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Abstract:

The defensins have been shown to be an important component of the innate immune system across
many species from plants to man. To date a totad of 14 beta defensins have been identified within
the chicken genome and anti-microbial activity of an array of these peptides against pathogens has
been demonstrated. The innate immune system has been shown to be important in chickens during
the first week of life when exposure to pathogens in the environment occurs and the adaptive
immune system is not fully developed. The research presented in this thesis attempts to investigate
the effects of bird age (aged 0, 7, 14 and 35 days), genetics and rearing environment on
components of the innate immune system. A farm trial was performed using three lines of Aviagen
birds (lines X, Y and Z) and two distinct rearing environments (low and high hygiene farms).

To determine which of the 14 avian beta defensins (AvBD) to investigate, a panel of potential
single nucleotide polymorphisms (SNPs) within the AvBD locus was submitted as part of an
Aviagen Ltd genomics initiative. Frequencies of the polymorphisms across the three lines of birds
were determined. From these data, gene expression of AvBDsl, 4 and 10 were fully investigated
using end-point PCR and then quantitative real-time PCR (QRT-PCR). A pronounced finding from
the gRT-PCR was the marked intra and inter-group variation in gene expression levels, which lead
to few statigtical significant differences. All three genes were shown to be expressed across a panel
of ten tissues analysed, but distinct patterns were also seen. Significantly AvBD1 gene expression
in the duodenum indicated that of the 7 day old birds the line X birds reared in the low hygiene
environment had the highest level of gene expression. In relation to AvBD4 gene expression, the
highest level was observed in the spleen of the O day old birds, but overall environment did not
appear to affect AvBD4 gene expression of the tissues examined. High levels of AvBD10 gene
expression were observed in bird kidney and testicle tissue, but again environment in the case of the
former tissue did not appear to statitically affect gene expression levels, the YH 7 day old hird
testicle samples did have statisticaly significant higher expression levels compared to the other
groups.

The SNP anaysis reveded three non-synonymous polymorphisms within the AvBD1 mature
peptide locus. The three lines of birds had quite different patterns of these polymorphisms and so
three different forms of the peptide along with a single form of the AvBD10 peptide were
synthesised using a bacterial hyper-expression system. Peptide levels were quantified using an
ELISA and subsequently tested in a bacterial time-kill assay using Salmonella enterica serovar
Typhimurium phoP, Saphylococcus aureus and two strains of Enterococcus faecalis. All
recombinant peptides showed anti-microbial activity against the bacteria tested. The exception was
a clinical isolate of E. faecalis which showed resistance to the killing activities of recombinant
AvBD10 peptide. Duodena gut protein extracts were also tested using the same bacterial assay and
marked differences in the anti-microbial activities of these samples were seen. The samples taken
from the day 0 birds were found to have significant anti-microbial activity compared to those of the
older birds. LC/MS identified differencesin the proteomes of the respective gut extracts.

These data support that bird genetics, age and the environment have an effect on AvBD gene
expression and gut anti-microbial activity. These differences are not uniform for all genes and
groups of birds, but clear patterns were observed.
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Chapter 1: Introduction

1.1: An overview of innate immunity

Innate immunity is an organisms first line of deferagainst attack from pathogens and it
forms the non-specific fast response unit of thenume system. It is often thought of as
a primitive form of the immune system since itasiid in the simplest of organisms, for
example molluscs and crustaceans (Hancock and IL&B88) and provides protection

against bacteria, viruses and parasites that clgaléhe host.

The innate response is triggered in response talyhigonserved motifs such as
lipopolysaccharide, peptidoglycan and double-steandRNA which are collectively
known as pathogen-associated molecular patternsMA\  These PAMPs are
recognised by pathogen recognition receptors (FRfR)e host. The PRR and PAMPs
are highly conserved across species and differ&RsPreact with specific PAMPs
(Akira, Uematsu et al. 2006). The innate immunstesy minimises the pathogenic
challenge to the adaptive or acquired immune systenich is slower to be activated
although is more specific in its response. Thee several components of the innate

immune system including;

» Physical anatomical barriers e.g. skin, nasal ggssand integument
* Physical processes e.g. peristalsis and mucogillcdearance in the upper
respiratory tract

» Chemical barriers e.g. gastric acid and mucin



» Phagocytes and macrophages (monocytes in circa)atio
* Anti-microbial substances e.g. hydrogen peroxid# rtric acid
» Secretion of proteins and peptides;

0 Microbial binding lectins and pentraxins

o Anti-microbial proteins and peptides

o Complement

o Interferons and other cytokines

The innate immune system is particularly importamtthe respiratory, gastro-intestinal
and reproductive systems, all of which are typifigttheir epithelial nature. Equally, all

of these systems are constantly challenged by gatisin the surrounding environment.
1.1.1: Innate immunity of the gastro-intestinal (Gl) system

The gastro-intestinal system is under a constargathfrom opportunistic pathogens
found in feed and drinking water. The innate immwystem is closely regulated in the
healthy individual so that gut homeostasis can 0eru responses are only generated
against non-self organisms when appropriate. Irsrtdb be achieved, a degree of self-
tolerance must exist so that the host is not dathagédne major cellular components of
the mammalian Gl innate system include goblet délid produce mucin, Paneth cells
that produce anti-microbial peptides and dendadglls that present luminal antigens to
the epithelium. Other barriers that form part lostsystem include the effects of gut

peristalsis and locally secreted products suclaasig acid.



1.2: Theroleand effects of the commensal gut flora

The intestinal gut flora has been shown to infleetiee normal structural and functional
development of the mucosal immune system and a lewel of homeostasis and
tolerance of these bacteria exists. Bacterialrasfgion occurs straight after birth or in
the case of birds, hatch, and is influenced by renment, genetics, age, diet and
administration of antibiotics (Hopkins, Sharp et 2001; Vaahtovuo, Toivanen et al.
2003). Germ-free reared animals emphasise thertampe of this bacterial population
by showing increased susceptibility to infectioiH@ra and Shanahan 2006), although,
this has been shown to be a reversible phenomdioavifog reconstitution with bacteria
(Umesaki, Okada et al. 1995). It has also beemvshio the rabbit that there is under-
development of gut-associated lymphoid tissue inmgieee reared individuals (Rhee,
Sethupathi et al. 2004). The interactions betwé&ennticroflora and the gut mucosa are
extensive and complicated, and often only recognwken there is a disruption in the
symbiotic relationship. Clinical diseases such ash@s disease, ulcerative colitis and
inflammatory bowel disease have been associatddamiisruption in this population of
bacteria (Gophna, Sommerfeld et al. 2006; WilliHglfvarson et al. 2009). However,
identification of such populations can be difficalie to an inability to culture these
bacteria out of the host, although new approacbhek as metagenomic sequencing are
facilitating the identification of human and aninmicrobiomes (Kuczynski, Costello et

al.2010; Nelson, Weinstock et al.2010).



In the chicken the microbiota has been shown tabéish within 24 h of hatch but

density, and diversity, increase in the more distglons of the guts. The use of probiotic
bacteria in feed can affect this microflora and barof benefit to the host (Forsythe and
Bienenstock 2010). Such benefits include weigtih @nd reduced mortality through a
decrease in the capacity of enteric pathogenstdachratind colonise the chicken intestine
(Brisbin, Gong et al. 2008). The full role and étion of the commensal population is
still being investigated, but work published so $aiggests that it forms an important
component in maintaining a healthy gut environmamd affects local immunity by a

series of complex interactions (Tsuji, Suzuki et28108). It is highly feasible that the

AMPs help establish and maintain the relationsl@pwieen the host and the commensal

gut bacteria population (Salzman, Hung et al.2010).

Bacteria such aSalmonella and Campylobacter are capable of residing in the chicken
intestine without giving rise to clinical symptonmsthe birds; however as such they form
a major reservoir of these pathogens, which thraihghconsumption of contaminated
poultry products can potentially cause food poisgni Approximately 65% of poultry
meat products were found to harb@ampylobacter species and 6%almonella species

according to figures from the Food Standards Agefwayw.food.gov.uk-10.03.10).

While high, these figures actually reflect a markeduction in the case &lmonella
carriage over the last 20 years, and are evidehtteesuccess of vaccination and tighter

biosecurity measures within the poultry industry.



1.3: Overview of anti-microbial peptides and functionality in

vertebrates

Anti-microbial peptides (AMPSs) are a highly consst component of the innate immune
system (Ganz and Lehrer 1995), and their functitenge been shown to be extensive.
These peptides are synthesised by a variety o eelll tissue types including epithelia,
neutrophils and macrophages (Hancock and Lehre8)12thd are described as being
positively charged, amphipathic and less than 1@@na acids in size (Huttner and

Bevins 1999). Their presence has been identifteds diverse organisms as plants,
insects and animals. The former two genera laeptce immune systems and so the
presence of AMPs emphasises their origin as a sirmptl conserved component of the

immune system.

Reported functions of AMPs have focused on antirotiial activities against bacteria,
yeasts, and fungi, but in addition there are regubeffects on tumour growth, wound
healing, angiogenesis and immune-modulation (Lal &allo 2009). Non-immune

speculated functions include transporting metas i{rause, Neitz et al. 2000) and in the

development and protection of sperm (Com, Bourgeai. 2003).

Three different models have been proposed to desdhe anti-microbial actions of

AMPs. These include (i) Barrel-stave pore creatidrere the peptides integrate into the
cell membrane of the target organism and creat@ea ghannel, causing cell death (Oren
and Shai 1998), (ii) the Toroidal pore model whéne peptides are proposed to

aggregate and induce the lipid monolayer to berbbmtome damaged (Brogden 2005)
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and (iii) the Carpet model where the peptides agggeeand cover the target membrane
leading to membrane disruption in a detergent itener (Shai 1995). Cell selectivity

of AMPs is particularly important so that the hisstt damaged by their activity.

The principle theory for AMP cell selectivity is $1d on the electrostatic charge of a
cells surface, the cationic peptides being stroagfiyacted to the very negative charge of
the of target cells such as bacteria (Pouny, Rapapal. 1992; Matsuzaki 2009). Other
postulated contributing factors include the AMP diimation and the lipid content of the
target cell membrane, but a full explanation ofl selectivity of these peptides has to

date not yet been elucidated.

Several classes of AMPs have been identified itebeates by researchers and can be
classified into the following three groups (i) pept with anu-helical conformation e.g.
Magainin, cathelicidins, Temporin A, (ii) cyclic dnopen-ended cyclic peptides with
pairs of cysteine residues e.g. defensins [§iairpin-like anti-microbial peptides with
one and two disulphide bonds e.g. Hepcidin anderot-1 as classified by Bulet,

Stocklin et al. (2004).

Many groups of AMPs are hypothesised to contaieethgpecific domains known as the
signal peptide, pro-piece and mature peptide, cidhely described as a pre-propetide
(Boman 2003). It is the mature peptide that ioregul to have anti-microbial activity
and the other two regions direct the peptide totgeits target location. Enzymatic
cleavage at appropriate cellular locations enstirasthe correct destination is reached

but that self-damage is limited (Figure 1.1).



Enzyme cleavage

I

Signal peptide Pro-piece Mature peptide
Allows Keeps peptide Antimicrobial activity
secretion in in-active state

Figure 1.1: Model of an AMP and the three domains.

1.3.1: Defensins

The defensins are generally 5-6kDa (18-45 amindsadn size, amphipathic, cationic
and have six cysteine residues which form threelglsde bonds (Selsted and Ouellette
2005). There are three subgroups; alpha, betatteetd, distinguished by differences
between the location of the disulphide bonds aretefore tertiary protein structure
(Table 1.1). The absence efand 6 defensin in evolutionary older vertebrates such as
birds and fish suggests that evolution frBrdefensins by duplication and diversification
may have occurred over time (Semple, Rolfe et @32 The first mammalian defensin
to be identified was in the trachea of a cow (temttanti-microbial peptide or TAP) and
this then lead to the discovery of further peptidesed on recognised motifs, initially in

the cow and then in other species (Diamond, Zaslodl. 1991).



In addition to direct anti-microbial activities, ditional defensin functions and properties
have been reported. Immunomodulatory propertiestha promotion of the adaptive
immune system by selective recruitment of monaeiman neutrophil peptides 1 and
2, HNP 1 and 2) (Territo, Ganz et al. 1989), T Iyropytes (HNP 1 and 2) (Chertov,
Michiel et al. 1996), immature dendritic cells (hambeta defensins) (Yang, Chertov et
al. 1999) and mast cells (Niyonsaba, Iwabuchi et2802) by chemotaxis to sites of
inflammation are the immune-related functions & tiefensins (human cathelicidin LL-
37). In addition, the release of histamine fromtpaeal mast cells (Befus, Mowat et al.
1999) and enhancement of macrophage phagocytagibifranti-microbial peptides)

(Fleischmann, Selsted et al. 1985) have also beenrsto be stimulated by the presence

Structure Size Residues | Cys Source
(kDa) pairings

o B-sheet 3.5-4 | 29-35 1-6, 2-4, | Human, rabbit, rat, guinea, pig apd

dimer 3-5 mouse
B B-sheet 4-6 38-42 1-5, 2-4, | Human, bovine, turkey, ostrich,

dimer 3-6 chicken, ovine, pig and king penguin
0 Cyclic 2 18 1-4,2-5, | Rhesus monkey

3-6

Table 1.1: Classification of the three recognisaahk of defensins (adapted from Ganz
2004).



of defensins. The reported immune functions othan direct anti-microbial activity
emphasise the role that these peptides have img¢jrtke innate and adaptive immune
responses, potentially leading to a more favorabteome in the host that is under attack

from pathogens.

1.3.1.1: Alpha defensins

Alpha defensins (known as cryptidins in mice) amgtlsesised by Paneth cells,
specialised epithelial cells within the crypts aélherkuhn of the small intestine (ileum),
as well as immune cells e.g. neutrophils (Ganzt8eélet al. 1985). These peptides were
first identified in 1966, in rabbit macrophagesyd, Spitznagel et al. 1966), but later
identified in a variety of species including ratinfian, guinea pig, mice, pig, macaque
and hamster cells and reviewed by Raj and Dent?@®Z). Paneth cells in humans
constitutively secreter defensins (Ouellette 2004), typically human defers and 6
(HD5 and 6) but the peptides can be upregulategsponse to cholinergic stimulation,
and bacterial antigen exposure, as demonstratedy usisitu hybridisation (Ayabe,
Satchell et al. 2000). Mice however have been shtovexpress a greater number of
alpha defensins, more than 20 (Ouellette, Hsiehalet1994) and the patterns of
expression have been shown to be unique to therr@gismall intestine. Recent research
following completion of the horse genome has resulh the identification thirtyeight
equine intestina-defensins with at least 20 of this encoding funtdil peptides, again

identification was via a bioinformatics approachuBn, Paul et al. 2009).



Transgenic mice synthesising HD5 exhibited a dramiaicrease in resistance to an
intestinal infection with Salmonella typhimurium (Salzman, Ghosh et al. 2003),
indicating the anti-microbial and immune relatefitefs of this defensin in supporting the
host. Conditions including Barretts oesophagush@s disease, gastritis and ulcerative
colitis can lead to Paneth cell metaplasia leadmgubsequent disruptions in AMP

production and excessive inflammation (Cunliffe 200

1.3.1.2: Betadefensins

Beta defensins have been mainly detected in epthslrfaces, thus forming an
important part of the epithelial barrier, as wedl groduction in some immune-related
cells. The peptides have been shown to be morelywttigtributed amongst vertebrates
than a-defensins as they also occur in birds (Bulet, 8hocet al. 2004). Structurally
these defensins have a triple-stranfigaleated sheet structure (Thouzeau, Le Maho et al.
2003), and disulphide bonds as indicated in Table Ih humans foup-defensins have
been well characterised and these include HBD13 Zand 4. Local constitutive
expression of human beta defensin 1 (HBD1), has beewn to be within the picogram
to nanogram per milliliter range (Bowdish, Davidsetral. 2006), indicating the low, but
constant, local concentrations in the host. Intast the same study determined that
HBD2 expression is induced under the influenceathbnfection and inflammation. At
the level of the skin, HBD2 expression has beeedtt be reduced in patients suffering
from atopic dermatitis where as concentrationsieceeased in psoriatic skin sufferers.

Interestingly in the former group, atopics, a highecurrent rate of skin infection, or
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pyoderma cases, is reported compared to the psocedes (Ong, Ohtake et al. 2002).
This finding suggests, potentially, that HBD 2 laaiseffect on the bacteria population in
these two skin conditions. Conversely an upregufatf the AMP caning-defensin 1
has been shown to occur in canine cases of at@pnalitis (van Damme, Willemse et
al. 2009). Different mechanisms in disease marfest may be involved but the
complex involvement of AMPSs in clinical cases maj he a simple mechanism or may
be species specific. Other clinical reports sugtiesimportance of AMPs in cases such
as cystic fibrosis where there is impairment inedsin gene expression with a
subsequent susceptibility of the individual to meent bacterial infections (Laube, Yim et

al. 2006).

To date there are no reports on the effect of gepy number of any of the AvBDs and
disease susceptibility where as in man an altetedber of humarg-defensin copy

number has been linked with Crohns disease subdéptiHollox 2008).

1.3.1.3: Theta defensins

The 6-defensins (retrocyclins) are cyclic peptides amdadte have been characterised in
the neutrophils of non-human primates (Tang, Yuaal.€1999). They are the smallest of
the three groups of defensins (18 residues) (BSket:klin et al. 2004) and characterised
by the presence of six cysteine residues and cgoldormation. Activity against HIV
type 1 has been determined (Venkataraman, Cod @009) but interestingly it was

determined that the mode of inhibition of viral liegtion was different to that due ta
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andp human defensins (Seidel, Ye et al.2010). Evohatig adaptations to bothandf

defensins resulting it defensins has been hypothesized (Ganz and Leb@&)).1
1.3.2: Cathélicidins

Cathelicidins are synthesised by epithelial celidl aeutrophils and are typified by a
highly conserved N-terminal domain known as théel domain. However, it is the C
terminal domain, released following protease clgaydhat has the anti-microbial and

immunomodulatory properties (Figure 1.2).

Serine
proteases

Signal peptide Cathelin dornainl C terminal peptide

Il Il

| | |

Allows secretion and targetting Antimicrobial activity

Figure 1.2: Model of a cathelicidin and the threendins.

Cathelicidins have been extensively studied andaderised in mammals but have been
shown to be not as widely distributed in non-mansm@mpared to other groups of
AMPs. Cathelicidins show remarkable structural afaitity unlike the defensins with the
conserved cysteine residues. These peptides haea kBown to generally be
constitutively expressed my myeloid progenitor elbut can be induced following
bacterial stimulation (Chromek, Slamova et al. 200@Enhanced expression of the

human cathelicidin hCAP-18 derivative, LL-37, irarisgenic mice lead to increased
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resistance to cutaneous bacterial infections, shgpwhe protective effects of this AMP
(Nizet, Ohtake et al. 2001). Cathelicidin generegulation has also been shown in pigs
following stimulation with lipopolysaccharide, imkeukin 16, retinoic acid and
Salmonella infection (Wu, Zhang et al. 2000), again suppgrtam immune function of
this group of AMP. Other reported functions of @ditidins include re-epithelialisation,

angiogenesis and vasculogenesis (Nizet and Gall8)20

1.4: Developmentswith the chicken genome

In 2006, the second updated version of the chigemome which had initially become
available in 2004 (Wallis, Aerts et al. 2004) wateased allowing and improving the
accuracy of bioinformatic searches. As part of thacility, data bases of single
nucleotide polymorphisms (SNPs) became availablevalg searches of regions of
genomic DNA to determine the occurrence, and toesdegree reported frequencies, of

SNPs.

1.5: Anti-microbial peptidesin birds

1.5.1: Betadefensins

Apart from avianp defensins 1 and 2 identified through peptide aifon of
heterophils (Evans, Beach et al. 1994; Kannan,rlage et al. 2009), most of the chicken
AMPs were identified via a bioinformatics approamding the avian genome information

(Lynn, Higgs et al. 2004; Xiao, Hughes et al. 2004)
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Only the B-defensin sub-group of defensins has been founoctorr in chickens. The
probable absence of Paneth cells, a source ofi-gefensins, in the small intestines of
birds (van Dijk, Veldhuizen et al. 2008) potentyabieing a contributory factor to this
finding. To date 14-defensins have been identified within the genom@&ablus gallus
(Lynn, Higgs et al. 2007) and these genes have foesmd to be clustered on a region of
approximately 86kb on chromosome 3q3.5-g3.7 in ¢heken (Xiao, Hughes et al.
2004). Initially there was some confusion over tmembering system of thesg
defensins, two numbering systems were in use. BV 29 standardised nomenclature
system was introduced by the research community taedchickenp-defensins were
renamed Avian beta defensins (AvBD) instead of li@atins’ and a uniform coding
system was implemented (Lynn, Higgs et al. 200MisTsystem has been used

throughout the text.

As regards molecular architecture, the AvBDs amegaly encoded by four exons; the
first exon corresponds to the 5’UTR, the seconchexacodes the signal peptide and the
propiece, and the majority of the mature peptidenisoded by the third and fourth exons

(van Dijk, Veldhuizen et al. 2008).

It has also recently been reported that an antrehial peptide member of a new avian
defensin family, ovodefensins, has been identifigthin egg white (Gong, Wilson et
al.2010). This peptide has been named ‘Gallin’ &ke the other defensins has six
cysteine residues although the cysteine spacirfgrglifrom the conventional AvBDs.

Three forms of this peptide been identified anth@lgh anti-microbial activity against
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Escherichia coli has been shown, its full role and function witkie egg is yet to be

determined.

To date only the chicken and the zebra finch gemsom® completed and readily
available. Recently a cluster of 22 AvBD analoghase been discovered in the Zebra
finch, and as for the chicken in a cluster on closome 3. These were discovered
following bioinformatic searches and support th&erce of the two species sharing a
common ancestor (Hellgren and Ekblom). Beta défegsnes have also been shown to
exist within the duck (Ma, Liao et al. 2009; Somakrathy et al. 2009), penguin

(Thouzeau, Le Maho et al. 2003), ostrich (Sugiard Yu 2007) and turkey (Brockus,

Jackwood et al. 1998).

1.5.2: Functionality of AvBD peptides

Of the 14 identified AvBDs, only eight have beemdstigated for antimicrobial activities
and these include AvBDs 1, 2, 4, 5, 6, 8, 9 and 18is difficult to compare data from
such studies as the type of assay, incubation mredncubation time and measurement

of peptide concentration are different.

AvBD1 was purified from chicken heterophils and whoto have activity against an
array of pathogens includingZandida albicans, Salmonella enteriditis, Salmonella
Typhimurium, Campylobacter jejuni, Escherichia coli, Pasteurella multocida, Bordetella
avium, Listeria monocytogenes, Staphyl ococcus aureus andMycoplasma gallisepticum at
concentrations of peptide in the range 0.4-3.4puMa(s, Beach et al. 1994; Harwig,

Swiderek et al. 1994). In contrast, AvBD2 that walso purified from chicken
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heterophils was found to have anti-microbial atgivagainst a narrower spectrum of
pathogens and these includdgischerichia coli and Listeria monocytogenes (Evans,

Beach et al. 1994; Harwig, Swiderek et al. 1994).

Recombinant AvBDs 4, 5 and 6 have also been showmave anti-microbial activity
againstSalmonella enterica serovar Typhimurium phoP, a genetically engineesteain
with increased susceptibility to AMP<sSalmonella enterica serovar Typhimurium
SL1344 andsalmonella enteriditis (Milona, Townes et al. 2007) atfcherichia coli and
Streptococcus suis CAB strain, at concentrations of 3-6pug/ml (Ma, let al. 2008).
Different forms of recombinant AvBD8, custom syrgised, with varying overall
charges have also been shown to have anti-micrabiality againsSalmonella enterica
serovar TyphimuriunphoP,Escherichia coli andListeria monocytogenes, and moreover
these data showed that increasing the charge wasiated with increased anti-microbial
activity (Higgs, Lynn et al. 2007). RecombinamiBD9, synthesised in and purified
from kidney transfected cells, was shown to havetdsecidal activity against
Campylobacter jgjuni, Salmonella enterica serovar Typhimurium, Clostridium
perfringens and Escherichia coli, concentrations between 8 and 128ug/ml (van Dijk,
Veldhuizen et al. 2007). AvBD13, prepared throegstom synthesis, has been shown
to demonstrate marked anti-microbial activity aggirSalmonella enterica serovar
typhimurium phoP,Listeria monocytogenes (500ug/ml) and reduced activity against

Escherichia coli (Higgs, Lynn et al. 2005).
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1.5.3: Tissue-specific gene expression

Over the years several groups have investigatedeif\wvBD gene expression, primarily
via end-point PCR. Different breeds and lines i have been studied and extensive
AvBD gene expression panels have been createdolldtion of all of this research has
been presented in a review article by van Dijk,delizen et al. (2008). Importantly
differences in gene expression are reported indgahe probable influence of bird
genetics and age on such data. A simple summaigsofe expression patterns is shown
in Table 1.2. Discrepancies are obvious when tssueh as the ‘intestines’ are analysed,
as the data is not specific enough to specify ttecteregion of the gut that has been
examined. Studies carried out quantifying thdefensin expression along the gastro-
intestinal tract of mice showed that there werdoma differences and such a finding

could be hypothesised to exist in the chicken (¥&h, Putsep et al. 2008).
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AvBD:
Tissue:
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Table 1.2: Summary of AvBD 1-14 gene expression across tissues, modified from van Dijk, Veldhuizen et al. (2008), Ebers, Zhang et a.
(2009) and Mageed et al. (2009). Those boxes with V indicates that gene expression was observed.




1.5.4: Inducibility of gene expression

Several studies have investigated potential indlitgilof AvBD gene expression botim

vivo using challenged birds and vitro using specific cell lines. Such challenges have
included infection withSalmonella species (Sadeyen, Trotereau et al. 2006; Yoshimura
Ohashi et al. 2006; Milona, Townes et al. 2007; &kbHaghighi et al. 2008; Ebers,
Zhang et al. 2009; Meade, Narciandi et al. 2068)egmophilus paragallinarum (Zhao,
Nguyen et al. 2001), and lipopolysaccharide (Yosman Ohashi et al. 2006; Subedi,
Isobe et al. 2007; Mageed, Isobe et al. 2008). r&ivthe findings, in these numerous
studies, showed that the specific AvBD levels ohegexpression increased following
challenge. The full effect of an increase in gém@mscripts and presumably peptide
levels, has yet to be fully elucidated, the lackfurfictional antibodies delaying such
investigations. However, if these results are dohlwith the reported anti-microbial
properties of the peptides, it suggests AMPs sasva protective response generated by

the host to fend off pathogens and aid microberateze.

1.5.5: Single nucleotide polymor phisms (SNPs) associated with defensins

Single nucleotide polymorphisms have been shownod¢our at a rate of 13.2

polymorphisms per kilobase for the 3.25kb regionogliing the AvBDs 2, 3, 4,5 and 7
(Hasenstein, Zhang et al. 2006). All, bar onehefpgolymorphisms located in the exon of
AvBD5, were found within the non-coding regions tbk genome. The same study
linked some of the identified SNPs with diseasecepsbility to Salmonella enteriditis

and bacteria colonisation, and the concept thaptigmorphisms may have an effect on
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genes at other locations was proposed. Interdgtingonic polymorphisms in HBD1
have also been shown to affect disease suscefgtiioila range of diseases including HIV
(Ricci, Malacrida et al. 2009 andida albicans carriage (Jurevic, Bai et al. 2003) and

airway colonisation withPseudomonas aeruginosa (Tesse, Cardinale et al. 2008).

1.5.6: Other AMPsreported in the chicken

A) Cathelicidins

Cathelicidin genes have been shown to be exprdsgeaghickens and these have been
named Fowlicidins 1-3 (Xiao, Cai et al. 2006; Bomemi, Dai et al. 2007), chicken
myeloid anti-microbial peptide 27 (van Dijk, Veldhen et al. 2005) and cathelicidin-B1
(Goitsuka, Chen et al. 2007). Of these only thhegh~owlicidins have been reported to
have anti-microbial activity against a broad speutrof gram positive and negative

bacteria at reported concentrations in the rang@uM (Xiao, Cai et al. 2006).
B) Liver-expressed anti-microbial peptides (LEAP)

Chicken LEAP 2 peptide has been identified in theekeen and shown to be induced
following challenge withSalmonella species (Townes, Michailidis et al. 2004). The
recombinant peptide has anti-microbial activity Whes, Michailidis et al. 2004), and the
mechanism of anti-microbial activity has been showm be via membrane

permeabilisation of the bacteria (Townes, Michaliet al. 2009).
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1.5.7: Other roles and functions of chicken anti-microbial peptides

Recently it has been shown that the presence afehe encoding AvBD1 can have an
adjuvant effect when fused with infectious bursakdse virus VP2 gene (Zhang, Yang
et al. 2010). The presence of the AvBD1 geneifatéls an enhanced antibody response
in birds inoculated with the engineered DNA vacciri@NA vaccines form a large area
of research, especially in those diseases whererturaccines are not as efficacious as
desired. The scope for use of the AvBD peptideamercially in this way indicates a
very exciting path of study. Other functions of Av8 can also be hypothesised based on
the findings of high levels of gene expressionisaues not linked directly with immune-
function or in direct contact with pathogens on épéthelial surface. For example very
high levels of AvBD10 gene expression have beeworteg in the testicle and kidneys

(Lynn, Higgs et al. 2004).

