and quantification
4. Computer analysis of 2-DE pattern.
5. Protein identification and characterization
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1.10.1 Protein isolation and solubilisation
This procedure fractionate soluble and membraneima A widely used technique to isolate

soluble proteins is TCA/aceton precipitation. Tikian effective method to remove
interfering compounds (e.g. salt and polysacchajidad reduce protein degradation (Gorg et
al. 2004).

In the late 90s a study by Wilkins et al. (Wilkigisal. 1998) examined the identified proteins
from three specie€( coli, Bacillus subtilusndSaccharomyces cerevisia@) 2D gels and
compared them to proteins predicted from genomeesess. It revealed that hydrophobic
proteins were more or less absent from 2D gelschasevhole cell lysates. They also found
that the mode of IEF (CA or IPG) did not affect theults but suggested that the extraction
and solubilisation of the proteins were the crustaps to identify hydrophobic proteins.

An effective method for isolation of membrane pnowdevas developed by Fuijiki et al. in
1982 which observed that closed vesicles was ctedvép open sheets of membranes when
they were treated with 0.1M sodium carbonate. Asrssequence, peripheral membrane
proteins were released in soluble form (Fujikilett@82). This method was modified by
Molloy et al. to be adjusted for the 2-DE technidim®lloy et al. 2000).

Solubilization and complete denaturation of pratesa critical step on the way to achieve a
well focused 2D- gel. It is essential to obtain ptete disruption of all molecular interaction
to guarantee that each spot represents a singipglde.

When classic SDS—PAGE is used without isoelectreti$ing heat-treatment with the anionic
detergent SDS is sufficient to unfold the proteang break noncovalent interactions.
Isoelectric focusing requires that the originaface charge is maintained. Charge- shifting
reagents like SDS should therefore not be usedl@y1@000).

Different components are required depending orctigenical character of the proteins
including chaotropes, reducing agents and surfe(@etergents) (Molloy 2000).

Chaotropes Chaotropic reagents break hydrogen bonds, whickecanfolding and
denaturation of proteins. The most common chaoti®peea. Urea is uncharged and
normally used in the highest possible concentrgigdm) in 2D electrophoresis. Another
chaotrope, thiourea, is more effective in breakigdrophobic interactions and is commonly
used together with urea (7Murea + 2M Thiouea). Thimbination has proved to give higher
solubilization, especially for membrane protein(ldy 2000; Gorg et al. 2004).
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Figure 1-13: Solubilization of membrane proteins ira lipid layer with detergent (Bruce Alberts 2007).

Detergent: Detergents are added to a solution with chaotrapast together to improve
sample solubilization. They also prevent aggregatmused by hydrophobic interaction. This
is especially important in solubilization of memibegproteins where detergents break into the
lipid bilayer, bind to hydrophobic residues, anthrthe proteins in solution by making
protein-detergent complexes (Figure 1-13) (Moll@@@; Bruce Alberts 2007). Both nonionic
(e.g. Triton X-100) and zwitterionic (e.g. CHAPSSB-14) detergents can be included in the
soulibilization mix. Because not all nonionic degents are effective on very hydrophobic
proteins, zwitterionic detergents are often prefémo solubilize membrane proteins(Molloy
2000).

Reducing agents Reductants are included in the solubilization sotuto break intra- and
intermolecular disulphide bridges. The most commeatucing agents are dithiothreitol (DTT)
and dithioerythritol (TBP) (Gorg et al. 2004).

1.10.2 Isoelectric focusing
Isoelectric focusing (IEF) is an electrophoretichieique to separate proteins according to

their differences in electric charge. Amphoteribgtances such as proteins carry positively
(NH5") and negatively (COQ charged groups. The sum of these groups is ctiedet
charge, and can be positive, negative or zero dpgion the surrounding pH (Figure 1-14)
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Figure 1-14: The isoelectric point (pl) is the spéfic pH at which the net- charge of the
protein is zero (GEHealthcare 2004).

The isoelectric point (pl) is the specific pH— valat which the protein has an overall net
charge of zero. When the net charge of the prasguositive the pH— value is below its
isoelectric point. If the pH value increases beythaisoelectric point of the protein the net

charge turns negative (Figure 1-15).

Net Charge ,
+3

+2

+1 Isoelectric point (pl)

9 10 11 pH

Figure 1-15: Plot of the net charge of a protein wsus the pH of its environment. The point of
intersection of the curve at the x-axis representhe isoelectric point of the protein
(GEHealthcare 2004).

These properties of the proteins are used forestret focusing in a gel with pH gradient
under the influence of an electric field. A negaljwvcharged protein will migrate towards the
anode until it reaches its isoelectric point andehao electric net charge. Correspondingly, a
positively charged protein will migrate towards tteghode and gradually becoming less
charged until it reaches its pl. If a protein sluodiffuse away from its pl it will immediately
become charged and migrate back.

Originally, IEF was performed on carrier— ampholgenerated pH gradients. These are small

amphoteric molecules with high buffering capacityheir pl. Under an electric field a
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mixture of different carrier ampholytes will arranthemselves according to their pl and form
a continuous pH- gradient. The main weakness Wwightéchnique was the pH gradient,
which tended to be unstable over time leading tbazhc drifting and batch to batch
variability. By introducing immobilized pH gradien{IPG) with chemically immobilized
buffering and titrant groups, which is not ablenirate in an electric field, many of these
issues were overcome (Gorg et al. 2004). IPG -ss&nip produced by incorporating
Immobilines in the polyacylamide gel. Immobilings aot zwitterionic but are small
substances with acidic or basic buffering groupsnboilines IPG—strips were used in this

study and followed by SDS-PAGE for separation @it@ins according to molecular weight.

1.10.3 Protein detection and computer analysis
2-DE has the later years become an essential stpehim comparative studies of the protein

expression of prokaryotes. The gels are traditigrsdhined by anionic dyes (e.g. Coomassie
Blue) or Silver staining. The method allows botlakifative comparison by observation of
new or lost spots and quantitative comparison bye@sed or decreased spot intensity.

By using a digital image analysis system, the fjatterest can be aligned, corresponding
spots can be paired and differences in proteinesgoon identified.

1.10.4 Protein identification
Mass Spectrometry is a central technique for a@itgomic identification. This step was

performed by the staff at the PROBE platform (Thet&mic Unit at the University of
Bergen) but a basic introduction to the techniguaescribed in the following chapter.

By treating a protein with a specific protease @lisutrypsin) that cuts C-terminal to dli/s
andArg residues, a distribution of peptide fragments wjkcific peptide masses called the
Peptide Mass Fingerprint (PMF) is obtained. Theenalar weight of these fragments can be
identified by comparison with theoretical peptidags values in a database.

MALDI —TOF (Matrix Assisted Laser Desorption loniga — Time of Flight) is a commonly

used Mass Spectrometer for PMF.
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Figure 1-16: A simplified MALDI-TOF MS scheme. A: Matrix Assisted Laser Desorption lonisation
(MALDI), a laser ionizes the matrix with analyte mdecules and lead them into to gas phase.

B: Time of Flight (TOF) analyser, which allows detemination of the mass and charge of the ions.
(http://www.biochem.arizona.edu/classes/bioc471/pag/Lecture23/Lecture23.html)

Samples analysed by MALDI are first co-crystallizeth the matrix. A UV-laser ionizes the
mix of matrix and peptides and leads it into agaase (Figure 1-16 A). In MALDI-TOF,
MALDI is connected to a Time of Flight (TOF) tubar fimass analysis. When the ions reach
the gas phase in the TOF tube they are accelaratedelectric field and separated in a field-
free tube (Figure 1-16 B). The time it takes fori@mto drift trough the field-free tube (Time
of Flight) depend on the charge of the ion (z) esanass (m) (Manz 2004). The separation of
the ions is detected and a data system produgescerism showing the ions sorted by mass
(m/z) and intensity (Figure 1-17). The tops excegdi certain intensity value are selected by
a computer program and listed. These values ackfassearch in a database, for example

Mascot.
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Figure 1-17: MALDI-TOF MS spectrum. The tops repreent peptides at sorted by m/z (x-axis) and
idensity (y-axis).

DeNovo sequencing is a different techniqgue wheeesfiectrometer gives the user the amino
acid sequence of a small fragment usually congisifrb to 20 aminoacids. The protein can

then be identified by search in protein sequentabdaes using protein—blast (blastp).
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Figure 1-18: An example of a TOF/TOF sectrum by CARragment 1261,5Da by m/z giving the sequence
SDVILFNFN.
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A preCAF (Chemically Assisted Fragmentation) sgzeof the tryptic peptides are first
obtained by MALDI-TOF MS. This is compared with asp-CAF spectrum of the tryptic
peptides which has been modified by derivatizatidre derivatization reaction in deNovo
sequencing has two main steps: Conversion of lyaohe chains to homoarginine (adds 42Da
to each Lysine residue) and introduction of a sutf@acid group at the N-terminus of the
peptides (adds 136Da to each peptide). A Post 8ddecay (PSD) spectrum is produced of
the selected precursor mass by using a MALDI-TOFR S (tandem Mass Spectrometer)
instrument (Figure 1-18). PSD refers to a technigaee the sample is fragmented before it
reaches the field-free drift region. The fragmets sorted by the computer program by the
m/z relationship and give the user the aminoaajieece of the fragment. The complete
protocol for PMF and deNovo sequencing is in foimAppendix G.

1.11 Lipopolysaccharide (LPS)

LPS is a vital part of the outer membrane 6f Graggative bacteria and is a major virulence
factor. It is composed of three components: Lipjd4olysaccharide core and the O-antigen
(Figure 1-19). The lipid A is anchoring LPS to theer membrane and is made out of fatty
acids and sugar. The polysaccharide core chainkied with lipid A and divided into a
conserved inner core and a slightly variable ocbee region. The O- antigen is a
hypervariable polysaccharide chain often made bpeouliar sugars and with many
repetitive oligosaccharide units (O-units). Theedlse combinations of O-units and variation
of chemical linkages are responsible for the dilngiof the O-antigen and makes it possible

to divide bacteria into separate serotypes (Coirebed. 2000).
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Figure 1-19: The lipopolysaccharide fromSalmonella illustrated by a simplified diagram of on form of LPS
(left) and a molecular model fromE. coli (right). The lipid A core polysaccharides are straght and the O-
side chain is bent at an angle in this model (Prestt 2005).

Together with membrane proteins lipoproteins caeieacted, separated on a gel, and
visualized with coomassie staining and submittedntmunodetection by Western blotting.
Some LPS might be included in the membrane prabeiracs but will not be visualized by
coomassie staining. The earlier methods for LP&etibn included hot phenol/water were
complex, time consuming and not always reliabledy@ne LPS extraction kit is available at
the global market. This kit (made by iINtRON) is maffective and allows rapid and

convenient extraction which can be confirmed by STXSE and silver staining.

30



2 Materials and Methods

2.1 Strains

—1s010
An environmental strain isolated from a lake owgdithaka city in Bangladesh. Cross- reacts

efficiently with Shigellaspecific antisera, but does not poss#sigellavirulence genes.
— Shigella boydilL5, strainATCC12034:

Virulent type strain compared with Isol10 in proteo@nd immunologic experiments.
— Escherichia fergusonigtrain ATCC 35469: Reference strain

— Escherichia colK 12, DSMZ498: Reference strain

— Pseudomonas aerguno$¥CIB 8295: Reference strain

2.2 PCR Analysis

2.2.1 Cultivation and DNA isolation
Chromosomal DNA was prepared following the recomdeehprotocol for “GenElut&"

Bacterial genomic DNA kit” (SIGMA) where DNA is itated by using a silicia-based

membrane to bind DNA.

Strainlso10 was grown in LB medium overnight at 37°C shaking incubator at 200rpm.

An overnight LB broth culture was pelleted and inated at 55°C in a chaotropic salt—
containing solution. DNA binds to the silica-basedmbrane and is separated from the lysate
solution by centrifugation. The column is washetblethe DNA is eluated into an ependorf
tube.

2.2.2 PCR amplification of housekeeping genes
The PCR reaction is an important technique in blmtelogy that makes it possible to

produce thousands to millions of copies of one i§ijpegene or gene fragment. With two
oligonucleotide primers (forward and reverse) fragnihe gene, DNA polymerase synthesises
new DNA strands from the free 3'OH end of each prifMullis et al. 1986).

To carry out this reaction DNA polymerase needso@gr reaction buffer, ANTPs and

MgSQO, at the correct concentration (Table 2—1). TheldiTgtion is regulated by

temperature changes in three different stages:

1. Denaturation(96-9&): The hydrogen bonds between the complementagstas

broken and double-stranded DNA (dsDNA) is denatungalsingle-stranded DNA (ssDNA).
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2. Annealing:(40—60°C): Primers hybridise to the complemensayuence on ssDNA. The
annealing temperature depends on the Tm of theepset used in the PCR reaction. Length
and GC% of the primer sequence influence the optamaealing temperature.

3. Extension(72°C): The polymerase synthesises a new stramd fihe free 3'OH group on

the primer by incorporation of successive comple@agmucleotides to the chain.

Table 2-1 Reaction mix for PCR amplification with Dynazyme polymerase

Components Volume added fl)
Sd H20 355

10 x PCR reactionbuffer 5

dNTP (10mM of each) 1

MgSO; (50mM) 2

Primer F (25pmoll) 2

Primer R (25pmolil) 2

Polymerase, Dynazyme (2unitg}jl 0.5

DNA, template (25ngd)

Total volume 50

Table 2-2 Primers used in this study

Gene Primer sequence Product | Annealing

amplified length temperature

adk F 5-ATTCTGCTTGGCGCTCCGGG-3' 583bp 54°C
R 5-CCGTCAACTTTCGCGTATTT-3'

fumC F 5-TCACAGGTCGCCAGCGCTTC-3' 806bp 54°C
R 5'-GTACGCAGCGAAAAAGATTC-3

gyrB F 5-TCGGCGACACGGATGACGGC-3' 911bp 60°C
R 5-GTCCATGTAGGCGTTCAGGG-3’

icd F 5-ATGGAAAGTAAAGTAGTTGTTCCGGCACA-3' 878bp 54°C
R 5-GGACGCAGCAGGATCTGTT-3'

mdh F 5-ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG-3' 932bp 60°C
R 5-TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT-3'

mdhRmod R 5-TTAACGAACTCTTGCCCCAGAGCGATATCTTTCTT-3' | 932bp 60°C

mdh 2008| F 5'-ATGAAAGTCGCAGTCCTC-3' 932bp 50°C
R 5-GGCGATATCTTTCTTCAGCG-3'

mdh I F | F5-IININIIATGAAAGTCGCAGTCCTC-3' 932bp 55°C

Ny2mdhR| R 5- GGGTATCTGTCCCAACGTCGTGGCGG-3' 932bp 60°C

recA F 5-CGCATTCGCTTTACCCTGACC-3' 780bp 58°C
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R1 5-AGCGTGAAGGTAAAACCTGTG-3'

pUrA F 5-CGCGCTGATGAAAGAGATGA-3' 816bp 54°C
R 5-CATACGGTAAGCCACGCAGA-3'

16S rRNA| F 5-GAGTTTGATCCTGGCTCAG-3' 1400bp 63°C
R 5-GAAAGGAGGTGATCCAGCC-3'

trpB F 5-ACAGAGATTCGTAGCGTT-3’ 1174bp 50°C
R 5-GAAAGGAACAATGACAAC-3’

purN F 5-AATGCCAACGGTGAAAACGC-3’ 1074bp 53°C
R5-GGAGCCTTGTTCTTCGCTAA-3’

The amplification reaction was performed on a BeaidRDNA Engine Peltier Thermal

Cycler” in 200ul PCR- tubes with the following program:

96°C x 3min (96°C x 30sec — annealing temperatiB@sec — 70°C x 30sec) x 30, 70°C x 10
min — 4°Coo

An alternative reaction mix and PCR—program wasl igePhusion polymerase (Appendix
D). To be able to analyse the result by ugtisgherichia colMLST Database managed by
“Max-Planck Institut fir Infektionsbiologie” the lowing housekeeping genes were
sequencedadk, fumC, gyrB, icd, mdh, pugkdrecA. A new sequencing of the complete
16S rRNA gene was also carried out. Two additigreales were also sequencpdr(N og

trpB) (Lan et al. 2004), but they were not used iINNKR&ST analysis.

2.2.3 Agarose gel electrophoresis
1% agarose gels in TAE— Buffer is used to visualmePCR product. It shows the quantity

(strong or weak bands), length (compared to 1Kbmdard) and specificity (humber of
bands) of the PCR product.

Agarose (SeaKem LE) was dissolved in 1 x TAE buf@mM Tris acetate, 1mM EDTA)
and melted in a microwave oven. After cooling tpragximately 60°C the agarose was
poured into a gel tank and a comb was inserted géhwas allowed to cool down for
approximately 30 min before the comb was removelithe gel was covered in TAE- buffer
and ready for electrophoresis.

5ul of each sample was mixed withl1of 6 x loading buffer (0.25%, w/v) bromphenol &ju
30% (v/v) glycerol) on parafilm and loaded into aegie wells.

3 ul of a 1Kb+ DNA ladder was loaded into the firstiwte be able to estimate the length of
the PCR- product. The gel was run at 90V for 30miA5
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2.2.4 Visualisation of PCR products with Etidium Bromide (EtBr)

Ethidium ions fluoresce when exposed to ultravibggit. Since ethidium intercalate between

basepares in double stranded DNA, EtBr can be taseidualize DNA in agarose gels.

The gel was stained in a EtBr solution for 15— 30 followed by destaining in tap water for
15-30min. The DNA was visualized by the UV Transiinator CHEMI Genius imaging

system using Genesnhap software from Syngene.

2.2.5 Purification of PCR product
After the PCR reaction the product must be separfaben other components that may disturb

the sequencing reaction (remaining nucleotides)gns, polymerase etc.). This was done by
following the recommended protocol the “Genelllt€CR clean—up kit” (SIGMA). The PCR
product binds to a silica-based membrane in aggumn. The column is washed before the
clean PCR product is eluted into an Eppendorf tupe.

Alternatively the PCR product can be purified frard,8% Agarose gel in TAE—buffer by
following the protocol for “Genelut¥ Gel extraction kit” (SIGMA).

2.2.6 Quantification of DNA
To measure the quantity of DNA two methods weraluse

1. Spectrophotometric quantificatiat 260 nm using a Ca{y100ConC UV-visible

spectrophotometer (Varian).
DNA absorbs light at 260nm. One A260 unit of dsDNAquivalent to 5Qg/ml.
The following formula was used to calculate the antmf DNA:
DNA (ng/ml) in sample = A 260 x 2@/ml x dilution factor

2. NanoDrop(ND100 spectrophotometer)
1ul of sample was loaded and the instrument automditicalculates the DNA

concentration in ngl. No need for dilutions and cuvettes.

