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ABSTRACT

Peptidoglycan Recognition Proteins (PGRPs) arendyaf conserved proteins with
antimicrobial activity in humans. PGRP-S is a 20kBD&nomer with a poorly
elucidated bactericidal mechanism. The aim of pincgect was to examine the
genetic variation of the PGRP-S gene in the Sula@ahAfrican
immunocompromised population. DNA was extractednftbe blood of HIV positive
patients with and without active Tuberculosis a#l e healthy controls. The coding
regions of PGRP-S were amplified and subjectedrexztdautomated sequencing. A
wild type PGRP-S GST fusion protein was clonedrexpressed, purified and used
to determine protein-protein interactions as weluaed in antimicrobial assays.
Three polymorphic sites were noted in the poputatas well as a stable variation in
the genomic DNA from the mRNA sequence. One HIVipasVenda patient had a
potentially novel non-synonymous mutation which Widead to a variant of protein
with a reduced capacity to bind peptidoglycan. Vagation of the genomic DNA to
its corresponding nucleotide in the mRNA at posit®® may represent an example
of RNA editing. The protein cloned had no discetealttivity. Further studies with
a larger population group and further analysishefriton-synonymous mutant protein
may Yyield insight on the genetics and biochemistriy GRP-S.
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CHAPTER ONE
INTRODUCTION

1. Innate and Adaptive immunity

Defence mechanisms against parasites and pathagen$ paramount importance to
the survival of an organism. From the simpleshsmost complex organisms have
evolved some form of protection against unwantegoisms. This defence system is
known as the immune system. Two systems of immuexist: the ancient innate or
natural immune system and the younger adaptiveduriged immune system. As the
adaptive immune system occurs only in chordatesd@aand Cooper, 2006), more
interest has been placed on this system, assuimnghte younger system developed
to compensate for the perceived inadequacy of tre mincient innate immune
system (Medzhitov and Janeway, 1997a). Howevegtast in the innate immune
system was reawakened by the fact that the innateine system directs the
adaptive immune system (Fearon and Locksley, 1886)arguments have been
given about the importance of the innate immunéesygMedzhitov and Janeway,
1997a).

There are several basic differences in the innadeaalaptive immune system, as
summarised in Table 1. The innate immune systdireidirst line of defence
encountered by foreign bodies. It mounts an imntediaximal and non-specific
response. The innate immune system is also capapkfect differentiation of self
from non-self due to the recognition system emplojdaneway, 1992). It is involved
in most inflammatory responses as macrophages,aabst neutrophils and
eosinophils all bear receptors of the innate immaystem. These cells become

activated during the inflammatory response (JaneavayMedzhitov, 2002).

The evolutionarily younger adaptive immune systesiower than the more

generalised innate immune system. This lag in makiesponse time is due to



immunoglobulin receptor rearrangement requiredhigyatdaptive immune system.

This rearrangement leads to specificity towardsigue antigen and generates

immunological memory, a hallmark of adaptive immynAdaptive immunity is

therefore the system required for vaccine inducadunity. However, adaptive

immunity is involved in allergy, autoimmunity ancaff recognition. All this is due

to the recognition system employed by the adaptveune system (Janeway and
Medzhitov, 2002).

Table 1: Basic differences between the innate and adaptineuine systems, based
on differences sited in Fearon and Locksley (199éfizhitov and Janeway (2001).

Factor Innate Immunity Adaptive immunity

Occurrence All eukaryotic organisms Chordatesgnathaonward

Specificity Non-specific, general response Specific, pathogegeted
response

Action time Immediate, maximal response Delayed activatiorffeteor
molecules

Memory No immunological memory generated Generation of imafogical
memory

Receptors Germline encoded, no rearrangement | Encoded in gene segments,

needed rearrangement required
Distribution Non-clonal Clonal
Self Perfect discrimination of self from non- | Imperfect, can lead to auto-

discrimination

self

immunity

Recognition

Pathogen associated molecular patterns Details of molecular structure

(PAMPS) recognised by Pathogen
recognition receptors (PRRs)

recognised by human leukocyte

antigens, lock and key mechanis

m




2. RECOGNITION BY THE IMMUNE SYSTEM

Adaptive immunity is an almost infinitely flexibystem mediated by B and T-
lymphocytes. The Variable, Domain and Joining elemef their immunoglobulin
and T-cell receptor genes are rearranged by thaupts of the Recombinase
Activing (RAG-1 and RAG-2) genes. This rearrangetroam result in the creation of
as many as I&lymphocyte clones which express distinct antigereptors
(Thompson, 1995)

B-lymphocyte receptors recognise protein, carbadygdand simple chemical group
conformations of native antigens, while most T-lyrapytes recognise protein
antigens derived from peptides bound to cell sarfaroteins known as the Major
Histocompatibility complex (MHC). Adaptive immuneaognition is peptide based
allows discrimination of a broader range of molacsitructures and T-cells can
recognise cytosol-derived non-glycosylated viralagted proteins. This recognition
strategy has been adopted to cope with the geveatigbility of possible pathogens.
However, this very strategy has resulted in theifsee of the ability to differentiate

between potential pathogens and innocuous substéRearon and Locksley, 1996).

The innate immune system recognises pathogensnsgeonaed products of microbial
pathogens that are not present in the host. Foodgatts, particularly pathogens,
have molecular patterns that are strongly consearvedolution and are unlikely to

be replaced easily or rapidly. These Pathogen AasacMolecular Patterns
(PAMPSs) are distinctive features that will not loeirfid in the host, allowing for
perfect discrimination of self from non-self. Retmp of the innate immune system
recognises signatures such as the prokaryotievedlicomponents peptidoglycan and
lipoteichoic acid, mannans from yeast and doulsensgied RNA found in viruses
(Medzhitov and Janeway, 1997a).



PAMPs are recognised by a limited number of gereéncoded receptors called
Pathogen Recognition Receptors (PRRs). There gre tizpes of PRRs: Humoral
proteins circulating in the plasma, transmembragreading or endocytic receptors or
intracellular receptors. The recognition can eitheedirect, as with collectins which
directly recognise and bind to pathogens with eeitarbohydrate signatures. The
receptor may also be triggered by the products®dllP recognition, such as with
classical complement pathway which is triggereeitiyer the activation of antigen-
antibody-complement complex known as the C1 comfedzhitov and Janeway,
1997b).

Invertebrates function extremely well with onlyianate immune system, as can be
seen by the success of insects inhabiting nonesteabitats. It has been suggested
that the adaptive immune system developed, amomy neasons, due to the
longevity of chordates and because the adaptiveumensystem is less metabolically
costly (Rolff, 2007). This highlights the importanof the non-clonal system of
recognition, as a common hypothesis is that thetagaimmune system developed
to overcome the inflexibility of non-clonal recogion. This hypothesis does not take
into account that host evasion mechanisms emplbygrhthogens overcome
recognition by specific clonal antigen receptonsitirermore, it is likely that if a
pathogen can avoid innate recognition, it can aadiaptive recognition (Medzhitov

and Janeway, 1997a).

3. THE INNATE IMMUNE SYSTEM OF INSECTS

Functionally, insects possess only an innate imnsystem. It has proved
successfully to be sufficient for these organismsige and proliferate. In long-lived
insects such as cockroaches there are indicatispecificity and immunological
memory (Gillespie et al, 1997). Archetypal inseetethce reactions involve physical
barriers (the gut and integument), co-ordinategorses of haemocyte
subpopulations and the induction of the synthelsatmicrobial peptides and



proteins by the fat body, the organ analogouse¢artbmmalian liver (Gillespie et al,
1997).

3.1 The immune response dbrosophila

In Drosophila as with most insects, the first line of defersstructural. The cuticle
and integument act as physical barriers for pathegé an injury does occur the
processes of coagulation and melanisation are ediiMdelanisation occurs within
minutes of injury and is mediated by crystal cdlathogens which do manage to
escape these early defence mechanisms are phaggatytp plasmatocytes and
encapsulated. Encapsulation is a lamellocyte-medlijptocess whereby an
overlapping sheath of haemocytes is formed arobedarget. (Lavine and Strand,
2002). Antimicrobial peptides (AMPs) can be consedethe last component of the
insect’s innate response as it takes the longesisfmond. They are released in two
phases. The peptides are first expressed locabwginer tissues, and later are

distributed systemically (Khush and Lemaitre, 2000)

Gram positive bacteria and fungi activate primattilg Toll pathway while anti Gram
negative bacterial responses are mediated by ttgathway. This has the
implication thatDrosophilaexhibits some specificity in its immune respon@é@sush
and Lemaitre, 2000).

One of the critical questions of innate immunityswew an extracellular event such
as an infection results in the intracellular prdearc of antimicrobial peptides The
missing key was the Toll receptor, a transmembpaotein which is linked to the

extracellular compartment where signalling takez el



4. THE TOLL RECEPTOR AND INNATE IMMUNITY IN INSECTS

4.1 Characteristics of the Toll Receptor

The Toll receptor was first described as a critmnaldiator in fly embryology as the
determinant of dorsoventral polarity formation (Hasoto et al, 1988). In 1995, the
Toll receptor was shown to induce an immune respansell culture (Rosetto et al,
1995). Shortly afterwards, in 1996, the Toll patgwas demonstrated to be the
cascade initiating antifungal defencebrosophila(Lemaitre et al, 1996)The
control mechanisms leading to the synthesis ofaatobial peptides were largely
unknown until this discovery. In 1995 the same grbad described the immune
deficient {md) mutation that impaired the inducibility of alltéracterial peptides in
Drosophila The mutation, however, did not affect the expoessf the antifungal
peptide drosomycin. This indicated that differeatiypvays existed to induce
antifungal and antibacterial peptide genes. Theaa@ntral regulatory pathway was
examined as the pathway had parallels to the aysikiduced NKB activation
cascade found in mammals which is needed for thection of a number of pro-
inflammatory mediators. Several of the protein®lagd in the pathway leading to
dorsoventral polarity and the activation of dNB-are homologous. The parallels in the
signal transduction components were examined whappa&B binding sites were
observed in antibacterial peptide genes. It wasosinated that any loss of function
in the dorsoventral pathway impaired the inductbthe antifungal peptide
drosomycin Mutations in thesnakeandeastergenes, which function upstream of
spatzle the ligand for th&rosophilaToll receptor, did not affect drosomycin
inducibility, highlighting that in immunity a diffent proteolytic cascade was
involved in activatingspatzle and triggering Toll signalling. (Lemaitre et 4896).

Demonstrating the speed of progress in the fi€lbod research, a human

homologue oDrosophilaToll was described in 1997. The same study demonstrated
that theToll homologue was also involved in innate immunity (Ieleitbv et al,

1997). At the same time that Medzhitov's human hioguee was described another

group had discovered a family of human receptotssirally related tdrosophila



Toll (Rock et al, 1998). Both groups began thearsk for homologues by using
expressed-sequence tag databases. However, the AiathéhToll) described by
Medzhitov was identical to the receptor termed -Tik# receptor 4 by Rock and co-
workers (Rock et al, 1998). The nomenclature stdhds and Toll-like receptor is

often thought of as the “original Toll-like recept¢Vasselon and Detmers, 2002).

Toll is a type | transmembrane receptor contaiingucine rich ectodomain, which
when deleted results in a constitutively activet@r The ectodomain also contains
one or two cysteine rich regions. The intracelldamain of the receptor is
homologous to a similar region in the intracellukagion of the Interleuken-1 (IL-1)
receptor. The IL-1 receptor leads to activatiothef transcription factor N&B and
subsequently immune activation. Due to this homppléhat particular region of the
intracellular domain is known as the Toll/IL-1 oiRTdomain (Akira and Takeda,
2004).

TIR domains are not only found in Toll and Toll eilReceptors (TLR); rather an
entire TIR superfamily exists. The members of tingesfamily are extremely diverse,
but are all involved in host defence or inflammatiembers of the TIR
superfamily can broadly be divided into three sohbgs. The first subgroup contains
extracellular immunoglobulin domains. The secoragsaup consists of proteins
containing leucine rich repeats. The third subgroapsists of three members:
MyD88, A46R and A52. These proteins are not reagsptmut cytosolic adapter
molecules (O’Neill, 2000).

In Drosophila,several Toll-related proteins exist. These ard3Ttol 9, 18 wheeler
(18W), Mst and STSDm2245. When comparing the caeseT IR domain Toll3 and
4 share 79% identity, Toll and Toll 5 have 60% iitgnas does 18w and Toll7.
Toll6 is less related to the othBrosophilaTolls (Tauszig et al, 2000). The Toll-
related receptors are expressed in different tssdueng development. Toll5, also

known as Tehao, is structurally similar to Tolldamas the most similar expression



pattern. Toll8, also known as Tollo, has an expoasgattern similar to 18W
(Kambris et al, 2002).

Toll6 is expressed in the nervous system. Tolldl @uhave a restricted expression
pattern. After germ band extension Toll9 is no lendetectable in the embryo. The
receptors are also differentially expressed in imenesponsive larval tissues. Most
Tolls are found in the fat body. In circulating btbcells Toll, 18W, and Toll8 are
present, while 18W, Toll4, 8, and 9 are found i& lymph glands. Of the Toll related
receptors it is known that 18W, Toll3, 4, 6, 7 &do not activate NEB related
molecules or interact with the critical adapter esolle DmMyD88. (Kambris et al,
2002). However, it has been demonstrated that EWWough dispensable for an
immune response in aditrosophila is required for the induction of antimicrobial
peptides in larvae (Ligoxygakis et al, 2002). Farthore, Toll5 can activate the
drosomycin promoter, although this has only beenatestrated in cell culture
(Tauszig et al, 2000). The exception to the théloayDrosophilaToll-related
receptors are not immune signalling molecules #¥9T®0ll9 has an ectodomain and
TIR domain similar to mammalian TLRs (Bilak et 2003) and may use the same

signalling pathway to activate immune genes (Bettart et al, 2004).

5. TOLL LIKE RECEPTORS IN MAMMALS

Toll-Like Receptors (TLRS) are a class of pattercognition receptors found in
mammals and are structurally related toBmesophilaToll receptor. TLRs are
defined as paralogues DfosophilaToll. They share a tertiary fold called the Toll-
homology domain (TH) domain. The fold consists afiaimum of 128 amino acids.
This domain is not only found in Toll and TLRs, lthe IL-1R family, plant
disease resistance proteins and MyD88 factors.afalITLRs also share a
characteristic Leucine Rich Repeat (LRR) ectodor{Riock et al, 1998).



Rock and co-workers predicted that the existendeR&t indicated an affinity for
Spatzle or another cystine-knot related factor {Retcal, 1998). Indeed, there was
some question as to whether Toll-like receptorsaviere PRRDrosophilaToll is
not a true PRR as pattern recognition takes plasegeam of Spatzle, which results
in the cleavage and activation of the Toll ligaNd. Spatzle-like protein has been
described in humans. Although no direct crystatpipic evidence exists of TLRs
binding to a PAMP, the co-precipitation of TLRs ahdir PAMP ligands is the

evidence currently used to define TLRs as true PRRdersen-Nissen et al, 2007)

There are currently eleven members of the TLR faknlown in humans, with the
latest, TLR-11 being described in 2004. Human TERs be divided into 5
subfamilies; the TLR-2, TLR-3, TLR-4, TLR-5 and Tt&Rsubfamilies. TLR-1, 2, 6
and 10 constitute the TLR-2 subfamily, TLR-7, 8 &whake up the TLR-9
subfamily. TLR-3, 4 and 5 are the only memberdefrtsubfamily. The families are
based on evolutionary relationships but differerdtfamilies appear to have evolved
to recognise specific ligands. Members of the TLRuiBfamily are specific for
lipopeptide PAMPs including zymosan and PeptidogiydMembers of TLR-3
family recognise double stranded RNA. LPS is recsephby receptors in the TLR-4
family and members of the TLR-7 family nucleic aamtd haem motifs (Roach et al,
2005). There are a limited number of TLR receptpesthey recognise a wide
variety of PAMPs. The recognition repertoires adgé receptors are increased by co-
operation between TLRs by dimerisation. The cyteplia domains of TLR 2 and 1
or 6 associate to form dimers (Ozinsky et al, 2000)R dimerisation occurs within
members of the same subfamilies only. One of thgsdications for subfamilies is
that they recognize a similar kind of PAMP, hintetgdivergent evolution (Roach et
al, 2005). In 2001 Muzio and Mantovani proposed TaRs could be classed in
functional groups based according to expressioeet on a variety of blood cells.
TLR1 is classed as ubiquitous, TLRs 2, 4 and ®aBicted and TLR3 as specific
(Muzio and Mantovani, 2001).



The wide distribution as well as the homo and loetienerization of the receptors
allows recognition of a diversity of ligands. TLRstiate rapid and complex
signalling pathways (Ozinsky et al, 2000). Thesdways include the production of
chemokines, pro-inflammatory cytokines and interfesrand lead to an upregulation
of co-stimulatory molecules. Most crucially, TLR®&n important bridge between
the innate and adaptive immune systems (Clark angp#&r, 2005).

6. THE INNATE IMMUNE SYSTEM DIRECTS ADAPTIVE IMMUNI  TY

As mentioned previously, Toll is critical receptorthe innate immune response of
Drosophilg as are the TLRs for mammals. However, TLRs atemaely critical
innate receptors, but represent an interface betwemte and adaptive immunity.
As early as 1992 Charles Janeway jr. had arguedht@adaptive immune system did
not function in isolation because the delayed dgtof this system due to receptor
rearrangement was a timely process and if the agaipptmune system relied on
specific antigen ligation only, the host would biefore the adaptive immune system
was mobilised. The immune system therefore didunattion on a basis of either
innate or adaptive mechanisms. Janeway arguedditian to his PAMP theory, that
a second signal provided by the innate immune sygrémed the adaptive response
(Janeway, 1992). He was later proved correct a98g, it had been agreed that the

innate immune system directs the adaptive (FeandrLacksley, 1996).

The theory proposed by Janeway (Janeway, 1998} liogical simplicity,
demonstrated that the idea that the innate andisdampmune system functioned in
isolation is a seriously flawed model. Not only #re receptors of the innate immune
system more widespread and distributed on celtstbald encounter an infection
first, they are also represented by multiple profaimilies as opposed to receptors
that are members of the immunoglobulin superfaidlyhe adaptive immune system
is. The rearrangements of the receptors of thetagaphmune system are directed

by somatic mechanisms, and as such, the T- andnpHgcytes bearing the receptors

10



have an undefined and unpredicted specificity. fdige lymphocytes cannot be
driven to a specific function by a signal fromrégeptor alone. They require co-
stimulatory signals produced as a product of pattecognition by the innate
immune system. PAMPs induce endogenous signal$uthetion as co-stimulators
that activate T-cells. Innate immune signals algdliate the inflammatory response
(Medzhitov and Janeway, 1997b).

Innate immunity can direct the adaptive immuneeysbytransor cis actions. In a
cisreaction, a covalent tag is added to an antigehagdt can be recognised by the
adaptive immune system. An example of this is cemgint. The complement
system is part of the innate immune system, whashahdirect antimicrobial function
in itself. The complement cascade is activated yahial components and when
activated C3b binds to nearby proteins or carbadtgdr C3b is then proteolytically
processed to the C3dg fragment which can be reseditiy CD21 (Cluster of
Differentiation 21), a receptor expressed on B-liiogytes and follicular dendritic
cells (DCs) (Fearon, 1999).

DCs are antigen presenting cells which developénbione marrow and migrate to
tissues in an immature form. In the immature foneytcannot serve as antigen
presenting cells. DCs are induced to mature bymifhatory cytokines, LPS and
Tumour Necrosis Factor. In maturing DCs CD80 ana@/upregulated and Major
Histocompability Complex (MHC) Class Il complexemde trafficked to
appropriate intracellular complexes. Mature DCsttuen off their endocytotic
functions and the expressed MHCII complexes reptgbe environment in which
they encountered the antigen. The DCs then aléar @ldhesion proteins and
chemokine receptors and migrate to secondary lyidpdrgans where they can
encounter antigen specific T-cells (BanchereauStethman, 1998). Distinct sets of
TLRs are expressed on the immature DCs (Kadowad, @001), and as the
recognition molecules for the maturation signatiuce DCs maturation and
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migration and consequently primes the adaptive imemeaction by stimulating T-

lymphocytes. This representsransreaction (Fearon, 1999).