1.6: Chicken broiler industry

1.6.1: Overview of production systems

The UK'’s broiler industry developed extremely quyckollowing the introduction of

broilers from USA in the 1950s, previous to thiscken production had been on a much
smaller scale. In 2008 an estimated 800 millioickdns were slaughtered to supply the
current demands of meat with a calculated aver&g@éla consumption of chicken meat

per person each yeaht{p://www.ukagriculture.com/livestock/broiler_ckens.cfm -

accessed19.3.10). The majority of broilers are rearetemsively, with slaughter at
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approximately 43 days of age weighing close to @.Zk an attempt to maximize
production while maintaining reduced rearing cos&naller scale production systems,
organic, free-range and back-yard rearing practi@esee become increasingly popular

over the past few years.

1.6.2: Management and welfar e problems

The major welfare considerations for intensivelgresl birds include conditions such as
foot-pad dermatitis, poor leg strength and brelkist damage. The causes are probably
multifactorial but stocking densities and enviromta® rearing conditions, such as
guality of bedding, have been implicated as factbed have an impact on bird welfare
(Allain, Mirabito et al. 2009; Buijs, Keeling et.&2009). The reported incidence of foot-
pad dermatitis is very variable with one study simgnan average incidence of 14.8% but
with a range 9.6-98%, although bird genetics hbgen shown to be linked to this
condition (Pagazaurtundua and Warriss 2006). Theshihemselves can be a major
factor in bedding quality by the water content béit faeces, which is potentially
directing the selection and breeding of birds widrceived good gut health. Bird diet
has also been linked to hock burn sores, with areasing percentage of dietary wheat

reducing the incidence of such lesions (Haslam,v{es et al. 2007).

The breeding of broilers has primarily focused @it such as efficient feed conversion,
growth, muscle percentage, reproductive excellamtka range of general fitness traits
such as cardiovascular strength, skeletal formgaméral survival. With the exception

of bird selection to Mareks disease susceptibiatypcus on breeding specifically for a
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superior immune system has been neglected, perhdjpgenced by the use of

prophylactic in-feed antibiotics and absence od@ffe selection tools.

1.6.3: Diseasethreatsto broilers

As with any animals that are reared intensivelyoord, major risks to health need to be
considered for the whole population rather than ithdividual. Strict measures of
biosecurity need to implemented to reduce the ahahspread of disease within a flock
be the pathogen exotic or endemic. In recent ydeme has been a series of disease
outbreaks in all types of livestock. At the timecommencing this study in 2006, there
had been a recent outbreak of avian influenza (H5N1the UK (Brown 2010), and
identification of further strains of avian influemoccurred up until 2008. The risk that
such a disease poses to the poultry industry carb@aunderstated, both on welfare
grounds and economically. An outbreak of Newcadidease also occurred in Scotland

in 2006 with the most recent report of disease wowyin Israel earlier this year

(http://www.defra.gov.uk/foodfarm/farmanimal/disesisdoz/newcastle/recentoutbreaks.

htm -accessed 20.3.)10 There is therefore an increasing pressure lectséirds with
good perceived immunity for future breeding progsaas well as protecting the stock
from common problems such as necrotic enteritis emctidiosis at the level of the
gastro-intestinal system. It is the common endehaalth problems, which are the
priority of Aviagen Ltd. The full role and importee of the innate immune system can

only be speculated.
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1.7: Summary of aims of thisstudy

This study was a BBSRC industrial case studentsitip Aviagen Ltd. The aims of the

study are given in a chronological order as presenithin the thesis.
Aim 1 addressed in Chapter 3:

» To perform a farm-based field trial using threeeplines of birds (aged 0, 7, 14
and 35 days) on two distinct farming environmetigth and low hygiene, the
latter being similar to commercial broiler farms&r&meters such as diet, ambient
temperature and humidity and bacteria count of imedsamples were taken into
consideration and bird weights were measured terohete the influence of the

environment on development and growth.
Aim 2 addressed in Chapter 4:

* To investigate the presence of single nucleotidgnporphisms within the three
chosen lines of birds using three different sequmnmethods (individual bird
cDNA, small group genomic DNA and large group geimBINA analyses, the
latter forming part of a large SNP study by Aviagewl), thus allowing the
frequency of the polymorphisms to be determinedhe TSNP searches were

confined to AvBD1, 4 and 10 genes.
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Aim 3 addressed in Chapter 5:

* To investigate gene expression levels of AvBDand 10 gene expression levels
across a panel of tissues taken from the grougsabfbirds, initially using the
technigue of end-point PCR and then quantitativ&® P@ith the aim of defining
expression patterns within and without the bircesirand linking these findings

with the SNPs.
Aim 4 addressed in Chapter 6:

* To synthesis recombinant AvBD1 and 10 peptides,Leiadg a time-kill assay to

investigate the anti-microbial activities of thesdPs against a panel of bacteria.

Aim 5 addressed in Chapter 7:

* To determine and compare the anti-microbial adéisiof duodenal gut scrapes
taken from birds in the trial and to determine whiiany, differences can be
attributed to specific gut proteins and or peptidksitified through analyses of

their gut proteomes.
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Chapter 2: Materials and methods

2.1: Chemicals and Reagents

All chemicals and reagents were purchased from &igidrich (Poole, Dorset, UK)
unless otherwise stated. Bacteriological mediaagat were from Oxoid (Basingstoke,

Hampshire, UK).
2.2: Molecular Analyses

Figure 2.1 shows an overview of the molecular asedyperformed following RNA

extraction.
2.2.1: RNA extraction from avian tissues

Following cervical dislocation of each bird, tisssemples from each of the ten organs
were taken and placed in a microfuge tube contgiriml of RNAlater solution
(Ambion, Applied Biosystems, UK). The ten tisswesre thymus, liver, kidney, testicle,
lung, spleen, duodenum, bursa of Fabricius, caeamdncaecal tonsil. The tubes were
stored at room temperature for 24 h prior to rerhovghe RNAlater solution. Samples
were then stored at -80°C until required. Tissumpas were initially homogenized at
room temperature in 1ml of TRIzol reagent (InviteagPaisley, UK) with a rotor-stator

style homogenizer (Tissue Rupter, Qiagen, Crawl#y) ensuring that the probe was
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thoroughly cleaned between samples (two washes pegfermed using 10% ethanol and

0.1M PBS, pH7.4).

Instructions for RNA extraction were followed asr pmanufacturer. Briefly tissue
samples were homogenized in 1ml of TRIzol, incutbateroom temperature for 5 min
followed by the addition of 200u! of isopropanodagentle mixing with a further 3 min
incubation at room temperature. The samples wamngituged for 15 min at 12,000g and
4°C, the clear supernatant removed and mixed witlegual volume of 70% ethanol.
This mixture was added to a purification columnréRink™RNA mini kit, Invitrogen,
Paisley, UK), washed three times with two differardsh buffers before elution with
30ul molecular grade water. To aid preservationROIA, 1ul of RNAse inhibitor
(RNAsin, Promega, Southampton, UK), was addedlteaahples. Samples were stored

at -80°C.
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| RNA extraction of tissue |
2
| DNase treatment of RNA |
2
| Reverse transcription of RNA |

~

| Quantitative PCR |

Semi-quantitative PCR):

AvBD1, 4, 10 and 18S
*Thymus

eLiver

eKidney

eTesticle

eLung

*Spleen
eDuodenum

*Bursa of Fabricius
eCaecum and caecal
tonsil

AvBD1 and 4; *AvBD10 and 18S;
*Thymus *Thymus
*Spleen eLiver
eDuodenum *Kidney
*Bursa of Fabricius *Testicle
eCaecum and caecal tonsil eLung
*Spleen
*Duodenum
*Bursa of Fabricius
eCaecum and caecal tonsil

Figure 2.1: Overview of molecular analysis of bird tissues.




2.2.2: Quantification of RNA

RNA concentration was measured using a NanoDropndBeop®,ND-1000).
Measurements were made using the nucleic acid gmognd involved applying 1.5ul of
RNA to the pedestal and measuring of the totalea@cid concentration at wavelengths

of 260nm and 280nm, respectively.

2.2.3: Quality of RNA

As an additional test to confirm RNA quality, a estlon of RNA samples were
electrophoresed on a modified agarose gel. A 186 WBE (549 Tris, 27.5g boric acid,

20ml 0.5M EDTA per 1L de-ionised water) agarose \gak prepared using the wide
tooth comb and allowed to set. Working in a fuoogpboard 5ul of molecular grade
water and 14pul of formamide were added to a migeftube containing 5ul of RNA,

gently mixed via tapping and incubated at 45°C formin. To this 4.3ul of

formaldehyde, 2.8ul of 10xMOPS, 1ul of ethidium oide and 4pul of agarose gel
loading buffer were added. Again the tube conterdse gently mixed and incubated at
65°C for 5 min. TBE buffer was added to the tamkl #he total sample volume was
carefully loaded into the gel wells and electrogsed at 60V for approximately 1 h. The
gel was carefully removed from the tank and visagaliunder UV trans-illuminator and
images recorded (302nm, Alphalmager 1200 gel doatatien and analysis system,

Flowgen, Nottingham, UK).

29



2.2.4: DNase treatment of RNA

Following quantification of RNA, all samples wenedted with DNAse (DNAse Kkit,
Promega, Southampton, UK) to remove any genomic DNAntamination.
Approximately 4.5pug of RNA was mixed with 2ul of @bk buffer (400mM Tris-HCL,
pH 8.0, 100mM MgSQ@ 10mM CaCJ) and 4.5ul of DNase. To this molecular grade
water was added so that a total reaction volum20pfi was made. For those samples
which had a poor RNA yield, water was omitted frtme sample and instead a larger
volume of RNA was added. The tube was briefly @ed, incubated at 37°C for 30 min
and the reaction terminated by the addition of @fuUDNA stop solution (20mM EDTA,
pH8). The reaction was heat treated at 65°C farthér 10 min. Samples were used for

reverse transcription or stored at -20°C.

2.2.5: Reverse transcription

Reverse transcription (RT) reactions were set umicrofuge tubes as shown in Table

2.1. The final volume was 20ul.
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Reagent Volume Source

(ki)

DNase treated RNAS5

(0.94p9)

10xPCR buffer 2 Applied Biosystems, UK
Magnesium  chloride 1.6 Applied Biosystems, UK

[25mM]

Molecular grade water| 1.4

dNTPs (dATP, dGTP,8 Bioline, UK

dCTP, dTTP)[10mM of

mixture]

muLV reverse 0.5 Applied Biosystems, UK

transcriptase

RNAsIn 0.5 Promega, UK

oligoDTs[15mM] 1 Promega, UK

Table 2.1: Reagents used for reverse transcripéactions.

Following mixing and centrifugation, samples wetacpd in a thermocycler (Hybaid
PCR express, Sprint ™, Hybaid, Middlesex, UK) amgted at 42°C for 1 h, 95°C for 5

min and 5°C for 5 min. All cDNA was stored at 4p@Gor to PCR amplification.
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2.2.6: Design of primers for RT-PCR

Primers for cDNA amplifications were designed usMi@BI sequences of each targeted
gene and designed to amplify across at least twaiexegions. Primers were purchased
from VH Bio Ltd (Newcastle-Upon-Tyne, UK), supplied a lyophilised form and re-
suspended in water to give a stock solution of MOWorking solutions of 10uM (de-
ionised BHO) were prepared from the stock solutions. The p8&er pair was a
commercial product purchased from Ambion (Appliebdystems, Warrington, UK).

The primers and their properties are listed in &&bP.
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Gene RefSeq accession no. | Primers(5'to 3) Product size (base pairs) | Tm°C
144 60
AvBD1 | NM_204993 F:GGATCGTGTACCTGCTCCTC
R: GCAAAAGGAATATGGGGCTGA
60
AvBD4 | NM_001001610 FATCGTGCTCCTCTTTGTGGCAGTTCA 280
R:CTACAACCATCTACAGCAAGAATACT
166 57
AvBD10 | NM_001001609 F:GACCCACTTTTCCCTGACACCG
R: GCAATGGCCCAGTGAAAGC
18S F and R: Universal 18S primers —sequence not | 344 57

given (Ambion)

Table 2.2: Primers and annealing temperatures used for RT-PCR. Tm indicates the optimal annealing temperature for cONA
amplification.




2.2.7: Polymerase chain reaction (PCR)

PCR reactions were set up in a total volume of 30L.2s shown in Table 2.3.

Reagent Volume Source

(k)
10X PCR buffer 2 Bioline, UK
Magnesium chloride |1 Biloine, UK
[50mM]
Taq DNA polymerase | 0.25 Bioline, UK
Forward primer 2 VHBIo, UK
[10pM]
Reverse primer [L0uM] 2 VHBIo, UK

Molecular grade water| 9

dNTPs (dJATP, dGTP}2 Bioline, UK
dCTP, dTTP) [10mM

of mixture]

cDNA from reverse 2

transcription

Table 2.3: Reagents used for PCR reaction in ena-B3 -PCR.
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Initially an optimal annealing temperature was dateed for each set of primers using a
15°C gradient program on the thermocycler; thiggeawas set from 50 to 65°C. The
following PCR cycles were applied to the samplé&s(3for 5min and 30 cycles of; 95°C
for 30 s, 57-60°C (dependent on primer set) for 88d 72°C for 30s, and a final
elongation stage at 72°C for 12 min. Samples wareed at 4°C prior to being analysed
via gel electrophoresis. All reactions were perfed in Hybaid PCR express PX2™

PCR machine (Hybaid, Middlesex, UK).
2.2.8: Agarose gel electrophoresis

All PCR products were electrophoresed on 1.5% wWB¥-Bgarose gels. The molecular
grade agarose was dissolved in 1 X TBE buffer @\M8Tris-borate, 2mM EDTA,
pH8.3) and 5ug/ml ethidium bromide was added pt@mrpouring into a horizontal
electrophoresis tank. When the gel had set it wdmnsrged in TBE buffer and the
samples were prepared. To 8ul of PCR product, Pgéldoading dye was added (50mM
Tris, pH8.5, 5mM EDTA, 50% glycerol (v/v) and 0.186omophenol blue (w/v)). The
end lanes of each gel were loaded with 4l of gmute DNA ladder (Hyperladder 1 or
4, Bioline, UK). Electrophoresis was performediatoltage of 70V for 45 min. All gels

were visualized under UV and an image recordedRBd) Hemel Hempstead, UK).
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2.2.9: Purification of cDNA

2.2.9.1: Gel extraction kit

Purification of PCR products from gel fragments wesformed using a Qiagen gel
extraction kit (Qiagen, Crawley, UK) according tamufacturers’ instructions. Briefly
the gel slice was placed in a microfuge tube amce¥ery gel volume, three volumes of
Buffer QG were added. The tube was incubated &C50@r 10 min with regular
vortexing to ensure that the gel had dissolvede @&l volume of isopropanol was added
to the sample and this added to a QIAquick columrhe column was washed with
Buffer PE and the DNA eluted with 30ul Buffer EBO(@M Tris-HCL, pH8.5). DNA
samples were purified and either sent for automatedeotide sequencing (Genevision,

Newcastle-Upon-Tyne, UK) or used for cloning.

2.2.9.2: PCR product purification kit

PCR products were purified using a QIAquick PCRiffpation kit (Qiagen, Crawley,
UK). Essentially, five volumes of buffer PB werddad to one volume of PCR sample
and mixed. DNA was bound to a QIAquick column, e with buffer PE and the

DNA eluted using 30ul of buffer EB. Eluted DNA sadegpwere used directly.
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2.2.10: DNA extraction

2.2.10.1: From avian tissue

Genomic DNA was extracted from one tissue sample lped using the TRIzol

(Invitrogen) protocol. This involved the additiaf 0.3ml 100% ethanol to the non
agueous remainder of the TRIzol tissue mixture @mndng via inversion. The samples
were left for 3 min at room temperature and cemgeld at 2000g for 5 min at 4°C. The
phenol-ethanol supernatant was removed and theingmapellet washed twice in a
solution containing 0.1M sodium citrate in 10% ethla 1ml being used each time. For
each wash, the pellet was left for 30 min, withigsic mixing, before being centrifuged
at 2000g for 5 min at 4°C. The pellet was suspeéridel.5ml of 75% ethanol for 20

minutes with periodic mixing and then centrifugedeefore. The pellet was allowed to
air dry for 15 min in an open tube. Samples weassalved in 50ul 8mM NaOH and

stored at -20°C.
2.2.10.2: From pooled blood samples

Extraction and quantification of genomic DNA fronogled blood samples was
performed by Aviagen Ltd. In brief the proceduredlved taking equal volumes of
settled blood from 20 chickens of the same line.ADMas extracted using a Gentra
purification column (Gentra Systems Inc, U.S.A) d@nel pooled DNA diluted to a target

concentration of 100pg/ml using a spectrophotom@i@anovue, G.E Healthcare, UK).
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This technique ensured that each bird in the pootributed the same amount of DNA.
A total of five pooled samples were available fores X and Y (100 birds) and four

samples for line Z (80 birds). SNP analysis was therformed.

2.2.11: PCR for SNP detection in genomic DNA

Initially the pooled genomic DNA samples were diditto determine the optimum
concentration for use in the PCR reactions. PCRtiens were performed in a total
volume of 120ul (scaled up from Table 2.3), and:A dilution of DNA to molecular
grade water was found to give the optimum resutsmers were designed to include the
potential SNP. Products were electrophoresed oifwl%) TBE-agarose gels, the cDNA
bands excised under UV light and the DNA purifi@d2(9.1). Five microliters of the
purified sample was electrophoresed on a 1% (WRE-agarose gel to ensure that
product was still present and the remaining samfilag with the appropriate forward
and reverse primers were sent for automated semge(Genevision, Newcastle-Upon-
Tyne, UK). Only AvBD1 and 10 were investigated &XPs in the genomic DNA. The
primer sequences are shown for all three genehapi€r 5. Table 2.4 shows the primer
sequences for both the forward and reverse prinaeig,the predicted size of the PCR

product.
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Gene Forward primer (5’ to 3"): Reverse primer (5'to 3"): Size of
product

(bp)

AvBD1 GGATCGTGTACCTGCTCCTC GACATCAGGGAATGGGTTCTGTG| 96C

AvBD4 CTGCAACGTTTTGGCAGCAATAC | AGAGGAGGCTCTGGGTTGGAG 24¢

AvBD10 | GACCCACTTTTCCCTGACACCG GCAATGGCCCAGTGAAAGC 1,88C

Table 2.4: Primers used for RT-PCR of genomic DiNAnvestigate the presence of
SNPs.

2.2.12: Quantitative real-time PCR (QRT-PCR)

2.2.12.1: Overview of technique

To compare gene expression between different limgss and groups of chicken, gRT-
PCR was performed. Fluorescent reporter molecués wtilised to quantify the amount
of amplified PCR product and a Roche Lightcycle® 4RBoche, Basel, Switzerland) was

used throughout this study.

Gene expression levels for AvBD1, 4, 10 and 18Svdetermined using the Sybr green

system. The primers used for the AvBD genes wegesime as those used for RT-PCR
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(Table 2.2), but were HPLC purified as recommeniigdRoche. A different set of 18S
primers were designed as those purchased from Anaritlified too large PCR product

for the analyses.

2.2.12.2: House-keeping genes (HKG)

An appropriate HKG was used to correct for varigpih the amount of genetic material
between samples, principally caused by changdseirefficiency of mRNA isolation and
reverse transcription. 18S was used as the HK@fsrstudy and a recombinant plasmid
was made (pBlue-TOPO®, Invitrogen, Paisley, UK)daing amplification of tissue
cDNA with the Universal 18S primers (Ambion). Follmg automated sequencing of
this plasmid using T7 primers, a set of 18S prinveese designed which resulted in a

smaller 18S cDNA product suitable for gRT-PCR.

The 18S primers used for gRT-PCR are given in Tadeand the optimal annealing

temperature was 57°C.

Gene Forward primer (5’ to 3"): Reverse primer (5'to 3'): Size of
product
(bp)

18< GTGGTGCATGGCCGTTCTTAGTT | GTCCCTCTAAGAAGTTGGACGCC | 12¢

Table 2.5: 18S Primers used for g RT-PCR.

40



2.2.12.3: gRT-PCR reactions

PCR reactions were set up as shown in Table 2aGatal reaction volume of 10pl.

Reagent Volume (pl)
Sybr green master mix (Roche) 5
Molecular grade water 1.5
Diluted clone/RT product 2.5
Forward primer [10pM] 0.5
Reverse primer [10uM] 0.5

Table 2.6: gRT-PCR reagents and volumes.

2.2.12.4: PCR amplification programme

The following programme was used for PCR amplifaabn the Roche 480 Lightcycler
(Table 2.7). The same programme was used throtgheuanalyses but the annealing

temperatures were changed according to the pribeeng used.
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Program Temperature/°C | Time (min:sec) Number of
cycles
Preincubation 95 10.00 1
Amplification 95 00:10
57/60 00:30 30
(annealing)
72 00:01
Melting curve 95 00:05
70 00:01
97
Cooling 40 00:10 1
Table 2.7: gRT-PCR programme used for qRT-PCR. @ifferent annealing temperatures
were used dependent on the gene being analysexst @rC).

Standard curves form an integral part of qRT-PCRywing comparisons of PCR
efficiency and determination of the relative cortcations of cDNA in the products.
Individual standard curves were performed for egehe by carrying out serial dilutions

of each cloned PCR product. Further details aogiged in Chapter 5.

All samples were loaded onto white real-time 96 Iwghtes (Roche) for PCR

amplification.
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2.3: Bacterial strains

A number of different bacterial strains were usedughout this study.

E.coli strains were used within this study for (i) syrsiseof plasmid stocks;

* DHb5a

And (ii) hyperexpression of recombinant peptides;

* Origami B (DE3):: plySs (Novagen, Darmstaft, GeryjafStudier, Rosenberg et

al. 1990)

The Salmonella strains used for the time-kill assays were;

» Samonella enterica serovar Typhimurium PhoP (a kind gift from Dr S.Ilgh,
Boston, USA (Townes, Michailidis et al. 2004)

* Salmonella enterica serovar Typhimurium 1344a kind gift from Dr A. Khan,
Newcastle University, UK)

» Samonella  enteriditis (a  kind  gift  from Dr A Khan,

Newcastle University, UK).

Three clinical isolates;

» Saphylococcus aureus (from infected joint of broiler post mortem)

* Enterococcusfaecalis - isolate 1 (from guts of post mortem of bird A)
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» Enterococcus faecalis - isolate 2 (from guts of post mortem of bird B)

were obtained from the Aviagen veterinary labonatand taken from birds at post-

mortem, unfortunately no gram negative bacteriseveaipplied.

2.3.1: Growth media and agar

2.3.1.1: Luria-Bertani (LB) broth

This contained Bacto-tryptone (10g), sodium chier(d0g), Bacto-yeast (59) in 1L of
de-ionised water. The pH was adjusted to 7.4 usMgsodium hydroxide. The broth

was sterilized at 121°C for 20min at 15PSI pressure

2.3.1.2: LB agar plates and slopes

Two percent (w/v) agar plates were prepared usiBgbkoth and agar (Sigma), and
sterilisation was performed as above. Approxinya@dml of autoclaved agar was
poured into each petri dish, allowed to set andddim an oven at 37°C. Where required,

antibiotics were added to the cooling agar, comedéioh given in Table 2.8.
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Antibiotic Working concentration

(mg/ml)

Ampicillin 0.05

Chloramphenicol| 0.03

Tetracycline 0.01

Kanamycin 0.03

Table 2.8: Working concentrations of antibiotiod.B agar and LB broth.

For the agar slopes, sterilised agar was prepasddrathe petri dishes, cooled before
being aliquoted into 25ml universals and alloweds&t at an angle of 45° at room

temperature. Slopes were inoculated as for pethieadi.
2.3.1.3: Blood agar plates

Modified blood agar plates were prepared by disegiv0g of blood agar powder
(Sigma) inlL of de-ionised water and sterilizing fas LB agar. Agar plates were
prepared poured as previously, allowed to set asatl un the time-kill assays for all

bacterial strains. All plates were stored at 4fiGrgo use and dried on the day of use.
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2.3.1.4: Salmonella and clinical isolate agar plates

Prior to each time-kill assay a fresh inoculum atteria was taken from each of the
frozen glycerol stocks, streaked onto a blood guate and incubated at 37°C for 18

hours.

2.3.1.5: Escherichia coli plates

A loopful of Origami B (DE3):: PLysS and DH5glycerol stock was streaked and
cultured on LB agar plates containing chloramphanitetracycline and kanamycin
(Table 2.8). DH& was cultured on agar only. Plates were incubat&¥ eC for 18 hours

and subsequently stored at 4°C.

2.3.1.6: Storage of bacterial strains

Glycerol stocks of all bacterial strains were prepgaby inoculating 10ml of LB broth
containing the appropriate antibiotics, with a lhopof bacteria and incubating
aerobically at 37°C for approximately 16 h. Amalbt of this culture (0.5ml) was placed

into a 1.5ml cryovial containing 0.5ml 50% (v/vygérol and stored at -80°C.

2.3.2: Competent cells

A loopful of Origami B (DE3):: plySs was used t@aulate 10ml of LB broth containing
chloramphenicol 0.03mg/ml, tetracycline 0.01mg/mid akanamycin 0.03mg/ml and

grown overnight at 37°C in an orbital shaker. Tepgare competent cells 1ml of this
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culture was added into 100ml of LB broth withoutiliotics and the culture grown to
ODgoonm Of 0.3. Centrifugation of the culture was perfodva 4°C for 10 min at 3000g
in a Mistral 3000i, MSE centrifuge. The bacterellgt was suspended in 4ml chilled
0.1M MgCL. Centrifugation was repeated as for the previoup, stee supernatant
discarded and the pellet re-suspended in 4ml W @ACL. The competent cells were

incubated on ice for 2h prior to use.

Competent DH& cells were prepared as described for Origami B3REplySs except

no antibiotics were added to the overnight culture.

2.3.3: Bacterial growth curves

Growth curves were performed for all bacterial isggorior to the time-kill assays. A
loopful of bacteria was taken from a sub-masteodlagar plate and added to 0.5ml
0.1M PBS, pH7.4, thoroughly mixed and added to 2Q&lbroth, containing 25mM
glucose in a 500ml duran bottle. The bacteria wggoavn in an orbital shaker set at
200rpm and 37°C for 3 h. A second sterile durattidgontaining 20ml LB and 25mM
glucose was inoculated with 200ul of the first ordtand the bacteria cultured under the
same conditions. In this case §mof the sample was measured every 30 min using a
spectrophotometer (Amersham Biosciences, Ultrage@00 pro, High Wycombe, UK).

This process was repeated to 8h of growth.
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2.4: Cloning of cDNAs

2.4.1: 18S for gRT-PCR

2.4.1.1: Plasmid vector

The pBlue TOPO vector from Invitrogen (Paisely, UKas used for cloning (plasmid

map in Appendix I).

2.4.1.2: Gene insert

The cDNA template was generated through PCR ugieteit acid prepared from a line

Y bird liver and the Universal 18S primers (totalwme of 120ul used). This sample was
electrophoresed on a 1% TBE-agarose gel (large am@ad), 60ul loaded into each well).
Gel extraction and purification were performed (2.2) prior to ligation of the cDNA

into the pBLUE TOPO vector.

2.4.1.3: Ligation of insert into vector

One microliter of pBlue TOPO vector, 1ul salt smuat (provided in pBlue TOPO
cloning kit, Invitrogen, Paisley, UK) and 4pul pued PCR product were combined in a
2ml microfuge tube and incubated at room tempeedior 5 min before being placed on

ice. Transformation into competent RBHells was performed (2.4.6) so that large
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guantities of plasmid could be made and then iedldtom the culture for future

experiments.

2.4.2: AvBD cDNA clones for hyperexpression

2.4.2.1: Plasmid vector

The cDNAs for AvBD1 and AvBD10 were each cloneaittie plasmid vector pPRSETA
(Invitrogen, Paisley, UK). The vector plasmid mamgshown in Appendix I. This vector
contains the bacteriophage T7 promoter which isvatetd by a small amount of T7 RNA
polymerase. The latter is coded for by T7 genwHich is within the bacterial strain
used (Origami B (DE3):: plySs) for hyperexpressiom7 gene 1 activation is controlled
by lacUV5 promoter which is switched on by the #&ddi of isopropyl-bet-D-

thyogalactopyronoside (IPTG). By using this formcbemical induction with IPTG, the

AvBD gene can be activated and peptide produced.
2.4.2.2: Expressed Sequence Tagged (EST) clones

EST clones (Table 2.6) were purchased from Ark-Gaos, Roslin Institute, UK.
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Gene EST clone

AvBD1 ChEST679b6

AvBD4 ChEST203022

AvBD10 ChEST1015e22

Table 2.9: Chicken EST clones purchased from Arkdbaics (Roslin Institute, UK). The
vector used was pBluescriptll K¢

2.4.3: Polymerase chain reaction

AvBD cDNAs were amplified from EST clones (dilutddl00 in de-ionised water) or

from actual bird samples (neat DNA) encoding kn@embinations of the SNPs.

