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Abstract

Hospital acquired pneumonia is a major problenhertosocomial environment
worldwide. The rise in the number and level of biotiic resistant strains of bacteria
means that conventional therapies are no longeffestive as they once were. Many
of the main causative organisms are Gram-negatiyg, isuch agscherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Habihus influenzaand one
that has become a greater problem in the last ywaarsAcinetobacter genospecies
13 TU Lipopolysaccharide (LPS) is a molecule that isnitd on the cell surface of all
Gram-negative organisms. LPS is a vital part ofaber membrane of Gram-
negative bacteria and is a major factor in thegammsms’ ability to cause serious
infection and disease. While many Gram-negativamisms, such &s. coliand
Klebsiella pneumonia@re well characterised, other species that havenbec
potential nosocomial pathogens more recently, siséttinetobacter genospecies 13
TU, are much less well characterised. It is unknowto d®w widespread exposure to
Acinetobacter genospecies 13 BUn a healthy population. Also, little is alsocat
pathogenesis dicinetobacter genospecies 13 $ukh as the capacity for induction

of cytokines by thécinetobacter genospecies 13 ITBS

LPS was extracted with the aqueous phenol methddeapurified by Voegel's
method from eight strains @éicinetobacter genospecies 13 Talr strains of
Haemophilus influenzaéwo strains oPseudomonas aerugingssvo strains of
Klebsiella pneumoniaand two strains dE. coli. These LPSs were used in enzyme
linked immunosorbant assays (ELISAs) with serunetalkom 475 blood donors

from the Southeast Scotland Blood Transfusion 8ervihe results from the ELISAs



were averaged for each individual blood donor acadisthe species tested. These

averaged results were compared across the species.

LPS from two strains of each species, ten invale used to challenge the THP-1
human monocytic cell line and the mRNA was extréeted used in quantitative

polymerase chain reactions to measure cytokinectnutu

It was seen that exposureAocinetobacter genospecies 13 IBS is about as
widespread in a healthy population from Southeastl&d as exposure to
Pseudomonas aerugino&®S and somewhat similar kdebsiella pneumoniakPS.
Antibodies toE. coli LPSandHaemophilus influenzaePS were similarly

widespread in a healthy population from Southeastl&d. These last two were
much more widely spread than the other organisstede Some individuals seem to
produce antibodies at high levels to all of the &R&ted. It may be possible to use
serum from these individuals to make a hyper-immomaunoglobulin preparation

to be used in the immunotherapy of hospital assetipneumonia. The LPS from one
of the strains oAcinetobacter genospecies 13 Wds able to induce similar levels of
cytokine production aKlebsiella pneumoniaandPseudomonas aeruginadawas
able to induce higher levels of cytokine productimer a greater number of cytokines
than bothHaemophilus influenzaandE. coli LPS LPS from the other strain of
Acinetobacter genospecies 13 Tadted induced lower levels of cytokines compared
to the other strain. These levels were lower thase developed biyaemophilus
influenzaeandE. coli LPS as well as those induced by the LPSs fKoabsiella
pneumonia@ndPseudomonas aeruginadaseems that there is a range of different
levels of cytokine production induced Bginetobacter genospecies 13 TBS with

some strains inducing high levels and others imdutw levels of cytokines.
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1 Introduction

1.1 Lipopolysaccharide (LPS)

1.1.1 Overview

One of the main differences between Gram-posithce@ram-negative bacterial cell
walls is that Gram-negative organisms have an @ndran inner membrane, whilst
Gram-positive organisms have a large peptidoglyedinvall. Lipopolysaccharide
(LPS) is one of the essential components of therauembrane of Gram-negative
bacteria, as is shown in Figure 1.1 below. This ilP&mposed of a carbohydrate

and a lipid, hence the name lipopolysaccharidedgeret al,2002).
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Figure 1.1:The outer membrane of a Gram-negative bacterilma.Lipid A moiety is bound to the
outer membrane of the bacterial cell, whilst tharigen extrudes into the extra cellular spaceetRa

& Whitfield, 2002)

In 1892 Richard Pfeiffer discovered endotoxin, &seterial structure and used it as a

basis for paving the way to understanding how manganisms cause disease
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(Beutler & Rietschel, 2003). Currently it is thoughat LPS is essential for the
viability of all Gram negative outer membranesywa#l as being an extremely potent
antagonist of the innate immune system (Alexand&ié&schel, 2001; Dobrovolskaia
& Vogel 2002). Thus far, two exceptions have baetntified; some bacteria contain
glycosphinolipids instead of LPS e$phingomonagKawaharaet al, 1991) and there
is an LPS-deficient mutant dfeisseria meningitididyoth these organisms have the

ability to survive so both are viable (Gronow & Bea 2001).

The evolution of macrophages and monocytes aload$tb has meant that the
mammalian immune system is equipped with a rapidgeition of and reaction to
infection by Gram-negative bacteria. The immun@oese is traditionally
characterised by the production of a wide rangaftdmmatory mediators, such as
TNF- , INF-, II-1 , IL-8 and II-10. These, in moderate levels in ealcsite, are
extremely beneficial to the host as they up-regulailammation and ready the
immune system to fight the infection causing mi@®kErridgest al, 2002).

However, in conditions where the host suffers agrexposure to LPS or the LPS is
found systemically, it can be extremely dangerautha immune system is over
activated and starts to attack the host systens. ddm lead to severe sepsis and even
to multiple organ failure (Pruchet al, 2003). LPS is found either as a causative effect
or a modulator in a large number of other diseddasy diseases caused by Gram-

negative bacteria are a consequence of the stegctiithe LPSs.
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1.1.2 General Structure of LPS

It is known that each Gram-negative bacterial lsa#l approximately 3.5x10
molecules of LPS in its outer membrane (Rietsehel, 1994). Each molecule of
LPS has a molecular weight of 2000-20000 (Caeb#l, 2002). About 75% of the
outer bacterial cell surface is made up of LPScWiaiccounts for 10-15% of the total

molecules of the outer membrane. Between 1-3%eofdtal mass of the cell is LPS.

The structure of LPS is heat-stable and made wariohydrate and lipid (Dixon &
Darveau, 2005). The linking of a carbohydrate lipid is a common method to
attach a hydrophilic biopolymer firmly to the ousarrface of a membrane
(Wilkinson, 1996). LPS represents a family groupifigey all share these
characteristics; they are a vital part of the outembrane of Gram-negative bacteria;
they have a phospholid anchor, the lipid A moiétgy are constructed in a similar
fashion to each other and all have endotoxic pta@serThere is also O antigen

recognition (Wilkinson, 1996).

All LPS conforms to the same general structurahigecture, (Heumann and Roger,
2002). The majority of LPS is composed of threggpdhe highly conserved Lipid A
moiety, which is embedded into the membrane; tme obbigosaccharide and the O-
specific polysaccharide chain (Wilkinson, 1996;idgeet al, 2002; Dixon &

Darveau, 2005). Whilst the general structure ofltR8 is the same, there is a large
amount of diversity in the exact composition of thikerent parts, between species
and also between strains of these species. Thmaiigly due to a high variety of
different O-polysaccharide compositions. The cdse &aries between strains, but far
more between species. The Lipid A moiety variey Viette, if at all, between strains,

but more so between species (Alexander & Riets@€l1; Erridgeet al, 2002;
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Dobrovolskaia & Vogel 2002). There are certain @wsd domains within LPS,
which are vital to the cells’ survival as they main the integrity or preserve the
whole structure of the outer membrane. The varidblaains are not vital to the

survival of the organism and their lack could beaadageous for the bacteria.

Mostly the changes in the length of the segmeritreslult in small changes to the
LPS structure, whereas a major change, such adisogaffecting the overall
chemical construction or the attachment of chagggedps can lead to the damaging
of the overall structure (Dixon & Davreau, 2005ypical LPS containing all three
segments is found commonlyischerichia coland many other bacterial species. It
is often called smooth or S-form chemotype (Poxi®@95; Wilkinson, 1996 and
Beutler & Rietschel, 2003). So far only one grofigiseam negative wild type
bacteria has been identified, which does not espt€sS; these belong to the genus
Sphingomonaand they express a glycosphinolipid on their ootembrane in place

of LPS (Kawaharat al, 1991)

O-polysaccharide chain Cruter core |nner core Lipad A,

. A, -, . A
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sxifbumil)
e
I
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Figure 1.2:General structure of Gram negative LPS (Erridgal, 2002)
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1.1.2.1 O-Polysaccharide chain

LPS which has an O-polysaccharide chain, alsocalleO-antigen, is referred to as
smooth LPS. Smooth LPSs are found on members drterobacteriaceae,
Pseudomonadaceae, Pasturellaceae and Vibriondoegenath many other Gram
negative species. There is an incredible rangeévefsity in the O-antigen, with over
60 different monosaccharides and 30 different remtb@hydrate components being
recognised so far (Raetz & Whitfield, 2002). The@igen is made up of several
repeating units, which can consist of between 18atithe monosaccharides
mentioned above and can contain or not non-carbabtyydomponents, as well as
having different positions and stereochemistryhef ¢onstituents (Erridget al, 2002;
Raetz & Whitfield 2002; Carofét al, 2002). The way in which the O-antigen
repeating units are arranged varies consideraligy Ean be linear or branched; there
are even some with two different O-antigens attddbehe Lipid A moiety i.e.
Pseudomonas aeruginogiéintz & Goldberg 2008). There is also homopolygner
(where only one type of monosaccharide is usethe@more common
heteropolymery (where many different monosaccharate used). It is also possible
for non-stoichiometric modifications, such as glyglation or O-acetylation, to

change the O-antigen (Raetz & Whitfield, 2002).

All this leads to there being almost limitless ahility between the O-antigens inside
species. There are more than 170 O serotypes vidgaherichia colifor example
(Raetz & Whitfield, 2002). Other species thoughibikla much smaller variation
amongst their O-antigens eKjebsiella pneumonigdé’seudomonas aeruginosad

Burkholderia cepaci@omplex (Wilkinson, 1996). This massive variati@ivieeen O-
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antigens and the fact that there can be highlyispentibody responses raised
against them means that it is possible to categthis strains by their O-antigen

(Erridgeet al, 2002).

The O-polysaccharide chain is the outermost pattieLPS and also of the cell, thus
it is the main part that the immune system actsnagarhe O-antigen’s main function
is to protect the bacterial cell from host defendi&e bile acids and cationic peptides
(Alexander & Rietschel, 2001). It has also beekdahto protection from the
alternative complement cascade. The O-antigen gsotiee bacterium by interfering
with the assembly of the membrane attack complae{®R& Whitfield, 2002). The
complement appears to bind to the O-antigen anthgote being further out from the
cell membrane is unable to form the pores to dgstre cells. Short O-antigen on the
rough LPS types does not offer the same protethiatnthe smooth LPS types offer
(Lerouge & Vanderleyden, 2002). Chain length has &ken associated with ability
of Escherichia colto survive neutrophil bactericidal/permeabilitgigaasing protein
(BIP) (Weisset al, 1986). It has also been observed that the aloititibrio cholerae
rough LPS mutants to colonise the intestinal epiheis impaired. This is due to

increased sensitivity to cationic peptides and dempnt (Nespeet al, 2001).

It has been observed in some species that thei@eans very similar to host antigen.
This is protective, as the host’'s immune systemmable to identify the bacterial cell
and thus it is able to survive e.g. this has bdeeed irHelicobacter pylori
(Appelmelket al, 2000). A large number of wild type pathogenicngnaegative
bacterial species have naturally rough LPS, fomgtaHaemophilus influenzae
Neisseria meningitididNeisseria gonorrhoeaer Bordetella pertussigErridgeet al,

2002). These species easily colonise the mucodalcgs of the respiratory and
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urogenital tracts. It seems that these bacterigessifferent terminal
oligosaccharide domains, which are very similanaman glycosphinolipids (Erridge
et al, 2002). The immunogenicity of the O-antigen isetegent on the adjuvant effect
of the Lipid-A component, as O-antigen on its o@mot very immunogenic (Reeves,

1995).

1.1.2.2 Core polysaccharide

The oligosaccharide core of LPS is much more caresecompared with the O-
antigen. An example of this is thatcoli has only five distinct core regions (R1, R2,
R3, R4, K12) as is shown in the figure 1.3 beloempared with over 170 O-antigens

so far identified (Dobrovolskaia & Vogel, 2002; iegeet al, 2002).

Outer Core Siruciure Tnner Core Structure
Gal-1—2-Gle-1—+3-Gle-1—=3-|
2 3
E. coli R1 1 I i
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Figure 1.3:The sugar makeup of the five core structureis.@oli. The figure shows the difference in
the differentE. coli core types. It can been seen that the inner @nies/less than the outer core (Raetz

& Whitfield, 2002).
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The core is madeup of two components the innemaitel cores. The outer normally
consists of common hexose sugars, such as glugalsetose and N-acetyl
galactosamine. This is sometimes referred to abekese region. This region is
mostly considered more variable in nature compuaigdthe inner core (Wilkinson,

1996; Erridgeet al, 2002; Raetz & Whitfield 2002).

The inner core consists of much rarer sugars, as@ideoxy-Dmannoeoct-2-
ulosonic acid (Kdo) or heptose. Kdo has so far beand in all cores bound to the
carbohydrate backbone of the Lipid A moiety. Onlyptexceptions have been found
so far, those of thBurkholderia cepaci@omplex andAcinetobactespecies, which
both have a derivative of Kdo, 2-keto-D-glyceroltéde-octonic acid (Ko) instead
(Wilkinson, 1996; Vinogradoet al, 2002; Erridgeet al, 2002; Vinion-Dubiel &

Goldberg, 2003).

It is widely held that Kdo is vital for the vialiyi of Gram-negative bacteria. This is
supported by the fact that the shortest rough nuteEremophilus influenzastrain I-
®9b*, consists only of a kdo residue attached to tipédlA moiety (Helandeet al,
1988). AlsoChlamydiaspecies, which have the shortest naturally oaugcore
known, consists of only 3 Kdo residues (Brade &d#al987). Both of these indicate
that a Kdo residue bound to the Lipid A moiety iteMfor cell structure stability

(Raetz & Whitfield, 2002; Erridget al, 2002; Dobrovolskaia & Vogel 2002).
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Figure 1.4:The structure of the core region of various Graegative bacterial pathogens. This is a set

!

E.coli R1 N.meningitidis LOS (L3) C.trachomatis H.influenzae
(Deep rough mutant)

of examples of different types of core polysacdtesi TheE. coli is the rough mutant R1 and it can be
seen to have both an inner and outer region with beptose and Kdo in the inner core. Nasseria
meningitidisis the entire LOS region of the organism. All igelofChlamydia trachomatiso far
investigated have been found with only these tRides. TheHaemophilus influenzageep rough

mutant has the shortest core seen for a viable Gemjative bacteria (Erridge al 2002).

The sugars of the inner and outer cores can baaegiwith charged groups, such as
phosphate, pyrophosphate, 2-aminoethylphosphatetheds. These charged groups
are suspected to have a close association witBafieand M@ " ions required for

membrane structure and function (Rietsatedl, 1994).

The inner core’s highly conserved nature is ideatdrgeting with monoclonal
antibodies, which would be able to bind to a widkestion ofE. coli andSalmonella
LPS (Di Padovat al, 1993). It is also possible to try to identify@mmon epitope or
epitopes and produce a vaccine that will provokehly cross-reactive response in
human sera (Bennett-Guerraroal, 2000). It is hoped that these would aid in

preventing illness in intensive care units.
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1.1.2.3 Lipid A Moiety

Lipid A is a vital structural element of LPS, whialso is the main site of interaction
of LPS with the innate immune system (Cadenas &@asd, 2002). It has been
hypothesised since the 1950s that the Lipid A nyagethe cause of the endotoxic
activity of the LPS. This was demonstrated by Gadaat al (1985), when they
showed that synthetic lipid A had identical biolkagiactivity toE. coli lipid A. This
proved that the Lipid A moiety is the part of theletule responsible for endotoxic

activity.

The Lipid A moiety is composed of aD-GIcN(1-6)- -D-GIcN disaccharide carrying
two phosphoryl groups (at positions 1 and 4’). The phosphates can be replaced
with other groups, such as, ethanolamine, ethariophosphate, ethanolamine
diphosphate or 4-amino-4-deoxy-L-arabinopyranosefample. There are up to four
acyl chains attached to this structure by estanade linkage. The acyl chains can be
substituted with further fatty acids, allowing LiE®lecules to have up to seven acyl
substituents. These can vary greatly between spatimature, number, length, order
and saturation (Rosnet al, 1979; Galanost al, 1984; Tanamotet al 1984 Erwin

& Munford, 1990; Rietschedt al, 1994; Erridgeet al, 2002; Dobrolskaia & Voegel,
2002; Dixon & Darveau, 2005). The typical structafe@nE. coli Lipid A can be

seen in the figure below.

Q on The chemical structure &. coli Lipid A,
is widely thought that this structure is close
to that initially identified by human cellular
receptors. Deviations from this six acyl
chain form are typically less biologically
active. (Erridgeat al, 2002)

Figure 1.5E. coli Lipid A (Erridgeet al, 2002).
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Evidence uncovered seems to indicate that the t@ebmding specificity of Lipid A
is determined by its hydrophilic region i.e. theopphorylated D-glucosamine
disaccharide. On the other hand the main site ofume cell activation is thought to
be mostly controlled by the hydrophobic regionthe acyl groups (Rietschet al,

1994; Alexander & Rietschel, 2001)

The highly conserved nature of Lipid A within gllexies, could lead to the
conclusion that there might be a high degree oiiaiity between the levels of the
endotoxic activities. This assumption though is toastainly not the common state
of affairs according to the current evidence. & baen observed that differences in
Lipid A function are normal and these differencksely affect the endotoxicity of
the Lipid A. The dissimilarities are based on stnsal domains, such as, which
hexosamine is found and the extent, type and &atiite of the acyl groups attached

(Rietschelet al, 1994; Neteat al, 2002).

20" 3 %o e

18-21

Endotoxic Activity: + Endotoxic Activity: + Endotoxic Activity: + Endotoxic Activity: + (?)

R.sphaeroides lipid A P. gingivalis lipid A Compound 406 (1a) Lipid X

o 10 § % § § § §
14 1a » 14 1a 14 1a 12 12

17 . 97
14 18

Endotoxic Activity: - Endotoxic Activity: + Endotoxic Activity: - Endotoxic Activity: -
(LPS antagonist) (TLR-2 agonist) (LPS antagonist) (Very weak antagonist)

Figure 1.6List of different Lipid A architectures and endgimactivities (Erridgeet al 2002)
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A list of structures of some Lipid A’s from commonganisms as well as some less common ones. The
endotoxicity of the Lipid A’s is also shown withelmost endotoxic at the top left and the least

endotoxic at the bottom right. (Erridgéal, 2002)

As can be seen in Figure 1.6, many of the organtbatshave very high levels of
endotoxicity are enterobacteria suchE&s;oli, Salmonellaspp anKlebsiella
pneumoniaeHowever, there are also non-enterobacterial LApgdthat exhibit high
levels of activity e.gHaemophilus influenzaar Neisseria meningitidigNeteaet al,

2002; Erridgeet al, 2002; Dehust al, 2006; Bo<et al, 2007).

It has been observed that Lipid A, isolated froimeotspecies can also vary greatly.
The D-glucosamine in some species is replaced3giamino-2,3-dideoxy-D-
glucose; the number of acyl groups varies betwe®® 4nd 7 groups; the acyl groups
chain lengths also vary; the symmetrical layouthefacyl groups (3+3, 4+2, 2+2)
varies, as does the replacement of phosphate g(Segdelet al, 2000; Brandenburg
& Wiese, 2004; Fujimotet al, 2005; Schromnet al, 2007). Low activity Lipid A
moieties often have penta-acylated structuresRagphyromonas gingivaljs
Rhodobacter sphaeroideBordetella pertussisr the Lipid A precursor la (compound
406) (Erridgeet al, 2002). In fact precursor la (compound 406) BRhddobacter
sphaeroidedboth have antagonistic actions. Certain hexa-&aylhipid A species

also have a low endotoxicity elgegionella pneumophilavhich in this case is due to
an extended acyl group that is 18 carbon atomsngth. Another example Aquifex
pyrophilus which is a hyperthermophile. This organism’s LIRS a distinctive Lipid
A type as it has no phosphate group. Instead iaHaggalacturonic acid linked to
positions 1 and 4’ instead (Alexander & RietscB6I01; Neteat al 2002). Ancutaet

al, (1996) isolated an LPS froRrancisella tularensiswhich has an inert Lipid A i.e.
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it is neither an agonist stimulating immune resgom®r is it an antagonist inhibiting

other normal LPS types.

A lot of work has been done on the relationshipMeen the biochemical composition
of the Lipid A moiety and its three-dimensional gaand its biological activity
(Seydalet al, 2000). Those LPS molecules that have a coninattsire e.gE. coli,
have a much higher endotoxicity level, than thogh @ cylindrical conformation,
such as precursor la (compound 4G&)pdobacter capsulars Chromobacter
violaceum(Seydelet al, 2000; Neteat al, 2002). Numerous factors enter into play,
such as the nature, chain length, number and asymofehe acyl chains. In
addition there is the number and distribution afateve charges, which governs the
three-dimensional structure of Lipid A (Rietsckehl 1994; Schromnet al 1999;
Neteaet al, 2002). This has led to the hypothesis that englotactivity is not the sole
property of endotoxin, but that any molecule witicls characteristics would also

have endotoxic activity (Schromet al, 1999).
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1.2 The innate immune system and endotoxin

1.2.1 General overview of the innate immune system

The main functions of the innate immune systenttaeaecognition of pathogens and
providing a near instantaneous defence withouh#weal for prior exposure, such as
would be required with the acquired immune systeaséelon & Detmers, 2002;
Kaisho & Akira, 2006). Until reasonably recentlytimnate immune system was
considered to be naive and simplistic, comparet thi¢ acquired immune system.
This is known to be incorrect and a high level @fihplexity has now been shown

(Triantafilou & Triantafilou, 2005).

There are three main parts to the innate immunesyshe mechanical, the chemical
and the cellular. The mechanical part of the immsystem is made up of both
physical barriers, such as the epidermis or theosaldinings and physiological
functions, which includes cilia action, desquantatimd mucous discharge. The
chemical part of the innate immune system is easitydivided into three more
categories. These are soluble or cell-linked pattecognition receptors (PRRS),
proteins or peptides with hydrolytic effects on miorganisms and the cytokines and
chemokines, which modulate and coordinate the énimanune response. The cellular
part of the innate immune system contains a wideetyeof host types, which include
epithelial cells, mast cells, macrophages, neutlepmatural killer cells and dendritic

cells (Basseet al, 2003).