The nature of the acquired immune response isdilsoted by the innate immune
system. The differentiation of precursor helper @€(Ty) into Tyl or T42 cells is
governed by the cytokine milieu. These instructiy®mkines are produced early in
infection and are produced by signalling cascadaagad by PAMP recognition. 41
type immunity is essential for the elimination ofracellular pathogens and the
development of 1 cells are driven by Interleukin 12 and Interfeyoiiy2 type
immunity is required for mucosal parasite infeci@nd IL 13 drives the
differentiation of T,0 cells to T2 (Banchereau and Steinman, 1998). Another
important mechanism whereby the innate immune syslieects the adaptive

immune system is by antimicrobial peptides andginst

7. ANTIMICROBIAL PEPTIDES AND PROTEINS

The first invertebrate peptide antibiotics wererelsterised by Boman and colleagues
in 1981. As the peptides were obtained from tHensirm Hyalophora cecropidhe
peptide was termed cecropin (Steiner et al, 198ihce then numerous small, mainly
cationic antibiotic peptides from a variety of stiwrally different families have been
identified (Brown and Hancock, 2006).

In mammals, many antimicrobial peptides (AMPs)@estitutively present in cells
and stored in secretory granules, while othersramh@ced by pro-inflammatory
stimuli. AMPs tend to have large cationic patchesheir surface which enable them
to depolarize or pierce bacterial membranes wleold to be largely negatively
charged (Oppenheim et al, 2003).

AMPs can be broadly classified according to thiearge; anionic or cationic.

Anionic AMPs are structurally similar to the changeutralizing pro-peptides of
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larger zymogens, which when synthesized are alsm@nobial. Cationic peptides
occur in three principle categories: linear helitiakar proline rich or cysteine
stabilized peptides with rsheet structure (Brogden et al, 2003). MammalidMPA
belong to four structural classes. These ar@ibleeet peptides stabilised by two to
three disulphide bridges (protegrins, defensinsplapathico-helical peptides (the
cathlecidin LL-37), loop peptides (Bovine neutrdgdeptide) and peptides generated
by proteolysis of larger proteins in the host (ard Hancock, 2001).

7.1 Cathelicidins

Cathelin is an inhibitor of Cathepsin L and a piotghich lends its name to a family
of antimicrobial proteins. These AMPs have a pmgiee highly homologous to the
cathepsin L inhibitor cathelin and are subsequeetfigrred to as cathlecidins
(Oppenheim et al 2003). Only one cathlecidin, LL3&s been fully characterized.
LL-37 is derived by the proteolysis of human CARi8tein, and is only active after
proteolysis (Golec, 2007). Itis a 37 amino acptide whose lack of cysteine
residues results in a linear structure. The strediten adapts according to its
environment, adopting @ helical structure in a hydrophobic environment and
largely random coil conformation in a hydrophilievronment. The peptide is
induced by inflammatory or infectious stimuli anashactivity against both Gram
positive and Gram negativebacteria. It also ndsgs LPS, is chemotactic for
neutrophils, monocytes and mast cells (in whidait also induce degranulation),
and alters macrophage transcriptional regulatiois.dlso involved in re-
epithelisation of skin healing, wound vascularisatand also has anti tumour effects
(De Smet and Contreras, 2005).

7.2 Defensins

Typical examples of cysteine stabilised peptidetunte the protegrins and the

defensins. Defensins were initially isolated fraablit and human neutrophils in an

13



attempt to characterise phagocyte-derived oxygeependent antimicrobial
activities. About 50 defensins have been discoveéredebrate defensins are divided
into Triple stranded antiparallBlsheets and cyclic peptides containing 6 cysteine
residues. The two major classesandf3 defensins, are antiparallgisheets (Yang et
al, 2001).

Mammalian defensins are cationic, non-glycosylaegtides with arginine as the
primary catalytic residue. Their average molecolass ranges from 3.5-6kDa and
usually have three disulphide bridges due to thesteine residues characteristic of
its class (De Smet and Contreras, 2005). d'har “classic” defensins contain 29-35
residue amino acids and the disulphide bridgedtresa triple strande@-sheet
structure with g-hairpin loop containing the cationic charged males (Ganz,
2003).a-defensins are found in the azurophilic granofeseutrophils (Yang et al,
2001) and in humans are consequently referred kuasan Neutrophil Proteins
(HNPs). HNP 1-3 are found not only in neutrophilst B-and Natural Killer Cells as
well. HNP 5 and 6 are referred to as Enteric defesnas they are found in granules of
Paneth cells of the intestine-defensins are expressed as inactive pre-propsptide
with the C-terminal part of the peptide accountfioigthe antimicrobial activity (De
Smet and Contreras, 2005) They are active agairssh negativebacteria,

mycobacteria, fungi and enveloped viruses (Brogetei, 2003).

B-defensins are slightly larger than the classiedshs. They also have three
disulphide bridges resulting infasheet structure andahairpin loop containing
cationic molecules. The firft defensin isolated, human beta defensin-1 (hB&¥-1) i
expressed in epithelial surfaces that interacesctly with the environment or
microbial floras. hBD-2 is widely expressed and barfound in epithelial tissue,
bone marrow and leukocytes. hBD-3 has been isofatedl lesion psoriatic scales.
hBD-3 is a broad spectrum antibiotic capable dirigla range of pathogenic bacteria

and yeast, while hBD-1 and 3 are predominantlyacigainst Gram
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negativebacteria (Ganz, 2003). Besides antimictaloi@vity, defensins have a
variety of other biological functions. These inctuahti tumour activity, interference
with cell signalling pathways, stimulation of cytoks, stimulation of cell
proliferation, chemotaxis of immune cells and adiresnolecule expression (Garcia
et al, 2001).

7.3 Lysozyme

Some antibacterial peptides are constitutively egped in insects. One such protein
is lysozyme, which hydrolysgs 1, 4 linkages between N-acetylglucosamine and N-
acetylmuramic acid in the peptidoglycan of bacteredl walls. Insect lysozymes are
14 kDa proteins with sequence similarity to chickénte lysozyme. In lepidopteran
species lysozyme is expressed primarily in thédaly, while in the dipteran
Drosophila melanogastet is expressed in the midgut where it serves dig@stive

enzyme rather than an antibacterial (Gillespid,et307).

Lysozymes are widely occurring enzymes found inyrtéssues and secretions, as
well as in many organisms. They are found in bagbages, bacteria, plants, and
higher eukaryotes. Several classes of lysozyme; exith the best known examples
being the chicken type (C-type), Goose (G-type) \dindl type (V-type) (Bachali et

al, 2002).

Lysozyme (“lytic enzyme”) was discovered as a haalgic factor by Alexander
Fleming in 1922 (Gordon et al, 1979). The enzynieeigeved to function by
disrupting the mechanical integrity of the cell Wa} degrading peptidoglycan.
However, it has been proposed that T4 lysozyme Imeayore similar to other AMPs
in that it causes membrane disruption as non-enzgatlg active versions of the

protein still maintain antimicrobial activity (Ding et al, 1999).
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Lysozyme is believed to be a classical examplewdrdent evolution as they appear
to have evolved from a remote common ancestor (Bwgal, 1998). A family of
proteins that are part of lysozymes’ evolutionametgence are crucial in the
recognition and defence against peptidoglycan. & laes the peptidoglycan

recognition proteins.

8. THE IMMUNE RESPONSE TO PEPTIDOGLYCAN: ANOTHER V ITAL
PATHOGEN RECOGNITION RECEPTOR ELUCIDATED

8.1 The peptidoglycan recognition system
8.1.1 Peptidoglycan, an archetypal PAMP

Peptidoglycan, also known as murein, is a highlyseoved bacterial cell wall
component, found in all prokaryotes except the aeblacteria. In Gram positive
bacteria, it typically constitutes a large portadrthe cell wall, usually a 20 to 80 nm
layer outside the plasma membrane. Gram negatitesiencsually have a 2-7 nm
layer, making peptidoglycan 5-10 % of their walligig. The polymer consists of
two sugar derivatives, N-acetyl glucosamine anthittyl ester N-acetyl muramic
acid as well as several amino acids not found ateoms (Scheffers and Pinho, 1995).
The basic structure of peptidoglycan and the paiimariation that separates
diaminopimelic type peptidoglycan (found in Grangagves) from Lysine-type
peptidoglycan (found in Gram positives) is illuséin Figure 1.
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Figure 1: The structure of peptidoglyca@Green represents the N-acetylglucosamine
(NAG) residue. Blue represents the lactyl estédMAG, N-acetyl muramic acid
(NAM). Purple represents the tetrapeptide chairs@@son information in Scheffers
and Pinho, 1995).

Due to its highly conserved nature and simplicityt®structure, peptidoglycan is an

ideal motif for recognition by the innate immunetgm. It can be considered an

archetypal PAMP, and is recognised by a diversgyaf PRRs. As such, several

innate mechanisms are in place to respond to pepjidan detection. It was studying

one of these systems, the prophenoloxidase sys@nead to the discovery of

family of lysozyme-related proteins required foe tiecognition of peptidoglycan.
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8.1.2 The Prophenoloxidase cascade

The Prophenoloxidase (ProPo) cascade is an effisienhanism of recognising non-
self in invertebrates. This system can recogniseraspond to concentrations of
lipopolysaccharide3-1, 3 glucans and peptidoglycan as low as picogiaanditre.

The ProPo cascade causes the parasite to blackes @emolymph. This is due to
the process of melanisation, the deposition of melaround an encapsulated object
at the site of infection (Soderhall and Cereni@98).

Phenoloxidase (monophenyl L-dopa: oxygen oxidored) is found in the
haemolymph or coelom of many invertebrate groupsnd in both protostomes and
deuterostomes. The enzyme catalyses the oxidattiootio mono and diphenols to
qguinones. The quinones then non-enzymatically pehge to form melanin
(Soderhall et al, 1998). Melanisation plays a mldefence through its action in
wound healing. Phenoloxidase also causes the ewtidctarden by sclerotinisation
(Gillespie et al, 1997). The intermediates formadrth the melanisation process, in
addition to the melanin are toxic to micro orgarssin its native form
Prophenoloxidase (ProP) can exist as an oligontex.plrified monomer of ProP of
several invertebrates has a mass of 70-80 kDar éltavage the monomer has a
mass of 60-70 kDa. The cleavage of ProP resuttsaictivation of the enzyme. This
activation is mediated by the action of severahgeproteases. The activating serine
proteases isolated from crayfish, silkworm andtfflyiare proteins of about 30 kDa.
The enzyme requires cleavage, i.e. it remainsiveqgbartly as a regulatory measure
as the intermediates of the cascade are toxicuéls the ProP zymogens are located
in blood cell vesicles (Cerenius and Séderhall 4208s is typical of the innate
immune system, the cascade is initiated by patesrognition by a PRR, which
occurs upstream of the activating serine proteaseatle. The recognition process
and the subsequent production of melanin by thph#nooloxidase cascade is

schematically represented in Figure 2.
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Figure 2: Schematic description of the Prophenoloxidase desadnich leads to
melanisation. PGRP, Peptidoglycan recognition pmpfGRP,[3-Glucan recognition
protein; Pro-ppA, Pro-Prophenoloxidase activatingyene; ppA, Prophenoloxidase
activating enzyme. This diagram is based on desanipin Soderhall and Cerenius
(1998), Cerenius and Soderhall, (2004) and LavimteStrand, (2002).

8.1.3 Purification of a PGRP fromBombyx mori

Studies of the ProP cascade led to the discovettyeobriginal recognition receptor
for peptidoglycan in the silkworfBombyx moriThe fungal cell wall componefit

1,3 glucan and the bacterial cell wall componemtideglycan were known to trigger
the ProP cascade. As the innate immune system wargattern recognition, it was
assumed by Yoshida and co-workers (1996), tha¢patecognition receptors existed
for these components. They proposed that thesptmsewhich they termefgh1,3
glucan recognition proteif8GRP) and peptidoglycan recognition protein (PGRP),
exist to recognis@-1,3 glucan and peptidoglycan respectively. Theiposed

BGRP was isolated in the silkworm, cockroach angfigia. The group then
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proceeded to isolate PGRP fr@@ombyx moriThey demonstrated that Silkworm
PGRP is specific, binding only to peptidoglycan and3-1,3 glucan or chitin. The
confirmation of the existence of PGRP showed thatRrroP cascade had two points

of initiation, f-1,3 glucan and peptidoglycan recognition (Yostatal, 1996).

8.2 A family of Drosophila and human PGRPs

The discovery of PGRP Bombyx morbegan a search for homologous proteins in
other organismdrosophilaPGRPs, in contrast to previously discovered PGRPs,
had two different classes of the protein, as opghésehe single class in the silkworm
The first class, consisting of seven small, expbpeoteins, are similar to all PGRPs
found inBombyx morandTrichoplusia ni The second class of the proteins are long
transcripts, and appeared to be membrane proEiesPGRPs are widespread across
the genome; over eight chromosomal loci on theetimajor chromosomes of the fly
(Werner et al, 2000).

The short PGRPs consist of a PGRP domain precedadignal peptide, which was
predicted to be processed so that the mature proteisists only of the PGRP
domain. This particular class of proteins contdimsmembers PGRP-SA, PGRP-
SB1, PGRP-SB2, PGRP-SC1B, PGRP-SC2 and PGRP-SDoAth&®GRP genes
give rise to longer transcripts which often haweesal splice forms. This class does
not encode a typical signal peptide. Three of timg transcripts, PGRP-LA, PGRP-
LC and PGRP-LD have a predicted transmembraneneBiGRP-LE has a highly
charged N-terminal domain connected to the PGRPadggrbut has no export signal
or transmembrane region. PGRP-LB encodes only aFPdifRhain attached to a

relatively long 5untranslated region (Werner et al, 2000).

DrosophilaPGRPs have differing expression during the lifetiofi the fly. During
development most PGRPs are detectable in all polsty®nic stages. PGRP LD and
LE are highly expressed in 0-5 hour embryos. PGRPAS expressed exclusively in

the pre-pupae. After immune challenging with botlar® positive and Gram
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Negative bacteria, PGRP LB, SA, SC2 and SD weomngly expressed. PGRP-LB is
the only inducible long transcript. The induciblengs were found to be expressed in
the fat body. PGRP-SC and SC2 showed high consgtakpression. Of the short
PGRP genes, only PGRP SC was constitutively expdesshigh levels in the gut
(Werner et al, 2000).

In 2001 Liu et al. described the family of foumman PGRPs. The 576 amino acid
PGRP-L is found on chromosome 19, as is the 196@acid PGRP S. PGRR |

and B, 341 and 343 amino acids respectively, are foundnmvomosome 1. ).
Western Blot analysis showed PGRPd,, I3 and S to be 65, 38, 40 and 24 kDa
peptides respectively. . All PGRPs bind peptidogtydirectly, as demonstrated by
their ability to bind peptidoglycan bound to agaadowever, the strength of binding
is not equal. While PGRP S, L aral bind peptidoglycan with high affinity, PGRB |
binds the molecule with a low affinity. This wasesplated indicate that PGRP |
may bind another unknown ligand, or need othemnligafor high affinity binding

(Liu et al, 2001).

The C-terminal regions of all four PGRPs are higtdypserved, containing three
PGRP domains. PGRRa bnd B have an additional PGRP domain, designated
domain IV, in the N-terminal half. This additiorddmain is 89% similar to PGRP
domain Il (Liu et al, 2001). The PGRP domain iodeown as the T-phage
lysozyme homology domain (Kibardin et al, 2003) pA¢sent there are 328 PGRP
domains in 284 proteins in the Simple Modular Aretiure Research Tool
(SMART) database, includingrosophilaand mammalian PGRP as well as T7
lysozyme (Schultz et al, 1998; Letunic et al, 2004)landmark study by Lazzaro
and co-workers demonstrated that immune compeianeid flies is driven by
polymorphisms in 16 innate immunity genes. PGRPR®wéthese genes, with

polymorphisms in the PGRP domain leading to immongaetence (Lazzaro et al,
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2004). This demonstrates the critical role of ti&RP domain in the successful
functioning if the protein.

The C-terminal region of all insect and mammali&@RPs contains several highly
conserved residues. Between the second and thindids two cysteines, an
arginine, a glutamine, and a histidine residudeuad. Conserved asparagine,
glycine, isoleucine, phenylalanine and prolinedass are found between domain |
and Il (Liu et al, 2001). This later proved to bsportant for protein structure and
function, especially when the crystal structureR@RP-S was elucidated (Guan et
al, 2005).

8.3 PGRP-S/PGLYRP-1
8.3.1 PGRP-S irDrosophila

Short PGRPs iDrosophilaare usually assigned three major roles; the aativaif
the Toll pathway (PGRP-SA) (Michel et al, 2001 }j\aation of the Pro-Phenol
oxidase cascade (Yoshida et al, 1996) and diresytneatic activity (PGRP-SC1 and
PGRP-SA), with PGRP-SC1 being an N-acetylmuramoegld_amidase and PGRP-
SA being a carboxypeptidase (Chang et al, 2004eRy, PGRP-SB1 was
described as an N-acetylmuramoyl-L-ala amidaseedis and this activity gives it
direct antibacterial activity, particularly agaimscillus megateriumits mode of
action is therefore different to vertebrate PGR@®ellroth and Steiner, 2006).
Furthermore, short PGRPs were also involved inré¢elation of the IMD pathway.
Bischoff and co-workers described that PGRP-SC tidbasteficient flies had an over
activation of the IMD pathway presumably by degnadoeptidoglycan before it
reaches PGRP-LC and PGRP-LE (Bischoff et al, 2006).

PGRPs have a significant homology to bacteriopfagksozyme, making it part of
the N-acetyl muramoyl-L-alanine amidase superfanihis enzyme hydrolyses the
bond between the N-acetylmuramoyl group in theaystrand and the L-alanine

stem peptide in peptidoglycan. It was reported gjiildth and colleagues that a
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DrosophilaPGRP, PGRP-SC1B can degrade peptidoglycan to less
immunostimulatory products. However, the degradatakes place to different
degrees. PGRP-SC1B degrades the direct crossdimlebn stem peptides, and
peptidoglycan containing meso-diaminopimelic asithie most resistant degradation
(Mellroth et al, 2003).

Five conserved amino acids are required for thgraatic activity of T7 lysozyme.
PGRP-SC1B has four of those five residues. Thi, fétthreonine 128 substitution
for lysine, is consistent with a reduced lysozyrogvity. Based on this requirement,
there are five potentially enzymatic PGRPs; PGRR;&B2, SC1A, SC2 and LB.
Indeed, PGRP-SC1B has enzymatic activity (Melletial, 2003) as does PGRP-
SB1 (Mellroth and Steiner, 2006). Enzymatic PGRifsrdrom PGRPs with a
purely receptor function by a serine for cystei8 ubstitution, thus removing one
of three zinc ligands making them inactive enzynié® cysteine residue can serve
as a marker for PGRP function; the presence okteme being a marker for
enzymatic PGRP and the absence of a cysteine eesidicative of a receptor type
PGRP. This protein is the first example of a eu&acyN-acetyl muramyl
transamidase (Mellroth et al, 2003).

PGRP-SA adopts a fold unique to the PGRP-S streiciitnis includes a mixed strand
beta sheet and three alpha helices forming theiprobre. Two additiongd-strands
are found at the N-terminus. PGRP-SA as well asiPGR has a conserved L-
shaped groove also found in T7 lysozyme. The gra®#eought to represent the
peptidoglycan binding site. Three highly conserxesidues; Cys48, Tyr76, and
Thr156 are essential for peptidoglycan recognitioDrosophilaPGRP. It is known
that a mutation of Cys48 abolishes the ability GIRPP-SA to activate the Toll
receptor (Michel et al, 2001). This cysteine isalved in a disulphide bond with
Cysb54 at the edge of the L-shaped groove. Thidghgle bond may be needed for
the structural integrity of the groove (Reiserle2804).
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The discovery of the link between PGRP and Toivatibn has been an interesting
journey. In a screening of genes involved inBiesophilaimmune pathway,
Reichhart and co-workers isolated a fly line witteduced ability to induce
drosomycin, i.e. a loss of function Toll mutantr@sponse to Gram positive bacteria
only. The mutation was callemmelweigsem) after the Hungarian physician
Ignaz Semmelweissemlwas the first mutation discovered which abolisiet
activation for Gram positive bacteria on§emlwas shown to act upstream of Toll as
drosomycirtranscription in a gain of functisemldouble mutant could induce
drosomycin peptide expressidemldoes not play a role in dorso-ventral axis
formation, in contrast to Toll pathway mutants, lm@ygoussemlfemales are always
fertile (Michel et al, 2001).