Primers were designed to include the restrictiozyere recognition sites BamHI

(GGATCC) on the forward primer and EcoR1 (GAATTQ) the reverse primer (Table
2.10). The region in italics marks the restrictemzyme-specific site. The blue region
marks a short sequence added to aid stabilisafitiregprimer at the restriction enzyme

site.
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Gene Forward primer (5’ to 3") Reverse primer (5’ to 3") Product
BamH1 EcoR1 size
(bp)
AvBD1 CGCGGATCCGGAAGGAAGTCAGAT | CGAGAATTCTCAGCCCCATATTCTTT | 123
TGT T
AvBD10 | CGCGGATCCGACCCACTTTTCCCTG| CGAGAATTCTTACTGCGCCGGAATCT | 141

TGGC

Table 2.10: Primers with restriction sites useddoning into pRSETA. Blue region is to
stabilize the primer at the restriction enzyme.

Optimal annealing temperatures were determinediasther primers, (60°C and 57°C

respectively for AvBD1 and 10). PCR conditions gingen in 2.2.7.

2.4.4: DNA restriction

The PCR products and the pRSETA vector were réstrievith BamHI and EcoRI

enzymes (Fermentas, UK). The reactions were scase@ppropriate using the ratio

1:1:2:16 of DNA (1pg/ul): restriction enzyme: buff@d0x): sterile water. Following a

3h incubation and purification (QIAquick PCR purdtion kit, Qiagen, Crawley, the

samples were electrophoresed on 1% agarose-TBE egalised from the gels and the
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DNA purified (QlAquick gel extraction kit, QiageiGrawley, UK). The restricted PCR

product and plasmid were eluted into 30 pl Buffér E

2.4.5: DNA ligation

The DNA was ligated into the vector using a rapgation kit (Fermentas, UK). The
samples were combined as in Table 2.11 (includirogrgrol with no gene insert) and
kept at room temperature for 2 h prior to transfaion into competent cells (Origami B
(DE3) :: pLysS). The buffer (5X rapid ligation lierf) and enzyme (T4 DNA ligase)

were supplied in the kit.

Volume
(ul)
PCR product | Vector Buffer Enzyme Water
10 2 4 1 3
5 1 4 1 9
0 1 4 1 14

Table 2.1: Components ctheplasmid ligatior

2.4.6: Transformation of bacteria

A volume of 200ul of freshly prepared competentscelas used for each transformation

and to this 5ul of the ligated mix or plasmid DNAasvadded. Gentle mixing was
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performed and the sample placed on ice for 10 mihe sample was heat-shocked at
42°C for 2 min, placed back onto ice for a furth®rmin and 100ul of LB broth added.
The tube and contents were incubated at 37°C farther 1 h with gentle shaking in a
Gallenkamp orbital shaker (Sanyo Gallenkamp Placdster, UK). Volumes of 50-
100ul were plated onto LB agar containing the appate antibiotic and incubated
overnight at 37°C. For the hyperexpression expamisiwhere Origami B (DE3):: plySs
and pRSETA were used, the plates contained chldramgpol and ampicillin diluted to
0.03mg/ml and 0.05mg/ml working concentrations eetipely, and for those where

DH5a bacteria were used, ampicillin alone was added.
2.4.7: Extraction of plasmid DNA from bacterial cels

The bacterial colony (DHE containing the required plasmid (pRSETA or PBI@PO)
was cultured overnight in 10ml LB broth containargpicillin (0.05mg/ml) at 37°C in an
orbital shaker. Approximately 2ml of culture wadl@ed by centrifugation at 130009 for
one min (Biofuge 13 centrifuge, Heraeus, Seratedi)e supernatant was discarded and
the plasmid DNA extracted using a plasmid purifmatkit (Fast plasmid mini-prep,
Eppendorf, Cambridge, UK) according to manufactuiestructions. The DNA was

eluted in 50! of molecular grade®
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2.5:In vitro synthesis of recombinant AvBD peptides

2.5.1: Induction of hyperexpression

Recombinant colonies from the agar plates were tisadoculate 10ml of LB broth
containing chloramphenicol (0.03mg/ml) and amgitill0.05mg/ml) and incubated at
37°C with gentle shaking for approximately 1.5 higgg turbidity). A total of 100
universal tubes each containing 10ml LB broth wesed (total volume 1L). Expression
was induced by the addition of 10ul of 1M isoprepgta-D-thiogalactopyranoside
(IPTG) to each tube and followed by a further 3tuimation. This method was modified
so that a 1L volume of LB containing appropriatditdatics was inoculated with an
overnight culture established from a single tramagx colony. This was shaken for 1.5h
and induced with 1ml of 1M IPTG and cultured fofuather 3h prior to harvesting the
bacteria. This latter method used fewer univetsés and proved more time efficient

with similar end results i.e. concentrations ofoar@binant peptide.

Cells were harvested by centrifugation for 15 mirteC and 15 000g in a Biofuge 13
(Heraeus, Seratech). The pelleted cells were dtare20°C overnight before being re-
suspended in 10ml 0.1M PBS, pH7.4 and lysed bycstion for 1 min. After
centrifugation the supernatant was removed andnexta Both the pellet and the
supernatant were analysed via SDS-PAGE. To thietpé0ul of SDS-PAGE buffer

(5ml of 10%(w/v) Sodium Dodecyl Sulphate, 50% (V/25M Tris pH 6.8, 25% (v/v)
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50% Glycerol solution and 25% RMercaptoethanol + 20ml 0.1% Bromophenol Blue
dye) was added and 30ul of the soluble fraction mvxed with 15ul of the same buffer.
Both samples were boiled for 10 min before beinigjestted to SDS-PAGE analysis as

described in 2.6.1.

2.5.2: Purification of recombinant peptides

Talon resin (2ml, Clontech, Hampshire, UK) was snspé in a column (15ml volume),

2.5ml of the ‘soluble extract’ was added, left t@id through the resin and the flow-
through retained. The resin was washed twice Wwtl0.1M PBS pH7.4 and the flow-
through liquid retained. Elution of the proteinsyaerformed by the addition of 2ml of
10mM imidazole (X2). This elution was repeatedngsincreasing concentrations of
imidazole, (100mM, 250mM and 500mM, 2ml X2). Alf the flow-throughs were

retained and analysed by Western analysis. A PDBelg§alting column (G.E. Healthcare,

UK) was used to remove any impurities.
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2.6: Identification of recombinant peptide

2.6.1: Sodium Dodecyl Sulphate Polyacrylamide Gel |&ctrophoresis
(SDS- PAGE)
Protein separation was achieved by the use ofcaéri2.5-15% (w/v) bis-acrylamide

gels. A low molecular weight pre-stained proteidder (20ul, range 14-66kbases) was

used to confirm protein size. Gels were prepar@ijube reagents shown in Table 2.12.

A) 15% gel

Resolving  Gel Stacking  Gel
Reagent Volume Source Reagent Volume Source
De-ionised 1.1ml De-ionised | 1.5ml
water water
40% bis- 3.6ml Invitrogen 40% bis- 0.4ml Invitrogen
acrylamide acrylamide
Resolving 4.7ml Stacking 1.9ml Sigma
buffer(0.75M buffer (0.25M
Tris/SDS Tris/SDS (pH
(pH8.8)) 6.8)
10% (w/v) 90l 10% (w/v) 60ul Sigma
NH,4 NH,4
persulphate persulphate
TEMED 30ul TEMED 20ul Sigma
Table 2.12: Components of 15% SDS-PAGE gel.
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B) 12.5% gel

The components for the gel were as shown in Taldl2 8xcept that the resolving gel

contained 3ml of 40% acrylamide and 0.9 ml de-iediwater.

Gels were submerged in a vertical gel tank comgirfix SDS PAGE electrophoresis
buffer (3% (w/v) Tris, 14% w/v Glycine and 1% SodhiuDodecyl Sulphate, pH8.3).
Samples were prepared by the addition of SDS PAgaHihg buffer (5ml of 10%(w/v)
Sodium Dodecyl Sulphate, 50% (v/v) 0.25M Tris pH8,625% (v/v) 50% Glycerol
solution and 25% P- Mercaptoethanol + 20ml 0.1% Bromophenol Blue dyea 2:1
ratio (sample: running buffer). The samples weoded for 10 min before a sample
volume of 20ul was loaded into each well of theclstag gel. An electric current of
30mA was applied for approximately 40 min and tkiea® gel removed and stained with
either Coomassie stain, colloidal blue or silvairstBands were visualised by exposure
to a light source (Bio-Rad, Hemel Hempstead, UK) photographed (Kodak EasyShare

digital camera).

2.6.1.1: Coomassie stain

Electrophoresed gels were placed in a holding Vesse covered with Coomassie stain
(4g Coomassie G-250 in 40% (v/v) methanol and 108¢) (acetic acid) for 7 h. De-
staining (40% (v/v) methanol and 10% (v/v) acetidawas performed for at least 1 h or

until contrast was optimal.
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2.6.1.2: Colloidal blue stain

A colloidal blue staining kit was obtained from ltmagen (Novex colloidal blue staining
kit) and used as per manufacturers instructionsially 15% SDS-page gels were used

but it was determined that better protein stainiag achieved with 12.5% gels.

2.6.1.3: Silver stain

A kit called SilverSNAP® stain kit 1l was obtaing@hermo Scientific, USA) and

staining performed as per manufacturers instrustion

2.6.2: Western blot analysis

An anti-His tag antibody was used for western lloalysis of the His-tag recombinant
AvBD fusion protein. Initially samples were suligt to SDS-PAGE (2.6.1), and
following electrophoresis the gel was equilibrated 10 min in transfer buffer (2.5mM
Tris base, 150mM glycine in 10% methanol). Threeess of 3mm Whatmann paper
were soaked in transfer buffer and loaded ontohibitom electrode of the semi-dry
protein transfer blotter (Biorad, Hemel Hempsted#). A section of Hybond PVDF
membrane (Thermo Scientific, USA) was activated 6 methanol for 2 min, washed
in de-ionised water and soaked in transfer bufferpgo use. The membrane was laid on
top of the moist filter paper. The SDS-PAGE gelswdaced on top of the activated
membrane and a further three layers of soaked Wdmatrfilter paper placed on top. All

air bubbles were removed and electroblotting cotetliat 10V for 30 min.
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The membrane was blocked in 5% (w/v) Marvel, 0.1%e@&n in 0.1M PBS, pH7.4
overnight at room temperature. Two brief washeghef membrane were performed
using 0.1% Tween in 0.1M PBS, pH7.4. A solution0d6% milk protein 0.1M PBS,
pH7.4, 0.1% Tween was prepared (40ml) and 0.376Mause anti-His tag horseradish
peroxidase conjugated antibody added (working idituof antibody was 1:12,000). The

membrane and antibody solution were incubated & 33t 1h.

The membrane was washed for 10 min (X3) in 0.1%eéfwia 0.1M PBS, pH7.4. The
membrane was treated with 5ml of enzyme chemilusteet reagent (ECL Western
blotting detection reagents, GE Healthcare LifeeBces, UK) for 5 min in the dark. This
stain consisted of a 1:40 dilution of Buffer B (&8toacradin solution in dioxin and
ethanol) in Buffer A (ECL plus substrate containifigs buffer). The membrane was
dried, placed in an x-ray film cassette with x-fayn (Kodak, Hemel Hempstead, UK),
left for between 10 and 60 sec and developed uam@utomated developer (Konica,

SRX-101A).

2.6.3: Enzyme-linked immunoabsorbant assay (ELISAXo determine

concentration of recombinant peptide

An ELISA was established to quantify the levelshgperexpressed peptide, exploiting
the six polyhistidine tag. A His-tag labeled piotef known size (53kDa) and a starting

concentration of 60pg/ml was used to establistaadstrd curve on a Maxisorb® (Nunc,
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Denmark) 96 well plate. A total volume of 100ulsa#mple was loaded into each well.
Hyperexpressed peptide and control empty samples l@aded onto the plate at neat,
1:2 and 1:4 dilutions using 0.1M PBS, pH7.4 asdihgent. The plate was covered and

stored at 4°C overnight.

The wells were washed five times using 200ul 0.1BSPpH7.4 and 0.1% Tween, with
the plates shaken to remove the liquid in betweashas. All wells were blocked for 2h
using 100ul of 1% (w/v) bovine serum albumin (BSAD.1M PBS, pH7.4, 0.1% Tween
at room temperature. A further five washes wepeaged as previous. Mouse anti-His
tag horseradish peroxidase conjugated antibodyiged for Western blot analysis) was
diluted to a concentration of 1 in 12,000 in 0.1%480.1M PBS, pH7.4 0.1% Tween and
100ul of this solution added to each well. Theehlas incubated at 37°C for 1h. A
further five washes were performed. Aliquots of [@D0of 2,2,’-azino-bis(3-
ethylbenzthiazoline) (horseradish peroxidase satestwhich had been allowed to reach
room temperature) were added to each well and tage peft to develop at room
temperature for approximately 20 min. A stop soluof 1% SDS was added to all
wells prior to the plate being read at 405nm in latep reader (Bio-Rad, Hemel
Hempstead, UK). A standard curve was plotted aonh fthis, the concentration of the

hyperexpressed peptides determined.
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2.7: Antimicrobial activity of recombinant peptides

2.7.1: Bradford assay

To determine the protein concentrations of the hgy@essed peptides and those
samples extracted from the gut mucosal scrapesBthdford assay was employed
(Bradford 1976). Initially a protein standard ceinwas constructed using bovine serum
albumin (BSA at a starting concentration of 0.1lmy/nThe range of protein

concentrations was 0-100ug/ml. Test samples wered 1:2, 1:5, 1:10, 1:50 and 1:100
(sample:HO) to a total volume of 50ul. Bradford reagentof®ad, Hemel Hempstead,

UK) was added to each well (1:5 dilution in®iwater, volume of 150ul) and the 96 well
plate analysed 5min later at an absorbance of 596remplate reader (Bio-Rad, Hemel
Hempstead, UK). The amount of protein in the ssshples was calculated from the

standard curve.
2.7.2: Time-kill assays

A loopful of bacteria $almonella strain or clinical isolate) was taken from a freshp-
master plate, used to inoculate 0.5ml 0.1M PBS,7pHand the suspension vortexed to
avoid flocculation. This mixture was added to aatubottle containing 20ml LB and
25mM glucose and cultured at 37°C and 200rpm for 300ul of culture was removed

and added to a new sterile duran bottle contai@dgl LB and 25mM glucose. The
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bacteria were cultured as previous. A working aeltaf 10 CFU/ml was prepared by

diluting the bacteria 1:100 in 0.1M PBS, pH7.4.

Ninety microlitres of the diluted bacterial suspensvas added to 10ul of control or test
substance (recombinant peptide or gut scrape)owiolg mixing, 10ul was removed and
serially diluted in 0.1M PBS, pH7.4 (1@o 10%. A 10pl sample from each of these four
dilutions was spread on a blood agar plate, whiath been divided into quarters (the
guadrants were labeled with sample identity andtidih). The remaining assay mixture
(bacteria and test samples) was incubated at 3@fQ ffurther 2 h before the serial
dilutions and plating was repeated. The platesvircubated at 37°C for 18 h and the
colonies counted. All test and control samplesawan in triplicate. Percentage survival

of the bacteria was determined as described byn&sywMichailidis et al. (2004).

2.8: Gut mucosal scrapes

2.8.1: Sampling of gut mucosa

The duodenal loop from every bird included in thtisdy was excised, cut longitudinally
to expose the mucosal surface the gut contentsuveinoy washing in 0.1M PBS, pH7.4,
the mucosal layer of the duodenum collected bypsegawith a microscope slide, placed
in aluminium foil and labeled. The samples werapsfrozen in liquid nitrogen and

stored at -80°C.
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2.8.2: Protein extraction of gut mucosal scrapes

Each mucosal scrape was weighed prior to proteiraebon. The sample was placed in
a 15ml Falcon tube, 1ml of 10% acetic acid addetithea sample homogenised using an
electric homogeniser (Qiagen Tissue Ruptor as 6eetissue, 2.2.1). The probe was
cleaned between samples using alcohol and 0.1M RBS.4. The samples were

transferred to microfuge tubes and centrifugedoatr temperature, 13000g for 5 min.
For each sample the supernatant was removed acedglaa clean microfuge tube. The
lid of the tube was removed and the sample lyogduliin a heat block set at 56°C for 36
h or until all liquid had been removed. The residvas reconstituted with 1ml of 0.1M

PBS, pH7.4 and vortexed. The day O bird gut sasnplere re-constituted in a smaller
volume (150ul) due to the low starting weights bkde samples. Total protein

concentration was measured using either the Brd@fesay or NanoDrop.

2.8.3: Liquid chromatography mass spectrometry (LCMS)

Acetone precipitation of protein from the gut sa@spwvas performed before LC/MS
analysis. Briefly, to a microfuge tube containimige volume of reconstituted gut scrape
in 0.1M PBS, pH7.4, four volumes of ice cold acetamere added, the contents mixed
well and stored at -20°C overnight. The sample wedrifuged at 150009, 4°C for 15
min, the supernatant removed and the tube investd#d tissue paper to remove any

liquid. The sample was lyophilised in a fume-cupidar 4h.
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Samples were stored on ice and delivered to NEP&Ee®&me Analysis facility (Cels

Business Services Ltd, Newcastle-Upon-Tyne, UK)LIGIMS analysis.
2.8.4: Thin layer chromatography

A pencil line approximately 1cm from the perimetéra piece of siliconised aluminium
plate (Merck, Germany). On the left side of threelD.5ul of glucose solution (0.1M) was
spotted and the plate dried with a hairdryer; O&uhaltose solution (0.1M) was added
to the same spot and dried; finally 0.5ul of asccharide, maltotriose (0.1M) was added
and dried. A series of marks were placed at 1dervals across the width of the plate.
On each mark a 2ul sample of gut extract was spatiieed and a further two 2ul of the
same sample applied in the same place. The plaelaaed in hexane solvent for 3 h in
a fume-cupboard while the samples migrated proxymdhe plate was removed from
the solvent and briefly covered in developer (3:Jufopanol:ethyl:water), wrapped in
aluminium foil, incubated at 37°C for approximgt&D min and photographed (Kodak,

Easy Share digital camera, UK).
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Chapter 3: Farm field trial and analysis of environmental

parameters

3.1: Aviagen Ltd

This study was performed in collaboration with Agea Ltd (vww.aviagen.com The

Aviagen corporation has several commercial interedt which, the chicken broiler
industry forms a large component. To maintain cetimgness, approximately 10% of
turnover per annum is invested into broiler bregdimith genetic improvement of
commercial lines, and subsequent ability to offesdpicers appropriate broiler chicks,

forming the focus of the research aims for Aviagth

The company views the broiler industry as a pyramitbwn in Figure 3.1. Breeding
patterns are tightly regulated so that specifiditjaa are selected from birds at the top of
the pyramid and subsequently transferred to thenwential broilers. This then results in
the ultimate production of large quantities of &eiss which have the previously selected
beneficial traits. The diagram also highlights faet that there is a four year lag in the
selection of genetic traits in great-great grandpturstock being transferred to the

commercial broilers. This time-delay for traitrisfer emphasises the commitment both
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financially and with time that is needed for deyetent of the

Industry Structure - Chickens

Pedigree
Selection

150 GGPs

7500 GPs

375,000 PS

48,750,000 »
Broilers f
. ;"/

75,075 Tons
of Meat i

broiler birds.

Figure 3.1: The
pyramidal structure
of the poultry
industry (Courtesy
of K Laughlin,
Aviagen).

(GGP=great-
grandparent

GP=grandparent

PS=parent stock)

Within the pedigree selection at the top of theapyid there are both commercial and

developmental lines (the chickens used in thisystuere commercial lines).  Within the

selective breeding programme birds are selectenlgusiultiple trait measurements to

assess their welfare and survival, reproductiveildarand processing characteristics. As

part of this, birds are assessed in different emvirents to ensure that selected birds have

the genetic capability to perform well across acspen of commercial farming

conditions.

As the pedigree birds need to be kept in high-maifacilities, information from how

their siblings perform (sib-testing) in the low-hgge commercial environments is used

to aid the selection process.
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The weighting of traits is different for each breegline depending on the intended use
of the end broiler cross. For example, more effofilaced on meat yield traits in lines

used to make crosses targeted at producers thet éocportioning their broilers.

This investigation encompasses several facets efrésearch goals for Aviagen Ltd,
namely determining genetic potential of differeiniet via the investigation of different

genetic markers.

3.2: Chicken lines

Three pedigree lines of chicken were used througtios study coded as lines X, Y and
Z. These pure lines have their origins in the Rlyth Rock and Cornish lines. They are
closed populations that have undergone multipleeggions of selection using genetic
evaluations based on multiple-trait best lineariasdd prediction analysis. A significant
proportion of the worlds’ broilers are a hybridtbése three lines (Andreescu, Avendano

et al. 2007).

The three lines of birds used within this studyevehosen for several reasons, the main
one being that they have been shown to have véigreit gut healths: line X having
poor gut health, Y having an intermediate levebof health and Z having the best gut
health. Such problems associated with line Xsirgtlude the production of wet litter,
which can lead to poor feed conversion ratios &edefore suboptimal bird growth rates
as well as foot pad lesions (Meluzzi, Fabbri e2@D8; personal communication with Dr
Barry Thorp, former Director of Veterinary Servicésvziagen Ltd). In addition to the

differences in gut health, the three lines are aised for broiler breeding programs
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within the pedigree farms and differ in charactesssuch as growth potential, yield and

reproductive performance.

The initial plan of the study was to rear all thiees of birds within the two distinctive
environments (low hygiene LH and high hygiene HHIt binfortunately this proved
impossible. Due to the high bio-security contrplaced on the high hygiene farm and
the outbreak of Avian influenza during the timetloé¢ trial in the UK, it was advised to
minimise the number of visits made to this farmd amlike lines X and Y which were
reared in tandem using the same barns, line Zremdng dates did not fit in with the
dates of sampling. It was for this reason thagapipointingly, only lines X and Y were

sampled in the high hygiene farm compared to adldéhines in the low hygiene farm.

3.2.1: Outline of farm trial

Details of the trial which was performed during Aumn 2007 are shown in the flow-
chart (Figure 3.2). A total of 180 birds, all maleere included and the study was
performed with the following aims; (the aim which highlighted in bold is included

within this chapter). The other aims are coverethéenstated chapter numbers.

* To define differences in the rearing conditions on the two farms at time
points throughout the performance of thetrial.

* To identify potential single nucleotide polymorphis (SNPs) within the AvBD
locus, focusing on AvBD1, 4 and 10 and to determihether there are any line

differences with regard to SNP occurrence (Chapter
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To determine AvBD1, 4 and 10 gene expression datasa a panel of 10 tissues

for three lines of chickens (rationale for geneestbn given in Chapter 5) and to:

1) explore whether gene expression differs acrosdiffexent lines of birds,

2) investigate if there are any age-related pattermgene expression,

3) ascertain whether the environmental conditions thatbirds are reared in
affect gene expression in any of the tissues.

To determine whether age, line and environmentaling conditions influenced

the antimicrobial effects of duodenal gut scrapebacterial time-kill assays and

to investigate the contents of duodenal gut scragethe different bird lines

(Chapter 7).

Chapter 6 was focused on producing and provingraecrtobial activity of two of

the AvBDs and not directly relevant to the farmaltper se.
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Three lines of chickens taken from hatchery
X, Y and Z (day 0) and transferred to farms A or B

Environmental/ farm recordings taken;

Far_mA (low temperature, humidity, total bacterial Farm B (high

hygiene, LH) @) ., of bedding, coccidia levels of | ) hygiene, HH)

LinesX, Y and Z bedding, feed analysis and vaccination LinesX and Y
protocol.

| |

Birds aged O, 7, 14 and 35 days weighed and sampled (10 birds for eachline)

|

Tissue samples; thymus, liver, kidney, testicle, lung, spleen,
duodenum, bursa of Fabricius, caecum and caecal tonsil
removed for DNA and RNA extraction

]

Duodenal gut scrapes
performed

Figure 3.2: How-chart of trial performed at two Aviagen farms (low hygiene, LH and high hygiene, HH), Autumn 2007.




3.2.2: Agesof birds

The ages of the birds investigated within thisl tnare O (taken directly from hatchery to
the laboratory, all birds were reared at the saatehery in the same manner and were
siblings or half siblings), 7, 14 and 35 days, eetively. The focus for this study was on
early life because a previous study (Bar-Shira Enedman 2006), had shown that the
innate immune system is vital to the chick during first week of life, particularly in the
gastro-intestinal system where rapid developmedtiatterial colonisation occurs at this
time. Sampling at day 0 also provided base measmtsrand allowed any bird line
differences to be noted prior to the birds beingred in either of the two distinct
environments. By sampling birds at day 0 and 7, @mnges associated with both gene
expression and gut mucosal scrape activity ocagiwithin the first week of life i.e.
before the adaptive immune system is fully funatign could be identified. The day 14
bird samples not only allowed the generation ofadatid-trial, but by day 14 the
adaptive immune system is active, as suggestedhby presence of lymphocyte
colonisation in bird guts (Bar-Shira, Sklan et2003), allowing a good data comparison
point. By day 35 the chickens adaptive immune sysigcluding secondary lymphoid
tissues (with the exception of the bursa of Fabscis fully developed (Rezaian and
Hamedi 2007) but as most broilers are slaughtetepproximately day 42, this time

point provided information on the mature bird.
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3.3: Environmental conditions

3.3.1: Farms

The trial was carried out at two Aviagen Ltd farmsScotland; farm A (low hygiene,
LH) is classed as a sib testing farm and is wheralitions are similar to those of a
commercial broiler unit in the UK. Farm B (highdwgne, HH) has tight bio-security
controls and is where breeding of those birds atttp of the poultry pyramid occurs

(Figure 3.1). The main differences between thefamms were;

* Hygiene: When cleaning barns between new batches of ctiarks A allowed
mixing of some of the older bedding with fresh bheddfor each new batch of
birds (ratio not provided, white wood shavings wased on both farms) while
farm B adopted a complete disinfection process éetwbatches of birds.

* Temperature and humidity: Environmental controls were less tightly conedll
in farm A compared to farm B.

» Diets: Different diets were given to the birds on the fiarms. Farm A birds were
fed a maize-based diet while farm B birds weredadheat-based diet.

» Vaccination protocols. Different vaccination regimes were used on the tw
farms and these are listed in Appendix Il.

* Bio-security controls: Farm A had less tight controls while Farm B haghtt
controls for example at Farm B a longer inteniats contact with chickens was
required for visitors and also greater security sneas against wildlife were

implemented e.g. Farm B was more geographicallatied.
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» Estimated mortality: Farm A had an estimated mortality rate of 3-5%rov 12
month monitoring period compared to Farm B whickl leatimated levels of 2-
3% (personal communication with Dr Kellie Watsorviggen Ltd- no age group

breakdown data was available).

e Stocking density: Birds were housed in groups of 15 of which, Irevtaken at
random for sampling and inclusion in the trial. eT8tocking densities on the two
farms were the same for the period that the triat werformed and this was

34kg/nt .
3.3.2: Bedding analysis

On the day of bird sampling (7, 14 and 35 dayseetsyely), a representative bedding
sample was taken from each pen that the birds bad keared in (taken from a total of
five sites within the pen). Approximately 20 grémdding samples (shavings combined
with faecal matter), were analysed by Poultry He&ervice Ltd, Thirsk, UK for the

measurement of a) colony forming (cfu) bacteriagram of sample and also b) coccidia
oocyst count per gram (modified McMaster techniques used). No sample was

obtained for the day O birds as they had arriveectly from the hatchery.
3.3.2.1: Bacterial counts

The total bacterial counts (cfu) for the single died samples taken throughout the trial

are shown in Figure 3.3. A single sample was subthifor analysis but this involved
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sampling from five locations within the pen. Nal@y samples were available as birds

had been taken straight from the hatchery to ther&tory.
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Figure 3.3: Total bacterial counts per g of bedding cfu) for a single bedding sample tak
at days 7, 14 and 35, respectively for the thneesliof birds and two different environments.
Lines X, Y and Z and environmental rearing conditicare stated on the x axis; L is Iqw
hygiene and H is high hygiene environment.