2.2.7 Sequencing of PCR products
The most frequently used method to sequence PCRuqis the Chain Terminator

Method, also referred to as the dideoxy methodh@rSanger method (Sanger et al. 1992).
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The principle for this method is quite similar keetPolymerase Chain Reaction except that
only one primer is used and in additions to the fbfferent deoxynucleotides (dNTPSs),
dideoxynucleotides are added to the reaction ndA{dP, ddGTP, ddCTP, ddTTP).
Dideoxynucleotides are “terminator nucleotides” keak with different fluorescent chemical
groups. When a ddNTP is added to the growing ctirmeaction terminates because there is
no free 3'OH hydroxyl group for incorporation oéthext nucleotide. Eventually the reaction
mix will contain DNA—chains of different sizes froome nucleotide to hundreds of
nucleotides all terminated by different ddNTPs. TH¢A chains of different sizes are

separated on a gel and a fluorescence detectsteetie nucleotide sequence.

The components in the sequencing reaction weredv@geshown in table 2—3. For every gene
the forward and the reverse primer were used indifferent sequencing reactions to achieve
overlapping sequences. The synthesis of DNA fragsneas performed in a Robocycler
gradient 96 (Stratagene) using the following progra

96°C x 3min (96°C x 0.3min — 50°C x 0.3min 6 4min) x 65 — 6°Co.

The samples were delivered to the Sequencing Cantke High Technology Center in
Bergen (HIB) where the sequence analysis was peedby an ABI PRISK 3700 DNA

analyzer (Perkin Elmer).

Table 2-3 Reaction mix for sequencing

Components Volume added fl)
sdHO X

Primer (3.21M) 1

Sequencing buffer 1

Big Dye version 3.1. 1

Template (200 ng) X

Total 10

2.2.8 Phylogenetic analysis
The forward and reverse sequences were alignediby the REVSEQ and MERGER

software as implemented in the European MolecuialoBy Open Software Suite
(EMBOSS) available online (http://proteas.uio.ndbess).
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The online databases WU-Blast by EMBL-EBI (httpuiiw.ebi.ac.uk/Tools/blast2/
nucleotide.html) and blastn by NCBI (http://blasbnnim.nih.gov/Blast.cgi) were used in the
first nucleotide sequence searches to identifctbgeest related species to 1so10.

The multiple construction of 22 concatenated segeein FASTA- format were aligned
using the program CLUSTALX 2.0.9 (Larkin et al. 200

The phylogenetic relationship was analysed by usugjutionary distances and maximum-—
likelihood methods with the phylogenetic infereaelkage PHYLIP 3.6.
(http://evolution.genetics.washington.edu/phylimht

Distances between pairs of sequences were estiatesing the DNADIST program
followed by tree construction with neighbor-joiniatgorithm with the Kimura two-parameter
correction based on 3363 positions. Bootstrap p¢age values for each branchpoint of the
tree were calculated using SEQBOOT. The tree watsepl using the DRAWTREE program.

Salmonella entericavas defined as an outgroup.

2.3 Protein extraction and fractionation
All buffers and solutions used for protein extraotand fractionation are described in

Appendix B

2.3.1 Bacterial growth conditions
Cultures of I1s010 anH. fergusoniiATCC 35469 were grown in the General Microbiology

laboratory at Jahnebakken 5, Bergen UniversitytuCes ofS. boydilATCC12034 were
grown at the Microbiology and Immunology DepartmanHaukeland Hospital, Bergen.
Cultures were grown in 100ml Luria Bertani brotlB@tC overnight in a shaking incubator
(200rpm). Overnight cultures were diluted 1:104tmtal volume of 1 liter) and grown until

an ODyoo of 0.5 was reached which ensures that both csltwere in the same growth phase.

Cultures were pelleted at 75009, at 4°C for 10 nesuThe pellet was washed in washing

buffer and pelleted again.

2.3.2 Lysis of bacterial cells
To be able to analyse the proteins from bactegac#ils have to be disrupted. This can be

done by two different methods: Sonication or FreRofss. Generally French Press is a faster

and more effective method, but can only be useddbrmes larger than 5 ml. In this study,
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sonication was used most frequently to disruptctiks because this makes it easer to perform
under aseptic conditions and reduces the riskdotamination of the surroundings with
pathogenic bacteria.

2.3.2.1Sonication
The principle for sonication is to apply ultrasosaund energy to disrupt the bacterial cells.

The cells were sonicated on ice at an output cbatrd- 4 with 30% duty cycle on a Sonifer
Il W-250 (Brandson) sonicator.
The disruption of the cells was confirmed by micasy

2.3.2.2French Press
The principle for the French Press is that thescalé disrupted due to rapid change of

pressure. The sample is placed in a compartmdmngbfpressure. A valve can be opened and
the pressure is rapidly decreased. The sudden ehamgessure disrupts the bacterial cells

effectively.

The sample was disrupted twice in the French Riigesrmo electron coporation) at 1200 psi.

The disruption of the cells was confirmed by micasy.

2.3.3 Soluble protein fractionation
Two techniques were used to extract soluble prstgithis study.

The first method, described by Jennison et al.idsvprecipitation techniques and should
therefore give an accurate and complete represamiatthe soluble proteins (Jennison et al.

2006). The second method includes standard prptetipitation with TCA in acetone.

2.3.3.1Extraction of soluble protein without precipitation

The pellet from 1 liter bacterial culture in LB lbinovas washed and resuspended in 10ml
lysis buffer. The sample was sonicated or lyseé&taynch Press. Unbroken cells and cellular
debris were removed by centrifugation at 30000dLfbour at 8°C. The supernatant was

collected and stored at —80°C.
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2.3.3.2Protein precipitation with TCA in acetone

The pellet from 1 liter bacterial culture was washewashing buffer and resuspended in 2ml
20mM Tris (pH4.7) with 0.5mM PMSF before disruptioy sonication or in a French Press.
Unbroken cells and debris were removed by centatiog at 6,000 x g for 10mirulDNase
(Promega) andil RNase (Sigma) were added.

The precipitation reaction was carried out by addibf 1.5ml ice-cold 10%TCA in acetone
with 20mM DTT, and the mixture was incubated for 2 lscatr—20°C.

The proteins were pelleted by centrifugation ad@8,rpm at 4°C in a Heraeus Biofuge 13
3637 centrifuge with a Heraeus Sepatech 3743 amtdiwashed twice with acetone with
20mM DTT. Residual acetone was removed by air drymnroom temperature. The pellet
was resuspended in 4@d0ehydrationbuffer and shaken for 2 hours. Thdgins were stored
at —80°C.

To reduce streaking effects in the gels, the pneteiere cleaned using 2D clean up kit from

GE healthcare prior to electrophoresis.

2.3.4 Membrane protein fractionation
The method for isolation of membrane proteins widium carbonate was first described by

Fujiki et al.(1982). They observed by electron mmgmopy that the carbonate-treatment turned
closed membrane vesicles into flat sheets of memelgrand released peripheral membrane
proteins in soluble form. In this study a modifsegtsion of the method presented by Molloy
et al (2001) was used.

The washed pellet from 1liter bacterial culture wesuspended in 50mM Tris-HCI pH 7.3
with 10ul DNase to a total volume of 6 ml. The seallere disrupted by sonication or in a
French Press. Unbroken cells were removed by éegdtion at 6000g for 10min and the
supernatant was collected.

The supernatant was diluted with ice-cold 0.1M sodcarbonate, pH 11, to a total volume of
60ml. The carbonate-treated proteins were ultraifegéd at an average of 77,0009 at 4°C
for 1.5 hour using a Beckman SW41 rotor and anr@mt!” L-90 centrifuge (Beckman).

The pellet was resuspended in 50mM Tris/HCI (pH @&l centrifuged again at an average
of 77,000 g at 4°C for 40min. The pellet was resusied in 1-1.5 ml rehydration buffer and
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stored at -80. Membrane solubilization solutiomd 2 were also used as alternative solutions

for resuspention.

2.3.5 Protein measurement
The protein concentrations in this study were messby using the Bradford assay (Bradford

1976). The principle for this method is that wheso@assie Brilliant Blue (CBB G250)
binds to the basic amino acids of the proteinba@nges the absorbance maximum from
465nm to 595nm. A linear correlation between thedtance and quantity of a standard

protein makes it possible to determine the protemcentration.

Dilutions of standard protein, Bovine Serum Albur(@8A) with a total volume of 1ml was
mixed with 2 ml of the coomassie solution in a ptasuvette. The samples were incubated
for 20min in room temperature to ensure bindinge @bsorbance (A595) was measured by a
Carry™ 100 ConC UV-visible spectrophotometer with a blaatnple made of 1ml sd8

and 2ml coomassie solution.
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2.4 Two dimentional electrophoresis

2.4.1 Sample application and rehydration

Figure 2-1: The positioning of the Immobiline Drystip gel into the Immobiline Drystrip Reswelling Tray
(GEHealthcare 2004).

The Immobilized pH gradient (IPG) strips are stodeglat —20°C and require 10-12 hours
rehydration in a rehydration buffer to regain itgymal thickness. Rehydration of the IPG—
strip can be performed together with the protepassgive rehydration) or under low voltage
(active rehydration). In this study passive rehtidrawas used.

The correct amount of protein diluted with rehydnatbuffer was adjusted to a total volume
of 360ul containing Lug protein. The samples were applied slowly intcasage slots in the
Immobiline DryStrip Reswelling Tray (GE-Healthca(€)gure 2-1). Large air bubbles were
removed.

The protective cover from the 18 cm, pH 4—7 ImmiabiDrystrip (GE—Healthcare) was
removed and the IPG strip was applied with theideldown onto the sample solution. Each
IPG strip was covered with 3 ml of Immobiline DryitCover Fluid (Amersham
Biosciences) to avoid evaporation and urea crys#ibn. The strips were rehydrated

overnight at room temperature (minimum 10 hours).
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2.4.2 1st Dimension — Isoelectric Focusing (IEF)
Isoelectric focusing (IEF) is an electrophoretichieique used to separate proteins according

to their differences in electric charge.

Figure 2-2: Positioning of the IPG—strips in the Dystrip aligner and connection of the electrodes
(GEHealthcare 2004).

The first—dimension electrophoresis was performgd aflatbed system using Multiphor II
Electrophoresis System with Immobiline Drystrip Kigure 2-2).

The cooling plate was connected with the coolirgetuand the temperature was set to 20 °C.
5 ml Immobiline Dry Strip Cover Fluid was pipettedto the cooling plate of the MultipHor
unit. The immobiline DryStrip tray was positioned e cooling tray and 10 ml IPG Cover
Fluid was poured into the tray. The DryStrip align@s placed in the tray on top of the IPG—
cover fluid.

The IPG- strips were removed from the Reswellirgywith a pipette and blotted carefully
between filter paper soaked in gM They were immediately transferred to the Drystri
aligner and placed with the gel-side up and thei@eind (+) near the anode (red electrode).
When all the strips were lined up, two damped IEe€trode strips were placed across the
cathodic and anodic ends of IPG- strips. Eachreléetstrip must have contact with gel
surface of each IPG- strip.

The electrodes were positioned on top of the IHEetde strips. The red electrode was
aligned over the anodic end and the black electovee the cathodic end.

The strips were covered with 80 ml IPG- cover fluid
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The strips were focused with the following program:
500V - 1 mA — 5W — 1 hour
3500V- 1mA — 5W- 16 hours

Alternative program:
500V - 1 mA — 5W — 4 hour
3500V- 1mA — 5W- 15 hours

The strips were stored at — 20 °C in Petri dishes.

2.4.3 2nd Dimention — SDS— PAGE
SDS- Page is a separation technique for protesescban difference in molecular weight.

The proteins are separated in a polyacrylamid gefatning the anionic detergent sodium
dodecyl sulfate (SDS). This detergent incorporatdéke proteins with a constant ratio of 1.4g
SDS/g protein equivalent to one SDS molecule fergwo aminoacid residues. This gives
the proteins a large net negative charge propatiantheir molecular weight. In addition,
SDS—protein complexes assume a rod— like shageegaroteins separation in polyacrylamid
gels only depend on the molecular weight of theging and conformational differences have
no or minimal effect.

Before the proteins can be separated by SDS—-PAG&PtB—strip has to be treated with
SDS-equilibration buffer with DTT followed by eqibitation buffer with iodoacetamide. The
equilibration buffer consists of: Tris—HCI, uredyagrol, SDS and bromphenol blue, and has
several functions. The main function is to satutagelPG- strip with SDS which is required
for the SDS— PAGE separation. Additional urea dgdeagol improves the protein transfer
from first to second dimension gel (Goérg et al 2086d Tris—HCI buffer stabilizes the pH
gradient. The strips are first equilibrated with DT his secures that the proteins are
completely denaturated and prevent disulfide boludacetamid alkylates excessive DTT to
prevent point streaking (aberrant gel migratiorg #imol— group reoxidation during

electrophoresis.
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Table 2-4 Components in the Acrylamide gel for seoml—dimension electrophoresis

Components Volume
dH,O 31.8ml
1.5M Tris—HCI pH 8.8 25ml
10% SDS 1ml
30% Acylamide 41.7ml
APS 500ul
TEMED 5Qul
Final Volume 100ml
Equilibration:

After isoelctric focusing the strips are shakea iRetri dish with equilibration buffer with
DTT for 15 min. The buffer is poured off and regdd with equilibration buffer with

iodoacetamid and shaken for an additional 15 msute

SDS—page

The glass plates were washed with ethanol and ddsénThe components of the acrylamide
gel were mixed (Table 2—4). Polymerisation staftemwAPS and TEMED are added. The gel
solution was pippetted into the space betweenldssgs until there was 0.5cm left at the top.
Butanol was pipetted on top of the gel surfacesuliate the gel from oxygen and to create a
flat gel surface The gel was left to polymerisedbteast 1 hour and butanol was washed
away. The gel can be stored at 4°C over nightbhtanol should be replaced with 1x running
buffer.

15ul of Mark 12™ unstained protein standard was placed on a sittaflfaper an air—dried.
The equilibrated strips are placed on the edgdde©ddamped filter paper to remove the
equilibration buffer. After a few minutes the stiwere dipped in 1x running buffer and
placed vertically on top of the acrylamide gel. Titter paper with molecular weight standard
was placed on the gel beside the strip.

Warm 0.5% agarose (65°C) was immediately pippetetbp of the gel and left to solidify.
The components of the Protean Il xi electrophoreslisunit (BioRad) were assembled and 1
X running buffer was poured on top of the gel.

The gel was run at 48mA for 6 hours (or until theedine had reached the end of the gel)
using an EPS 3501 XL power supply.
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Gel Staining

1 hour in Fixation solution

1 hour in Soultion 1

3—4 days in staining solution

Gels were stored in 5% Sodium acid.

2.5 SDS-PAGE
Classic SDS—-PAGE was used in this study as amatiee method to visualize membrane

proteins. By using this method the proteins arg saparated by molecular size. Isoelectric
focusing is easily disturbed by low molecular weigimic impurities. This can result in large
regions with horizontal streaking were it is impgbksto detect any spots. Classic SDS—
PAGE represents an alternative method to visu#thiggroteins without using isoelectric
focusing.

Before the samples are applied to the gel the sguk placed in a heating block (103°C)
for 5 min with SDS—-PAGE sample buffer with 3—metoapanol. This leads to unfolding of
the secondary and tertiary structure of the prsteihile SDS binds efficiently to the proteins
and mercaptoetanol break disulphide bridges.

The polyacrylamide gel in SDS—PAGE consists offmasating gel with a stacking gel on top
(approximately 1 cm) (Table 2-5). The stackingigedlightly more acidic and has larger pore
size than the separating gel. This allows the prst® migrate independently of molecular
weight and create a concentrated band before damhrthe separating gel. The separating gel
is more basic and has a higher content of polyansigle which cause a smaller pore size.
Small proteins will therefore migrate more rapitliyough the gel than larger proteins.

Table 2-5: Components in the separation gel and th@oncentration gel for classic SDS—-PAGE

Separation gel (12%) Concentration gel (4%)
Components Volume Components Volume
dH,O 3.35ml dH,O 6.1ml
1.5M Tris—HCI pH 8.8| 2.5ml 1.5M Tris—HCI pH 6.8| 2.5ml
10% SDS 100l 10% SDS 100!
30% Acylamide 4.0ml 30% Acylamide 1.3ml
APS 5Qul APS 5Qu
Temed ol Temed 1Ql
Final Volume 10ml Final Volume 10ml
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The glass plates were washed with ethanol and ddsénThe separating gel was poured into
the space between the glass plates and left tongolge with butanol on top. After
approximately one hour butanol was carefully rendoaed the top of the gel was rinsed with
dH,O. Stacking gel was poured on top of the separa@h@nd a comb was immediately
placed into the fresh gel. The gel was left to pwyize and could be stored overnight at 4°C
in a plastic bag with a wet filter paper.

Each well in the gel was loaded with maximunp@@rotein. SDS—PAGE sample buffer was
mixed with R—mercaptoetanol in the ratio 20:1. $ample (5-10l) was then mixed with

10ul sample buffer/mercaptoetanol and denatured i@adifg block at 103°C for 5 minutes.
The solution was loaded into the wells of the gghwa low range (BioRad) and a high range
(BioRad) SDS—PAGE standard on each side of the gel.

The gel was run for 45—-60 min in a Mini Proteirgdl chamber (BioRad) with TGS—
electrophoresis buffer at 190V (Power supply mdd€l0/500 BioRad).

The gel was stained in 0.1 Coomassie (minimum X)rend destained in a solution of 10%
acetic acid/ 20% ethanol for 3 hours.

2.6 Identification of proteins
The identification of membrane proteins was perfams a commercial service provided by

the PROBE platform (The Proteomic Unit at the Unsity of Bergen) using two molecular
techniques: DeNovo sequencing and Peptide Massrfingting (PMF). Protocols for these
techniques are placed in the appendix G. The thedrackground for this method is
described in the introduction. Searches with deNaradein sequences were performed using
NCBI pblast (http://blast.ncbi.nim.nih.gov/Blastixg
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2.7 Western Blot

LA LIS L LTSS

Membrane

Figure 2-3: lllustration of the Western blot technique. Figure adapted from
(http://www.cstj.co.jp/products/productimages/wb.jpg)

Western blot is a widely used technique to detactunoreactive proteins and other cellular
components. Primary antibodies produced by immuhiabbits bind specifically to
immunoreactive antigens that have been transfeorachitrocellulose membrane. The
membrane is first incubated with primary antibodyashed to remove unbound primary
antibody before it is incubated with secondaryl@dy. The secondary antibody is
conjugated with the enzyme Horse Radish PeroxydR®). This enzyme develops a
coloured product by oxidation of the substrate +1-naphthol in the presence of
hydrogen peroxide (¥D,). After washing the membrane to remove unboundrsgary
antibodys the HRP colour buffer with the substrat@dded and areas containing the antigen

will appear as red spots/bands after a few sec@fdsre 2-3).
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2.7.1 Western Blot of 2D gels
T Graphite plate electrodes

} 6 filter papers in

3 filter papers in

| ' = 2D Gel with proteins
=> Membrane

3 filter papers in anodic 2 buffer

6 filter papers in anodicl buffer

Graphite plate electrodes
Figure 2-4: lllustration of the experimental setupof the Western blot of 2D gels.