The main difference between the acquired and innateune systems lies in the
differences of the receptors of the two systems. dd¢quired immune system’s T and

B cell receptors are continually created throughibetdevelopment of the cells. The
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receptors are created in such a way so as to hanigae receptor on each
lymphocyte. The receptors are not kept encodedver nor are they passed on the
next generation. There are believed to be betwe&hd 10 different T and B cell
receptors (Medzhitov & Janeway, 2000). The innaeune system receptors are
found on a much wider variety of cells, such asnmaltages, dendritic cells, certain
specific T-cell types and also B-cells. They halee deen isolated from non-immune
cells like fibroblasts and epithelial cells (Medzivi & Janeway, 2000; Medzhitov &
Janeway, 2000a; Akirat al, 2006). The specificities of the receptors areatfacted
by which cell it is being expressed upon (VivieMalissen, 2005). The receptors
also initiate an immediate effect. There is no i@ita proliferation process, as in the

acquired immune system (Medzhitov and Janeway, )2000

Structurally PRRs are made up of a wide varietglitiérent families of proteins.
These include leucine-rich repeat domains, calaig@mendent lectin domans and
scavenger-receptor protein domains. There are thede methods for PRRs to act:
secretion, endocytosis and signalling. An exampke gecreted molecule is mannan-
binding lectin; it acts by binding to specific caHydrate structures on the surfaces of
the micro-organisms. Once bound it is able incrélasdinding potential of the
micro-organism and thus make it more susceptibfghlgocytosis and the
complement system. Endocytic PRRs are found osulface of phagocytes are
extremely important in distinguishing very speclfighly conserved microbial
structures, which then facilitates the uptake efrthicro-organisms into lysosymes,
where they are destroyed. The Toll-like receptaR)family is an extremely
important type of signalling receptor. It identgispecific highly conserved microbial

structures and stimulates signal transduction ckesctenat lead to expression of a
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wide variety of immune-response genes, such asnmflatory cytokines (Medzhitov

and Janeway 2000).

Rather than trying to identify all the possibleigahs that might be presented by
micro-organisms, PRRs recognise a small numbeigbfyhconserved structures
which are held in common across numerous micrapacties (Akirat al, 2006). The
highly conserved microbial structures are ofteemefd to as pathogen-associated
molecular patterns (PAMPSs) (Janeway and Medzhit698). Examples of common
PAMPs found in micro-organisms includes, lipopob&@aride, petidoglycan,
lipoteichoic acids, mannans, bacterial DNA and dewsitranded RNA (Medzhitov

and Janeway 2000a).

Whilst there are a wide variety of different cheaticompositions of PAMPSs, there
are three characteristics common to all of themstllyi PAMPs are microbial
structures not found within host cells or molecufgscondly, they are vital either for
the viability or the pathogenicity of the micro-argsm. Thirdly, PAMPs from a
given microbial class are normally found throughtwait entire microbial class
(Beutler, 2004; Akiraet al, 2006; Horner, 2006). Being vital for the survieal
pathogenicity of the microbe is a way to make sha¢ the mutation of the PAMPs is
kept to a minimum, as any mutation would be likielyhe disadvantage of the

organism with respect to the un-mutated strainsi{{Be 2004).

1.2.2 The role of endotoxin

The outer membrane of Gram-negative bacteria csnsis variety of amphiphilic
molecules; of these molecules lipopolysaccharideisnally considered to be the

most important immunologically and microbiologigadls the principal surface
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antigen (Dixon & Darveau, 2005). Endotoxin actsheesmain indicator to the
immune system of the presence of Gram-negativeebadMedzhitov & Janeway,

2002).

Endotoxin has two main roles in the outer membrérstly it acts structurally as a
supportive macromolecular domain of the cell enpeland secondly it acts
functionally as a selective permeability barrienolecules of either negatively
charged or hydrophobic domains, due to its highigric nature (Horret al, 1996;
Lerouge & Vanderleyden 2002). It is also thoughbéoan adsorption receptor for
certain bacteriophages. There is also the toxaity immunongenicity to a wide

variety of higher organisms (Leiet al, 1968; Morrison & Leive, 1975).

It has been known for a long time that pure endatsxextremely toxic if injected
systemically and has very similar physiologicakefs to Gram-negative bacteraemia
(Rietschaket al, 1994; Horret al, 1996). It is due to this that endotoxin is coesad
to act as the main molecule that informs the immaystem of the presence of Gram-

negative bacteria in the body (Hagnhal, 2000)

It has been shown that endotoxic recognition isiated by specific host receptors
(Schletteret al, 1995; Beutler & Poltorak, 2001). This allows ewemny low
concentrations of endotoxin to stimulate a largeime response. Since the host
receptors act as signal amplifiers, the immuneaesp is boosted beyond what would
be normal for the immune response to that condamtraf another molecule (Beutler
& Rietschel, 2003). Endotoxin acts almost solelptigh its Lipid A moiety, through
the stimulation of a potent inflammatory respongeich is entirely conferred by the
host (Riestchett al, 1994, Beutler & Rietschel, 2003). There are otfeterial

structures that have endotoxic-like activity, sashipopeptides, peptidoglycans,
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lipoteichoic acids, double stranded RNA and sonatdrel exotoxins. In the majority
of cases the outcome is a successful resolutitmedbacterial infestation, rather than

the development of lethal toxicity (Beutler & Riettel, 2003).

Macrophages are the most important cell involvethenimmune response to
endotoxin (Michalelet al, 1980; Freudenbergt al, 1986). This is because they are
the main source of tumour necrosis factor alphaH-TIN which is a potent pro-
inflammatory cytokine (Mannaedt al, 1980). It is possible though for endotoxin to
stimulate other cells, such as endothelial cettgyath muscle cells and neutrophils to
produce and release other mediators of an endoganmmin. These mediators
include bioactive lipids (e.g. platelet activatitagtor or thromboxane A2), reactive
oxygen species (e.g. nitric oxide) and most impualyecytokine proteins such as
interleukin-1 (IL-1), IL-6 and TNF-. The number of endotoxin molecules present is
directly proportional to the amount of mediatoreased, up to a threshold, which in
turn is proportional to the pathophysiological téatto the endotoxin (Schlettet

al, 1995; Beutler & Poltorak 2001). TNFis considered to be one the most important
contributors to the lethal aspects of endotoxinosxpe and thus its production is an
excellent measure of endotoxic activity with thanome system. It is for this reason
that the macrophages are considered one of theédrgsts for endotoxic research

(Beutleret al, 1985; Poltoralet al, 2000).

Endotoxin interaction with the immune system iastantly changing dialogue.
There are a variety of mechanisms deployed by diséth deal with endotoxin. Thus
to understand endotoxic interactions all the défgrmechanisms have to be

considered together, as there is a large amountesfap between the different
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mechanisms. So it is impossible to consider oneéhar@sm without viewing the

whole (Elsbach, 2000).

The mechanisms of interaction between endotoxiratie intracellular and
extracellular; these act in concert to stimulageithmune system. The extracellular
mechanism consists mostly of recognition molecthas bind to the endotoxin and
signal the intracellular mechanisms which stimutageproduction of an immune

response (Antal-Szalmas, 2000).

1.2.3 Innate immune recognition of endotoxin

This process is summarised in Figure 1.7 below.
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Figure 1.7:Recognition of endotoxin by the innate immune péoes.LPS acts through a variety of

receptors, but most importantly through TLR-4 witkdiation from LBP, CD-14 and MD-{Raetz

& Whitfield, 2002).

1.2.3.1 Lipopolysaccharide binding protein (LBP)

LBP is the thought to be the first host receptanteract with the LPS and to start the

inflammatory response (Schumaginal, 1990).

LBP is a 50 kDa polypeptide normally produced ipdtecytes, where it is released
as a glycoprotein into the blood stream (Schunetrat 1990). Other cells have also
been shown to produce LBP including; epithelialscef the skin, the lung, the
intestine, as well as human gingival tissues, largries, heart muscle cells and renal

cells (Suet al, 1994; Dentenegt al, 2000).

LBP’s primary function is to act as an amplifyingseem that is capable of alerting

immune cells to tiny quantaties of LPS presentli&ts, 2000).

LBP is normally found in the human serum at a catre¢ion of between 5-15ug/mi
(Zweigneret al, 2001). The concentration of LBP increases 50fb@Din
inflammation due to either increased productiorsedlby the inflammatory response

or caused by the presence of microbial stimuli (@sét al, 1999).

At physiological concentrations, LBP greatly enhesithe close contact between LPS
and other recognition molecules. Either those arse like soluble cluster of
differentiation (CD) -14 and high density lipopriot@r those attached to cells, such

as membrane CD-14 (Freudenbet@l 2001). These interactions can bring about the

inhibition of LPS by high density lipoprotein ortaation of cells by CD-14. This
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means that the host response is governed by wihitle ®&wo processes is faster.

Studies into the kinetics of the two reactions hstvewn that LPS/LBP complexes
faster with CD-14. This suggests that an initiatnome cell activation is beneficial,
but the cell activation is neutralised by the attd high density lipoprotein to stop

the overstimulation of the response (Heumann argeR@002).

LBP has been shown to increase the endotoxin-neetisimulation of CD-14-

positive cells by 100-1000 fold in a serum free rmell has also been shown that

LBP transfers LPS to soluble CD-14 (sCD-14) and ihiable to activate membrane
CD-14 (mCD-14) deficient cells, such as endothelra epithelial cells (Zweignet

al, 2006). LBP acts as an integral part of the stablelecular complexes, where it is
able to interact with LPS and CD-14. This allowsnmoytes to respond to
concentrations as low as 10pg/ml (Thoratal, 2002). It has also been suggested that
LBP is able to present hundreds of LPS molecul€3Del4 without itself being

consumed (Tobiast al, 1995).

The reduction or removal of LBP in laboratory anisrarings about almost the
complete removal on any LPS—induced toxicity, whiaticates the importance of
LBP for transfer of LPS to the receptor compiexivo. Many studies have shown
that LBP deficient mice are unable to generatecaessful immune response to
Gram-negative bacteria, such@amonella typhimuriunpKlebsiella pneumoniand
E. coliand suffered increased mortatily due to bactenal growth (Opaét al, 1999;

Brangeret al, 2005).
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1.2.3.2 CD-14

CD-14 is likely to be the important second stethien LPS-signalling pathway, as
once the LBP-LPS complex is completed it is boundither sCD-14 or mCD-14,

which in turn leads to activation of the immunedséDixon & Darveau, 2005).

CD-14 deficient cell lines are unresponsive to LB8,regain their ability to sense
LPS when transfected with CD-14 (Letal, 1992). Genetically CD-14-deficient

human monocytes have very low affinity for LPS hngd(Couturier, 1991).

The formation of the CD-14 - LPS complex decredlsesoncentration of LPS
required to mediate signalling by 100-1000 foldr{lananret al, 2000). CD-14
doesn’t have identical binding affinity for all LR§%es. It has been shown by
Cunninghanet al, (1999) thak. coli, Helicobacter pyloriandPorphyromonas
gingivalisLPSs bind in different ways to CD-14. The amount®S from
Porphyromonas gingivalieequired to gain a 50% bind to CD-14 was ten tithas of

E. coliLPS.

CD-14 seems to be able to measure the concentitiddS and in response to this to
change the charge on its surface, which promoté&sihteractions in an electrostatic
manner (Wright, 1995). This carrier role of CD-$4inable to distinguish between
different microbial ligands (Wright, 1995; Cunniraghet al, 1999). It seems instead
to be a step to collect sufficient LPS for recoigmitby a second receptor (Funetaal,

2001).

CD-14 is also able to bind to other microbial stwes, which suggests that CD-14 is
a possible PRR (Freudenbeatgal, 2001). These structures include peptidoglycan

from Gram-positive cell wall anBorphyromonas gingivaliBmbrie (Puginet al,
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1994; Hajishengallist al, 2006). This ability to bind to a variety of PAMRem
different organisms might be the reason why sapss similar whether caused by

Gram-negative, Gram-positive or even fungi (Landmetral, 2000).

1.2.3.3 Myeloid differentiation protein 2 (MD2)

MD2 is a small cysteine rich glycoprotein, whictsexreted from B-cells (Janssens &
Beyaert, 2003). It is known to join with the ectatin of toll like receptor 4 (TLR4).

It has also been shown that TLR4 is unable to thares LPS signalling without the
attachment of MD2 (Shimazet al 1999). If the MD2 gene expression is disrupted in
mice then it halts LPS signalling, showing MD2'spiontance in TLR4 function
(Schrommet al, 2001; Nagaet al 2002). Some putative methods of MD2, TLR4

interaction are suggested in Figure 1.8.

Figure 1.8:Possible methods of CD-14/LPS binding to the TlaRd MD2 complex. (a) CD-14
delivers the LPS directly to the MD2/TLR4 complexlucing dimerisation. (b) CD-14 catalyses
insertion of the LPS into the cell membrane, whheshydrophobic domain interacts with the
transmembrane domain of TLR4 and the head regiendicts with the MD2. (c) insertion of the LPS
into the cell membrane causes changes in the memlbrahitecture sensed by TLR4/MD2 complex

(Erridgeet al, 2002)
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1.2.3.4 Toll like receptors (TLR)

TLRs are a family of PRR which is made up of typaté&gral transmembrane
glycoproteins. These contain leucine rich repe&R).units in the pathogen binding
ectodomains (ECD). Signal transfer occurs duetragellular structural components.
This includes an almost identical structure in bbtfR and IL-1 receptor family
members, known as Toll/IL-1 receptor homologouR(jTdomain, which represents
the cytoplasmic end (Akirat al, 2006; Kaisho & Akira 2006; Pandey & Agrawal,
2006). This TIR domain has been found in a wideéetyaof transmembrane and
cytoplasmic proteins in plants, worms, arthrop@hs] even some bacteria. All these
molecules are involved in host defence, thus makifgone of the earliest signalling

domains found (Aravineét al, 1999).

So far 13 mammalian TLRs have been recognisedf ftiese are expressed in
humans, TLR 1-11. Each TLR is activated by a varétdifferent PAMPS,
sometimes from a large number of different orgasisiie different PAMPs each

TLR is activated by are shown in Figure 1.9.
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Figure 1.9TLR ligand Specificities. A list of the differefiiLRs and the variety of ligands they can

bind to. (Janssens & Beyaert 2003)

Of these receptors, the ones of most interestennestigation are TLR2 and TLR4

due to their relation with endotoxin (Schaettal, 2006)
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TLR2

TLR2 has the ability to recognise PAMPs from a widlege of micro-organisms,
including Gram-positive bacteria, Gram-negativetéaa, mycobacteria, fungi,

parasites and viruses (Raetz & Whitfield, 2002;éreauet al, 2006).

TLR2 has the ability to bind to LPS and activatardlammatory immune response.
It is still undecided as to how important a recepbo LPS it is (Hirschfieldet al,

2000). It has been shown that some of the expmre$sibPS was due to endotoxic
proteins attached to the LPS, as when the LPS evagtracted to remove the protein,
signalling through TLR2 stopped (Brightbdt al, 1999; Hirschfeldet al, 1999;
Hirschfeldet al, 2000). The above results were carried out witteiedacteriaceae.
TLR2 is well documented to be able to bind andaligi®S structures from other
bacterial species, such lasptospira interrogand?orphyromonas gingivaljs
Helicobacter pylorj Rhizobiunmspecies Sin-1l,.egionella pneumophilidBacteroides
fragilis and Pseudomonas aeruginoBAC-611 (Hirschfelcet al, 2001; Wertset al,
2001; Smithet al, 2003; Girackt al, 2003; Erridgest al, 2004). These organisms tend
to have different structural forms from those afsslic LPS, such as that@fcoli,
which activates TLR4. The variations including thierent distribution and
differentiation of acyl chains in the lipid A mojeseems to have a different
recognition style (Neteat al, 2002). The conical and cylindrical types of LP&ym
bind to and signal through different receptor cagmpbk. This was shown by the fact
thatPorphyromonas ginigivalisvhich has a cylindrical LPS signals through TLR2,
whilst the conical LPS dE. colisignals through TLR4 (Hirschfekt al, 2001; Netea

et al, 2002). So it seems that TLR2 signals the lesssidally shaped LPSs.
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TLR4

TLR4 is considered to be the main receptor for sRBalling in the innate immune
system. The main pieces of evidence to supporttieisfirstly the loss of the LPS
response due to a specific mutatiompglocus in a mouse model, thHjss locus is
identical to thelr4 locus and they both encode TLR4, secondly re-earifPS was
unable to elucidate a response from a non-respaondese strain C3H/HeJ, thirdly

no human or murine TLR2 transfected cells showegdrasponse to either re-purified
LPS or protein- free synthetic Lipid A and finatlye unresponsiveness of these TLR4
deficient mice when challenged with lethal doseurified LPS (Poltoralet al, 1998;

Hoshinoet al, 1999; Hirschfeleet al, 2000; Heumann & Roger, 2002).

The biophysical properties of LPS molecules hawnltsiggested to have a role in
TLR signalling. It is thought that the hexa-acyhaml structure of the
Enterobacteriaceae LPS is more favourable to diggahrough TLR4, whilst the
penta-acyl cylindrical structure LPS is more ablsignal through TLR2 (Schromm

et al, 2000; Neteat al, 2002). Tetra-acyl Lipid A alone is unable to silate human
TLR4, whilst hexa-acyl Lipid A does (Poltorak al, 2000). It has been suggested that
human TLR4 is able to read the LPS structure, évatuating the nature of the acyl
chains, allowing the differentiation between Ligidand tetra-acyl Lipid A (Poltorak

et al, 2000). The other suggestion is that the TLR4le #o distinguish between the
different conformations of the CD-14 molecules whiggy are bound to the different

Lipid A structures (Lieret al, 2000; Poltoralet al, 2000).

A reason that TLR4 is considered to be the maiaptx for LPS could be that the

vast majority of studies into TLR signalling usadyoclassical LPS structures. These
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were mostlyE. coliandSalmonellaspp.. More than 90% of all endotoxin publications

were done with LPS from Enterobacteriaceae (Dehiag 2006).

TLR4 also is able to signal PAMPs from other orgams, such as a specific viral
protein from Hepatitis C, plant paclitaxel and thesion protein from respiratory

sysncytial virus (Kurt-Jonest al, 2000; Akiraet al, 2006; Machidat al,2006).

TLR4 is able to induce a number of different immuesponses through their
cytoplasmic signalling domains. It has a very sgremilarity to IL-1 receptor (IL-
1R). Myeloid differentiation factor 88 is recruiténlthe activated sites on TLR
cystolic domains. From here it is able to catataseactivation of the serine/threonine
kinases of the IL-1 receptor-associated kinase&K)Ramily. The IRAK family then
acts through TNF-receptor associated factor 6 (THA® promote myeloid-
activated protein (MAP) kinase cascades and thieeautactor (NF)-B-inducing
cascade (Underhill & Ozinsky, 2002). This lead#h® production of a variety of pro-
inflammatory cytokines, most notably TNEANF- , IL-1 and IL-6, as well as
chemokines IL-8. These chemicals lead to developiiever and also up-regulate
the acute response through the production of comgaie, C-reactive protein and

other molecules (Basset al, 2003).
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1.3 Hospital Acquired Pneumonia (HAP)

1.3.1 The disease

HAP or nosocomial pneumonia is a case of pneumexygaired whilst in a
nosocomial environment. It is generally definecdasnflammation in the substance
of the lungs, brought about by a microbial infectaf the lower respiratory tract. The
infection is most often caused by bacteria, bugélpneumonia has also been
isolated. Viral pneumonia is rarely seen in adaiough it is a slightly more
common in children, where it is normally accompdriy a bacterial infection

(Kumar & Clark, 2002; Langley & Bradley, 2005).

Patients that develop pneumonia whilst in hospitalusually immunocompromised,
mostly due to an underlying condition. This allaive micro-organisms to gain
access to the lungs, as the immune system is tak tseemove the infections. Other
risk factors for the development of HAP includertggattached to a ventilator, which
inhibits the cough reflex, the bacteria are alde &t colonise the tubes with biofilms.
This means that the patient is continuously bregtim bacteria. There is also a
greater prevalence of antibiotic resistant orgasigmhospitals than in the
community, which mean that it is harder to eradidae infection with antibiotic
therapies. Recovering from surgery is another magé@rfor patients as the immune
system is already under pressure and can easityrieeover stretched, allowing the
micro-organism to gain a foothold in the lung (Beébal, 1999; Mehta &

Niederman, 2003; Wolkewitet al, 2008).
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1.3.2 Incidence and Epidemiology

HAP is a huge problem in the intensive care un@$J§) of nearly all major hospitals.
HAP is the second most common type of nosocomiatiion and accounts for a
guarter of all infections in the ICU. When combineith primary bacteraemia, HAP
is the leading cause of death from infection (Bawtt999; Beardslegt al, 2006).

The rate of HAP varies dramatically between diffeédeospitals. This can be seen by
the wide variations measured by the different paianges of incidences of HAP.
These can vary between 9% and 68%, depending drodptal (David & Bowton,
2006). In a study of 98 hospitals around the wdRdsenthaét al (2008) recorded

the incidence of ventilator associated pneumon@R)in patients on mechanical
ventilators across different ICU types. These vhfiem 40.74% of patients in
medical ICUs (2408 patients), 19.82% in medicayysty ICUs (26155 patients), to
7.85% in paediatric ICUs (1808 patients). So it barseen from this data that HAP is

indeed a global problem.

The main difference between community acquired praua (CAP) and HAP is the
causative organisms. In CAP the main organisBtligptococcus pneumonijaeith

50% of cases caused by this organistycoplasma pneumonia€hlamydia
pneumonia@and Influenza virus account for 5% each of the sfldemar & Clark,
2002). In HAP the microbiology is very differentttvia variety of less directly
pathogenic species causing the infections duettbiatic resistance. A study of the
micro-organisms isolated from patients in post ®algCU wards from hospitals
across France was carried out by Dupeirdl (2003). These are displayed in table 1.1

below.
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Table 1.1The Bacteriology of Postoperative Pneumonia EOiLE\s

Organism Number of Isolates Percentage of total
E. coli 46 9%
Klebsiella pneumoniae | 12 2.4%
Enterobacterspp. 12 2.4%
Serratiaspp. 15 3%
Pseudomonas aeruginosa 56 11%
Acineobacter baumannii | 6 1.2%
Haemophilus influenzae | 63 12%
Morganellaspp. 17 3.4%
Miscelleanceous Gram- | 80 16%
negative bacteria

Coagulase positive 88 17%
Staphylococcuspp.

Coagulase negative 22 4.4%
Staphylococcus

Streptococcus pneumoniae3l 6.1%
Other Sreptococcuspp. 34 6.7%
Yeasts 23 4.6%

As can been seen in tablel.1, the incidence ohisges is very different from that
displayed by CAP infection&treptococcus pneumonieealso found on the list but
there was only an incidence of 6.1% in the studygared to an incidence of 50% in
CAP infections. The most common organisms in HA®Pcmragulase positive
Staphylococcuganost ofterStaphylococcus aureushis is due to their innate
pathogenicity, as well as their being resistara taide variety of antibiotics. The

most well known of these resistant staphylococanéshicillin resistant
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Staphylococcus aureMRSA), which is likely to be the main organismtie

coagulase positivBtaphylococcus groujWolkewitz et al, 2008).