Only a single sample of bedding was taken at eawod point and therefore only trends in
the data points can be commented upon. Howevderelifces in the bacterial bedding
counts between the two farms were evident at dagd bars in Figure 3.3); in fact the
bacterial counts were ten fold greater in the Lirhglas. By day 14 there was greater
variability in the results with a much greater ninbf bacteria in the XL bedding when
compared to XH (approximately three fold differenc&he data for day 35 showed that

the differences between the two environmental deord were minimal.
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3.3.2.2: Coccidia levels

Coccidia levels were investigated to determine Wwethere were any differences in the
levels of challenge that the birds on the two famese exposed to during the period of
the trial. Coccidiosis is recognised as a majoagiic disease of poultry and is caused by
a group of protozoan known &smeria species. Infection seriously impairs growth and
feed utilisation and enforced restrictions on tise of prophylactic anti-coccidia drugs
has lead to increased reliance on vaccination éBupika et al. 1998; Dalloul and
Lillehoj 2006). Coccidia oocysts can be shed byma healthy birds and increased
shedding is often observed post vaccination. Buoghsmall intestine and caecum can be
colonised depending on the speciekioheria. The same make of vaccine and route of
administration was given to birds on both farms thé low hygiene birds received
treatment at day O while those reared on the hyghehe farm were treated at 5 days of

age. The full vaccination protocol is presentedppendix II.

Coccidia counts obtained from the single bed sasnf@ame sample as for total bacterial
counts, n=1 for each group) are shown in Table 3lvas observed that for the day 7
birds the parasite challenge was highest in theehtdronment compared to the HH farm
(range 300-700 oocysts per gram LH bedding comperedl00 in HH material). No

distinction between coccidia counts in the samfries the two environments could be
seen at day 14. However, at day 35 a differencsdmst the levels on the two farms was
evident with the low hygiene samples having higheasite levels compared to the HH

farm (400-5,900 oocysts/g in LH compared to 106ess in HH group).
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Line and 7 days 14 days | 35days
environment

XL 700 <100 2,200
YL 300 100 5,900
ZL 700 500 400
XH <100 <100 100
YH <100 1,000 <100

Table 3.1: Coccidia levels per gram of beddingterthree lines of chickens at day|7,
14 and 35, respectively. L is low hygiene and High hygiene farm.

3.3.3: Environmental temperature and humidity

3.3.3.1: Temperature

A) Pedigree (HH) farm:

In the pedigree farm the barn temperature waslyigagulated. Both lines X and Y were
housed within the same barn for each age of samphfanual temperature recording
was carried out daily by the farm manager and aimax and minimum ambient
temperature recorded for each 24 hour period. Weskérages were calculated and are

presented in Figure 3.4 and Table 3.2.

Figure 3.4 and Table 3.2 show the data for averag@eratures over the five week time

course of the trial. A gradual decline in ambierhperature from weeks 1 through to 5,
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with a drop from 32.2°C to 20.3°C (12°C) was reeatdThis controlled decline in

temperature is common practice in the rearing adkeims. Fluctuations in temperature
during the 24 hour period for weeks 1 and 2 (tkatdta for birds O to 7 days and then 7
to 14 days, respectively) were a maximum of 0.6°Greater fluctuations between

maximum and minimum temperatures were seen inubgsegjuent weeks of the trial.

B) Commercial (LH) farm:

Readings for both ambient temperature and humiditye taken every four minutes
throughout the 35 day trial using a data loggeriaeyTinytag ™, model TGP-4500,
Gemini Data Logger (UK) Ltd) placed in the middlé the pens of trial birds.

Temperature and humidity averages as well as ranges calculated for each day of the

trial using the 359 readings taken over a 24 hogeri

The mean ambient temperature data is presentedune3.4 and similar to the results of
the high hygiene environment, a gradual decreaseolaerved over the five weeks of
the trial. At the start of the trial the weeklyesage temperatures for the two farms were
comparable but as the trial progressed the gagased. By week five the difference in
the average temperatures for the two farms haeéased to 4.9°C with birds raised in LH

subjected to higher temperatures.

Table 3.3 presents the data obtained for the LHr@emnment based on the Tinytag™ data
from the farms. The average ranges of temperataves a 24 h period in this

environment were greater than those for the HH faemge difference from 0.6-1.8°C in
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the HH farm compared to 1.0-2.4°C range on the laim) indicative of greater

fluctuations in the barn temperature on the LH farm

The two temperature profiles were set by Aviageth @re used for the rearing of birds on

the pedigree and sib testing standard conditions.
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Figure 3.4:
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Table3.2: HH
Week | Average Std error Average fluctuation SEM
temperature/°C between maximum

and minimum

temperatures°C
1 322 0.06 0.6 0.05
2 28.4 0.41 0.6 0.26
3 25.1 0.49 1.0 0.12
4 223 0.32 1.6 0.5
5 20.3 0.35 1.8 0.55
Table3.3: LH
Week Average Std error Aver age fluctuation SEM

temperature/°C between maximum and

minimum

temperatures/°C
1 325 0.22 1.4 0.16
2 30.3 0.41 2.0 0.23
3 28.1 0.32 1.8 0.21
4 26.0 0.20 1.9 0.14
5 25.2 0.10 24 0.27

Figure 3.4, Tables 3.2 and 3.3: Average

ambient temperatures and calculated

fluctuations for the high and low hygiene farms (mean + SEM).




3.3.3.2:Relative humidity

A) Pedigree (HH) farm:

Humidity on the high hygiene farm was determinedtigh a hygrometer. The humidity
readings were taken at the same time each day ameekly average was calculated.
Figure 3.5 and Table 3.4 show the weekly changesaean ambient humidity (tSEM)

and show a steady increase from weeks 1 to 5, 8919% (+0.94) at the beginning of

the trial to 63.7% (+£3.01) by day 35.

The range in percentage humidity throughout eacterselays was most variable in
weeks 3 and 5, respectively. Differences in maxmand minimum readings were 14%

and 26% respectively as shown in Table 3.4.
B) Commercial (LH) farm

The Tinytag ™ device was also used for collecting tlata for the ambient humidity
readings. Figure 3.5 and Table 3.5 shows the wesmkdyage ambient humidity over the
five week trial. With the exception of week 1 whemean humidity +SEM, was 39.9%
+0.94 in the HH farm compared to 43% £1.13 on thefarm, all of the other average
readings were lower in the LH environment when caraeg to the HH farm. In the LH
environment, and at the beginning of the trial, tekative humidity was 43% and the
peak reading was seen at week 4 when the averagegewas 53.8%, an increase of
10.8%. The range of readings within each weelhefttial was between 12 and 20% in
the LH farm compared to 5 and 26% in the HH fatdowever, when the average ranges

in readings (difference between maximum and mininfaneach 7 days), for each week
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of the trial were calculated, the average for HHswWa.8% compared to 16.3% in the
commercial farm, indicating greater variabilityhnamidity in the LH farm across the five

weeks of the trial.

81



Figure 3.5:
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Table3.4: HH
Week Averagerelative Std error Aver age fluctuation between
humidity/% maximum and minimum
humidity/ %
1 39.9 0.94 5
2 55.1 0.94 5
3 59.3 1.66 14
4 61.4 1.15 9
5 63.7 3.01 26
Table3.5: LH
Week Averagerelative Std error Aver age fluctuation between
humidity/% maximum and minimum
humidity/ %

1 43.0 1.13 12.31
2 422 0.64 12.91
3 475 1.49 17.47
4 53.8 0.78 17.76
5 52.0 1.34 20.81

Figure 3.5, Tables 3.4 and 3.5: Average relative humidity and calculated fluctuations
for the high and low hygiene farm (mean £ SEM).
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3.4: Bird weights

Each bird included within the trial was weighedrag time of tissue sampling. This was
performed so that average growth rates (measuredelght gain) for the three different
lines of birds could be determined and comparidogisveen the two farms could be
made. Figure 3.6 shows average bird weights foptplation of birds included in this
study from O to 35 days, respectively. As the diedjed, their weight increased and
significant differences between the average weigiitshe birds reared in the two

environments were observed.
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Line, age(days) and environment
Figure 36: Average weight of birds at days 0, 7, 14 ande@ed in the two differel
environments (L= low hygiene, H=high hygiene, + SEBIgnificant differences are indicated
by *, **indicates p<0.05 when the HH lines aramqmared to the LH data and *** indicates
p<0.001 when the ZL group is compared to XH anddéth, n=10 for all groups of birds.
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There were no significant differences in the averagights of the three lines of birds at
day 0 with the mean weights (xSEM) being; line X244(+1.4), line Y 42.3g (£1.3) and
line Z 41.6g (x0.9). The average weights for theldiat 7 days were (meantSEM) XL
129.1g (#6.0), YL 130.1g (¢5.9), ZL 96.2g (+5.5)HX199.4g (+4.2) and YH 190.6g
(x4.9). These data showed that the two lines ofisbireared in the high hygiene
environment were consistently heavier than thoaeetkin the LH environment with an

average difference of 70.3g for line X and 60.5glifee Y birds at 7 days of age.

The average bird weights for the day 14 time-pougre (meantSEM) XL 327.7¢g
(+16.8), YL 261.9g (+23.6), ZL 186.3g (+12.8), XHLB7g (¥14.9) and YH 521.2g
(x11.9). The difference in average weights betwaers of the same line, but reared on
the two farms was more apparent than at day 7datl4 the XL birds were 1909 lighter
on average than XH and 259.3g separated the avbrabaveights of line Y chickens.
These data were statistically significant, p<0.05lihes X and Y and p<0.001 for line Z

birds, weights from the HH and LH.

The effects of the two rearing environments on agerbird weight were greatest at day
35 (Figure 3.6). The average weight of the fiveed of birds were (xSEM); XL 1210g
(+92.3), YL 1253g (+99.1), ZL 1033g (+64.8), XH BJ(+50.0) and YH 2379g (+40.0).
In fact, birds reared on the pedigree farm weredwas heavy as those reared in the

commercial environment (for both lines X and Y).

In conclusion, line X and Y birds of similar agesdhsimilar weights when reared in the

same environment. In contrast, line Z birds weigless than the other lines at all time
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points. As anticipated, those birds reared in ke environment weighed more than
those reared on the LH farm, and this was appdrent day 7, the difference in feed

being so great between the two farms.

3.5: Nutrition

The diets that the birds were fed in the two hygienvironments differed in the

following ways;

1. Cereal source - HH birds were fed wheat-based(digh nutritional value) with
added enzymes while LH chickens were fed a maizeddiet (lower nutritional
value, 100% maize due to concurrent food trialam.

2. Quality/size of crumble - HH flocks received a gapgility crumble/pellet (3mm
in size) while LH birds were fed a poor quality erble, produced from 3mm
pellets. Essentially the LH feed was very powderyexture where as the HH

feed was well formed.

No further information on the diet composition béttwo feed types was available due to

commercial interests.
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3.7: Discussion

The trial pivotal to this study was performed atigdgen farms in Scotland in Autumn
2007, and provided all the samples for subsequediiyses. However, due to increased
biosecurity associated with bird flu in the UK, tivee Z birds were not sampled in the
HH rearing conditions. This was unfortunate, yeawoidable, and so only the data
generated from line X and Y birds could be direatympared with regard to rearing
environment. The trial ran very smoothly and theese no major problems in sampling,
which was due to the involvement and commitmerda tdam of enthusiastic individuals
working at Aviagen. All the samples were collectager a period of five visits to the
Aviagen farms i.e. more than one age group was leahgn the same day and the high

hygiene farm was always visited first.

There were marked differences between the reannditons on the LH and HH farms
that the birds were reared in. The main differenteluded the bacterial counts of
bedding samples with the LH environment having aigkvels (11-35 fold higher at day
7 compared to HH however, only single samples waken); the presence of higher
levels of coccidia oocysts in the LH bedding samg@00-700 in LH compared to less
than 100 in HH samples at day 7); less tightly adlgd ambient temperature and
humidity on the LH farm and the use of two differé@eds on the two farms (wheat-
based diet on HH and maize-based diet on LH). Mharttéferences in average bird
weights at day 7, 14 and 35 were also noted wherithbirds were compared to those

reared on the HH farm with those reared in the HiArenment being heavier.
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The birds used in the trial from each of the tHiees were genetically related to each
other due to breeding practices, in fact direclirgys or half brothers, and so any
differences in results obtained for a specific Ibetween the two rearing environments

could be attributed to the farm conditions.

A large difference in environmental bacterial chalie, based on the bedding sample
results, between the two farms was seen at dag ¥o(d difference between XL and XH
pens and 35 fold for the two line Y bird pens). isThesult was anticipated due to the
practice of mixing old bedding from previous batlud birds with new shavings on the
low hygiene farm. This was carried out as it isnowon practice on commercial farms
(North and Latin America) and is believed to hefy tstabilisation of a commensal
bacteria population within the gastro-intestinasteyn of the chicks in the first week of
life. With regard to bacterial counts, only trentn be discussed due to the fact that
only a single bedding sample was analysed, buethesaults provided an indicator of the
environmental conditions on the two farms during thme of the trial. The moisture
content was also different between the samples fidrand HH pens. Theamples were
posted to the laboratory for analysis so the battemumbers may well have altered
during this transit period. However, the samplents were all relative to each other and
so this would not be expected to influence theepatin results. Analysis of further
samples and at several additional time-points wdade provided validation of such
results. Moreover the addition of in- house sangpialysis so that processing could be

performed immediately would have supported theseofations. The data presented was
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for total bacterial counts and does not give amlycation of the nature of these microbes

and whether they are potentially pathogenic or censal populations.

As well as the total bacterial counts for the 7 délybedding samples being higher than
those in the HH group, a similar pattern was olb=grwith regard to coccidia oocyst
counts with the LH group presenting with higherelsvrelative to the HH group. The
nature of the bedding, mixing old with new litt@nd bio-security controls of the two
farms were the most likely reasons for these olesedifferences. Interestingly, it has
been shown that the mixing of bedding from previbatches of birds has no effect on
the acquired immunity againEimeria maxima, one of the species which can infest the
large intestine (Chapman and Rayavarapu 2007).tharefore suggests that this method
of rearing has no benefit in the prevention of adiosis. Following discussion with the
parasitology team at Poultry Health Services, iswancluded that all of the samples
analysed had low levels of coccidia oocysts antigheah levels were not a threat to the
birds in the trial. Much higher levels need to wrgdhousands of oocysts per gram, to
pose as a potential health threat. As discussedomsy, both sets of birds received oral
vaccination against coccidia at day 0 (LH) and &ayHH) respectively, which is
particularly important following the ban of prophgtic coccidiostats, known to have
antimicrobial properties. In addition such treattseare now also less effective due to the

developing resistances Bfmeria species to such drugs (Vermeulen, Schaap et@1.)20

The control of ambient temperature and humidity Wiéferent on the two farms. The

HH farm was tightly regulated with computerised tirepand cooling systems and the

88



specialized building materials had been used ferHhk barns. The daily fluctuations in
both temperature and humidity were reduced on tHecbimpared to the LH farm. Both
farms started at average temperatures of 32°Chiofitst week, but over the course of
the trial this was reduced to 20.3°C on the HH 28&®°C on the LH farms. The initial
high temperature was essential for rearing of theng stock due to low body weight to

surface area.

The average temperatures in the low hygiene camditivere less tightly regulated and
therefore more variable compared to those obseovethe high hygiene farm. This
finding is emphasised when the fluctuations in vixeé&mperatures presented in Tables
3.2 and 3.3 are compared i.e. the HH farm rangéd. @°C and the LH ranged of 1.4-
2.4°C. The greatest control of temperature was seehe high hygiene environment
during the first two weeks of the trial howeverjstltightness of regulation was not
observed on the commercial farm. The first weekhis time when broilers are most
susceptible to health problems due to the immaag@ptive immune system, lack of
prior exposure to pathogens and reliance on thespenific innate immune system (Bar-
Shira and Friedman 2006) and therefore is perhlaparost important period for the
controlled regulation of environmental conditionslajor fluctuations in ambient
temperature may increase disease susceptibilitytaldbe added external stress on the
birds. In fact, this has been shown with the dgualent of ascites (Bendheim, Berman et
al. 1992; Buys, Scheele et al. 1999), such vanatiwere not observed within this trial. In
addition, fluctuations in temperature may have fssffects on both feed and water

intake with a potential change in bird growth rafBsis could be an important economic
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consideration and may well be a factor which hagrdauted to the differences observed

between the LH and HH birds.

Work published on the ambient temperature for nearchickens focuses on high
temperatures (greater than 28°C for maturing biddseeks and older). However, birds
of this age were not subjected to such high tentpess during this trial. Interestingly,
marked physiological responses were only seendarddirds when they were reared in
temperatures greater than 30°C (Donkoh 1989)hifnttial the temperature fluctuations
over a 24 hour period on the LH farm were gredtantthose observed on the HH farm,
but remained within a narrow range, the largesttflation in readings being 2.4°C. This
fluctuation in temperature can be considered srfallthe time that the trial was
performed, Autumn, when outside ambient temperatwere particularly variable. It
was not determined whether there were any physmdbgffects due to such small
temperature changes within the population of bistiedied. Most published work
focuses on very marked temperature fluctuationsefample 20°C differences (Yahav,
Straschnow et al. 1997), with a clear focus on cencial units in hotter climates. Such
variations in temperature do not currently occuthwi the UK, although with changing

climates this may change.

Whereas the ambient temperatures across the fiegsnef the trial were higher in the
LH group, the relative humidity was higher, on age®, in the HH group. It was
observed in both groups that as the temperatuiettiel humidity increased (Figures 3.4

and 3.5). Several factors contribute to relativenidity including; external weather
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conditions, water content of bedding in the bamogclang densities of birds and the
airflow system installed in the barn. The dataspreeed in Tables 3.4 and 3.5 show that
with regard to relative humidity, there was tightentrol during the first two weeks of
this parameter within the HH farm relative to thd farm. As for published work on
ambient humidity there is a particular focus onrexie fluctuations, for example levels
which are experienced within the tropics where Haylels are often seen in conjunction
with high temperatures. However, it has been tegothat for chickens aged 5-8 weeks,
a maximum body weight and feed intake was recoate@lative humidities within the
range 60-65% (Yahav 2000), as was achieved onHHKeunit in weeks 4 and 5 of this

trial.

The line differences were interesting especiallyalation to line Z, which is slower to
grow and gain weight from day 0 to 14 relative he pther two lines. This finding is
interesting considering that line Z birds have Hest gut health out of the three bird
lines. A fine balance between gut immunity, fuastand nutrient absorbing efficiency
may be responsible for such an observation. Inwwé this, it would have been
particularly useful to have sampled line Z birdstbe HH farm so that full comparisons

could have been made between the lines.

The differences in nutrition between the two fapeshaps contributes to the differences
observed more so than the environmental differendé® feeding of birds reared on the
HH farm the maize based diet and vice versa wolilowathe full effects to be

investigated. The diets may also be the respanédaitor for the gut immunity of these
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two groups of birds. To date no work has been iphell investigating defensin
expression and birds fed different diets. Howe&nerman, Chapnik et al. (2006)
showed that both albumin and amino acids affectedam beta-defensin 1 expression
following exposure in a human colon cell line. Whes similar affectsn vivo are seen

remains to be determined.

This chapter has explained how the trial was peréal and identified the differences
between the two rearing environments which wered ubeoughout this study. The
subsequent chapter investigates the differencesebet line X, Y and Z birds at the
genetic level, focusing via the identification dfiBs on the genes encoding three of the

AvBDs.
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Chapter 4: Chicken genomics

4.1: Introduction

The three lines of birds used in this study X, Yl &) revealed by linkage disequilibrium,
to be phylogenetically distinct (Andreescu, Avermlagt al. 2007), form part of the
breeding stocks for Aviagen broilers and were setedor study with the potential of

being used in future breeding programmes.

Commercial breeding programmes, over the yearse idsused on establishing rapid
bird growth rates. Breeding for disease resistdrasegenerally been hard to perform due
to poor selection markers, especially when the imengystem is considered. The
introduction of National and International regubas limiting the use of antibiotics in
livestock, including poultry, means that knowledgfeindigenous defense systems is
essential if a healthy poultry industry is to beimeined. Thus the study of traits which
can help protect birds against specific diseasdsding those caused by bacterial, viral
and fungal vectors are becoming increasingly ingurt The main defense against
disease is going to be largely influenced by supplstock and feed free from pathogens,

good husbandry and appropriate biosecurity.

During their first seven days of life chicks rely their innate defenses. Thus this facet of
the immune system is of particular interest to pleltry industry as the greatest bird
mortality occurs in birds of less than seven ddysge (personal communication with Dr

Barry Thorp, former Director of Veterinary ServiceBviagen Ltd). An important
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component of the chicken innate immune respondéedssynthesis of anti-microbials
including lysozyme and the defensins. The afatefensins (AvBDs) in particular have
been shown to have potent broad spectrum anti-biadroproperties (van Dijk,

Veldhuizen et al. 2008) and as a consequence apoged to function in the protection

of birds from disease.

This part of the study focused on the DNA locusoeiitg the AvBD genes and aimed to
explore whether there were any genetic differermssveen this locus in the Aviagen
bird lines X, Y and Z. To facilitate this a pandl ®\Ps, determined via bioinformatic
analyses, was submitted for investigation as plaat large SNP study commissioned by
Aviagen Ltd and performed by lllumina (a global qmany that develops innovative
array based solutions for DNA, RNA and protein gsigl San Diego, Califironia, USA).

The aim of this chapter was,

* To identify potential single nucleotide polymorphisns (SNPs) within the
AvBD locus of Aviagen bird lines X, Y and Z, and tdnvestigate and compare

SNP frequencies in selected AvBD genes.

4.2: SNPs in the lllumina study

In 2006 a project was initiated by Aviagen, whictvalved the analysis of panels of
SNPs across ten different lines of chicken. Thst panel, performed in 2006, contained
a total of 6,144 SNPs; the second panel contai@g@lé (2007) and it is this latter data-
set, which was used within this study. The readonsnvestigating these SNP panels

was to identify genetic markers linked to specifiits which are otherwise difficult to
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measure, and incorporate such findings into thetyerelection of birds with subsequent

appropriate breeding programmes. All of the ihgiagquencing for SNPs in the first two

panels was performed by lllumina. A minimum of 28ieds from each of ten selected

lines, including lines X, Y and Z, were analysedtfee presence of the SNPs.

4.2.1: SNPs within the AvBD locus

As part of this AvBD project, a list of 44 potenti@NPs located within the chicken

AvBD locus on chromosome 3 were identified and ditieeh to lllumina for

investigation. This list of SNPs was constructeohg the following techniques:

Use of Basic Local Alignment Search Tool (BLAST) mRNA sequences of

AvBD against the chicken genome (NCBWww.ncbi/nlm.nih.gov/Blast.cgi -

10.4.07 and Ensembiyww.ensembl.org/Multi/blastview 10.4.07) to identify

any novel SNPs.

Searching the SNP database (Ensembl) for repodigthprphisms via the entry
of gene accession numbers and manually scrolliegebion of the chromosome
3 for other SNPs within the vicinity. A limited @unt of data was available on
these sites. Much of the work had been carriecbousilkie, and layer chickens,
which are genetically different to broilers andiswas not known whether such
SNPs would exist within bird lines X, Y and Z. hére was also little available
data on actual frequencies of the SNP allele fommithin the published
populations and so such sites were used only ataréing point for SNP

identification.
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Of the 44 potential SNPs, only 15 were identifiedastual polymorphisms within the
three lines of Aviagen chickens and these arediisteTable 4.1. The frequency given is
that of allele A, i.e. whichever allele has the DNése T. The location, gene code and, if
available, the recognised SNP code are given fdn palymorphism detected within the

lllumina study. SNPs were identified in AvBD1, 3,64 8, 9 and 10 genes respectively.
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Frequency

Code | AvBD | Gene code SNP code SNP | Location LineX LineY LineZ
1 1 ENSGALG00000022815 | Rs15457749 G/T | Non synonymous 0.87 0.02 0.55
within mature peptide
2 1 ENSGALG00000022815 | Rs15457745 CIT Intronic 0.87 0.22 0.72
3 3 C/T | Exon 1region 0.87 0.23 0.89
4 4 ENSGALG00000019843 | Rs16341536 T/C |5 UTRregion 0.99 1 0.58
5 6 ENSGALG00000016668 | Rs13526000 T/G | Intronic 0.49 0 0.28
6 6 ENSGALGO00000016668 | Rs16341514 G/T | Intronic 0.17 1 0.28
7 8 ENSGALGO00000019844 | Rs15457650 G/T | Intronic 0.08 0 0.26
8 8 ENSGALG00000019844 | Rs15457653 T/C | Intronic 0.58 0.21 0.72
9 8 ENSGALG00000019844 C/T | Intronic 1 1 0.82
10 9 ENSGALG00000019845 | Rs3137928 T/C | 3UTRregion 0.08 0.14 0.61
11 9 ENSGALG00000019845 | Rs14411786 CIT Intronic 0.97 0.86 0.65
12 9 ENSGALG00000019845 T/C | Intronic 0.99 0.86 0.36
13 10 ENSGALG00000016667 | Rs15457607 T/C | Intronic 0.88 0.98 0.45
14 10 ENSGALG00000016667 | Rs14411785 T/C | 5UTR 0.94 0.86 0.65
15 10 ENSGALG00000016667 T/C | Intronic 0.85 0.98 0.44

Table4.1: List of 15 SNPs from Illumina study which were successfully identified in Aviagen lines X, Y and Z.
Frequency isfor the presence of the T basein alldle designated A.




4.2.2: Allele frequency from lllumina results

For those SNPs present within lines X, Y and Zinals frequency value was given and
this value (p component) represents the occurrehtiee T containing allele within the
200 birds (values shown in Table 4.1). Allele fremay within that population of birds
was determined using the equatioh,+p2pg+d=1 where p=frequency of T allele and
g=frequency of the non T containing allele (G or Zalues are given as percentages of
the tested population (where n=200). The frequeriaphe T allele is given irrespective

of whether it is on the forward or reverse stramdhst there can be uniformity.

For example, if a SNP was reported with the restild.7 this would be the value of p
(frequency of T base in allele A), and thereforeauld have a value of 0.3 (since p+q
must equal 1). As this SNP is a T/G base changeadlh@wving calculations can be
performed to determine the frequency (as a pergeptaithin this population of the four

genotypes (TT, GT, TG and GG);
p°x100=49% TT
(2pqg) x100=21% TG/GT

q°=9% GG
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4.3: SNPs in AvBD1, 4 and 10 loci

With the eventual aim of investigating the effeetany, of the SNPs on chicken innate
defenses, this study focused on three apiefensin genes - AvBDs1, 4 and 10. The
AvBD1 gene was selected following the identificatiof an exonic non-synonymous
SNP within the region coding the mature peptidel dre finding that different allelic
forms occurred within the three lines of chickehe rationale for the inclusion of the
AvBD4 gene was that the encoded peptide had bemmrsto be anti-microbial (Milona,
Townes et al. 2007) and the AvBD4 SNP was locatdtié 5’UTR with possible effects
on gene expression. The AvBD10 gene was investigas again a SNP was identified
in the 5’'UTR with possible effects on gene expmssind there was little information in
the literature about this gene or its encoded geptAvBD10, has been shown to be
highly expressed within the kidney, liver, reprotive system as well as the gastro-
intestinal tract (Lynn, Higgs et al. 2004), whichswiewed as an unusual panel of tissues

regarding possible anti-microbial functions andpanties.

4.3.1: Novel SNP identification within AvBD1 and 10n individual birds

In addition to the SNPs identified via the lllumipanel, studies involving birds from
each of the three lines were performed to determinether there were any novel SNPs
within the coding regions of AvBD1 and 10, respes. To achieve this, PCR
amplification of cDNA from individual birds was germed and the products sequenced.
For SNP identification DNA from ten birds from eaghthe three lines was sequenced

and the DNA chromatograms analysed for the preseh8élPs.
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4.3.2: Analysis of sequencing for pooled genomic 2N

To improve accuracy when determining SNP allelgudency within the three lines of
birds, pooled genomic DNA as well as individualdoeDNA was used. Each pool
contained DNA from 20 birds and six pools were kde for lines X and Y, and five for
line Z. A published technique was used to estingt# allele frequency from DNA
chromatograms of pooled DNA samples (Ye, McLeodl e2006). Briefly this involved
examining the chromatogram at the location of thi® &nd the height of the peaks was
used to calculate the frequencies of the basesBvesl® the population investigated. The
equation used to calculate the frequency of a SR a.g. ‘T’ within the population is

shown in Figure 4.1.

(x/x+y) X 100 = estimated frequency (%)

Figure 4.1: Estimation of
allele frequency taken from
two peaks (C and T bases) o
a chromatogram reading
obtained following DNA
sequencing. Measurement of x
and y were used to determing
approximate base frequency.

>
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Poor sequencing results can affect the accuradhisftechnique and so it can only be

performed on good quality sequencing data.

A selection of, but not all sequencing chromatograre included as examples within
this chapter. These illustrate the base peaks bhod fiow the subsequent calculations
were performed to determine the frequencies of lthges within the given chicken

populations.