The Western blot is performed by using a MultiphidridovaBlot Electrophoretic Transfer
Unit with two graphite plate electrodes. All bueand solutions used for Western blotting
are described in Appendix C. TBe boydiil5 specific antibodys used in this study was
produced at the University of Dhaka as describeappendix G.

The western blotting was performed using the foitmpasteps:

1. The NovaBlot graphite plates were soaked in@Hbr minimum 1 hour before use.
The anodic graphite plate was placed into the uotirell and the anodes were
connected.

2. Six filter papers were soaked in anodic solutiand placed on top of the anodic
graphite plate.

3. Three filter papers were soaked in anodic solu®i@amd placed on top of the other
filter papers.

4. The Hybond™ N* nitrocellulose membrane (Amersham Biosciences)seaed in
anodic solution 2 and placed on top of the otHearfpapers.

5. The gel was placed on top of the membrane.

6. Three filter papers were soaked in cathodic budfet placed on top of the gel.

7. If more than one gel were blotted, another membveasesoaked in anodic solution 2
and placed on top of the three filter papers aeg 8tto step 6 were repeated.

8. Finally six filter papers were soaked in cathodiéfér and placed on top of the other
filter papers.

9. The kathodic graphite plate was placed on top esd@mdwich and the anodes were

connected to the Multiphor Il Unit.
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10.The electroblotting was run at 150 mA for 1 houd @5 min.

After each steps described above, a glass tubeoled over the filter papers or the
membrane to remove air bobbles.

The Precision Plus Protélf All Blue standard (BioRad) was run with the prateamples on
the 2D—gels and SDS—PAGE gels which were latetdildb membranes. This standard is
prestained and protein bands are visible in thewgébut the coomassie treatment.

If the All Blue standard was observed on the memdtae protein transfer from the gel to the
membrane had most likely been successful. To belataty certain the membrane could

also be stained with amido Black to visualize thatgin.

2.7.2 Western blot of SDS-PAGE gels

Sponge or thick filter paper
Three filter papers soaked in blotting Buffer

Nitrocellulose membrane
SDS page gel

Three filter papers soaked in blotting Buffer
' & Sponge or thick filter paper

SV vy

Figure 2-5: lllustration of the experimental setupof the Western blot of SDS—page gels

The western blotting of SDS- page gels was donesinyg the following steps:
1. The gel and the nitrocellulose membrane were ineabia 1 x Blotting buffer for 30
min.
The sponge and the filter papers were soaked ttingidouffer.
The soaked sponge is placed on top of the greyodithee chamber
Three saturated filter papers were placed on tapheosponge.
The gel was transferred from the blotting buffed @haced on top of the filter papers.

o g bk w N

The nitrocellulose membrane was placed on topefydi. A glass stick was rolled
over the membrane to remove air bobbles and excedf.

7. Three soaked filter papers were placed on topefriembrane.

8. One sponge saturated in blotting buffer was plaetbp of the membranes.

9. The “sandwich” was placed in a MiniTrans-Blot gebmber (BioRad) together with a
cooling element and filled with 1x Blotting buffer.

10.The proteins were electroblotted at 100V for 1 hour
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2.7.3 Hybridisation of immunoreactive proteins
Hybridisation of immunoreactive proteins was catraeit by following the recommended

protocol for Immun-Blot—Assay Kit with goat AntiRlaib IgG (H&L) and Horse Radish
Peroxidase (BioRad) with a few modifications.

1) Blocking: The blotted membrane was blocked in 2% skim milkKB$ buffer for
minimum 2 hours.

2) Washing: The membrane was washed for 5 min in TBS buffeo@tn temperature
with gentle shaking followed by 5 min in Tween TB&fer and another 5 min in
TBS buffer.

3) Primary antibody: The membrane was covered in primary antibody et 1000
with 2% skimmed milk in TBS and incubated for 1duhin room temperature with
gentle shaking.

4) Washing: As described earlier

5) Secondary antibody: The membrane was covered with a solution of seaynd
antibody (HRP conjugated anti rabbit IgG, developegoat, Sigma
Immuochemicals) diluted 1:3000 with 2% skimmed nmlkI BS for 1 hour in room
temperature with gentle shaking.

6) Washing: As described earlier.

7) Staining: The membrane was calibrated for a couple of mgmteitrate buffer
before it was covered in freshly made substratéebuntil the spots appeared (not
more than 45 min). The membrane was then washéddiiO serveral times to stop
the reaction.

8) The picture was taken while the membrane wasvetitland the membrane was stored

dark between filter papers.
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2.8 LPS- Extraction
Lipopolysaccharide (LPS) is an important part @& ttuter membrane of gram— negative

bacteria.

In this study LPS was extracted by adding chlomofto lysed bacterial cells. The chloroform
will separate from the original solution and moweva to the buttom of the tube while a
white line is formed between the two layers. Tleigion consists of cell debris, protein,
genomic DNA and RNA. LPS is left in the upper lagad moved to a new tupe. The LPS is
purified and washed with solutions provided by kiieand run on a SDS—-PAGE.

The LPS extraction was done by following the recanded protocol for “LPS Extraction

kit” as provided by iINtRON Biotechnology.

5 ml of an overnight culture was centrifuged forsg@ at 13,000 rpm in a Heraeus Biofuge 13
3637 centrifuge with a Heraeus Sepatech 3743 aptavom temperature. The supernatant
was removed and 1 ml of lysis buffer was addedhégoiellet. The tube was vortexed carefully
to dissolve the pellet properly.

After 20Qul of chloroform was added the tube was vortexedinodbated at room
temperature for 10 min. The tube was then centediugr 10 min at 4°C and 4QDof the
supernatant was transferred to a new tube witlouahing the white precipitation.

To purify LPS from other components of the cellragt (e.g. protein, DNA, lipids) 8@0of
purification buffer was added and the solution wa&sibated for 10min at —20°C. The tube
was finally centrifuged at 13,000 rpm for 15 mirdac.

To remove impurities (e.g. salts), the pellet washked with 70% ethanol and dried.

70ul of 20mM Tris— HCI (pH 8.0) was used for resuspen®f the LPS and the solution was
boiled for 1 min.

The LPS was run on a SDS—page and blotted onaceilulose membrane by using the same
technique as described earlier. 3—-mercaptoetarmhataadded to the sample buffer. A
parallel gel was stained with Silver staining tofon that the LPS extraction was successful.
LPS from 1s010 an&higella boydiwas extracted at Dhaka University. LPS frBm
fergusoniiwas extracted at University of Bergen.
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2.9 Silver staining
The LPS run on SDS—page gels was visualized bgrssitaining. The silver staining was

performed by following the recommended protocol“fitver Staining kit” as provided by

Invitrogen.

The following solutions were prepared immediatedyaoe staining by the reagents provided
by the kit: Sensitizing solution, Staining solutiand Developing solution.

After the electrophoresis the gel was rinsed iraplire water and incubated in fixative
solution (40% ethanol, 10% acidic acid in s@H for minimum 20min. The gel could be
stored in fixative solution overnight if there wagt enough time to complete the staining
procedure the same day as the electrophoresis.

After fixation the gel was washed in 30% ethan@ fin) and incubated in Sensitizing
solution for 10 min. To remove the Sensitizing ol the gel was first washed in 30 %
ethanol and then washed in sglCH After 15 min incubation in Staining solution thel was
briefly washed in sd $D (20-60sec). It was important not to wash thegetore than a
minute after the staining because this would rensalver ions and decrease the quality of the
gel. The gel was incubated in Developing solutiatilihe bands appeared and 10ml Stopper
solution (provided by the kit) was immediately add® top of the gel. It was important that
the stopper was not added too late as this woaldite a dark background.

The gel was washed in s@®ifor 10 min and a picture was taken.

2.10 Biochemical identification with Api20E

API 20E (Biomérieux) is a standardised biochemidahtification system for bacteria in the
family Enterobacteriaceaand some other gram negative, rod shaped baciémestrip
contains 20 microtubes with dehydrated substrateshnare used to determine the metabolic
capabilities of the bacteria. Each microtube isibated overnight with bacterial suspension.
During the incubation period the metabolism proda@®lour change which can be easily
detected the next day. An additional oxidase tastle necessary for full identification in

some cases.

5ml dH,O was poured into the tray to create a damp enwiem. A colony from a fresh
culture was transferred to 5ml 0.85% NaCl and slygthaken to create a homogenic

suspension. A complete list of the twenty testhiswn in Table 3-5 in the results chapter.
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The strip was placed in the tray and the bactstiagpension was poured into the wells with a
pipette.
In the wells for trinatriumcitrat (CIT), natriumpyvate (VP) and gelatine (GEL) both the tube
and the well was covered with suspension.
In the wells for L—arginine (ADH), L-lysine (LDCl)—ornithine (ODC), natriumthiosulphate
(H2S) and urea (URE) the wells were covered with naiheit to create an anaerobic
environment.
The incubation box was closed and incubated at 33 C8-24 hours.
After the incubation period the strip was read eochpared with the reference table.
Three of the tubes need processing by additiorgjenets before the result can be determined:
— L-—tryptopane (TDA) test: One drop of TDA reagemtsvadded to the well. Red colour
indicates a positive reaction.
— Sodiumpyruvate (VP) test: One drop of each of dagents VP1 and VP2 was added to
the well. The result was read after 10min. A ligdd or red colour indicated a positive
result. A white or slightly red colour indicatesi@gative result.
— L—tryptophane (IND) test: The test for indol pratian should be done at the end of the
procedure since the reaction releases gases tlyaffeat the other tests. One drop of the
JAMES reagent was added to the well. If a lighteelbur develops in the entire well the
reaction was positive.
The oxidase test was performed by transferringengdrom a fresh culture to a filter paper.
A colony from arE.coliK12 (DSMZ 498) culture was used as a negative eefsg and a
colony from aPseudomonas aerguno@4CIB 8295)culture was used as a positive reference.
One drop of the Oxidase Reagent (BioMérieux) wakeddn top of the culture. A picture of
the colonies was taken after 1min. Blue colourdatis a positive result.
The results can be analysed by comparing thedsstts with the BioMérieux identification
table or by calculating a numerical profile and treeonline APIweB" identification tool
(https://apiweb.biomerieux.com/servlet/). To use AiPlweb identification a result paper
from BioMérieux (figure 3-5 in the results chaptess filled out. The tests on the strip are
separated in groups of three and a positive tastiom equals a number of 1, 2 or 4. The
addition of the three values in each group givesafithe numbers in the seven- digit code.
This code was inserted to BioMérieux’s online databresulting in the identification of the

strain.
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3 Results

Iso10 was isolated outside Dhaka city in Bangladesshg protocols designed for isolation
and cultivation of 8igella bacteria. Earlier studies has shown that it effebt cross-reacts
with Shigella specific antisera but does not possess the gewelyed inShigellavirulence.
The following section presents the results of niggtfocusing on the genetic and proteomic

relationship of 1Iso10 an8higella

3.1 16S rRNA gene sequencing
Since only the V3- region of the 16S rRNA gene seguenced in earlier studies of strain

Is010, a new sequencing of the complete 16S rRN# ges carried out (Figure 3-1).

The hit with the highest score (Table 3-3higellasp. BBDP80, had a 99.86% identity match
with only 2 mismatches out of 1429bp. Still theesttop five hitsg. fergusoniiE. coliand

S. Sonneobnly had four mismatches and two of the mismatete® common for all the hits
including Shigellasp. BBDP80. The alignments of 1Iso10 with the seqas fromShigella

spp. (acc.nb. DQ337525) akd fergusoni(acc.nb. AF530475) are placed in Appendix F.
This shows that 16S rRNA sequencing is not suffiicie successfully discrete discriminate

among closely related strains of bacteria.

Table 3-1: Results from Blast search (WU-blast2, ERL—EBI) with the 16S rRNA gene sequence from
Is010. All the hits had an E-value of 0.0.

Gene Acc.number Organism Identity | Identity
(bp) %
16S DQ337525 Shigellasp. BBDP80 1427/1429 99.86
AF530475 Escherichia fergusonATCC | 1425/1429 99.72
35469
Cu928158 Escherichia fergusonATCC | 1425/1429 99.72
35469
CP000247 Escherichia colb36 1425/1429 99.72
Ab273732 Shigella sonneGGTC 781 1425/1429 99.72

30 1] i &0 a0 100 110 120
BATTCGCT GACGAGT GOU GOAC GGG TOAGTAATGTCT GOGAAACTGCCTGATGGAGGOGOATAACTACTGGAS

,l ul it l“ L

Figure 3-1: Part of chromatogram from the 16S gensequencing of 1so10
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3.2 MLST Analysis
The MLST database for E. coli

Nine housekeeping genes were PCR- amplified ugngmic DNA from the environmental
isolate Iso10. The PCR products were purified anectly sequenced by using the same
primers as in the PCR amplification.

Four different reverse primers and three diffefentard primers were used in the attempt to
amplify the malate dehydrogenased{) gene from I1so10. After numerous attempts, a PCR—
product was obtained by using the mdh 2008 forveaudireverse primers designed by Pupo
et al (1997) with 50°C annealing temperature. Tine9 PCR products were achieved by
using the primers designed by Achtman (Wirth e2@06) and the trpB and purN primers
designed by Lan (Lan et al. 2004).

The first Blastn searches with the sequences didlisekeeping genes gave a range of
identity values (see AppendixE). The sequencesgair phosphoribosylglycinamide
formyltransferasepurN) malate dehydrogenasedh and fumaraseifmQC had poor identity
match ranging from 80% to 85% identity with theregsponding genes . coli. Adenylate
kinase &dK) and isocitrate dehydrogenasedfihad a 99% identity match with fergusonii
while tryptophan synthase beta subutippl8) had a 99% identity match witbhigella
dysenteria The other genes, DNA gyraseB, adenylosuccinatthstase, recombinase A
(gyrB, purA, recArespectively) had a 97-98% identity match \tlcoli.

While the MLST analysis was completed seven ofstguences were edited to include only
450-550bp to be able to align them with the allelete Achtman database for MLST
analysis oE. coli. Two of the genegrpB andpurN) were not included in the MLST
analysis. New searches in the EMBL—EBI databade th& edited, short sequences resulted
in more accurate matches (Table 3—-2). All housekgegenes had 99% to 100% hit wih
fergusonii The reason for this is that only short parti@guwnces from five of the

housekeeping genes IBf fergusoniwas available in the EBI and NCBI databases.
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Table 3-2: Results from Blastn search (WU-blast2, MBL—EBI) with partial sequences from seven
housekeeping genes.

Gene Acc.number Organism Identity | Identity | E- value
(bp) %
adk AY686533 Escherichia fergusonii | 531/536| 99.10 8.4e-88
AY4464415 Escherichia colstrain | 503/536| 93.84 1.2e-77
O157:H7
AY464267 Escherichia coli strain | 502/536| 93.66 1.2e-77
ECOR37
AY 382659 Escherichia colstrain | 501/536| 93.47 7.9e-77
2P9
AY464188 Escherichia colstrain | 501/536| 93.47 7.9e-77
21P
fumC AY686535 Escherichia fergusonii | 444/446| 99.55 8.5e-94
X04065 Escherichia coli 379/446| 84.98 2.0e-66
(EC4.2.1.2)
EA375705 Sequence 24528 from| 379/446| 84.98 3.2e-66
patent US 7314974.
CL669644 Pristionchus pacificus | 379/446| 84.98 5.1e-66
AY464230 Escherichia colstrain | 379/446| 84.98 9.5e-66
ECOR21
gyrB AY370846 Escherichia fergusonii | 459/460| 99.78
strain ATCC 35469 2.3e-95
DQ386687 E. fergusoniistrain 459/460| 99.78
ATCC 35469 2.3e-95
AB083895 Escherichia colstrain | 449/460| 97.61
ECO166P4. 1.1e-91
AB083856 Escherichia colstrain | 448/460| 97.39
ECO15P2. 2.9e-91
AB083945 Escherichia colistrain 97.39
ECOS8P1. 448/60 2.9e-91
icd AY132849 Escherichia fergusonii | 514/514| 100 2.3e-110
strain ATCC 35469
AY 132845 Escherichia colstrain | 504/514| 98.05
ECOR46 6.8e-106
AY132847 Escherichia colstrain | 503/514| 97.86
ECOR49 1.7e-105
AY245921 Escherichia colstrain | 503/514| 97.86
DAEC19 1.7e-105
AY 245934 Escherichia colstrain | 503/514| 97.86
DAEC218 1.7e-105
mdh EF012087 Escherichia fergusonii | 452/452| 100 5.4e-77
AJ287796 Escherichia colistrain 86.73
IHIT1190 392/452 1.6e-67
AJ287797 Escherichia colistrain 87.73
IHIT1968 392/452 1.6e-67
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AJ287795 Escherichia colistrain 86.28
IHITOO67 390/452 1.0e-66
AJ287798 Escherichia colistrain 86.28
IHIT3000 390/452 1.0e-66
purA AY 686536 Escherichia fergusonii | 477/478| 99.79 2.1e-99
CS191906 Escherichia colPatent
W02005103073. 473/478 98.95 3.2e-98
AY464270 Escherichia colistrain
ECOR37 473/478 98.95 8.8e-98
AY464419 Escherichia colistrain
0157:H7 473/478 98.95 8.8e-98
J04199 Escherichia coli 471/478| 98.54 1.0e-97
recA AY686537 Escherichia fergusonii | 507/510| 99.41 7.5e-106
BD064136 Synthetic construct,
artificial sequences. 501/510 98.23 5.0e-104
BD233595 Synthetic construct,
artificial sequences. 501/510 98.23 5.0e-104
CS423861 Synth.construct. Artf. seq.
Sequence 14 from Patent
EP1707641. 501/510 98.23 5.0e-104
CS443102 Synth.construct. Artf. seq.
Sequence 7 from Patent
EP1717322. 501/510 98.23 5.0e-104

By searching with the DNA sequence of each of theskkeeping genes in the Achtman

database, an allele number representing the closssh for each gene is obtained. The 1s010

sequences gave identities from 85.4 to 100% (Ta{3g Only the gyrB sequence matched

one of the database alleles 100%. This shows4ba0lis not represented in this database.

By inserting a profile of seven allele numbers ot#d from the I1so10 sequences the database

identifies the sequence types (ST) which share altede numbers with the test organism.

For 1s010, only four of the seven best-matchingegelpyrB, icd, purA, recAwere present in

the closest related sequence types (ST770 and ${A&ae 3-4). Isol10 is thus not closely

related to any of the strains represented in thgman MLST database.
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Table 3-3: Result from search in theE. coli MLST database by Mark Achtman with the DNA sequence
from seven housekeeping genes from 1s010. The dditat Iso10 shows the allele number for the
representative genes with the highest identity makc(%).