With regard to Gram-negative organisms, therenmsiah greater range of causative
organisms, with th&nterobacteriaceaas a group being the most prevalent but the
Haemophilus influenzaeeing the most common Gram-negative organism.
Haemophilus influenzas an organism that can cause CAP but it is muar than
Streptococcus pneumoni@eumar & Clark, 2002; Duporgt al, 2003). It is an
opportunistic pathogen that often causes lowerinaspy tract infections. It is
commonly found in the upper respiratory tract @mmensal but it is able to infect
an immunocompromised patient, given the opportuiditygensesmet al, 1990; Giret

al, 2002).

Pseudomonas aeruginogage second most commonly isolated Gram-negative
bacterium, is an organism that only rarely caus&B.(t is a common environmental
organism found throughout nature in soil and wagenples. It is not in itself
particularly pathogenic but it is a quintessengialbportunistic pathogen able to
infect people, whose immune systems are rundowmardnger functioning fully. It
is also resistant to a wide variety of antibiotiehich means that it is able to survive
in a hospital environment without much difficultgdllef et al, 2005; McGowan,

2006)

Members of thé&nterobacteriaceaare normally found in the gut but when a patient
is immunocompromised they are able to translodataigh the gut wall and thus
spread throughout the body to cause a wide vanietjseases. Pneumonia is a

common side effect of this and is a major probl@gnain there is a wide level of

46



antibiotic resistance in these organisms, allovtiregn to colonise in a hospital

environment (Kollekt al, 2005; Alekshun & Levy, 2006).

1.3.3 Treatment regimes

There are a number of different antibiotics avddab physicians treating patients
with HAP. Which one is to be used depends very naurcthe organism that is
present and also the particular resistances then@m might show. This is why it is
crucial to get samples sent to the laboratorydsting quickly. It is also important for
accurate results to be returned swiftly so thattireect drug can be given (Kumar &

Clark, 2002).

There are a number of difficulties with correcggliating and identifying the
causative organism though, as the samples takentfre lung to be tested for
bacterial presence are usually sputum. This caxtvsemely difficult to isolate
bacteria from, as the bacteria can often form brsfiin the sputum which makes
them harder to isolate on agar. The sputum is nornsalated from the upper
airways and thus is not representative of the laoesgpiratory tract and so could give
incorrect results for the microbiological causdhs pneumonia. Sputum is also often
contaminated with a variety of commensal bactéroam the mouth and the upper
respiratory tract, which may lead to incorrect iafecations. Some organisms are
more effective growers than others and so evergthtiiuey may not be the causative
organism they may appear to be in the laboratrgeruginosas a good example of
this, as it is a very effective grower much morelsam something likelaemophilus
influenzaeand on normal agar will grow easily whildaemophilusnfluenzaewill be
unable to compete. The use of bronchial lavagagisssibility to improve the

accuracy of the results as these get bacteria tihherfower respiratory tract, but they
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can be dangerous to perform with severely ill pasieProper use of selective media
will aid with the removal of false positive resu{Berbaet al, 1999; Kollefet al,

2005; Wolkewitzet al, 2008)

Initial treatment regimes, before the results fiwa lab are available, should be
tailored to the make up of local microbiologicairfh. This will reduce the use of

ineffective antibiotics and reduce resistance fogr(iBeardslet al, 2006).

The fact that the majority of people suffering frétAP have another underlying
condition must be taken into consideration whengiésg an antibiotic regime. This
condition may already require an aggressive regifratibiotics and so any new
ones will have to be added in carefully to avoidatbating the original condition

(Kumar & Clark 2002).

The rise of antibiotic resistance in the last 38rgas leading to a great deal of
problems. The rise of MRSA has already meant that few antibiotics can be used
to treat this organism. There are now also parstas strains of other bacteria
species now found in a hospital environment, sgdebsiella pneumoniaand
Acinetobacter baumann(lrouillet et al 1998; Giamarelloet al, 2008). This means
that there are no possible treatments for peofdeted with these organisms. As a
result, it is essential that alternative non antibitreatments for people suffering
from HAP are developed, such as passive vaccineatmmnic peptides (Vost al,

2005).
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1.4 Acinetobacter calcoaceticus- Acinetobacter baumannii

1.4.1 Acinetobacter calcoaceticus- Acinetobacter baumanni i biology and

taxonomy

Acinetobacter calcoaceticus- Acinetobacter baumasma Gram-negative
coccobacilli, which are known to be non-fermentatiron-motile, non-pigmented,
catalase-positive and oxidase-negative. They arallyfound occurring in
diplococcal formations, but can be found in chahsarying lengths (Giamarelloet
al, 2008). Traditionally the species was consideodaatve been a commensal with
low pathogenicity and even used to be ignored wheas isolated from clinical
specimens in the 1970s (Bérgogne-Bérezin & Towl@d6). However within the last
20 years interest has grown dramatically in theégarasms, especially in
Acinetobacter baumannifor two main reasons. Firstly the proliferatidn©@Us has
brought about a dramatic change in the type ottrdas caused b&cinetobacter
baumanniiand secondly the emergence of multidrug-resistrains some of which
are resistant to all known antibiotics, with thegption of colistin (Rello & Diaz,
2003; Giamarellou, 2006; McGowan, 2006; Giamaredbal 2008). It has even been
suggested that we are closer to the end of effeetntibiotic therapy with

Acinetobacter baumannihan with MRSA (Hanlon, 2005)

The taxonomy oAcinetobactespp. is confusing and the organism has had atyarie
of classifications, such as in the families Neissmace or Moraxellaceace. It has also
had a variety of names within these families, sasloraxella Herelleg
Achromobactepor AlcaligenegHanlon, 2005; Giamarlloat al, 2008). The situation

is still not fully resolved andécinetobacteispp. are undergoing continuous changes
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of nomenclature. So far 32 genomic species hawve ideatified of which 17 have

been given names (Van Looveren and Goosens, Z0xt)itional identification
methods have been found to be generally ineffecsiveh a#\cinetobacter

baumannij Acinetobacter calcoaceticualong with the as yet unnamed genospecies 3
and 13 sensu Tjernberg and Ursing (TU), are verg taadistinguish phenotypically
and thus are often referred to as Alwenetobacter calcoaceticus- Acinetobacter
baumanniicomplex (Tjernberg & Ursing, 1989; Dolzastial, 1995). These strains

are the most commonly associated with hospital ieedunfections and they account
for about 75% oAcinetobactesspp. isolated from clinical specimens (Henwebdl,

2002).

1.4.2 Epidemioloqy of Acinetobacter calcoaceticus- Acinetobacter

baumannii complex

Acinetobacter calcoaceticus- Acinetobacter baumiacminplex has been found in
soil, water, animals and humans. Thanetobactespp. are normal inhabitants of
human skin but have also often been isolated imabgiratory tract of hospitalised
patients (Paterson, 2006; Fournier & Richet 2086)netobacter calcoaceticus a
common environmental organism found ubiquitoustptighout nature, but it has
also been isolated from human clinical cases (boksnet al, 2007). Acinetobacter
spp. have also been extracted from some unlikalyces, such as food and
arthropods. It has further been shown thahetobactesspp. can be found in about
17% of fresh fruit and vegetables. Of thésnetobacter baumannivas isolated in
56% of isolated strains. The strains were isoléiteth a variety of common fruits and
vegetables, such as apples, melons, beans, caluaadgj#ower, carrots, potatoes,

radishes and peppers (Berkial, 1999). It has been suggested that hospital food
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could be a potential source Atinetobacter baumanninfections, but since the
preponderance of cases are in the ICU, this waedhsto invalidate such a

hypothesis (Corbellat al, 1996).

Acinetobactespp. are common commensals of the human skin itio 5%
carriage in hospitalised patients and between 28384 in the healthy population,
although the majority of these were not the strétias are generally associated with
nosocomial infections (Seifegt al, 1997; Sebengt al, 2008). Even with this high
commensal carriage @fcinetobactespp., skin and soft-tissue infections are rare In
study in America it was found that only 4.1% ofsoft tissue infections were caused
by Acinetobacter baumann{Baderet al, 2002). There is never the less a large
increase in soft tissue infections in traumaticiipjpatients, especially in patients in
military hospitals in Afghanistan and Iraq (CDC 020 Fournier & Richet 2006;
Sebenyet al, 2008). This was also observed in the Vietnam WaereAcinetobacter
baumanniiwas the most commonly isolated organism from tra@ignnjuries

(Fournier & Richet 2006).

Acinetobacter baumannis most commonly associated with nosocomial pneuano
and bacteraemia, as a#einetobactegenospecies 3 & 13 TU. Their ability to survive
in hospital environments is mostly due to its resise to antibiotics as well as its
ability to survive in moist and dry environmentsg@arellouet al, 2008). This
resistance to desiccation means theihetobacter baumanngian colonise many

areas of hospitals, such as ventilators, mattrepglsvs, bed rails, bedsides, distilled
water containers, intravenous nutrition equipmennking water, sinks, hygroscopic
bandages, showers, stainless-steel trolleys, réstise equipment and tables,

thermometers and soap dispensers (Paterson, Z®&)can be seen that
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Acinetobacter baumanngindAcinetobacteigenospecies 3 & 13 TU are organisms
that can be isolated from many areas in the hdsfiita due to these properties that
Acinetobacter baumannis such a huge problem in hospitals causing oaksraviost
important though are their resistance to antibsofithere are some strains that are
pan-resistant to all known antibiotics, with théesexception of colistin
(Giamarellou, 2006; Petrosillet al, 2008). This means that even though
Acinetobacter baumannis not as aggressive as other pathogenic spexies, i
immunocompromised patients who are unable to fiiffnthe infection themselves, it
is unable to be treated effectively. This leadsutbreaks spreading through hospital
wards especially the ICU and being unable to béasoed with conventional

treatments (Falaga al, 2008).

There are a number of epidemic clones isolatedusd he three European ones are
called clone |, 11, and Ill. Clones | and Il havaused outbreaks in north western
Europe, with clone | also being found in Spain, tBoAfrica, the Czech Republic,
Poland and lItaly, whilst clone Il has also beefi®al in Spain, South Africa, France,
Greece and Turkey. Clone 1l has been isolatedamé¢e, Italy, Spain and the
Netherlands. This suggests that these clones giné/hiirulent and also multidrug
resistant. These strains cause outbreaks thakaesrely difficult to control and can

lead to endemicity of these strains in hospitalan\Dessett al, 2004).

1.4.3 Acinetobacter calcoaceticus - Acinetobacter baumann ii complex

speciation

TheAcinetobacter calcoaceticus - Acinetobacter baumasomplex is a group of 4
very closely related organismsAfinetobacter calcoaceticudcinetobacter

baumanniiand genospecies 3 and 13 TU. These organisménamstampossible to
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differentiate from each other by traditional phempat methods and it requires 16S -
23S DNA - hybridisation to differentiate betweeerti (Tjernberg & Ursing, 1989,
Dolzaniet al, 1995). There is another method for the identiifccaof Acinetobacter
baumanniifrom the other organisms of tBeinetobacter calcoaceticus -
Acinetobacter baumanngiomplex, because it has an OXA-51-like beta lactama
This carbapenenmase is not found in the other senof the complex.
Acinetobactegenospecies 13 TU on the other hand though caiffeesdtiated from
Acinetobacter baumanninrough a PCR method that differentiates between

differences in thgyrB gene sequences (Higgiesal, 2007).

Acinetobacter calcoaceticus a common environmental organism that has been
isolated from a wide variety of different of enviraents, such as soil, water, fruit and
also humansAcinetobacter baumanrsi natural reservoir has never been properly
isolated, but it is now commonly isolated in nosoa@ infections and from the skin.
Acinetobactegenospecies 3TU has been isolated from humansgding clinical
isolates, soil and fruit sample&cinetobactegenospecies 13T U has been most

commonly isolated from humans, including clinicsdlates (Dijkshooret al, 2007).

This difficulty of being able to differentiate be#en the species of the complex has
meant that there is high probability that thereehbgen a number of mis-
characterisations of organisms. So many organikatshave been thought of as
Acinetobacter baumannivere in factAcinetobactercalcoaceticusThis is likely to be
the reason that many papers state Altatetobacter baumanns an environmental
organism, whilst is highly unlikely that they arefactAcinetobacter baumannithis

also carries over to the genospecies 3 and 13 Thleas can be mis-characterised as
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Acinetobacter baumannisolates, when they are not infact (Van Looveztal,

2004).

1.4.4 Acinetobacter calcoaceticus - Acinetobacter baumann ii complex

virulence factors

Whilst normally antibiotic resistance mechanisnmesrast considered virulence factors
in the case ofAcinetobacter calcoaceticus - Acinetobacter bauniabat due to the
very small number of virulence factors isolatedvirthe organism so far and the fact
that without these resistance mechanisms it woolda a hospital acquired
infection. So it seems that in this case resistameehanisms should be considered

under the heading of virulence factors.

1.4.4.1 Acinetobacter calcoaceticus - Acinetobacter baumannii complex

lipopolysaccharide

Acinetobacter baumanniiAcinetobacter calcoaceticau®mplex LPS is one of the
virulence factors exhibited by the organism. lhamally found in a smooth
formation with a long O-polysaccharide chain. lgenerally considered to be similar
in activity toE. coli (Haseleyet al, 1998; Vinogadoet al, 2003).Acinetobacter
baumannii- Acinetobacter calcoaceticd$®S has been shown to signal the innate
immune system through the TLR4, which indicates itha similar in structure of its
Lipid A moiety to the classicdt. colimodel (Erridgeet al, 2007). LPS stimulation of
the immune system has been suggested as the nuagie afA\cinetobacter

calcoaceticus - Acinetobacter baumarcomplex disease (Leurgg al, 2006).
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1.4.4.2 Resistance mechanisms

Acinetobacter baumanniiAcinetobacter calcoaceticu®mplex has a wide variety of
different resistance mechanisms which protect tijarasm from a large number of

different antibiotics.

-lactamases

These include-lactamases, such as chromosomal cephalospori(asgC), as
well as a suggested novel family efactamases, th&cinetobactederived
cephalosporinases (Corvetal 2003; Hujeret al 2005). Class A -lactamases have
been isolated such as TEM-1 and other extendedrapec-lactamases (ESBLS),
such as PER-1, SHV-12, TEM-92 and CTX-M-2 have aksen isolated from a
number of strains across the world (Poaeal, 1999; Yonget al 2003; Naganet al,

2004; Pereet al, 2007).

Metallo- -lactamases, such as IMP-1, IMP-2, IMP-4,IMP-5, i8lBnd IMP-11, as
well as VIM-2, have been isolated from a numbestddins in Japan and Korea (Lee

et al 2004; Walslet al, 2005; Pereet al, 2007).

Class D OXA -lactamases that are able to inactivate carbapehawgsalso been
found in strains of thécinetobacter baumanniiAcinetobacter calcoaceticus
complex. These include OXA-23, OXA-40 and OXA-5&fialdet al, 2000; Bouet
al, 2000a; Poireét al, 2005), whilst OXA-51is found only iAcinetobacter

baumannii(Brown et al, 2005; Turtoret al, 2006).

Outer membrane protein (OMP) modifications
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It has been observed in a numbeAoinetobacter baumannautbreaks that there is a
reduction in the number of OMPs present on theaserbf the organism, which limits
the access of antibiotics into the organism (Bbal, 2000; Qualet al 2003). It is
unknown how much this mechanism affects the resistaf the organism, as it is
very hard to measure. A couple of OMPs have beshawn to be involved with
resistance to certain drugs, such as the 43-kDalogue of OprD associated with
imipenem resistance or the 29-kDa CarO, which gsnfesistance to imipenem and

meropenem (Limanskgtal, 2002; Duponét al, 2005)

Efflux Pumps

The efflux pumps are specialised molecular pumpsrdmove toxic compounds
from the interior of bacterial cells. There areaaigty of families of efflux pumps.
The most common families are; the major facilitdgonily; the small multidrug
resistance superfamily; the multidrug and toxiaesion superfamily and the
resistance-nodulation-cell division family (Pod¥®05). InAcinetobacter baumannii
- Acinetobacter calcoacetice®mplex, a member of the resistance-nodulation-cell
division family, called the AdeABC efflux pump, hbsen well characterised. It
removes aminoglycosides, cefotaxime, tetracycliseghromycin, chloramphenicol,
trimethoprim and fluoroquinolones (Pertzal, 2007). Over-expression of the
AdeABC efflux pump has been theorised to providghhevel resistance to

carbapenems (Marque al, 2005).
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Aminoglycoside resistance

As well as the efflux pump mentioned abo&einetobacter baumannii
Acinetobacter calcoaceticu®mplex also produces aminoglycoside modifying
enzymes (AMES). There are a variety of these inolyidcetyltransferases,
nucleotidyltransferases and phosphototransferd$ese AMESs are widespread
throughout the world and are expressed by a widetyaof Acinetobacter baumannii

strains (Pelegt al, 2008).

Quinolone resistance

Quinolone resistance is primarily mediated by gtrrad changes in DNA gyrase,
caused by mutations in tiggrA andparC genes (Seward & Towner, 1998). These
modifications mean that the quinolone has a lovferity for the enzyme-DNA
complex and as a result the quinolone cannot halDiNA gyrase effectively. The

efflux pump also acts a resistance mechanism fmotpnes (Pereet al, 2007).

Tetracycline resistance

There are two separate mechanisms of resistartegacyclines described in
Acinetobacter baumanniiAcinetobacter calcoaceticu®mplex. The first are
specific transposon-mediated efflux pumps, knowileté and TetB. TetA drives the
removal of tetracycline, whilst TetB removes tey@ime and minocycline (Perest

al, 2007; Pelegt al, 2008). The second mechanism is a ribosomal groteprotein,

which shields the ribosome from the action of ®tddine (Riberaet al, 2003).

57



Polymyxin resistance

Polymyxin B and E are peptide antibiotics origigadiolated in 1947 and are
currently used as a last resort for cases of muljidesistanAcinetobacter
baumannii There have been recent reports of resistancdapeng to even these
antimicrobials throughout the world (Urbabal, 2001; Galegt al, 2006). Currently
the resistance mechanism remains unknown. Howehasibeen shown that small
changes to the LPS binding site have led to resistanE. coli, Salmonellaspp. and

Pseudomonas aeruginog@onrad & Galanos 1989; Petersstral, 1987).

1.4.4 Control of the organism

Pan-resistant strains have been isolated fromiatyaf hospitals world wide, which
means that normal therapies and control strategeeso longer effective. Strategies
such as proper observance of hand hygiene anghaper management of antibiotic
programmes to slow the development of resistaned teebe implemented fully
(Giamarellou 2006). Also it is important to tryrmaintain the strength of currently
available antibiotics. This can be achieved byube of antimicrobials that have more
than one target of mechanism of action. Furthermaelactams and fluoroquinolones
should not be used together. It is also possibledmtain the effectiveness of
antibiotics by making sure they are prescribechorter doses and that concentrations
are at the correct levels (Peterson, 2005). THecereeeds to be much greater
interaction between the labs and clinicians, sowheen a susceptibility of the
organism is identified, the clinician should immegely change the antibiotic used

(McGowan, 2006).

58



1.5 Aims of the Project

1

The preparation and characterisation of LPS exdafrom
Acinetobacter genospecies 13 abdHaemophilus influenzae
(Escherichia coliKlebsiella pneumoniaandPseudomonas aeruginosa
LPS was extracted as controls of common gram neghitng
pathogens).

To ascertain the levels of antibodyAoinetobacter genospecies 13 TU
andHaemophilus influenzaePsS in the normal population, by ELISAs
on serum from blood donors. 475 donors were tdastéétermine the
range of levels and see if there are likely to m@mon epitopes in LPS
of each species. This will be done initially byisgenvhether people that
are high responders to one LPS will also have lggéls of response to
other levels of LPS and vice versa.

Check through use of Inhibition ELISAs for crosagatvity between the
different LPS antigens. Thus seeing if there isiafive target for a
passive vaccine.

The levels of the innate immune response to tHerdifit LPSs will be
investigated by measuring the induction of inflantoma cytokines from
THP-1 cells using QPCR. This will demonstrate haept the
AcinetobacteendHaemophilud.PS are and also give us an idea of the

base level response in the normal population.
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2. Materials and Methods

2.1 Growth and LPS extraction methods

2.1.1 Strains used

Samples were received from the diagnostic labaegtdrom the Royal infirmary of
Edinburgh (RIE), as follows

4 samples offaemophilus influenzae

2 samples oPseudomonas aeruginasa

2 samples oKlebsiellapneumoniae

2 samples oEscherichia coli

8 samples fromi\cinetobacteigenospecies 13 TU.

Table 2.1: strains received

Species Strain Source
Haemophilus influenzae MPRL 4790 Respiratory Tract
Haemophilus influenzae MPRL 4838 Respiratory Tract
Haemophilus influenzae MPRL 4839 Respiratory Tract
Haemophilus influenzae MPRL 4840 Respiratory Tract
Pseudomonas aeruginosa MPRL 4789 Respiratory Tract
Pseudomonas aeruginosa MPRL 4845 Respiratory Tract
Klebsiella pneumoniae MPRL 4841 Respiratory Tract
Klebsiella pneumoniae MPRL 4844 Respiratory Tract
Escherichia coli MPRL 4842 Respiratory Tract
Escherichia coli MPRL 4843 Respiratory Tract
Acinetobacter genospecies

13TU MPRL 4793 Blood
Acinetobacter genospecies

13TU MPRL 4799 Blood
Acinetobacter genospecies

13TU MPRL 4800 Blood
Acinetobacter genospecies

13TU MPRL 4801 Blood
Acinetobacter genospecies

13TU MPRL 4802 Respiratory Tract
Acinetobacter genospecies

13TU MPRL 4803 Blood
Acinetobacter genospecies

13TU MPRL 4808 Respiratory Tract
Acinetobacter genospecies

13TU MPRL 4809 Respiratory Tract
The strains received and where they were isolaied in the 60
patient.




2.1.2 Growing the Strains

ThePseudomonas aeruginosa, Klebsiella pneumoniae dfstina coli, and
Acinetobactegenospecies 13 TU strains were grown in 100 mutrfient broth
overnight at 37°C in an orbital incubator. The ardtwas gram stained to make sure
that it was a pure growth of gram negative rods itoth was also streaked out onto a
nutrient agar plate, except fAcinetobactegenospecies 13 TU which was streaked
onto blood agar. These were then incubated ovéit aig37°C to make sure that there
was only one colony type. A 10 ml volume of theialigrowth broth was added to
each of 6 2L conical flasks containing 1L of nuttibroth. These were incubated
overnight at 37°C in an orbital incubator. Agaie tultures were gram stained and
plated out as above to test for purity.