4.4: SNPs within AvBD1 locus

This section reports the data for the SNPs detewtddn the AvBD1 gene locus. The
genomic sequence for this region is shown in Figu®2e Identified SNPs are indicated as
well as the primers used for the PCR amplificatieactions. Two additional SNPs in the
mature peptide coding region of AvBD1 were idegtififollowing sequencing of the
individual birds. One of these SNPs, rs15457747a isecognized SNP, which was
overlooked in the initial SNP searches that weréopmed thus unfortunately there is no
lllumina frequency data for this polymorphism. Tdexond SNP highlighted in green in
Figure 4.2 and designated SNP ‘VB1’ is novel andvmusly unreported. All three
SNPs are located in exon 2 of the gene, are nooagynous and thus change the amino

acid sequence of the peptide.
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Figure 4.2: The genomic sequence AvBD1 with thenprs used for sequencing underlined
and the four SNPs marked as coloured highlighte@$.0

The exonic regions are bold and highlighted in achecolour. The same forward primer was
used for both forms of sequencing and is underlingdin exon 1. The reverse primer used
for individual bird sequencing (cDNA) is in greemdaunderlined. The reverse primer used for
the genomic DNA sequencing is in black and alscedived. The ATG start codon is in red

but the remainder of the sequence encoding AvBtigeeis in black and bold. The sequence
encoding the mature peptide of AvBD1 spans exomas@® 3 and has the stop codon TGA
which is underlined in black.

SNPs Green= SNP VB1
Purple=rs15457749
Blue=rs15457747
Yellow=rs15457745

3781 TGTGTGGOCTTGGTTTCTCCOCT CTGTAGCCCTGTGAAAACCCGGGACAGACGTAAACCA 3840  Exon ]
3841 TGOGGATCGTGTACCTGCTCCTCCOCTTCATCCT CCTCCTGGROCCAGGGTGCTGCAGETG 3900
3901 AGGTGTGAGTTCTGTGGGGT TCTCCATATCCCAGGAGGT GECTTGTCAGGGATGGGTAAC 3960
3961 GACTAGGAGGGCTCTGATCAGT TGGT TCAGGAGGGAGGGAAGATTTAGGTTGGATATCAG 4020
4021 GGGGAAGTTCTTTACAGAGAGAGAGGT GAGGT GCTGGAACAGCTGOCCAGAGAGGCTGTG 4080
4081 GATGCOCCGTCCATCCCT GGAGGT GT TCAAGGOCAGGT TGGAT GGGECCCTGGGCAGCCT 4140
4141 GGGCTGGTATTAAATGGGGAGGTTGGTGECCCT GOCT GTGGTGAGTGAGTTGGAGCTTCA 4200
4201 TGATCCTTGGGGTCCCTTCCAACCCAACCATTCTGTGATTCTGTGGTTTGGATGAGTGGC 4260
4261 TGGGECTTTTGGGTTTGGTGCTTTGTGOGCGTGTTAGACT GAGATCCATGGGACAGCCACT 4320
4321 CTAGAACCACACACAGCTTTTACAGGTATCCTACACTCATTTTCTTTTGGTCTGTGCAGS 4380
4381 ATCCTCCCAGGCTCTAGGAAGGAAGT CAGATTGT TTTCGAAAGARTGGCTTCTGTGCATT 4440  Exon -
4441 TCTGAAGTGCCCTTCCT CACTCTCATCAGT GGGAAATGCT CAAGATTTCACCTCTGCTG 4500
4501 CAAAAGGTAAGCTTTGGAATTAGGGATGAAAT TGGAT CTGCTACCACGATGGCAGAAATA 4560
4561 GCTGTTGTTGTGITTGATCCCCAAACCTAGCTACTGGCTTTGGGCTATATATGATCCAGG 4620
4621 GCAGGGGCTTGGGGAGGAAAGGAGAAGGT GCTAGGACCGGT CCTTTAAAGGAACTGGAGG 4680
4681 AACCCCAGATCAGACGCTGGCCTCOCCATTGCOCTCAGT TACACGGGGCTGOCTGECTTG 4740
4741 CTGGTTTCACAAATGCTTCCCCAGTTGGTGCAGAGT GGAGACT CTCCCCTGGGTAGTGTG 4800
4801 AGGCACAGAACCCATTCCCTGATGTCTCTGCAAAACCT TGGAAACCAAGCTGAAACCAAG 4860
4861 CTGTCTGCTATGCAGGCTGCTTACTACCTGCATTGAGATTAGTGTCAATGTGTCAGTGTT 4920
4921 ATCCAGGAGAAGTGATGCATACTGAGAGACAGAAAAAGGAGAATAAAAAGAGGTGACCTC 4980
4981 ACAGAGTGTTTTCTTCCTGCAGAATATGGGGECTGAAGAGCCAGACATCCCAAGCAGGACA 5040  Exon &
5041 TCACCCTGGCTTCTCGCTTCTGGAAACT TCCOCCATTGACCTCTCOCCTTCCCACCTCTG 5100
5101 CAGTCTCCCATGGTGTGAGCGT GGCAGT AGAAGT TGGAGACATCCCACCATGGGCCTGCA 5160
5161 GTTGTTTGGCCAGTTGCTGCTTTTCCCT GCTGAATAAAGGT GTGCAGTTTAGCATTGCAG 5220
5221 CTGGTGGGGAGTGTGAGTGT GTCCTTGT GOCAGT GBGTGOCCAGGGATGCTCTTCCCCAG 5280
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A fourth SNP was also detected within the intrangigion between exons 2 and 3.

Table 4.2 lists details of the four AvBD1 SNPs thatre identified within the three lines

of chickens and indicates the location of the paygphism within the codon (high-

lighted in green).

polymorphism that can exist at each of these lonati

The amino acid sequences avengfor the two forms of the

SNP SNP code Genotype Location/type Codon (TCodon
form) (non T
form)
i Rs15457749| GIT Non-synonymous
(reverse coding TAC TCC
strand)
Y residue | S residue
Tyrosine | Serine
2 Rs15457745| CIT Intronic
Rs15457747| CIT Non-synonymouys
coding TAC CAC
Y residue | H residue
Tyrosine | Histidine
4 VB1 cIT Non-synonymous
(reverse coding AAT AGT
strand)
N residue | S residue
Asparagine| Serine

Table 4.2: Four SNPs identified in the AvBD1 loct$e location of the SNP is
highlighted in each of the codons and the sindgted@mino acid coding system has

been usel
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The cDNA sequence and corresponding amino acideseguof AvBD1 is shown in
Figure 4.3. The locations of the three SNPs areketawith arrows and the affected

amino acids with circles.

Figure 4.3: Translated sequence for cDNA of AvBDIThe mature peptide i
underlined in black. The three non-synonymous ap@NIPs are identified by rings
around the corresponding amino acid and the polghiem is marked by an arrow.

[92)

The SNP combination indicated by this cDNA sequeiscdlYH (seen in line X
birds); the other combinations of amino acid we®& &nd N/SYY (for line Y and Z
birds, respectively).

SNPs: Green= novel SNP VB1
Purple=rs15457749
Blue =rs15457747
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Each of the four SNPs in the AvBD1 gene locus béllconsidered in detail. Initially the
lllumina data will be discussed and then the dateere available, for the individual bird

and pooled DNA sequences will be addressed.

4.4.1: SNP rs15457749

This SNP is purple-coded in Figures 4.2 & 4.3 aabl& 4.2.

A) Frequency from lllumina data

The frequency data obtained from lllumina for thBIPSrs15457749 calculated as
percentages of the total population is presentetlaimie 4.3. All four allele genotypes

are given with anticipated frequencies calculategexrcentages.

Line 1T TG GT GG

X 75.7 11.3 11.3 1.7

Y 0.04 1.98 1.98 96

Z 30.25 24.75 24.75 20.25

Table 4.3: Percentage frequencies of four diffegamiotypes for SNP rs15457749
within AvBD1 locus

These data show that line X birds were most likelhjave a T base at this SNP, 76% TT
homozygote frequency, and therefore as shown iheT&B, the TAC codon is predicted
to be the most abundant within these birds. Tbmslnation of bases would code for a

tyrosine (Y) residue. Line Y birds had a higheridgenice of G bases, 96% predicted
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frequency of GG genotype, and as can be seen ile #gbthis would encode a serine (S)

residue. Line Z birds showed a mix of all four ggpes.

B) Results from individual bird cDNA sequencing

Of the ten cDNAs from line X birds that were sequesh all of them showed a single T
base peak on the chromatograms, a tyrosine amiiib Ao example of one of the

chromatograms is shown in Figure 4.4A with the éhteding SNPs circled and the base
peaks marked with an arrow. SNP rs15457749 igddcat base position 107. It can be

seen that only one base peak is seen at eachsef tthee locations.
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Figure 4.4A: Region of sequenced PCR product franmédividual line X bird showing
the location of the three non-synonymous SNPs iB[Al. The grey bars above the
base letter indicate the strength of the signgbwutThis sequence was the result from
the forward primer amplification. SNP rs15457749desated at position 107 on the
chromatogram and is an A base. The different basegolour-coded, A-green, T-re
G-black and C-blue.
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An additional example of the single peak obsenardliis SNP within the group of ten
line X birds is shown in Figure 4.4B. This amg@di section of DNA chromatogram
from a second bird sample clearly shows a singlek padicating an A base. This

supports this X line bird having the same SNP ashfe bird represented in Figure 4.4A.

Figure 4.4B: Single peak
representing an A base in ong
of the sequence outputs for a
line X bird. SNP rs15457749 i
marked with an arrow.

\"2J

In line Y birds, eight of ten bird chromatogram®wed a distinct single peak indicating
a G base (G base on reverse strand and so a Wibdke forward strand), i.e. a serine
residue is encoded. An example of a chromatogram & line Y bird is shown in Figure

4.5A. The three non synonymous SNPs are markedSaiRi rs15457749 is located at

position 101.
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Figure 4.5A: Region of sequenced PCR product frarmdividual line Y bird showing
the location of the three non-synonymous SNPs iB[AY. The grey bars above th
base letter indicate the strength of the signgbwtutThis sequence was the result frq
the forward primer amplification. SNP rs15457749aesated at position 101 on th

chromatogram and is a C base. The different basesobour-coded, A-green, T-red, G

black and (-blue

Figure 4.5B shows an additional example of the 38I%457749 in a line Y bird an

shows the presence of a C nucleotide.
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100

Figure 4.5B: Single peak
representing a C base in one
of the sequence outputs for &
line Y bird. SNP rs15457749
is marked with an arrow.
Colour coding as for Figure
4.4A.

One of the ten line Y birds had a definite T batsthis point in the chromatogram while
the remaining bird had two peaks in a 1:3 rati&GoF (Figure 4.5C). This bird was likely
to be a heterozygote (note the frequencies frommitha are given on the reverse strands
and therefore the SNP is G or T). When the frequefiche two alleles was calculated,
there was a 74% occurrence of the C form and 26%hi A form (x/(x+y) x 100 or
y/(x+y) x 100, respectively), supporting ‘C’ beitige most frequent base in this group of

line Y birds.
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Figure 4.5C: DNA
sequence of a line Y bird
showing two base peaks at
the location of SNP
rs15457749. This
chromatogram is from the
forward sequence. Blue
peak-C base, green peak-
A base.

The third line of chickens (Z) had a very mixed gpcted genotype. This mixed

genotype was also suggested in the lllumina d&igure 4.6A shows an example of a
DNA sequence obtained for one of the line Z bir8dlP rs15457749 is located at
position 105 and shows the presence of both C apeaks. It has been assigned a C

base as this peak is slightly larger in amplitudenpared to the A base peak.
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ATC66 6716 66 G6GG6 666G6¢C
180 190 200

Figure 4.6A: Region of sequenced PCR product frarmdividual line Z bird showin

the location of the three non-synonymous SNPs iB[AY. The grey bars above the
base letter indicate the strength of the signgbututThis sequence was the result from
the forward primer amplification. SNP rs15457749adsated at position 105 on the
chromatogram and is classified as a C base althayggak representing an A base also
occurs at this point. The different bases are cetoded, A-green, T-red, G-black and
C-blue.

Two peaks were present for seven out of the tedspindicating a mixture of T and G

bases within this group. An amplified section afrmomatogram from one of these birds
is shown in Figure 4.6B. Three birds out of thehad a distinct single peak indicating a
T base (tyrosine encoded, shown in Figure 4.6QJ,anly one had the G base (serine

shown in Figure 4.6D).
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Figure 4.6B: DNA
sequence of a line Z birg
showing two base peaks
at the location of SNP

rs15457749. Blue peak-
C base and green peak-

A base.

T
100

Figure 4.6C: DNA sequence of
a line Z bird showing a single
base peak at the location of

SNP rs15457749. Green peak

A base.
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Figure 4.6D: DNA sequence of
a line Z bird showing a single
base peak at the location of

SNP rs15457749. Blue peak-

base.

U

C) Results from pooled DNA samples
In addition to individual bird cDNA sequences, s#&spof pooled genomic DNA were

also investigated. Each of these pooled samplesmio@d equal amounts of DNA from
20 birds from each of the lines. Six samples weaglable for both lines X and Y (120

bird DNA samples) and five samples of pooled linebizd DNA (100 bird DNA

samples). PCR amplification and sequencing of tigesemic samples was performed.
As for the sequencing of the individual birds, tagos of multiple peaks were calculated
so that the frequency of the two bases in the @dioul could be determined. The results

are shown in Table 4.4. Sequencing results of ittee X birds indicated that all of the

birds tested were homozygotes (TT, tyrosine encoddte G base was most common

within the population of 120 line Y birds, meanduency 95.7% (x4.3SEM), resulting in
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a serine. Only five pools of DNA were available fime Z, but as for line Y, the G base

was most common, mean frequency of 61.1% (x1.1SEdYl again a serine was

encoded.
Line of birds T base frequency/% | G base frequency/% | Standard error
X (n=120) 100 0 0
Y (n=120) 4.3 95.7 4.3
Z (n=100) 38.9 61.1 1.1
Table 4.4: Calculated percentage frequencies of 8bi$es for rs15457749 in the
pooled genomic DNA samplt

The presence of a double peak at the location ¢t 845457749 is indicated in Figure

4.7.

114

Figure 4.7: DNA sequence of a pooled
genomic DNA sample of line Z birds
showing two base peaks at the locati

of SNP rs15457749. This
chromatogram is from the reverse
sequence. Black peak- G base, red

peak- T base.




The results obtained from lllumina, individual bigkequencing and pooled DNA
sequences were comparable and reinforced the ude dlumina data. Overall these
analyses showed that AvBD1 gene of the line X bindst commonly encoded a tyrosine
residue at the location of SNP rs15457749 comptodihes Y and Z where a serine

amino acid was more likely to be encoded.

4.4.2: SNP rs15457745

This intronic SNP is encoded in yellow in Figur@ 4nd Table 4.2.

A) Frequency from lllumina data

The calculated frequencies for SNP rs15457745heifaur different genotypes based on

the lllumina results are presented in Table 4.5.

Line | TT TC CT CC

X 75.7 | 11.3 | 11.3 1.7

Y 4.8 17.2 | 17.2 60.8

yA 518 | 20.1 | 20.1 7.8

Table 4.5: Percentage frequencies of four diffegamotypes for SNP rs15457745
within AvBD1 locus

These data indicate that the genotype TT is mostnoan in the line X (75.7%
frequency) and Z bird populations (51.8%) wher¢h@sCC genotype is predicted to be
the most prevalent in line Y birds (60.8%). Thioe T base SNP allele is most prevalent

in lines X and Z, while the C base SNP allele istrabbundant in line Y birds.
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B) Results from pooled DNA samples

The calculated percentages for the sequencingeoptioled genomic DNA samples are
presented in Table 4.6. All of the DNA sequencebnaf X birds showed a single T base
at the location of this SNP, supporting the suggedhat these populations of birds were
TT homozygotes for this SNP. The C base was mesfuént within the line Y birds,
mean 78% (£5.5SEM). As for line X birds, the lidebird sequence data showed that
the T base was most frequent with a mean 84.3%8&EM). This overall frequency

pattern was comparable to the lllumina data (T4k.

Line of birds T base frequency/% | C base frequency/% | Standard error
X (n=120) 100 0 0

Y (n=120) 22 78 5.5

Z (n=100) 84.3 15.7 7.8

Table 4.6: Percentage frequencies of SNP bases1b457745 in the pooled genoniic

DNA samples.

4.4.3: SNP rs15457747

This SNP is coded in blue in Figures 4.2 and 48 &able 4.2.

A) Frequency from lllumina data

No lllumina data was available for this SNP as @swnot entered into the panel for

analysis.
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B) Results from individual bird sequencing

The DNA chromatograms of all ten of the line X Isitshd a single peak representing a C
base at the location of SNP rs15457747. As showrable 4.2, a C SNP allele encodes a
histidine (H) amino acid. In line Y birds, eightit of ten bird DNA sequences showed
the T SNP allele (tyrosine residue). The sequentdke remaining two birds had two
peaks at this location with a ratio 3T:1C, makinth& predominant SNP in this group of
birds. The line Z bird sequences showed a mixdteqpa of the ten bird sequences
analysed, three had a single peak representingbas€, one bird sequence showed the
presence of a T base and the other six sequenoeg&dhwo peaks for C and T bases
superimposed on each other. These latter obsemgatndicated that the birds were
heterozygotes for SNP rs15457747 with both allelims being transcribed. An example

of the two superimposed peaks is shown in FiguBe 4.

Figure 4.8: DNA sequence of an individual
line Z bird showing two base peaks at the
location of SNP rs15457747. This
chromatogram is from the forward sequence
The green peaks indicates an A base and th
black a G base. The two peaks are
superimposed on each other indicating an eyen
frequency of these two bases in this individugl
bird.

D
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C) Results from pooled DNA samples

As there was no data available from the Illluminadgtfor the occurrence of this SNP, it
was particularly important to investigate its ocgence using the pooled genomic DNA
samples. This would then confirm that the data frhma ten individual birds was
representative of the larger populations as a whdlee data for the pooled genomic

DNA samples is presented in Table 4.7.

Line of birds T base frequency/% | C base frequency/% Standard error
X (n=120) 13.8 86.2 3.2
Y (n=120) 89.7 10.3 7.4
Z (n=100) 61.4 38.6 1.6

Table 4.7: Percentage frequencies of SNP bases6457747 in the pooled genoniic

DNA samples

Of the 120 line X birds analysed within the pool@NA samples the C base was the
most frequent with a calculated mean 86.2% (+5.55Fd C is the most common base
within these samples, it is proposed that a his¢idesidue is most commonly encoded in

the mature peptide of AvBD1.

The sequencing of the 120 line Y samples showettiieaT base was most commonly
observed within this population with the mean petage of T base 89.7% (+7.4 SEM).
This result was comparable to sequencing obtaireed the individual birds (eight out of

ten, 80%). Sequencing of line Z bird pooled DNAcashowed that a T base was most
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common with an estimated frequency of 84.3% (z1IEM$ The T base is associated

with the presence of a Y residue in the matureigept

These data support that AvBD1 produced by line Xldicontains a H residue at the
location of this SNP whereas the other two lines lines Y and Z would synthesise

AvBD1 with a Y at this position.

4.4.4: Novel SNP ‘VBY’
This novel SNP, for thesis purposes named as ‘VBXpded in green in Figures 4.2 and
4.3 and Table 4.2.

A) Frequency from lllumina data

No lllumina data was available for this SNP as a@isvdetected after the large SNP panel
had been analysed. In fact the presence of this #/8® detected following the

sequencing of individual bird cDNAs.
B) Results from individual bird sequencing

The cDNAs of ten line X birds were sequenced amthteprovided good quality DNA
sequences. Two sequences failed and the datassestiherein relates to only eight
birds. All eight birds showed a single peak on theomatograms at position ‘VB1’,
indicative of a T base for this SNP (shown in Fegdr4A at position 107). This base

supports an asparagine (N) residue (Table 4.2).

With regard to the line Y birds, seven out of térd$ had a single C peak on their DNA

chromatograms at the position of this SNP, whichicsubsequently lead to a serine (S)
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amino acid being encoded. One bird showed a sihdlase peak. The remaining two
birds showed two peaks with a 3G:1A ratio (revess&and sequence). It can be
concluded that the G nucleotide supports the iraatpn of a serine amino acid and

was therefore most abundant amongst this groupiokens.

Four of the line Z birds for which DNA sequencingsvavailable indicated the presence
of a T base for this SNP (asparagine (N) encoded)omly one bird had a single peak
indicative of C nucleotide (serine). The remainfivg birds had double peaks for G and
T bases, which were superimposed over each othggesting that both SNP allelic

forms were present and transcribed.

C) Results from pooled DNA sample

As previously mentioned, this SNP was not enten¢al the Illlumina panel as it had not

been detected at the time of panel submission.

Table 4.8 shows the data for the occurrence ofttlee SNP forms within the bird
populations included within the pooled DNA sampléss with the previous three SNPs
in the AvBD1 locus, line X birds had a T base (aapme, N residue) and no double
peaks were seen. The sequence data of the lined¥ &ihowed that the C base was most
common with mean 89.3% (x6.6SEM), which equates $erine residue being encoded,
and indicates that the group of ten individual gjrdiere representative of a larger bird
population. However, only four out of the five ped DNA samples for line Z birds
provided adequate sequencing data and so the nuphlierds represented within this

data was reduced to 80. Line Z birds showed amlesgcurrence of both SNP alleles
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(51.2% C and 48.8% T, 1.2 SEM) and so approxingatelf encoded an asparagine

amino acid and the other half a serine amino agdjn consistent with individual bird

cDNA sequencing data.

Line of birds T base frequency/% | C base frequency/% | Standard ermo
X (n=120) 100 0 0

Y (n=120) 10.7 89.3 6.6

Z (n=80) 48.8 51.2 1.2

Table 4.8: Percentage frequencies of SNP basesh&movel SNP in the poole
genomic DNA samples.

o

Summary of AvBD1 SNPs:

Three SNPs were detected within the peptide codeguence of the AvBD1 gene

examined in the three Aviagen chicken lines. Alleth SNPs were non-synonymous

directing the insertion of different amino acidsithe mature AvBD1 peptide.

The three lines of birds showed distinctive combares of the three SNPs and these are

shown in Table 4.9. Line X birds most commonly itz amino acid combination NYH,

whereas line Y had SSY, and line Z had N/S YY nesgd The potential effects of these

different amino acids on the anti-microbial propest of the mature peptides are

presented, and discussed in Chapter 6.
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Line SNPand amino acid
base

SNP VB1 Rs15457749 Rs15457747

X T T C
Asparagine Tyrosine Histidine
N Y H

Y C G T
Serine Serine Tyrosine
S S Y

z CIT T T
Asparagine/serine| Tyrosine Tyrosine
N/S Y Y

Table 4.9: The most frequently estimated allelegte three non-synonymous SNP
located in the mature peptide of AvBD1 in the tHiees of chicken. The single lette

code for the appropriate amino acid is given.

U7
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A fourth SNP, rs15457745 was found to occur betweeons 2 and 3 of the AvBD1
gene (Figure 4.2), and was entered into the lllarpanel. As this SNP was located
within an intron it was not amplified in the cDNA the individual birds, and thus was
only detected in the chromatograms of the pooletbigec DNA samples. With regard to
this SNP, line X birds predominantly had a T basthia site (98.3-100%) as did line Z
(84.3-92.2%), but line Y birds had a higher frequenf the C base (78-95.2%). All

percentages were based on lllumina and pooled sadapéd.
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4.5: SNPs within AvBD4 locus

Of the panel of 49 SNPs that were submitted as gfathe lllumina study, two were
identified in the AvBD4 locus but only one SNP wiasnd in the DNA of the three lines
of birds used in this study. This SNP was locatethe 5’ untranslated region (5" UTR)

of the gene.

4.5.1: SNP rs16341536
Figure 4.9 shows the exonic regions of AvBD4 markedinst the genomic DNA, the
location of the single SNP, highlighted in yelloand the primers used for the PCR

amplification reactions.

I) Frequency from Illumina data

The previous studies relating to AvBD1 had showat tthe lllumina data was very
comparable to that obtained through the sequerafimgdividual and pooled bird DNA
samples. For this reason it was deemed adequatmlyoconsider Illumina data to
ascertain SNP frequencies for the polymorphism341636 in the three Aviagen lines.

No individual or pooled bird sequencing was perfednm

The calculated frequencies of the four genotypeSNP rs16341536 are presented in

Table 4.10.
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Figure 4.9: The genomic sequence for AvBD4 with the primers used for sequencing
underlined and the one SNP marked as a coloured highlighted box (yellow).

The exonic regions are highlighted in peach but the AvBD4 geneisin bold ink. The SNP
within the 5’'UTR region is high-lighted and within a region recognised as exonic but
does not code for any of AvBD4 peptide (or other peptides). The ATG start sequence
encoding the signal peptideisin red but the remainder of the peptide isin black and bold
and spans exons 1, 2 and 3. The forward and reverse primers used for measuring gene
expression are in green and underlined (F in exon 1 and R in exon 2 and 3). The letter N
marks regions where the genomic sequence is ill unknown. The two transcription factor
binding sites for Thingl-E47 are underlined in black and in red ink respectively.
SNP- yellow =rs16341536

110276382
110276322
110276262
110276202
110276142
110276082
110276022
110275962
110275902
110275842
110275782
110275722
110275662
110275602
110275542
110275482
110275422
110275362
110275302
110275242
110275182
110275122
110275062
110275002
110274942
110274882
110274342
110274282
110274222
110274162
110274102
110274042
110273982
110273922
110273862
110273802
110273742
110273682
110273622
110273562

CATGACAGAAACCTTGAGCAAGT CGT TGT GGTCTAACGT TGCACAGGCAGAGGT TCCAAG
TTCATTTTGCAGGCAGCT CAGCGCATTTCTTGAGGT GATGCTGCAACGT TTTGGCAGCAA
TACCTTGGT CCCTCACAGGAGGACGCT AACAGAGAAGAT CTGCT GAACGGECGCCTCGACT
CTCTCCAGAACT GCAGACATCTCCTGAT TGECCCCAGGAAGGCT GTGAAGAGCAAGCATC
CTTCCCAGCCT CCAGAAGCCACGTAGAGCCACGCTCTGCTCCTCCATCTTAATGCGITTG
GGT GECTGACGCT GATCTGCAGGACTACT CCAACCCAGAGCCTCCTCTTTGGTGGTAATG
ACCCAAATCTTCTCATTATTCAGCCTCTCTTCTACAGCTCTGTACTTCTGAAAATGCECTG
GAGATTTCAGATCTTCCATGGATAGCTGCTTTACTCTGICGTAACCTTAACTGTGCAGT G
ACTCAGTTCATCAAGCATTAGT TTAGGCAAATATTGATTGGAAAGAAGAAATGTITTGTI TG
GCTGCAGAAGGAGATCTAGGAGGAAATTTGT CTTGGAAATAGT TCTGGAATTGAACAAAA
AAGCGGTGGT TGGACTAGATGACCTTCATGGTCTTTCCAACCTTAATGATTCCTTCTCTA
CTCTTCCTTTAGAAAGGT TTGAGAACGT CCTTCGTGT TGCCTTGCATGAATGTAGTAAGA
ATTGTCATGITCTGGT TTCTGAATTAACAACT TCCACAGAGCAGGT TCAATTTATTGCAG
TGTATTGCAACATGTCAAGCAATTTAGGATAAACGT CTACTTAATTAACATGGTAATTAA
AAGTTGGATTTAAAATGCCATAGT TCTGCACAGAAGCTTCTGCCATGATCTTACGTGTGG
TCCAGGGAACCCTTAAGACAAAGCACATGATTGTGAAGAAAGT GTATTCTATATGATTCT
CAATGATAATTTCTGTCCTTCACTCCTCAGCCCACTGTGTCTGTAGGT GGACAACATCTC
AGTGTCGTTTCTCTGCAGT GACAGGATTTCCCAGT CTGCCTTCTGCCATGAAAATCCTTT
GCTTTTTCATCGI GCTCCTCTTTGTGGCAGI TCATGGAGCTGT GGGTAAGGAGTAAGTGA
AAGCGT GAGCCTGTATACAAGCCGTATGATATTGGT GTCTCATAAAGGTCTTCTGICCCC
TTTGGGAGGT GGCCCAGT TTGGATATTAGTAAAAATTCTCATAAGGAGCAGT GCTGCAGT
GGCACAGCT GCCCAGGGEEGEECEET GEGEGT CACCATCCCTGGAGGT GT TCAATGT GGAGAT
GTI'GGCCCTGAGGGACATAGT GGGCAGT GGECACGGT GGGEGT GGGGT TGGACT TGGGGAT
CTTAGAGGTCTAATTGCAACCTGAGTGATTCTATGATTCCATGAATAGGGTGGTAAGITC
CTCCAGGENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
> N< NINININININININNNININININININNNNNININNININNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
INNININININININNNNNNNNNNNNNNNNNNNNNNNNNNNNNNT CGATTCTATGATTCCATGAATA
GGGTGGTAAGT GT CCTCCAGGT GATTAT GGAT GGGAAAAGACT GTGACGGATTGAGAAAG
AGAAGGGAGAAGT GGGAGAAATATCGTATCTGCAACAGTCTCCCTTTTTCTTTTCTTTCT
TTTTTTCAATTTTTCTTTTCTCTTTTTTAAATACTGCAGGCTTTTCCCGT TCTCCAAGAT
ATCACATGCAATGT GGATATCGCGGGACCT TCTGCACCCCT GGGAAAT GCCCT CAT GGGA
ATGCTTACCTGGGGECTATGCCGT CCCAAGTATTCTTGCT GTAGATGGTAAGATTAAGACT
TGACTATGGCTAAACTGACTTCCCAGATTTTAAGI TCTATATGGTGCGATTTTCCCCTTC
AACTTAGGT GTGAAAACCCTGTACTCTTCTTTCTTTTGCATAGGI TGTAGT GTGAATAAT
TGCACAGGATCTCCAGAAGT CTGGAAATGGTCTCTTCTTGCATTGT TGGATTTGGGGAAC
CATTGTACCGGTCATTCTTTTAACAAATTTTTGCCATTCTTTTAATAAAAGCAATATCTG
GGGAGATTGTATGGCAGCCATGTGTGT TTTTGT TATTAATTTCATTAGAAATAGTATTAA
TCTTCAGAAGT TTCAACAAGATAAGACT TCTGAAATCAGATTCAGGTATGT TTAGITTAC
CAAACTAAACTGT TTCCCCTTTCATGCTGCT GGTACCAGCATGT GCTCCACCCAGACCTG
CTAGGAGCCACTGTCCTGATCTCAGCTGGAGT CA
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110276323
110276263
110276203
110276143
110276083
110276023
110275963
110275903
110275843
110275783
110275723
110275663
110275603
110275543
110275483
110275423
110275363
110275303
110275243
110275183
110275123
110275063
110275003
110274943
110274883
110274343
110274283
110274223
110274163
110274103
110274043
110273983
110273923
110273863
110273803
110273743
110273683
110273623
110273563
110273529

Exon 1

Exon 2

Exon 3



Line TT TC CT CC

X 98 1 1 0.01
Y 100 0 0 0
VA 33.6 24.4 244 | 17.6

Table 4.10: Percentage frequencies of four diffegemotypes for SNP rs16341536
within AvBD4 locus

For bird lines X and Y nearly all (98-100%) of tB@0 birds were homozygotes for the
TT combination. In contrast line Z birds showedetiént calculated frequencies for all

four genotype combinations, 33.6% TT, 48.8% TC/@d 47.6% CC, respectively.
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[I) Potential transcription factor binding site (TF BS)

As the SNP rs16341536 is located in the 5’UTR negid the AvBD4 gene, it was
investigated whether there was a recognized TFBBislocation, and if so whether its
functionality was dependent on whether a T or Gbeas present. This was achieved by
pasting a section of the genomic DNA sequence @¢dd€276143-110276262 as shown
in Figure 4.9) and its two SNP forms into a specifivebsite (CONSITE

(http://asp.ii.uib.n0:8090/cqgi-bin/CONSITE/congite identify specific TFBS sequences.