The £#mImutation was mapped to a gene coding for PGRPsBé&gifically to a
single guanine to adenine mutation at base paie3dlting in a cysteine 80 to
tyrosine mutation. The mutation lies in the PGRPdm. Thesemlphenotype was
rescued by the injection of wild type haemolympito irecipient flies. This marked
PGRP-SA as a circulating haemolymph protein (Mighedl, 2001).

A complementary mutant affecting only the fungalrwh of Toll activation was
found as follows. Thaecrotic(neg gene encodes three serine proteases inhibitors of
the serpin family. Mutations in this gene resulisiécrotic areas on the epidermis,
manifesting as brown spots along the body anddeds. One of these genes,
Spn43Ac, can rescue this mutant phenotiygzmutants have constitutive
expression of the antifungal peptide drosomycin,rmt the antibacterial peptide
cecropin Al. This implicates Spn43Ac in the Tolif Imot imd pathway, as
drosomycin is an end product of the Toll pathwag eecropin Al of the imd
pathway. Introducing the serpin into nec mutanévented the constitutive activation
of the Toll pathway. The serpin is therefore a tiggaegulator of the Toll pathway.
The 60 kDa protein is found in the haemolymph effllg. Spn43Ac regulates Toll as

an inhibitor of one of the serine proteases requioe the cleavage and activation of
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the Toll ligand SpatzldNecflies do not have the cleaved form of Spatzlerafte

immune challenge, yet have no developmental defeetgmshina et al, 1999).

If a serpin deficiency results in the constitutesgression of the Toll pathway, a
serine protease is necessary for the regulatidolbfctivation. What is the target
protease for Spn43Ac? The same group who desdfileedec mutation discovered a
suppressor mutation in timecflies. This mutation was named Persephqrss)(
Necpshdouble mutants had a lifespan comparable to wpe flies, as well as

normal Toll and Imd functioning. Theshmutation was mapped to a region encoding
two serine proteases. The serine protease Perseplasthe first identified
component of the serine protease cascade respafsilihe activation of Toll during
an immune challenge. Furthermore, s mutation was the first mutation described

which impairs fungal induced drosomycin inductitigbxygakis et al, 2002).

8.3.2 Mammalian PGRP-S: the discovery of PGRP funizin

AlthoughDrosophilais a useful model organism for many systems, cautiust be
exercised when drawing parallels to function in las This is particularly evident
in the immune system. The Toll and TLR pathwaysheglly conserved, but TLRs
serve no apparent developmental role in mammalaeder, one of the first
functions postulated for the TLR family was thatiay be involved in the
development of vertebrate embryos (Rock et al, 1998 now generally accepted

that TLRs have no developmental functions in veetds (Beutler, 2004).

When PGRPs were first discovered it was confideitiglared that only PGRP-S was
a signalling molecule and other human PGRPs wemptasmic. The bold statement
was made on a structural modelling prediction @fial, 2001). This was later
disproved by a potentially damaging article by X@alg(2004), which claimed that
PGRP-L may be dispensable for innate immunity. Was largely due to the
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examination of the behaviour of macrophages in PGRBII mice, even though the
gene is not expressed in macrophages. The expédrappaared to rely on the
assumption that PGRP in mammals also behavedigsall&ig molecule. However,
the same study found PGRP-L as well as PGiR&tp to be soluble, disproving the
well postulated structural model (Xu et al, 200)rthermore, with PGRPs proving
to be antimicrobial proteins and not signalling emlles, in contrast to the
multifunctionalDrosophilaPGRPs, it would be wise to be conservative when
drawing comparisons between the immune systerisagfophilaand humans. It is
important to bear in mind the multifunctional na&wf Drosophilaproteins (e.g.
PGRP and Toll) before assuming that the mammalkamafogues will behave in the

same manner.

Short PGRP has always had a special position infP@RBearch. The PGRP
discovered irBombyx mor{(Yoshida et al, 1996) was a short PGRP, and tke fir
mammalian PGRP discovered and cloned was PGRP+®)(&laal, 1998). PGRP-S is
described as being originally identified and chtased by Kiselev et al in 1998
under the name of Tag7(Cho et al, 2005), at ardtedame period that the Steiner
group discovered PGRP-S by initial differentialpdés/ studies o richoplusia ni

This may give the false impression that PGRP-STagl7 is the same molecule, but
this will be examined more closely later in a dssion of the Tag 7 molecule.
PGRP-S is the protein that leads to the discovetlyeoantimicrobial nature of the

human PGRP family.

The path to the elucidation of PGRP function beghen Roman Dziarski, Hakan
Steiner and co-workers described that PGRP-S detionice had an increased
susceptibility to infection with non-pathogenic b, but mice with wild-type
PGRP-S were still equally susceptible to infectigrpathogenic bacteria (Dziarski et
al, 2003). This was the basis of the work leadmthe definition of PGRP-S as an
antimicrobial protein. Based on the aforementiosiedy, Dziarski proposed that

certain bacteria are non-pathogenic due to theradi PGRP-S (Dziarski et al,
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2003). The work demonstrating the bacteriostatet lzactericidal activities of Bovine
Oligosaccharide-binding protein towards both Grasitive and Gram
negativebacteria (Tydell et al, 2002) as well aglists by Cho et al on the immune
function of PGRP-S demonstrated a few critical b&stts of PGRP-S function.
Firstly, they demonstrated that PGRP-S was capalidending both Lys and DAP-
type peptidoglycan and thus had broader ligandigigcthan other mammalian
PGRP-S molecules. They also demonstrated the dgsndent inhibition ob.
aureusandE. coli by radial diffusion assays, and that the inhiloitlechanism
required peptidoglycan -dependent binding. The yistic effect of PGRP-S with
lysozyme was also demonstrated. The group alsdigigied the fact that PGRP-S is
microbicidal to organisms containing no peptidogly¢Cho et al, 2005). The
antimicrobial nature of PGRP-S had been determametifrom the onset, it proved to

be an intricate and complex system.

Shortly after the definitive description of PGRPagtimicrobial function, a

landmark study described that all human PGRPsapaldy antimicrobial and
constituted a novel class of human bactericidatigims. Lu et al (2006) demonstrated
several critical facts about human PGRPs. Firatljhuman PGRPs had bactericidal
activity. Both pathogenic and non-pathogenic baateere killed by PGRPs.
Secondly, PGRPs functioned as disulphide linkededsmwith different specificities.
PGRP & andp as well as PGRR13 heterodimers were highly bactericidal towards
Bacillus subtilis but notLactobacillus acidophilud_isteria monocytogenesas

sensitive to PGRPd andf3 homodimers but not heterodimers (Lu et al, 2006)

PGRP-S is highly bactericidal to acidophilus but not toL. monocytogene®Normal
flora such astaphylococcus epidermidicrococcus luteusgEnterococcus faecalis
andStreptococcus agalactiaeere not sensitive to PGRP killing. The spectrum of
PGRP activity corresponded to the localisation @RIP and thus indicated that

PGRPs may play a role in the existence of nornoa&flThe bactericidal activity of
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PGRPs is dependent on interaction with peptidoglyasher than membrane

permeabilization (Lu et al, 2006).

All mammalian PGRPs bind peptidoglycan and haveectantibacterial function.
In 2006 human PGRPs were declared a new classctariadal proteins (Lu et al,
2006). They are significantly different to otherokim AMPSs, differing in structure,
expression and known mechanism of action. Theypftiee largest known
antimicrobial peptides, indeed, with the small€&ERP-S) being a 24kDa monomer,
they are proteins rather than peptides. Vertel®xBEs usually kill by traversing the
bacterial cell wall and membrane permeabilizatpeptidoglycan-lytic enzymes
destroy the integrity of peptidoglycan and theretguce osmotic lysis. Cell wall
targeting antibiotics inhibit peptidoglycan syntised he kinetics of PGRP bacterial
killing resembles that of the cell wall targetingfi@iotic Penicillin, and unlike
AMPs, do not target the membrane. There are twpgs@d mechanisms for the
antimicrobial activity of PGRPs. As they strongind peptidoglycan, they could
prevent cell wall synthesis. The second mechansskiiling by enzymatic digestion
of peptidoglycan. This, however, is unlikely asyoRIGRP-L has amidase activity.
(Lu et al, 2006). The exact mechanism of antimi@bdctivity of these proteins is

thus still largely unknown.

Lu et al also demonstrated the importance of glyletiesn and divalent cations for
PGRP function. N-glycosylase treatment completelyated PGRP function. They
also proposed that PGRPs previously described lgdanteriostatic were only
behaved as such because they were purified witaaum ions (Lu et al, 2006). All
four PGRPs required zinc ions for bactericidahatti Calcium can partially replace

zinc, but only for the killing of Gram positive iada (Wang et al, 2007).
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8.4Tag7

In 1998 a novel murine cytokine, Tag7, was cloriéwe soluble form of the protein
triggered apoptosis in murine L929 lines. The proteas assigned an immune
function as it was constitutively expressed in Yol and haemopoietic tissues, but
the authors could not find any significant homolag@roteins in the databases of the
time (Kiselev et al, 1998). A murine Tag7-like priot (GenBank accession no:
AF193843) was fond to have 99.6% identity to muf@RP (GB: AF0768421) and
99.3% identity to murine Tag7 (GB: X86374), suggesthat Tag7 may be a form of
PGRP (Rehman et al, 2001).

It was reported in 1998 that shifts in the readnagne of murine Tag7 made it
identical to murine PGRP. Tag7 is therefore a SR@RP (Kang et al, 1998). Tag7
has since demonstrated interesting propertiesesst before in short PGRPs. Murine
PGRP is intriguingly different to that of humanss #eported by Rehman the
molecule they termed Tag7/PGRPS, as it coded hdritanscripts, was involved in
sleep regulation in rats. Sleep deprived rats igrdficantly increased mRNA levels
of Tag7/PGRPS. (Rehman et al, 2001). In 2008 itaeasonstrated that murine
PGRP-S was upregulated by MB-in a relA dependent manner (Lang et al, 2008).
The original purpose of the study was to deterrntteerole of PGRP-S in cerebral
ischemia, but the most finding of the study wasfitts¢ report of a regulation
mechanism of a mammalian PGRP. These observatawesdnly been made in
murine models, and again it would be wise to esercaution before extrapolating

these findings to humans.

Tag7 also forms a stable cytotoxic complex witlatH&hock Protein 70. It was
suggested that PGRPs may play a role in anticatefence (Saschenko et al, 2004).
This was confirmed by a study demonstrating treatgfection withifag7 cDNA
decreased oncogenicity of mammary gland adeno@anann immunodeficient

animals (Larin et al, 2004). The last reported Itesan Tag?7 trials stated that phase
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I/ll trials of gene therapy on human patients vdibseminated melanoma and

metastatic renal cell carcinoma was underway (M@sko et al, 2005).

8.5 Potential clinical implications for PGRP-S

Thus far, the study of PGRP-S, indeed of the efdingly, has been limited to
examining its’ biological role and functioning. \Wdittle has been published about
human PGRPs since the two landmark discoveriesingathem as antimicrobial
proteins (Lu et al, 2006) with a requirement fatimac molecules to function (Wang
et al, 2007). PGRRaland have been implicated in psoriasis biology (Sualet
2006) but to date clinical data about PGRPs has bparse. The first official

clinical study involving PGRP-S was published tygsr. Rohatgi et al reported that
an increased serum level of PGRP-S was associatie@ler age, and diabetic,
hypertensive, actively smoking, and hypercholestni¢t caucasians. These patients
also had a history of myocardial infarctions andegally had a higher body mass
index (Rohatgi et al, 2008). These are all intmguiactors, but the authors appear to
ignore the fact that PGRP-S is an antimicrobiatgiro They do not mention
anything about the health of their patients witterence to potential infections that
may account for increased serum levels of the pretiethe time of sampling. They
also describe PGRP-S as a PGN scavenger and reaqaording to the work of
Cho et al, 2005 and Liu et al in 2000. The landnveokk of Liu et al of 2006
describing the molecule as an antimicrobial proigimot cited at all. The results of
their findings are noteworthy nonetheless and d@teng the nature of the
relationship of PGRP-S to arthrosclerosis is aiptsarea of study, particularly as
initial northern blots determining the tissue exgsien of PGRP mRNA did not show
PGRP-S to be expressed in the heart (Liu et all 200
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9. Aims and Objectives

There are clearly many unanswered questions alfeRPB. As antimicrobial

proteins they have potential for future therapeutitowever, their mechanisms of
action are poorly understood. Have all their ligabden elucidated? Do they interact
with other proteins? How are PGRPs distributedheéngopulation? The aim of this
study is to characterise the genetics and biochgma§ PGRP-S by asking basic
guestions. What genetic variation exists in the P&Rgene of the South African
population? Does genetic variation lead to diffeferms of the protein? The
biochemical analysis aims to determine the nattitBeointeraction of PGRP-S with

other proteins and to characterise its’ antimicbbffect.
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CHAPTER TWO

MATERIALS AND METHODS

2.1 INTRODUCTION

This project involved the analysis of materialsanfsed from human subjects. This
material was gathered according the principlesipdiy the Ethics committee of the
University of the Witwatersrand, ethics clearanaember R34/39. All patients were
fully informed of what they would be subjected both by a formal letter and by
trained staff of the Johannesburg General hospitaexample of the ethical consent
form can be found in Appendix A. Three groups digrds were analysed; HIV
positive (defined as patients at on antiretrouingrapy), HIV and TB positive
(patients on antiretroviral therapy with an actirberculosis infection) and healthy
patients not on antiretroviral therapy. The aintha&f groupings was to determine
whether the immunocompromised population had areased amount of variation in
the PGRP-S gene. The subjects constituted a sarhfile appropriate group at the
hospital. The patients’ family history as well alsreef medical history was collected

where possible.

2.2 METHODS

2.2.1 NUCLEIC ACID ANALYSIS

2.2.1.1 RNA Extraction

Fresh blood was collected from patients of the Awdtroviral clinic at the

Johannesburg General Hospital. Control samples a@ened from healthy

volunteers from the University of the Witwatersra@hce ethical consent was
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obtained from the individual, blood was drawn iBtal EDTA tubes. The blood was

processed within 8 hours of collection to ensueeititegrity of the RNA.

Total RNA was extracted from whole blood using @idamp RNA Blood Mini kit
according to manufacturer’s specifications (Qiagenjletailed in the appendix table
RNA was quantified by using a Nanodrop® spectrométee integrity of RNA to be
used in subsequent experiments was determinedimaldehyde agarose gel

electrophoresis as described by Sambrook et abB(198

2.2.1.2 DNA Extraction

Genomic DNA was extracted from whole blood using&hp DNA Blood Midi kit
according to manufacturer’s protocol (Qiagen, Sd\ftita), as detailed in the
appendix.

2.2.1.3 Amplification of coding regions of PGRP-S

PERPS EXOM 1 PERPS EX0M 2
FORWAIN FORWAIN
— N
Fxon| | Exon
— Exon 1 2 H 3
-— -
PGRPS EXOM 1 PGRPS EXDMN 3
RFwFRSF RFwFRSF

Figure 3: Schematic diagram of the amplification of PGRP-S.

The primers for the amplification of Exon 1 weresig@ed manually to bind 50 base
pairs outside the coding region to yield a 400bpdpct. Due to the 60bp intron
separating Exon 2 and 3, the two regions were diegblas a single product with
primers binding outside the coding regions for Efamd 3. The coding regions of
PGRP-S were amplified using the polymerase chacti@n using the Perkin Elmer
GeneAmp PCR system 2400.
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Exon 1 was amplified using the following primers:

PGRP-S Exonl Forward!-&GCGCTCCTAGCGGTCTC-3

PGRP-S Exon 1 Reversé: ACTTGCACACCTTTGCCTCT-3

The primers were synthesised by Ingaba Biotec.réaetion mixture for Exon 1
contained 0.5U of Taq polymerase (New England B&lalOmM dNTP (Ingaba
Biotech), 1.2mM MgdJ, 1uM of forward and reverse primer, 50-500ng of tertela

in a final volume of 5(l.

The amplification consisted of a 5 minutes pre-tieragion at 94C, followed by
thirty five cycles of 94C for 30 seconds, 6Q for 30 seconds and @ for thirty
seconds. This was followed by a final extensionA€C for 7 minutes.

Exon 2 was amplified using the following primers:

PGRP-S Exon 2 Forward:-STGGGAAATTAACGGGTGAGA -3

PGRP-S Exon 3 Reversé: GAGGAACACATTTTGAGCTACAT -3.

The reaction mixture for Exon 2 contained 0.5U afjpolymerase (New England
Biolabs), 10mM dNTP (Ingaba Biotech), 1.0mM MgClluM of forward and reverse
primer, 50-500ng of template in a final volume 6fib

The amplification consisted of a 5 minutes pre-tieragion at 94C, followed by
thirty five cycles of 94C for 30 seconds, 5@ for 30 seconds and R for thirty

seconds. This was followed by a final extensionA€C for 7 minutes.

2.2.1.4 Cleanup of PCR amplicons

A 1% agarose gel was prepared in TAE buffer comgiethidium bromide
(0.05mg/ml). DNA electrophoresis loading buffer veaksled to an aliquot of PCR
amplicons and electrophoresed for 60 minutes a¥108e amplicons were sized
using the GeneRuler™ 100bp plus ladder as a m@ewdight marker. Amplicons
that could be clearly visualised when %as electrophoresed were used for

subsequent sequencing reactions. Successfullyifadgroducts were
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electrophoresed on a 1% agarose gel without ethithtomide. The
electrophoretogram was washed in a 1/10 000X swolwdf SyBr Gold (Invitrogen).
The gel was viewed on Dark viewer (Clare Chemicaddairch) and the bands
excised. This prevented any potential muatationatidns by the intercalation of
ethidium bromide and any ultra violet induced daendithe fragment was cleaned up

using the GenElute™ Gel extraction kit (Sigma).

2.2.1.5 Sequencing of PCR amplicons

PCR amplicons were prepared for sequencing usm@itpDye® Primer Cycle
sequencing kit, and sequenced on an ABI-Prism® 3APplied Biosystems) at the
HIV Unit of the National Institute for Communicaldbeseases (NICD) using the
standard cycle sequencing programme recommendédg@igDye® system. The
primers used for the amplification of the produergvused in the sequencing
reaction. Each amplicon underwent two sequenciagti@ns, one with the forward
primer to produce the forward sequence and onethéheverse primer to produce

the reverse sequence.

2.2.1.6 Bioinformatics

For all samples, a forward and reverse sequeneiagfion was performed and as
such, each sample had two sequencing reactiorexpar At the terminal ends of
each sequencing reactions, the data is often redtluss the signal is too weak and
noisy to obtain the strong, clear peaks requiredéguence determination, especially
when the sequences are required for the determmatipolymorphisms.

Assembling the forward and reverse sequences atlmsvsreation of a consensus
sequence for the area of interest. Creating a osnsds important as it allows for
data to be obtained for the entire area of inteBgaligning the forward and reverse
sequences, the terminal ends of the reaction, wdfielm have unreadable data can be

supplemented by the complementary sequence. Sespierece assembled using
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Sequencher Version 4.5 for Windows. The Basic Léadigihment search tool

BLAST (www.ncbi.nlm.nih.gov/BLASY was used to determine whether the

sequences aligned significantly with any other segas besides the target
sequences. DNA alignments and translations, asasdfrotein alignments were
performed using DNAman version 4.03 and Clustal\Woffipson et al, 1994). SNPs
were verified by comparison to SNPs recorded atNib&herry et al, 2001),
Ensembl (Hubbard et al, 2007), the UCSC genome seo(Kent et al, 2002), SNPer
(Riva and Kohane, 2004) and the Japanese SNP detgidP (Hirakawa et al,
2002) Secondary structure predictions were domgyuke PsiPred secondary
structure prediction server (Bryson et al, 2009)UMRLs are provided in the

appendix

2.2.2 HETEROLOGOUS EXPRESSION AND INTERACTION STUDIES

2.2.2.1 cDNA synthesis

Reverse Transcriptase PCR was performed usingdbess RT-PCR system
(Promega) with the reaction mix and conditions dbed in Table 2

Table 2:Reverse Transcription reaction mix

Reagent Final concentration
AMV/ Tfl 5X reaction buffer 1X
dNTP mix (10mM each dNTP) 0.2mM

Upstream Primer (PGRP-S forward) | 1uM

Downstream Primer (PGRP-S reverse) 1uM

25mM MgSQ 1mM

AMYV reverse transcriptase () 0.1uful

Tfl DNA polymerase (5ul) 0.1uful

RNA sample Sug

Nuclease free water To a final volume of 50l
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The cycling conditions were as follows: 1 cycle48fC for 45 minutes, 1 cycle of
94°C for 2 minutes, and thirty cycles of ‘@Hor 30 seconds, 8C for sixty seconds
and 57C for 68°C for 2 minutes. A final extension cycle af68vas performed for 2

minutes.