Haemophilus influenzagas grown differently due to the additional growth
requirements that it requires. It was grown as atexcept that the growth medium
was brain heart infusion (BHI) with 5% fildes exdr&Oxoid, Basingstoke, UK) as
suggested by Bergera al (1987), with bacitracin to remove any Gram-positiv
contamination. The purity of the organism was &te plating it on chocolate blood

agar. Otherwise it was grown in the same mann#reasther organisms.

2.1.3 Harvesting the bacteria

The broth containing the bacterial growth was d¢krged in a Sorval RC 26 at an rcf
of 169119 for 15 minutes at 4°C using an SLA 3080 This was repeated until all
6L of bacteria had been pelleted. The pellets wersuspended in phosphate buffered
saline (PBS, 50nM, pH 7.4) and pooled togethers Was then spun down in a Sorval

RC 26 at an rcf of 151469 for 15 minutes at 4°@Qgisin SLA 1500. This was
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repeated twice more, after which the pellets weseehn at -20°C. They were then

freeze dried overnight using a freeze drier.

2.1.4 Extracting the LPS

The LPS was extracted using the aqueous phenobihedis developed by Westphal
& Jann (1965) and described by Hancock & Poxto8)9The freeze-dried bacteria
were weighed and were re-suspended in pyrogenafager at a concentration of 5%
w/v. The bacterial suspension was heated in argpilath to 65°C, as was an equal
volume of 90% (w/w) aqueous phenol. The two sohgiaere mixed together and
kept at 65°C for 15 minutes stirring every twolicee minutes. The mixture was then
placed on ice and allowed to cool to allow the fayte separate. This was then
centrifuged in the Sorval RC 26 centrifuge at drofd 51469 for 15 minutes at 4°C
in a SLA 1500 rotor. The top layer of the phenobwamoved and placed in a new
tube and re-centrifuged in the Sorval RC 26 atchofr14476g for 15 minutes at 4°C
in a SA — 600 rotor. Again the top layer was rentbard placed into pre-prepared
dialysis membrane (Viking 32/32) and left in a @nér with a running tap overnight
to remove the phenol from the solution. The samae centrifuged again in the
Sorval Rc 26 at an rcf of 144769 to remove any intigs that may have remained.
Now the sample was centrifuged in a Sorval ultradeige at an rcf of 100 000g for 3
hours at 4°C. It was removed and the supernatasitisaarded. The pellet was re-
suspended with pyrogen free water using a syrirttgel fwith a 26 guage needle and
then re-centrifuged in the ultra centrifuge as @&dhe pellet was once again re-
suspended in about 4ml of pyrogen free water artsterred into a pre-weighed
plastic bijou and frozen overnight at -20°C. It wlaesn freeze-dried overnight and

weighed to determine the weight of LPS obtainedhfthe extraction.
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2.1.5 Repurification of LPS.

The Vogel's method for the repurification of LP$eafinitial extraction, developed
by Hirshfieldet al (2000), was used to remove any remaining celbserprotein

from the LPS. The freeze dried LPS was suspend8®¥ triethylamine at a
concentration of 5Smg/ml. A 500volume of the suspension was transferred into a
1.5ml microcentrifuge tube and 10d®f 3% sodium deoxycholate solution (creating a
0.5% concentration of sodium deoxycholate). This waxed briefly and then 600

of water-saturated phenol was added. This newisalutas vortexed intermittently
for 5 minutes, the phase was then allowed to sep&ya5 minutes at room
temperature. The sample was then placed on ice fimnutes and then centrifuged at
10000g for 2mins.

The top aqueous layer (including any white matexidhe phase interface) was
transferred to another 1.5ml microcentrifuge tuliee lower phenol layer was re-
extracted with 600 of 0.2% triethylamine / 0.5% sodium deoxycholate described
above. The top aqueous layer was pooled with teeiquisly collected top aqueous
layer.

The pooled samples were divided into two 1.5ml ogentrifuge tubes and both
extracted with 600 of water-saturated phenol. The top aqueous layers
transferred to another 1.5ml microcentrifuge areblume was measured. 1 volume
of 300mM sodium acetate was added to 9 volumelsenétjueous phase and mixed
briefly.

Volumes of 400l of the above samples were transferred to separat®centrifuge
tubes and 1.2ml ethanol was added (making a coratemt of 75% ethanol in each

tube). This was allowed to precipitate at -20°Clfdrour. The samples were then
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centrifuged at 100009 for 10 minutes. The supematas discarded and the
precipitate was resuspended and pooled in coladetig20°C). This was wash
precipitated by centrifugation at 100009 for 10 mt@s. The supernatant was
discarded and the precipitate allowed to dry ahré@mperature. The dried
precipitate was dissolved, at a concentration of/amh in 0.2% triethylamine and

stored at -20°C.

2.2 Staining and gel methods

2.2.1 Polyacrylamide gel electrophoresis (PAGE)

A 10 I volume of the LPS dissolved in the 0.2% trietinylae was added to an equal
volume of double strength sample buffer in a mierddfuge tube. This was then
heated to 100°C for three minutes. A lsolume of the sample and buffer solution
was added into a well in the NUPAGE 10% acrylanmiiei-gel (Invitrogen). The gel
was then run at 200 volts in the XC8lird_ock™ Mini-Cell (Invitrogen) for 30-40
minutes. The gel was then carefully removed froendhsing and either placed in LPS
fixative overnight for a silver stain the next dayused directly in a Western blotting

experiment

2.2.2 Western Blotting

A rectangle of nitrocellulose membrane 2cm longet & cm wider than the gel area
was cut out marked on one side with a soft penailkmT he nitrocellulose membrane
was placed into Western blot electrode buffer afidfor ten minutes. Four sheets of
blotting paper larger than the nitrocellulose meanlerwere cut out and soaked in

Western blot electrode buffer for 10 minutes. Thevgas placed in the Western
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electrode buffer for 10 minutes to remove saltsoBlveets of blotting paper were
placed in the cathode side of the Western blotgs$ette and then the gel was placed
on the blotting paper. The nitrocellulose membnaas carefully placed on the gel,
making sure no air bubbles were trapped and thaireng two pieces of blotting

paper were laid on top of the nitrocellulose membra he cassette was then sealed
and placed into the Flowgen B4-0200 electro-blgttinit. The cassette was then
covered in electrode buffer and the blotting tardswun at a constant voltage of
about 5V, which gave a constant current of 40mAe Western blot was run over
night at a temperature of 4°C. At the end of thedfer, the cassette was removed
from the tank and the nitro cellulose membrane tnaassferred into a box and

covered in 50ml of Tris buffered saline (TBS).

2.2.3 Silver Stain for LPS

The PAGE gel was placed in plastic box and coveradPS fixative (25% propan-2-
ol, 7% acetic acid) overnight to fix the LPS ink@ tgel. After this step, all other
solutions were agitated on a rocker platform atta of 10-20 tilts per minute.

The fixative was discarded and the gel was oxidiseidb4ml of oxidiser solution
(0.7% periodic acid in dilute fixative) for 15 mit@s. The oxidiser was discarded and
the gel was washed four times in 200ml of pyrogee-fvater for one hour. The water
was discarded between each wash. Ammoniacal silirate solution (100ml 0.076%
NaOH, 0.014% ammonia solution, 0.078% silver niistlution in pyrogen-free
water) was freshly prepared and then added toghargl left for 15 minutes and then
discarded down a fume cupboard sink with lots alewal he gel was washed four
times in 200ml of pyrogen-free water for 10 minut@sveloper (200ml 0.005% citric

acid in .019% formaldehyde solution) was freshiggared and poured onto the gel
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until the correct staining intensity was achievBde gel was then washed twice more
for 5-10 minutes each time in 200ml of pyrogen frneder. The gel was finally

scanned and saved.

2.2.4 Colloidal Gold Stain

The nitrocellulose membrane from the Western blag wlaced into 100ml of Tween-
20 Tris-Buffered Saline (TTBS) and washed for 20ueés and repeated twice more.
The nitrocellulose membrane was then rinsed winil®f pyrogen-free water for 2
minutes, this was also repeated twice. Colloiddd@mtal Protein Stain (50ml:
Biorad) was poured onto the nitrocellulose membréme was left for 1-2 hours until
all the bands had appeared. Once the bands hadradpthe Colloidal Gold Stain
was poured off and the membrane was washed witmil@® pyrogen free water for

1 minute; this was repeated twice and the membnasescanned and saved.

2.2.5 Limulus Amoebocyte Lysate (LAL) assay

The endotoxic activity of the different LPS extiaos was ascertained through the
use of an endpoint LAL assay. This was done usiRgrachrome LAL kit
(Associates of Cape Cod), which is based on th& done by Levin and Bang
(1964). The kit was used following the instructiaighe manufacturers. The
Pyrochrome was re-suspended in 3.2 ml of Pyrochtauffer and kept on ice. For
the creation of a standard curve, firstly 4.0 mLAL reagent water (LRW) was
added to 0.2 ng @&. coli endotoxin to create a concentration of 0.5 endotomits
(EU)/ml. This was then used at a doubling diluticom 0.5 EU/mI with seven
doubling dilutions, to make a seven point standamye. All the LPS samples were

diluted to 1 ng/ml, 100 pg/ml, 10 pg/ml, 1 pg/mbah 1l pg/mlin LRW. These
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dilutions were then added at 5Dper well of a 96 well plate. Pyrogen free watersw
used as a control. The Pyrochrome reagent (b@as added to all samples and the
control. The plate was then shaken gently and iatmabat 37°C for 30 minutes.
Acetic acid (50%, 251) in Pyrogen free water was added to each wedtdp the
reaction. The plate was then read at 405nm on &no&r2001 automated plate

reader.

2.3 Antibody work

2.3.1 Serum samples

After ethical approval was granted, the serum samplere obtained from 500
healthy blood donors from the Southeast Scotlandd@Transfusion Service. These
were collected and stored at -20°C. The serum samwpre diluted 1 in 200 in serum
and conjugate dilulent (0.05M sodium phosphatedsygH 7.4, 0.85% w/v sodium
chloride, 0.05% Tween-20, 0.02% w/v sodium aziade) also stored at -20°C for four

months before more was made.

2.3.2 Pooled serum

Pooled serum was made by mixing together 1800serum from 250 blood donors to
make 25ml. This was stored at -20°C and was dillited50 in serum and conjugate

dilulent before use.
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2.3.3 LPS and Polymyxin B complex formation.

The repurified LPS was diluted to a concentratibbrng/ml (w/v) and 1 ml was
mixed with an equal volume of polymyxin B also atancentration of Img/ml (w/v).
The solution was sonicated at 10 for 30 seconds. The solution was then gently
rotated for 1.5 hours at room temperature aftectvitiwas re-sonicated as above.
The solution was dialysed overnight (Spectra poeenbrane MWCO 2000) against
pyrogen free water to remove any non complexed &R$®Ilymyxin B. The

complexed LPS and polymyxin B was stored at -20°C.

2.3.4 Enzyme Linked Immunosorbant Assay (ELISA) pro  tocol.

The procedure was taken from Allahal (1995).

The LPS and polymyxin B complex was diluted 1 inib@ntigen diluent (0.05M
carbonate/bicarbonate, pH 9.6, containing 0.02%uso@zide) and 100 was
pipetted into each well in a 96 well Medisorp plétinc) and incubated at room
temperature overnight. The plates were washed thmas in ELISA wash buffer
(PBS, pH 7.4 containing Tween-20, 0.05% w/v) arehthlocked with 100 of 3%
fish gelatine (Sigma) in PBS with 0.02% sodium azathd incubated at room
temperature overnight. The plates were washed thmas with ELISA wash buffer
and twice with pyrogen-free water. They were themnesl at -20°C until required.
A volume of 1001 of the 1 in 200 diluted serum samples collectedifthe Blood
Transfusion Service were placed into the wellsiandbated at 37°C for 1.5 hours
and then washed three times in ELISA wash buffati-Auman 1gG alkaline
phosphatase conjugate goat antibody (Sigma) watedill in 2000 in serum and
conjugate dilulent and 100per well was pipetted onto the plate. The plass w

incubated for 1.5 hours at 37°C and then washeg times in ELISA wash buffer.
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Alkaline phosphatase substrate was prepared at@ntration of Img/ml (w/v) in

0.05M carbonate bicarbonate buffer pH 9.8 contgidimM MgCL. This was added
to the plate and incubated for 30-40 minutes atwé@mperature. The plates were
then read in an Anthos 2001 plate reader at asatensity of 405nm. The Havell

of each plate was a control serum sample from avkrigealthy donor.

2.3.5 ELISA inhibition assay

This protocol was developed from Allahal (1995).

The LPS was diluted 1 in 8 in antigen diluent (d0&arbonate/bicarbonate, pH 9.6,
containing 0.02% sodium azide) and 1Dper well was pipetted into a 96 well
Medisorp plate (Nunc) and incubated at room tentpegaovernight. The plates were
washed 3 times with ELISA wash buffer (PBS, pH Godtaining tween 20, 0.05%
w/v) and then the plates were blocked with 208f 3% fish gelatine (Sigma) in tris
buffered saline with 0.02% sodium azide. The platese incubated overnight at
room temperature and then washed three times i8A&ash buffer and twice with
pyrogen free water. LPS extracted from the strafrisacteria was mixed at
concentrations of; 1mg/ml, 200mg/ml, 40mg/ml, 8mig/6mg/ml, 0.32mg/ml,
0.06mg/ml and 0.01mg/ml with the 1 in 50 dilutidntlee pooled serum samples.
They were incubated for 30 minutes at 37°C. Thatidihs of LPS (1001) and

pooled serum were plated onto the plate and ineddat 1.5 hours at 37°C. The
plate was then washed three times in ELISA wasfehuAnti-human IgG alkaline
phosphatase conjugate goat antibody (Sigma) watedill in 20000 in serum and
conjugate dilulent and 100per well was pipetted onto the plate. The plass w
incubated for 1.5 hours at 37°C and then washee times in ELISA wash buffer.

Alkaline phosphatase substrate was prepared at@ntration of Img/ml (w/v) in
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0.05M carbonate bicarbonate buffer pH 9.8 contgidimM MgCL. This was added
to the plate and incubated for 30-40 minutes atwé@mperature. The plates were
then read in an Anthos 2001 plate reader at acamtensity of 405nm. Dilutions of

control LPS fronmE. coliO18 were used as a positive control.

2.4 Cell Culture

2.4.1 Cell line

The cell line used for this study was the humaneamonocytic leukaemia cell line
(THP-1). This cell line was derived from a 1 yelt buman male, (Tsuchiyet al,
1980).

2.4.2 Media used

The cells were grown initially in a start up cutwof RPMI-1640 medium (Sigma),
20% foetal bovine serum, 10 mM 4-(2-hydroxyethyipiperazineethanesulfonic acid
(HEPES) (Sigma), 6mM L- glutamine (Sigma) and 1%-ptep (Sigma)
(RPMI/20%FBS/HEPES/L-Glu/PS+G). For routine growtite the cells were
established a medium containing RPMI-1640 with IB%&, 6mM L-glutamine and
1% pen-strep (RPMI/10%FBS/L-Glu/PS+G) was useddifferentiate the cells a
solution of 20 M vitamin D3 (sigma) was added to the medium to enakinal
concentration of 20nM. This was added every dayHore days. The cells were
incubated at 37°C with 5% G@ a CQ incubator. The cells were placed into liquid
nitrogen storage in a freezing medium containingp3@erile glycerol (Sigma) and

70% FBS.
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2.4.3 Cell preparation for cytokine production

The cells were counted using an improved Neubamuanter and re-suspended at a
concentration of 1x10cells/ml. 1ml of the cells was plated in 14 weifsa 24 well
cell culture plate (Costar). This was incubate87&C in a CQincubator for 1 hour to
allow the cells to re-attach to the plastic. Thiésogere then stimulated with LPS
from the following species and strains.

Table 2.2: Strains used for TNFproduction.

Haemophilus influenzae MPRL 4839
Haemophilus influenzae MPRL 4840
Pseudomonas aeruginosa MPRL 4789
Pseudomonas aeruginosa MPRL 4845
Klebsiella pneumoniae MPRL 4841
Klebsiella pneumoniae MPRL 4844
Escherichia coli MPRL 4842
Escherichia coli MPRL 4843
Acinetobacter genospecies

13TU MPRL 4802
Acinetobacter genospecies

13TU MPRL 4809

The LPS was added at 100ng/ml to the first well dugsh underwent ten-fold
dilutions in the other wells until it reached a centration of 0.1pg/ml. This was
incubated for 4 hours at 37°C in a CO2 incubatber&after the cells underwent

RNA extraction.
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2.5 RNA analysis

2.5.1 Primers
The Primers were designed using the primer 3 websit

(http://fokker.wi.mit.edu/primer3/input.hthand ordered from VhBio. The genes of

interest were; 18S Ribosomal RNA, Tumour Necrosistér (TNF- ), Interferon-
(IFN- ), Interleukin-1 (IL-1 ), Interleukin-8 (IL-8) and Interleukin-10 (IL-10).

Table 2.3: Primers of the genes of interest.

Gene of Interest Primers Size
18S Ribosomal RNA CTCAACACGGGAAACCTCAC

Forward

18S Ribosomal RNA ATGCCAGAGTCTCGTTCGTT 151 bp
Reverse

TNF- Forward AGCTGTTGAATGCCTGGAAG

TNF- Reverse TGTTGGGGAGAAGGAGAATG 151 bp
IFN- Forward CGGGGAGTACTGAGAAGCAG

IFN- Reverse CAGTTCCTTGGTGGCTGAGT 155 bp
-1 Forward TGCACTGCTGTGTCCCTAAC

[I-1 Reverse TCTTTCAACACGCAGGACAG 151 bp
II-8 Forward CAGGAATTGAATGGGTTTGC

II-8 Reverse TGGATCCTGGCTAGCAGACTA 151 bp
[I-10 Forward CCAAGACCTGGGTTGTCATC

[I-10 Reverse CATCATGAGGAGGCCAGATT 150 bp
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2.5.2 DNA extraction

The DNA was extracted from the THP-1 cells usingiaSpir? Tissue (Machery-
Nagel)

The THP-1 cells were used at a concentration 062zélls/ml. The cells were
centrifuged at 15009 for 5 minutes at room tempeeadnd the medium discarded.
The cells were re-suspended in a 208f buffer T1. 251 of proteinase K solution

and 2001 of buffer B3 was added to the solution. The solutvas incubated at 70°C
for 10-15 minutes.

Ethanol (2101,100%) was added to the sample and vortexed viggbydo adjust the
binding conditions of the DNA. Each sample was admea NucleoSpif Tissue
column, loaded into a collection tube, and cengeftl at 110009 for 1 minute to bind
the DNA to the filter. The flow-through was discaddand the column replaced into
the collection tube.

Buffer BW (500 I) was added to the column and centrifuged at 143601 minute.
The flow-through was discarded and the column weptaced into the tube. Buffer BS
(600 1) was added to the column and centrifuged at 13601 minute. The flow-
through was discarded and the column replacedi@aollection tube. The column
was centrifuged at 110009 for 1 minute to dry treemhrane and remove any residual
ethanol.

The column was then placed in a 1.5ml microcergeftube and 100 of pre-

warmed (70°C) elution buffer BE was added. This inagbated at room temperature
for 1 minute and then centrifuged at 110009 foridute.

The samples were then stored at -20°C before use.
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2.5.3 RNA extraction

The RNA was extracted using the Pureliniicro-to-Midi total RNA purification
system (Invitrogen). Fresh RNA lysis buffer wasganed by adding 1% (v/v) to the
lysis buffer. The lysis buffer was pipetted onte IfHP-1 cell monolayer at 0.3ml in
each well, once the supernatant had been remowesiwhs then pipetted up and
down until the cells appeared lysed. The lysisdruffas then passed through a 19
gauge needle attached to an RNase free syringe wids then transferred into an
RNase free 1.5ml Eppendorf tube. An equal volumed8b ethanol was added to the
lysis buffer. This mixture was vortexed thorougtdydisperse any precipitate.

Then 7001 was transferred to an RNA Spin Cartridge inseitgadl a collection tube.
The tube was centrifuged at 12000g for 30 secohdsoan temperature and the flow-
through was discarded. The spin cartridge was ceglan the collection tube. Wash
buffer 1 (7001) was added to the spin cartridge and centrifufet?000g for 30
seconds at room temperature. The flow-through atidation tube were discarded
and the spin cartridge was replaced with an RNAwabe. Wash Buffer 2 (500

was placed in the spin cartridge and centrifuget?@00g for 30 seconds at room
temperature. The flow-through was discarded andpine cartridge was replaced in
the tube. This step was repeated once.

The spin cartridge was centrifuged at 120009 foridute at room temperature to dry
the membrane. The collection tube was discardedrandpin cartridge was placed in
an RNA recovery tube. RNase free water (50ul) veaked to the spin cartridge and
left for 1 minute at room temperature to incubatais was then centrifuged at
120009 for 2 minutes at room temperature to eh#eRNA. The eluted RNA was

stored at -70°C.
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2.5.4 Reverse transcription of the RNA

This was carried out using the Ambion RETROscripv&se Transcription for RT-
PCR. Total RNA (1-2g) and 21 Oligo(dT) were mixed in a 1.5 ml Eppendorf tube
and made up to 12with nuclease-free water. This mixture was byieflixed and
heated for 3 minutes at 70-85°C. The tubes werergmoved to ice before being
centrifuged briefly and returned to ice. 10X RT #uf(2 1), 4 | dNTP mix, 1 |
RNase inhibitor and 1l reverse transcriptase were added to give a Violaime of 20

I. The mixture was mixed gently and centrifugecethyi before being incubated for 1
hour at 42-44°C. The tubes were then incubate@°a #r 10 minutes to inactivate
the reverse transcriptase. The RNA had now beevectad into complementary

(c)DNA. The samples were stored at -20°C for futige.

2.5.5 Polymerase Chain Reaction (PCR)

In a 200 | PCR tube 5l of PCR buffer (VhBio), 2| of DnTPs (Amersham
Pharmacia Biotech), 1 of PCR Enhancer (VhBio), 1.5Forwards Primer, 1.9
Reverse Primer, 4 DNA and 0.5 | Moltag (VhBio) were mixed. Nuclease free water
34.5 | was added to make the final volume bOrhis was all carried out on ice.

The tubes were placed in a TC 412 Techne PCR maeind heated to 95°C for 5
minutes for initial denaturisation. The samplesenien denatured at 95°C for 30
seconds, then annealed at 56°C for 30 secondfhanextended at 72°C for 30
seconds. This was repeated for another 39 cychem There was a final extension at
72°C for 10 minutes.

The samples were mixed with loading buffer at acentration of 90%(v/v) then run
on a 2% agarose gel for 3 hours with a 100bp la@@temega). The gel was imaged

using a Gel Imager.