A potential TFBS, Thing1l-E47 (TCTCCAGAAC), was idiéied in the T allele form of
the SNP and on the reverse strand (Figures 4.4.410). When the C form was analysed
the TFBS was not identified. No other TFBS coukl identified at this location,
although a second potential Thing1l-E47 site wasdcadjacent to the first (Figure 4.10).

To date this TFBS it is not currently documentethuaiGallus gallus.

T form: cactcTCTCCAGAACTGCAGACA

\_Y_/

Thing1-E47

C form: cacTcTCCCCAGAACTGCAGACA

\_Y_/

No TFBS coded

Figure 4.10: The T and C forms of SNP rs1634153Bef\the T base is present a
potential TFBS is encoded (Thingl-E47). The TF88nderlined and the SNP is
marked in colour. NB. This is on the reverse strafithe genomic DNA.
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Summary of AvBD4 SNP:

Only the lllumina data was available for SNP rs18336. Alleles containing a T base at
this location were most common in bird lines X afjdespectively. This SNP is located
in the 5’'UTR of the gene and encodes a potenti@dS,F hing-E47. Line Z has a mixed

genotype population but again the T form was thetrmommon (34%).
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4.6: SNPs within AvBD10 locus

Of the seven potential SNPs in the AvBD10 locuseat into the lllumina panel, three
SNPs were identified in the Aviagen lines includiedhis study (Table 4.1). These SNPs
are marked on the AvBD10 genomic sequence (Figuid)4and their details are
presented in Table 4.11. None of the three SN&stiited code for the actual AvBD10
peptide, one was located intronically, one wastegtaipstream of the ATG start codon

and the third was found downstream of the polyAdhathe gene coding sequence.

Of the three confirmed SNPs, only SNP rs154576@h-hghted in blue in Figure 4.11,

was detected by PCR using the primers shown. R B@plification product 1883 bp in

size was predicted when the genomic DNA was usétlea®CR template, and indeed a
product of this size was obtained (Figure 4.12)weler, all sequencing of such products
failed (returned as N, unknown bases). The Ilhardata had been shown to be highly
comparable to both individual and pooled DNA seqien SNP data and so in this case
amplification and sequencing of individual and mabDNA was not pursued. Therefore

only the Illlumina data was used in the analysahieofSNP.
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Figure 4.11: The genomic sequence for AvBD10 with the primers used for sequencing
underlined and the three SNPs marked as coloured (yellow, blue and purple) highlighted

boxes.

The exonic regions are highlighted in a peach colour. The start ATG sequenceisin red but
the remainder of the peptide isin black and bold (peptide spans exons 1, 2 and 3). The same
forward and reverse primers were used for both forms of sequencing and are in black and

underlined (Fin exon 2 and R in exon 3).

SNPs

Y ellow=rs14411785
Blue= rs15457607
Purple=novel SNP

110227725
110227785
110227845
110227905
110227965
110228025
110228085
110228145
110228205
110228265
110228325
110228385
110228445
110228505
110228565
110228625
110228685
110228745
110228805
110228865
110228925
110228985
110229045
110229105
110229165
110229225
110229285
110229345
110229405
110229465
110229525
110229585
110229645
110229705
110229765
110229825
110229885
110229945
110230005
110230065
110230125
110230185
110230245
110230305
110230365
110230425

CGCGATAT GGGGCGATAACCAAT TGCT TGACAAAAGGT TGGEGTGCAGT TACTTATTGACAG
GGCACTCAGCCGT GAAACT TTCACAGT CCCACAACCCCTATAAATGCCAGECGCCTTCCC
TTGCCTCTTCCTCAAACAAACGT CATCCTCCT TCGGT CTTCGAGGAAT TGEGGCACGCAG
TCCACAACT GAGCCATGAAGATCCTCTGCCTGCTCTTCGCTGITCTCCTCTTCCTCTTCC
AGGCTGCTCCAGGT GAGATACAACGT AAATCCAACCACT GAAAGGAGAGGCAAGCACAAG
TGT GTGCCGAGGAGGAAAAGGAGGCT GT GGCCAACT GATAGGCAATATACGATGCTGGT G
CTGTGCACTGGAT TAGCCCAAGAACAT CTGT TCTCAGGCAGACTCTATTGAAAAAAAATC
AGCAGCATGITATTTATTGTATATTCATTTTGTATTGTICTATTTATCCTTCACTGITTAA
AACTAAAAAGT GAGATTTTAACGCCT TCCTCTCCCCACAGGCTCAGCAGACCCACTTTTC
CCTGACACCGT GGCAT GCAGGACT CAGGGGAAT TTCT GCCGT GCTGGGEGECAT GCCCCCCC
ACCTTCACCATCTCTGGGCAGT GCCAT GGGEGEGEGECTGT TAAACT GCTGTGCCAAGTAAGT G
CTGCGGGEECEGAAGCGAGACCATTTTCTTTTTGCCATCTGCCTGCTGCACCTCTGT GCGG
GATGCACACATCT GT GEGEGEEEGET CTTGCAGCGGCAGCTATTTGT GAGGAATATGTATGGA
GGGTGAACATAAATATACT GTATAGAAT CATGGAAT CATAGAAACACCACGGT TGGCAAA
GACCTTTAAGGT CATCCAGT CCAACCATCCACCTACCACCATTATTTCCCCACTAAACCA
TGTCCCTCTGI GCAATATCTAAACACT TATTGAACACCCACACGGAT GGCGACCCCACCA
CCTCCCTGGECATCCTGTGCCACTATATTGCCACCCTTTCTGAGGAGAAATATTTCCTAA
TATCCAACCT GACCCTCCCCTGGAGCAACT TGAGGCCATTCCCTCTTGTCCTGT TGGTAG
TTTTGCTGGAGAAGTGGCCGT GT TAAAAGAGGTAATTAATTTTGATGGAAGCTGT GTACA
AGAGCAAAAGT TCAAGAGCCCCAACATTTCCCAGAATTCAGCATTTTCTTCTTGAATTTG
AATTTAGATGCGAAAAAAACT CAAAGGAACTTACTACAAAAATATCTCACAGTATTTTTA
CCCGTTAGAGGGAAAAATGTGTCCTCCATTCCTCTGAACTTTTCCTTTCTCAAAAGACCT
AGATTTCAATAAGGAAAACATCACTTCTTCCTCCCATAGCTGTGCATCTCTTAGGTGTGA
ATCTGTGTGTGCATGAAGACAATTGCATTTCTATTGCACTTTTGACCT TGGAGACCAAGT
AGTAGCAAGACTTTTTCTTTCCTTAAGGATTTAAACACACATTTGAAGAGTGCACTTCAG
CTTAGGATCAAGCATACTTCTTAGTATACATTTACTTGCTTAGAAGCTGTCAGACTGT GG
TTTCAAGAAACCCAAGCCACACCAATATTAGGACACGT TCACTGCCGTGATATCAATGAC
GI'TAAGGAAACAT CCGAGAAGAACT GGGGCT GGGGAGT GAATGAGACCTCCTGAGGT TTT
TTTCAAGTACAATTTTCTGCAGAAATACTCCTTCTGAGTAGAATGT CCCATGCATGATAT
CAGTGGATGCTAATTGT TCAGGATTCAATCTCTTCTTATTGAGATGCTCTGT TTTCAGCT
GGCTTGATTCACTACGGTAGAAGCTGAAACCAATAAGGTATTCTGATGTACAATATCTTC
TTTTTCCAACTGAGAATTCAGT CTACT TGGAAGGAAAT TGGACACAAAGGATTTGATTCC
ATAAACAAACCTGTGGTGCTTAGTGGCATTTGAGGT GCCCTTGGATTATCTAAACCACATT
TATAGGT CTGECTGATATGGACCTAT GGGAAAACAAT GCCTGGAGACCAAGCAGACACCTA
CTCCAGGGCTCTTCAAAAGCCACTCAACTTGTGTGT TTAAATCATGAAACAAAATCCCTA
GICTTTATTTTGAGCAGAGCT GAATCAGTAACTTACTACCAGT GGTAACAGAACTGGTTT
GCCAGTGAGGACAGT TCATGT AGGCTGGT TGT GT GCAGACCTACACACCCAGCGCTCTTA
GGGACCCTTCTTTGCAGGCATCCACGTGCAGGT TTTTTACAAACTGCCTCTCAAACTCAA
CATATATGTTTATTCTTAATGGTAATTAGCAGT AATTGACCGAGCT TCATCCCACTTCAG
CAAAGTAATGAGGT TCTTTCTATCCT TACAGGAT TCCGGECGCAGTAAGGAAAGGCTTTCA
CTGGECCATTGCCCTTGTACCAGCAACATTTCCACT GCCTTGAGGAGCTGATTGTGATGG
ATTCCTCCTCTGI CTAGACCCT CTGCAAATGAGCAT TCAAAGAAGCT TCCAGAGGEECACG
TCCTGT TAGCACACTGCTTCTGGAGATCCAGGTTTTCCTTGCTGAAGTCACTCCTTTTTT
TTTTGCTTTTAATTAATACACAAGCCACT TTGGCACCT TGGCCACCTATTCCAGCCTACC
TCACGGGATCTTTGGATGCTCAGTCACT TIIGGGT TCATGCAGCT CTTGGAGCATATGAAG
CAATACATACGT TATTATTTTATTCACACACCCAAATAAATGT CTTCTTAAACCAAAAAC
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Figure 4.12: Amplification of genomic DNA usingetvBD10 primers (shown in
Figure 4.11). Lanes 1-3 show a single band apprataly of 1,880 bp (in box). LM =
low molecular weight marker (no negative control).

SNP SNP code Genotype | Location/type
1 Rs15457607 | T/C Intronic
A Rs14411785 | T/G Upstream  of
ATG start
codon
B Novel T/IC Downstream
of PolyA tall

Table 4.11: Details of the three SNPs identified\uBD10
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4.6.1: SNP rs15457607

This SNP is coded in blue in Figure 4.11 and Tdhl4.

A) Frequency from lllumina data

SNP rs15457607 is located between exons 2 and AvBD10 (Figure 4.11). The
calculated frequencies of the four genotypes foP 3815457607 based on the lllumina

results are given in Table 4.12. No individual ooled sequencing data is available for

this SNP.

Line | TT TC CT CC

X 77.4 10.6 10.6 1.4

Y 96 2 2 0

Z 20.25 24.75 24.75 30.25

Table 4.12: Percentage frequencies of four diffegemotypes for SNP rs15457607
within AvBD10 locus.

In both lines X and Y, the TT genotype was the malstindant, 77.4% and 96%
respectively. The 200 line Z birds that were aredyshowed a mixture of the four
genotypes which equates to approximately 50% haainfy base and the remainder

having a C base at the location of this SNP.

4.6.2: SNP rs14411785

This SNP is coded in yellow in Figure 4.11 and Eahll1.
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I) Frequency from Illumina data

This SNP is located upstream of the AvBD10 ATG tstaxdon (at base 110227785 in
Figure 4.11). The predicted frequencies of the fgemotypes were calculated from the

lllumina study for the three lines of birds andshadn Table 4.13.

Line TT TG GT GG

X 88.4 5.6 5.6 0.4
Y 74 12 12 2
z 42.3 22.7 22.7 12.3

Table 4.13: Percentage frequencies of four diffegemotypes for SNP rs14411785
within AvBD10 locus

As for SNP rs15457607, bird lines X and Y showaedilsir results. For these two lines,
the TT genotype was the predominant form within gogpulations, 88.4% and 74%
respectively. The calculated predicted frequendasline Z again showed mixed
genotypes across the 200 birds analysed, but thdoiimh at 42.3%, was the most

common pattern of the four.
II) Potential transcription factor binding sites (TFBS)

SNP rs14411785 is located upstream of the stabrc@Bigure 4.11) and as discussed
previously this is a region containing TFBS andoiwed in gene regulation. The two
forms of the genomic sequence were analysed ubedrEBS web-based package to

determine the presence of any such sites
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(http://asp.ii.uib.no:8090/cqi-bin/CONSITE/congiteNo potential TFBS sites were

located at this location for either of the two farof the genomic sequences.

4.6.3: Novel SNP ‘VB2’

This SNP is coded in purple in Figure 4.11 and &abl1.

A) Frequency from lllumina data

The predicted frequencies of the novel polymorphasonoss lines X, Y and Z are

presented in Table 4.14.

Line |TT TC CT CC

X 72.2 12.8 12.8 2.2
Y 96 2 2 0

Z 19.4 24.6 24.6 31.4

Table 4.14: Percentage frequencies of four diffegemotypes for the novel SNP
within AvBD10 locus

As for the previous two SNPs, the TT genotype pn@dated in bird lines X and Y. The

results for bird line Z again showed mixed freques@cross the four genotypes.

Summary of the three AvBD10 SNPs:

Three SNPs were detected within the AvBD10 locN®ne of these SNPs were located
within the coding region of the gene but were fotmdbe located upstream of the ATG

start codon, within an intron and downstream ofRb&/A tail.  For all three SNPs, bird
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lines X and Y showed similar distributions, withethTT genotype being most
predominant. Line Z birds showed mixed populatiacss all four genotypes for each

of the three recognised SNPs.

135



4.7: Discussion

The focus of this chapter was the investigationsioigle nucleotide polymorphisms
(SNPs) within the aviam-defensin locus of three Aviagen bird lines - X,avid Z.

Investigation of SNPs as genetic markers for paldic traits including disease
susceptibility and resistance is becoming increggipopular across many livestock
species including chickens. Indirectly immune systeaits will have been investigated
as part of general bird fitness selection, butinasolation. Moreover the presence of
specific SNPs associated with disease susceptilséih help identify individuals and/or
specific groups, in the case of poultry, particdiaes, at risk. In addition where strong
correlations between SNPs and disease are eswblisirdomestic livestock, controlled

breeding programmes can be implemented to seleot fbreed out’ targeted genes.

Chicken breeding over the last few decades hasséstwon traits such as muscle
deposition and rate of growth. Historically, immusgstem-related traits have not
featured in the selection process. Investigationie the presence of single nucleotide
polymorphisms (SNPs) either as a form of quanugatirait loci (QTL) or related to
performance with an immunity focus are now incregshn number (Ye, Avendano et al.
2006; Biscarini, Bovenhuis et al. 2009). Thesel&img driven by increasing concerns
regarding endemic flock health problems but atemifsecurity caused by recent disease
outbreaks including Avian Influenza, the banningnofibiotics as growth promoters, and

the ever-emerging antibiotic resistant strains adteria. The Aviagen lines selected for
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this study form three of the pure lines used fanowrcial broiler breeding programmes

and it is for this reason they were selected SNityaas.

In humans the defensins are known to be importantponents of the innate immune
system with reported anti-microbial, chemotactid ammunomodulatory effects (Lali
and Gallo 2009). In poultry there are 14 AvBD gerend although their tissue
expression patterns have been well reported tlotirahroles in defense are less well
explored. In addition there are few reports of #feects of SNPs on AvBD gene
expression and peptide function. As part of adaggnomics initiative by Aviagen Ltd |
created a panel of 49 SNPs in the AvBD locus testigate potential differences in
occurrence of the polymorphisms between lines, X3nd Z birds. Fifteen SNPs were
found to exist in the three lines of birds (Tablg)4 SNP frequency at a rate of 13.2 per
kilobase within the AvBD locus has been reported] with the defensin locus being in
the region of 86kb in size, approximately 1135 SN®uld be predicted across the
whole region (Hasenstein, Zhang et al. 2006). Tdasaons for the observed >70 fold
difference in numbers is difficult to explain. nitay reflect the original number of SNPs
included in the lllumina study or it may reflectettiact that defensin functions are
fundamental to the host and as such the genesareadily susceptible to mutation. Of
the SNPs identified via the lllumina study, one SMBR5457749, was located in the
exonic region of the AvBD1 gene and was non-synamyn This AvBD gene was
therefore selected for further evaluation as it Wwgsothesised that the different lines of
birds could potentially synthesise peptides witffedent amino acids. As AvBDs are

anti-microbial agents, functionally this could hagebsequent downstream effects,
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including those involving bird health and diseassistance. The selection of AvBD1 was
further supported by the identification of a furtido non-synonymous SNPs in AvBD1
following sequencing of cDNA from individual bird$his finding of three such ‘exonic

located’ SNPs was very interesting as defensin® Hmen shown to be evolutionary
conserved (Radhakrishnan, Fares et al. 2007).ditiand a fourth SNP was located in the

intronic region of AvBD1.

With regard to the location of SNPs and defensmmsst of the published work focuses on
those located within introns.  In particular Lartie group has focused on intronic SNPs
within the AvBD11, 12 and 13 genes. These invesiigausing birds with different SNP
combinations, identified different caecal bacteyi@lds following infection of the birds
with Salmonella species. These authors suggested that the intBMRs may well be
acting as linkage markers with another functiordymorphism associated with bacterial

colonisation of the gut (Hasenstein and Lamont 2007

A single SNP was located in the 5’UTR region of AB (Table 4.1). This gene had
been shown to encode a peptide with anti-microblvity againstSalmonella spp
(Milona, Townes et al. 2007), and was thereforecet for further analysis. Three SNPs
were identified in the AvBD10 locus, and becausadhs little in the literature relating
to this gene, apart from its unusual tissue expyegsanel, this gene was also selected for
further analysis. The three lines of birds hadywdistinct frequencies of the SNPs, in
particular with regard to the three non-synonym@&MNPs located within the AvBD1

mature peptide encoding region and the subsequerataon in amino acids. Four

138



combinations of SNPs were found to exist withinsti®ncoding region in the bird
populations that were analysed and these therédack to four combinations of amino
acids at these three sites. Line X birds were dainencode the amino acids NYH, line
Y birds predominately encoded SSY residues anditieeZ population of birds either
NYY or SYY amino acids at the three respectivessdéthe SNPs in the mature peptide

of AvBD1.

In this study the lllumina data was compared weljuencing data from individual and
pooled bird DNA samples. The lllumina and the pdojenomic DNA SNP frequency
were comparable across the three lines, which awiafl the use of the technique
described by Ye, McLeod et al. (2006) of using pddDNA samples to determine SNP
frequency within a population. Benefits of thighaique include the analysis of larger
populations with reduced sequencing being perform#adis allowing a better

representation of what is happening in the popatathis a whole, rather than in an
individual or small selected sample numbers, inoat and time effective manner.
Essentially the lllumina data provides a globaltyrie of different genotypes while in

contrast the individual sample data provides onlgcal impression i.e. at the level of

MRNA.

It must be noted that a disadvantage of the indadidhird sequencing was that the use of
cDNA as the template meant that only exonic SNRsdcbe detected. As observed from
the lllumina data, heterozygotes for some of thePSNe.g. rs15457745 are well

represented across the populations of chickergariticular within the line Z birds. Thus
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when individual bird sequence outputs are consdjdteere is a risk that the presence of
any heterozygote birds will be masked if only ofiehe alleles has been transcribed to
MRNA. Interestingly, where double peaks were olerin the DNA sequencing
chromatograms they were often not of equal ampditsiggesting that there were higher
levels of one transcript relative to the other.sTpérhaps suggests that one gene allele is

‘switched on’ and being transcribed more than ttheio

An area of study which perhaps warrants furtheestigation is gene copy number of
AvBD1 within the three groups of birds, in partigulith reference to the frequencies of
the SNPs if multiple alleles exist. Differencesgene copy number in the three lines of
birds could also have had an effect on the expes$ata considered later in Chapter 5.
This may prove an interesting area when differemecagported gut health between the
lines of birds is considered as there have stud¥sig human defensin copy number

and specific disease susceptibilities (Hollox 2008)

Apart from those SNPs identified in AvBD1, nonetloé other SNPs were located in the
peptide coding region of the genes. The relativeeabe of non-synonymous SNPs
suggests that the genes that encode the AvBD pspaick highly conserved and this is of
potential benefit to the chicken population. A litokthe importance of the innate immune
system as a first line of defense, and the rolasABDs contribute to this, could be the
reason for the relative absence of non-synonymoN®sS The presence of non-
synonymous SNPs within the mature active peptiddwBD1 is therefore an exciting

finding.
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Studies in other species have linked defensin potgiisms with changes in disease
susceptibility and one example is the Human Betiei®n 1 (HBD1) gene and airway
colonization withPseudomonas aeruginosa (Tesse, Cardinale et al. 2008). The authors
reported that the presence of two SNPs in the HBDA coding region leads to an
increased susceptibility to bacterial colonisatianthose individuals homozygous for
these two SNPs. A SNP associated with HBD1 hastadsa linked with the oral carriage
of Candida albicans (Jurevic, Bai et al. 2003). A protective roletab HBD1 SNPs one,
of which was the same SNP as described inGaedida study, has been reported in
children born to HIV mothers (Ricci, Malacrida ét 2009). All three of these HBD1
studies, linked to disease susceptibility, haveuohed SNPs located within non-coding
regions, it is therefore possible that the introcaked SNPs identified in this avian study

may be linked to similar properties.

In 2007 Andreescu, Avendano et al. published dystwhich involved broiler lines X, Y
and Z and used the presence of SNPs to determimelbsely certain pure lines of birds
were related. The resultant trees suggest thativeltéo all of the other lines and to
themselves, lines X, Y and Z are not closely linkethin the study parameters selected.
However, the results presented within this thelsessline patterns for some of the SNPs.
For example for the three SNPs that are discussedei AvBD10 locus, similar SNP
patterns existed between lines X and Z, in thay theve, statistically, the same SNP
allele frequencies. In contrast, this patternasnmeproducible when the SNP frequencies
in AvBD1 and 4 are considered, as distinct diffeeshcan be seen between the three

lines of birds.
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When the lllumina data for the three Aviagen lieesl that from the pooled bird DNA
samples were compared, the data was unchangei fifiding indicates that despite the
two year gap between the analysis of these twolptipns, 2007 for lllumina and 2009
for the pooled DNA samples, the SNPs were stillspn¢ at relatively the same
frequencies. This strongly suggests that the SINRe been selected for over the two
year breeding period. An example of a non-codind® Sidcated in the 5’UTR, and that
may effect gene expression per se is rs1634153@dfin AvBD4. A potential TFBS
called ‘Thing 1-E47’ (Figure 4.10) was shown todeoded by one of the SNP forms.
However, this site was identified using a human $Rtabase, as none of the websites
that are readily available to investigate potentiBBS have data specifically f@allus
gallus. Bird lines X and Y were shown to have SNP freqiesiclose to 100% for the TT
genotype, the form which would encode the ‘Thing4#' site. However according to
the lllumina data only half of the line Z birds, wd encode this TFBS. Whether this
TFBS is functional in the avian is not known bustfFBS has been shown to be over-
represented in sites of co-expressed genes (Huaalg2005). Interestingly the AvBD
genes are expressed at the same time, and withirsdime tissues, and so could be

described as being ‘co-expressed’.

In summary novel SNPs and unique SNP allele patesgre determined for the three
lines of chickens. A total of four SNPs within tAgBD1 locus, one within AvBD4 and

three within the region encoding AvBD10 were detdcaind characterised within the
population of chickens used in this study. Thesdgbn of three non-synonymous SNPs

within the gene encoding the mature peptide of A¢Ritoved to be an exciting finding.
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Chapter 5: Avian Beta Defensin Gene Expression

5.1: Introduction

Defensins are considered to be important componentbe innate immune system,
being particularly important at the epithelial bary a site where the host is exposed to
and vulnerable from pathogenic attack. Thus afatefensins (AvBDs) may play
important roles in relation to the resistance andusceptibility of birds to disease. This
is not only important with respect to bird healtlt lalso in relation to food safety and

therefore public health.

This part of the study investigated AvBD gene egpi@n in the tissues of birds raised in
the two distinctive rearing environments descriloiedChapter 3, i.e. LH and HH. The
expression of three AvBDs genes were studied; AVBAvBD4 and AvBD10, with
these gene selections based on factors includiagptesence and location of SNPs
within the gene loci and previously reported tissupression panels. An emphasis was
also placed on the gastro-intestinal system as AgeBD1 and 4 have previously been
shown to be expressed in gut tissue. The thirde gemestigated was AvBD10 and
selected due to its unusual tissue expression pdidiey, testicle and liver, and

unreported anti-microbial activity to date.

The use of three distinct lines of breeding birds X, Y and Z, and sampling at different
ages (0, 7, 14 and 35 days of age), also allowedhftuence of such parameters on gene

expression to be ascertained and any patternsabderved.
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A panel of ten tissues were extracted from eadh@birds (one tissue sample per bird);
thymus, liver, kidney, testicle, lung, spleen, demdm, bursa of Fabricius, caecum and
caecal tonsil. An emphasis was placed on tissutbsam immunological role as well as
the gastro-intestinal tract. The latter was paléidy important so that a direct
comparison between defensin gene expression andngjuticrobial activities (Chapter

6) could be made.
The aims of the work presented in this chapter were

* To explore using end-point PCR and quantitative real time PCR AvBD1,4
and 10 gene expression in panels of tissues taken from three lines of
chickens, X,Y and Z, raised in the low (challenged) and high hygiene

conditionsand at 0, 7 and 35 days of age.
5.2: Tissue extracted RNA quality

RNA was extracted from the bird tissue samplesgudiRIzol Plus (Invitrogen). The
RNA quality of the samples was assessed by gelrefgworesis to ensure that the RNA
had not undergone degradation following extractiigure 5.1 shows the electrophoresis
pattern for two of the RNA tissue samples analyagdlescribed in Chapter 2. Three
distinct bands can be seen showing the 5S, 18S28&d ribosomal RNA (rRNA)
components of total RNA. The good RNA quality bése samples is indicated by the

sharp 18 and 28S bands.
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<—Loading wells

Figure 5.1: RNA gel of A

<+ 28S (thymus) and B (liver) from a

<«— 18S 7 day old bird. Ribosomal
units are marked, 28S, 18S
and 5S.