2.2.2.2 HETEROLOGOUS EXPRESSION OF PGRP-S

2.2.2.2.1 Preparation of Competent cells
An overnightE. coliBL21 (DE3) orE. coli XL1-Blue culture was diluted (1:20) into

LB broth containing no antibiotics. Diluted cuks were then grown at 37 °C until
the absorbance at 600 nm reached 0.3-0.6 unity (egrphase). The cells were
harvested by centrifugation at 4 500 x g for 15utes at 4°C in sterile centrifuge
tubes. The cells were kept on ice at all timedHerduration of the preparation. The
cells were then resuspended in ice-cold 0.1 M Mg@dl left on ice for a further 20
minutes. The cells were then collected as aboweebirifugation for 15 minutes and
resuspended in ice-cold 0.1M Ca@hd left for 1 hour. Cells were collected and
gently resuspended in ice-cold 0.1M CaCThe cells were stored in 1 volume of ice-
cold sterile glycerol (30 %) at —70 °C.

2.2.2.2.2 Preparation of pPGEM-T/PGRPS vector

Ligation into pGEM-T easy vector (Promega) was adic to the manufacturer’s
instructions. The ligation cocktail consisted qi@ of the PGRP-S cDNA fragment,
50 ng plasmid and 3.5 units of T4 DNA ligase. THeDNA ligase was at ratio of
1unitjug of DNA. The reactions were incubated overnighit’@. pGEM-T easy

plasmid without an insert was used as a ligatiartrob
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2.2.2.2.3 Preparation of pET41/PGRPS vector

pPET41 (a) was linearized by restriction digestiathiecoR1andXhol. Calf

intestinal phosphatase (CIP) was used to treatipkasmid molecules at a ratio of
0.5 units pepg DNA in a manufacturer recommended buffer. Thetiea was
incubated at 3 for 30 minutes. The tube was heated 8€&6r 15 minutes and
was followed by phenol chloroform isoamyl (25:24ek}raction to stop the reaction
as outlined in section 2.2.2.5. The linearizabéthe plasmid was confirmed by

agarose gel electrophoresis

2.2.2.2.4 Transformation of competent cells

An aliquot of competent cells was transferred mtterile microcentrifuge tube
containing 100 ng of plasmid on ice. The tube viiakdd gently to mix the contents
and placed on ice for 20 minutes. The cells weet Sleocked at 42°C for 45 seconds
and immediately returned on ice for a further 2utes. Luria Bertani broth was
added to the cells and incubated for 2 hours aC3with shaking. Cells were plated
onto LB agar plate containing appropriate antibgtampicillin (10Qg/ml) for XL1-
Blue cells and kanamycin for BL21 (DE3)(pLysS) sepGEM-T easy colonies were
selected on the basis of blue/white screening, hwvias confirmed by restriction
digestion of plasmids from white colonies to comfithe presence of the insert.
Similarly, plasmids from colonies of pET-41 transf@dE. coliBL21 cells were

tested for the presence of insert with restrictiggestion.

2.2.2.2.5 Small-scale plasmid DNA preparation of pEMT/PGRPS; pET-
41/PGRP-S

A sample of an overnight culture Bf coli XL1-Blue transformed with pGEM-T

Easy/PGRPS or BL21 (DE3) (pLysS) transformed wHT #1/PGRP-S was
centrifuged at 16 000 x g for 1 minute, and thé pellet resuspended in 1@0of
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Alkaline lysis solution I. Solution Il was thendetl and the suspension incubated on
ice. After 2 minutes, 150l of solution Il was added and the suspension ma®d
gently by inversion and incubated on ice for atfart5 minutes. The sample was
extracted twice, first with phenol: chloroform: &ayl (25:24:1) followed by
chloroform. The aqueous layer was transferrém arfresh microcentrifuge tube,
followed by DNA precipitation with ethanol acetatéhe mixture was incubated for
30 minutes at —AC. The DNA was pelleted by centrifugation at 120%y for 10
minutes, washed with 70% ethanol and air driedatrtemperature for 10 minutes.

DNA was reconstituted with appropriate volume efi distilled water.

2.2.2.2.6 Overexpression and Purification of the GiStagged fusion protein

The optimal inducer concentration and inductionetiwas determined by an
induction study to determine the optimal conditiémrsprotein induction.

A single colony oE. coliBL21 (DE3) pLysS transformed with the PGRP-S/pHT-4
construct was inoculated into LB broth and grownif6 hours. This culture was
diluted 1: 25 and grown to an optical density &r@@ of 0.6 (mid-log phase). The
culture was induced with 2mM isopro3AD-1-thiogalactopyranoside (IPTG). The
cells were allowed to grow for 16 hours before geiarvested by centrifugation at
5000xg for 10 minutes. The cell pellet was resudpdrin 1M Cell lysis buffer
containing 1mM aprotonin, leupeptin, phenyl mettiyifonyl fluoride (PMSF) and
EDTA. The cell suspension was sonicated for 30rs#€@nd insoluble protein was
removed by centrifugation at 12 000rpm for 20 masufThe supernatant was retained
for purification of the Glutathione S-transfera&S(T)-tagged protein.

Soluble protein extract isolated frdfn coliBL21 (DE3) pLysS twice with 10-
column volumes GST wash/bind buffer. The fusioot@n was eluted from the
matrix with 3x volumes of GST elution buffer. Alblblected fractions were
electrophoresed on a 12% polyacrylamide gel acogrii the method of Laemmli
(1970). The analysis of the gels were performedessribed in section 2.2.2.2.8
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2.2.2.2.7 Interaction Studies using Pull-Down Assay

The ability of the fusion protein to interact wabluble protein fronbrosophila
melanogastewas to be determined. The total fly protein fraetprotein was
prepared by homogenising 15 flies in 1.5ml of radimunoprecipation assay (RIPA)
cell lysis buffer containing 1mM aproptinin, leupiep PMSF and EDTA. The
homogenate was centrifuged for 30 minutes at 13@@0d the supernatant retained
for the interaction study. The success of the etityta was determined by SDS-
PAGE analysis as described in section 2.2.2.2.8.

An overnight culture oM. luteuswas harvested by centrifugation at 5000xg for 10
minutes. The pelleted cells were resuspended ilC&MLysis buffer, and sonicated
for 30 seconds. The insoluble protein was remoweckntrifugation at 13 000xg for
10 minutes. The insoluble fraction containing ¢le# wall component and
subsequently the peptidoglycan fraction was reswdgzkin phosphate buffered
saline containing 1mM aproptinin, leupeptin, PM$ &DTA and sonicated for 10
seconds. This was retained as a positive controhferaction with PGRP-S, as
peptidoglycan is the natural ligand for PGRP. $blble fraction was retained as

negative control, as no known ligands for PGRP&ikhioe found in this fraction.

E. coliBL21 (DE3) pLysS cells transformed with pET-41dheut any insert were
prepared as described in section 2.2.2.4. Thessftnraned cells were then induced to
overexpress as described in section 2.2.2.6 imtAysGST was purified. This was

used as a negative control.

PGRP-S/GST fusion protein was immobilised onto feparate GST matrix
columns. Soluble fly protein was added to one G&irimmand allowed to interact
with the immobilised fusion protein for 18 hours4&E. Similarly, insoluble bacterial
protein, soluble bacterial protein and pure GSTenadlowed to interact with the

fusion protein. The column was washed with 8 volsmeGST-wash solution from
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the GST Bind Kit® (Novagen). Protein complexes weltded with 3 volumes of
GST Elution solution from the GST bind kit® (Novae

2.2.2.2.8 SDS PAGE analysis

The sodium dodecyl sulphate polyacrylamide geltedptioresis (SDS-PAGE)
method described by Laemmli (1970) was used toragparotein for analysis. SDS-
PAGE makers (Fermentas) were used to determineiprsize. The gel was
electrophoresed at 120V for 120 minutes, Stainesbamassie brilliant blue G
(Sigma) staining solution and destained overnighe electrophoretograms were

visualised using a GS-800 calibrated densitom&irdd)

2.2.2.2.9 Radial diffusion Assays

An overnight culture of bacteri&(aureusE. coli, M. luteuywas inoculated into LB
Broth and grown with shaking at %7 for 18 hours. Midlogarithmic phase organisms
were obtained by re-inoculating the overnight aatin a 50 000X dilution of fresh
LB broth and incubated at 32 for 3 hours. The bacteria were harvested by
centrifugation at 900xg af@ for 10 minutes. The cells were washed with cold
10mM Sodium phosphate buffer pH 7.4. The cells wesespended in three
different types of 10mM Sodium phosphate bufferfp# Sodium phosphate
without a salt supplement, phosphate buffer witiv6@aClL and phosphate buffer
with 10uM ZnCl,. The optical density was measured at 620nm ardl tosealculate
a volume of cells to use in order to obtain a vaturontaining 4 x 10colony

forming units and this was added to an underlay afjgB broth, 1% agarose and
0.02% Tween 20. This mixture was used to prepg@aua plate in which holes were
punched anddg/ul fusion protein was added. As a positive cont@id/mi
tetracycline was used and as a negative contrdufer in which the fusion protein

was suspended. This was incubated &3@r three hours. An overlay agar layer
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consisting of LB broth and 1% agarose was pouredl this preparation after the
incubation and the plates were incubated for 18$adlthe clearings were visualised
after staining with Coomasie brilliant blue R-2%0 18 hours. The plates were
destained with an aqueous solution of 10% acettcaad 2% dimethylsulphoxide

for ten minutes.
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CHAPTER THREE

RESULTS

3.1 Genetic Analysis

3.1.1 Population distribution of experimental samps

Single nucleotide polymorphisms in the PGRP dom&iRGRPs oDrosophila
particularly the short forms, can result in the immacompromise of the mutant flies
(Lazzaro et al, 2004). The aim of the genetic aalgortion of this study was to
determine whether increased levels of SNPs coultkbeciated with the HIV and
HIV/TB positive population. The HIV positive po@tion constitutes a pool of
immunocompromised humans to screen. Tuberculosislisease commonly
associated with HIV positive patientdycobacterium tuberculosis an acid fast
Gram positive bacterium (Madigan et al, 1997) amduld be recognised by PGRP-
S, it may hint at dysfunctional PGRPs.

The establishment of databases detailing variatitimn the human genome has been
vitally important since the release of the firshftigenome. The establishment of a
“reference genome” is a difficult and contentioaskt For example, in the sequence
of only one individual, James Watson, two milliaolymorphisms, most of which
have already been noted (Egholm, 2007 because of the variant nature of
genomes that several variation databases existlaftpest and most referenced is
dbSNP at NCBI (Sherry et al, 2001). This databaseSmillion variations noted to
date (Egholm, 2007). Other databases include Enggéinbbard et al, 2007), the
Japanese SNP database [SNP (Hirakawa et al, 2002),CSC genome browser
(Kent et al, 2002), and SNPer (Riva and Koane, 20@4ny of these databases
reference dbSNP.
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Sequences for these populations commonly come éitihvar cell lines,
predominantly sourced from Caucasians, or fromrsdgpecific population groups.
These include the Han Chinese from Beijing (HCBpahese from Tokyo (JPT),
Utah residents with West European ancestry (CEtd),Y¥oruba from Ibadan in
Nigeria (YRI) (Hubbard et al, 2007). The YRI poptida and several sequenced
African American individuals represent the datarfrAfrica. The genetic information
from sub-Saharan Africa is therefore grossly urefmesented. This study therefore
presents the first genetic survey of populationarare of the PGRP-S gene in
individuals from the region. The study groups weireded into groups of healthy
controls, HIV patients on antiretroviral treatm@dtV) group, and HIV patients on
antiretroviral treatment and Tuberculosis medicafid|V/TB). The population
distribution of these three groups are represeint@@ble 3. The populations are
based on language groups, as genetic homogenaitptthe ensured. As no South
African populations were isolated, and intermaridgtween different language

groups occurred.
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Table 3: Population distribution of experimental groups

Sample Group

Population

Number of Inviduals

Healthy Controls

Zulu

\‘

Sotho

Xhosa

Other

HIV positive Zulu

Sotho

Tswana

Tsonga

Xhosa

Other

HIV/TB positive Zulu

Sotho

Ndebele

Tsonga

Venda

Rl R o R G N R R R N o O DN W

Other

3.1.2 Amplification of coding regions

This study is a pilot study on variation in the 8aun African Sub-Saharan African
population and as such did not consist of a langeey group. The Yorubi of Nigeria
is only other group in Africa examined for variatim this gene. Furthermore, only
the coding regions were amplified because the dhydyazzaro showed the
significant variation was variation within the regs coding for the PGRP domain
(Lazzaro et al, 2004). Variations in the introresrevtherefore not considered. The
introns were only included in the study to a smatkent as the forward primer was
designed to bind upstream of tHeuBtranslated region and the reverse downstream

of the end of the’3egion of each exon. In that way the full lengthire coding
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region would be amplified and the amount of ambigusequencing data at the
beginning and end of the sequencing reaction wbelthinimised.

As Exon 2 and 3 were separated by 60 base paitsrégions were amplified as a
single product, referred to as Exon 2. The amglifan of Exon 1 of patients 1-14 is
depicted in figure 7. The amplification of Exon 2patients 15 to 19 is depicted in
figure 4. Amplicons of both Exon 1 and 2 were ofal for 48 patients. The
remaining two patients’ gene failed to amplify.

10C0bp
500bp

30Dbp m—  — - LB K B R X N ] 4Cth

200bp
100bp

A —
—
—
—
—
——e
e

690bp

|
ol

|

Figure 4: Routine Amplification of PGRP-S. Exon 1 in Blockafnd Exon 2 in
Block B. A 1% electrophoretogram demonstrating48@ base pair (bp) Exon 1
amplicon and 600bp Exon 2 amplicon. These ampdisgere subsequently used in
sequencing reactions. Lanes 2-15 of block A gmesamples of the first exons
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from Patients 1 to 14 respectively. A negative oadnisingDrosophilaDNA as a
template is represented in lane 16. Lanes 2-4|lafkBB represent the second exon of
Patients 15 to 19. A negative control usibrgsophilaDNA as template is
represented in lane 7. In both diagrams the Femasek@0bp plus DNA ladder is used
as a molecular weight marker.

3.1.3 Sequencing of PGRP-S

The amplicons of the patients in the study weretedphoresed and gel purified
before automated DNA sequencing. The BigDye® teatonsystem was used for
the direct sequencing of the amplicons, as detailsgction 2.2.1.5. To ensure that
mutations were not introduced by exposure of treea@se gel to ultraviolet light, the
intercalating agent Ethidium bromide was replacétl ®yBr Gold (Invitrogen),
which required blue light and therefore would matuce mutations.

3.1.3.1 Confirmation of sequencing data

Two assemblies exist for the genomic sequence afr@bsome 19. NT 011109.15 is
referred to as the reference sequence and NW 922§ The alternate assembly.
The mRNA transcript, AF076483, originally descrii®d2001, is referred to as the
reference mMRNA sequence (Liu et al, 2001). In pinggect, all primers were designed

using this sequence.

To determine whether the obtained sequences welRlPF%; the Basic Local
Alignment Sequence Tool (BLAST) was used to deteemvhether the sequences
obtained aligned with the reference sequence @@l database. Aligning the
sequences obtained resulted in two hits in the mendoth on chromosome 19. All
the sequences matched the sequence for PGRP-Slothnboeference and alternate
assembly of the chromosome only, confirming thatsbquences obtained were
PGRP-S.
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3.1.3.2 Determination of Single Nucleotide Polymorphisms

In this study, only the coding regions were examiag the primary aim was to

determine whether novel protein variants of PGR#iSted. As described in section

2.2.1.3, non-coding regions of the gene were iregiud the amplification and

subsequent sequencing of the gene. This was toeetigi the area of interest would

be fall well into the sequencing reaction and thusiding the poor quality sequence

data associated with the terminal ends of the i@actlo obtain a full sequence of

transcript from the sequences obtained for eaclpkeanoth Exon 1 and 2 for each

reactions were aligned to the mRNA. In this manakmon-coding regions could be

trimmed off and as a result, only the sequencéhi®transcript would remain.

Table 4: Summary of known non-coding variation in the PGR&e8e from the
dBSNP, Ensembl, HapMap, j]SNP, SNPer and UCSC gehooveser databases

SNPid reference contig SNP | Ancestral | function population frequency
position allele data

rs61513108 8793133| A/G | unknown intron none

rs61497458 18792085 A/G | unknown intron none

rs61403305 18794085 G/T | unknown intron none

rs60612918, 18792689 C/T | unknown intron none

rs58866037| 18791600..18791601-/TT | unknown intron none

rs58829899 18793324 A/G | unknown intron none

rs58401596 18788946/ C/G | unknown | intron none

rs57714530 18792514 A/T | unknown intron none

rs11477830, 18791591 -/T unknown intron none

rs8106183 18792825 A/IG | A intron G allele freq 0.0034 in YRI

rs3786822 18793324 AIG | G intron none

rs2302788 18789744 A/G | unknown intron HAP map allele

rs2072561 18794085 G/T | T intron HAP map allele

rs2041993 18793185 A/IG | G intron HAP map allele

rs2041992 18792689 C/T | C intron HAP map allele

rs2041991 18792514 AIT | A intron Asian/Caucasian data

rs12461346 18789290 A/G | unknown intron none

rs11669048 18788946 C/G | unknown intron none

rs11083793 18789163 A/T | unknown intron none

rs57027496 18794866| A/G | unknown 5near genel none

rs55645419 18794693 A/C | unknown 5near genel none
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SNPid reference contig SNP | Ancestral | function population frequency
position allele data

No T allele found in
samples of CEU, HCB,

rs11880830, 18794626/ C/T | C 5'near gene | JPT, YRI

rs7245826 18794744 A/G | unknown | 5'near gene none

rs7245473 18794671 C/T | unknown | 5'near gene none

rs2341638 18794777 C/T | unknown | 5'near gene none

rs2072563 18794866/ A/G | unknown | 5'near gene HAP map allele

rs59433803 18794671 C/T | unknown | 5'near gene none

rs61742389 18788724 C/G | unknown | 3'near gene none

rs35952458 18790254 -/C unknown | 3'near gene none

rs2072562 18794516/ G/IT | G 5'UTR none

rs60974605 18794516| G/T | unknown | mRNA (26) none

rs1054882 18790024 C/T | unknown | 3'untranslated none

rs1054881 18789994 C/T | unknown | 3'untranslated CEPH

The cells highlighted in yellow represent a duglmain the dbSNP database, where
the same polymorphism was submitted twice. In thwva table, as well as the table
below, previously recorded polymorphisms foundhiis study are highlighted in

green.