75



2.5.6 Quantitative PCR (OPCR)

2.5.6.1 Primer concentration testing

Firstly, it was necessary to calculate the idealcemtration of primers to be used for
each gene. To this end, four dilutions of the preneere prepared. These dilutions
were 50nM, 100nM, 200nM and 400nM and they wertetewith DNA extracted
from THP-1 cells. The 50nM concentration contaittebof forward primer (from the
1 M stock solution), 1l of reverse primer (the M stock solution), 2| of DNA, 6 |

of nuclease free water and 1@f SYBR green (Sigma-Aldrich). The 100nM
concentration contained Pof forward primer (from the 1M stock solution), 2| of
reverse primer (the M stock solution), 2| of DNA, 4 | of nuclease free water and
10 | of SYBR green. The 200nM concentration contaideldof forward primer

(from the 1 M stock solution), 4l of reverse primer (the M stock solution), 2| of
DNA and 101 of SYBR green. The 400nM concentration contai@edl| of forward
primer (from the 10M stock solution), 0.8l of reverse primer (the 101 stock
solution), 2| of DNA, 6.4 | of nuclease free water and 1@f SYBR green. A
negative control was used for all primers. This Wessame as for the 100nM primer
concentration, but without any DNA. The make uphaf negative control was thus as
follows: 2 | of forward primer (from the 1M stock solution), 2| of reverse primer
(the 1 M stock solution), 6l of nuclease free water and 1@f SYBR green. Each
primer dilution and negative control was carried iouriplicate.

The plate was then placed into a Stratagene Mx3@®MER machine and heated to
95°C for 5 minutes for initial denaturisation. Td@mples were then denatured at 95°C
for 20 seconds, annealed at 56°C for 20 secondthancextended at 72°C for 20

seconds. This was repeated for another 39 cycleselwas a final cycle of heating
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to 95°C for 1 minute, annealed at 50°C for 30 sés@md then a final heating at 95°C

for 30 seconds.

2.5.6.2 Dilution of antigen testing for complimentary DNA (cDNA).

After the best concentrations of primer were catad, it was also necessary to work
out which two concentrations of the cDNA to usee THP-1 cells had been
challenged with 7 different concentrations of LP&ging from 100ng/ml to
0.1pg/ml. It was decided that only two of theseassirations for each gene would
need to be tested. To test which of the cDNAs wdeldbest to use, all the different
cDNAs were used in a QPCR experiment. All 7 conegioins of LPS used to
challenge the THP-1 cells were tested, using thidADom the THP-1 cells
challenged withAcinetobacter genospecies 13 4809 LPS.

This was carried out as above with all the prinb=isig used at the 200nM
concentration, except for TNE-which used the 400nM primer concentration. So the
make up of the solution for all the genes, excéyf-T, in each tube was 4 of

forward primer (from the 1M stock solution), 41 of reverse primer (the M stock
solution), 2 | of cDNA (from the cells challenged with LPS frohb. 4809), Ol of
nuclease free water and 1@f SYBR green. The solution for TNFwas as follows:
0.8 | of forward primer (from the 1M stock solution), 0.8l of reverse primer (the
10 M stock solution), 2l of cDNA, 6.4 | of nuclease free water and 1@f SYBR
green.

The positive control was the 18S ribosomal RNA @risnat a concentration 200nM,
using the DNA extracted from the THP-1 cells diecthe negative controls were
the same as in experiment 2.5.6.1. All the sampére done in triplicate. The plate

was run in the Stratagene Mx3000P, as in experi2énd.1.
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2.5.6.3 OPCR of the cDNAs against all the genes.

The final stage measured the cDNA, at the conceotiathat were decided to be the
most effective in experiment 2.5.6.2, againstladl genes of interest. This was carried
out as in the previous experiments. The genestefdast were used at the primer
concentration of 200nM except TNFwhich was used at the primer concentration of
400nM. The cDNA used was from the cells challenggthe LPS dilutions of

10ng/ml and 1ng/ml for 18S ribosomal RNA, TNFiL-1 and IL-10. The cDNA

used for IFN- and IL-8 was from the cells challenged by the Idi&tions of

100ng/ml and 10ng/ml. The positive control andriegative controls were the same
as before. All the samples were run in triplicate.

The samples were run under the same heating consliéis in the previous

experiments.

2.6 Statistical analysis

All statistical analysis for the ELISA data wasreadl out using Microsoft Office

Excel and Minitab 15 statistical software. All t®CR data were analysed using
MxPro QPCR software version 3.0 and Minitab 15istiaal software. All the data
sets from the ELISA results were tested againstamog¢her using 2 sample t-tests.

This same technique was also used for the QPCR data
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3. Results

3.1 Extraction and purification of Lipopolysaccharide

3.1.1 Amount of LPS extracted from the bacterial st  rains

The LPS was extracted from between 0.87g and Z.Bgphilised bacteria. The
extraction was carried out using the agueous pheetihod developed by Westphal

& Jann (1965), modified by Hancock & Poxton (19849,described in chapter 2.1.4.

The bijou bottles were weighed, before the re-sadeé LPS in pf water was added.

They were then weighed again, after the LPS had lyephilised, and the extra mass

was taken to be the mass of the LPS extracted thherbacteria. These results are

detailed in table 3.1.

Table 3.1:Mass of LPS extracted from the bacterial strains.

Weight of dried Percentage of total bacterial

Bacterial Strain bacteria Weight of extracted LPS | weight

A.g 13 TU4793 1.00g 0.025¢g 2.50%
A. g 13 TU4799 1.369g 0.0269g 1.91%
A. g 13 TU4800 2.40g 0.05¢g 2.08%
A. g 13 TU4801 1.20g 0.016g 1.33%
A. g 13 TU4802 2.00g 0.037g 1.85%
A. g 13 TU4803 1.32¢g 0.041g 3.10%
A. g 13 TU4808 2.10g 0.045¢g 2.14%
A. g 13 TU4809 2.00g 0.0969g 4.80%
H.i. 4790 0.87g 0.018g 2.06%
H.i. 4838 2.00g 0.049¢g 2.45%
H.i. 4839 1.92¢g 0.01g 0.52%
H.i. 4840 1.00g 0.028g 2.80%
E.c. 4841 2.00g 0.042¢g 2.10%
E.c. 4844 1.60g 0.037g 2.31%
K.p. 4842 1.30g 0.031g 2.38%
K.p. 4843 1.20g 0.028g 2.33%
P.a. 4789 2.50g 0.035¢g 1.40%
P.a. 4845 1.70g 0.027g 1.59%
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As can be seen in table 3.1, the amounts extraetgdbetween 96 mg, from
Acinetobactegenospecies 13 T@309, and 10mg frorilaemophilus influenzae
4839 being the largest and smallest amounts egttaespectively. The weights of
the majority of the LPS extracted from the orgargsmere very similar. This is as
was expected, as it has been observed that LPSsrmapKkeetween 1 and 3% of the

total weight of dried bacteria.

3.1.2 Silver stain gels of the LPS extractions.

The silver stain was carried out to see the pufityhe LPS extractions. Both the
original agueous phenol extractions and the reaetéd LPS samples were used.
Figures 3.1, 3.2 and 3.3 show all the bacteriatiggeand strains used throughout this
project in both their original and re-extractednarthey all show the purity of the
LPS extracted and also what type of LPS had beaat&d from the bacteria. If it is
a smooth LPS, it will have a pattern of bands. hHa&nd is made up of the Lipid A
moiety and the core polysaccharide, with a numbérepolysaccharide repeating
units that make up the O-polysaccharide chain ladicThis is why there are often a
large number of bands, as each band is a diffewember of the repeating units
attached to the core i.e. Lipid A + core + 1 repeptinit, Lipid A + core + 2

repeating unit ... Lipid A + core f repeating units. Rough LPS is just made up of
the Lipid A + core polysaccharide. An example ehaooth LPS is th&. coli O18 on
the left side of the figure. The bands can eaglgd&en. K12 is the positive control for
the rough LPS and as can be seen in the figuresvb#iere is only the core present
without a banding pattern. A semi rough patterans with a small number of

repeating units an example can be seen in K12guar&i3.1 below.
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Figure 3.1:Silver stain ofA. genospecies 13 TU strains A. g 13 TU 4800, A3 WU 4801, A. g 13

TU 4802, A. g 13 TU 4803, A. g 13 TU 4808, A. g3 4809

O = original extraction, R = re-extracted LPS, Blank the negative control,
1-A. g 13 TU 4800, 2-A. g 13 TU 4801, 3-A. g 13 #802, 4-A. g 13 TU 4803, 5-A. g 13 TU 4808, 6-
A. g 13 TU 4809, O18E. coli positive control for a smooth LPS, K1B-coli positive control for a

rough LPS.

The original extractions d&cinetobactegenospecies 13 TU 4803 aAdinetobacter
genospecies 13 TU 4808 both still had some batwriface proteins attached, but
these had been removed by the re-extraction proasske re-extracted LPS had no
bands remaining. The LPS of mdstinetobactegenospecies 13 TU strains appears
to be rough on gels. This is due to the make upeahcinetobactegenospecies 13
TU LPS, which does not bind to the silver staingendy. It has been shown by
Haseleyet al, 1998 and Pantophelet al, 2001 that thécinetobactegenospecies 13

TU LPS is normally smooth.
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Figure 3.2 Silver stains of strains P.a. 4789, P.a. 484b5,4790, H.i. 4838, H.i. 4839, H.i. 4840

O = original extraction, R = re-extracted LPS, Blank the negative control,
1-P.a. 4789, 2-P.a. 4845, 3-H.i. 4790, 4-H.i. 4&38l.i. 4839, 6-H.i. 4839, O1&. coli positive

control for a smooth LPS, K1Z. coli positive control for a rough LPS.

Figure 3.2 is laid out in the same manner as Figukebut the gel was run with LPS
from different strains. In this case the strainsesmgoPseudomonaseruginosa
strains and fouHaemophilus influenzagrains. Thédaemophilus influenzagtrains
are rough forms and most of them are very pure kznas there are no banding
patterns in either the original or the re-extradt®$. The original extraction of
Haemophilus influenza4839 still had bacterial proteins attached toltR& but these
were removed by the re-extraction. The originataotion ofPseudomonas
aeruginosad 789 also had bacterial proteins attached, bsetiaeere removed by the

re-extraction. BotiPseudomonas aeruginod&79 andseudomonas aeruginosa
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4845 seemed to have rough LPS, Bs¢udomonas aeruginoBke Acinetobacter

genospecies 13 TU also does not always appeardmbeth when it often is.

Figure 3.3:Silver stains of strains A. g 13 TU 4793, A. gTl3 4799, K.p. 4841, K.p. 4844, E.c. 4842,

E.c. 4843

O = original extraction, R = re-extracted LPS, Blank the negative control,
1-A. g 13 TU 4793, 2-A. g 13 TU 4799, 3-K.p.4841K 4. 4844, 5-E.c. 4842, 6-E.c. 4843, OBB-

coli positive control for a smooth LPS, K1B-coli positive control for a rough LPS.

Figure 3.3 is of a similar layout to the previows tfigures, again with LPS from
different species. The twicinetobactegenospecies 13 TU species both appear to be
rough forms from their appearance on the figureitaatbelieved, that as in the

Figure 3.1 they are in fact smooth. The tflebsiellapneumoniaestrains both show

the characteristic streak pattern that is commoiKkebsiellapneumoniad.PS. This

streak is due to the small size of the repeatintg umKlebsiella pneumoniag
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polysaccharide chain: many and homopolysaccharides.means that the different
bands are very close together, as an increaseeafepeating unit does not vary the
molecular weight by much. The tvio coli strains have a traditional smooth LPS
ladder pattern with multiple obvious bands. BothhaKlebsiellapneumonia@andE.

coli strains are similar in both the original extrantend after the re-extractions.

3.1.3 Colloidal Gold total protein stains of the LP S extractions

These experiments were done to measure the tat@rtzd protein on the LPS
extractions. This was to make sure that the LPSpr@serly purified and thus that
the effects we observed, were due to the pure ldéShat due to any bacterial
proteins attached to them. The Colloidal gold bitedany proteins present on the
nitrocellulose membrane and stains them, so &$y €0 see if there are any proteins
still attached to the LPS. Figures 3.4, 3.5 andogléw show the purities of the LPS
extractions. The negative control is a blank, vitihe positive controls were the mark

12 protein marker (Invitrogen), as it is a defimptasitive for protein
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Figure 3.4:Colloidal Gold stain ofA. genospecies 13 Tstrains A. g 13 TU 4800, A. g 13 TU 4801,

A.g13TU 4802, A. g 13 TU 4803, A. g 13 TU 4888,9 13 TU 4809

O = original extraction, R = re-extracted LPS, Blank the negative control,
1-A. g 13 TU 4800, 2-A. g 13 TU 4801, 3-A. g 13 BB802, 4-A. g 13 TU 4803, 5-A. g 13 TU 4808, 6-

A. g 13 TU 4809, P — positive control Mark 12 pintmarker (Sigma)

As can be seen in Figure 3.4, the two positiverotsmboth show that protein is
present, whereas none of the LPS extractions hagratein appear on the figure and
So it is possible to assume that there is no daterprotein in the original and re-

extracted LPS.
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Figure 3.5 Colloidal Gold stain of strains P.a. 4789, P&4%, H.i. 4790, H.i. 4838, H.i. 4839, H.i.

4840

Legend: O = original extraction, R = re-extractdeS, 1-P.a. 4789, 2-P.a. 4845, 3-H.i. 4790, 4-H.i.

4838, 5-H.i. 4839, 6-H.i. 4839, C — positive cohivtark 12 protein marker (Sigma)

In Figure 3.5 there is protein contamination in diniginal LPS extraction d®.
aeruginosad845 (02), but there is none in the re-extracteé8 (R2), so the re-
extraction process has cleaned this LPS up. Ther &fASs have no protein
contamination. The positive control is clearly piog, although it has run over into
the negative control as well, making it look liketnegative control is also positive

when it is not.
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Figure 3.6:Colloidal Gold stains of strains A. g 13 TU 4783,g 13 TU 4799, K.p. 4841, K..p 4844,

E.c. 4842, E.c. 4843

Legend: O = original extraction, R = re-extractd®lS, B = blank the negative control,
1-A. g 13 TU 4793, 2-A. g 13 TU 4799, 3-K.p. 4841K.p. 4844, 5-E.c. 4842, 6-E.c. 4843, P —

positive control Mark 12 protein marker (Sigma)

As can be seen in Figure 3.6, the two positiveratsmboth show that protein is
present, whereas none of the LPS extractions hagratein in them and so it is

possible to assume that they are pure of proteitacaination.
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3.1.4 Limulus Amoebocyte Lysate assay of the LPS ex  tractions

The Limulus Amoebocyte Lysate assay uses lysataart from the amoebocytes of
Limulus polyphemyshe horseshoe crab. This lysate gels when it sanme contact
with bacterial endotoxin (Lindsest al, 1989). This gelation means that it can be used
as an assay for measuring how endotoxic a partic&#8 is. This is carried out by
making a number of 10-fold dilutions on a plate amehsuring how turbid they make
the Lysate and then comparing this to a standanceaf LPS with known

endotoxicity levels. It is thus possible to meagheeendotoxicity units of an

unknown LPS. All the results in Figure 3.7 below&vearried out using re-extracted

LPS and were duplicates.

Endotoxicity units/ug of LPS L
Endotoxicity levels

Hi 419018381 3ANBAUPANBEHNBLURHARN14844
REFRBFABATOA799

Strains

Figure 3.7:The Endotoxicity levels of the re-extracted LP&nrthe bacterial strains studied.

Figure 3.7 shows the endotoxicity levels of the LfRf#En the bacterial strains. Half of
the strains were around the 200 endotoxicity unitshark. Seven strains were below
100 endotoxicity unitsfg. Two strains howeveAcinetobactegenospecies 13 TU

4802 anKlebsiella pneumoniaé841 were 600 and 1000 endotoxicity unigs/
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respectively. This shows that the majority of thraiss tested had low endotoxicities,
but that two of the strains had very high endotitieis and thus were more likely to

be more aggressive pathogens.

3.2 Investigating how widespread antibodies to

Acinetobacter genospecies 13 TU and Haemophilus

influenzae Lipopolysaccharide are in the healthy

population of Southeast Scotland

3.2.1 Antibodies to Acinetobacter genospecies 13 TU LPS in the healthy

population of Southeast Scotland

3.2.1.1 ELISA results for antibody levels to the LPS of Acinetobacter

genospecies 13 TU strains.

Serum was isolated from 475 blood samples, givebldxyd donors to the Blood
Transfusion Service of Southeast Scotland. Thddenfeantibodies in these blood
donor samples to the LPS from eight different asafA. genospecies 13 TU were
measured by ELISA, following 100-fold dilution dfé¢ serum and reaction with the
LPS-polymyxin complexes coated atggml on a 96 well Nunc Medisorp plate. The

results are summarised in figures 3.8-3.16.
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Figure 3.8:Histogram of the frequency of OD results from EAESwith the LPS ofAcinetobacter
genospecies 13 TU 4793. Frequency is the numheadifidual blood donors with a particular

antibody level toAcinetobactegenospecies 1BU 4793 in the range indicated on the horizontéd.ax

In Figure 3.8 the mean optical density (OD) ramgeahtibody levels to the LPS of
Acinetobactegenospecies 13 TU 4793 of 0.588 is greater wherpaosd with

several of the subsequently analyzed strains. thismormal curve is very flat with a
large standard deviation of 0.3529. All of this wisdhat the antibody levels in a
healthy population of Southeast Scotlandtinetobactegenospecies 13 TU 4793
LPSare larger than those of some of the subsequemdllyzed strains. The reason it
is possible to say this is that with a larger maad a higher standard deviation these
indicate a greater frequency of high respondetsampopulation, which partially

correlates with how often the population has begrosed to the LPS organism.
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Figure 3.9:Histogram of the frequency of OD results from EAESwith the LPS ofAcinetobacter
genospecies 13 TU 4799. Frequency is the numheadifidual blood donors with a particular

antibody level tAcinetobactegenospecies 13 TU 4799 in the range indicated @mdhnizontal axis.

In Figure 3.9 the mean OD range for antibody letelthe LPS oAcinetobacter
genospecies 13 TU 4799 of 0.5748 is very simildhtse ofAcinetobacter
genospecies 13 TU 4793. The normal curve is vatyith a similar standard
deviation of 0.3838 to that @fcinetobactegenospecies 13 TU 4793 as shown in
Figure 3.8. All of this indicates that exposurétmnetobactegenospecies 13 TU
4799 LPS in a healthy population of Southeast 8ndtis very similar to that of

Acinetobactegenospecies 13 TU 4793 LPS.
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Figure 3.10Histogram of the frequency of OD results from EA$Swith the LPS ofAcinetobacter
genospecies 13 TU 4800. Frequency is the numheadifidual blood donors with a particular

antibody level toAcinetobactegenospecies 13 TU 4800 in the range indicated @hdhnizontal axis.

In Figure 3.10 the mean OD range for antibody ewelthe LPS ofcinetobacter
genospecies 13 TU 4800 of 0.4803 is lower thandhAtinetobactegenospecies 13
TU 4793 andAcinetobactegenospecies 13 TU 4799. The normal curve is more
pronounced, with a smaller standard deviation 465 than those @fcinetobacter
genospecies 13 TU 4793 aAdinetobactegenospecies 13 TU 4799. All of this
shows that exposure Acinetobactegenospecies 13 TU 4800 LPS in a healthy
population of Southeast Scotland is at a lowerllthan those of the two previous

strains ofAcinetobactegenospecies 13 TU.
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Figure 3.11Histogram of the frequency of OD results from EAESwith the LPS ofAcinetobacter
genospecies 13 TU 4801. Frequency is the numheadifidual blood donors with a particular

antibody level toAcinetobactegenospecies 13 TU 4801 in the range indicated @hdhnizontal axis.

In Figure 3.11 the mean OD range for antibody ewelthe LPS ofcinetobacter
genospecies 13 TU 4799 of 0.5454 is very simildhtse ofAcinetobacter

genospecies 13 TU 4793 aAdinetobactegenospecies 13 TU 4801. The normal
curve is very flat, with a similar standard dewatiof 2.804, which is less than that of
Acinetobactegenospecies 13 TU 4793 aAdinetobactegenospecies 13 TU 4799,

but greater than that éfcinetobactegenospecies 13 TU 4800. This means that there
is less variety of results and they are more tygbtbuped around the mean. All of

this indicates that exposureAainetobactegenospecies 13 TU 4801 LPS in a

healthy population of Southeast Scotland is simtdabut slightly less than the
exposure levels tAcinetobactegenospecies 13 TU 4793 aAdinetobacter

genospecies 13 TU 4799 LPS.
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Figure 3.12Histogram of the frequency of OD results from EA8Swith the LPS ofAcinetobacter
genospecies 13 TU 4802. Frequency is the numbeadifidual blood donors with a particular

antibody level toAcinetobactegenospecies 13 TU 4802 in the range indicated @mdhnizontal axis.

In Figure 3.12 the mean OD range for antibody ewethe LPS ofAcinetobacter
genospecies 13 TU 4802 of 0.3336 is lower thanfathe previously described
Acinetobactegenospecies 13 TU strains. The normal curve is mumie
pronounced, with a standard deviation of 0.2197ckiwvhilst smaller than those of
Acinetobactegenospecies 13 TU 4793 aAdinetobactegenospecies 13 TU 4799,
was closer to that dkcinetobactegenospecies 13 TU 4800. All of this shows that
exposure tAcinetobactegenospecies 13 TU 4802 LPS in a healthy population
Southeast Scotland is at a lower level than ithalpreviously described strains of

Acinetobactegenospecies 13 TU.
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Figure 3.13Histogram of the frequency of OD results from EA8Swith the LPS ofAcinetobacter
genospecies 13 TU 4803. Frequency is the numbedofidual blood donors with a particular

antibody level tAcinetobactegenospecies 13 TU 4803 in the range indicated @hdhnizontal axis.

In Figure 3.13 the mean OD range for antibody kewelthe LPS ofcinetobacter
genospecies 13 TU 4803 of 0.3591 is lower than miotste previously described
Acinetobactegenospecies 13 TU strains. The normal curve andtérelard

deviation of 0.2243 are very close to the normalewand standard deviation of
Acinetobactegenospecies 13 TU 4802. Thus the level of expasute healthy
population of Southeast ScotlandAcinetobactegenospecies 13 TU 4803 LPS is
very similar to that oAcinetobactegenospecies 13 TU 4802 LPS. Thus these two
Acinetobactegenospecies 13 TU strains seem to have lower exptstels to their

LPS than the other strains tested.
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Figure 3.14Histogram of the frequency of OD results from EA$Swith the LPS ofAcinetobacter
genospecies 13 TU 4808. Frequency is the numbedofidual blood donors with a particular

antibody level toAcinetobactegenospecies 13 TU 4808 in the range indicated @hdhizontal axis.