As described in Chapter 2, RNA quality and quantitgre also measured using the
NanoDrop and these readings supported the visual fdam the RNA gels. Table 5.1
shows examples of the readings taken from the Neowi@o measure the quality and
guantity of RNA for a 7 day old line Y bird, whichad been reared in the HH
environment. The calculated ratio reflects the am®wowf 18S and 28S in the total RNA.
There should, theoretically, be twice the amountrRNA for the 28S component
compared to 18S and so the closer this ratio &tte better, since deviations away from

this value suggest sample contamination or pooaeton.
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Bird and tissue [RNA] mg/ml Ratio
260nm:280nm

Thymus 1.274 2.00

Liver 2.287 2.00

Kidney 0.414 1.98

Testicle 0.170 1.89

Lung 0.102 2.00

Table 5.1: Examples of RNA quantification followirgxtraction of total RNA from|

tissue samples from a line Y bird using TRIzol (trogen) as measured by the
NanoDrop.

The table above high-lights that there was vaiitghih the total RNA concentrations of
the different tissue samples. RNA concentratiargged from 0.016 to 5 mg/ml. The
lower concentrations of total RNA were extractezhirthose tissues which were smaller
in size or difficult to homogenize e.g. the testcivere very small in birds aged below 35
days. Despite low RNA vyields from some tissue sas\pho problems were encountered

with the down-stream application and processingexeression analysis.
5.3: Tissue gene expresson panels

End-point RT-PCR using gene expression primersgydesi for the detection of AvBD1,
4, 10 and 18S (house-keeping gene) was performébeoaextracted RNA from the bird
tissue samples. These primers are shown markedsaghe genomic DNA sequences in

Figures 4.2, 4.9 and 4.11, respectively and allowyede expression patterns to be
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determined in the bird tissue samples. As showthertrial plan in Figure 3.2, ten tissue
samples were taken from each bird. Initially elmihip PCR was performed on nucleic
acid material from two birds from each age, ane@,liso that gene expression patterns
could be visualised and to rationalise which tisssigould be further investigated using

guantitative real time PCR (gRT-PCR).

The end-point PCR products for one of the two bfrdsn each age group are shown in
Figures 5.2, 5.3 and 5.4. The ten tissues includdatiese panels were; thymus, liver,
kidney, testicle, lung, spleen, duodenum, burs&aijricius, caecum and caecal tonsil

(labeled 1-10, respectively).
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Figures 5.2A-C: Tissue panels of gene expression of AvBD1, 4, 10 and the house-keeping gene 18S for
three birds, one from each of the three groups at day 0 (M=marker, 1=thymus, 2=liver, 3=kidney,
4=testicle, 5=lung, 6=spleen, 7=duodenum, 8=Bursa of Fabricius, 9=caecum and 10=caecal tonsil, N=
negative control). Panels are taken from individual agarose gels, hence contrast is slightly different
between row of panels. 1ug of RNA was used and 30 cycles of amplification were performed.
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Figures 5.3A-E: Tissue panels of gene expression of AvBD1, 4, 10 and the house-keeping gene 18S for five
birds, one from each of the five groups at day 7 (M=marker, 1=thymus, 2=liver, 3=kidney, 4=testicle, 5=lung,
6=spleen, 7=duodenum, 8=Bursa of Fabricius, 9=caecum and 10=caecal tonsil, N= negative control). Panels
are taken from individual agarose gels, hence contrast is dlightly different between the rows of panels. 1ug of
RNA was added and 30 cycles of amplification were performed.
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Figures 5.4A-E: Tissue panels of gene expression of AvBD1, 4, 10 and the house-keeping gene 18S for five birds, one
from each of the five groups at day 35 (M=marker, 1=thymus, 2=liver, 3=kidney, 4=testicle, 5=lung, 6=spleen,
7=duodenum, 8=Bursa of Fabricius, 9=caecum and 10=caecal tonsil, N= negative control). Panels were taken from
individual agarose gels, hence contrast is slightly different between the rows of panels. 1pug of RNA was added and 30

cycles of amplification were performed.




5.3.1: AvBD1, 4, 10 and 18S expression panels; day 0, 7 and 35 birds

One microgram of RNA was used and thirty cyclesengerformed for all of the PCR
amplifications. Only trends in expression can beeented upon when the tissue panels
using end-point RT-PCR were compared, becauseeofinknown effects of the level of

ethidium staining and gel UV exposure.

Data from one of the day O birds from each of thed X, Y and Z are represented in
Figure 5.2A-C. The gene expression panels fronséoend bird tissues was, in all cases,

comparable.

AvBD1 gene expression was observed across the péameh tissues for all three day 0
birds. In contrast, AvBD4 gene expression appeareck variable across the three day 0
birds. For example in the line X, day 0 bird, thgmus, liver and duodenum produced
weaker bands compared to the other tissues. Tesgquession in the line Z, day 0 birds
was weak apart from the testicle (lane 4), the donadh (lane 7) and caecum (lane 9).
The line Y, day 0 bird showed strong banding acrssissues following analysis of
AvBD4 expression. AvBD10 expression was obsenerdss all of the day O bird tissue

samples except for caecum and caecal tonsil itirteeY bird panel.

Figure 5.3A-E represents the five groups of dayrdsb Variability in banding was noted
in the XH 7 day bird AvBD1 tissue panel, in compan the XL bird panel revealed
weaker cDNA bands. Differences were also obsereddden these two birds in relation

to AvBD4 expression that was only observed in tirggland duodenum of the XL bird
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compared to thymus, liver, kidney, spleen and bufsthe XH bird. In contrast the

expression panels of AvBD10 were similar.

Both of the line Y birds showed similar expressammnoss all ten tissues and three genes.
Of particular note however were the strong band®ésh the testicle (lane 4) and spleen
(lane 6) for the AvBD4 panel. AvBD4 expression was detected in the line ZL caecal
tonsil sample. Similar banding for the AvBD1 ar@l danels was observed between the
day 0 and 7 line Z bird tissues. Interestingly, rendissues showed AvBD4 gene

expression at day 7 than day O for the line Z birds

The gene expression panels for the day 35 birde diffierent to those for both the day 0
and 7 birds (Figures 5.4A-E). All five birds show@dBD1 across all ten tissues.
AvBD4 gene expression was generally weak for atidiwith both YL and YH having

no banding in the thymus, liver, kidney and testicl AvBD10 gene expression was
observed in all the bird tissues analysed. Thebfdd had particularly weak banding

across all tissues and for all three genes.

The overall observed patterns from Figure 5.2-5efley(i) that AvBD1 gene expression
appeared consistent and comparable across mase difird samples with the exception
of the 7 and 35 day XH birds, (ii) AvBD4 gene e)xgsien bands were stronger in the line
Y birds at days 0 and 7, but all birds showed marslggestive of low levels of

expression at day 35, (iii) greatest variabilitybands was observed with AvBD4 gene
expression panels and (iv) AvBD10 bands appearest mtense and uniform across the

bird tissue samples analysed.
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5.4: Quantitativereal-time PCR (qRT-PCR)

QRT-PCR was performed so that the gene expressilsl of the AvBDs could be
guantified. Analyses allowed patterns of gene esgiom between tissues, bird lines, ages

of birds and rearing environments to be compared.
5.4.1: Amplification curve of PCR productsin qRT-PCR

An example of an amplification curve relating toialedilutions of the 18S plasmid is
shown in Figure 5.5. The level of fluorescenceb{Sgreen) is indicated on the y axis
and the number of amplification cycles is indicaédahg the x axis. The more dilute, i.e.
the less starting PCR template present, the hidgjgenumber of cycles needed to achieve
the crossing point (CP) value, that is the pointlaich the fluorescence of the Sybr green
reaches a threshold level that is constant farealttions. The dilutions are colour-coded
with the most concentrated plasmid curves on tfteslde and the most dilute on the

right.
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Figure 5.5: Amplification curves of diluted 18&pmid. The most concentrated

plasmid is on the left side of the graph (1:10Q) #re most dilute (1:312500) on the
right hand side. The standard selected for PCiReofissue samples is marked above
with a red arrow (1:125000 of original stock) ahd sample identity is underlined in
red in the key above the graph. Each sample wdsrperd in duplicate and so there
are two curves for each dilution. A hypotheticaldeof fluorescence has been markefd
with a dashed line which corresponds to the detexchCP value.

5.4.2: Standard curves

A standard curve was automatically plotted for eadries of samples analysed
(Lightcycler 480 Roche), and an example of one hef standard curves for 18S is
presented in Figure 5.6. The dilutions of the p&Smid, high-lighted in Figure 5.5, are
marked on this graph. To allow relative concerdret of product to be calculated, each
dilution used within the standard curve was assigaearbitrary number relative to copy
number. The most dilute sample was assigned the \ig the next point on the curve
was given the value 5 (as 1:5 dilution was usd®,subsequent value was assigned the

value of 25 (1:25 dilution) and so on along theveur
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One dilution from the standard curve was applied sample well in all subsequent PCR
reactions to ensure that the amplification had wdrkefficiently, and so that
concentration calculations could be made. Thetidihlumarked with a red arrow was
used as the standard (1:125000 dilution of theirmigplasmid prep or 1/125 of the 10
dilution of the stock) with a CP of approximately.1. This standard was chosen because
the CP value falls in the middle of the resultsaoied for a selection of tissues (range

listed for tissue CP values was 15.20-17.79).

Standard Curve

|— Std. curve ® Samples

Error: 0.0268 I
Efficiency: 1.895 24 T
Slope: -3.602 . T
Yintercept: & }
3213 et T \\
Link: 599.8 £ "
ng_ 18] M“*-“..ﬂ
3 167 1:3125001
514
1] 1:62500( b ™
10] e
1125000 4 T,
‘ . 1:2500( 1:500¢
3 4 5 5

Log Concentration

Figure 5.6: Standard curve for serial dilutiond. 886 plasmid against calculated CP
values. The arrows mark the dilution of the samfi@® the original plasmid mini-
prep. The red sample was the standard used oncqruergePCR plates that allowed
standardization of the tissue sample.
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5.4.3: Calculation of relative concentrations of gene expression within

tissues

Crossing point (CP) values were used to quantifiegexpression within a tissue sample.
The relative concentration of PCR product was dated using the standard curve
established using the serial dilutions of the appate plasmid. The use of arbitrary
units (AU) for the plasmid dilutions allowed relati concentrations of a PCR product to
be calculated for each of the tissue samples. eTal shows examples of the CP values
for 18S gene expression relating to a selectiaisstie samples from a 7 day line Y bird

which was reared in the HH environment.

Bird and tissue Crossing point value | Relative

concentration
Thymus 15.2 4.40E4
Liver 15.16 4.51E4
Kidney 17.79 8.39E3
Standard 17.1 1.44E4
(1:125000)

Table 5.2: Examples of data for tissue samplestiysrg 18S levels showing CP
values and relative concentrations calculatedivelab an established plasmid standgrd
curve. The standard sample from this curve is sif&avn to confirm the efficiency of
the analysis.
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5.4.4: Melt curves

Each PCR product had a distinctive melting tempeeabased on the size of product
produced. Sybr green is non-specific in its bigdio double-stranded DNA PCR

products and these include non-specific produath sis primer dimers, which can affect
subsequent quantification. Analysis of the meglttamperature ensures that only one
product seen as a single peak on the melt curtakés into consideration with regard to

the calculated CP value.

Primer dimers are smaller in length than the tpexdic PCR product and therefore have
a lower melting temperature relative to the sped*CR product. If primer dimers were

present as well as the real PCR product, two peakdd be visualized on the melt curve.

Each of the four genes, AvBD1, 4, 10 and 18S reduih products of different sizes
(123bp, 164bp, 141bp and 126bp, respectively), smdeach had a unique melting
temperature. Figure 5.7 shows an example of acuoele for the PCR product following
the use of the specific primers for 18S. Only omalkpwas observed and a melting
temperature of approximately 85.3°C was determiioedhis product. If primer dimers

were present a second peak to the left of this avbal/e been observed.
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Figure 5.7: Melt curve for 18S PCR product. Onig@eak is visible. The template
for this PCR amplification was 18S plasmid at aitiiiin of 1:125000. The melting
temperature was approximately 85.3°C

5.4.5: Normalisation of AvBD gene expression

The AvBD gene expression values were normalized88 for each particular tissue
analysed. The data allowed trends in expressionthefthree AvBD genes to be
determined. However, as different plasmid concéotma were used for the three genes
in establishing standard curves, the numbers getkreannot be directly compared

between the three AvBDs.
5.5: Gene expression

A total of 1800 different tissue samples were estgd from birds included in the farm
trial and because of time constraints the numbétssues analysed via this technique
had to be limited. The end-point PCR studies, aigimo subjective, indicated that

regardless of age, or environment, most tissuesesgpd the AvBD1, 4 and 10 genes. It

158



was of particular interest however, that the lymghaygans including the thymus, spleen
and bursa of Fabricius, more commonly associateti ailaptive rather than innate
immunity, also expressed these genes. The roldseohvBDs within these primary and

secondary lymphoid organs is not known (in humaniimls) and so these tissues were
selected for further study. In addition, the duaddissue was selected to complement

parallel studies investigating the gut anti-micedtactivities of the birds reared in the

different environments.

Thus AvBD1, 4 and 10 expression levels were medsunethe thymus, spleen,
duodenum and bursa of Fabricius tissues excised licds aged 0, 7 and 35 days reared

in the two (LH and HH) environments.

In addition caecum and caecal tonsil samples weaé/sed from two birds from each of
the groups. AvBD10 gene expression was measurgdrotihe testicle, kidney, liver and

lung tissues from all groups of birds. Table 5.3nmarises the tissues and genes

investigated.

T Sp S BF L K Te Lu C CT
AvBD1 |+ + + + - - - - ¥ T
AvBD4 | + + + + - - - - ¥ T
AvBD10 | + + + + + + + + + +
18S + + + + + + + + + +

Table 5.3: Summary of genes and tissues analysg®bByPCR. Code: T=thymus,

Sp=spleen, Si=small intestine, BF=bursa of Fabsidiliver, K=kidney, Te=testicle,
Lu=lung, C=caecum and CT=caecal tonsil (n=5 for daynd 35 birds; n=10 for day 7
birds; n=2 for caecum and caecal tonsil analyses).
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Each sample was analysed in duplicate and any doomeesults were repeated on a
separate occasion. Summaries of all of the datadoh of the three genes, normalised to

18S, across the panels of tissues are preseniablas 5.4, 5.5 and 5.6.
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X0 YO Z0 XL7 |YL7 [ZL7 | XH7 |YH7 | XL35|YL35|ZL35| XH35| YH35

T [34(12) [54(42) |237(182) | 24(9) | 5(12) | 20(12) | 0.3(0.1) | 1.4(0.6) | 0.6(0.4) | 22) | 3(2) |6(6) |0.9(0.7)

Sp | 219(85) | 524(306) | 545(291) | 87(46) | 34(19) [ 4(2) | 42 3(2) 16(9) |3(09) |6(6) |2509 |5

S | 72(53) | 10(4) | 14(7) | 151(77) | 2004) | 31(17) | 3(2) | 1(04) |1(0.4) |09(05) |32 |42 |3

BE | 18(10) | 15(6) | 28(10) |11(5) |10(9) | 11(14) | 0.70.3) | 5(2) |3(13) |3 |29 |317) |4Q)

Te

Lu

C 4 428 3 2 18 2 2 2 40 5 9 3 0.7

CT |12 37 6 8 0.1 0.8 12 0.4 3 11 12 3 1

Table 5.4: AvBD1 gene expression (average AU = SEM). Code: T=thymus, Sp=spleen, Si=small intestine, BF=bursa of Fabricius,
L=liver, K=kidney, Te=testicle, Lu=lung, C=caecum and CT=caecal tonsil. N=5 for day 0 and 35 birds and n=10 for day 7 birds but
n=2 for caecum and caecal tonsil.




X0 YO0 Z0 XL7 |YL7 |ZL7 |XH7 |YH7 |XL |YL |ZL |XH |YH
35 35 35 35 |35

T 44(8) 594(322) | 49(14) 25(11) 4(1) 17(4) | 6(4) 5(3) 3(1) 9(6) 13(7) | 6(6) |3(1)
Sp | 1715(908) | 2299(694) | 3897(2289) | 743(559) [ 18(6) | 34(24) [ 190(117) | 1254(53) | 96(37) [13(7) | 82(62) | 10(3) | 16(7)
Si 35(16) 19(6) 12(8) 36(17) 200.7) | 7(9) 12(6) 13(7) 12(6) | 0.6(0.4) | 7(3) 52) | 603
BE | 50(14) 103(52) | 60(34) a(5) 15(9) | 25(14) | 15(6) 29(14) | 8(13) |1(05) | 1009 |205) | 12(5)
L
K
Te
Lu
C 6 57 11 16 24 3 4041 109 8 7 7 4
CT 6 109 9 103 1 1 328 16 185 45 10 3

Table 5.5: AvBD4 gene expression (average AU = SEM). Code: T=thymus, Sp=spleen, Si=small intestine, BF=bursa of Fabricius,
L=liver, K=kidney, Te=testicle, Lu=lung, C=caecum and CT=caecal tonsil. N=5 for day 0 and 35 birds and n=10 for day 7 birds but
n=2 for caecum and caecal tonsil.




X0 YO Z0 XL7 |YL7 |ZL7 |XH7 |YH7 |XL35 |YL35 |ZL35 XH35 | YH35
T 2(0.5) 42) 3(0.5) 13(7) 93) 43(21) | 12(6) | 336(281) | 0.3(0.3) | 16(16) | 1(0.8) 11(9) 0.9(0.3)
Sp 283(359) | 13(3) 97(94) | 132(78) | 9(3) 15(7) 29(51) | 10(4) 21(15) | 2(2) 33) 30(7) 8(2)
S 26(23) | 9(5) 31(29) | 55(21) | 20(5) 384(353) | 39(7) | 44(31) | 19(15) | 2(D) 44(31) 148(134) | 12(4)
BF 84(50) | 5(3) 168(159) | 3(5) 8(9) 7(14) 24(14) | 103(73) | 2(13) 12(5) 9(9) 16(17) | 17(6)
L 205(147) | 777(524) | 2041 247(78) | 567(168) | 1135 5202 | 10003 | 902(582) | 591(181) | 287(79) 3276 817(383)
(1509) (423) (2882) | (302) (2013)
K 4157 12227 | 45221 | 6336 15067 | 68347 | 23287 | 43848 | 132193 | 31907 | 10962 99288 | 33556
(2526) | (7571) | (27866) | (3653) | (6583) | (27544) | (9532) | 33273 | (41029) | (14765) | (5240) (56550) | (14266)
Te 791(747) | 423(389) | 13398 | 2385 1033 2967 8754 | 146935 | 1244 2428 257(152) | 440(80) | 1889
(12885) | (1398) | (539) (1464) | (6322) | (93551) | (566) (1099) (1570)
Lu 2(1) 18(16) | 465(302) | 190(100) | 133(98) | 457(270) | 109(55) | 324(219) | 279(263) | 117(44) | 44(18) 37(14) | 26(12)
C 0.6 43 11 11 71 7 9 17 17 22 22 3 4
CT |3 35 10 2 2 10 13 17 3 88 11 12 0.3

Table 5.6: AvBD10 gene expression (average AU £ SEM). Code: T=thymus, Sp=spleen, Si=small intestine, BF=bursa of Fabricius, L=liver,
K=kidney, Te=testicle, Lu=lung, C=caecum and CT=caecal tonsil. N=5 for day 0 and 35 birds and n=10 for day 7 birds but n=2 for all
groups for both caecum and caecal tonsil.




5.5.1: Thymus

Individual AvBD gene expression values for the lihrgmic tissues are shown in Figures
5.8A-C. Marked intra-group variation in AvBD expson was noted e.g. AvBD1 gene
expression values in the line Z, day 0 group (FBdaBA) ranged 100 fold from 9.4 AU
to 960.7 AU. Such large variations were not unigne in fact were common within

many of the data sets presented within this chapter

Thymic AvBD1 gene expression was highest in alédirof birds at day O with mean
(xSEM) AU expression levels of 34.0 (x12.0) fordiiX, 53.5 (¥42.0) line Y and 237.3
(x181.8) line Z. As indicated in Figure 5.8A, geeepression appeared lower in the
older birds, with the mean values ranging from 243or day 7 birds and 0.6-6.4 for day

35 birds.

As regards trends, overall both line X and Y bistt®wed similar patterns of AvBD1
expression. However, the only statistical diffeermetween groups of birds was that
between line Z, day 0 birds (mean 237.3) and dikoigroups aged 7 and 35 days
respectively (p<0.05). Figure 5.9 provides the AuBR@ene expression profiles
specifically for line X birds. Although there wene statistically significant differences in
gene expression between line X birds reared invtloedifferent environments, the mean
AvBD1 expression was raised in the line X, day rd$iraised in the LH environment,

suggestive of an environmental effect on gene sspra.
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Figure 5.11: Mean
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Line Y, day O birds showed the highest mean (+ SAUJ)expression of AvBD4, 594

(x321.5) compared to line X 44 (+7.6) and line Z(423.8) birds. However as shown in
Figure 5.8B two birds within the line Y day O grobpd markedly elevated, but very
reproducible, expression levels. Line Y, day @bihad significantly higher expression

levels of AvBD4 when compared to all other groupd ages of birds (p<0.001).

A similar trend in AvBD4 gene expression as for A/Bwas observed (Table 5.5 and
Figure 5.8B). Again highest expression was obgknvehe day 0 group and this reduced
with age. Figure 5.10 shows the data specificidiythe line X birds, although again

there were no statistically significant differencegene expression between line X birds
reared in the two different environments, the mAaBD4 expression was raised in the
line X, day 7 birds raised in the LH environmeniggestive of an environmental effect

on gene expression.

Figure 5.8C shows AvBD10 gene expression and irtrasnwith the other two genes,
expression was not maximal at day 0. Expressiawdsn the five groups of chickens
was similar, with the exception of YH day 7 bird#ghich had a mean (tSEM) AU of
336.0 (x281) compared to other day 7 birds; 1381} 11.9 (+6.2), 8.9 (£3.2) and 43
(x20.5) (XL, XH, YL and ZL, respectively). Howevethere were no significant
differences between any of the groups. Figure SHdws the mean expression data for
the line X birds and a different pattern, in conigam with the AvBD1 and 4 data is
evident. These data suggest that neither age moroament affects line X AvBD10

expression.
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5.5.2: Spleen

The mean splenic AvBD expression values are predentTables 5.4-5.6. Figure 5.12 i-
i shows the individual bird AvBD1 splenic expressidata; the data is presented for day
0 birds (Figure 5.12i) and day 7 and day 35 biFigure 5.12ii), and high-lights the large
differences in gene expression between the birelnsklves and in relation to age. The
data was divided into two graphs due to the highkative gene expression in the day O

bird samples compared to the older birds.

Expression levels of all three genes showed sinmkdterns to those observed in the
thymus with the highest levels recorded at day @ih\Wwegard to AvBD1, the day O birds
of lines Z and Y expressed the highest mean leaatsline X birds the lowest (544.9
+291 SEM, 523.7 +306.4SEM and 219.3 £85.4 SEM, eetypely for lines Z, Y and X),

however, these data were characterized by markeatgroup variability. Statistically

the day 0, line Z birds showed significantly hig@eBD1 gene expression than all other
day 7 and 35 groups of birds (p<0.05); line Y dagi@ expression was significantly

higher than all day 7 and 35 groups relating tedilY and Z (p<0.05).

The splenic expression of AvBD1 is plotted for th#erent lines and ages of birds in
Figure 5.13A-C. These data indicate that overallBB1 splenic gene expression fell
with age, and apart from a suggestion in the dége7 X birds, was not affected by the

rearing environment.
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The AvBD4 gene expression data is presented inr€igul4i and ii. These data are
presented separately as the day 0 birds had mgblerievels of expression than the day
7 and 35 birds (as for AvBD1). AvBD4 expression weghest in line Z day 0 birds
(mean +SEM AU) 3,896.6 (£2,289) compared to 2,298693.7) and 1,715.4 (£1,715.4)
for lines Y and X respectively. In fact, line Zyd@ birds had significantly higher levels
of gene expression than all other groups of bicdseet line Y day 0 (p<0.05) (Figure
5.13C). This observation was similar to that fodadthis group of birds and AvBD1
gene expression. Interestingly, the line Z dayir@ twith the highest level of AvBD1
MRNA also had a very high level of AvBD4 expressionThe rearing environment
appeared to have no effects on splenic AvBD4 espyasalthough these data (Figure

5.14ii) were skewed by a number of outliers.

The splenic expression levels of AvBD10 are showrFigure 5.15. These data are
characterized by marked intra-group variation, el at days 0 and 7, respectively.
However, statistically neither age nor rearing emwvnent affected splenic AvBD10

expression.
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X0 YO Z0 XL7 XH7 YL7 YH7 ZL7 XL35 XH35 | YL35 YH35 ZL35
3.98 2041 | 430.80 0.47 4.17 6.78 9.86 3.51 81.38 46.30 0.48 4.03 16.49
35.92 18.01 13.36 0.96 8.77 10.91 2.77 0.34 0.04 3.72 7.75 7.88 0.39
1398.99 541 30.42 | 490.80 1.15 7.03 2.18 1.24 1.67 28.80 0.03 6.19 0.03
9.22 847 | 152.68 2.54 7.31 7.30 37.37 7.01 32.05 0.09 12.45 0.02
12.30 0.53 | 459.56 36.54 2.10 55.38 15.55 40.85 114 4.68 0.03
671.15 4.06 0.20 32.68 0.91
0.84 0.04 0.81 10.31 12.52
1.84 4.66 6.98 3.24
0.07 0.40 30.86
0.44 10.84

Table5.7: Splenic AvBD10 gene expression across all lines, ages and environments respectively. Data as plotted in Figure 5.15. Units
calculated as ((Target gene/18S) x 10°). L= low hygiene and H =high hygiene.




5.5.3: Small intestine (duodenum)

Figure 5.16A-C shows the expression levels of tiree AvBD genes in the duodenal
tissue samples of the day 0, 7 and 35 birds reisplct Again the expression data was
characterised by large intra-group variation andlefnite trends between age and gene

expression were identified.

Figure 5.16A shows that the majority of the birdnpées analysed had low levels of
AvBD1 gene expression and this was consistent thighend-point PCR results (Figures
5.2-5.4). Interestingly, two bird samples withiretXL 7 day-old group were found to
have high levels of both AvBD1 and 4 gene expres¢imdue ring in Figure 5.16A and

B).

AvBD1 expression was shown to be significantly leigp<0.05) in XL 7 day-old birds

compared to XH, YL and YH 7 day-old birds (Figusel7). In fact, these data indicated
a 50 fold difference between XL, mean 150.7 (x78EM) and XH birds, mean 3.3 (=
2.4 SEM), which suggested that environment wasctffg AvBD1 gene expression in

such birds.

A dot plot showing AvBD4 duodenal gene expressiatads presented in Figure 5.16B.
The expression range (AU) was between 0.11 and91&5. individual birds. No
statistically significant differences were idergdi between any of the groups, however
one of the birds which was found to have high esgion levels of AvBD1 also had high
levels of AvBD4 (blue ring in Figures 5.16A and B,1.0AU for AvBD1 and 165.9 AU

for AvBD4). One bird in the ZL 7 day group showadaimilar pattern, but in this case
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also had a very high expression level of AvBD10 rfted with red rings in Figures
5.16B and C with 134.5AU, 43.2 AU and 3554.9 AU farBD1, 4 and 10 expression

respectively).
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Figure 5.16/-B: Duodenal AvBD1 and 4 gene expression respegtaeioss d lines, ages an
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blue and red circles indicate the same bird withat specific group across the different genegs.
(y axis should read 18S). (Data in table formles 5.8/-B).
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X0 YO Z0 XL7 XH7 YL7 YH7 ZL7 XL35 XH35 |YL35 YH35 | ZL35

3.72 17.67 1.05 3.86 73.80 19.44 67.93 | 3554.85 3.35 43.68 5.44 7.98 18.19
118.80 22.68 291 | 133.56 39.14 2.33 0.10 5.05 248 9.40 0.05 1113 | 16591
3.65 147 2.15 0.42 57.23 53.70 0.11 13.82 64.890 | 684.88 0.42 23.37 7.38
2.27 022 | 117.56 19.82 46.43 15.29 4.78 3.89 4.09 2.17 0.72 3.97 6.23
1.65 0.70 0.38 19.92 32.72 3.54 25.11 0.71 2.70 20.90

30.73 27.00 13.33 3.67 6.23

5.32 28.37 3.28 2.07 4.55

182.52 8.35 36.88 | 268.47 15.57

126.10 70.06 16.78 20.63 46.95

47.31 14.37 8.79 163.72

Table 5.8C: Duodena AvBD4 gene expression across al lines, ages and environments respectively. Data as plotted in Figure 5.16C. Units
calculated as ((Target gene/18S) x 10°). L= low hygiene and H =high hygiene.