Sequence
Type (ST) | Adk fumC gyrB Icd Mdh purA recA

35 93 55 101 53 40 38
Is010 | (93.4%)| (85.4%) | (100%) | (99.0%) | (87.5%) | (99.8 %) | (99.4 %)

Table 3-4: Result from search in theE. coli MLST database showing the sequence types (ST) whishare
allele numbers with 1s010. Allele numbers marked ggen are identical to allele numbers for Is010.

Sequence

Type (ST)* | Adk fumC gyrB lcd Mdh purA recA
ST770 52 116 55 101 113 40 38
ST485 52 116 55 101 35 40 38
ST434 52 116 55 101 35 40 78
ST747 52 54 46 48 35 40 38
ST662 120 151 46 48 35 40 38

* All the ST matches represent only one strain exgt ST747 that represent three ETEC strains isolateth
Egypt in the period 2003 to 2005 by the same sourtah (NAMRU-3)

The five closest related ST strains in the databgizesent isolates from two different
continents (Europe and Africa) and three diffegathogenic types d&. coli(EAEC, ETEC,
EHEC) which causes diarrhoea in humans (Table 3-5).

Table 3-5: Supplementary information for the five quence types (ST) closest related to 1so10 in the
Achtman MLST database.

Sequence

Type (ST)| Host type| Host specieg Year | Country | Pathogen| Sereotype| Disease
ST 770 Food Poultry 2004 Denmafk None None
ST 485 Human Human 1995 Nigeria EAEC Diarrhpea
ST 434 Human Human 1995 Nigeria EAEC Diarrhpea

2003+

ST 747 Human Human | 2005 Egypt ETEC Diarrhoea
ST 662 Human Human Norne Austria EHEC | O118:H11 None

Phylogenetic analysis

In order to elucidate the phylogenetic relationstfipso10 and th&. coli/Shigellagroup, a
phylogenetic tree based on concatenated housekeggine sequences was constructed
(Figure 3—-2). Twentyone strains from the Achtmatabase and from complete genome
sequences in EMBL—-EBI were included. The straintuthe isolates from eight pathogenic

types: EnteroinvasivE. coli (EIEC), enteropathogente. coli (EPEC), enterohaemorrhagic
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E. coli (EHEC), enterotoxigeniE. coli (ETEC), enteroaggregatie coli (EAggEC),
extraintestinak. coli (EXPEC),E. coli K1 andShigella Nonpathogeni&. coliK12,
Escherichia albertiandEscherichia fergusoniivere also included in the analysis. This
includes representatives for all thecoliancestry groups: A, AxB1, B1, B2, D and ABD
estimated by Wirth et al (2006).

The phylogenetic tree is based on concatenatecsregs of all seven housekeeping genes.
21 STs were included in a multipple alignment amqdhy@ogenetic tree was constructed as
described in methodSalmonella entericavas used as an outgroup.

The phylogenetic tree clearly shows, with the suppbhigh bootstrap values, thiat
fergusoniiand 1s010 are closely related and should be plagtside the maishigella-E. coli
cluster in a distinct clade and further confirme thfficulties to separaté. coliandShigella

phylogenetically.
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Figure 3-2: Phylogenetic relationships among 21 itates of theEscherichia/Shigella group based on
concatenated sequences from seven housekeeping gef®ur of the closest related sequence types (ST)
from the Achtman database was included in the treeA 50% conseous majority tree is shown with
bootstraps values from 100 replicates. Only bootstps values over 75% is showrSalmonella is used as

an outgroup.
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3.3 Biochemical characterization with API120E

A biochemical characterisation was performed bygisihe API 20E kit (Figure 3—3 and 3-4).
The results are presented in table 3—6 and compétiedhe biochemical properties Bf
coli, E. fergusoniiandShigellausing reference materials provided by Biomérieux.

: (D9 sl Wewey
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Figure 3-3: Biochemical characteristics determinedby API 20E kit for Enterobacteriaceae.

.
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Figure 3-4:Oxidase test for Iso10 showin&. coli and Pseudomonas as negative and positive control. Blue
colour indicates a positive result.

As table 3—6 shows Is010 shares its the biocheniaaiacteristics witk. fergusoniin every
test except the mobility test which is positive 8@% of thek. fergusoniistrains. It differs
from Shigella by testing positive for lysine decarboxylase, @rinie decarboxylase and indol
production and by fermenting rhamnose and amygelalirdiffers fromk. coli by being
negative for sorbitol fermentation and positive donygdaline fermentation.

The strain can also be identified by calculatinguenerical profile and using the APIwW&b
identification tool(https://apiweb.biomerieux.comglet/). The numeric profile from 1so10
was 5-1-4-4-1-1-3 (Figure 3-5). The APlweb identifiso10 a&. fergusoniwith 98. 9 %
probability (Table 3—-6). The ability to ferment ysine (LDC) made the second alternative,
Escherichia hermanjiunlikely, with only 1% probability. This suppotise close relationship
between 1s010 and. fergusonii.
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Table 3-6: The Api20E results for Iso10 compared ith Biomérieux’s identification table for E.
fergusonii, E. coli and Shigella presented as % positive reaction in the tested stins after 18—24 hours at

36°C +2°C.
Reactive ingredient Test E.
Code | s010 | E. coli | E.coli | Shigella | Shigella
fergusonii 1 2 spp. sonnei
2— nitrofenyl 3—D—
galaktopyranosid ONPG + 96 88 47 7 96
L—arginine ADH - 1 5 10 0 0
L-lysine LDC + 99 74 45 0 0
L— ornithine OoDC + 100 70 30 4 97
Trinatriumcitrat CIT - 1 0 0 0 0
Natriumthiosulfat H,S — 0 3 2 0 0
Urea URE - 0 2 1 0 0
L— tryptofan (Tryptophan
DeAminase) TDA 0 0 0 0 0
L—tryptofan (indol production) IND + 99 89 77 39 0
Natriumpyruvat VP - 3 0 0 0 0
Gelatine GEL - 0 0 0 0 0
D- glucose GLU + 100 99 97 96 100
D- mannitol MAN + 99 97 84 63 99
Inositol INO - 0 3 2 0 0
D- sorbhitol SOR - 0 90 42 15 1
L-rhamnose RHA + 87 82 35 7 75
D— sucrose SAC - 0 41 4 7 2
D— melibiose MEL - 3 67 34 22 1
Amygdalin AMY + 99 20 12 0 0
L—arabinose ARA + 97 82 90 52 97
Oxidase test OX - 0 0 0 0 0
Mobility MOB - 93 95 5 0 0
<
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gﬂpi 20E Origine G Origen bioMérieux
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Figure 3-5: The biochemical characteristics are fied in the API 20E result paper giving the numerica

profile for identification.
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Table 3-7: The identification of 1so10 with numere profile with APlweb

Taxa % 1D T Tests against
1 | Escherichia fergusonii 98.9 1.0
2 | Escherichia hermannii 1 0.67 LDC 1%

3.4 2D gels of soluble and membrane-associated prot  eins

To complement the genetic and biochemical charnaetewn of I1so10, a proteomic analysis
was performed. Solubilization and separation of imeme proteins by 2D gel electrophoresis
are known to be more complex than for soluble pmstdn this study three different solutions
were used to resuspend membrane proteins aftaceitirifugation: Rehydration buffer,
membrane solution 1 and membrane solution 2 (Apgredd

The rehydration buffer was effective for resuspagdioluble proteins but when it was
employed for resuspending membrane proteins, oféwg?2-4) spots were visible on the 2D
gel (picture not shown). Membrane solution 1 wasamedfective than the rehydration
solution but caused more streaking. This solutias wsed to resuspend the membrane
proteins fromS. boydiishown in figure 3-7.

The best 2D gel with membrane proteins was achibyaésuspending the proteins in
membrane solubilization solution 2 and by rehyagathe solution in rehydration solution.
Figure 3-6 shows membrane proteins from I1so10 pEnded in membrane solution 2. Since
the membrane proteins that were analysed were d&roomidentified, environmental isolate, it
was chosen to use deNovo sequencing as the maitifickgion method. Some of the spots
that failed to give results on deNovo sequencingevemalysed by Peptide Mass
Fingerprinting (PMF).

Fifty-two spots from the 1so10 membrane fractiorssewisualized with coomassie staining.
Twenty-five of these spots were excised from tHdayedentification, giving 16 positive
results and identification of 10 different prote{ig spots identified with deNevo sequencing,
2 proteins with PMF) (Table 3-8 and Table 3-9). Tdentified proteins represented five
different outer membrane proteins (OmpA, OmpC, OntpprF, OmpX), three lipoproteins
(peptidoglycan associated, LppB, MetQ) and two aombating cytoplasmic proteins (GroEL
and AtpD).
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e ey
Figure 3-6: 2D—gel of membrane proteins from Isol@entified by DeNovo sequencing and PMF.
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pH7 6 5 pH4

Figure 3-7 : 2D gel with membrane proteins from theShigella boydii type strain.
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pH4 5 6 pH7

Figure 3-8: 2D gel with soluble proteins from the evironmental isolate Is010.
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Table 3-8 Outer membrane proteins identified by DBovo sequencing and search in blastp (NCBI)

Number | CAF — Sequence NCBI E- Protein common name Gene Function | Species
Fragment Acc. Number | value Symbol
1 1333,46 NVGDAYGFANK XP001757869 18 hypothetical fgia Physcomitrella
patens subsp
2383,07 | NTDFFGLVDGLNFAAQYQGK| ZP02779974 2E-07 | Outer membrane protein|C OmpC Porin, Cell Salmonella
envelope enterica
2 970,31 I/LGGFVWR AAK68970 274 | Outer membrane protein A OmpA Porin, Cel Pectobacterium
envelope chrysanthemi
1261,47 SDVI/LFNFNK ZP02812396 3.4 Enterobacter
aerogenes
2256,81 IILGWSQFHDTGFYGDGYDK| YP001477986 3E-05 Serratia
proteamaculans
4 1234,37 FKSTDYPAK XP_507976 315 ATP-binding cassett Acid/base Pan troglodytes
induced (chimpanzee)
1552,55 GQYYGI/LTAGPAYR AAP22174 | 0.25 Outer membrane proteinX OmpX putative Enterobacter
adhesin aerogenes
1642,64 NVDVGTWI/LAGVGR AAP22174 0.007 OmpX Enterobacter
aerogenes
10 1248,5 VTVEGHADER YP2636366 0.57| Peptidoglycan associated S. enterica
1471,75 GTPEYNI/LSI/LGER YP1175971 0.13 outer membrane lipoprot Enterobacter sp
1601,8 GVSADQI/LSI/LVSYAGK ZP03075787  0.011 S. enterica
12 1189,42 DNTWYAGGK YP858623 4.2 | Outer membrane protein A OmpA Porin, Cel Aeromonas
envelope hydrophila
1261,52 SDVI/LENFNK ACN65406 34 Edwardsiella tarda
13 1223,5 I/LEQWATGI/LK ZP02903655| 28 Outer membrane protein | OmpF Porin, Cell Escherichia albertii
envelope
1327,4 FGDAGSFDYGR 1.7 Omp36/0OmpC/OmpFf
1652,62 NSTYI/LSDSAGFANK ZP02084037 36 Hypothetipadtein Clostridium bolteae
17 Unknown GQYYGI/LTAGPAYR YP001453862 0.00% Outer mmane protein X OmpX Putative Citrobacter koseri
adhesin
18 1042 DGI/LFVEGK YP944818 82 DL-methionine transporter MetQ D—methionine| Psychromonas
(8/8) substrate binding subuni binding ingrahamii
lipoprotein
19 2040,6 FVEAYQSDEVYEAANK ZP02903098 5E-0b MetQ S. enterica
21 1539,6 YYFTNNI/LYAR AAR01584 0.066 Outer membran®igin OprF Porin, Cell Pseudomonas
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(10/10) OprF envelope marginalis
1561,6 TNNI/LYAR AAR01584 232 OprF Pseudomonas
(717) Marginalis
2335,0 ...ADNATEAGR 21 OprF/OmpA-family Pseudomonas sp
protein** /Burkholderia
cenocepacia
22 1464.,4 YWVGSFDYGR 57 OmpC/OmpF*** Porin,Cell
envelope
23 1581,8 DVI/LI/LFVDNI/LYR YP2706036 | 0.29 ATP synthase beta chain, AtpD Energy Stenotrophomonas s
mitochondrial, putative, metabolism
1665,8 YTI/LAGTEVSAI/LI/LGR YP002007073 8E-04 F1 sector Cupriavidus
taiwanensis
2121,0 N(184)I/LEHSGYSVFAG YP001174655 2E-04 Pseudomonas stutze
VGER****
22.04,1 NI/LASI/LGI/LYPAVDP YP001785168 1E-06 Haemophilus somnu
I/LDSTSR
24 1783,0 ACEEGVVAGGGVAI/LI/LR YP002003184  0.00% chaprin hsp60GroEL | GroEL/MopA Protein Neisseria
folding gonorrhoeae
25 1446,6 I/LDNQAHSYQR YP00133579p 32 Outer membrane Lpp Cell envelope Klebsiella
lipoprotein precursor pneumoniae
(Murein-lipoprotein)

*100% (11/11) match with three different proteins:OmpF, OmpC and Omp36porin.
** 100% (9/9) match with both Opr F and OmpA- family protein.
*** 100% (8/8) match with both OmpF and OmpC
**** The number 184 (spot 23) most likely represent thmass of two amino acids that are not possible toférentiate from each other.
From a dipeptide mass table: - 184 Da may represe and S or I/L and

67



Table 3-9 Outer membrane proteins identified with RMF

Spot nb | Exp pl/Mr | Obs. pl | PBMS score*| Acc Nb Description
11 5.99/37292 5.75 154 0i|158008160OmpA, E. coliO157:H7

16 5.04/16350 5.5 97 0i|6435772 OmpX
Enterobacter cloacae

* Spot 11: Protein scores greater than 77 are sigitant (p<0.05).
Spot 16: Protein scores greater than 78 are sidimant (p<0.05)

Unfortunately no 2D gel with membrane proteins sgginded in membrane solubilising
solution 2 fromS. boydiiwas achieved and a direct comparison with Isol1$ tivarefore not
possible. The quality of the only 2D gel with meite proteins frons. boydii(Figure 3-7)
was quite poor and a number of proteins might eotibible due to streaking.

Some of the membrane proteins like OmpA and Om&lved into multiple charged
isoforms. This has earlier been reported from o2i#E studies which use the carbonate
extraction method (Molloy et al. 2000; Ying et 2005).

The sequences showed homology with membrane psdi@m a range of bacteria from
species in th&scherichiagenus to far more distantly related bacteria Gkgriavidus
taiwanensis.This implies that the membrane proteins are higblyserved even among
distantly related bacteria.

Running of 2D gels with soluble proteins isolatathaut precipitation was not successful
and only showed streaking on the polyacrylamide gel

By precipitating the proteins with TCA in acetomelaising 2D clean up kit to reduce
streaking a well focused gel was produced with omiyor streaking at the acidic end of the
gel. One 2D gel with soluble proteins from IsolGwaoduced (Figure 3-8) but the procedure
failed to give representative results when preatfwh of proteins frons. boydiiwas
performed. Since new arrangements with Haukelarspltd would be needed for the
cultivation of moreS. boydiicells and there was only a short time left ofghely it was
decided to focus on the membrane proteins of IsmtOnot repeat the experiments with
boydii proteins.

Since the gel showing protein expression of solpbdgéeins from 1so10 could not be
compared with a directly comparative gelSofboydiiit was also decided to primarily focus

on identification of membrane proteins from Iso10.

68



3.5 Western blot of membrane proteins

2D gels with membrane proteins from Iso10 &dboydiiwere blotted onto cellulose
membranes and brought to University of Dhaka ingsaahesh for hybridisation wit8. boydii
specific antisera. However, after hybridisationvigble spots could be detected on the
membranes and time limitation did not allow medpeaat this experiment. Antiserum was
brought back to Norway and used for Western blatyais of membrane proteins from Iso10
separated by SDS—-PAGE (Figure 3-9) and blotte@woaellulose membranes.

The hybridisation of these membranes was succemsstuseveral bands were revealed,
demonstrating the presence of cross-reacting imgrmo proteins (Figure 3—10).

The lower part of the blot was covered with a sniean area where no proteins were visible
on the SDS—PAGE stained with Commassie Blue. Tdmisbe caused by traces of LPS in the
sample and since coomassie does not stain LPSultwot be visible on the gel. One strong
band and 7 weak bands representing immunogenieipsofmarked with arrows) could be
distinguished. Some, but not all of the weak barwddd be correlated with bands on the
SDS-PAGE as stained with Comassie blue. Two ofrtembrane proteins stood out as very
strong bands on the SDS—page (35-37kD), but osiggle band corresponding to one of
these abundent proteins could be detected in tretéeblot, indicating a strong difference
in their immunogenic properties. Although the twmsg bands have nearly the same

molecular mass, they can easily be cut out of ghegparately for further analysis.
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Figure 3-9: Dilutions of membrane proteins from Iso10 stained \Wth coomassie. Protein bands
correlating with bands on the western blot are marlked with an arrow.

Lane 2, 3 and 4 contain il, 0.5ul and 0.05ul of the membrane protein extract respectively. Lap 1
and 5 contain the All blue standard (Biorad 161—-033).
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Figure 3-10: Western blot of membrane proteins fromso10 probed withS. boydii 15 specific
antisera (diluted 1:1000). Eight bands of immunoggc proteins are marked with an arrow. Lane 2,3
and 4 represent western blot of jil, 0.5ul and 0.05ul of the membrane protein extract respectively.
Lane 1 and 5 contain the All blue standard (Bioradl61-0373).
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3.6 Identification of immunogenic proteins

Figure 3-11: SDS—page with membrane proteins fromsb10. Excised bands are marked with red
circles and spot number. Lane 2, 3 and 4 contairul, 0.5ul and 0.05ul of the membrane protein
extract respectively. Lane 1 and 5 contain the Ablue standard (Biorad 161-0373).

Table 3-10: Identified membrane proteins.

Spot CAF-fragment Sequence NCBI acc. no | E—value | Protein
number
26a 1478,7 FWYGSI/LDYGR * 42
1495,8 VVI/LGYTDR ZP_02805910 57 OmpA
1870,0 I/LPITDDI/LDI/LYTR ZP_02805910 | 0,020 OmpA
26b 1478,3 FWYGSI/LDYGR * 42
1870,0 I/LPITDDI/LDI/LYTR ZP_02805910 | 0,020 OmpA
27 1478,3 FADYGSI/LDYGR YP_069796 0,049 | OmpC
1500,3 CADYGSI/LDYGR YP_001871782| 0,62
1549,4 I/LDDNNFTR ABY81620 19

*  Give 100% match (8/8) with the following proteins:NmpC precursor, ompC, ompF and other
unspecified gram negative outer membrane porins

The two strong bands marked as spot 26 (a anddod@ot 27 in Figure 3-11 were excised
and identified with deNovo sequencing (Table 3-Bpot 26, which gave a strong, specific
cross-reactivity wittShigellaspecific antisera was identified as outer membpaneein A.
The second spot, with a higher molecular weightramdntigenic cross-reaction, was
identified as outer membrane protein C. The ISOhpA protein is thus identified as the
main cross-reacting protein.
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3.7 Comparative studies of OmpA from E. coliK12, E.  fergusonii, S.
boydii and Iso10

In order to assess the specificity of the OmpA sn@saction, a Western blot comparison of 4
different strains was carried out. Membrane prat@&omE. coliK12, E. fergusoniATCC
35469,S. boydiATCC12034 and Iso10 were isolated, separated i-BBGE and used for
Western blotting witts. boydil5 type-specific antisera.