In Figure 3.14 the mean OD range for antibody ewethe LPS ofAcinetobacter
genospecies 13 TU 4808 of 0.4063 is lower thandhAtinetobactegenospecies 13
TU 4800, but greater than thoseAafinetobactegenospecies 13 TU 4802 and
Acinetobactegenospecies 13 TU 4803. The normal curve is fl#ti@n thse of
Acinetobactegenospecies 13 TU 4802 aAdinetobactegenospecies 13 TU 4803,
but has a smaller standard deviation of 0.208 #iuer of the two strains just
mentioned. All of this shows that exposureAmnetobactegenospecies 13 TU 4808
LPS in a healthy population of Southeast Scotlarat & lower level than
Acinetobactegenospecies 13 TU 4800 LPS, but higher thaimetobacter

genospecies 13 TU 4802 LPS akanetobactegenospecies 13 TU 4803 LPS.
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Figure 3.15Histogram of the frequency of OD results from EAESwith the LPS ofAcinetobacter
genospecies 13 TU 4809. Frequency is the numbedofidual blood donors with a particular

antibody level toAcinetobactegenospecies 13 TU 4809 in the range indicated @hdhizontal axis.

In Figure 3.15 the mean OD range for antibody kewelthe LPS ofcinetobacter
genospecies 13 TU 4809 of 0.4829 is very simildh&d ofAcinetobacter

genospecies 13 TU 4800. The normal curve and émelatd deviation of 0.2399 are
also very similar to those @fcinetobactegenospecies 13 TU 4800. Thus exposure to
Acinetobactegenospecies 13 TU 4809 LPS in a healthy populatic@outheast
Scotland is at a similar level to exposurdtonetobactegenospecies 13 TU 4800

LPS.
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Figure 3.16All the normal curves from the antibody levelghie LPSs of the eigtcinetobacter
genospecies 13 TU strains placed on a graph tagéthe graph has all the normal curves of the eight

Acinetobactegenospecies 13 TU strains with their means andlatdrdeviations.

As can be seen in Figure 3.16, there is a wideetyaaf different normal curves with
some being taller and narrower than others. Tteeadsb a variety of the wider lower
normal curves seen in the figure. The reason thraesof the normal curves are high
and narrow is that the antibody levels to the Lié&fthose strains were much more
grouped about the mean than for other strains. [Eais to a greater frequency of
these results and thus the normal curves are mgberhand narrower. The wider,
flatter normal curves have a greater distributibresults and thus have a lower
frequency of certain results appearing, so theasiare wider and flatter. The normal
curves when taken in conjunction with the meansvstihat the antibody levels to the
LPSs ofAcinetobactegenospecies 13 TU 4793 aAdinetobacter genospecies 13

TU 4799 are very similar in their distribution andane, which implies that exposure
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to them is similarly widespread in the healthy papian of Southeast Scotland. The
results of antibody levels to the LPSsAainetobactegenospecies 13 TU 4800 and
4809 also have very similar normal curves and maansying that there is a similar
level of exposure to them across the healthy poijpul@f Southeast Scotland. Levels
to the LPSs ofcinetobactegenospecies 13 TU 4802, 4803 and to a lesser extent
4808 all have similar means and shapes of themabcurves, which again indicates
that the exposure levels to these strains areasimilthe healthy population of
Southeast Scotland. The antibody levelat¢metobactegenospecies 13 TU 4801
LPS have a higher mean than those ag#&iostetobactegenospecies 13 TU 4802,
4803, 4808, 4800 and 4809 LPSs, but are lowerttihase ofAcinetobacter
genospecies 13 TU 4793 and 4799 LPSs. So they Hre higher end of the exposure

levels to these eigiicinetobactegenospecies 1BU strains but not the highest.

3.2.1.2 Comparison of results from Acinetobacter genospecies 13 TU with

other organisms.

The ELISA results of antibody levels from each segpecimen to LPSs were
averaged across all the strains tested within eispelhese averaged OD results
were plotted in scatterplots against the averageada3ults of other species with
well-characterised LPSEscherichia coliKlebsiella pneumoniaandPseudomonas
aeruginosaThe means of these antibody levels to the LP$iseodlifferent species
were also included on the scatterplots and compaitbdeach other. The first two
species are common human gut commensals thattaread$o opportunistic
pathogens. The last organism is a common envirotaherganism that is also a
common opportunistic pathogen. The antibody leaetsindicative of the level of

exposure that the population has had to the LRBi®brganism; thus it is possible to
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draw conclusions as to how widespread exposubeittetobactegenospecies 13 TU
is in comparison to the other organisms in thethgadopulation of Southeast

Scotland.

Figure 3.17 Scatter plot of the averaged OD results of antitiedels to the LPSs @fcinetobacter
genospecies 13 TU arfif coli against the serum sample number. The means af/fraged OD

results are also plotted on the graph.

As can be seen in Figure 3.17, the mean of théauhfilevels to the LPSH
Acinetobactegenospecies 13 Thke significantly (p<0.001) lower than the mean of
E. coli LPS and thus the spread of the responses topihygoliysaccharides is very

much higher foE. coli.
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Figure 3.18Scatter plot of the averaged OD results of antitiedels to the LPSs &fcinetobacter
genospecies 13 TU amdebsiella pneumoniaagainst the serum sample number. The means of the

averaged OD results are also plotted on the graph.

As Figure 3.18 shows, the mean of the antibodyiseteethe LPSs of\cinetobacter
genospecies 13 TU is significantly (p<0.001) snrahan the mean d{lebsiella
pneumoniagbut the means are much closer to each otherttizemean of
Acinetobactegenospecies 13 TU is to the mearko€oli. When the points on the
graph are compared, it is possible to seeKleltsiella pneumoniakPS has a greater
number of higher responders, but also has a greateber of lower responders,

which is why the means are that much closer.

101



Figure 3.19:Scatter plot of the averaged OD results of antfdedels to the LPSs dfcinetobacter
genospecies 13 TU ambeudomonas pneumoniagainst the serum sample number. The means of the

averaged OD results are also plotted on the graph.

Figure 3.19 demonstrates that, whilst the meamtibady levels to the LPSs of
Acinetobactegenospecies 13 Tlg significantly (p<0.001) smaller than that of
Pseudomonas aeruginok®S, it is a smaller difference than between thamef
antibody levels to the LPSs Kiebsiella pneumoniaandAcinetobactegenospecies
13 TU.When the points on the graph are compared, itgsipte to see that antibody
levels to the LPSBseudomonas aeruginosadAcinetobactegenospecies 13 TU
are very closely overlaid on top of each otheragating that the antibody response to

the two of them is very close.
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3.2.2 Antibodies to Haemophilus influenzae LPS in the healthy

population of Southeast Scotland

3.2.2.1 ELISA results for antibody levels to the LPS of Haemophilus

influenzae strains.

These experiments were carried out in exactly éimesmanner as for the
Acinetobactegenospecies 13 TU strains. The results of thedesfehntibodies to the
LPSfrom four strains oHaemophilus influenzaeere also compared with the levels
of antibody to LPS fronk. coli, K. pneumonia@ndP. aeruginosaThis was done to
allow conclusions to be drawn as to how widespequbsure tdtHaemophilus

influenzaas in the healthy population of Southeast Scotland
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Figure 3.20Histogram of the frequency of OD results from EA8Swith the LPS oHaemophilus
influenzae4790. Frequency is the number of individual bldodors with a particular antibody level to

Haemophilus influenza£790 in the range indicated on the horizontal.axis

In Figure 3.20 the mean OD range for antibody eweHaemophilus influenzae

4790 LPS of 0.9534. The normal curve is wide aatdhd the standard deviation of
0.6038 is very large, giving the normal curve iidevand flat appearance. There is a
possibility of bimodal distribution with a secondgk around an OD of 1.7, but this is
much lower, so it is harder to say. Thus it is fmessay that exposure to

Haemophilus influenza4790 LPS in a healthy population of Southeast|&cdtis
higher than all the othétaemophilus influenzastrains that were subsequently tested.
The mean is much higher than those ofAbmetobactegenospecies 13 TU strains

tested in Figures 3.8-3.15.
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Figure 3.21Histogram of the frequency of OD results from EA8Swith the LPS oHaemophilus
influenzae4838. Frequency is the number of individual bldodors with a particular antibody level to

Haemophilus influenza4838 in the range indicated on the horizontal.axis

In Figure 3.21 the mean OD range for antibody eweHaemophilus influenzae
4838 LPS of 0.7522; this mean is much lower thantiean oHaemophilus
influenzae4790. The normal curve is much more pronounced with Haemophilus
influenzae4790 and the standard deviation of 0.3258 is nsmcéiller, meaning that
the data are much more closely grouped around gaarthan in the previous figure.
From the data presented in Figure 3.21 it is ptesstbsay that exposure to
Haemophilus influenza4838 LPS in a healthy population of Southeast|&cdtis

lower than that tétdaemophilus influenza€790 LPS.

105



Figure 3.22Histogram of the frequency of OD results from EA8Swith the LPS oHaemophilus
influenzae4839. Frequency is the number of individual bldodors with a particular antibody level to

Haemophilus influenza4839 in the range indicated on the horizontal.axis

In Figure 3.22 the mean OD range for antibody eweHaemophilus influenzae
4839 is 0.7480, which is very close to the meaHa#mophilus influenza#838. The
normal curve is very similar tdaemophilus influenza4838 and the standard
deviation of 0.3224 is also very close to thaHaemophilus influenza#838. Thus
exposure tdHaemophilus influenza#839 LPS in a healthy population of Southeast

Scotland is very similar to the exposurdHaemophilus influenza4838 LPS.
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Figure 3.23Histogram of the frequency of OD results from EA8Swith the LPS oHaemophilus
influenzae4839. Frequency is the number of individual bldodors with a particular antibody level to

Haemophilus influenza4839 in the range indicated on the horizontal.axis

In Figure 3.23 the mean OD range for antibody eweHaemophilus influenzae
4840 of 0.7324, this mean is very close to the medhklaemophilus influenza4838
andHaemophilus influenza#839. The normal curve and the standard deviation
0.3859 are both very similar tfaemophilus influenza4838 andHaemophilus
influenzae4839. So it can be said exposurédemophilus influenza#840 LPS in a
healthy population of Southeast Scotland is vamylar to the exposure to both

Haemophilus influenza4838 LPS andHaemophilus influenza4839.
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Figure 3.24All the normal curves from the antibody levelghie LPSs of the foudaemophilus
influenzaestrains placed on a graph together. The graplalh#tsee normal curves of the four

Haemophilus influenzagtrains with their means and standard deviations.

In Figure 3.24 there is a smaller amount of vasrabetween the normal distribution
curves than there was for tAeinetobactegenospecies 13 TU strains. This is
partially due to the smaller group size, but astmaseentdaemophilus influenzae
4838,Haemophilus influenza#839 andHaemophilus influenza#840 have very
similar distribution curves and also very similaeans. The antibody levels to these
three organisms can be said to be similar, sineelitribution of the ELISA results is
very closeHaemophilus influenza4790 LPS has a much higher mean and great
distribution curve. So it seems thiddemophilus influenza€790 LPS antibody levels

are higher than for the other three strains.
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3.2.2.2 Comparison of Results from Haemophilus influenzae with other

organisms.

As before, the ELISA results from across the sgra@sted were averaged within each
species and their OD results were tested agains sther well characterised
species, namellgscherichia coliKlebsiella pneumoniaandPseudomonas
aeruginosaThese were again plotted with scatterplots ardrieans were also
compared. The antibody levels to the LPS of thegarosms are indicative of the
level of exposure that the population has haddbdhganism. From this it is possible
to draw conclusions as to how widespread exposufaémophilus influenzas in

comparison to the other organisms in the healtipufadion of Southeast Scotland.
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Figure 3.25Scatter plot of the averaged OD resultslaEmophilus influenzaandE. coli LPSs

against the serum sample number. The means of/éiaged OD results are also plotted on the graph.

In Figure 3.25 it can be seen that whilst the madidaemophilus influenzaePsS is
significantly (p<0.001) larger than thatBfcoli LPS, it is not massively so. Also the
data plots of the two organisms can be seen towverying each other fairly closely

indicating a similar level of antibodies found witlihe healthy population.
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Figure 3.26Scatter plot of the averaged OD resultslaEmophilus influenzagndKlebsiella
pneumoniaé PSs against the serum sample number. The medhe afreraged OD results are also

plotted on the graph.

As can be seen in Figure 3.26, the meaHadmophilus influenzaePSis

significantly (p<0.001) greater than thatki€bsiella pneumoniakPS. When the

data plots of the two organisms are compared vetth ®ther, it is possible to see that
Klebsiella pneumoniakPS has much lower data points thrdeeemophilus influenzae
LPS. This shows that antibody levelsHaemophilus influenzaePSs are more
widespread in the healthy population of Southeastl&nd than those ¢flebsiella

pneumoniad PSs.
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Figure 3.27 Scatter plot of the averaged OD resultslaEmophilus influenzagndPseudomonas
aeruginosa.PSs against the serum sample number. The medhe aferaged OD results are also

plotted on the graph.

The results show that the mearHafemophilus influenzaePSs is significantly
(p<0.001) greater than thatB$eudomonas aeruginok®Ss. Comparison between
the two data plots also shows tRsteudomonas aerugino&®Ss has induced a much
lower antibody response thataemophilus influenzaePSs. This shows that antibody
levels toHaemophilus influenzaePSs are more widespread in the healthy population

of Southeast Scotland than thosd>eEudomonas aerugino&®Ss.
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3.2.3 High and low responders in the healthy popula  tion of Southeast

Scotland.

In a healthy population there is normally a widega of different levels antibody
responses to the LPS, but some people just haweex feaction to any antigen they
are challenged with. Others have consistently higghesls of antibody response. This

can be seen in Figure 3.28.

) % $# %  (*+ )  ##
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Figure 3.28Dotplot of the average antibody level in the sesamples across all the LPS of the
species studied. In this figure all the ELISA réstibr each serum sample were averaged out adress t

species and placed on this dotplot.

As can be seen in Figure 3.28 there are a wideerahgossible antibody levels with
the majority between an OD of 0.3 and 0.6. Theeesame individuals though that
have a much higher level of response to all thieidint LPS. There are five
individuals with average antibody levels acrossuURS isolated from the 18 strains,

which lie between an OD of 1.5 and 2.0. Theselaéigh responders.
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3.2.4 ELISA inhibition assays

These experiments were carried out to see if thhaeany cross-reactivity between
any of the LPSs of the different strains. Sincéhére were, it would mean that the
ELISA results were likely to be due to reactionstmthe common regions of LPS and
not to exposure to the stragpecific regions of the LPS of that strain. These

experiments were to be carried out using inhibiaseays as described below.

Serum samples from 250 of the blood donors weréegdogether. A 96 well Nunc
Medisorp plate was coated with a 1 in 8 dilutiorLBfS (equivalent to 0.12%/ml)

from one of the strains of interest. LPS from saWstrains including the LPS from
the strain that was used to coat the plate wengbated for 30 minutes at 37°Cina l
in 50 dilution of the pooled serum at dilutions bfng/ml, 200g/ml, 40 g/ml,

8 g/ml, 1.6 g/ml, 0.32 g/ml, 0.064 g/ml and 0.013g/ml. These were then treated as
a normal ELISA and the inhibited serum samples yéaeed onto the plate in rows
of each of the strains LPS dilutions. These weea tlead and the differences were

measured.
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E . coli O18 Inhibition Assay

0.4
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OD at 405nm

Amount of LPS in ug/ml

Figure 3.29E. coli 018 inhibition assay. This experiment was caraetias a positive control with.
coli 018 to show that theechnique worked. The optical densities of the ltesuere read and put into

the graph. The LPS was diluted in 8 5-fold diluton

As can be seen in Figure 3.29, at high concentratioe O18 free-floating LPS in the
pooled serum inhibited the serum by binding toftee antibodies and thus reducing
the amounts available. The other tiacoli LPSs which included a different O-type
and a rough mutant had little or no inhibiting effaaving the same results as the
serum positive control. Thus it can be seen traeiperiment works witk. coli.
Unfortunately this technique does not appear tdkwath Acinetobactegenospecies

13 TU. This is shown in Figure 3.30 below.
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Figure 3.30Acinetobactegenospecies 13 TU 4808 inhibition assalge optical densities of the
results were read and put into the graph. The LBSdiluted in 8 5-fold dilution<. coli 018 was

included as a positive control.

In Figure 3.30, LPSs from thré&inetobactegenospecies 13 Tkltrains (including
that from the coating strain) weused in an attempt to ascertain if there was any
cross strain inhibition of LPS binding, which wowddow any structural similarities
between the LPS of the different strains. As casd®n, there was no difference
between the differemicinetobacteigenospecies 13 TU strains including the coating
and they lie on the serum-only positive controlisias included to show that the
serum was in fact binding to the LPS bound to tlagep TheE. coli O18 was also a
positive control to show that the inhibition effeecas working on the plate. The
reason that it increases to above the serum ardyidithat it is aikc. coli LPS and, as
has been seen in the ELISA results, there is degramount of antt. coli antibodies
in the healthy population. So the above graph shbaisthere is no inhibition effect

from any of theAcinetobactegenospecies 13 TU strains including the strainwtrzest
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coating the plate. Thus it seems that for someoreAsinetobactegenospecies 13
TU LPS in soluble form is unable to bind to the saantibodies aécinetobacter
genospecies 13 TU LPS that is bound to the Nundddeal plate. This experiment
was attempted with the same LPSs six times suadBsahd each time the results
were the same. This situation was also observead wdsted with LPS from other

Acinetobactegenospecies 13 TU strains.

3.3 Results cytokine production induced by LPS with THP-

1 studied by guantitative polymerase chain reaction

(OPCR) experiments

3.3.1 Primer testing

The primers had to be tested to make sure thairthducts that they gave were
correct. The testing was carried out using stan8&R. The primers were tested with
DNA isolated from THP-1 cells. The PCR preperatiogse then run using the
protocol as described in experiment 2.5.5. The yctedwere run on a 2% agarose gel
for 1.5 hours with a 100 base pairs (bp) laddee dgél of the products can be seen in

Figure 3.31.
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Figure 3.31The primer tests of the six genes with the 10@iololér.

1 - 100bp ladder, 2 - 18S ribosomal RNA, 3 - TN# -IFN ,5-1L-1 ,6-1L-8, 7-IL-10, 8 -

100bp ladder.

As can be seen in Figure 3.31 the products ohalprimers were the correct sizes.
These were 151 bp for the 18S ribosomal RNA priniEsébp for the TNF-

primers, 155bp for the IFNJrimers, 151bp for the IL-1primers, 151bp for the IL-8
primers and 150bp for the IL-10 primers. So it baen seen that the primers are all
within 5bps of each other, as it is necessaryHemtroducts to be of nearly the same

size when attempting to carry out QPCR.

3.3.2 Primer concentrations for QPCR

The optimal concentration of the primers had tabeertained for the different genes.
This was carried out by trying out four differemincentrations of the primers: 50nM,
100nM, 200nM and400nM. These concentrations wearerra QPCR experiment as

described in chapter 2.5.6.1 with THP-1 DNA, angl ¢tbncentration that gave the
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best response was chosen. The concentration thatlga best response for 18S
ribosomal RNA, IFN-, IL-1 , IL-8 and IL-10 was the 200nM concentration. Tlestb

concentration for TNF-was 400nM.

3.3.3 cDNA selection.

THP-1 cells had been grown and differentiated usitegnin D3 as described in
chapter 2.4.2. The cells were then challenged sétlken concentrations of LPS from
five species of bacteria with two strains from ebabterial species to make a total of
10 LPSs. The species and strains used Weirgetobactegenospecies 13 T4802

and 4809Haemophilus influenzae 4838 and 483%seudomonas aeruginosa 4789 and
4845 Klebsiella pneumoniae 4841 and 4844 and finally. coli 4842 and 4843. The
concentrations of LPS used were 100ng/ml, 10ng{nd/ml, 100pg/ml, 10pg/ml,
1pg/ml and 0.1pg/ml. This procedure is describeflinn chapter 2.4.3. The
messenger RNA (mMRNA) was extracted from the THIIls ¢hat had been
challenged with the different concentrations of ld&SJescribed in chapter 2.5.3. The
MRNA that had been extracted was turned into cDBlAescribed in chapter 2.5.4.
The cDNA fromAcinetobactegenospecies 13 TU 4809 was used as a guide to work
out which two cDNAs, of the seven potential cantkdawould give the best results.
The cDNAs were run as described in chapter 2.5Th2.data from the QPCR
experiment showed that for the 18S ribosomal RNET, IL-1 and IL-10 the
cDNA from the cells challenged by 10ng/ml and 1lrgfoncentrations of LPS gave
the best results, whilst for IFNand IL-8, the cDNA from the cells challenged by

100ng/ml and 10ng/ml concentrations of LPS gavebtst results.
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3.3.4 Comparison of mRNA production between the bac terial species.

LPS from each strain of the species was used teuneghe levels of production of
MRNA from all the six genes of interest. The 18®somal RNA was used as a
positive control and also as the base line levgjenfe production in the THP-1 cells.
The cycle threshold (Ct) value generated from (A& of the THP-1 cells
challenged by the LPS from the different bactespcies and strains, for the 18S
ribosomal RNA was used to normalise all the otlesreg’ Ct values. The
normalisation was carried out by dividing eachaue, from the cDNA generated by
challenge with the LPS from the different bactefta,each gene by the ct value of
the 18S ribosomal RNA, cDNA from the same bactestiadin, to give a normalised
Ct value. The results for the twiinetobactegenospecies 13 TU strains tested are

shown in Figure 3.31.

Acinetobacter genospecies 13 TU normalised Ct
values
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Figure 3.311 evels of mRNA product from THP-1 cells for thengs of interest generated by
challenge with LPS fromcinetobactegenospecies 13 TU 4802 aAdinetobactegenospecies 13 TU

4809. The results for both strains for each geagphutted next to each other.
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When analysing the results presented in Figure, & Beds to be remembered that
the smaller the bars the greater the amount of mRiX#&hat particular gene was
extracted from the THP-1 cells. This is becausehealue is the cycle at which the
amount of RNA amplified has reached a thresholdlland is now large enough to
measure effectively. Thus the greater amount of diRiNthe sample, the faster this
threshold is reached and so the Ct value is casralpgly lower. If the Ct value is
zero though this means that the Ct value was rfbtisutly greater than the negative
control so the value is counted as zero since tecthble levels of cytokines were
produced. The results were compared statisticaltyugh the use of 2-samples t-tests
carried out in Minitab 15. Thus in Figure 3.31sipossible to see thAtinetobacter
genospecies 13 TU 4802 LPS generated a greatddimgteesponse than
Acinetobactegenospecies 13 TU 4809 LPS. The difference betwezlevels of
cytokine responses generated by the LPS of thestvs was not significant at
p<0.05. This is probably due to the low numberathdoints involved in the
experimentsAcinetobactegenospecies 13 TU 4809 LPS generated low level
responses to IL-8 and IL-10 with lower responseEN&- than theAcinetobacter
genospecies 13 TU 4802 LPS was able to gen&kateetobactegenospecies 13 TU
4809 LPS was unable to induce a high enough cyoldaponse for IFN-and IL-1 ,
compared with the negative control for it to besidered anything but a zero level
response. On the other hafsdinetobactegenospecies 13 TU 4802 LPS was able to
generate a cytokine response to all the genegighar level than the LPS from

Acinetobactegenospecies 13 TU 4809.
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Haemophilus influenzae normalised Ct values
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Figure 3.321 evels of mRNA product from THP-1 cells for thengs of interest generated by
challenge with LPS frorrlaemophilus influenza4838 andHaemophilus influenza4839. The results

for both strains for each gene are plotted nexgith other.