Table 5: Summary of known variation within the coding regmfPGRP-S from the
dBSNP, Ensembl, HapMap, ]SNP, SNPer and UCSC gehooveser databases

SNPid reference contig SNP | Ancestral| function population frequency
position allele data
rs59269540 18789565 C/T | unknown | synonmous none
rs34478490 18794265"18794266-/CG | unknown | mRNA (227)
missense,
MRNA(145)G-| AA population: C allele
rs34180629 18794397 A/IC | unknown |V 0.026

missense, No T allele found in
MRNA(404)H-| samples of CEU, HCB,
rs13343537 18791051 G/T | G Q JPT, YRI
rs34323192 18789815 | -/C C Frameshift none
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Figure 5: Truncated Clustal W multiple alignment of samplaghhghting the

mmmmmesssmmesessees smeee===CLTGCCGCCCTGCCACTATGTCCCGCCGCTCTA 33
mmmmmmmm e e m = == e === TGO CGCCCTGCCACTATGTCCCGOCGCTCTA 33
e e e e e == eeee=C L TGC CGCCCTGCCACTATGTCCCGCCGCTCTA 34
mmmmme e e mmmeemme= TOCCGEACCCTGC CGCCCTGCCACTATGTCCCGCCGCTCTA 4L
mmmmmm e mmmmmeemmes TOCCGEACCCTGC CEGCCCTGCCACTATGTCCCGCCGCTCTA 4L
mmmmmmmmmmmm e mmmmmmme= DTG CRCCCTGCCACTATGTCCCGCCGCTCTA 32
..................................... TGCCACTATGTCCCGCCGCTCTA 23
................... TCCCGGACCCTGC COGCCCTGCCACTATGTCCCGCCGCTCTA 4l
mmmmmssmmssssssmsesessssssesene=eesese====CTRTGTCCCGCCGCTCTA 18
mmmmmssmmmsssssssesssssssssssnesassese====CTRTGTCCCGCCGCTETA 18
mmmnmnmsansemne==a=TECCGGACCCTGE CGCCCTGCCACTATGTCCCGOCGCTCTA 41
mmmmeeem e GEGGTCTCCCGGCCCCTHE COCCCTECCACTATOTCCCGOCGETCTA 47
smmmmscscmcsmnenea s TCLCGGACCETGE COCCCTEOCACTATGTCOCGCCGETCTA 41
COGGGE GCTCCTAGCGETC TCCCGGCCCCTGE COCCCTECCACTATGTCCCGCCGCTCTA 60
==GGCGCTCCTAG-COGTCTCCCGGCCCCTGE CRCCCTGCCACTATGTCCCGCCGCTCTA 57
==GGCGCTCCTAGGCGETC TCCCGGACCCTGE CRCCCTGCCACTATGTCCCGCCGCTCTA S8
==GGCGCTCCTAG-COGTCTCCCGGACCCTGE CRCCCTGCCACTATGTCCCGCCGCTCTA 57
mmm=m= === == GGETCTCCCGGCCCCTGL COCCCTRCCACTATGTCCCGOCGOTCTA 45

R ER RN R RS

TGCTGCTTGCCTGEECTC TCCCCAGCCTCCTTCGACTCGGAGCC-GCTCAGGAGACAGAAG 93
T T TG o CTGGGCTCTOCCCAGCCTCCT TOGACTC GRAGCGGCTCAGGAGACAGAAG 93
TETE T TG CTG GG TCTCCCCAGCCTCCT TCGACTCGRAGCGGCTCAGGAGACAGAAG 94
T T TG CTGGGCTCTCCCCAGCCTCCT TCGACTCGGAGC GGCTCAGGAGACAGAAG 101
T T TG CCTeGGCTCTCCCCAGCCTCCT TCGACTCGGAGC GGCTCAGGAGACAGAAG 101
T T TG CTEGGCTCTCCCCAGCCTCCTTCGACTCGRAGCGGCTCAGGAGACAGAAG 92
TG TGO TG TC T CCCAGCCTCCT T CACTC CRAGCCGCTCAGGAGACAGAAG 83
TECTECTTGCCTEGGCTCTCCCCAGCCTCCTTCGACTCGGAGCGFOCTCAGGAGACAGAAG 101
TECTECTTGCCTGEGCTC TCCCCAGCCTCCT TCGACTCGGAGC RGCTCA ACAGAAG 78
TECTECTTGCCTEEGCTCTCCCCAGCCTCCT TCGACTCGGAGC RGCTCA) CAGARG 78
TECTECTTGCCTEEGCTC TCCCCAGCCTCCT TCGACTC GGAGC FOCTCAGGAGACAGAAG 101
TECTECTTGCCTGEGCTC TCCCCAGCCTCCT TCGACTC GGAGC FOCTCAGGAGACAGAAG 107
TeCTGCT TGO TG TC TCCCCAGCCTCCTTCGACTC GRAGCCCCTCAGGAGACAGRAG 101
TECTGCTTGCCTGEGC T M CCAGCCTCCTTCGACTC GRAGC GFECTCAGGAGACAGAAG 120
TECTECTTGCCTGEGCTC TCCCCAGCCTCCT TCGACTC GGAGC GGCTCAGGAGACAGARG 117
THCTECTTGCCTGEGCTCTCCCCAGCCTCCT TCGACTCGGAGC GGCTCAGGAGACAGARG 118
T TG T TGO CTGGGCTC TCCCCAGCCTCCT TCGACTC GRAGCG-GCTCAGGAGACAGRAG 117

T TG T TGO CTGGGCTC TCCCCAGCCTCCTTCGACTC GRAGCG-GCTCAGGAGACAGAAG 105
LR RR LI EIR LR RN VLR R L iR LIty LR Eii R L]

AGACACTGOGC TR TECGAC GTGEECTACAMCTTCCTGATTGRAGARGACGOGCTCGTAT 333
AGACACTGOGCTEETECGAC GTGGECTACAMCTTCCTGATTGCAGARGACGOGCTCGTAT 333
AGACACTCOEC T TECGATFTCEGC TACAMC TTCCTCATTGCAGAAGACGGRCTCGTAT 334
AGACACTCOEC TR TECGAC GTEEECTACAACTTCCTGATTCCAGARGACGOCCTCGTAT 341
AGACACTGOGCTEETECGAC GTEEECTACAMCTTCCTGATTGCAGARGACGOCCTCGTAT 341
AGACACTGOECTEETECGAC GTEGGCTACARCTTCCTGATTGCRAGARGACGOGCTCGTAT 332
AGACACTGGGCTGETGCGAC GTCEGCTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 323
AGACACTGGGC TG TGCGAC GTCRGCTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 341
AGACACTGEGCTEETECCACGTECECTACARCTTCCTCATTGOAGARGACGGGCTCGTAT 318
AGACACTGGGC TG TGCGACGTCOGCTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 318
AGACACTGGGC TG TGCGACGTGOGCTACAACTTCCTGATTGGAGARGACGOGCTCGTAT 341
AGACACTGGGC TG TGCGACGTGOGCTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 347
AGACACTGGGC TR THCGACGTGOECTACAACTTCCTGATTGGAGARGACGEGCTCGTAT 341
AGACACTGGHGCTRETHCGAC GTCOGCTACAACTTCCTGATTGGAGARGACGEGCTCGTAT 360
AGACACTGGGC TR THCGACGTGOGCTACAGCTTCCTGATTGGAGARGACGOGCTCGTAT 357
AGACACTGGGC TGO TGCGACGTGORECTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 358
AGACACTGGGCTGOTGCGACGTGRGCTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 357
AGACACTGGGCTGOTGCGAC GTCOECTACAACTTCCTGATTGGAGARGACGGGCTCGTAT 345

fEFEEE EEEAES t'rt'rt'rt-"t'r!'r! L3 t'l'tit'l't'l't'l'! tftftidRTEREAEAEAEEEEE

variations observed by direct sequencing.
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In the figure above, PGRPS represents the refemaRi¢A sequence, and consensus
transcript sequences assembled as described iars8ct.3.2. The number prefixing

the term refers to sample number

Every sequenced sample differed from the mRNA tmnapisat position 80. The allele
in the transcript is a T while all the genomic seaees were homozygous for a C at
that position. The substitution does not changeathmo acid coded for, as both
forms of the codon in question, CCC and CCT codes proline residue.
Nonetheless, it is striking that all the genomigusnces differ from the mRNA
transcript. It is not recorded as a DNA polymorphend all PGRP-S reference
genomic sequences examined (GenBank, the UCSCGmgebmwser and Ensembil)
have a C at that particular position. In mMRNA semes from all of the above

databases, a T allele is found in this position.

Further examination of alignments of the sequerseadples showed that the
individuals sequenced did not show significantaton from the standard mRNA
sequence. Only 5 variations were found with 2 pagphisms previously observed
and 3being potentially novel. The polymorphismstaghlighted in the Clustal W
alignment presented in Figure 5. The genotyped tie@polymorphisms were

determined by direct examination of the chromatograare summarized in table 6).

The first polymorphism observed corresponds to mRigaition 26. This has been
previously observed, and is referred to as rs20Z2b6e polymorphism lies in the 5
untranslated region and therefore has no bearirtgegene sequence of the gene
product. In this study group the C-allele occurthva higher frequency (0.53) than
the A-allele (0.47). NCBI states that the C-allsl¢he ancestral allele. At present
there is no recorded frequency data for this polyphism at either NCBI or

Ensembl.
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Another previously described polymorphism, a Qffbstation at mMRNA position
320 called rs28722714, occurs in 6 patients, 3 AB/patients, 2 HIV patients and 1
healthy control. All six these patients are hetggaus for the polymorphism as

observed in figure 6.

Figure 6: Partial sequence analysis of Exon 1 of PatienP2fient 27 is has a

polymorphic site at position 320 of the mRNA. Thraient is heterozygous for C and

a T allele at this position.

Both codons encode Aspartic acid. This previoushgd polymorphism is observed
in 6 patients, 3 HIV/TB patients, 2 HIV patientdahcontrol. The calculated
frequency of heterozygosity listed at NCBI is 0.0@dthe African American
population, and therefore much lower than the feaqy of 0.3 found in this sample
population group. However, this is likely to beumdétion of the small sample size.
No TT homozygotes were observed in the sample gaodpthis is echoed by NCBI,
which also does not record any TT homozygotesemtipulation sampled.

A variation at position 651 was observed in sam@eThis was not observed in any
other patients and examination of the chromatogsiaowed that this C/T (Y)
ambiguity may be more a function of poor sequenaimg can only be confirmed by

further rounds of sequencing.

Sample 15 contained an A-allele at position 11€exd of a G. Examination of the

chromatogram showed that the polymorphism (reptegga synonymous
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glutamine-glutamine substitution). Although notrestly demonstrated as the
polymorphism at 320, the R ambiguity does occur fones. Further samples and
more sequencing can determine whether this polymempwhich has not been
reported at NCBI, Ensembl, JSNP, SNPer or the UG&©@me browser is indeed a
novel polymorphism.

PGRP-S contains what is described by Ensembl aiigesplice junctions. Two
residues, asparagine 75 (96 on the immature pétidbaspartic acid 116 (136 on
immature peptide) are coded for by codons whiclm &pen 1 and 2 and 2 and 3
respectively. The CAA codon for asparagines fallha end of Exon 1 (CA) and the
beginning of Exon 2 (A). A polymorphism is observegample 6 at mRNA position
312 where the patient is homozygous for G andhmntiddle A of the codon. This
polymorphism is unobserved in any other sampleismdt recorded at any of the
databases used to confirm polymorphisms. If corddray further rounds of
sequencing and an altered PCR strategy to be dsduater, not only does this
represent a potentially novel polymorphism, bub @s/ariation leading to an amino
acid change that is previously unreported.

Table 6: Frequency polymorphic genotypes distributed amangrol, HIV positive
and HIV/TB positive groups.

MRNA

Genotype | Position Exon |n Frequency
CC 27 1 6 0.3
CA 27 1 13 0.65
AA 27 1 1 0.05
GG 110 1 16 0.8
GA 110 1 4 0.2
CC 320 1 12 0.6
CT 320 1 8 0.4
CC 651 3 18 0.9
CT 651 3 2 0.1

53



Of the polymorphisms examined, only rs2072562 Hillodh homozygotes (CC/AA)
and therefore this was the only sample that coaldxamined for Hardy-Weinberg
equilibrium.

As the frequency for the C-allele is 25/40 andAkallele is 15/40, the Hardy-
Weinberg equation would look as follows:

p+2(pg)+d = 1

(25/40Y +2(25/40)(15/40) + (15/40)

= (0.625)2 + 2(0.625)(0.375) + (0.375)2

0.390625+ 0.46875+0.140625= 1.

Therefore, for this SNP, the alleles are in Hardgividerg equilibrium. To test this, a
Chi-squared test was performed, where the null tingsis is that the alleles are in

equilibrium.

X2 =Y (observed-expectet¥xpected
= [(6-7.81252 + (13-9.375)? + (1-2.8125]

7.8125 9.3750 281
=0.421/7.8125 + 1.41/9.3750 + 0.421/2.8125
=2.25.

As thex2 test has one degree of freedom (df) and a 5%dende interval with 1df

is 3.84, the alleles are in equilibrium.

3.2 Bioinformatics analysis

3.2.1 Protein alignment

The sequencing results demonstrated both previoeplbyrted and potentially novel
polymorphisms. The discovery of previously notetypmrphisms give validity to
the quality of the sequencing, and indicate thairdner sampling may confirm the
existence of the novel polymorphisms found. To aeilee whether the
polymorphisms resulted in amino acid changes onéshift mutations, the

sequences for the coding regions were translated.
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Patient 6 was the only patient with a non synonysnthange as shown in Figure 24.
To date, only three polymorphisms have been regant¢he open reading frame of
PGRP-S. Of those three reported polymorphisms {&3829, rs13343537 and
rs28722714), only two were missense mutations tlamdemaining SNP a
synonymous one. As only these polymorphisms hage beported since the
discovery of the gene, a new protein variant isefoee an interesting new avenue for
exploration. Although the existence of variantshef protein has been reported, there
is currently no published literature on the effeicvariant amino acid residues on the
structure and functionality, particularly with resp to the ability of the protein to

bind peptidoglycan. Thus, as no body of literaxists on the subject, it is therefore
very important to examine the nature of the var@otein to determine how
differently it would behave compared to the wilpeyPGRP-S.

EFZRP-3 MERRSMLLAWALEPS LLELGAAOE TEDPACCE 2 TWESN EWEALASECAQHL ST PLE YWV S ad
Patient” MERRSMILLAWALPS LLELGRAAROE TEDPACCE 2TWVEINEWEALASECLOHS ST PLEYWANS S &0
Batisnté MERRAMLLAWALPS LLRLGAACE TEDPACCE 2TV RN ENKALA SECAQHS 3T PLEYWWY & =11}
Patient’= MERRSMLLAWALEPS LLELGAAOE TEDPACCE 2 TWESN EWEALASECAQHL ST PLE YWV S ad
Patient @A MERRSMILLAWALPS LLELGRAAROE TEDPACCE 2TWVEINEWEALASECLOHS ST PLEYWANS S &0
Patient2® MERRAMLLAWALPS LLRLGAACE TEDPACCE 2TV RN ENKALA SECAQHS 3T PLEYWWY & =11}
Patient3C MERRSMLLAWALEPS LLELGAAOE TEDPACCE 2 TWESN EWEALASECAQHL ST PLE YWV S ad
Consenzus nerrenll awalpsllrlgsadgetedoacespivprnewkalasecaghlslplryvvve

EZRP-2 HTASSSCNTPASSQQQARNVQHYHMKTLGWCDVGYEFLIGEDGLVYEGRGUNFTGAHSGH 1Z0
Patientl HTASSSCNTPASSQQQARNVQHYHMKTLGWCDVGYMFLIGEDGLVYEGRGMNFTGEHSGH 1=0
Patienté HTAZE SCHT PAS ZOQ0ARTNWVOHT HMET LGWCDYEY SF LTGE DELVT EGRETNET CLAHESH 1=0
Patient = HTASSSCNTPASSQQQARNVQHYHMKTLGWCDVGYEFLIGEDGLVYEGRGUNFTGAHSGH 1Z0
Patientl@ HTASSSCNTPASSQQQARNVQHYHMKTLGWCDVGYMFLIGEDGLVYEGRGMNFTGEHSGH 1=0
Patientzt HTASSSCNTPASSQQQARNVQHYHMKTLGWCDVGYMFLIGEDGLVYEGRGMNFTGLHSGH 1=0
Patient3C HTASSSCNTPASSQQQARNVQHYHMKTLGWCDVGYEFLIGEDGLVYEGRGUNFTGAHSGH 1Z0
Consensus htagsscntpaszgqgarnvghyhmk-lcwedvgy fligedglvvegrguwnftgahsgh

EZREP-2 LHNEMETET S FM AN YMDRYV PT POATEAACCT L ACCYAQCEA S RSNV LEGHED WV IRTLE P 150
Patient’ LWNEMSTET S FMENYMDRV PT POATRAA ST L ACSVAQEAS RENYV LEGHED WV IRTLE PG 180
Patientf LN EM SIS FM AN YMDRY PT POATRAACGLLACGYAOGSAL RENYVLEGHRELWVIRTLS B 180
Patient’ = LN EM ST S FM AN YMDEY PT POATREAACELLACGGYAQEAS RSNV LEGHED WV IETLSB(= 150
DPatient’a LWNEMSTET S FM AN YMDRVPT POATRAACCET L ACC/AQEA S, RENY VLEGHED WV IRTLE P 180
Patient2s LN EM SIS FM AN YMDRY PT POATRAACGLLACGYAOGSAL RENYVLEGHRELWVIRTLS B 180
Patient3C LN EM ST S FM AN YMDEY PT POATREAACELLACGGYAQEAS RSNV LEGHED WV IETLSB(= 150
Consenszus lwnpnsigisfmynymdevptpgairaacgllacgracgal renyvlkghrdwyrtlssyg

FZRP-3 NCLYHLIQHWEHYESE 196
Patient’ NCLYHLIQHNWEHYESE 196
Patienti NCLYHLTOHWEHYESE 196
PatientlZ NCLYHLIQHWEHYESE 196
Patient’a NCLYHLIQOHNWEHYESE 196
Patient2t NCLYHLTIQOHWEHYESPE 196
Patient3( HCLYHLIQHNWEHYRSE 1%¢&

Consensus nglyhligniwphyrsp

Figure 7: Multiple alignment of the translated mMRNA sequenckthe HIV/TB
positive group with PGRP-S standard amino acid secg!
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A non-synonymous change is found at amino acidtiposr5 of the mature peptide
of patient 6. Asparagine is substituted with Seriftgs is a conserved amino acid
change in terms of charge, as both amino acideeutal and polar, but the
bulkiness of the side chain has been greatly retilRatient 6 is the only patient with

a non-synonymous polymorphism.

3.2.2 Secondary structure predictions

3.2.2.1 Secondary structure predictions of PGRP-Sd variant proteins

The variant protein of Patient 6 differs by one monacid only. However, the amino
acid is located in a secondary structural motst(and). The change could potentially
also affect the protein’s secondary structure. 8éany structure prediction was
performed on the mutant protein using the PsiPeedrsdary structure prediction tool
(Bryson et al, 2005; Jones et al, 1995). As thetatystructure for Wild-type PGRP-S
has been elucidated, a secondary structure predioti the wild type amino acid
sequence has a twofold purpose. It can serve @sial veference to compare the
mutant secondary structures too and can servdéaamaf quality control on the
accuracy of the secondary structure prediction tool

Figure 8 shows a comparison of the secondary strigirediction for the wild type
PGRP-S protein, as well as a structure predictoitfe variant protein of patient 6.
According to the prediction, the single amino adi@nge results in large changes in
the secondary strucure of the protein. The accuaadyvalidity of the prediction will

be discussed further and in greater detail in geeti5.
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Figure 8: Secondary structure predictions of mutant sanfpdes Patient 6(A) and
Wild type PGRP-S (B) using the PsiPred Secondaugtire prediction tool.

In the above representation the helices are repiedd®dy green barrels and strands by
yellow area. A comparison of the predicted struetuith the crystal structure
deposited at the Protein Databank (1YCK) revediatithe prediction was not highly
accurate in predicting the amount of secondarycgitral motifs. Of the structures
correctly predicted, the lengths of the motifs watrenost off target by two residues.
The incorrect residues were always predicted vawhdonfidence. The secondary
structure prediction of Patient 6 (Structure Afeli§ from the prediction given for the
wild type protein. This could possible be due te ffict that the amino acid change is
at the beginning of a strand and could therefoxe lzan effect on the folding

dynamics. The accuracy of the prediction can bledah to question as it predicts
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that a structure found in all PGRPs is missindnautant. The structure in question

is demonstrated in Figure 9.

3.2.3.2 Conservation of structural motifs across PRPs.

A secondary structure feature reported to be corddn all PGRPs, both vertebrate
and invertebrate, where the structure of the mddelcas been elucidated is a
conserved helix structure, preceded by a stranthbiyg while the helical structure is
present in sample 6, the strand is missing. Bakdlstructures are preserved in
PGRPs across several species and in all in forrtteegdrotein (short, intermediate or
long), and therefore the absence of this motiémarkable. Figure 10 highlights the

conservation of this particular structural motif@gs species.