The SDS—-PAGE from HergusoniiandE. coliK12 showed two bands of membrane proteins
with almost the same molecular weight as the ifiedtOmpA and OmpC in the Iso10
sample. The sample with membrane proteins frobo$dii ATCC only showed one band in
the corresponding area (Figure 3—-12).

The Western blot (Figure 3—-13) showed one bandseresicting with the type specific
antisera in all the four samples. Surprisingly, ¢hessreaction was weaker for theboydii
protein than for the other three samples. The ermesting proteins in Iso1&,fergusonii
andS. boydiisamples had same molecular size (approximatelp&pk

97,4 kDa

66,2 kDa
45 kDa

31 kDa

21,5 kba

14,5 kDa

Figure 3-12: SDS—page with membrane proteins staidevith coomassie. Lane 1, 2, 3 and 4 contain membra
extract from E. coli K12, E. fergusonii, Iso10 andS. boydii respectively. Lane 5 contains a High range standa
(BIORAD 161-0303).
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Figure 3-13: Western blot of membrane proteins. Laa 1, 2, 3 and 4 contain membrane proteins
from E. coli K12, E. fergusonii, Iso10 andS. boydii respectively. Lane 5 contains thdll blue
standard (Biorad 161-0373).

3.8 Western blot of LPS

In order to investigate the possible role of LP$im serological cross- reaction between
Iso10 andS. boydiia comparative Western blot analysis was carriedlLdtS was extracted
from S. boydiil5, E. fergusoniATCC 35469 and Iso10 and separated by SDS-PAGEerSI
staining confirmed that the LPS extraction was sasful (Figure 3—-14). Western blotting
using theS. boydiil5 antiserum clearly showed that 1Is010 &athoydiiLPS cross-react
strongly, confirming previous results using whoddisextracts (Rahman et al. 2007).
However, no cross-reaction could be detected WittP& fromE. fergusonii(Figure 3—-15).
This clearly shows that I1so10 differs strongly fréme E. fergusoniitype strain with respect to
O-antigenic properties, and indicates that LP&esmain reason for the strong cross-reaction
with S. boydii.
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Figure 3-14: Silver stained SDS-PAGE gel with LPS.ane 2, 3 and 4 contain LPS isolated frons. boydii,
Iso10 andE. fergusonii respectively. Lane 1 and 5 contain the All blue ahdard (Biorad 161-0373)

250 kDa
150 kDa
100 kDa

75 kDa

50 kDa
37 kDa

25 kDa

20 kDa

15 kDa

Figure 3-15: Western blot of LPS. Lane 1, 2 and 3epresent western blot of LPS from Iso1CE.
fergusonii and S. boydii respectively blotted againss. boydii 15 type-specific antisera. Lane 4
contains the All blue standard (Biorad 161-0373).
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4 Discussion

Diarrhoeal diseases causedthycoliandShigellaspp. are a major health problem today,
especially in developing countries. Extensive stadif the virulence and epidemiology of
Shigellahas been carried out, but even though contamined¢er is thought to be important
for the dissemination dshigellg its survival and distribution in the aquatic eoviment is
still not understood. Only one report has earlesalibed the isolation &higellafrom
environmental water (Faruque et al. 2002).

This project has focused on a bacterial isolatai(siso10) from a lake outside Dhaka in
Bangladesh. An earlier study has revealed thaOlsdficiently cross-react witBhigella
boydii 15 type-specific antisera but does not possesgdahes associated wighigella
virulence, and thus represents a potential $kggellavaccine (Rahman et al. 2007).

This work was divided into three main parts; (IMAST study to identify the genetic
relationship between Iso18higellaandE. coli, (2) a proteomic study to compare the protein
characteristics of 1Iso10 with. boydiil5 and(3) an immunogenic analysis of the cross-
reaction between membrane proteins and LPS frot®lgoth S. boydiil5.

The MLST analysis of seven housekeeping genes lexvazclose genetic relationship
between 1so10 and. fergusonii.The close relationship witl. fergusoniwas supported by
biochemical characterization with API20E.

Interestingly, Western blot of LPS from Iso®),boydiiandE. fergusoniishowed that only
Iso10 andS. boydiireacted with type specifféhigellaantisera, indicating an O-antigenic
relationship between the two strains.

A 2D gel-electrophoretic analysis of membrane pnst&rom 1so10 was performed and ten
different proteins were identified with deNovo segaing. One of these proteins was

identified as immunogenic and cross-reactive.

4.1 Discussion of methods; Multi Locus Sequence Ana lysis
The ability to accurately discriminate differentasihs of infectious bacteria is crucial for

epidemiological surveillance and phylogenetic stadn microbiology. Several typing
techniques have been used in order to distingtiains of bacteria within the same species,
including Pulsed Field Gel Electrophoresis (PFQH)|ti Locus Enzyme Electrophoresis
(MLEE), serotyping, ribotyping, Random Amplificatimf Polymorphic DNA (RAPD),
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Amplified Fragment Length Polymophism- PCR (AFLPHGnd Multi Locus Sequence
Typing (MLST)(Maiden et al. 1998).

PFGE is based on rare-cutting restriction enzymessaparation of the fragments by
electrophoresis to provide a comparative genatigdiiprint. RAPD is a type of PCR- reaction
where unspecific primers are used to amplify gereddA and make a comparative pattern.
In ribotyping DNA is cut with restriction enzymesgparated in a gel, transferred to a
membrane and probed with a rRNA gene probe whivbisga unique pattern of bands.
MLEE, which is the predecessor of MLST, distingeisithe relative electrophoretic mobility
of the gene products from multiple genes (Coopdrfaail 2004).

The increased automation and reduced costs of Ddgfencing has revolutionized
molecular typing techniques and taxonomic studies. development of online databases has
made specific DNA sequences from microorganisms fati over the world available.

This was essential for the choice of methods sinsefficient amount of data is vital to
determine correct taxonomic relationship betweed(sand representatives of the
Escherichiaand Shigellagenera. Most of the techniques listed earlieiraege based DNA —
fingerprinting which use comparative DNA fragmeattprns made by PCR techniques or
restriction enzymes. Even though much work has kdeee to standardize the protocols and
interpretations, comparisons between laboratorestl difficult. AFLP-PCR is in this case
unique because it combines both of these elemgrdgbsting genomic DNA by restriction
enzymes and use selective PCR- amplification tlol yaespecific electrophoretic fingerprint.
The technique is in many studies described aseféegtive with high discriminatory power.
However, for long term epidemical surveillance, lextge of data between laboratories is
most important and even though AFLP is more repeildel than many of the techniques
based on amplification or restriction, it is lespnoducible than sequence-based typing like
MLST (Melles et al. 2007). In my case, MLST makas aboratory work considerably more
effective since sequences fra&scherichiamembers for the chosen genes already were
available online for comparisons with my isolate.

Since the MLST method is able to identify differea@own to single bases it provides high
discrimination power, and has proven to have higésolution level than its predecessor,
MLEE (Cooper and Feil 2004). Nevertheless, fingatmpg based on restriction cutting like
PFGE is able to identify more large scale genomagcrangements in strains with mobile
elements like for example insertion sequences andmic islands.

Another important issue, especially in immunology'serotype switching”. This is a

mechanism were horizontal gene transfer of theudapgenes takes place and has earlier
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been reported iBtreptococcus pneumonifeoffey et al. 1998)andmeningococcafArreaza
et al. 2003) strains. Numberous of reports has@bserved horizontal gene transfer of the
genes encoding the O- antigen in gram- negativeebaqFegan et al. 2006). These strains
may be classified as not closely related by MLS,dhare identical serotype. On the other
hand, studies which are only based on serotypingideantify bacteria incorrectly. It is
crucial to identify serotype switching especiatiywiaccine studies and MLST should

therefore always be combined with serotyping (Coape Feil 2004).

Based on earlier studies, I1so10 was identifiededsrging to theShigelldE. coligroup. The
best match from database search with the V3 163\r§he region sequence wascoli, but
serologically it was identified &. boydiil5 (Rahman et al. 2007).

Based on these observations it was decided tches&dhtman MLST database fr coli
(including Shigellg to investigate the genetic relationship betweseri0 and representatives
of different pathogenic groups Bf coliandShigella.

The MLST database fd. coliuses seven housekeeping genes distributed aroend th
chromosome for phylogenetic identificationEfcoli strains. Housekeeping genes are present
in all cells because they provide basic functiafign associated with central metabolism.
They evolve at moderate rate providing sufficieribrmation for intra-species comparisons
but will not lead to too diverse sequences whidkrofs the case with hyper-variable loci, like

certain antigenic proteins (Cooper and Feil 2004).

The genes were PCR amplified and directly sequendselprimers described in the Achtman
database were used to amplify all the genes exwdbtvhich could not be amplified by the
standard primer set. A PCR product was finally mad after many attempts by using
primers designed by Pupo et al (1997). This prise¢lis similar to the Achtman primers but
shorter (18-20 nucleotides), which allows a lowanealing temperature as compared with
the other primer set, which consisted of as mucBbasucleotides. By studying the search
results in Table 3.2 it also becomes clear thatrttiegene in Iso10 anB. fergusoni(100%
identity) only shares 87% identity with coli. This may also explain why the PCR reactions
were unsuccessful since both of the primer sete @esigned for amplification of geneskof
coli. A shorter primer will be less specific allowing alifipation of the gene from more

distantly related strains.
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The seven different sequences were put togethmrddong concatenated sequence and
aligned with corresponding concatemers of represees from the different pathogenic
groups ofShigellaandE. coli.

4.2 Discussion of methods; 2D Electrophoresis
2-D gel electrophoresis is today the only technitipa¢ can be used for parallel, quantitative

expression analyses of large sets of complex proteixtures. By combining isoelectric
focusing (IEF) with SDS-PAGE the protein mix is aggied according to isolectric point (pl),
molecular mass (Mand solubility (Gorg et al. 2004). This gives tportunity to easily get

a visual overview of the proteins of interest (&duor hydrophobic) and an increased
separation compared to the classic, one dimens&iD8tPAGE electrophoresis.

The original protocol for 2D electrophoresis (Ohedr1975) was improved by the
introduction of immobilised pH gradients (IPG) (@aat al. 1988) which replaced the tube
gels. This method made the isoelectric focusingenpoecise and made it possible to separate
proteins in much wider portions of the pH scalarfreery acidic to very basic. It also
improved the reproducibility, resolution and samipkding capacity which had been some of
the major limitation of IEF. 2-DE can now resolvema than 5000 proteins simultaneously
and detect protein amounts of less than 1ng per(§uog et al. 2004).

The later years more programmes for 2D- image aighave become available and online
databases to analyse data from PMF with MALDI-TOg M deNovo sequencing with
MALDI TOF-TOF MS have been extended and improved.

Even though the overall quality of 2D gels haverbexceedingly improved since the first
introduction by O’ Farrell the technique still re@me limitations, especially when it comes to
membrane proteins. It was early noticed that teelttion of some classes of proteins,
especially hydrophobic proteins, was poor or alnabstent from the 2D gels (Wilkins et al.
1998). A modified version of the carbonate ext@ciprotocol from Fujiki et al (1982) has
been successfully used to extract outer membraoteips (OMP) fronE. coli (Molloy et al.
2000) ands. flexneriYing et al. 2005). The two different OMP studiesed different
solubilisation solutions but succeeded in identifyb5-58 potential OMP’s, constituting
approximately 80% of the predicted integral memebraroteins. On the basis of these studies
it was decided to use the carbonate extraction edefbr isolation of membrane proteins.
Three different membrane solubilisation solutiorsewsed, all including the chaotropes

urea (7M) and thiourea (2M) but with different camddions of detergens and reducing
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agents. The quality of the gel and solubilisatibthe membrane proteins varied significantly
depending on the solubilisation solution chosen.

The first solution, which is routinely used for gbilisation of soluble proteins, with
detergents CHAPS and Trixton X-100, and DTT as cagdpagent, gave very poor results
with only 6-8 protein spots (picture not shown)eTecond solution with TBP as reducing
agent, detergent ASB-14 with Tris-base gave betylution but horizontal streaking
decreased the quality of the gel (Figure 3-7). fhir@ solution with DTT as reducing agent
and ASB-14 as detergent gave the best focuseditfeb® visual spots (Figure 3-6). Both
DTT and TBP are commonly used for solubilisatiom&mbrane proteins. TBP has in some
cases lead to improved solubility and identificataf proteins that were previously
unresolved when DTT was used (Molloy 2000). Theoeaor horizontal streaking in this
case remains unclear but it can be caused by raieHpimpurities in the sample.

Two different methods were used to extract solpbi¢eins. Extraction by TCA/acetone
precipitation and extraction with lysis buffer watltt precipitation. Extraction by
TCA/acetone precipitation is the most commonly usethod and is very efficient for
removal of interfering compounds and minimisatiéptein degradation. However, protein
loss due to incomplete precipitation is quite comraad the final gel may not reveal all the
proteins present in a whole cell lysate. Considgtims, an alternatively extraction method
without precipitation was also used. This method wat successful and the gel only showed
hoisontal streaking with no spots. So until anraliéve method is developed the
TCA/acetone precipitation method seems to be teetbehnique to provide extracts for 2DE
gel analysis of whole cell lysates.

Recently, newer methods for comparative proteotmés® emerged, including multi-
dimensional chromatography/liquid chromatographgreem mass spectrometry (LC/LC—
MS/MS) with isotope-coded affinity tags (ICAT) faccurate quantification of the
components of the proteins by MS (Gyagi et al. 2008)s is a promising technique where the
amount of data for the analysis is less restriatatithe detection of certain groups of proteins
is more efficient than 2DE, like for example vegsiz/acidic proteins and membrane
proteins. It also detects low abundance proteinsreds 2DE only detects medium-and high
abundance proteins.

However, protein changes which often are deteate?D gels can be impossible to detect by
using the ICAT methods. The huge growth of the 2ielel combined with the excellent
resolution and the ability to store the proteinghia gel still makes 2DE one of the most

common and important separation techniques in pnoies (Lopez 2007).
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Gel to gel variance is a common problem in 2DE witwengels are compared by computer
image analysis programs. To overcome these proldemsthod called Difference Gel
Electrophoresis (DIGE) was developed. The prindpighis method is that two samples
(e.g. proteins from a strain cultivated at two eliéint temperatures) are labelled with different
fluorescent dyes (CyDyes), which excitate at ddfgrwavelengths, are mixed and applied at
the same 2DE gel (Gorg et al. 2004). The spots &aah strain will be shown in two
different colours and the overlapping spots willsb@wn in an other colour. Since
comparative gels were not obtained in my experi;®WGE was never an option as a
comparative technique.

Peptide Mass Fingerprinting (PMF) by using MALDI FMS is the most common method
for protein identification. It measures the massesyptic peptides by MS which gives a
unique PMF and matches this with the theoreticptide masses in a database. It is a very
effective tool for protein identification from spes where the genome is small and
completely sequenced, but less reliable for speeiesh are less studied. It also does not
give good results if one spot contains more thanmotein. Since the identification of Iso10
still was unclear when the experiments startecdbbeldeNovo sequencing as an alternative
method for protein identification. This method does rely on a complete genome sequence
of the species and give a specific sequence wlantbe compared with the sequence
information from other species. The major drawbaicthis technique is that it is time-
consuming and requires expertise to analyse théVi8Spectra.

Twenty-five spots were excised from the 2D-gel aedt for analysis by MALI TOF/TOF.
Spots that did not give a protein sequence werealalysed by using the PMF technique.
Fourteen spots were identified with deNovo sequenand 2 spots with PMF, identifying 10
different proteins. The identification of the fitsih spots (spot 1-10) failed and all the
samples were lost, only a few of them (spot 1, 2nd 9) could be analysed again with new
samples. This partly explains why only 64% of thiginal samples were fully identified. The
success rate of identification with a combined PanE MALDI TOF/TOF MS analysis is
normally 75 % to 95% (Suckau et al. 2003). By edirig the first unsuccessful attempt, 16
out of 20 (80%) samples were identified showing tha identification rate is in accordance
with the expectations by this method.

A parallel 2D gel of the membrane proteins wasteddlotted to a cellulose membrane and
brought to Dhaka University for hybridisation wiihigella-specific antisera. Immunoreative
proteins were only visualized on a cellulose meméiralotted from a small SDS-PAGE but

not from the 2D gel. The reason for the unsuccésstridisation of the 2D gel is still
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unclear and the procedure was too time-consumingpeat. Two different electroblotting
techniques were used for SDS-PAGE and 2D gel. Evangh the all blue standard were
visible on the membrane, the proteins might noehasen successfully transferred from the

2D gel. The gels might also have become damagedgiinansport e.g. due to heat.

4.3 Discussion of results; Multi Locus Sequence Ana  lysis
The 16S rRNA gene is distributed universally ambagteria and is routinely used to

indentify bacteria and characterize complex mi@bbommunities. However, the 16S rRNA
gene evolves so slowly that discrimination of clpselated strains, especially among the
proteobacteria, based on this gene alone may walyalbe possible.

The previous studies of 1so10 only included a phsiequencing of the 16S rRNA gene. In
my work | sequenced the complete 16S rRNA geneqligRand used it for database search.
It showed high similarity t&. fergusonii, E. colandShigellaspp. but could not distinguish
between the three different species. From thisautdconly conclude that Iso10 is in the
EscherichialincludingShigellg genus, but the 16S rRNA gene did not give sudfti
information to identify it at the species level.

To be able to place 1so10 more specifically inEHseherichia/Shigellgroup a multi locus
sequence analysis was carried out based on sewes farA, adk, icd, fumC, recA, mdimd
gyrB) evenly distributed around the chromosome.

The sequences were first used for search in theeoséquence databases. Search by using
complete sequences gave identity values from 8598% to members dEscherichia These
database searches were done before the whole gessgmencing project &. fergusonii

was completed and published. Later search witht Steguences gave 99% — 100% identity
match tok. fergusoniifor all the genes (Table 3-2).