In Figure 3.32 it is possible to see thiemophilus influenza4838LPS generated a
slightly higher, but not significantly so at p<0,@ytokine response when compared
with Haemophilus influenza#839LPS. There was no significant production of
MRNA for IFN- , IL-1 and IL-8 100ng/ml, when compared with the negative
controls. There was a small amount of mMRNA produrcin IL-8 10ng with

Haemophilus influenza4839.

Although there is a difference between the tda@mophilus influenzalePSs, it is not
significant and it is less than the difference ledwthe twd\cinetobacter
genospecies 13 TU LPSs in Figure 3.31. There veagndicant difference p<0.001
between the cytokine production levels of A&@netobactegenospecies 13 TU LPS
andHaemophilus influenzaePS. This is probably due to the fact that the
Haemophilus influenzaePS is unable to generate a response from either 1oF IL-

1 and only LPS fronHaemophilus influenza#839 was able to generate an IL-8
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response. Thus whilstaemophilus influenzaePS seems to have generated higher
levels of cytokine production of TNF-and IL-10 than the Acinetobacter genospecies
13 TU LPS was able to, they were not able to geegnaduction of the other

cytokines as effectively ascinetobactegenospecies 13 TU LPS.
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Figure 3.331 evels of mMRNA product from THP-1 cells for thengs of interest generated by
challenge with LPS fror®seudomonas aeruginodd89 and’seudomonas aeruginod&45. The

results for both strains for each gene are plaited to each other.

In Figure 3.33 it can be seen tifeudomonas aeruginoda89LPS generated a
higher cytokine response thBseudomonas aeruginod845LPS, but again this
difference was not significant. The levels of IFNL-1  10ng/ml and IL-8 100ng/ml
MRNA created in the cells at the time of RNA exti@t, was not significantly
different to those of the negative controls. Theas a small amount of MRNA
production for IL-1 from the cells challenged with 10ng$eudomonas aeruginosa
4845 LPS. LPS from both strains produced mRNA 68 lat 10ng/ml concentration

of LPS, withPseudomonas aeruginod&89 LPS inducing the highest levels.
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There was no significant difference between the rARNels generated by
Pseudomonas aerugino&®S andHaemophilus influenzalePS. Whilst
Pseudomonas aeruginok®S did not generate a significantly greater respdhan
Acinetobactegenospecies 13 TU LPS, it can be seen that it gesegreater

cytokine levels than those generated byReeudomonas aeruginot®S.

Klebsiella pneumoniae  normalised Ct values
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Figure 3.341 evels of mMRNA product from THP-1 cells for thengs of interest generated by
challenge with LPS frorKlebsiella pneumoniaé841 anclebsiella pneumoniaé844. The results for

both strains for each gene are plotted next to etwdr.

Figure 3.34 shows th#tlebsiella pneumoniaé844 LPS is able to induce an mRNA
response to all the genes of inter&ebsiella pneumoniaé841 LPS was unable to
induce mRNA production in IFN: The levels of mRNA production between the LPS
of the two strains were not significantly differebtit Klebsiella pneumoniaé844

LPS had very slightly higher levels of production.

TheKlebsiella pneumoniabPS induces mRNA levels at a lower levels than

Pseudomonas aeruginoaadHaemophilus influenzalePS for the cytokines that
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were produced by all the strains. Due to the faatKlebsiella pneumoniakPS was
able to generate cytokine production for all theokines, there was a significant
difference p<0.05 betwedfiebsiella pneumoniaePS andHaemophilus influenzae
4838 and®seudomonas aeruginodd90 LPS. It also generated a greater mRNA
production tharAcinetobactegenospecies 13 TU LPS, especidlsinetobacter

genospecies 13 TU 4809, but not significantly so.
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Figure 3.351 evels of mMRNA product from THP-1 cells for thengs of interest generated by
challenge with LPS frori. coli 4842 ancE. coli 4843. The results for both strains for each geee a

plotted next to each other.

As Figure 3.35 shows, there was no significanedéice between the LPS frdm
coli 4842andE. coli 4843;E. coli 4842 LPS generated a slightly higher level of
cytokine production. Both strains Bf coli LPS were unable to induce mRNA

production with IFN-, IL-1 and IL-8 100ng/ml.

The mRNA levels induced . coli, Pseudomonas aeruginoaadHaemophilus

influenzaelLPS were not significantly different. Tlie coli LPS generates
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significantly different p<0.01 levels of mMRNA proction with Klebsiella
pneumoniael844 LPS. This is becauBéebsiella pneumoniaé844 LPS is able to
induce cytokine production for all the cytokinedjilst theE.coli LPSs was only able
to induce cytokine production in half the cytokinesked at in the study. When the
level of cytokine production was compared for thokines that th&. coliLPS was
able to induce, there was no significant differebetveen the LPSs from the two
organisms. This is why there is no significanteliénce betweeklebsiella
pneumoniael841 LPS and thE.coli LPS. When compared witcinetobacter
genospecies 13 TU LPS there was no significaneiffce between these and he
coli LPS, but it can be seen thatcoli LPS does induce higher cytokine levels

especially when compared with thoseAainetobactegenospecies 13 TU 4809 LPS.

3.3.5 Comparison of mRNA production between genes o f interest

The same results used to generate the previoufigives were used to generate a
comparison between the levels of MRNA productiothefdifferent genes across the

species.

126



Ctvalues of TNF-a 10ng and 1ng
g 3.00
(-—>5 2.50
O igg B _ @ TNF 10ng/ml
E roo :(:I— j 1 [ | |OTNFIng/mi
IS 050 -+ BB R
IS
‘25 0.00 T T T
VS B R P X Y
ob?’ Ov‘b L WO R @
?9 vﬂ)
Bacterial species and Strain

Figure 3.36:The normalised Ct values of TNFrom cDNA taken from THP-1 cells challenged with

either 10ng/ml or 1ng/ml of one of the ten diffareRSs from the strains of bacteria.

Figure 3.36 shows that whilst there is some vanmabietween the cytokine levels
induced by the LPS of the strains, they are natiggnt. It can be seen that the two
Haemophilus influenzaePSs and the LPBom Pseudomonas aeruginodd89 are
the highest inducers of TNE-whilst TNF- mRNA level induced by LPS from
Acinetobactegenospecies 13 TU 480Rseudomonas aeruginod&45,Klebsiella
pneumoniael842 anck. coli 4843 was lower than the other LPSs. The finalethre

LPSs again induced mid levels of mRNA for TNFproduction.
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Figure 3.37The normalised Ct values of IFNfrom cDNA taken from THP-1 cells challenged with

either 100ng/ml or 10ng/ml of one of the ten diéfer LPSs from the strains of bacteria.

In Figure 3.37 it is possible to see that LPS fiamty a very small number of
organisms were able to induce IFNRRNA production. The sole exceptions to this
wereAcinetobactegenospecies 13 TU 4802 LPS,which induced the THdBH to
produce mRNA for IFN- when used at 10ng/ml, akdebsiellapneumoniaet844
LPS which was able to induce mRNA for INFat both 100ng/ml and 10ng/ml. The

two concentrations of LPS tested showed no sigmificlifference between them.

The levels of mMRNA isolated from the cells wherBldFmRNA was produced was

significantly (p<0.001) lower than for the TNFmMRNA.
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Figure 3.38The normalised Ct values of IL-Trom cDNA taken from THP-1 cells challenged with

either 10ng/ml or 1ng/ml of one of the ten diffareRSs from the strains of bacteria.

In Figure 3.38 it can be seen that once again feavyof the LPSs were able to induce
MRNA production. The exceptions were agaoinetobactegenospecies 13 TU
4802 LPS, which was able to induce mRNA productmrlL-1 at both 10ng/ml and
1ng/ml, andKlebsiellapneumonia&844 LPS which was also able to induce mRNA
for IL-1 for both 10ng/ml and 1ng/ml. Moreoviélebsiellapneumoniaet841 LPS
was able to induce mRNA for IL-2for both 10ng/ml and 1ng/ml, whilst
Pseudomonas aeruginod845 induced mRNA production at 1ng/ml. There alag

no significant difference between the two concdiuns of LPS used to stimulate the

cells.

There was no significant difference between thelage production levels from IL-
1 and IFN-, but there was a significant difference (p<0.0dfNeen the cytokine

levels produced for IL-1and TNF-.
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Figure 3.39The normalised Ct values of IL-8 from cDNA takearh THP-1 cells challenged with

either 100ng/ml or 10ng/ml of one of the ten diéfer LPSs from the strains of bacteria.

Figure 3.39 shows that nearly all the LPSs were binduce levels of mRNA
production at 10ng/ml, but onKiebsiellapneumonia&l841 anKlebsiella
pneumoniael844 LPSs were able to generate mRNA production $90ng/ml.
There is a very wide variation in levels of mRNAguction generated by the LPS
from the different strain#cinetobactegenospecies 13 TWB02 andPseudomonas
aeruginosat789 LPSs had the highest mMRNA responsesfaintetobacter
genospecies 13 TW09 LPS had the lowest mMRNA response. Thereignaisant

difference (p<0.01) between the two concentrataifrlsPS used to stimulate the cells.

When compared with the other genes, it is possibéze that IL-8 at 10ng/ml was
produced at significantly higher levels (p<0.01gritboth IL-1 and IFN-. There was
no significant difference between IL-8 at 10ng/mél& NF- production. For IL-8 at
100ng/ml though these results were inversed ane thas no significant difference
between it and IFN-and IL-1 . There was a significant difference (p<0.01) with

TNF-
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Figure 3.40The normalised Ct values of IL-10 from cDNA takeom THP-1 cells challenged with

either 10ng/ml or 1ng/ml of one of the ten diffareRSs from the strains of bacteria.

In Figure 3.40 it can be seen that IL-10 was indumgall the LPSs at all dilutions.
Haemophilus influenza4838 and®’seudomonas aeruginod&89 induced the highest
levels of mMRNA production, whilst easily the lowéstel of mMRNA production was
Acinetobactegenospecies 13 TU 4809. The other LPSs fall in betwthese two

extremes. There was no significant difference behwbe two concentrations of LPS.

When compared with the other genes, it can be thetithere is no significant
difference between the levels of mMRNA productionlfe10, TNF- and IL-8 when
stimulated with 10ng/ml of LPS. There was a siguaifit difference (p<0.05) between
the levels of production of mMRNA for [I-10 and IFNthere was also a significant
difference (p<0.05) with IL-10 and IL-1and IL-8 when the last two were stimulated

by 100ng/ml of LPS.

131



4. Discussion

4.1 LPS structures

There are a wide variety of different types of L&¥&ictures. As was covered in the
Introduction there are traditionally three partshte LPS: the O-polysaccharide chain,
the core polysaccharide region consisting of timeirand outer cores and the Lipid A
moiety. The structures of the LPSs of the speciesstigated in this Thesis need to be

described.

E. colitraditionally has a smooth LPS i.e. with an O-galscharide chain. The two
strains ofE. coliinvestigated here both had a typical smooth LP$ tyith easily
identifiable repeating units. Thdebsiella pneumoniastrains also followed the
traditional types for their species, both havingsth LPS with large numbers of
small repeating units, so they appeared as a eanigismear on the ammoniacal
silver stain gel. Th@seudomonas aeruginos®Ss seemed to have rough LPS
strains i.e. where only the Lipid A moiety and tiege polysaccharide are present. As
to whether these are in fact rough LPS types isudised in greater detail below

(Erridgeet al, 2002).

Haemophilus influenzaePSs are often found in the rough or smooth-rdogims. A
smooth-rough form is an LPS that has a shortenpdl@accharide chain attached to
the core polysaccharide. The LPS from ldteemophilus influenzagtrain

investigated in this study are all of the smoothgiotype. Thé\cinetobacter

genospecies 13 Tklrains investigated in the study appeared to hleeofough LPS
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type, but this is unlikely to be the caseA@snetobactegenospecies 13 TU is

normally a smooth LPS. This is considered in P&tod the Discussion.

4.2 The LPS extractions.

As was seen in the ammoniacal silver stained PAG& and the colloidal gold stains,
the re-extraction of LPS removed the residual pndtem the LPSs. When the
ammoniacal silver stain was carried outAminetobactegenospecies 13 TU LPS,
these appeared to be rough LPS, as there was donggrattern seen. This seemed
strange, as so far all the published structuréscofetobactegenospecies 13 TU LPS
have been smooth LPS (Haseét\al, 1997a; Haselegt al, 1997b; Haselegt al,

1997c; Haselewt al, 1998; Pantophledt al, 2001; Vinogradoet al, 2002;
Vinogradovet al, 2003; MacLeart al2009). The reason that this occurred, is most
likely due to the fact that the sugar compositibthe O-polysaccharide chain is
lacking in periodic-hydroxyls.This means that tixédgsing agent, periodic acid, is
unable to cleave to any of the sugars of the Orchiad open up sites in the repeating
unit to the ammoniacal silver, which is then unabléind to the O-polysaccharide
repeating units (Kropinslat al, 1985; cited by Kropinsket al, 1986). Thus when the
developer is added to the gel there is no ammolnsdlear in the O-polysaccharide

for it to react with. This is why there is no bamglipattern withAcinetobacter
genospecies 13 TU LPS on the PAGE gels stainedamitimoniacal silver stain. The
two Pseudomonas aeruginostains are also possibly smooth LPS that apjpdae t
rough LPS, as they also sometimes lack periodicdxyds in their O-polysaccharides
(Kropinskiet al, 1985; cited by Kropinslet al, 1986), but there are also many rough
LPS strains oPseudomonas aeruginasehe other three species LPSs were perfectly

normal for their species types.
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4.3 Limulus Amoebocyte Lysate (LAL) assay

The results of this experiment showed that the el activities of the majority of
the LPSs extracted were at very similar leveldinglbetween 100 endotoxicity

units/ g of LPS and 300 endotoxicity unitgf of LPS. For these units to be best
understood, it must be remembered that 1 endotgxiait is equal to 0.2ng of a
standarcE. coli LPS. However, several of the LPSs were below @teeindotoxicity
unit/ g of LPS. These were largely froitinetobactegenospecies 13 TU with four
of the seven strains coming from this species.dther species wetdaemophilus
influenzae Pseudomonas aeruginosadE. coli with one strain each falling below
100 endotoxicity unitsfg of LPS. Two strains though had much higher lewéls
endotoxicity than the rest, nameélginetobactegenospecies 13 TU 4802 and
Klebsiella pneumoniaé841, which had 600 and 1000 endotoxicity ungssf LPS
respectively. This was more than twice as largiasext highest endotoxicity level.
The endotoxicity units are an indication of how gegssive” the LPS is, so the higher
the endotoxicity units are, the more potent theyairstimulating the immune system.
Thus it can be said that the LPSs frAginetobactegenospecies 13 TU 4802 and
Klebsiella pneumoniaé841 seem to be the most potent stimulators oftineune

system of these LPSs extracted.

Half of the LPSs isolated from strainsAdinetobactegenospecies 13 TU were at a
very low endotoxicity level and so will not stimtéathe immune system very
strongly. These were very close in levels to thafdePSs extracted from one of the
strains ofPseudomonas aerugingsane of theHaemophilus influenzasrains and
one of the strains &. coli. This is as expected, sindeinetobactegenospecies 13

TU is more of an opportunistic pathogen than a/tpathogenic species. The low
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endotoxicity level oE. coli andHaemophilus influenzaePSs is possibly due to the
fact that they might be from strains that are [gthogenic as well or have other
virulence factors, such as toxin etc. It is alsegiiole that the some of the results are
incorrect due to the poor solubility of LPS in watePS when dissolved in water
forms clumps which means that when some of theurexs removed the amount of
LPS within is not indicative of the true amountLéfS in the solution. This is because
it is possible to obtain either large amounts o§LR clumps or nearly no LPS if a
clump is not drawn up. The way this problem wasmpted to be limited was to
dissolve the LPS in 0.2% Triethylamine (TEA). Thislecule helps the LPS dissolve
and stops the formation of clumps, thus allowirg tRS to diffuse fully through the

liquid.

As is discussed abovAcinetobactegenospecies 13 TU 4802 has a very high
endotoxicity level possibly meaning that it is franstrain more suited to actively
infecting people. The other three LPSs frAginetobactegenospecies 13 TU were at
similar levels of endotoxicity to LPS from threetbEHaemophilus influenzagtrains
and close to those of half of the LPSs frilabsiella pneumoniaandE. coli strains.
This indicates that these strains are possiblyiagt@iches closer to those occupied
by these more specialised human commensals. TiheseltPSs oAcinetobacter
genospecies 13 TU are also very close in levelabafPseudomonas aeruginosa
4789 LPS, although slightly higher thanRseudomonas aerugino&®S is often
thought to be less endotoxic than many other pa&thicgGram-negative organisms
(Goldberg & Pier, 1996; Erridget al, 2007). As was shown by Erridgéal (2007)
Acinetobactegenospecies 13 TU LPS is a potent stimulator ofrtireune system
and is able to stimulate TNFand IL-8 production at the same level as LPS fEbm

coli signalling through TLR-4. Thus whilst the endotty levels from the LAL
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assay vary between very high levels and other nawér levels, the LPS has always

stimulated a response.

The LPS from thédaemophilus influenza4789, 4838 and 4839 strains is mostly at
the middle level lying between 100 and 300 endafoxunits/ g of LPS, with LPS
from 4838 and 4839 being closer to 300 endotoxiaitiys/ g of LPS and the LPS
from 4789 being closer to 100 endotoxicity unigebf LPS.Haemophilus influenzae
4840 had very low levels of LPS endotoxicity. Se t#PSs from the three higher
strains are more endotoxic than the LPS belongiribe low level strain. It is
possible that the low endotoxicity strain is leaghpgenic than the other three,
although it is likely to have some pathogenic po&nas it and all the other strains

tested here were isolated from patients with respiy tract infections.

4.4 Range of antibodies to Acinetobacter genospecies 13

TU LPS in a healthy population of Southeast Scotland

4.4.1 Inter strain comparisons

Acinetobactegenospecies 13 TU is now a fairly common hospitguaed

bacterium and infections caused by it have beeth@nise over the last twenty years
(Giamarellouet al, 2008). There has never been a study to attengaedow
widespread exposure to this organism is in the mhealthy population. To attempt
to ascertain this, it was decided to investigagel¢ivels of antibody to LPS from eight
Acinetobactegenospecies 13 TU strains isolated from patientsarRoyal Infirmary
Edinburgh. The measurement of the antibody lewefscinetobactegenospecies 13
TU LPS might serve as an indicator of how widespregoosure té\cinetobacter

genospecies 13 TU is. It does need to be noted/émgtlittle is known about the
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differences between the different structures of b#t8in the genug\cinetobacter

So it is quite possible that antibody levelAmnetobactegenospecies 13 TU LPS
are in fact due to exposure to a different speaidscinetobacterSince the higher the
antibody levels, the greater is the number of petipht will have been exposed to the
LPS. Since exposure to the LPS normally occurs ®ibosure to the bacterium as
well. So LPS exposure can be used as a rough éstondhe levels of exposure to
the bacteria. The LPSs were used to assess thdyievels in serum samples from
475 blood donors by ELISAs. Blood donors are likelyepresent the healthy
population, since one must be in good health tallogved to give blood. It was
decided to use 475 blood donors since this wasaeresl a large enough number to

act as a reasonable indicator of the wider hegtipulation as a whole.

There are some issues with the above assumptidmatnhere is not a direct
correlation between the antibody levels to LPS exygbsure to the organism itself.
Since some LPSs appear to generate a much grestedy response than others.
This means that if 50% of the population has begrosed to the potent LPS then
each individual that has been exposed to it wlMeha higher response and so the
mean of the overall response would be much highan the mean antibody response
to an LPS from a different species or strain teahuch less potent, but with an
exposure rate of 70%. In the above case when titeody levels are observed, it will
appear that the strain with a 50% exposure wileh@wuch higher mean and seem to
have a much higher exposure rate than the straimani0% exposure rate. Alongside
this issue is the problem of cross-reactivity, ihi where the antigen closely
resembles another antigen and so the antibodiébeavible to bind to both of them.
So in this case this would mean that an LPS to i@ memmon strain has some

similarities in binding sites to the stain of intigation. This can artificially increase
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the apparent antibody levels to the specific LRShare are now not only whatever
antibodies that would normally be present in threiseagainst the specific LPS, but
also any antibodies that would bind to the otheb&Rs well. To overcome these
problems it was necessary to observe all the dadae go and not just take the mean
as the only important factor. Also inhibition ELISAvere carried out to measure the
rate of cross-reactivity between the strains. Unfuately the inhibition ELISAs did
not work effectively and so were unable to be catgal. This will be covered in a

later part of the Discussion.

The results showed that there was a definite vanan antibody levels to the
different LPSs from the eigi&cinetobactegenospecies 13 TU strains. This suggests
that the different strains have different exposates within the healthy population of
Southeast Scotland. LPS frokeinetobactegenospecies 13 TU strains 4793, 4799
and 4801 generated the highest mean levels ofatjlbut also had the widest base
of antibody results with a good mixture of resuttgking it likely that the higher
mean is in fact due to a wider exposure to the aPtfe organism. The LPS from
Acinetobactegenospecies 13 TU strains 4800 and 4809 generatibb@dy responses
whose means are very close to each other and alsoahwide range of antibody
responses. This indicates that the exposure twih@cinetobactegenospecie$3

TU strains is not a bi-modal distribution, whichwia indicate a smaller exposure,
but a higher antibody response from those that e®pesed. The means are lower
than those to the LPS of the previous three strathgch would indicate that the
exposure tAcinetobactegenospecies 13 TU 4800 and 4809 is lower than the
previous strains. The LPS frofitinetobactegenospecies 13 TU 4808 generates a
lower mean antibody response than the previousstragns. Once again though there

is no bi-modality so the mean can be read as amaecexposure rate over the
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population. Again this strain has less exposuraiwithe population than the previous
Acinetobactegenospecies 13 TU strains. The LPS from the finalAcinetobacter
genospecies 13 TU strains 4802 and 4803 have westaneans of all and have very
high numbers of antibody results between 1.5-3.5405nm; these are the lowest
levels of antibody response to the LPSs out ahalAcinetobactegenospecie$3

TU strains. The results indicate that these twairsérhave the lowest exposure in the
healthy population of Southeast Scotland. So adbeaseen there is a definite
variation in the exposure rate to the differerisis, with some strains having a
higher rate of exposure whilst some having a low cd exposure. In fact, the strain
of Acinetobactegenospecies 13 TWith the highest endotoxic activity is also the
strain with the lowest exposure rate of its LP$®healthy population, possibly
indicating that it is a more specialised pathogstriain, which is more commonly

found in hospitals and not in the healthy populatio

4.4.2 Inter species comparisons

The antibody levels to the LPS from tAeinetobactegenospecies 13 TU strains
were also compared with antibody levels generayeld”s from three organisms that
commonly cause respiratory tract infections (Dupdrdl, 2003). These organisms
werePseudomonas aerugingdéebsiella pneumoniaandE. coli, and two strains of
each were tested. Each serum sample was averagsg #ue eighfcinetobacter
genospecies 13 TU, the tiRseudomonas aerugingghe twoKlebsiella pneumoniae
and the twcE. coli strains and the mean antibody levels to the LR88 these

different species were compared.