All secondary structure predictions performed foors PGRPs have this motif, and
therefore the missing motif in sample 6 is notetwprihis could either be a
significant change due to the position of the an@oil in its particular structural
motif, or a reflection of the nature of secondarycure prediction tools being

unreliable. This will be discussed later in greaketail.
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Figure 9: PsiPred predictions highlighting a conserved nfotihd in PGRP-S found
in different organisms.

Block A represents PGRPSB2 frdbmosophilamelanogasterBlock B represents
PGRP SC2, also fromrosophila Block C represents PGRP SD fr@mosophila
Block D represents the mouse cytokine Tag 7. Bibckpresents PGRP-S in
humans. Block F represents sample 6. All seconstangture predictions done of
short PGRPs have this motif, and therefore theinggsotif in Patient 6 is
noteworthy. This could either be a significant aj@ror a reflection of the nature of
secondary structure prediction tools being unrédiabhis could be confirmed not
only by Circular dichroism spectroscopy or by imosstudies to determine whether
the amino acid substitution and the subsequenthpatehange results in a

phenotype alteration.
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3.2.3 Tertiary structure analysis

An amino acid change would not only potentiallyeatfthe secondary structure of the
protein, but also the intramolecular contacts @f tértiary structure. As the tertiary
structure of PGRP-S is recorded at the Protein Batak as 1YCK, the Swiss PDB
viewer was used to mutate the wild type aspara@i)eo the serine residue of the
mutant protein. The steric changes induced by ahangesidue are observed in
Figure 10.

When examining changes in amino acid residues,imhportant to note the change in
polarity, hydropathy and side chain constitutiod &ualkiness as all these factors will
play a role in the secondary structure and consehyutertiary structure and function
of the protein. Steric hindrance is of particulapbrtance for protein interacting with
a substrate, as the obstruction of the bindindhefgrotein to the target will have an
effect on the function of the protein. The locatiohthe residue change is also
therefore important. Changes in active sites orr meaidues that interact with
substrates are particularly significant. The lomatiof the variant residue in the
protein of PGRP-S is therefore of interest. Cutyemto crystal structures exist for
peptidoglycan docked in PGRP-S. However, homolagysted docking of a PGRP-S
analogue, muramyl tripeptide, was performed andl tsedetermine which residues
interact with peptidoglycan. These residues arereefto as “potential peptidoglycan
binding residues”. One of these residues is tym3it (Guan et al, 2005). As the
variant residue lies next to this significant amaweid, the changes resulting from the
substitution may therefore have significant effeatsthe behaviour of the protein.

This will be discussed in grater detail in sectob.
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Figure 10: Structural analysis of PGRP-S (1YCK) and Patienisthg the Swiss

PDB viewer.

Blocks A and C represent the wild type protein, dhacks B and D the mutant
protein. The residue mutated is represented inaretlthe neighbouring residue in

yellow.

61



The Swiss PDB viewer can be used in the analysendalucidated protein structure
deposited at the Protein Data Bank (PDB) (Guex, Bedsch, 1997). The non-
synonymous residue, Asparagine75 is next to Tyeos# a potential peptidoglycan-
contacting residue. The residue was mutated toptiedicted Serine75 found in
patient 6. The potential effect on interactions waamined. Block A is a view of the
top of the wild type protein, and Block B is viewthe mutant protein in the same
orientation. The arrows indicate the proximity loé tside chain of residue 75 with the
phenol ring of the tyrosine molecule. The tyrosinelecule is a putative
peptidoglycan contacting molecule, and therefdsepitoximity to the target molecule
is crucial (Guan et al, 2005). In Block A and B¢dn be observed that the side-chain
of the serine is much closer to the phenol ringyobsine 74. When rotating the
molecule to a different view, it is still evideritat the variant side chain is closer to
the phenol ring of tyrosine 74. As the peptidoglycaolecule interacts with tyrosine,
the decreased intermolecular distance between dbielue and its’ neighbouring
amino acid may potentially interfere with interacts that residue may be involved

in.

From the above figure, it appears that the mutaiimduces a change in the
intramolecular distance of the mutant residue asicheighbouring tyrosine residue.
This can be confirmed by measuring the distancevdei the molecules using the
atomic distance measurement function of the SwiB8 Riewer. The distances

between the two molecules are depicted in Figure 11
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Figure 11: Measurement of distances between residues 74%atiwild-type PGRP

and the variant protein of Patient 6.

Tyrosine 74 is represented in yellow, residue Bpdeagine in the wild type and
serine in the mutant) is represented by in rednfAlhalanine 76 is represented in

green.

From the measurements of the extremities of the &ains, it is clear that the
distance between the residues are indeed decresiiedhe furthest distance
decreasing from 11.95A to 10.79A, From the oriéataof the molecules, it is
possible that there is also a change in the hydrbgeding pattern of the residues, as
some hydrogen onds may be created or lost witkubstitution of the variant
residue. The Swiss PDB viewer can also be useckttiqh the location of the

hydrogen bonds between the residue. This predigidemonstrated in figure 12.
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Figure 12: Hydrogen bonds between residues 74 and 75 of P&RP-

The orientation of the side chains in the wild typetein (Block A) differs to that of
the mutant (Block B). As previously mentioned regsl 74 and 75 are brought into
closer proximity in the mutant protein. Although steric clashes between the
residues are predicted by the Swiss PDB progrartivaees is a change in the
hydrogen bonding profile, indicated in the figuseaadashed green line. Although the
hydrogen bonds that are present in the wild tyjpéeon are conserved (as indicated
by the black arrows), the mutant protein has twditemhal hydrogen bonds with its
neighbouring amino acids (indicated by red arrows).
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3.3 Biochemical analysis

3.3.1 Heterologous Expression of a PGRP-S/GST fusiprotein

As outlined in section 8 of chapter one, the biaabfunctions of short PGRPs differ
significantly between vertebrates and invertebratdsile the different types of
PGRP-S’ inDrosophilainitate signalling transduction cascades and loireet
enzymatic activity, current literature suggests thanan PGRP-S is solely an
antimicrobial peptide. This is rather unusual astlrer organisms, the protein has a
host of functions. In the rat sleep deprivatiosults in increased expression of
PGRP-S in brain (Rehman et al, 2001). Recentlgstibeen demonstated that the
protein is induced by the transcription factor RelAcases of cerebral ischemia in
mice (Lang et al, 2008). Therefore the potentidgdtsxor PGRP-S to have other
functions besides that of an antimicrobial protdio.be able to begin to understand
what this role could possibly be, a clearer una@ading of the protein-protein
interactions of PGRP-S is required. For this reasowitro interaction studies of the

protein were performed.

PGRP-S was successfully cloned, overexpresseduatite@ from E.coli BL21

cells. It was cloned from a leukocytes obtainednfiepfresh culture of blood from a
healthy control. PGRP-S is usually cloned from borarow, and for activity studies
usually expressed iDrosophilaS2 cells as the protein is reported to be glyaisyl.
Using the protein without any posttranslational ifiodtions would give an
indication of the importance of the modificatiofggure 13 demonstrates the final
elution steps of the GST affinity purification.
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Figure 13: Purification of heterologously expressed PGRP-S/&Sibn protein.
The first five lanes show the proteins washed ftbencolumn. Lanes 6-8 show the

three reduced glutathione elution steps with thipd protein isolated in the second
elution. The absence of protein in column 8, thedtélution step, indicates that all

the purified, GST-tagged protein eluted in the selcglutathione elution.
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3.3.2 Interaction studies of PGRP-S

Various reports have stated that the mouse homelog®GRP-S, Tag7, forms a
cytotoxic complex with Heat Shock Protein 70 (Sagimko et al, 2005). It has also
been reported that besides peptidoglycan, PGRPsi&aact with
lipopolysaccharides as well. The aim of the pulld@assay was to determine
whether human PGRP-S could interact with protemmanents oDrosophila
melanogaster Figures 14 and 15 shows an interaction studghvhimed to
determine which proteins PGRP-S was capable ofifgnol forming an interaction

with
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Figure 14: Pull Down assay to determine whether crDdesophila melanogaster

protein interacts with PGRP-S.

PGRP-S/GST fusion protein and GST were bound t&a &finity matrix.
Drosophilaprotein was added to the column and allowed &raat overnight. Upon
GSHe-elution, only the fusion protein was observethe elution step (Lane 2) and no
unbound or fusion protein/interactor complexes wdrgerved in the pre and post
wasjing steps (Lanes 1 and 3, respectively) Naaeoteons were found in the column
with GST (Lanes 5-7, the prewash, elution and pashsteps respectively), the
negative control. This was to demonstrate thatdmdinteracting proteins had been
found for the fusion protein, it was due to aniattion with PGRP and not its GST
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fusion tag. The interacting capability of the redmnant protein was further

examined with an extended set of control reactamscted in figure 15.
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Figure 15: Pull Down Assay to determine whether human PGRMReBacts with

bacterialcomponents.

This electrophoretogram contains another set afrolsn Lanes 1-4 contain a double
negative control. GST bound to a GST affinity cotumwas allowed to interact with
bacterial components. Lanes 1 and 2 represent ail@&action withMicroccus
luteussoluble and insoluble protein respectively. Nefrattion was found between
GST and\. luteuscomponents Lanes 3 and 4 represent a GST intemaetth
Escherichia colisoluble and insoluble protein respectively. Adwit. luteus GST
did not interact witte. colicomponents. Lanes 5 and 6 represent a PGRPS/GST
interaction withM. luteussoluble and insoluble protein respectively. Larend 8
represent a PGRPS/GST interaction Vttcoli soluble and insoluble protein
respectively. The fusion protein interacted witlsteaal components. These
components would be very small protein componastgxcluding the size of the
fusion protein; the components in the complex waddstitute 6 and 14kDa to the

60 and 68kDa complexes respectively.
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3.3.3 Activity studies of PGRP-S

The interaction study demonstrated that the fupiottein is capable of binding
bacterial components. As PGRP-S is antibactera@kpr, a biochemical analysis
would have to include antimicrobial assays. Raditilision assays were used to
determine antibacterial activity as it is descrilasch method to obtain maximal
sensitivity while using the minimal amount of prioté_ehrer et al, 1991).
Furthermore, it eliminates the possibility of asibpositive due to smearing of protein

from an impregnated filter.

Negative control
Sample Buffer

Positive control:
tetracycline

PGRP-GST fusion PGRP-GST fusion
protein undiluted protein ¥z concentration

Figure 16: Determination of antimicrobial activity of PGRPa8ainstEscherichia

coli by Radial Diffusion assay.
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E. coliwas used as a representative Gram-negative hautesihich PGRP-S does
not preferentially bind to and is therefore nothiygactive against. No clearings were
noted. To determine whether this was due to protaiativity, the assay was
supplemented with zinc chloride, as zinc is thealdiat ion required for activity

against Gram negative bacteria.

Positive contraol: Negative control:
[tetracycline Elution huffer

PGRP-8/GST fusion PGRP-S/GST fusion
protein undiluted protein ¥ concentration

Figure 17: Determination of antimicrobial activity of PGRPa8ainstEsherichia

coli by Radial Diffusion assay supplemented with zinlogte.
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As with the unsupplemented assay, there was nal rotémicrobial activity. The

fusion protein does not appear to be active ag@rsi negative bacteria.

Posilive conlrol: Negalive conlrol:
tetracycline Sample Buffer

PGRP-GST fusion PGRP-GST fusion
protein undiluted protein 4 concentration

Figure 18: Determination of antimicrobial activity of PGRPa§ainst
Staphylococcus aurelry Radial Diffusion assay.

S. aureusvas chosen as a representative Gram positiverhantas PGRP-S is
reported to have a bactericidal effect on thisuwreltAs with Ecoli, no clearings
were noted, and similarly, the experiment was reggewaith a zinc supplement, as

this is the divalent ion required for activity agsti Gram positive bacteria.
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Positive control: Negative control:
tetracycline Elution huffer

PGRP-S/GST fusion PGHRP-S/GST fosion

protein undiluted protein ¥ concentration

Figure 19: Determination of antimicrobial activity of PGRP-§adnst
Staphylococcus aurelry Radial Diffusion assay supplemented with ZinlogdHe.
As with the experiment testing the antimicrobidiaty againstE. coliwith a

calcium supplement, no clearings were noted. Th®fuprotein appears to have no

antimicrobial activity.
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Positive contrel: Negahve control:
tetracvclhine Sample Buffer

PGRP-G3T fusion PGRP-GST fusion
protein undilited protein % concentration

Figure 20: Determination of antimicrobial activity of PGRPa8ainst
Staphylococcus aurelry Radial Diffusion assay supplemented with calcium

chloride.

Calcium chloride can be used as an alternate iorcedor activity against Gram
positive bacteria. As with the experiment testing antimicrobial activity again&.
coli andS. aureusvith a zinc supplement, no clearings were notee. flision

protein appears to have no antimicrobial activity.
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CHAPTER FOUR

DISCUSSION

4.1 Genetic substructure in sub-Saharan Africa

The black South African population can be clasdibea a linguistic basis. The
Sotho/Tswana group, the Nguni group and the Vemnoapg The Nguni group,
comprising of Zulu, Xhosa and Tsonga speakers ttatesl5.2% of first language
home speakers. The Sotho group, comprised of Nortred Southern Sotho
speakers as well as Tswana speakers constitute¥% 28 first language home
speakers (Lane et al, 2002). Populations from swntAfrica are poorly represented
in population sequencing studies. They may be aiml a group of African
Americans designated the WAFR (West African) desct by Tian et al (2006).This
group included the Bini, a group from the Edo statligeria (Tian et al, 2006).
Most black South Africans originated from a grobpttdispersed from the current
Nigerian/Cameroonian border approximately 5000 yego (Beleza et al, 2005).
Since then, much differentiatiation has taken plasegeography, rather than
language group, plays a more defining role in tfiecAn genetic landscape (Salas et
al, 2002). The sub-Saharan African population édfore a unique and relatively
unexplored group as only the Yorubi of Nigeria basn examined for population

variation.

The pilot study conducted by this research hadrgkasize too small to make any
firm conclusions about the distribution of variatim the population. However, it
does give direction for future study. Three of fiigr variant samples, Patients 12
(Zulu), 15 (Sotho) and 27 (Zulu), are all Nguni gkers. Patient 6, however, is
Venda. Vendas comprise a small portion of the Sédfitican population, and

constitute only 2.2% of first language mother tomgpeakers. Furthermore, Vendas
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are the most genetically distinct of any of theugpr® examined. Phylogenetic analysis
places them closer to Tsongas, an Nguni group,dhgrother population group
based on autosomal and Y-chromosome data (Lang2€(®2). They are considered
to be one of the last population groups to mignatie Southern Africa. They settled

in the Limpopo province in the North of South A&iand have had very little
admixture with other population groups (Lombar@le2006). Studies on variation
in cytochrome P450 and Glutathione S-transfera3andara et al, 2002; Sommers et
al, 1991) in the Venda population did not yield amyiation from other African
population. Vendas are predicted to be more sugtepd tuberculosis due to an
increased frequency of the occurrence of varianthe vitamin D receptor. 37% of
tuberculosis cases in the Limpopo province areairepts of Venda descent
(Lombard et al, 2006). It is therefore interegtia note that the most remarkable

potential mutation takes place in a member of plisulation.

4.2 Distribution of variation in the PGRP gene

In the PGRP-S gene, a total of 39 Single Nucled®diymorphisms have been
reported. Of those 39, 17 occurred upstream ofdlgéng region, one in thé 5
untranslated region, 11 were intronic, and two wkrenstream of the coding region.
Two frame shift mutations have also been noted fidubet al, 2007). Of the
polymorphisms in the coding region, four (rs133485328722714, rs34478490,
rs34180629) have been reported, with one of thagdmbeing a synonymous
mutation at Aspartic acid 92 (Sherry et al, 20@Ljecent study examined the
sequence variability of bovine PGRP-S. The bovirmggin is a 190 amino acid
protein coded for by a 3 exon, 688 base pair trgpisd he signal peptide, PGRP
domain and zinc amide/N-acetylmuramoyl-L-alanineda®se acid (Ami_2) domain
are conserved in humarMdus musculusRattus norvergicyLanis familiaris Bos
taurusandBos indicus The gene and protein structure is therefore coade
between cattle and humans. Only 3 SNPs were ddtacthe coding region, with
two of them being non-synomous. The majority ofatgwns found in bovine species
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are transversions. Of the 6 SNPs observed in thmgoegions of human PGRP-S,
two insertions, two transitions and two transvarsiare noted. Overall, the published
data points to the fact that, unlikgosophila variations leading to immunological
consequences may not lie in the coding regionstdther in the intronic regions. Of
the variations within the coding regions, mostte variation was found in Exon 1,

with one synonymous change in Exon 2 and none onBx

4.3 Discovery of previously noted polymorphisms

Polymorphism rs2072562 is a C to A substititutibm&NA position 26, reference
contig position 18794516. This is a change in thenfranslated region. This
polymorphism, at present, has no frequency dates. Sthdy therefore represents the
first genotype frequency data for this particulalymorphism. Of twenty patients,
the CA heterozygous genotype occurs at a frequeh@y’5, the homozygous CC
with a frequency of 0.15, and the homozygous AAaggme with a frequency of 0.1.
The frequencies are not in Hardy Weinberg equiliiori This is to be expected as the
Hardy Weinberg equilibrium is based on an infiratesufficiently large population.
Twenty samples are therefore not representativeieder, the frequency of the
occurrence of the C-allele does appear to confierassertion by NCBI that the C-
allele is the ancestral allele as it occurs witlabiele frequency of 0.53 compared to
0.48 of the A-allele. The homozygous AA phenoty@swnly observed twice, in a
HIV positive and an HIV/TB positive patient. Thi®B is found to exist in Hardy-

Weinberg equilibrium.

The previously reported polymorphism rs28722714 eedscted in the patients 1, 4,
6, 11, 15, 24, 27 and 29. This is a C to T sulissituat mRNA position 320,
reference contig position 18794222 and all theeafmntioned patients are
heterozygous for the polymorphism. The C-allelhesancestral allele. Again, in
confirmation, the homozygous CC genotype is fousclaing with a frequency of
0.6. eight patients (frequency 0.4) were heteroagdor the CT genotype. Patient 27
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is the first patient in which this polymorphism wasserved. In all the heterozygous
patients the allele was given an ambiguity codéhv@aswo bases could not be
distinguished between each other. Both the C aatieles would result in the amino
acid Aspartate. This is the second previously akeskepolymorphism found,;
validating the quality of the sequencing data amthg credibility to any potentially

novel SNPs that may be found.

4.4 A potentially novel synonymous polymorphism.

A G to A polymorphism is observed at mRNA positit0. The first patient found to
have this polymorphism was Patient 15, as thistva®nly patient with an A in
position 110. Further investigation showed thatgblymorphism was a
heterozygous change. This genotype was observathés, a frequency of 0.8. No
homozygous AA genotypes were observed. Four GG hggudes were observed,
and this genotype was observed only in HIV or HIB/@atients. The G allele is the
reference allele from all databases. Furthermasesailele occurs with an allele
frequency of 0.6. It is therefore possibly the aticd allele. The change is a
synonymous mutation (glutamine to glutamine). hasvever, interesting to note that
the polymorphism is at the beginning of the mapeptide. If a non-synonymous
change had taken place at this position, it coolémially have implications on the
processing and trafficking of the protein as iturscat the point of splicing of the

signal peptide and mature peptide.

4.5 A potentially novel non-synonymous polymorphism

Patient 6 has a homozygous A to C substitutionRiNf position 312. It is a unique
change, unobserved in both the sample populatignemiously noted in any

database. This polymorphism is interesting for sdweasons. Firstly, the existence
of this polymorphism needs to be confirmed with exayunds of sequencing as the

residue affected is a residue overlap splice $heés residue, as well as Aspartic acid
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116 is coded for by a codon that overlaps two exaith the resultant mutant reside

falling on a junction of exon 1 and 2.

Secondly, the polymorphism represents a potentredisel non-synonymous
polymorphism. Only 1 synonymous and 2 non-synonysmmlymorphisms have
been reported on the NCBI, Ensembl, UCSC and SN&eabases. The

polymorphism results in an Aspargine 75 to Seriresstution.