Wirth et al. (2006) reported in the study of 420 coliisolates that within each of the seven
chosen gene fragment 8-20% of the nucleotides payenorphic (Figure 4-1) (Wirth et al.
2006). The search results from Iso10 follow the sg@attern of polymorphism. These data
showed that sequences from the geres andpurAare most conserved while sequences
from fumCare most polymorphic. &€AandpurA sequences from I1so10 share 98— 99%
sequence identity witg. coliwhile thefumCsequence only shares 85% sequence identity to
the best match, excludirig fergusonii However, thendhsequence from 1s010, which has a

100% identity match witlk. fergusoniionly shares 87% sequence identity with the
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representatives d&. coli, while the data from Wirth et al. show that the levenucleotide

polymorphism iifmdhfrom E. colistrains are almost at the same levaleag\ andpurA.

}adk 536 bp (62- 116)
} fumC 69 bp (98- 112)
}gyrB 460 bp (65-117)
}icd  s18bp (63-81)
}mdh 452 bp (48 - 65)
}recA s10bp (61-88

)
}purA 478 bp (39-51)

0 5 10 15 20 Total 3423bp (436 - 630)
Polymorphism (%)

Figure 4-1: Levels of polymorphism in each of thegnes presented in a histogram. Black bars represent
nucleotide polymorphism and gray bars represent ammo—acid polymorphism. Each symbol is followed by
the length of the sequenced gene fragment (informiae sites- polymorphic sites) (Wirth et al., 2000).

The sequences from Iso10 were also used in Muttuk®equence Typing by using the
MLST database foE. coli. The analysis showed that 1Iso10 shared high segusamilarity

with four of the genesecA(99.4%),purA (99.8%),icd (99.0%) andyyrB (100%), from two
sequence types (ST770 and ST485) (Table 3-4). Henvew good allele matches were found
for theadk(93.4%) fumC(85.4%)andmdh(87.5%)sequences, making the two closest
database matches insignificant. Since Iso10 orchse relative obviously is not included in
this database, which currently represents the bigg#lection of alleles frork. coli, Shigella
and everk. albertii, 1s010 is most likely not a member of tBecol/Shigellagroup.

To clarify and make a visually presentation of pfglogenetic relationship of 1Iso10 and
Shigella, E. coli, E. fergusor@ndE. albertiia phylogenetic tree using the concatemeric
sequences was constructed which included all ttteoganic and ancestry groupskafcol
(Figure 3.2). In the phylogenetic tree Iso10 &adergusoniwas clearly placed together,
outside the main cluster & col/Shigella.The four sequence types (ST 485, 770, 662, 747),
which were considered most closely related by tbletan database, were placed in separate
cluster outside the main clusterifcoli/Shigella.

The tree in this work was not constructed to stilndyphylogenetic relationship of the
pathogenic forms dE. coliandShigella. This is already well covered by the scientific wor

of Pupo and his colleagues (Pupo et al. 1997; upb 2000), and it would require a lot
more data. However, some trends from these eatlielies can be recognised in the tree
constructed here. THghigellaisolates fall into one of the main clusters withather
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representatives d&. colifalling between the foughigellaisolates. This supports the theory
thatShigellais a group of closely related pathogeBiacoli strains The data from Pupo et al.
in 2000 showed three major clustersstiigellaand five forms not closely related to any of
the other, suggesting th@higellahas arisen eight times and that the original taron

should be revised (Appendix H). They also found tha pathogenic groups Bt colidid not
cluster neither with each other (exceptBocoli O157:H7) nor withShigella(Pupo et al.
1997).S. dysenteria&é andS. sonnewere two of the strains which in this analysi$ éeitside
the main clusters @higella. S. flexneristrains and. boydii4, which were included in my
tree, fell into two different clusters &higella(3 and 1, respectively) in the combined tree
created by Pupo et al (Appendix.Hhis may explain why th8higellarepresentatives are
not situated closer to each other in my tree. ENgl¢ch is most similar t&higellain their
pathogenesis, is not placed inside $tégellacluster ande. coliO157:H7 was not placed
close to the other EHEC strain. This also confithesresults from Pupo et al which showed
that the pathogenic groupsBf colidid not cluster by using phylogenetic techniques. A
correlation between pathogenic type and geneticisire may only be identified trough
population-genetic tools, especially when homolag@combination has been a frequent
event during evolution as suggested by Wirth ¢2@00), who revealed that some virulence
phenotypes were associated with certain ST comg|éxeludingShigellaand EIEC.

4.4 Discussion of results; proteomics

By using carbonate extraction and solubilisatiothwgirong zwitterionic detergents,
membrane proteins were successfully extracted fsmt0 and separated according to
isolectric point (pl) and molecular massJMA well focused 2D gel was obtained,
visualizing 52 spots by coomassie staining. 25spatre excised and sent for identification
giving 16 positive results with 10 different pratsi Five of the proteins were outer
membrane proteins (OmpA, OmpC, OmpF, OprF, OmpXgd were lipoproteins
(peptidoglycan associated, Lpp and MetQ) and tweewegtoplasmic proteins (GroEL/MopA
and AtpD).

Outer membrane protein A, C, and F are well knoyardphilic channels which allow free
diffusion of small molecules across the membrameyTare previously reported as the most
abundant membrane proteins in biticoliandS. flexner(Ying et al. 2005; Weiner and Li
2008), with 16(0mpA), 2x13 (OmpC) and 1D(OmpF) copies per cell iB. coli. The

content of OmpC irs. flexneris even higher that i&. coli. OmpX is also one of the
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dominant conserved outer membrane channels blgasrevolved in the neutralizing of the
host defence systems (Koebnik et al. 2000).

(a)

Figure 4-2 : The OmpA structure consisting of a prdominantly g- stranded N- terminal domain with a
globular C- terminal domain mainly made out ofa-helixes. The porin is made out of eight antiparadls
connected by four long loops. a) A topological motlshowing the major features of OmpA. b)Three
dimentional structure of OmpA (Smith et al. 2007).

By using traditional SDS—PAGE and immunoblottingha#higella specific antisera, OmpA
was identified as a strongly immunogenic proteigFe 3—11). OmpC, with a slightly higher
molecular weight, did not cross- react with thesarta. In earlier studies a strong
immunogenic band (34-38kDa), thought to be a pavas reported as a predominant antigen
in all the fourShigellaspecies (Roy et al. 1994a). My results confirmdata from Ying et al
who identified OmpA as a strong immunogen and ssiggeit as a potential vaccine
candidate protein (Ying et al. 2005).

OmpA (Figure 4-2) is in many cases compared wilwéss army knife with its many
functions and multifaceted properties and is higldgserved among the members of
Enterobacteriaceaelt is critical for adherence and invasion of certeell types and
contributes to biofilm formation. It acts as an ionmtarget and evasin and is also a receptor
for several bacteriophages (Smith et al. 2007nyrexperiments, OMPs frofa. coli, S.

boydii, E. fergusoniiand 1so10 showed one strong band which reactddShigella—specific
antigen in all the samples (Figure 3-13). This cord the results from earlier studies
implying that the OmpA gene is highly conserved agitheEscherichiaspecies. The
Western blot showed identical pattern for OmpA frignfergusoniiand 1so10. The cross-

reacting band fronk. colihad a slightly lower molecular weight. Earlier sagdof OmpA
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from different species have shown that when pratamples with OmpA are boiled before
they are run on an SDS-PAGE gel they undergo aocongtional change and the molecular
weight changes. The molecular weight after heatifitgn varies in the range 33-36kD (Cole
et al. 1982) and 35-38kD (Roy et al. 1994b), whichy explain why th&. coli band in my
experiment had a lower molecular weight. The cressting band frons. boydiihas the
same molecular weight as 1so10 &hdergusoniibut is clearly weaker. This was not
expected since the antiserum v@adoydiispecific. However, when the protein concentration
of the membrane extractions were measured it bectaethat the concentration of t§e
boydiimembrane proteins were quite low. It also showsifthe SDS-PAGE that OmpC is
not visible in theE. coliextraction, which indicates that the solubilisatieas not completely
successful.

A more surprising result of the protein analysiswae identification of OprF as an outer
membrane protein in 1s010. OprF is a porin whick &arlier only been found in the
Pseudomonagenus with one exceptidAzotobacter vinelandiijRediers et al. 2004). It has
been well studied because it is considered a patesiccine protein foPseudomonast also
plays a role in antimicrobial drug resistance amitfions as a porin. OprF shares a
considerable sequence similarity to OmpA (56%hm €-terminal end and is therefore
considered as a member of the OmpA superfamilyahp (Bodilis and Barray 2006). The
sequence from three CAF-fragments was identifigtl d&eNovo sequencing but two of them
were overlapping giving only two sequences for basa-search. The first CAF-fragment
(1539.6 showed 100% identity (10/10) with the OprF sequdrm® Pseudomonaspp. The
other CAF fragment (2335.0) had 100% identity masc{®/9) with both OprF from
Pseudomonaspp. and a OmpA family protein froBurkholderiaspp., which may be due to
the C-terminal similarities between OprF and OmpAtil now, no outer membrane analysis
of E. fergusoniihas been carried out and the pathogenic potaitial fergusoniis still
unclear. However, no earlier reports has indicatednnection between virulence factors in
PseudomonaandE. fergusoniiand further analysis is needed to verify whethet @sreally
possesses the OprF gene and if the protein hasithe functions k. fergusoniias in
Pseudomonas.

Three cytoplasmic proteins were identified (Met@oEL/MopA and AtpD). Two of these
proteins, GroEL and AtpD, has earlier been idezdifin membrane extractions by the
carbonate method and are both reported as immuitogeteins inS. flexneri(Ying et al
2005). GroEL is a very abundant protein and has described as immunogenic in other

bacteria such ahlamydia trachomatiandHeliobacter pylori Due to this, Ying et al (2005)
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proposed that it may be a cross—reactive antigean other bacterial infections and not
unique forS. flexneriHowever, AtpD is in the same publication described novel antigen.
This protein lays at the inner the surface of tyieglasmic membrane and is often
categorized as an inner membrane protein. Theseipsanay also be immunogenic in 1so010,

but this must be confirmed with Western blotting.

4.5 Discussion of results; Lipopolysaccharides

LPS from 1s010S. boydiiandE. fergusoniwere extracted using a LPS extraction kit and
analysed by SDS-PAGE and silver staining. A parghéwas blotted on a membrane and
probed withS. boydiil5- specific antiserum. The results clearly shoted 1so10 and.
boydii LPS cross- react, a feature not shared betweds. theegusoniiype strain ané.

boydii. These results confirm the earlier data by Rahmahfeom the University of Dhaka
which used whole cell extract to detect cross-treadetween 1sol0 arfsl. boydii They also
observed smear of bands indicating a high simylamitO-antigenic properties(Rahman et al.
2007).

Complete serotyping is a complicated process inmgla range of O- , capsular (K)- and
flagellar (H) antisera which are only availableaifew international reference laboratories.
Due to this an alternative method for serotypinglwing amplification of thefb-cluster and
characterisation by endonuclease restriction has developed. Theb-cluster encodes the
enzymes involved in O- antigenic synthesis andtismted at position 44-45 minutes at the
chromosome (Coimbra et al. 2000). Restriction aslgf the O- antigen gene cluster of
Iso10 was previously performed by Nafisa Azmundguyfe 1-4) and included in her Master
thesis(Azmunda 2006). The results showed a sigmifi©-antigen gene cluster homology
between 1s010 anf. boydiil5 (Figure 1-8).

Therfb cluster plays an important role for the O-antiganation in the immune response
and due to this the selection pressure on therdiffeéD-antigenic forms is huge. The number
of genes in thefb cluster varies from 6 to 19 depending on the corifyl®f the
polysaccharide chains. Closely related strairs.afoli possess differemtb genes giving
different serotypes and distantly related straiay share identicafb genes expressing the
same O-antigen. Common O- antigenic pattern issiaped betweeBhigellaandE. coli
serotypes (Figure 4-3Recombination of theb genes and the closely linked housekeeping
genegnd (encoding 6-phosphogluconate dehydrogenase whibtriansferred witinfb) is so
frequent that the evolutionary relationships amstngins acoording to LPS comparison are
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not comparable with those proposed by MLEE and B¥d4uencing. This strongly indicates
that the O-antigenic variation amoggcoli (including Shigellg species is by a large extent
caused by horizontal gene transfer (Tarr et al020@umerous reports have also shown that
even relatively distantly related bacterial straias cross- react with antibodies specific for
E. coliO157:H7, includinde. hermanii, Salmonellgroup N,Citrobacter freundii, Brucella

melitensisandYersinia enterocoliticdFegan et al. 2006)

Common O-patterns and O-antigen relationships between E. coli and Shigella
Relationships of O-Antigens
[A2[A3[A6| A8[A13[A15B (a] B6|C1]C3 C4 C11[C12]C14{07]013(026/032038053(0105] 0111]0112/0124]0130, 0147|0149 0150] O167 |
12, ! |0147|0149 /0150, .

1 —t ¢ .

=
o

n
2
=
suaBnuy-0 jo sdnjsuoneay

O-patterns

Figure 4-3: Pattern- sharing and serological crosseaction betweenShigella and E. coli.

*: Identical pattern, I: Identical antigens, R: reciprocal cross- reaction, - : no cross- reaction knan. a)
agglutinates 0111, b) serum anti-b ¢) serum anti —-€agglutinates. A , B and C correspond t&.
dysenteriae (A), S. flexneri (B), S. boydii (C), respectively (Coimbra et al. 2000).

A phylogenetic tree including 87 enteric bactehawsed that 26 representativestofcoli, 4
representatives ofhigellaandE. fergusoniiare closely related based on sequences of the
gndgene (Nelson and Selander 1994) (Figure 4-4). indisates that genetic transfer of the
rfb-gnd cluster has occurred among these strains.

The LPS cross- reaction between Iso10 &nboydiiin my results and the restriction analysis
of the O antigen gene cluster strongly indicatpse&ious horizontal transfer of tinb-

cluster betwee. bodyiiand Iso10. No cross- reaction could be observesdas the LPS

from E. fergusoniitype strain an&. boydii.

87



Enterobacteria

+ Escherichia coll (26)
51 !
gnd 2 i Escherichia fergusonii (1)
89 ' Shigella spp. (4)
100 Escherichla coll (3)

721 Escherichia vulneris
' Citrobacter amalonaticus

62, Escherichia coll (EB30587)
u ! Citrobacter freundii

100 Citrobacter diversus (6}

39

100

Salmonella enterica  (36)

99

Klebsiella spp. (3)

52 100 1 Escherichia coll (2)
' Klebsiella spp. (2)

0 0.10
| S —
Genetic distance

Figure 4-4: Part of a neighbour joining tree with & enteric bacteria based on sequences from tigad gene
which is closely linked to the O antigen gene clust and often co-transported during gene transfer.
Numbers of strains are indicated in parentheses. Bxtstrap values are indicated in the nodes. Adopted
from Nelson and Selander 1994.

These observations correlate with a previous sivdgh reported a serological cross-
reaction between an isolate®ffergusoniiandE. coliO157:H7recovered during routine
screening of beef (Fegan et al. 2006). They deleamtedentical gene order and high level of
sequence identity between tBecoliO157:H7rfb gene cluster and concluded that a
horizontal gene transfer of the antigen gene allstd occurred. My results, together with
earlier observations suggest tBatfergusoniimight receive new genes trough gene transfer

from other members of tHe. coli/Shigellagroup and obtain new pathogenic properties.
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5 Conclusions and suggestions for future work

5.1 Conclusions
The aim of this study was to compare the envirortalesolate 1so10 with th8. boydiil5

type strain based on multi locus sequence analysishemical analysis and proteomic and
immunological techniques.

The results from the multi locus sequence anabfssgven housekeeping genes and
biochemical analysis showed 1s010 belongs tdthiergusonispecies

Membrane proteins from Iso10 were separated witle2btrophoresis and ten proteins were
identified by deNovo sequencing (MALDI TOF-TOF M&)d Peptide Mass Fingerprinting
with MALDI-TOF MS. One protein, OmpA was identifies immunogenic.

Western blotting of LPS extracted from 1so10 &dboydiicross-reacted witBhigella
specific antisera. LPS from tlie fergusonitype strain did not cross-react.

The results indicate that the cross — reactivitybeen 1so10 an&.boydiiis primarily caused
by a horizontal gene transfer of tle O-antigen gene cluster. Outer membrane proteins in
theEscherichiagenus are so conserved that they might cross- ire&i¢estern blotting even
though no gene transfer of the OMP genes have @xtuas showed in this study with
OmpA.

If further analyses confirm that Iso10 possesse®#feudomona®prF porin gene it might
indentify an exchange of antigens between spedmswvhas not earlier been observed.
Since 1s010 possesses a similar O- antigen gesteclasS. boydiil5 and many of the OMPs
are highly conserved amo#gcherichiamembers, Iso10 may induce an immune response
sufficient to protect an organism against new irasfromS. boydiil5. However, my
results strongly indicate that Iso10 isEanfergusoniistrain and may possess a range of
virulence factors not yet identified. This stramus$ has to be further characterized in order to

evaluate it as a possible live shigellosis vaccine.
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5.2 Suggestions for future work

» testing of virulence properties of 1s010 using aaimodels.

* Sequencing of the O antigen gene clugti) @nd thegnd housekeeping gene from

Iso10 in order to verify horisontal gene transfent Shigella.

« Comparison of the predicted membrane protein saxmpsanith nucleotide sequences

from the whole genome project Bf fergusonii

» Verification of the presence of thgp@ gene in Iso10 using Southern analysis or
PCR.

* Complete genome sequencing of Iso10.