The comparison of the mean antibody levelBseudomonas aeruginosad

Acinetobactegenospecies 13 TU showed that there was a signifditierence
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between the two means. But even with this signitichfference the means were
much closer to each other than they were for thibaay levels to the LPS
Acinetobactegenospecies 13 TandE. coli. The points also overlay each other
fairly well thus also showing a similarity betwesne two sets of dat@cinetobacter
genospecies 13 TU is a human pathogen, uRlgeudomonas aerugingdaut as is
discussed below a closely related species to tgesnism is a common environmental
organism. Otherwise if that is not what the orgamis responding to, then a common
nosocomial infection will have a lower exposuraihealthy population. This is
because they will not have been exposed to it@dady, since it isn’t really found

outside of hospitals.

As covered in the Introduction there is currentiyng discussion as to whether
Acinetobacter baumannis in fact an environmental organism or indeeda@amon
in hospitals as it appears to be. So the natusalveir for the organisms has never
been discovered (Van looverehal 2004; Pereet al, 2007; Pele@t al,2008). The
majority of the literature though asserts tAainetobacter baumannis an
environmental organism (Paterson, 2006; Giamalletal 2008). The probable
reason that is put forward as to why it is possibiehe majority of the papers to
claim theAcinetobacter baumannis an environmental organism, is that until
recentlyAcinetobacter baumannivas not easily differentiable from other closely
relatedAcinetobactespp by normal phenotypic methods. The developmen6st 1
23S DNA/DNA hybridisation by Tjernborg & Ursing 889 allowed the
differentiation between the different species, whatlowed for a more complete
phylogenetic picture cAcinetobactespp to be developed. There are now 32
genomic species within the group (Van Looveeeal 2004).Acinetobacter

baumanniiandAcinetobacter calcoaceticad two other genospecies 3 and 13 TU
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make up a very closely related group of speciemnakferred to as th&cinetobacter
calcoaceticus Acinetobacter baumanntiomplex. These species are almost
impossible to differentiate from each other by nakrphenotypic methods and thus it
is likely that a number of the species previousdgaibed agcinetobacter
baumanniimay in fact have beefscinetobacter calcoaceticusolates that were
misidentified asAcinetobacter baumannifcinetobacter calcoaceticus in fact a
common environmental organism that is found ubansty throughout nature (Peleg
et al, 2008). So the argument put forward is that thgntg of strains that have been
previously identified in nature as beiAginetobacter baumanndre in fact
Acinetobacter calcoaceticuSo now it has entered the general conscioushass t
Acinetobacter baumannig an environmental organism all papers stateviittsout
checking to whether this is true. This has lechogrobable mis-representation of
Acinetobacter baumanngis an environmental organism. Whilst this meants tha
Acinetobacter baumannis not as commonly isolated as thought, the osyasiare
extremely closely related so it is likely that tiheta isolated for thAcinetobacter

genospecies 13 TU can be also be appligkctnetobacter baumannii

Thus it has been established that there are gregdisties between these species of
Acinetobacterwhich means that it is probably likely that trehare the same basic
core and lipid A structure of the LPS. This obvigusould mean that the antibody
levels we are detecting to tAeinetobactegenospecies 13 TU LPS could in fact be
antibodies developed against the cordahetobacter calcoaceticu$S. This could
mean that the actual level of antibodyAitinetobactegenospecies 13 TU LPS is

lower than these results would suggest.
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The comparison between the means of the antiba@ysl@gainst LPS from

Klebsiella pneumoniaandAcinetobactegenospecies 13 TU showed that there was a
significant difference between the means. The giffee was slightly higher than the
difference between the means of the antibody leagdsnst LPS fronPseudomonas
aeruginosaandAcinetobactegenospecies 13 TU. The means of the antibody levels
against LPS fronKlebsiella pneumoniaandPseudomonas aeruginosaere not
significantly different. This is not what would b&pected normally, @8seudomonas
aeruginosas a common environmental organism, whidgtbsiella pneumoniais a
common commensal organism of the gut. So it istodthve the mean antibody
results against the LPS from the organism beingjas®, as it would be expected for
Klebsiella pneumoniat® have a much higher level of exposure in the healthy
population. When the individual points on the grapé compared, it is possible to see
that whilstKlebsiella pneumoniakas much greater number of higher responses it
also has a much greater number of lower respombéscould be taken as an
indication thaKlebsiella pneumoniabas been exposed to a smaller part of the of the
population, but has generated a higher responsevieral individuals that were
exposed to the organism, thus giving a mean thHaglser than that against the LPS

of Acinetobactegenospecies 13 TUhis is one possibility, but another is that, when
the two strains that were averaged to make thétsedfeun Klebsiella pneumonigare
looked at, then it is easy to see that they amgfszgntly different (p<0.01) from each
other, withKlebsiella pneumonia4841 having a much higher mean than that of
Klebsiella pneumoniaé844. The reason for this discrepancy betweetwhestrains

is possibly due to one of the strains being a lpegialised pathogenic strain as
opposed to a more common gut commensal. The megadised pathogen would be

more common in hospitalised patients and so bdiledg to have exposure in the
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healthy population. Exposure to the common gut censal would be much more
widespread as it will be commonly found in the giithe population. The mean of
the higher antibody response of 0.623 is much climsthe mean oE. coliat 0.689
than it is to the mean d¢flebsiella pneumonia4844 of 0.538, which is definitely
closer to that oAcinetobactegenospecies 13 TU which is 0.471. Another posgbili
is that with only two strains dflebsiella pneumoniakPS being used, it means that
the antibody level to them will be a combinatioraati-core and anti-O chain,
specific for each particular LPS antibody. Thislddead to the discrepancy between
the LPS of the two strains. There was a greateteumof Acinetobactegenospecies
13 TU LPSs tested which will be likely to reduce tmportance of the specific
antibodies, as the anti-core antibodies are enldaisagce there will be more of them
across the strains. To try and see what the ataabn is for this discrepancy, it
would be best to obtain a number of exXtabsiella pneumoniastrains and measure
the antibody response to their LPSs. These respaus#d then be used to see if this
is a common feature fd€lebsiella pneumoniaer is something that just affects the

two strains isolated here.

When the means of the antibody responses to LRSEracoliandAcinetobacter
genospecies 13 TU were compared, it was possildeddhat there was a significant
difference between the two means. When the schiteyas also investigated it could
also be seen that tike coli points were much more often above the points from
Acinetobactegenospecies 13 TU. As witllebsiella pneumoniastrains above there
were only two strains d&. coliused in the experiment. So as above there coud be
great discrepancy between the more general coitwodigs and the specific O-chain
antibodies. Alsc. colihas 5 core types and with only two samples iigdssible

for them all to have been represented in the exymaris carried out. Again an
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increased number of organisms could have helped @vethe results. However,

they would probably still have been similar to thsults currently here. This is as was
expected, sincAcinetobactegenospecies 13 TU is, as has been discussed above,
nosocomial infection, whildk. coliis the most common facultative anaerobic gut

organism in the majority of the population.

So it can be said that the antibody levelé¢metobactegenospecies 13 TU LPS are
at a similar level to those #seudomonas aeruginok®S. It is at a much lower level
of exposure when comparedEocoli LPS, but again this is as expected. With
Klebsiella pneumoniaie was odd as it is also a common gut organismtaed
antibody levels were close, but there are a vanétgasons for this as discussed
above. Overall then it is possible to say that sxpe toAcinetobactegenospecies 13
TU is about as widespread in the healthy populatidBoutheast Scotland as

Pseudomonas aeruginosad at least one strain ikfebsiella pneumoniae

4.5 Inhibition assays

These experiments were carried out to attemptdertesn the level of cross-reactivity
between the strains. This was carried out firstiythree differenk. coli LPSs to

test the theory. This experiment was successfubemMthe same method was
attempted usindcinetobactegenospecies 13 TU LPSs there was no inhibitioi;at a
in fact even the strain that was bound to the gatamed to have no inhibitory action
against itself. A reason as to why this may haygpbaed is that in solution the
Acinetobactegenospecies 13 TU LPS changes confirmation in aughy that it
deforms the binding sites where the antibodies dookmally bind to in the normal

confirmation of the LPS. Possible ways to test theory would be to obtain
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microbeads and bind the lipid A moiety to theseeSEthLPS coated microbeads could
then be incubated with the serum as the solubili$&sl was in the original
experiment. The ELISA would then be carried oun@snal. Another option would

be using whole heated killed bacteria, but thisdthsr risks involved, such as a
much greater chance of cross reactivity betweeh & and other surface antigens

and so the experiment would be less certain ioatglusions.

4.6 Range of antibodies to Haemophilus influenzae LPS in

a healthy population of Southeast Scotland

4.6.1 Inter strain comparisons

The antibody levels to the LPSs of three oftf@mophilus influenzagtrains 4838,
4839, and 4840, were very similar with the randgabe@ir antibody levels having a
very similar mean and standard deviation. Thisdatlis that either their LPSs are
similarly widespread within the healthy populatminSoutheast Scotland or that there
is a common determinant (the core) across the l{R&trains that they are all
responding to. The antibody levels to the LPS fidaemophilus influenza4790 on
the other hand have a much greater mean and getatelard deviation. This is due
to the extra group of donors with an OD at 405nrth.@#1.8, to the LPS of
Haemophilus influenza£790. This extra peak seems to indicate a nunber o
individuals who have developed a much greater atnoiuentibody to this LPS. The
reason for this could be that these individualsehiaeen exposed to a higher level of
the LPS than other people indicating a more reardtgreater exposure to the

bacterial strain itself. Alternatively this partlau LPS induces a stronger antibody
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response from the immune system of certain indadgluvhich is why they have high

levels of antibody to it.

The shape of the curve Figure 3.20 suggests arcésteel of bimodality to the
antibody levels generated by the LP$Hemophilus influenza4790. This is where
the normal distribution is not strictly accuratetlas graph has two peaks rather than
just the one that a normally distributed graph widudve. This means that a normal
distribution will not work on this type of grapm Figure 3.20 though this is likely to
be the case as the second peak is much smalletiiddinst peak and it is more likely
that this occurred because of a difference in whégfion of the LPS that the
antibodies bound to than a true bimodal populatfferent parts of the LPS can
induce a greater antibody response than otherg anthe of a population responded
to one of these areas they would have a much greatd of response than other
individuals who were responding to another pathefLPS that induced a lower
response. Even with this second peak, the resittse antibody levels to the LPS
from Haemophilus influenza4790 are consistently higher than those of theroth
three strains. So it seems thtemophilus influenza£790 is the strain which has the

most widespread exposure in the healthy populatidoutheast Scotland.

4.6.2 Inter species comparisons

The antibody levels to the LPSs from all th@emophilus influenzagtrains were
analyzed in the same manner as with the antiboatdeo all theAcinetobacter
genospecies 13 TU strains. The antibody leveldaemophilus influenzaePS when
averaged across all four strains were comparedtivgfantibody levels to the LPS
from the same three reference species as befarelyBseudomonas aerugingsa

Klebsiella pneumoniaandE. coli.
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When the antibody levels to LPS isolated frBseudomonas aeruginosad
Haemophilus influenza@re compared, it can be seen that there is disgymt
difference between them, withaemophilus influenzaeaving by far the greater
antibody level. This is as expected, sikt@emophilus influenzais a very common
commensal respiratory tract organism (World He@ltbanisation, 2005) and
Pseudomonas aeruginofsaa common environmental organism. So it is etquetor
the common commensal to have a higher presente indalthy population than an

environmental organism.

The comparison between the antibody levels to #8 fromKlebsiella pneumoniae
andHaemophilus influenzashowed that there was a significant differendevben

the antibody levels, with antibody levelsHaemophilus influenzalePS being much
greater than those #&llebsiella pneumoniaéilthough both are commensals as was
affirmed in Part 4.3.2 of the Discussion the twaisis ofKlebsiella pneumoniaare
hugely varied, thus it is hard to draw definite coisions from these two results. Even
when looking at the means of antibody levels toltR& from the twdlebsiella
pneumoniaestrains, they were both significantly lower thhe intibody levels of

LPS fromHaemophilus influenza€urrently then it seems that exposure to
Haemophilus influenzas much more widespread thKtebsiella pneumoniam the

healthy population of Southeast Scotland.

When the antibody levels to the LPS fréncoliandHaemophilus influenzagere
compared, they showed that there was a signifidiiierence between the antibody
levels. However, the difference between their megas much smaller than it was

between the other two species. Thus it seems xipaisare to these two organisms is
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roughly the same. This is also as expected, siottedre common commensal

organisms.

Thus it is possible to say that exposuréla@mophilus influenzais slightly more
widespread than that & coliin the healthy population of Southeast Scotlanis. |

more widespread than eitHeseudomonas aeruginosaKlebsiella pneumoniae

4.7 High responders

As was seen in Figure 3.28 there are some indilsdudno have high antibody
responses to all LPS antigens they are exposédése high responders could
possibly be used to act as donors for passive rattons for people in high risk
situations. These could include people who are tafooundergo surgery or people in
the ICU on ventilator machines. There has been sbhmeght of using anti-endotoxin
antibodies to help treat people suffering from Grraggative infections (Zieglest al,
1982; Baumgartnest al, 1985; Tenget al, 1985; Kirklandet al, 1986; Charalambous
et al, 2007). The antibodies from these high respondeused very carefully, could
be of great benefit, with the massive increaseshtibiotic resistance, as it much more
unlikely that resistance will be developed to th&3e the other hand, it is possible for
antibodies to “accidentally” have cross-reactiwityh common antigens from the
patient being treated and start an auto-immundiogad here is also the risk of blood
borne viruses, such as HIV or Hepatitis B+C beimgad by contaminated blood.
This is why any use of this vaccine would havedaarefully monitored and all the

blood fully screened for infections before it coblel used.
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4.8 Cytotoxin production from THP-1 cells with LPS

There was a great deal of variation between tHerdifit levels of cytokines induced
by the different LPSs. Some cytokines were barebgipced at all, whilst other
cytokines were produced at higher levels. The agmkvhich had the highest level of
production was TNF- This cytokine was induced by the LPSs of allliheterial
strains studied. When the different levels of TNproductions were compared across
the species and strains there was no significéigreince between them; but with
only ten data points in each group it is highlyikelly that this analysis is truly
significant; for this to be so there would needbéoa greater number of points. The
reason statistics were used to analyse the raboligh was just in case they showed
that there was a significant difference betweersfieries or genes. However, when
viewed “by eye” it is possible to see th#aemophilus influenzaead the highest
level of production of TNF-, with one of thé®seudomonas aeruginostrains. TNF-
being the highest produced cytokine was not pa#ity surprising as the LPS had
been incubated with the cells for 4 hours, whicérieugh time for TNF-to have
started being produced, whilst a number of othésléges have not really started to
be produced yet (Agarwal al, 1995). This is because TNFs a potent pro-
inflammatory cytokine, which is normally the figstoduced by the immune system

when it comes into contact with an invading orgamis

For IFN- there were very low levels of production. OAlginetobactegenospecies
13 TU 4802 andKlebsiella pneumoniaé844 actually induced any and even then it
was produced at significantly lower levels thaneveroduced for TNF- This is
again as expected, since IFMnly normally starts to be produced after 10-18rbBp

so low levels of production are perfectly normahé@et al 1991; Jansket al, 2003).
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IL-1 also had very low levels of production with onbuf strains producing it,
namely the twdlebsiella pneumoniastrainsPseudomonas aerugino4845 and
Acinetobactegenospecies 13 TU 4802. Again the production |lewele
significantly below the production of the TNE-This result was not expected as IL-
1 is normally produced at the same time as TNBaronet al,1993; Agarwakt al
1995). This could be due to these LPSs not beitgtalstimulate the cells for IL-1

production.

IL-8 though has a significantly larger amount begngduced than either IL-1or
IFN- and there is no significant difference with TNFHK is induced by all strains
exceptHaemophilus influenza#838. This is what is expected as well, since &lso
a potent pro-inflammatory cytokine that is oftemmnstlated within four hours (Baron

et al,1993; Agarwakt al 1995).

IL-10 is an anti-inflammatory cytokine that actsaasontrol mechanism on pro-
inflammatory cytokines such as TNFand IL-8. It is often produced alongside the
pro-inflammatory cytokines to control the immunspense and make sure it doesn’t
become too potent and start to cause damage togt€D’Andreaet al, 1993). There
was no significant difference between IL-10, IL+&lalNF- , but it could be seen
that IL-10 was produced at a slightly lower leven either IL-8 or TNF-, but not
significantly so. All species and strains indudeid tytokine. It has been shown by
Jansk et al, (2003) that there is a peak of IL-10 productifterad hours followed by
a reduction in production until 12 hours have pdsaden there is a much larger
production of IL-10. The initial peak is probabtyreduce the initial immune

response to make sure it does not increase todlyathie second peak is what keeps

150



the main immune response under control and shdtsah before any histological

damage can be caused.

Haemophilus influenzaePS induced the highest levels of production ef th
cytokines, in the cytokines that it could induee ITNF- and IL-10. IL-8 was also
able to be induced at high levels Hgemophilus influenza#839 LPS. When
compared witlKlebsiella pneumoniaePS which was able to induce production of
all the cytokines, there was a significant differefetween thenfcinetobacter
genospecies 13 TU 4802 LPS was able to induce ptioduof all the cytokines,
whereasAcinetobactegenospecies 13 TU 4809 LPS was unable to induaiption
of either IFN- or IL-1 and the ones it could induce were at lower lewdlen
compared withAcinetobactegenospecies 13 TU 4802 LASseudomonas
aeruginosaandE. coli LPSs did not have significantly different prodoctilevels to
each other or tblaemophilus influenzalePS as they were able to induce mostly the
same cytokined®?seudomonas aerugino&®S was also able to induce production of

IL-1 atlow levels.

From the data seen here and when compared wigtihaoxicity levels calculated
using the LAL assays, it would be assumed Awhetobactegenospecies 13 TU
4802 anKlebsiella pneumoniaé841 would be the two most potent stimulators of
the immune system and thus stimulate greater ptmstucf cytokines. This does not
seem to be the case as there is no significamrdiite between the abilities of the
LPS from the same strains to stimulate differentpction rates of the cytokines also
whilst Acinetobactegenospecies 13 TU 4802 LPS induced higher produtdiels

of cytokines thamcinetobactegenospecies 13 TU 4809 LRAgebsiella pneumoniae

4841 LPS in fact induced less cytokine productimanKlebsiella pneumoniaé844
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LPS , but not significantly so, despKéebsiella pneumonia4841 LPS having five
times the endotoxicity levels by LAL. Thus it seetingt endotoxicity levels
calculated by the LAL assay were not indicativéofv potent a cytokine stimulator a

particular LPS is.

There was only one time point used in this expeminaiele to problems growing the
cells which led to a long wait for viable cellskie grown to sufficient numbers to be
able to experiment on them properly. With more tiorethe project, extra time points
at 12 hours, 18 hours, 24 hours and 48 hours féha@lLPS samples would have been
included to allow for better understanding of theduction of the cytokines that had

not started to be produced after 4 hours.

4.9 Conclusions

So in conclusion it can be said that exposukdioetobacteandHaemophilus
influenzaeLPSs in a healthy population varies within the gg&cThis is due to the
fact that some strains with in the species haddritgvels of antibody to the LPS in
the healthy population than others. Apparent exfgpoguAcinetobactegenospecies
13 TU LPS was at a similar level of exposur®sgudomonas aerugino&®S and
also to at least one LPS from one of the studiedrst ofKlebsiella pneumoniam a
healthy populationHaemophilus influenzaePS on the other hand had a similar level
of exposure tde. coli LPS in a healthy population. This is useful to \kress it has
previously been unknown how widespread exposufeioetobactelLPS is outside a
hospital setting. The level of exposureAttinetobactelPS is similar to that of
Pseudomonas aeruginos®S, which suggests that it is not a commensalnsga

and could possibly be an environmental organism.

152



TNF- is the most produced cytokine along with IL-8 @ind 0 close behind it in
production levels. IFN-and IL-1 were at a lower level, but are not normally
activated till 18 hours or so after the initial tact with the foreign antigen.
Haemophilus influenzaePS did not induce production of many of the cytels,
whilst Klebsiella pneumoniakPS was able to induce production in all the ciyiek
investigatedAcinetobactegenospecies 13 TU LPS varied between the two strain
with one being a potent inducer of cytokine productwhilst the other was not a
very potent inducer. It was also seen that endotagiivity is not necessarily linked

to being a more potent stimulator of cytokine prcichn.

The findings presented in this thesis indicate ithaiay well be possible to use serum
from selected “high titre” blood donors to prepareavenous IgG to treat patients
suffering from pneumonia caused by a range of Gnagsative bacteria such as
Acinetobactespp,Haemophilus influenzae, Klebsiella pneumamaPseudomonas
aeruginosaWhen the data was viewed it could be seen thmaesaf the blood donors
had a high level of response to the LPS of allatganisms. In general this showed
that there were people who were able to mount f@ctefe response to all the
organisms and their serum would be the most apiattegio be used as it would
provide the greatest protection from these orgasigithough such an approach is
not new; it has been proposed for treating patiguttering from sepsis and other
nosocomial infections (Braudk al, 1981; Ziegleet al, 1982) and for burns patients
(Joneset al, 1980), it could also employ specific monoclomnatilzodies (di Padovat

al, 1993).

Future work could also investigate whether patisaféering from VAP show

changes in anti-LPS antibodies similar to those sesepsis patients (Barclay al,
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1989), and those patients who have high levelpefific anti-LPS antibodies may be
protected from developing VAP. If they do, actieceination with a vaccine
containing the relevant LPSs incorporated intodgoes would probably be most
appropriate. This would be similar to the vacciegaeloped by Bennett-Guerrero and

colleagues (Bennett-Guerrezbal, 2000a, Erridget al, 2002a).
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