None of the residues affected by the reported potpinisms, or this potentially
novel substitution, are cysteines involved in divide bonding. This would have
been significant not only to the stability and it structure of the protein, but
would also be likely to affect the functionality thie protein, as the protein is
reported to function as disulphide linked homoditfher et al, 2006).

No mutations are reported in any evolutionarily semred residues, or residues
involved in stabilizing reactions. Aspartate 71 ghgtine 91 are predicted to form a
bidentate salt bridge. These residues are unaffe€igosine 85 forms a tight
hydrophobic cluster with alanine 20 and 56 as aglryptophan 18, a residue found
in all insect and mammalian PGRPs (Guan et al, 200&ne of these residues are

affected,

The mutation in Patient 6 comes into play with pgailycan contacting residues.
Histidine 40, threonine 41, tyrosine 62, histidé® tyrosine 74, histidine 96 and 99,
asparagines 102 and glutamine 153 are predicted peptidoglycan contacting
residues. Although these residues are not all éocetgether in the primary sequence,
in the tertiary structure of the protein they averfd in and around the peptidoglycan
binding cleft (Guan et al, 2005). Although the ntiatia in patient 6, asparagine 75 to
serine, is not one of the predicted peptidoglyaamacting residues, serine 75 is next
to tyrosine 74, which is predicted to be requireddeptidoglycan contact. The

mutation may therefore play a significant rolehe protein’s functionality.
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An asparagine to seine substitution is a consevatiange in terms of electrostatics
as both amino acids are uncharged polar amino.abi@sasparagines residue is
heavier than serine, 114.1D compared to 87.1DrafeseThe pK value of the

carboxy terminal of the residues are similar, aagiaes with a pK of 2.14 and seine
2.19. The pK values of theamino terminal of serine is higher (9.21) thart tfa
asparagines (8.72) (Voet and Voet, 1995). A sesulestitution also represents a
change in hydrophobicity as it has a hydropathy0d@ compared to the -3.5 of
asparagines (Kyte and Doolittle, 1982). The prinsryctural change is therefore a
conservative in terms of charge and polarity, lstits in a decrease in residue mass

and a slightly increased hydrophobicity.

A change in secondary structure is more difficolptedict. All secondary structure
changes are all predicted by PsiPred (Bryson @08)5; Jones, 1999). The accuracy
of this method is questionable. The crystal stmeebf PGRP-S at the protein
databank (1YCK) shows that structure has 5 hehoels7 strands. The PsiPred
prediction predicts 7 helices and 5 strands. Imsgeof the prediction of the number of
secondary structure, that is not a poor accuraoyweier, the positions of the
predicted secondary structures are grossly inateu® the predicted structures,
only one helix is corresponds to the actual helighat region.

Of the seven strands, only two of the strands ptediby PsiPred are in the correct
region. Not a single secondary structure positsoperfectly predicted. One of the
secondary structures that were predicted with asgegf accuracy is aghelix
reported to be found in all PGRP structures (Gua, 2005). In PGRP-S and all
short PGRPs examined this helix is preceded byaadtIn the PsiPred prediction of
Patient 6’s protein, the preceding strand is mggsgven though the mutation is not in
this area. Indeed, significant secondary structtitahges are predicted in Patient 6.
This is questionable. The mutation is the seconm@icid in a strand. Asparagine
and Serine are both short polar amino acids assethas turn and bend admirers

(Malkov et al, 2005). The amino acid substitutibl@ld therefore not disrupt the
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secondary structure. However, secondary strucameonly be accurately assessed by

circular dichroism spectroscopy.

The Swiss PDB viewer can be used to analyse tleetadf alternate residues on the
intramolecular contacts of a molecule, as welledatermine whether the
substitution is viable (Guex and Pietsch, 1997pakagine 75 is next to tyrosine 74,
a potentially peptidoglycan contacting residués therefore also situated in the
peptidoglycan binding cleft. What is overwhelminglgar is that the intramolecular
distance between residue 74 and 75 is decreasedniitant residue may therefore
be a steric hindrance in the binding of residu¢o/deptidoglycan. Furthermore, the
serine residue substitution results in the fornmtbhydrogen bonds with isoleucine
107 and glycine 108 that were not there befores Thuld also have a potential
negative effect by inducing rigidity in the moleeuhat may affect its ability to bind

peptidoglycan.

The changes to the protein brought about by themuésidue are not due the
residue itself, but rather due to its interplayhwits neighbouring residue. As it is
only one peptidoglycan binding residue, it is pbksthat the overall capability of the
mutant protein to bind peptidoglycan will not begated, but the protein will be
functional, albeit with a reduced capability to dimeptidoglycan.

4.6 Antimicrobial activity of PGRP-S

All PGRPS function as dimers (Lu et al, 2006). Tikiaot completely surprising as
DrosophilaPGRPs undergo ligand induced dimerization (Mdilettal, 2005). The
nature of these dimerization reactions is not cetady understood. The preferential
heterodimerization of PGRRulandp where co-expressed (Lu et al, 2006) raises the
guestion, how similar must PGRPs be in order tmfdimers? Would it be possible
for human PGRP-S and short PGRPs fi@rasophilato interact, dimerize, or even

form a functional complex?
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The pull down assays, which allowed crudi®sophilaprotein to interact with
PGRP-S fusion protein immobilized on a GST affimrtgtrix, did not yield any
interacting proteins. The reason for this couldHveefold. Firstly, it could be that
PGRP-S from humans and all the short PGRPs Boosophilacould simply not
interact. The proteins may just be too evolutidgatistinct to form functional
complexes or complex at all. Werner et al, whercdesg theDrosophilaPGRP
family aligned several PGRPs across different ggse@everal residues were
conserved but the primary structures of the prateiare not strikingly similar. As
the dimers are disulphide linked, it is possibiat tihese differences in primary

structure account for the inability to interact.

Secondly, the lack of interaction may be a functbthe environment the proteins
were allowed to interact in. The column may notheeappropriate medium and
perhaps does not represent the physiological dondithat would have allowed the
interaction to take place. The reaction may takein vivo, but not in vitro. This
can be tested by transfectiBgosophilaS2 cells with a fusion tag and a eukaryotic
promoter and subsequently purify any resultant dergs with affinity

chromatography.

The recombinant protein in this experiment did fiooin inclusion bodies as it did in
previous experiments. The protein may thereformberrectly folded. Furthermore
in studies that examined the activity of PGRP-8,giotein was produced in a
eukaryotic system (Cho et al, 2005, Lu et al, 2006 non-functionality of the
protein is highlighted by the complete absencentibacterial activity, even when the
reaction is supplemented with divalent cations (g/anal, 2007). It is not
inexplicable that the protein has no antibactexaivity as N-glycosylation is
described as an essential post-translational noadiibin required for activity, as
glycosylase complete negates antibacterial act{iatyet al, 2006). This study
demonstrates the lack of activity of a non-glycassdl version of the protein.
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The most likely scenario, however, is that thereriGRP protein, i.e. the signal
peptide and mature peptide, was cloned. As withynaamibacterial proteins, such as
the Cathlecidins, the proteins appear to be inaatittil the protein is processed. On
initiation of the project, PGRPs were not classedribacterial proteins, and the
signal peptide was classed as a putative signaideedo be able to perform this
experiment accurately, the following steps haviedgerformed. Firstly, the mature
peptide only needs to cloned in a eukaryotic sys@nte the mature peptide has
been purified, a glycosylase treated protein pipar can be used as a control to
confirm the necessity of N-glycosylation for actyviTo examine the effect of the
mutation observed in Patient 6, site directed nmeragis can be used to induce the
mutation, and the mutant protein can then be clooeerexpressed and purified and

used in activity studies and compared to the agtofi the wild type protein.

Although PGRPs are unique because they are N-gliatesl, they are not the only
glycosylated proteinacious antimicrobial agentggl@osylation is a post-
translational mechanism that is found, usuallyproline rich peptides. Drosocin
from Drosophila,lebocin fromBombyx moriformaecin from ants, diptericin from
Anopheles gambiagnd pyrrhocoricin fronfPyrrhochoris apteruare all O-
glycosylated peptides (Otvos, 2002). It is propodat membrane permeabilization
is not the primary mode of action of glycosylategfdes as the kinetics of
membrane permeabilization for pyrrhocoricin, dras@nd formaecins is slow and
usually requires hours of contact between the gegtnd the micro-organism
(Andreu and Rivas, 1999). These AMPs are propas&wtk by binding DnaK and
subsequently interfering with the bacterial proteilding mechanism, as this method
has been demonstrated by pyrrhocoricin (Kragol,&091). Although it has been
demonstrated that the murine PGRP homologue Tag7sfa cytotoxic complex
with Hsp70 (Saschenko, 2004) it is unlikely thatFFSS may function in the same
manner, as pyrrhocorin is a 20-mer peptide (Cowanet al, 1994), and therefore
able to enter the nucleus and disrupt the traosiatiachinery, while the 42kDa

PGRP-S monomer would be too large to function simalar manner.
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4.7 Alternate splicing of PGRP-S

Northern blot analysis of human PGRP expressisgi¢is showed that different

splice variants exist as transcripts of differenés were found in different tissues.
PGRP-S expressed in the bone marrow exists as,04b and 0.5kb
transcripts.1.4 and 0.9kb transcripts exist ing¥esral blood leukocytes and a 0.9kb
transcript in the foetal liver (Liu et al, 2001)oNtudies have been reported on the
functionality of the products of the splice vargntVhen cloning procedures from
PGRP-S has been described it is never mentionetsideatranscript was used.
Furthermore, although polymorphisms have been faumnchat is described as the
promoter region, there is nothing published abauméin PGRP-S promoters. This
may suggest that there is a degree of cross promsdge, although this has not been

examined. The field of PGRP-S regulation is tfeeean unexplored one.

The porcine PGRP-L isoforms are created by alteraaplicing. These isoform play
arole in the regulation ¢¥defensin in the pig (Sang et al, 2005). It cohleréfore

be useful to determine whether the alternate sphecmants of PGRP-S result in
different proteins. Furthermore no reports havenbreade about the regulation of

splice variation. It is possible that RNA editingynbe one such regulation factor.

4.8 RNA editing

All samples sequenced from genomic DNA have a €eblt position 80. The
MRNA sequence, however, has a T-allele in the daous . This is confirmed by all
the databases used to obtain genomic and mRNA seggieThis particular change
could represent an RNA editing event. RNA editiag been reported in eukaryotes
ranging from protozoans (Benne et al, 1986), hdeseind German cockroaches
(Xu et al, 2006) to mice (Powell et al, 1987; Someteal, 1991) and humans (Gott,
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2000). In humans, RNA editing contributes to andipdiversity (Miramatsu et al,
2007).

A basic RNA editing event is the deamidation of@3ye resulting in a Uracil
substitution in the transcript. Typically, thisedts translation and may cause an
amino acid substitution, the introduction of a teration codon or a new reading
frame due to the introduction of a new start cof®emuel, 2003). The CCC to TCC
change is a synonymous mutation. This is not uhefbut is not as common as
substitutions which induce a change (Gott and Ermarer2000). This silent change
could have other effects besides a translatiorahgé. It may change the RNA
structure, or, more importantly for PGRP-S it m#fg@ the RNA splicing allowing
for the selection of alternative splice sites. TQit T substitution from the genomic
DNA to mRNA may represent a mechanism for the petida of splice variants.
This is a completely unexplored field and couldgmtially yield important

information on the functionality of PGRP-S.

4 .8 Future directions

It is clear that there are still many potentialearef study in the genetic diversity and
functioning of PGRP-S. It would be advised to confthe existence of the mutation
in Patient 6 with further rounds of PCR closerte tegion of interest. The
polymorphism at mRNA position 27 and 110 can bémrgenotyped to determine
whether these polymorphisms are diseases assaciated

Most interestingly from a genetic point of viewtassexamine promoter and intronic
variation, as intronic variation appears to be nmm@mmon than polymorphisms in
the coding region. It is possible that potentiaRFFGdysfunction may be as a result of
aberrant splicing and regulation rather than protigisfunction as not much variation

ahs been reported in the protein itself.
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This study has demonstrated the importance of glglation for the functioning of
PGRP-S. The ideal set of experiments to performetbes would be to produce the
protein in cell culture and determine proteins th&gract in vivo. Furthermore, it
would be useful to know which human proteins PGRRt&acts with. Site directed
mutagenesis of the crucial peptidoglycan residuagldvdemonstrate their true value
in the protein.

Although the sample size of this study is too sn@lraw statistical conclusions,
there appears to be a trend that the protein datedisplay much genetic variation,
and that the Sub-Saharan African population dogsliffer from the rest of the
population in terms of this protein. The conseabf this protein may highlight the
immunological significance of the protein.

4.9 Conclusion

As with bovine PGRP-S, there is a very low frequeoicvariation in the coding
region of the protein, and even less variatiorharotein. The variation seen in the
Southern African population does not vary trememstiofrom the trends seen in
Europeans and Asians. The high degree of conservatithe PGRP protein within
mammals and human populations suggest that thecolelplays a critical role in
normal immune functioning. At present there is@abugh data to suggest am
association between PGRP, HIV and tuberculosis.d¥ew there are still many
research questions about the protein that cankesl gparticularly with the recent

literature associating the protein with clinicaekses.
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APPENDIX

I) ETHICAL CLEARANCE, SUBJECT AND PATIENT INFORMATI ON
Subject Information Sheet

Hello

We are Drs Ntwasa and Sarkin and we are doingdy stusee why certain people are
prone to infection by TB and HIV. This study maybét medical practice in the
future because it could contribute to our undeditemof how we respond naturally
to infections and how we can devise means to proigselves from germs. To do
this we need a small amount of blood from you (18rabout two teaspoons). This
blood will then be examined by our team of researshWe will only use your blood
to test for the differences or variations in thetmoglycan recognition protein or
PGRP gene. These variations may affect the funai@m important cell component
called Toll. Toll and PGRP are present in all hurhaimgs but slight differences in
these cell components may occur from person tapek/e would like to investigate
this because these slight variations may provestodeful in identifying people who
are prone to developing HIV and TB infections.

The results of tests done on your blood samplebeilkept confidential and will only
be used by this select group of researchers. THudtseof these test are still
investigational and therefore at this stage cabeaised to alter your treatment.
There will be no personal benefits to you. Youfaee to choose whether you wish to
participate in this study. You are not under argspure to take part. You may also
withdraw at any time you wish if you feel you nageer want to be part of the study.

The removal of blood will be done during routineasxnation in the hospital. This
means an extra tube will be taken when other sagrkedone as part of care in the
hospital. There is no risk to this procedure, anlittle pain (the prick of a needle)
and perhaps a small bruise. The procedure willds®opmed by a qualified hospital
staff member.

We will also ask you to complete a short questiaenahich asks simple questions
such as your language, place of birth and thabaf yamily.

We thank you very much for showing interest
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PATIENT QUESTIONAIRE
NB: A translation is possible when required
We are studying cells in patients with infectiofbis may help science to find out

why certain patients have these diseases. Youoduadit continue to explain the
nature of your medical conditions. All informatiwsill be strictly confidential.

Patient Number e.qg. 1-50
YOU
Place of birth HArce Coyn

Home language

YOUR PARENTS

Your mother Your Father
Place of birth Place of birth
Province Country Province Country

YOUR GRANDPARENTS

Your mother’'s mother Your Father's moher

Place of birth Place of birth

Province Country Province Country
Your mother’s father Your Father’s father

Place of birth Place of birth

Province Country Province Country
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CILEARANCE CERT{FICATE, PROTOCOL NUMBER M040242

PR

Peptidoglycan rocognition protein (PGRP)
polymorphismy in TB und AIDS patients.

INVESTIGATORS Dr M Ntwasa et al

DEPARTMENT Molecnlar & Cell Biology
ATE CONS ED 04.02.27

DECISION OF THF. COMMYTTEE* Approved unconditionally

DATE 04.04.26 CHATRPRRSON _........

*Guidelines for written ‘infortned consent’ attached where applicable
ec: Supatvisor : Dr M Ntwasa

DECUARATION OF INVESTIGATOR(S)
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contemplated from the research procedure as approved Uwe undertake to regubmit the protocol to the
Committee. { agroe to a completion of a yesrly progress repoct,

PLEASE QUOTE THE PROTOCOL NUMBER [N ALL ENQUIRIES
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I) MATERIALS AND METHODS

Table7: Reagents for DNA techniques:

50X TAE: 2M Tris, 5.7% glacial aceticdydd.5M EDTA pH 8.0
Solution 1: 50mM glucose. 25mM Tris, 10mM E®OPpH 8.0
Solution 2: 0.2M NaOH, 1% SDS (w/v)

Solution 3: 3M NaCkCOO

Ethanol acetate: 96% (v/v) absolute ethanol, 4% (v/v) 3M N&COO

Table 8 Reagents for Protein Electrophoresis

SDS-PAGE sample buffer:0.225M Tris-Cl (pH 6.8), 50% glycerol, 5% SDS, 05%
bronhemol blue, 0.25mM DTT

SDS-PAGE electrophoresis buffer: 0.5M Tris Base, 1/92M glycine, 0.5% SDS

Coomassie blue stain:0.1% Coomasie blue R-250 (w/v), 10% acetic a®idp

ethanol

Destain solution: 40% methanol, 10% acetic acid
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Table 9: Reagents for protein extraction and purification
Cell lysis buffer: 25 mM Tris, 150 mM NacCl, 0.2% SDS, 0.5 mM

PMSF (Sigma), 1g/ml aprotinin, 4.0 mM
Pefabloc (Roche)

RIPA buffer: 1x PBS, 1% Nonidet P-40, 0.5% sodium
dioxycholate, 0.1% SDS

GST purification kit: BugBuster protein extraction reagent, and 10|,

000 units benzonase

GST bind wash buffer (10x):43 mM NaHPQ,, 14.7 mM KHPQy,, 1.37 M
NacCl, 27 mM KCl pH 7.3

GST elution buffer: 500mM Tris-HCI pH 8.0100mM glutathione

GST mag agarose beads: 50% slurry, 0.05 M N&HPO, pH 7.5, 0.15 M
NaCl, 0.1 M NaN

Protease inhibitor stocks 10 mg/ml PMSF (Sigma), 20 mg/ml Pefabloc

(Roche), 1mg/ml Apportionin (Roche)
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Table 10: Lists of kits and suppliers

CAT
KIT SUPPLIER NUMBER
QIAmp DNA Blood midi Kit Qiagen 51183
QIAmp RNA Blood mini Kit Qiagen 52304
Acess RT-PCR kit Promega A1250
p-GEM-T Easy Vector system Promega A1360
GenElute™ Gel Extraction kit Sigma NA1111
SyBm® Gold nucleic acid stain Invitrogen S-11494
BL21(DE3)pLysS competent cells Novagen 69451-3
GST-Bind™ Purification kit Novagen 70794-3
GeneRule™100 basepair plus Fermentas SM0321
PageRuler™ Prestained protein ladder Fermentas BMO06

Table 11 List of specialised equipment

GeneAm® PCR system 2004

Applied Biosystems

Dark® reader

Clare chemical research

G: Box Chemi XL gel documentation system

Syngene

GS-800 calibrated scanning densitometer Biorad
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Figure 21: pGEM®-T Easy Vector circle map and sequence raterg@oints.

T7 RNA polymerase transcription initiation site 1

multiple cloning region 10-128

SP6 RNA polymerase promoter (—17 to +3) 139-158
SP6 RNA polymerase transcription initiation site 141

pUC/M13 Reverse Sequencing Primer binding site 6-197

lacZ start codon 180

lac operator 200-216
B-lactamase coding region 1337-2197
phage f1 region 2380-2835
lac operon sequences 2836-2996, 166—-395
pUC/M13 Forward Sequencing Primer binding site 4RPI72
T7 RNA polymerase promoter (=17 to +3) 2999-3
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Figure 22: pET-41a Vector circle map and sequence referpairgs

T7 promoter 1167-1183
T7 transcription start 1166
GSTeTag coding sequence 436-1095
HiseTag coding sequence 397-414
SeTag coding sequence 310-354
Multiple cloning sites

(PshAl-Xhol) 174-265
HiseTag coding sequence 150-173
T7 terminator 26-72

lacl coding sequence 1574-2656
pBR322 origin 3850

Kan coding sequence 4559-5374

F1 origin 5474-5921

109



URLSs for databases:

Reference sequences and data mining

BLAST: http://www.ncbi.nIlm.nih.gov/blast/Blast.cgi

Clustal W: http://www.ebi.ac.uk/Tools/clustalw2/index.html

SNP verification

dbSNP: http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&breearch&term=
Ensembl: http://www.ensembl.org/index.html

JSNP: http://snp.ims.u-tokyo.ac.jp/

SNPer: http://snpper.chip.org/.