* If Iso10 lacks virulence properties/genes vaccomatrials in animal models should be

carried out.
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List of abbreviations

°C

Hg

ul

2D
2DE
APS
ASB-14
ATCC
BLAST
Bp
CBB
Cfu
CHAPS
ddNTP
dH20
DIG
DNA
dNTP
dsDNA
DTT
DTT
e.g.
EDTA
EMBL-EBI
Et al

g

h

IEF
Kb
kDA

L

LA

LB

M

mA
min
mM
MRNA
NCBI
NJ
OMP
PBS
PCR
PMF
PMSF
RNA
Rpm
rRNA
sdH20

Celsius

Microgram

Microlitre

Two dimensional

Two- dimensional electrophoresis
Ammonium persulfate
Amidosulfobetaine-14

American type culture collection
Basic Local Aligment Search Tool
Basepair

Coomassie Brilliant Blue

Colony forming unit
3-[(3-Cholamidopropyl)dimethylammonio]-1-peoyesulfonate
Dideoxyribonucleotide triphosphate
Distilled water

Digoxigenin

Deoxyribonucleic acid
Deoxyribonucleotide triphosphate
Double stranded DNA
Dithiothreitol

ditiotreitol

Exempli gratia, for example
Ethylene diamine tetra-acetic acid

European Molecular Biology Laboratory - tBpean Bioinformatics Institute

And others

Gram

Hour

Isoelectric focusing
Kilobase

Kilo Dalton

Litre

LB with agar

Luria/Bertani- media

Molar

Milliamp

Minutes

Millimolar

Messenger RNA

Natural Center for Biotechnology Information
Neighbour- joining

Outer membrane protein
Phosphate buffer Saline
Polymerase chain Reaction
Peptide Mass Fingerprinting
Phenylmethanesulphonylfluoride
Ribonueclicacid

Potations per minute
Ribosomal RNA

Sterile, distilled water
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SDS
SDS-PAGE
spp
ssDNA
TAE
TBP
TBS
TCA
TGS

Tm
TOF-MS
Tris

uv

viv

wi/v

Sodium Dodecyl Sulfate

Sodium Dodecyl Sulfate- Polyacrylamidd-edectrophoresis
Species

Single stranded DNA

Tris/acetate/EDTA- electrophoresis buffer
Tributyl phosphine

Tris borate saline- electrophoresis buffer
TriChloroAcetic

Tris/glycine/SDS- elecrophoresis buffer
Melting temperature

Time Of Flight — Mass spectrometry
Trisaminemethane

Ultraviolet light

Volume/volume

Weight/volume

WU-BLAST Washington University BLAST
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APPENDIX A

Media
LB Broth

10g tryptone

5 g yeast extract
10g NaCl

dH,O to 1000ml

Kits
GenElute™ Bacterial genomic DNA kit (SIGMA)

GenEluté" PCR clean—up kit (SIGMA)

Gel extraction kit (SIGMA)

Big Dye Terminator v3.1. Cycle sequencing kit (Q&ae)

Ettan™ Sample preparations kits and reagents, 2D cleait (dmersham biosciences)
API1 20 E (Biomérieux)

LPS Extraction kit (iNtRON Biotechnology)

SilverQuest™ Silver staining kit (Invitrogen)
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APPENDIX B
Buffers and solutions for protein extraction and fractionation

Washing Buffer(2DE)
8 mM NaCl

2mM KCI
1.5 mM KHPO,
9ImM NaHPO,

Lysis buffer(2DE)
8mol/L urea

4% W/v chaps

1% W/v DTT

0.8 % ampholytes 3—7
35mmol/L TrisHCI
5mM EDTA

1mM PMSF

Coomassie brilliant blue (CBB) solution(2DE)
150ml coomassie brilliant blue G-250

150ml dHO
200ml HPOA4

Rehydration buffer without bromophenol blue (2DE)
7M Urea

2M Thiourea

4% W/v CHAPS

20mM DTT

0.5% Triton X —100

0.5% v/v pharmalyte 4—7

Stored in 2 ml ependorf tubes at —80°C

Rehydration buffer with bromophenol blue (2DE)
Prepeared as rehydration buffer without bromophbha, in addition a few grains of

bromophenol blue is added. Stored in 2ml ependdnds at —80°C.
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Membrane solubilization solution 1(2DE)
7M Urea

2M Thiourea

2mM TBP

20mM Tris— base
1% ASB14

0.5% 4-7 Biolythes

Membrane solubilization solution 2(2DE)
7M Urea

2M Thiourea

2% ASB14

1% DTT

0.5 % Ampolytes

SDS equilibration buffer(2DE)
50mM Tris HCI pH 8,8

6M urea

30% (v/v) Glycerol

2% (w/v) SDS

A few grains of bromophenol blue

SDS equilibration buffer with DTT(2DE)
2.5 mg DTT /ml equilibration buffer

DTT is added prior to use

SDS equilibration buffer with iodacetamide(2DE)
45mg iodacetamide/ml equilibration buffer

lodacetamide is added prior to use.

5x Running buffer(2DE)
25mM Tris base

192mM Gilycin
0.1%(w/v) SDS
Stored at room temperature. Diluted to 1 x Runminffer before use.

Fixation solution(2DE):
28ml 85% Phosphoric acid

dH,O to 2000ml
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Solution 1(2DE):
680 ml Methanol

340 g ammonium sulphate

28ml 85% Phosphoric acid

dH,O to 2000ml

Ammonuim sulohate is solubilized in 500m| gHand phosphoric acid. Methanol is mixed
with aqua dest and slowly added to the solutioemtise it will precipitate.

Staining solution(2DE)
Like solution 1 with 1.32 g CBB G250

dH,O to 2000ml
CBB is solubilized in methanol before added togbkition.

Gel storage solution(2DE)
5% Sodium acid.

SDS-PAGE sample buffer
20ml dHO

5ml 0.5MTris HCI pH 6,8

4ml Glycerol

8ml 10% (w/v) SDS

1ml 0.05% (w/v) Bromophenolblue
3—mercaptoetanol 1:4 relationship

10 x TGS-Buffer pH 8,3
18 g Tris base

86.4g Glycine
6g SDS
dH,O to 600ml
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APPENDIX C
Buffers and solutions for Western blotting

Anodic solution 1
0.3M Tris HCI

20% (v/v) methanol
pH adjusted to 10,4

Anodic solution 2
25mM Tris HCI

20% (v/v) methanol
pH adjusted to 10.4

Cathodic solution
4mM 6 amino—n-hexanoic acid

20% (v/v) methanol
pH adjusted to 7.6

10 x Blotting buffer (Stock solution)
7.57g Tris

36.0 g Glycin
dH20 to 250 ml

1 x Blotting buffer
100 ml 10 x Blotting buffer

200ml Methanol
700 ml dH20

10 x TBS buffer
200mM Tris

5M Nacl
dH20 to 0.51
pH adjusted to 7.5

0,1% Tween 20 TBS buffer
0.2 ml Tween 20

200 ml TBS buffer
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APPENDIX D
Alternative reaction mix and programme for PhusionPolymerase

Components Volume added fal)
Sd H20 35.5

5 x PCR reactionbuffer 10

dNTP (10mM of each) 1

Primer F (25pmoljil) 1

Primer R (25pmolil) 1

Polymerase, Phusion (2unitg)l 0.5

DNA, template (25ngd)

Total volume 50

PCR programme:

98°C x 3min (98°C x 15sec — annealing temperatiB@sec — 72°C x 40sec) x 30, 72°C x 10
min — 4°Coo
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APPENDIX E
Blast search with complete sequences

Results from EMBL—-EBI blast search with the compleequences from nine housekeeping

genes.
Gene | Acc.number Organism Length Identity | E- value
(bp) %
Adk AY686533 Escherichia fergusonii 536 99 6.3e-111
BA0O0O0007 Escherichia coli 0157:H7
str. Sakai DNA 5498450 93 9.3e-102
AEQ005174 Escherichia coli 0157:H7
EDL933 5528445 93 9.3e-102
X03038 E. coli 1055 92 2.5e-101
CP000036 Shigella boydii Sb227, 4519823 93 6.1e-10
FumC X04065 Escherichia coli (4.2.1.2.) 2250 83 2.0e-110
EA375705 Sequence 24528 from
unidentified patent US
7314974. 1404 83 3.2e-110
U00096 Escherichia coli K12 MG1655 4639675 83 4.68
DD367313 Escherichia coli W3110 4641433 83 6.82-10
AP009048 Escherichia coli W3110 4646332 83 6.82-10
GyrB X04341 Escherichia coli K12 4931 97 1.0e-160
D87842 Escherichia coli K12 2415 97 2.1e-160
CS362320 Escherichia coli
Patent WO2004108933. 2412 97 2.1e-1p0
L10328 Escherichia coli 136254 97 7.2e-159
CP000036 Shigella boydii Sb227 4519823 97 7.6e-159
Icd AY132849 | Escherichia fergusonii strain
ATCC 35469 1166 99 1.0e-174
AF017601 Escherichia coli EC40 1212 97 3.2e-170
AE014073 | Shigella flexneri 2a str. 2457T 4599364 7 9| 1.3e-169
AE005674 Shigella flexneri 2a str. 301 4607203 97 1.3e-169
AF017598 Escherichia coli EC37 1212 96 5.2e-169
Mdh AF091766 Escherichia coli,
isolate RTO19A 864 85 1.1e-130
AF293136 Escherichia coli isolate
M1340 B10 1541 85 1.5e-130
AF293137 Escherichia coli isolate
M1345 B6 1541 85 1.5e-130
AF071028 Escherichia coli strain
E2348/69 863 85 2.7e-130
AF071030 | Escherichia coli isolate C54-58 863 85 2.7e-130
PurA CS191906 | Escherichia coli, Sequence 1 1299 98 5.2e-166
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from Patent W0O2005103073
J04199 Escherichia coli 2726 98 6.3e-166
A92595 Escherichia coli, Sequence 1
from Patent WO9810074 1311 98 1.3e-165
BD006127 Escherichia coli 1311 98 1.3e-165
EA398532 | Unidentified, Sequence 47356
from patent US 7314974, 1299 98 1.3e-165
RecA BD064136 | Synthetic construct; artificial
seguences 1398 98 5.4e-117
BD233595 | Synthetic construct; artificial
sequences 1398 98 5.4e-117
CS423861 Synthetic construct; artificial
sequences. Sequence 14 frgm
Patent EP1707641 1398 98 5.4e-117
CS443102 Synthetic construct; artificial
sequences. Sequence 7 from
Patent EP1717322 1398 98 5.4e-117
AR160050 Synthetic construct; artificial
sequences. Sequence 13 frgm
patent US 6251674. 1398 98 5.4e-117
trpB AF330405 Shigella dysenteriae strain
P s 1138 99 3.4e-242
AF330406 Shigella dysenteriae strain
I D0207 1138 99 3.4e-242
AF330392 | Shigella boydii strain SB1156 1138 99 .7e340
U25418 Escherichia coli ECOR 15 5260 97 9.3e-238
U25422 Escherichia coli ECOR 24 5260 97 9.3e-238
PurN Escherichia coli isolate
AF293166 ECOR37 2101 80 5.4e-136
Escherichia coli isolate
AF293165 M1372_ D1 2101 80 8.9e-135
Escherichia coli isolate
AF293163 M1367 D10 2101 80 8.9e-135
Escherichia coli isolate
AF293210 M1371_D6 2101 80 1.4e-134
Escherichia coli isolate
‘AF293161 ECORZ0 2101 80 2.3e-134
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APPENDIX F
Aligments

Aligment of 1so10 andShigella spp. — 16S rRNA sequences
Shigella sp. BBDP80 16S ribosomal RNA gene, partial
sequence.
Length = 1503
Pl us Strand HSPs:
Score = 7121 (1074.5 bits), Expect = 0., P = 0.
ldentities = 1427/1429 (99%, Positives = 1427/1429 (99%, Strand = Plus / Plus

Query: 1 TGCA- GTCGAACGGTAACAGGAAT CAGCTTGCTGATTCGCT GACGAGT GBOGGACGGGTG 59
R R R A R A R A AR AR

Shj ct: 49 TGCAAGTCGAACGGTAACAGGAATCAGCT TGCTGATTCGCT GACGAGT GGOGGACGGGTG 108

Query: 60 AGTAATGTCTGGGAAACTGOCT GATGGAGGGGGATAACTACTGGAAACGGTAGCTAATAC 119

AR R R R AR AR R AN AR RN
Sbjct: 109 AGTAATGICTGGGAAACTGCCTGATGGAGGGGGATAACTACT GGAAACGGTAGCTAATAC 168

Query: 120 CGCATAATGTCGCAAGACCAAAGAGGGEGEGACCTTCGEECCTCTTGCCATCGGATGTGCCC 179

R R AR R R A R A
Sbjct: 169 CGCATAATGTCGCAAGACCAAAGAGGGGGACCTTCGGEGCCTCT TGCCATCGGATGTGOCC 228

Query: 180 AGATGGGATTAGCTTGTAGGT GGGGTAACGECTCACCTAGECGACGATCCCTAGCTGGTC 239

RN IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct: 229 AGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTC 288

Query: 240 TGAGAGGATGACCAGCCACACTGGAACTGAGACACGGT CCAGACTCCTACGGGAGGCAGC 299

LOVEEEEEE e et e e e e el
Sbjct: 289 TGAGAGGATGACCAGCCACACTGGAACTGAGACACGGT CCAGACTCCTACGGGAGGCAGC 348

Query: 300 AGTGGGGAATATTGCACAAT GGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAA 359

AR R R R A R A ARy
Sbjct: 349 AGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGOCATGCCGOGTGTATGAAGAA 408

Query: 360 GGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGGAGTAAAGT TAATACCTTTGC 419

R R A A R A AR ARy
Sbjct: 409 GGOCTTCGGGTTGTAAAGTACTTTCAGOGGGGAGGAAGGGAGTAAAGTTAATACCTTTGC 468

Query: 420 TCATTGACGITACCCGCAGAAGAAGCACCGGECTAACT CCGTGCCAGCAGCCGCGGTAATA 479

RN AR R R A A A ARy
Sbjct: 469 TCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCOGTGOCAGCAGCCGCGGTAATA 528

Query: 480 CGGAGGGTGCAAGCGT TAATCGGAAT TACT GGGCGTAAAGCGCACGCAGECGGTTTGITA 539

R R A R AR A AR A AR ARy
Sbjct: 529 CGGAGGGTGCAAGOGT TAATCGGAATTACT GGGCGTAAAGCGCACGCAGGCGGTTTGTTA 588

Query: 540 AGTCAGATGIGAAATCCCCGGGECT CAACCT GGGAACTGCATCTGATACTGGCAAGCTTCGA 599

R R R A R R A AN AR
Sbjct: 589 AGTCAGATGTGAAATCCOCGGGCTCAACCT GGGAACTGCATCTGATACTGGCAAGCTTGA 648

Query: 600 GICTCGTAGAGGGGEGEGTAGAATTCCAGGT GTAGCGGT GAAATGCGTAGAGATCTGGAGGA 659

AR R R R R A R AR R AR
Sbjct: 649 GTCTCGTAGAGGGGEGGTAGAATTCCAGGT GTAGCGGT GAAATGOGTAGAGATCTGGAGGA 708

Query: 660 ATACCGGT GGCGAAGGCGEECCCCCT GGACGAAGACT GACGCT CAGGT GCGAAAGCGTGEG 719

R R R AR R R R AR A AR
Sbjct: 709 ATACCGGTGECGAAGGOGGECCOCCT GGACGAAGACT GACGCT CAGGT GCGAAAGCGT GGG 768

Query: 720 GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTT 779
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct: 769 GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACT T 828

Query: 780 GTGCCCTTGAGGOGTGGCTTCOGGAGCTAACGOGT TAAGT CGACCGOCT GGGGAGTACGG 839
CECEETTEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e
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Shj ct:
Query:
Shjct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:

829

840

889

900

949

960

1009

1020

1069

1080

1129

1140

1189

1200

1249

1260

1309

1320

1369

1380

1429

GI'GCCCTTGAGGCGT GECTTCCGGAGCTAACGCGT TAAGT CGACCGCCTGGCGAGTACGG

CCGCAAGGT TAAAACT CAAATGAAT TGACGGEGEGECCCGCACAAGCGGT GGAGCATGTGGT

R R R AR R AR AR A AR
CCGCAAGGT TAAAACT CAAAT GAAT TGACGGGGECCOGCACAAGOGGT GGAGCATGT GGT

TTAATTCGATGCAACGCGAAGAACCTTACCTGGT CTTGACATCCACGGAAGT TTTCAGAG

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
TTAATTCGATGCAACGCGAAGAA CCTGGTCTTGACATCCACGGAAGT TTTCAGAG

ATGAGAATGT GCCT TCGGGAACCGT GAGACAGGT GCTGCATGECTGT CGT CAGCTCGT GT

AR R R R R A A R AR
ATGAGAATGT GCCTTCGGGAACCGT GAGACAGGT GCTGCAT GGCT GTCGT CAGCTCGTGT

TGTGAAATGI TGGGT TAAGT CCCGCAACGAGCGCAACCCTTATCCTTTGI TGCCAGCGGT

A R A R R A R R A
TGTGAAATGT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TATCCT TTGT TGCCAGOGGT

CCGGCCGGGAACT CAAAGGAGACT GCCAGT GATAAACT GGAGGAAGGT GGGGATGACGT C

R R R R AR AN A AN
CCGGCCGGGAACT CAAAGGAGACT GOCAGT GATAAACT GGAGGAAGGT GBGGATGACGTC

AAGT CATCATGGCCCT TACGACCAGGECT ACACACGT GCTACAAT GGCGCATACAAAGAG

RN R R A RN AR NN
AAGT CATCATGGOCCT TACGACCAGGGCTACACACGT GCTACAAT GGCGCATACAAAGAG

AAGCGACCT CGCGAGAGCAAGCGGACCT CATAAAGT GCGT CGTAGT CCGGATTGGAGT CT

R R R R AR AR R ANAEE
AAGCGACCT CGCGAGAGCAAGCGGACCT CATAAAGT GCGT CGTAGT COGGATTGGAGTCT

GCAACTCGACT CCATGAAGT CGGAAT CGCTAGT AATCGT GGAT CAGAAT GCCACGGTGAA

R R R A A A A Ay
GCAACT CGACTCCATGAAGT CGGAATCGCTAGTAAT CGT GGAT CAGAATGCCACGGTGAA

TACGT TCCCGGGCCTTGTACACACCGCCCGT CACACCAT GGGAGT GGGT TGCAAAAGAAG

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
CGTTCCOGGGCCT TGTACACACOGCCOGT CACACCAT GGGAGT GGGT TGCAAAAGAAG

TAGGTAGCTTAACCTTCGGGAGGGECCCTTACCACTTTGTGATTCATGAC 1428

|||||||||||||||||||||||||||||||||||||||||||||||||
CCTTCGGGAGGGECGCTTACCACT TTGTGATTCATGAC 1477

106

888

899

948

959

1008

1019

1068

1079

1128

1139

1188

1199

1248

1259

1308

1319

1368

1379

1428



Aligments of Iso10 andE. fergusonii ATCC 35469- 16S rRNA sequences

AF530475 Escherichia fergusonii 16S ribosormal RNA gene, partial sequence.

Length = 1473

Plus Strand HSPs:

Score = 7108 (1072.5 bits), Expect = 0., P = 0.

Identities = 1425/ 1429 (99%, Positives = 1426/ 1429 (99%, Strand = Plus / Plus

Query: 1 TGCA- GTCGAACGGTAACAGGAATCAGCTTGCT GAT TCGCT GACGAGT GGCGGACGEGTG 59
et 7o L L B D
Query: 60 AGTAATGTCTGGGAAACT GCCT GATGGAGGGGGATAACTACT GGAAACGGTAGCTAATAC 119
B T T

Query: 120 CGCATAATGICGCAAGACCAAAGAGEGEGEGACCT TCEEECCTCTTGCCATCGGATGIGCCC 179

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct: 142 CGCATAACGTCGCAAGACCAAAGAGGGGGACCT TCGEGECCTCTTGCCATCGGATGTGOCC 201

Query: 180 AGATGCGATTAGCTTGTAGGT GGGGTAACGECT CACCTAGGCGACGATCCCTAGCTGGTC 239

RN A N R R A R R AR RNy
Sbjct: 202 AGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTC 261

Query: 240 TGAGAGGATGACCAGCCACACT GGAACTGAGACACGGT CCAGACT CCTACGGEGAGECAGC 299

R R R R A AN
Sbjct: 262 TGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACT CCTACGGGAGGCAGC 321

Query: 300 AGTGGGGAATATTGCACAAT GGGCGCAAGCCT GATGCAGCCATGCCGCGTGTATGAAGAA 359

R R R R R R AR R AR
Sbjct: 322 AGTGGGGAATATTGCACAATGGGOGCAAGCCTGATGCAGOCATGCCGOGTGTATGAAGAA 381

Query: 360 GGCCTTCGGGTTGTAAAGTACT TTCAGCGEGCGAGGAAGGGAGTAAAGT TAATACCTTTGC 419

R R R AR AR AR AN ARy
Sbjct: 382 GGOCTTCGGGITGTAAAGTACTTTCAGOGGGGAGGAAGGGAGTAAAGT TAATACCTTTGC 441

Query: 420 TCATTGACGT TACCCGCAGAAGAAGCACCGGECTAACT CCGTGCCAGCAGCCGCGGTAATA 479

R R R R AR A A R AR
Sbjct: 442 TCATTGACGTTACCCGCAGAAGAAGCACOGGCTAACT COGTGOCAGCAGCCGCGGTAATA 501

Query: 480 CGGAGGGTGCAAGCGT TAATCGGAATTACT GGGCGTAAAGCGCACGCAGGECGGTTTGITA 539

A R A A R A AR A ARy
Sbjct: 502 CGGAGGGTGCAAGOGT TAATCGGAAT TACT GGGCGTAAAGCGCACGCAGGOGGTTTGTTA 561

Query: 540 AGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAAGCTTGA 599

R R A R A A Ay
Sbjct: 562 AGTCAGATGTGAAATCCCCGGGCTCAACCT GGGAACTGCATCTGATACTGGCAAGCTTGA 621

Query: 600 GTCTCGTAGAGGGGEGEGTAGAATTCCAGGT GTAGCGGT GAAATGCGTAGAGATCTGGAGGA 659

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct: 622 CGTAGAGGGGGGT AGAAT TCCAGGT GTAGOGGT GAAATGCGTAGAGATCTGGAGGA 681

Query: 660 ATACCGGT GGCGAAGGCGGECCCCCT GGACGAAGACT GACGCTCAGGT GCGAAAGCGT GGG 719

R R R A R A AR
Sbjct: 682 ATACCGGTGGCGAAGGOGGECCCCCT GGACGAAGACT GACGCT CAGGT GCGAAAGCGT GGG 741

Query: 720 GAGCAAACAGGATTAGATACCCTGGTAGT CCACGCCGTAAACGATGTCGACTTGGAGGTT 779
et 7ax LU DD DD,
Query: 780 GTGCCCTTGAGGCGT GGCT TCCGGAGCTAACGCGT TAAGT CGACCGCCTGGGEGAGTACGG 839
et sor AL BB

Query: 840 CCGCAAGGTTAAAACTCAAATGAAT TGACGGGEGEGECCCGCACAAGCGGTGGAGCATGTGGT 899

107



Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:

862

900

922

960

982 ATGAGAATGIGCCTT!

1020

1042

1080

1102

1140

1162 AAGTCATCAT

1200

1222

1260

1282

1320

1342 TACGIT

1380

1402

R R R A A R A A AR AR
CCGCAAGGT TAAAACT CAAAT GAAT TGACGGGGGECCCGCACAAGOGGT GGAGCATGTGGT

TTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGI TTTCAGAG

R R R AN RNy
TTAATTCGATGCAACGCGAAGAACCT TACCTGGTCTTGACATCCACGGAAGT TTTCAGAG

ATGAGAATGT GCCTTCGGGAACCGT GAGACAGGT GCTGCAT GGCT GTCGT CAGCTCGTGT
R R R AR A A AR
CGGGAACCGT GAGACAGGT GCTGCATGGCTGT CGTCAGCTCGT!

TGTGAAATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCTTATCCTTTGT TGCCAGCGGT

A R R R AR R AR RN AR
TGTGAAATGT TGGGT TAAGT CCOGCAACGAGCGCAACCCT TATCCT TTGT TGOCAGOGGT

CCGGECCGEGAACT CAAAGGAGACT GCCAGT GATAAACT GGAGGAAGGT GGGGATGACGT C

R R A R AR AR AN A AN
CCGGECCGGEGAACT CAAAGGAGACT GOCAGT GATAAACT GGAGGAAGGT GGGGATGACGTC

AAGTCATCATGGOCCT TACGACCAGGGCTACACACGT GCTACAATGGCGCATACAAAGAG
RN AR R R AR A NN AR NN
GGOCCT TACGACCAGGGCTACACACGT GCTACAAT GGOGCATACAAAGA!

AAGCGACCT CGCGAGAGCAAGCGGACCT CATAAAGT GCGT CGTAGT CCGGATTGGAGT CT

R R AR R AR AR RA RN
AAGCGACCT CGOGAGAGCAAGCGGACCT CATAAAGT GCGT CGTAGT COGGATTGGAGTCT

GCAACT CGACT CCATGAAGT CGGAAT CGCTAGT AAT CGT GGAT CAGAAT GCCACGGTGAA

COVEELTEEE et e e e e e e e e eyl
GCAACT CGACT CCATGAAGT CGGAATCGCTAGT AATCGT GGAT CAGAATGCCACGGT GAA

TACGT TCCOGGGECCT TGTACACACCGOCCGT CACACCAT GGGAGT GGGT TGCAAAAGAAG
R AR R AR AR AR AR
CCOGGGCCT TGTACACACCGCCOGT CACACCAT GGGAGT GGGT TGCAAAAGAA!

TAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTCATGAC 1428

AR AR R A AR RN AR RN
TAGGTAGCTTAACCT TCGGGAGGGCGCTTACCACTTTGTGATTCATGAC 1450
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APPENDIX G

PROTOCOLS

Protocol for production of antibodies (Dhaka Univesity)

Extraction of proteins by water:

40 ml overnight culture is centrifuged at 10 000g¥0 min at 10 °C. The pellets are washed
three times with normal seline. Finally the peléetiissolved in 40ml of 1% SDS in sterile
water and incubated over night in a shaker inculattcoom temperature. The suspension is
then centrifuged at 10 000g for 10 min at 10°C. $tpeernatant is filtered through O.48
Milipore membrane and stored at — 20° C.

Extraction of proteins by extraction buffer:

Bacterial pellets are obtained from culture in engrtial phase. The pellet is washed twice
with PBS (pH 7.4) and resuspended in extractiomeln(0.05M Tris pH 6.8, 2%SDS, 10%
Glycerol) before it is boiled for 3 min. The cukusupernatant is separated and filtered

though 0.45um Milipore membrane and stored at 20°C.

Immunization of rabbits:

Eight New Zealand white rabbits (1,5 — 2,0 kg wéigWth proteins from water extaction and
extraction by extraction buffer. Within 10 daystlé final dose, the antibody development
was confirmed by slide agglutination test. The reblvere bled by heart puncturing to collect
fresh blood. The blood samples were incubated 4C37The blood samples were then kept at
4 °C overnight and sera were separated. The semakiquoted in 1.5 ml eppendorf tubes
and stored at —20°C.

109



PMF and deNovo sequencing protovol (PROBE)

PMF protocol (performed by PROBE)

Sample preparation for MALDI-ToF MS
1. Poros Dried Droplet (DD) preparation; concentiat/desalting of samples;

Prepare microcolumns of Poros 20 R2 (Applied Bitays, USA) in Gelloader tips (M.
Kussmann et al. 1997, J. Mass Spec. 32: 593-604) cdlumn by dispensing 10 50%

ACN (acetonitrile) in MilliQ water and conditionveith 10l 1% TFA (trifluoroacetic acid).
Bind sample (5-1@l). Wash sample with 101 0.1% TFA, and elute with il CHCA (a-
cyano-4-hydroxycinnamic acid, 5-10 mg/ml 60% ACN/dmethanol/0.1% TFA) matrix
solution directly on MALDI target as several sntbps. Apply a peptide standard (peptide
calibration standard from BRUKER Daltonic GmbH, jhgg, Germany) dissolved in matrix
as nearest neighbor.

2.u-ZipTip DD preparation; concentration/desalting sEmples;

Wet column by aspirating and dispensing (to wabkigjl 50% ACN in MilliQ water, repeat
two times fake care not to get air into column. Condition column by aspirating and
dispensing (to waste) 10 0.1% TFA, repeat two times. Bind 5-iil0sample (if less than 10
ul, dilute in 0.1% TFA) by slowly aspirating and péensing sample 10 times through column.
Wash sample by aspirating and dispensing (to waétg) 0.1% TFA, repeate two times. Dry
column (aspirate and dispense air). Add CHCA (see above) matrix solution into a 0.2 ml
Eppendorf tube, and slowly aspirate and disperisestiution through the column 3 times.
Apply directly on MALDI target from ZipTip. Make aDD- preparation of a peptide standard
(see above) dissolved in matrix as nearest neighbor

3. AnchorChip (600m) DD preparation;

Apply 1-2ul CHCA matrix (0.3 mg/ml in ethanol : aceton 2:htethe anchorChip target, and
mix it with 0.2-1ul analyte (sample solution may contain 0-70% orgaoivents). Let sample
dry. Wash sample as follows: Apply 5-t010 mM ammonium phosphate dissolved in 0.1%
TFA on sample for a few seconds following removahwa pipette tip. Let sample dry.
Recrystallize by applying {il ethanol : aceton : 0.1% TFA (6:3:1), and let skngjpy. At
standard locations, applyl of a solution composed ofillpeptide standard (see above) aptl 5
CHCA matrix. Let sample dry (desiccator).’

Obtaining the peptide mass fingerprint
4, Mass spectrometric analysis;

Analyse samples using MALDI-ToF MS to produce timgérprint mass spectrum. Calibrate
mass spectra using the calibration curve obtaired & peptide standard spectrum (external
calibration), i.e. calibration standard no. 2061@Hn BRUKER Daltonic GmbH (Leipzig,
Germany). The peptides in this standard cover & maagye from 1046 - 3147 Da.

Protein identification
5. Using MS (ToF data) and MSMS (PSD data) fotgiroidentification;
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Search with obtained monoisotopic mass maps ofitrpeptides in protein databases (NCBI nr,
MSDB, Swissprot) using the Mascetw.matrixscience .cojor Profound
(http://prowl.rockefeller.edu/profound_bin/WebProRdiexg search engine. From BioTools
(software from Bruker Daltonic GmbH, Germany) Toktaland PSD data can be searches
directly in the Mascot search engine, and thisng also offer a combination search composed
of the MS-mass map together with all PSD mass (1S spectra) of the same sample.

DeNovo sequencing of modified tryptic peptides (ChemicallhAssisted

Fragmentation, CAF) using MALDI-ToF
Remove organic solvents (e.g. acetonitrile (ACNthanol (MeOH)) from sample by vacuum
drying in a Rotavapor (Concentrator 5301 from Epgeri AG, Hamburg, Germany) till it
remains 10-1%l sample. If necessary, add 260.1% TFA and vacuum dry to about the same
volume as above.
Obtain preCAF spectrum of tryptic peptides
1. Poros Dried Droplet (DD) preparation; concenti@t/desalting of samples;

Prepare micro columns of Poros 20 R2 (Applied Bstsys, USA) in Gelloader tips (M.
Kussmann et al. 1997, J. Mass Spec. 32: 593-604) cdlumn by dispensing 10 50%

1
ACN in MilliQ water and condition it with 1Ql 1% TFA. Bind /mof sample onto the Poros

column. Wash sample with 100.1% TFA, and elute with il DHB (2,5-dihydroxybenzoic
acid, 10-20 mg/ml 60% ACN/0.1% TFA) matrix solutidimectly on MALDI target as 2-3
small drops (don't need to elute all). Apply peptsiandard (calibration standard from
BRUKER Daltonic GmbH, Leipzig, Germany) dissolvedmatrix as nearest neighbor.

2. u-ZipTip DD preparation; concentration/desaltingsdmples;

Wet column by aspirating and dispensing (to wabkigjl 50% ACN in MilliQ water, repeat
two times (take care not to get air into colummn@ition column by aspirating and

1
dispensing (to waste) 10 0.1% TFA, repeat two times. Bindloof sample (if less than 10

ul, dilute in 0.1% TFA) by slowly aspirating and pénsing sample 10 times through column.
Wash sample by aspirating and dispensing (to waétg) 0.1% TFA, repeate two times. Dry
column (aspirate and dispense air). Add DHB (10-20 mg DHB/mI 60% ACN /0.1% TFA)
matrix solution into a 0.2 ml Eppendorf tube, almidy aspirate and dispense this solution
through the column 3 times, and apply directly oALNDI target. Apply peptide standard (see
above) dissolved in matrix as nearest neighbor.

3. AnchorChip DD preparation;

Apply 0.5-1pl DHB matrix (5-10 mg/ml in 0.1% TFA : ACN 2:1) an400/60Qum
anchorChip target (BRUKER Daltonic GmbH, Germaiy)d mix with 0.5-1ul analyte
solution. At standard locations, applyllof a solution composed ofillpeptide standard (see
above) and @ DHB matrix. Let sample dry (desiccator). Proteordnit at University of
Bergen
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4. Analysis on MALDI ToF;

Produce a mass fingerprint of the sample using MALBF MS. Calibrate samples using the
calibration curve obtained from the peptide staddmectrum (external calibration), i.e.
calibration standard no. 206195 from BRUKER Dalto@mbH (Leipzig, Germany). The
peptides in this standard cover a mass range ff@6 13147 Da.

Obtain postCAF spectrum of tryptic peptides
5. Derivatization of lysine side chains;

ks
C=NH

N, NH

2 |
(CH,), 'ﬁ”" (CH,),
—NH—CH-CO—  + CH;—0—C—NH, ——>  —NH—CH-CO— +  CHOH
Lysine O-methylisourea Homoarginine (mass
hiydrogen sulfate addition. 42 Da)

Dissolve dry sample in 20 to 40ul BfEA-solution (di-isopropylethylamine, IQD : DIEA

19:1). If sample is already in solution, add 2uh@entrated DIEAc¢heck to make sure

solution isbasic. Add 2 to 4ul ofreagent solution(86mg O- methylisourea hydrogensulphate
/ml of 90:10 water/DIEA), and vortex wellheck pH - if basic, ok(pH 10 or a little above).

If not, add 1ul concentrated DIEA at a time andogheH until basic. Use pH paper and look
for a nice blue color. React overnight at room terafure. Check the pH again before leaving
for the day, just to make sure it stays basic. fd» morning, quench by adding 1M HCI

until acidic, usually 5 to 20 ul.

This derivatization adds 42 Da to each Lysine nesjdnd is only necessary if doing DeNovo
sequencing of Lys containing peptides.

O
_ HO— /\J\
o i OH + HQN—'»FPBD . NH_|—Pep
R, 0 R,
5 .
NHS-ester of 3-Sulfo- The N-terminal of Sulfonated peptide (mass
propionic acid anhydride a peptide addition. +136 Da)

Wet a Cig u-ZipTip by aspirating and dispensing (to waste)l BD% ACN in MilliQ water,

repeat two times (take care not to get air intaiiewl). Condition column by aspirating and
dispensing (to waste) 10 0.1% TFA, repeat two times. Bind sample (if [&ssn 10ul, dilute in
0.1% TFA) by slowly aspirating and dispensing said times through column. Wash sample
by aspirating and dispensing (to wasteull0.1% TFA, repeate two times.

Dissolve immediately before use 0.6 mg CAF-reagstiore dry in freezer) in gl CAF-buffer
(0.25 M Sodium bicarbonate, pH 9.4) in a 0.2 m| &pgorf tube (aspirate and dispense a few
times to dissolve the reagent). Slowly, aspiratt@dispense this solution through the ZipTip for 3
minutes évoid air bubbles). To quench unwanted sulfonation of OH-groups ,($br and Tyr)
add 0.6ul Stop- solution (50% hydroxylamin) to the CAF-siim, and aspirate and dispense
through ZipTip about 10 times. Wash with 0.1% TBAgirate and dispense (to waste)10
repeate two times). Elute the modified peptide orixtoy adding 3l 60% ACN/0.1% TFA in a
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0.2 ml Eppendorf tube, aspirate and dispense diréfisough ZipTip 5 - 10 times leaving the
liquid in the tube.

This derivatization adds 136 Da to each peptideyd side chain is blocked by O-methylisourea
hydrogen sulfate (adding 42 Da) or, better, witm2thoxy-4,5-dihydroxy-1H-imidazole (="Lys-
TAG" from Agilent)adding 68 Da)

7. DD preparation of modified peptides and MALDI;

Mix 0.5-1ul of derivatizated peptides withuWlDHB matrix (10-20 mg DHB/mI 60% ACN /0.1%
TFA) and apply directly on a MTP 384 ground steatget plate (BRUKER Daltonic GmbH,
Germany). Apply peptide standard (see above) disdah matrix as nearest neighbor.
(AnchorChip preparation (see point 3 above foritgtavorks very nicely, and may be the
preferable method if concentration of peptidesys)!

8. Analysis on MALDI ToF/ToF, DeNovo sequencing;

Produce a mass fingerprint of the modified sangoe, calibrate (use external calibration as
described above). Compare to the original specthrok for peptide mass additions of 136 Da
(C-terminal Arg-peptides, no Lys residues),

136 + 42 = 178 Da (C-terminal Lys-peptides, or Pri@al Arg-peptide with an internal Lys
residue), and so on. Study the candidates, andt sktese that have a clean baseline near them -
optimally £ 1% of precursor mass should be "fré¥duce a PSD (Post Source Decay) spectrum
of the precursor mass using the LIFT method offéngtlitraflex ToF/ToF (BRUKER Daltonic
GmbH, Germany). The resulting spectrum should ¢oratinost exclusively y-ions making
DeNovosequencing easy.
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APPENDIX H
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indicating that the clusters has not arisen from oa common, ancestral form (Pupo et al 2000).

Phylogenetic trees made by neigbour joining metholdased on the sequences from four regions. Three noajclusters of Shigella spp. are marked by number 1,2 and
3. No non-Shigella strains fell within any of the three clusters, butsome representatives from the ECOR set d&. coli strains fell between majorShigella clusters
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Combined phylogenetic three (neighbor joining) of Kthe Shigella serotypes and eighE&.coli from the
ECOR collection based on 7160 bases from eight hakeeping genes in four regions.

Three clusters of strains were identified each inading strains from more than one of the traditional
Shigella speices. Five strains fall outside these clustg(SS, D1, D8, D10 and B13)

F: Flexneri, SS: sonnei, B: boydii, D: Dysenteriaéollowed by serotype number (Pupo et al. 2000)
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Phylogenetic tree (neighbor joining) showing the geetic relationship of pathogenic E. coli strains ofthe

commercial E. coli strains (ECOR set) resolved by MLEE.

The pathogenic groups (EPEC, ETEC, EIEC and UTI stains) of E. coli do not cluster excepthigella and

the few groups of EHEC (Pupo et al. 1997)
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