UCSC genome brower:http://genome.ucsc.edu/

Proteomics analysis
RCSB protein database:http://www.rcsb.org/pdb

PsiPred secondary structure prediction serverhttp://bioinf.cs.ucl.ac.uk/psipred/

Swiss PDB viewerhttp://www.expasy.ch/spdbv/
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[ll) Results

>ref[NT_011109.15|Hs19 11266:¢18795026-18790173dapiens chromosome

19 genomic contig, reference assembly

AGCCT TGGACCT GGCCGAAGGAAGT GT TTTTAAAATGGGTAGCT TTGT TACCT CAGT CCT TGCGGGGAGA
AGATGT GCCAAT GCCCCGEECCTCTGCGATGTAAGT TCCTGT TGAGT TGT TCAATGT TCCACTGAGAGGA
GAGACAAGCAGGACCGGEGAT CCCGEECCCCEEET CTTCCAGAAACGECGEEECGAAGCGCCCAGGEECCTG
TGCGT CCCTCCCT GCT GAGCGAGGGEGEGECCT GT CAT TGCCGT GGGECGT GACCCAGACCCCAACCACAGT GC
ATCCCECCCT GEGCCCAGCCAGAGAAGGAAGCT GAGT CTGGEGGT CTGCTGGECCAGCAGGAAGT CCCAGCA
GGGTGTGAAGCAAGACT TTCCGGECCACT CCTGGAAT CCCCCAGCAGAT AAAGGCGGECCCCT CCACCGEG
CGCTCCTAGCGGT CTCCCGGACCCT GCCGCCCTGCCACTATGT CCCGCCGCT CTATGCTGCT TGCCT GGG
CTCTCCCCAGCCT CCTTCGACT CGGAGCGECT CAGGAGACAGAAGACCCGECCT GCTGCAGCCCCATAGT
GCCCCGGAACGAGT GGAAGGCOCCT GECAT CAGAGT GCGCCCAGCACCT GAGCCTGCCCTTACGCTATGT G
GT GGTATCGCACACGGCGGEGECAGCAGCT GCAACACCCCCGCCT CGT GCCAGCAGCAGGCCCCGAATGTGC
AGCACTACCACAT GAAGACACT GGGECT GGT GCGACGT GGGCTACAAGT GAGT GT GGCAGGGEGEGEGECACGEG
CTGGACT GGGGAT CCCAGAGGCAAAGGT GT GCAAGT GCCCGCCAGCGEGACCATTTCTAGGCCTGGT GCT
GAGGCCACCTGGCTGACACCCT GAGCAGCTTACTGAACCT CACAAGGT CATTTCTTCCT CGGGT CACCAC
GT GEGECCGEEECAGGT GCTCACAGCACAAAGAT GCGT GAGAAGGGGEGEGAT GEGCT GAAAT CCAAGCCCCG
CTCCCGCTCCCGGEGAAGAAGEEECAGECT TTGCCTAACACACACCAAGGT GTCCGCGACGCCTTATGAAG
GCGCCCCTTCCTGATGCCTGGT GCCTTTGT TAGGAGECGGAAAACCAGECT GACT CAGT GCGGAGCT GGG
TTCCAGGGTCAGCTCATCTTATTGCTGGECTGAGGCCT GEGEECEEGTCCTCCCGECT TCAGCTTCCTCCTC
GGCAAAGT CAATGGAAT CGCGGCCCATCTGCTCCT TATAT GAGCCAAT ACAGGCAAAGCACCTAGGAACT
GCCTGGECACACGGEGEEGECCCGECAAAGCCACGEECTATTACCAT TAGGCACCTACTATGT GCCAGGCAGT GT
GCCAGATGT GGCATGGAGAACGGT GCCACT CTAGCCT CCT GGGGT TGAAAGACCAGCAGGGAGAAACAAG
CCAAGGCCACAGGT GAATTCAGACGGT GATAGAGGCGAT GGATAAAAGGAAAGAGGT GAGCGAGGGT GAC
CTCAGGCTGGGACCAGACCCACACAGCECTCCT TGGAAGGGT GBGECAAGCGAAAGCCT CCCTGAGAGT GG
CTGCCTTGGCT CTGGGAT GGEGEGAGCAGACAGAGGECCT GCAGGT GEGCAGEEEGET GCTGGGEEECAAAGCCA
ACGGCGGT TGAGT GGECGEGET CCT GT GGGAAGGACAGEGT GGCT GAACACAGCCGGGECGAGCGGAATGAAA
TGAGGAAAGGGCAGGACCAGGECAGGECT TTGTGGACCACAGT GAGGACTGTAGCT TTTACTCCGAGAT GG
GAGCCAT GGGAGGCT TCCCOCCCGCAGAGCAGGGACCAGCCECTAGT GTAGGTACAAGAGACT CCCTCTGGC
TGCTGI GGGGAGAACAGACT GTAAGGGEGT GCCGGECT GAAGCAGGCT GAAGCAGGT CCGGGEGECCACGCCTA
CCAGCTACCTCCTCCTTAGAAT GGGCTGCAGT CCAGCCT GACGGT TTCCACAGGGAGGGAACTTTCAATC
CTGCAGGCTCTCAGACCCAGGTAAGCATCAGAATCTCCT GCAGAGCT TAT TGGAGGAACAT GCAGGT CCC
CAGAGACCACTTCAATAGACCCCACCCAGGGGACACATGT TCTCAGGACCTCCTAAGCCTGT GTCTCACA
CACACACACACACAAAACCCACCCAGAGAAGT CTAGAAGT GTCCAAAGGTATTCCCAGCCCTTCCAGITC
AAGATTTTATCAAAGACTCCAACTTCAACATTTTGI TTCCAAGACTCAGGCGCTCTGATCCTAAGTGITC
CCATGAGGT CACGAAGGCCCGAGCCT CGGGT CCACAT CACCACAT ACAGAAGCAGCCGCT GT CTGECCCT
CAGCTTTTAGGATTCCGAATCTGGT TCTAACGT TCTGAATCCCCT TTCCATGT CACGTCACCTTCTCTCT
CTGAGCCTCGT TTCTTCACCTGTAAATGGGECT TCTGACT GTACCCGCT TGECGATGGT GECTGAGGT TT
CAATGAGATGCAT TCATGCAACAAAT GACCAGGGAGAACCAACCACCCCCGACCCCAGCACCATCATGCC
AGGCT CCGGGAATAT GGCAGEECCATAACCAGCCAGT CCCAGCAGCCAGCAT CACCAGCAGGGCCATAAC
CAGCCAGT CCCAGCAGCCAGCAT CACT GGEECCAGAT TCTGGGAGCT GGCT TCCTAAGCAGCAGATTCGG
GACTCAAGATTCGGAAGT TCCGACATTCTGT GCGT CAT TAAT GACACT GT GAGCGCGGEEEGECTGAGI TGG
CACATACTGCAGCTCCAAGGCACTGATCTTCTAGT TCATTCCCATTTGCCAAGT CAGACACGCTCAATCA
GATGT GCTGAATGAATCAGCCT TAAGGAT CTGCTGCCAGGCT TGCGAACCT CAAAGAGGECAGGT GCTGGEG
GCTCCAGGGTCGGTATCTGGT TACGACCCCAACTTTGAGT CTGT GATCCTGI CCCCCAGT GGACCCCGAG
GGCAGGAAGCAAGCT GGGGECAAAGGCAGAGT TCTGAGAGECAGGEEECTCTGAGTAGCTTGTACAAATTA
TGTCGCTTTCTGAGT CTCTGCTCTCTCTGCT TAAGAT GAGGAT GATAAGAGT CCCTGCCT TGECTGGGECA
CGGTGACTCATGCTTGTAATCCCAGCACT TTGGGAGCCCAAAGCCGEECAGAT CACCT GAGGT CGCGAGT
TCGAGACCAGCCT GGCCAACAT GGTGAAACCCCATCTCTACTAATAATACAAAAAT TAGCCGGGTGTGGT
GGCTCATGCTTGTAATCCCAGGT ACT CAGGAGGCT GAGGCACGAGAAT CACT TGAACCCAGGAGGECAGAG
GTTGCGGT GAGCTGAGAT CACGCCACT GCACT CCAGCCT GAGCAACAAGAGT GAAACCCCGT CTTAAAAA
AAAAAAAAAAAAAAAGT CT CTGCCT CAGAGGEGCT GTCCTGCAAGGAT TCAGTAAAACAGGACTTCCACAA
ATCCT CT AGGGAGGCAGGAGAGAGCAACGCACAAGAT CACAT GGGT GGGGACCATGGAGGCCTGGT TAAA
AACCCCAGCT GT GCCCCAGACAGGECT GT GT GACCCCGGGEGECAGGTGATTCTACCGCTCTGATTCTGTCTA
TATAAAACGGGEGEGT GATAGT GACT CACAGGGT TGCTGT GAGGAT GGAAAAAGGT GTATGCAGAGCTGTGC
TTGGCACATGGCAGGGGECCCAATAAATGACCACAGTCATTGT TACTATCGIGCGAAAT TAACGCGT GAGA
AGGATGCTGGCGAAGT TGT GT GCACCACGGECAGT AACGGAGGECAGEGT GAGT GGAGGAAGGAGGAGGAGT
CCTCCTCGGGAAACCCT CCCTCACT CATCAAGCCCCCCCACCT CCCCATGCAGCT TCCTGATTGGAGAAG
ACGGCECTCGTATACGAGGECCGT GGCT GGAACT TCACGGEGT GCCCACT CAGGT CACT TATGGAACCCCAT
GTCCATTGGCATCAGCTTCATGGGECAACTACAT GGGT GAGT GACT GT CCAGCCAGT TGGGATGEEEECTG
ACACGEEECCCTACGCTATCACT TCCCCT TCGEGGAAGCCCCTGCCTGACTCCTACCTCTGCCTCCTCCA
GATCGGGT GCCCACACCCCAGGCCAT CCCEECAGCCCAGEGT CTACT GBCCT GCGGT GT GECTCAGGGAG
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COCTGAGGTCCAACTAT GT GCT CAAAGGACACCGGGAT GTGCAGOGTACACT CTCTCCAGGCAACCAGCT
CTACCACCT CATCCAGAAT TGBCCACACT ACCGCT COCCCT GAGGCOCCT GCT GAT COGCACCCCATTCCT
COOCTCOCAT GGOCAAAAACCCCACT GTCTCCT TCTCCAAT AAAGATGTAGCTCAAAATGTGTTCCTCAG
CAGGTCOCACCACACACCTCCOCT CCTTCTCT COCT CCCACAAGACCAAAGCCCT COCACCCCT TOCCCT
COCAGCACTCTCCT CACT GGTGCT TGGAACCCAGAGGCCCCGREOCCT GAACCAAGACCCCGGAGAT COCA
GCTCGAGAGCAACAT CACAGCT CAGAACCCAGAGGT CTCAGGT CAGAGOCCAGGAAT CAGCACCAAGGCG
GOOGGGAT GT CACCAACAGT GGGT CCT GBGGGT CCTCCT GBGCAGT GAACCACGCT GCAAGACACCTCCT
TCOCCACCACACAGOCAAAGGCAT CCTGCGCAGAAACT TTGCT TGGACT CCT T TAGGGACGGGCTGCTCAC
TACTCCTCOCAGGT CTGCCCTTGCACTGT T TAGAGAGT GTACAAGCT TTTCCTAGGCCTGAGT COCAATC
TGCCTCOGAGGCACAGACACACAG

Figure 23: Genomic sequence of PGRP-S. Exons are highlightedld and primer

binding sites indicated

AF076483 Honp sapi ens peptidogl ycan recognition protein precursor
(PGRP) nRNA, conpl ete cds

CCCGECCCCT GCCECCCTGCCACTAT GT CCCGCCECTCTATGCTGCTTGC

CCEEE0GCTCCTAGCGGTCT

CTGGEGECTCTTCCCAGCCT CCT TCGACT CGGAGCGECT CAGGAGACAGAAGACCCGECCT GCTGCAGCCCC
ATAGT GCCCCGGAACGAGT GGAAGGCCCT GGCAT CAGAGT GCGCCCAGCACCT GAGCCTGCCCT TACGCT
ATGI GGT GGT AT CGCACACGECEEGECAGCAGCT GCAACACCCCCGCCT CGT GCCAGCAGCAGGECCCGGAA
TGT GCAGCACTACCACAT GAAGACACT GEGCT GGTGCGACGT GGGCTACAACT TCCTGAT TGGAGAAGAC
GGGECTCGT AT ACGAGGEGECCGT GECTGGAACT TCACGEGET GCCCACT CAGGT CACT TAT GGAACCCCATGT
CCATTGGCATCAGCT TCATGGGECAACTACAT!

Figure 24: mRNA sequence for PGRP-s, with areas that will aleatte into exos
highlighted
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DNA Sequences for mutant Patients

>Patient 6 (HIV)

1 GGCCGCTCCTAGCGGT CTCCCGECCCCT GCCGCCCTGCCACTATGI CCCGCCGCTCTATGC
61 TGCTTGCCT GEECTCTCCCCAGCCT CCT TCGACT CGGAGCGGECT CAGGAGACAGAAGACC
121 CGGCCTGCTGCAGCCCCATAGT GCCCCGGAACGAGT GGAAGGCCCT GECATCAGAGT GCG
181 CCCAGCACCT GAGCCTGCCCTTACGCT ATGI GGT GGTAT CGCACACGGECGEGECAGCAGCT
241 GCAACACCCCCGCCT CGT GCCAGCAGCAGGECCCGGAATGT GCAGCACTACCACATGAAGA
301 CACTGGEGCCTGGT GCGACGT GGGCTACAGCTTCCTGATTGGAGAAGACGGEECTCGTATACG
361  AGGGCCGTGGCT GGAACT TCACGGEGT GCCCACT CAGGT CACT TATGGAACCCCATGT CCA
421 TTGGCATCAGCT TCATGGGCAACT ACAT GGAT CGGGT GCCCACACCCCAGGCCAT CCGEG
481 CAGCCCAGGGT CTACTGGCCT GCGGT GTGECTCAGGGAGCCCT GAGGT CCAACTATGTGC
541 TCAAAGGACACCGGGAT GT GCAGCGT ACACTCTCTCCAGGCAACCAGCTCTACCACCTCA
601 TCCAGAATTGGECCACACTACCG

>Patient 12 (HIV/TB)

1 GGTCTCCCGEECCCCT GCCGCCCTECCACTATGTCCCGCCCCTCTATGCTGCT TGCCT GGG
61 CTCTCCCCAGCCT CCTTCGACT CGGAGCGECT CAGGAGACAGAAGACCCGECCT GCTGCA
121 GCCCCATAGT GCCCCCGAACGAGT GGAAGGCCCT GGCAT CAGAGT GCGCCCAGCACCTGA
181 GCCTGCCCTTACGCTATGT GGT GGT AT CGCACACGGCGEEGECAGCAGCT GCAACACCCCCG
241 CCTCGT GCCAGCAGCAGGCCCGGAAT GTGCAGCACT ACCACAT GAAGACACT GGCECTGGT
301 GCGACGTGGGCTACAACT TCCT GAT TGGAGAAGACGGGECT CGTAT ACGAGGGECCGT GECT
361 GGAACT TCACGGGT GCCCACT CAGGT CACT TATGGAACCCCATGT CCATTGGCATCAGCT
421 TCATGGGCAACT ACAT GGAT CGEGT GCCCACACCCCAGGCCAT CCGEECAGCCCAGEGTC
481 TACTGGCCT GCGGT GT GGCT CAGGGAGCCCT GAGGT CCAACTATGT GCTCAAAGGACACC
541 GGGATGT GCAGCGTACACT CTCTCCAGGCAACCAGCTCTACCACCTCATCCAGAATTGGT
601 CAC

>Patient 15 (HIV)

1 CTATGTCCCGCCCCTCTATGCTGCTTGCCTGEECTCTCCCCAGCCTCCTTCGACT CGGAG
61 CGGCTCACGAGACAGAAGACCCGECCT GCTGCAGCCCCATAGT GCCCCGGAACGAGT GGA
121  AGGCCCTGGCATCAGAGT GCGCCCAGCACCT GAGCCTGCCCTTACCCTATGT GGTGGTAT
181 CGCACACGGCGEEECAGCAGCT GCAACACCCCCGCCT CGT GCCAGCAGCAGGCCCGGAATG
241 TGCAGCACTACCACAT GAAGACACT GGGCTGGTGCGACGT GEGCTACACCTTCCTGATTG
301 GAGAAGACGGEGECT CGTAT ACGAGGGECCGT GECTGGAACT TCACGEGTGCCCACT CAGGTC
361  ACTTATGGAACCCCATGI CCATTGGCATCAGCTTCATGGGCAACTACATGGATCGEGTGC
421 CCACACCCCAGGCCATCCGEEGCAGCCCAGGGT CTACTGECCTGCGGT GTGGCT CAGGGAG
481 CCCTGAGGT CCAACTATGT GCT CAAAGGACACCGGEGATGT GCAGCGTACACT CTCTCCAG
541 GCAACCAGCT CTACCACCT CATCCAGAAT TGGCCACACTACCGCT CCCCCTGAGECC

>Patient 27 (HIV)

1 CCCTGCCGCCCTGCCACTATGT CCCGCCAECTCTATGCTGCT TEGCCTGEECTCTCCCCAGC
61 CTCCTTCGACT CGGAGCGGCT CAGGAGACAGAAGACCCGGECCT GCTGCAGCCCCATAGT G
120 CCCCGGAACGAGT GGAAGGCCCTGGECAT CAGAGT GCGCCCAGCACCTGAGCCTGCCCTTA
180 CGCTATGTI GGTGGTAT CGCACACGGECGGEECAGCAGCT GCAACACCCCCGCCT CGT GCCAG
240 CAGCAGGCCCGGAAT GTGCAGCACTACCACATGAAGACACT GEGECTGGTGCGATGTGEEC
300  TACAACTTCCTGATTGGAGAAGACGGGECT CGTATACGAGGGECCGT GGCTGGAACT TCACG
360 GGT GCCCACT CAGGT CACT TATGGAACCCCATGT CCAT TGGECATCAGCTTCATGGGCAAC
420  TACATGGATCGGGT GCCCACACCCCAGGCCAT CCGEGCAGCCCAGGGT CTACTGGECCTEC
480 GGT GTGGCTCAGGGAGCCCT GAGGT CCAACTATGT GCTCAAAGGACACCGGGATGT GCAG
540 CGTACACTCTCTCCAGCCAACCAGCTCTACCACCTCATCCAGAATTGGCCACACTACCGC
600  TCCCCCTGAGGECCCT GCTGATCCGCACCCCATTCCTCCCCTCCCATGECCAAAAACCC
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Table 7. Table of individual patient genotypes

Sample Status| 27 80 110 320 651
Patient 1 HIV/TB| CA CC GG CT CC
Patient 3 control| CA CC GG CC CC
Patient 4 control| CC CcC GG CT CcC
Patient 6 HIV CC CcC GG CT CT
Patient 7 HIV CA CC GA CC CcC
Patient 10 HIV/TB| CA CC GG CcC CC
Patient 11 HIV/TB| CA CC GG CT CC
Patient 12 HIV/TB| CC CC GG CC CT
Patient 15 HIV CA CC GG CT CC
Patient 16 HIV/TB| CC CC GG CC CcC
Patient 18 HIV AA CC GG CcC CC
Patient 24 HIV CA CC GA CT CcC
Patient 25 HIV CA CC GG CC CC
Patient 27 HIV CA CcC GA CT CcC
Patient 29 HIV/TB| CA CC GG CT CC
Patient 30 HIV/TB| CC CC GG CC CcC
Patient 31 control| CA CC GG cC CcC
Patient 34 control| CA CcC GA CC CC
Patient 36 control| CA CC GG CC CcC
Patient 43 HIV CC CC GG CC CC
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