X0 YO Z0 XL7 XH7 YL7 YH7 ZL7 XL35 XH35 |YL35 YH35 | ZL35

5.71 36.05 0.21 2354 31.65 271 47.47 43.25 3.88 8.96 0.37 1.01 13.18
88.95 9.79 9.66 8.22 1.38 1.33 0.69 0.43 0.56 5.07 0.56 0.73 011
47.19 2.76 27.17 0.19 3.62 3.81 151 0.43 4.17 9.58 2.01 12.98 2.04
5.08 14.77 39.24 44.74 0.91 0.34 1.99 3.12 0.99 8.77 3.77
26.61 29.66 3.10 0.21 1.72 31.21 0.80 0.28 15.35

2.34 217 1.09 0.94 1.27

5.40 12.43 3.59 9.98 441

165.93 1.93 0.94 54.37 5.78

14.69 0.69 10.17

92.07 0.54 4.42

Table 5.8B: Duodenal AvBD4 gene expression across all lines, ages and environments respectively. Data as plotted in Figure 5.16B. Units
calculated as ((Target gene/18S) x 10°). L= low hygiene and H =high hygiene.




X0 YO Z0 XL7 XH7 YL7 YH7 ZL7 XL35 XH35 |YL35 YH35 | ZL35

6.33 18.78 0.78 59.34 0.17 3.54 0.70 | 134.49 1.96 12.85 0.88 0.85 12.10
74.07 1.96 1.37 161 0.19 0.81 0.00 1.05 0.16 3.02 2.72 042 011
278.11 0.53 18.60 0.16 21.80 2.10 0.34 8.91 0.90 321 0.17 7.50 147
1.13 17.93 13.39 | 138.08 0.90 0.84 0.96 542 0.81 0.18 0.68 2.03 0.40
11.77 37.14 1.96 0.22 4.28 0.10 1.87 0.71 0.28 242

6.39 0.63 2.09 3.91 2.60

2.70 011 0.19 0.23 10.31

771.02 0.57 0.49 2.00 23.66

301.54 8.89 1.73 1359 | 125.73

223.80 0.80 042

Table 5.8A: Duodenal AvBD1 gene expression across al lines, ages and environments respectively. Data as plotted in Figure 5.16A.

Units calculated as ((Target gene/18S) x 10°). L= low hygiene and H =high hygiene.
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Figure 5.16C: Duodenal AvBD10 gene expression acafidines, ages and
environments. L= low hygiene, H=high hygiene anchbars depict age of birds in
days. The red circle indicate the same bird withat specific group across the
different genes. (y axis should read 18S). (Datalte form Table 5.8C).

Duodenal expression of AvBD10 across all the grougs low when compared to other
tissues such as the testicle and kidney, and rabgeeeen 1.9 (x1 SEM) AU and 384.0
(x352.7 SEM) AU. The latter figure was howeverwkd by one bird which had a very

high expression level (ZL 7 day-old group, datanpaiith red circle in Figure 5.16C).
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5.5.4: Bursa of Fabricius

The data for AvBD gene expression in the bursa aifrieius samples is presented in
Figure 5.18A-C. Again there was variability in AvBexpression levels between birds
in each of the groups. The highest mean level aegxpression was observed in day O
birds and expression appeared to fall with increasige. The overall range of means for
all groups fell within the range (AU+SEM) 0.7 (x0.and 27.9 (x9.9), indicative of

relatively low levels of expression of AvBD1 in shiissue across all bird groups.

Similar to the trend observed for AvBD1, AvBD4 gespression was also highest in
day O birds (Figure 5.18B). Line Y 0O day-old birdad the highest mean level of
expression of AvBD4 102 (x52SEM) AU, but there were statistically significant

differences between this group and any of the ogjieups. AvBD4 gene expression
across all lines was lowest at day 35, again suiggea fall in expression with increasing

age.
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No significant statistical differences were detdcteetween groups with regard to
AvBD10 expression. Both lines X and Z showed hgglmean expression levels (xSEM)
AU at day 0 (83.8 +49.8 and 167.6+ 158.6), but Mehowed peak levels in the YH 7
day group (103.0AU£73.4). With regard to the latjeoup, two of the birds had very
high levels of expression, one of which was thel dound to have increased gene
expression of all three AvBDs. It can thereforecbacluded that the bursa of Fabricius
expressed all three AvBD genes, but apart fromva lbeds as exceptions, expression
levels were relatively low compared to other tissuége but not rearing environment

affected gene expression.
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5.5.5: Caecum and caecal tonsil

Neither the caecum nor the caecal tonsil were deduin the initial QqRT-PCR panel for
analysis of AvBD1, 4 and 10 expression becauseigepoint PCR data showed cDNA
bands of similar intensities for those AvBD geneslgsed across all groups (Figures
5.2-5.4). However, due to the location of thessues within the gastro-intestinal tract
and the lymphoid function of the caecal tonsil @sndecided to analyse the tissues from
two birds, from each of the groups, to provide ghsiinto the actual gene expression
levels. The premise was that these data would geoan interesting comparison to the
data obtained for the small intestine, and indicateether AvBD gene expression is
regionally regulated in the GI tract. The data fleese birds is shown in Tables 5.9

(caecum) and 5.10 (caecal tonsil).

The sample sizes were small (n=2) and charactebyedtra-group variation, thus it is
difficult to report on possible trends. Howeveecal expression levels of AvBD1 across
all groups were generally low, exceptions beinglthe Y O day-old bird 2 (855.3AU),
the YL 7day-old bird 2 (35.7AU) and XL35 day-oldrdil (78.7AU). All other bird
values fell within the range 0.5-16.5AU. For thosamples analysed the AvBD4
expression levels were variable in the caecal dsswith levels ranging from 0.1 to
7730.1. The results suggested that both XH 7 ddykoids had higher levels of
expression compared to other groups (351.6 and.XA&BDrespectively). AvBD10 gene
expression levels were reduced when compared &r ¢i8sues such as the kidney and

testicle. As for the other two genes, no defiraige related patterns were noted.
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However, from Table 5.9 it was noted that the M@ day-old bird 1 had relatively high
expression levels of all three AvBDs and similaitgras were observed for YL 7 day-old
bird 2 and the XL 35 day-old bird 1 (although tla¢tdr is missing AvBD4 expression

data).
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Bird identity (line, | AvBD1 | AvBD4 | AvBD10
age and number)

X Oday bird 1 2.7 4.7 0.2
X Oday bird 2 5.6 7.9 1.0
Y Oday bird 1 855.3 110.8 84.7
Y Oday bird 2 0.9 3.5 0.7
Z Oday bird 1 3.2 8.4 19.2
Z Oday bird 2 2.3 13.1 3.6
XL 7day bird 1 0.1 0.1 0.2
XL 7day bird 2 3.4 32.2 21.6
XH 7day bird 1 0.8 351.6 1.0
XH 7day bird 2 2.3 7730.1 16.4
YL 7 day bird 1 0.9 3.7 3.8
YL 7 day bird 2 35.7 43.6 138.7
YH 7 day bird 1 2.7 441 5.5
YH 7 day bird 2 1.0 174.0 27.6
ZL 7 day bird 1 2.7 4.0 7.1
ZL 7 day bird 2 0.5 2.3 6.8
XL 35 day bird 1 1.0 15.8 1.3
XL 35 day bird 2 78.7 NA 33.2
XH 35 day bird 1 3.8 6.8 3.7
XH 35 day bird 2 1.7 NA 1.5
YL 35 day bird 1 0.7 7.3 1.3
YL 35 day bird 2 8.7 NA 43.1
YH 35 day bird 1 1.2 3.8 5.9
YH 35 day bird 2 1.7 NA 15
ZL 35 day bird 1 16.5 NA 14.3
ZL 35 day bird 2 0.8 NA 30.2

Table 5.9: AvBD 1, 4 and 10 gene expression ircdexum (AU). L is low hygiene
and H high hygiene. NA indicates samples not aealys
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Again only two birds from each of the groups wermlgsed for AvBD1, 4 and 10

expression in the caecal tonsil. The data is ptedan Table 5.10.

Again it is difficult to comment on trends with susmall sample sizes. However the
line Y 0 day-old bird 1, XL 7day-old bird 2, XH 7ag-old bird 2, XL35 day old bird 1
and YL 35 day bird 1 all showed higher expressibrthe AvBD genes, particularly
AvBD4. Some of these birds e.g. XH 7 day-old bxdcand Y O day-old bird 1 also

revealed high levels of AvBD gene expression indéecum suggesting a genetic link.
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Bird identity (line, | AvBD1 | AvBD4 | AvBD10
age and number)

X Oday bird 1 0.2 0.9 2.9
X Oday bird 2 23.9 11.9 3.8
Y Oday bird 1 73.9 218.1 70.1
Y Oday bird 2 0.5 0.2 0.6
Z Oday bird 1 9.4 16.4 16.9
Z Oday bird 2 1.9 0.9 3.9
XL 7day bird 1 2.0 5.4 0.2
XL 7day bird 2 14.6 201.1 3.6
XH 7day bird 1 0.1 4.2 10.9
XH 7day bird 2 23.5 651.5 154
YL 7 day bird 1 0.1 0.6 3.4
YL 7 day bird 2 0.2 1.8 1.2
YH 7 day bird 1 0.2 23.3 2.1
YH 7 day bird 2 0.5 9.4 30.9
ZL 7 day bird 1 1.3 2.1 16.7
ZL 7 day bird 2 0.2 0.5 2.2
XL 35 day bird 1 6.2 184.8 6.3
XL 35 day bird 2 0.4 NA 0.1
XH 35 day bird 1 1.3 9.5 2.6
XH 35 day bird 2 4.4 NA 21.9
YL 35 day bird 1 10.0 45.3 129.7
YL 35 day bird 2 12.0 NA 46.7
YH 35 day bird 1 1.0 2.5 0.4
YH 35 day bird 2 NA NA 0.1
ZL 35 day bird 1 24.1 NA 11.0
ZL 35 day bird 2 0.6 NA 9.9

Table 5.10: AvBD 1, 4 and 10 expression in thecab®nsil (AU). L is low hygiene
and H high hygiene. NA indicates samples not aralys
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5.5.6: Lung

Due to the size of the study and sample number$;RBR analyses of all three AvBD
genes was only performed on four tissues i.e. tlsynspleen, bursa of Fabricius and
duodenum. However, the AvBD10 gene was the fadte analysed via qRT-PCR and
all ten tissue samples, including the lung, kidrtegticle and liver were analysed. The
lung expression values for the individual birdsh®wn in Figure 5.19 and again the data
is characterized by the marked spread within braligs, particularly the 7 day-old bird
groups. No significant statistical differencesvietn any of the lines and or ages were
identified. The intra-group variation in AvBD10 gerxpression makes it difficult to
comment on potential trends, although expressipea@d more variable in the birds of
the day 7 groups, and expression appeared redacell of the day 35 groups when
compared to the day 7 data. However, no cleamdigins between the data from the

two rearing farms could be made.
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Figure 5.19: Lung tissue expression of AvBD10 asm@sgroups of chickens. (zSEM).
(y axis should read 18S).

5.5.7: Kidney

Very high levels of gene expression were detectihkinvkidney tissues relative to the

other tissues analysed (Table 5.6 and Figure 5QPA-

Data relating to AvBD10 gene expression within kitneys of line X birds is shown in
Figure 5.20. Peak expression was shown to ocdineinlay 35 bird samples (132,193.1(z
41,028.6 SEM) and 99,288.4 (+56,550.4 SEM) respelgti for lines XL and XH), but
there was no statistically significant differencetvbeen these two groups. Line Y birds
showed the highest mean expression level in the7Yday group (43,848.4), however

there was marked intra-group variation. The linggddups showed higher expression
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levels than the line Y groups. In contrast to thiesds, line Z birds showed peak gene
expression at day 7 (68,346.7 +27,544.0 SEM) aadaWwest mean expression level was

found to occur in the day 35 birds (Figure 5.20C).
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5.5.8: Testicle

High levels of testicular AvBD10 gene expressionravdetected across all groups of
birds compared to the other tissues analysed (Taléle However, again large intra-

group variation was observed (Figure 5.21).

For both lines X and Y, the highest expressionlewere noted in the 7 day birds reared
in the high hygiene environment with mean (xtSEM)ele of 8,753.8 (£6,322.1) and
146,934.4 (+93,351.3)AU, respectively. The avertad difference in expression for
the 7 day birds was four fold between groups XH dhdand 142 fold for YH compared
to YL. However, bird number 6 in YH 7 day group head extremely high level of gene
expression (699,588) and when this bird was omifredn the data set the mean
expression average level fell to 54,825.5 (x17,%M) (Figure 5.21). For the
statistical analyses this value was omitted as as wuch an outlying value (>2SD)

relative to the other data.

Within the YH 7 day group there appeared to be dimstinct sub-groups, one with very
high levels of expression (red ring, n=4) and ttireepwith lower levels (blue ring, n=2),
although it is accepted that the numbers are sm&llhen statistical analysis was
performed the YH 7day group had significantly higlexpression levels of AvBD10
compared to all of the other bird groups (p<0.05)Generally, expression levels fell in

the day 35 group of birds with the exception of #e35 birds.
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Figure 5.21: AvBD10 expression patterns in theidksof all groups of chicken (mean
+SEM, for those groups where SEM is very large anban is given). The red and
blue rings mark the two distinct groups of expressvithin the YH 7 day birds.

55.9: Liver

Moderate levels of AvBD10 gene expression weredotghe liver tissues of the line X,

Y and Z chickens compared to other tissues analffsgale 5.6 and Figure 5.22A-C).

Very different patterns in gene expression leveleeund to occur across the three lines
of birds as illustrated in Figure 5.22. The linéd¥ay birds showed a higher mean level
of gene expression (777AU) compared to line X bifté7AU), but these data were
characterised by their degree of intra-group vdritgbinterestingly line X birds reared

on the HH farm showed the highest mean expressimid for both the 7 and 35 day old
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birds, 5,202.3(x2,882.3SEM) and 3,276.2(x2,013SE&Ypectively, compared to the
same birds reared on the LH farm. This sugges$teddaring environment was affecting
gene expression. Similar to line X, the highest mleael of expression was observed in
the YH 7 day group (1,002.5AU). In fact both oétime Y high hygiene groups at day 7
and 35 showed higher average expression levels ttieatow hygiene birds but these

findings were not as pronounced when comparedetdirie X data.

In contrast to both lines X and Y, the line Z biwdsre observed to have the highest mean
AvBD10 gene expression at day 0, 2,040.5(x1,509M\)SBEMean levels decreased as the
birds aged (1,135.1 and 287 respectively for daynd 35), a pattern similar to that was

observed for AvBD10 in the spleen.

Although trends were evident, no statistical sigatfiit differences could be observed
between the groups of birds, again due to largeedegf variation between birds in the

same group.
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Figure 5.22A-C: Mean AvBD10 gene expression irgetlups of chickens in the
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5.6: Discussion

To investigate the potential effects of bird regrenvironment, genetics on the tissue
levels of AvBD, a molecular approach was employdthis was driven due to lack of
specific antibodies against AvBDs, and therefore ittability to measure actual protein
levels within tissues. The trial included a tai&ll80 birds, and from each of these birds
a total of ten tissue samples were extracted pmoyitl,800 tissue samples. For analyses
it was decided to focus on the day 0, 7 and 35 kmnphe former based on the
importance of the innate immune system in youndshiand the latter age group acting
as a sensible end-point for the trial as commelwiailers are usually slaughtered around

day 42.

Initially gene expression was investigated using-point PCR analyses. This allowed
the selection of specific tissues for quantificataf AvBD expression by real-time PCR
analysis. Time and financial constraints made passible to analyse all 1,800 samples
via gqRT-PCR, especially considering that samplesewan in duplicate. Tissue and
sample numbers had to be limited but not compraiise that sample sizes were

sufficiently large enough to allow statistical aysas.

Expression levels of AvBD1, 4 and 10 were measurdtie thymus, spleen, duodenum
and bursa of Fabricius. As stated in the restlisse tissues were chosen based on the
end-point PCR data but the initial focus was tecelnd analyse tissues which had an
immunological role. The selection of the duodenuiowed AvBD expression patterns to

be analysed in conjunction with the anti-microlaetivities of gut mucosal scrapes taken
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from the same regions and this is discussed fuith&hapter 7. Only AvBD10 levels
were measured in the liver, kidney, testicle amd)Jibecause prior to obtaining all of the
SNP data (Chapter 4), AvBD10 was the gene of fédoushe study. High levels of this
gene had also been shown to be expressed in grgkidney and testicle in the literature
(Xiao, Hughes et al. 2004; Higgs, Lynn et al. 2006) the effects of age, bird genetics
and rearing environment had not been previouslgrted. In addition, these three tissues
are not directly linked with innate defense. It icbbe argued that all ten tissues should
have been analysed for the expression of all tigerees, and in fact the analyses of
additional AvBD genes was also considered baseth®SNP data shown in Chapter 4
e.g. AvBDs 3, 6 and 9. However, the study had tddeeised due to time and finite
resources. Throughout this chapter a significhnt, recurrent finding, was the intra-
group variability; such variation had not been @paited. This combined with the
sample sizes lead to large standard errors witiengroups with the effect of reducing
the chance of establishing statistically significdifferences. Increasing the number of
birds in each group would have improved the staispower, allowing potential trends

to be statistically proven, future studies needddress this.

The presence of the AvBD SNPs outlined in Chaptenay help to explain the observed
differences in AvBD expression between birds antedj perhaps becoming more
apparent when the birds were reared in more clgfignconditions. For example
focusing on AvBD1 where three non-synonymous SNiific to line X birds were

detected, the levels in the duodenal tissues dsbinom the XL 7 day group were higher

than the other groups of birds. The birds withagltegroup were fed the same diets and
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reared in the same conditions and so the obsemtdndust be due to individual and/or
local factors. It can only be hypothesised that ltigh expression levels seen in some
birds correlated with high levels of specific piat@roduction, but of particular interest
was those birds that expressed high levels of rti@e one AvBD gene, indicating that
either co-expression occurs or suggesting thabittlewas under some form of challenge
to that specific tissue. Whether expression ohHayels of the gene is beneficial to a

particular bird needs to be determined with furtsterdies.

The house-keeping gene used in the gRT-PCR andhdatealisation, was 18S. 18S is
ubiquitously expressed within all tissue types aadhigh levels in qRT-PCR were
detected, particularly in very active tissues sastthe liver. In hindsight, the use of a
less highly expressed house-keeping gene with ssjoe levels closer to those observed
for some of the AvBD genes would have been morecgguate. However, the selection
of such a gene would have made the analysis of AMBID tissues, such as the kidney
and testicle, challenging since such high levelsrewebserved in these tissues.
Quantification using bothf actin and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) in the real time assays was attempted berewiot pursued due to lack of
working plasmid standard and primers. The usenchmaay of house-keeping genes is
becoming increasingly popular in studies utilisgqi@T-PCR, with subsequent selection
of the appropriate gene for normalization. Muchha& published work on chicken anti-
microbial peptide expression is based on semi-gfasime analysis, and most of the
reported literature usdit actin as the house-keeping gene (Wu, Zhang €0aDb; Zhao,

Nguyen et al. 2001; Yoshimura, Ohashi et al. 20R@hedi, Isobe et al. 2007; Akbari,
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Haghighi et al. 2008; Mageed, Isobe et al. 200Bgta actin has also been used as the
house-keeping gene in two quantitative real-tim&kRudies (Yoshimura, Ohashi et al.
2006; Meade, Narciandi et al. 2009). The lattedgtchoseB- actin as it was reported to
be the most stable out of a panel containing boMPH and lactate dehydrogenase A

(LDHA), but like 18S it is also highly expressed.

Anti-microbial peptides have been speculated tgp Helk the innate and adaptive
immune systems by having immuno-modulatory effetastheir chemokine properties
(Bowdish, Davidson et al. 2006). This function a@bube considered particularly
important within the lymphoid tissues of the bodiiere there are large populations of
cells of lymphoid origin. The thymus is a primayriphoid tissue and is the site of T cell
development and cellular immunity (Cooper, Raymendl. 1966). To date only AvBD9
(Ma, Liu et al. 2008) and AvBD11 have been repotiede expressed in this tissue
(Xiao, Hughes et al. 2004) but in this chapter egpion of AvBD1, 4 and 10 was also
shown. Both AvBD1 and 4 showed the highest expradevels within the thymus in
the day O bird samples and this may well correfdta either the development of this
tissue, or in preparation for life outside the shad challenges of the local environment.
In contrast AvBD10 levels were shown to peak indbiraged 7 days, but the
physiological and/or immunological reasons for thi® not known. Higher levels of
AvBD1 gene expression in the thymus were obsemdtia XL 7day birds compared to
the XH 7 day group (mean AU of 24.0 and 0.3 respelg). The difference could,
potentially, be related to the bacterial challenf¢he low hygiene rearing environment

(Figure 3.3) but the full effects of the differafiets probably is a significant factor.
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This study for reasons explained previously, foduse AvBD1, 4 and 10. Expression of
AvBD1 and 4 had previously, using a chicken 44Kleagi microarray been shown to
occur in the spleen (Li, Chiang et al. 2008). $hme authors also identified AvBD2 and
9 expression within the spleen, and both AvBD11g@si Lynn et al. 2005) and AvBD13
(Xiao, Hughes et al. 2004) have been shown to Ipeessed at this site. With respect to
this study a similar pattern of AvBD gene expressias observed in the splenic tissue
as found in the thymus. The spleen was chosen begéais a secondary lymphoid tissue
with functions including the synthesis of antibadiithin the white pulp and removal of
antibody-coated bacteria and red blood cells,dtter two being particularly important in
a successful adaptive immune response. The imquertaf the innate immune response
within the first week of life has been supportedvigrk carried out by Bar-Shira and
Friedman (2006), and the levels of the AvBD gengression in the day O birds support
this. As the birds age, the immune system devetopsthey become more capable of
developing a successful adaptive immune respontebath cell mediated and humoral
responses functioning. It could therefore be sgedlthat less emphasis is placed on the
innate non-specific response with increasing age, this could explain the reduced

AvBD gene expression patterns in the day 35 graupe spleen.

The primary role of the bursa of Fabricius is tm@mate a humoural immune response
and so it forms part of the adaptive immune respomfowever, maturation of the

lymphoid cell population within the bursa is a sewrocess than that which occurs in
the thymus (Peterson and Good 1965), and this imspliae delay in antibody generation

in young stock and perhaps places a greater engpbasihe innate immune system in
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early life. For such reasons it was be proposed e AvBD peptides may have an
important role in this tissue and it was selectedféirther study. Moreover, the bursa
anatomically is located close to the cloaca antlésefore exposed to potential pathogens
in the gastro-intestinal and reproductive tractsisTsupports the bursa being a site of
marked AvBD expression, especially in the birdst tineere reared in the more

challenging (LH) environment.

As observed in the thymus and spleen, both AvBDOd 4aexpression levels were highest
in the day O birds in the bursal tissue consisteatentially, with a protective role. Of
note was just how low these levels were compareattier tissues (Table 5.3.and 5.4),
although the bursal levels may just reflect theorpdevelopment of this organ in the
young birds. Interestingly all AvBDs with the epten of 8 and 11 (van Dijk,
Veldhuizen et al. 2008), have been reported initbeature to be expressed in the bursa

of Fabricius, again supportive of their importancéhis lymphoid organ.

Alpha defensins, located in Paneth cells of mamanaBl tract, have not been shown to
exist in chickens. The duodenum was selected ¥@DAexpression analyses due to ease
of locating this part of the Gl tract at the timé sampling, thus allowing sampling
reproducibility and to be able to compare the esgim data with the anti-microbial
activities of gut mucosal scrapes taken from th@esaection of tissue. Part of the
rationale for selection of the three lines of bivelss based on perceived gut health of the
birds with the line X birds having the poorest tiedlvet litter) and the line Z having

fewer gut-related issues.
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Unlike the thymus and the spleen where peak |lenfefs/BD1 expression were observed
in the day O groups, the highest level of AvBD1the duodenum was in the XL 7 day
group (Table 5.4). The mean was significantly highan the other day 7 groups (except
ZL birds). This is an interesting finding becausgethe level was higher than the XH
group and so the environment may have played aarae?) it is line X birds which have
the reported poorer gut health. In the gut tissuisstherefore feasible that both genetics
and environmental rearing conditions have an effecAvBD1 gene expression. While
no significant statistical differences were fouretiieen XL and ZL day 7 birds means

150.7 and 31.4 AU, respectively (Figure 5.16), ¢hesta show a definite trend.

It is also possible that the SNPs which were detet the AvBD1 gene (Chapter 4) may
have affected gene expression levels. For exarhpl@itesence of SNPs specific to line
X birds may have had an effect on AvBD1 gene exieslevels due to potential

alterations in peptide function for example thetbgsis of a peptide with reduced anti-
microbial activity may result in increased mMRNA esgsion levels. Differences in anti-

microbial properties of the three forms of the matoeptide are considered in Chapter 6.

Each region of the small intestine; duodenum, j@nrand ileum, has distinct features in
its structure and physiology, and supports verfetkiht commensal bacteria populations.
The data presented in this Chapter shows that AyBDand 10 were expressed in the
duodenal tissues in day 0 and 7 birds. Other grdigve shown expression within the
small intestine of AvBD1, AvBD2 (Lynn, Higgs et &004), AvBD4 (Milona, Townes et

al. 2007), AvBD6 (Ma, Liu et al. 2008), AvBD9 (vdbijk, Veldhuizen et al. 2007),
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AvBD10 (Ma, Liu et al. 2008), AvBD11 (Higgs, Lynn &l. 2005) and AvBD13 (same as
AvBD11 group). Milona, Townes et al. (2007) albowed that there was significant up-
regulation of duodenal AvBD4 expression followingalochallenge withSalmonella

species supporting the link between potential amtirobial effects and host defense

following infection.

Karlsson et al (2008), showed that in mice diffé@mnti-microbial peptides were secreted
in the different regions of the small intestine dhdt the levels were also influenced by
animal age. The same authors also determinedhbet tvere differences in expression
levels between lines of mice, again suggesting thate is a genetic component
influencing expression, as was also observed ia #tudy with the three lines of
chickens. Interestingly work in transgenic micesups a role for defensins in selecting
gut commensal populations (Salzman, Hung et alOR0hus sectioning the chicken gut
to include the duodenum, ileum, jejunum and caeamd, analyzing AvBD expression
patterns and bacterial populations would therebm®f significant interest. Interestingly
although only trends can be suggested due to tladl somber of actual values available
and their variability, the gut expression data regubin this study suggests a reduction in
duodenal AvBD expression with increasing bird aged an increase in caecal

expression, particularly in those birds raiseche tH environment.

A study involving the feeding of swine AMPs to 0-d@y-old chickens has also been
performed in an attempt to enhance their gut imtyulirds included in this study were

shown to have enhanced intestinal mucosal immureeers including increased intra-
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epithelial lymphocyte, mast cell and goblet celhmers, indicating the local effects of
such peptides (Wang, Ma et al. 2009). Other refdoefects of the swine peptides
includes an increased ability of the treated cheki absorb nutrients (Bao, She et al.
2009), with subsequent superior growth rates. Adstigtion of AMPs from rabbits to
chickens also showed improved mucosal parametehsding villus height increase and
increased numbers of intra-epithelial lymphocytesi,(She et al. 2008). Whether up-
regulation of endogenous AMPs would have a simeléect is not known as it is still
speculative as to whether high endogenous levelSv®D expression are of actual

benefit or detriment to the host.

The caecal tonsils are located at the base ofatbecdecal sacs and can be considered as
modified Peyers patches and act as secondary lyichtissues. M cells, characteristic of
Peyers’ patches, have been detected only in bigikd sover two months (Kato,
Hashimoto et al. 1992) and since the maximum adards in this study was 35 days,
there is a strong possibility that these birds db lmave M cells within their epithelial
layer. Absence of such cells and under-developraéthis tissue may be correlated
with the AvBD expression data and explain the neddy low levels observed in the birds
analysed. Akbari, Haghighi et al. (2008), assegsd8D expression (AvBD1, 2, 4 and
6) within the caecal tonsil following challenge litSalmonella enterica serovar
Typhimurium with and without prior administratio jprobiotics. Their conclusion was
that the probiotics dampened down the AvBD expogskvels following challenge with
Salmonella. Microbial colonisation of the gut with flora frothe environment might also

have a dampening effect on AvBD expression an@ad to the older birds having lower
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expression levels. The data presented in Tablel&8 not support this theory, although
it is acknowledged that this data is compromisedhieyvery small sample number. This
also raises the question again as to whether bigild of AvBD expression are of benefit

or detriment to the host.

As expected in a tissue continuously exposed temnial pathogens via aerosols a
number of different AvBDs have been shown to beresged in the lungs of chickens
including AvBD1, 2, 4, 6, 7, 9, 10 and 13 (Xiao, dihes et al. 2004; Higgs, Lynn et al.
2005). In this study for reasons discussed prelgdhe lung tissue was only investigated
for AvBD10 expression. Peak AvBD10 expression wittiie lungs was observed in the
day 7 birds, but interestingly expression was n&dét low compared to kidney and

testicle, tissues arguably not as exposed to patisogin fact the AvBD 10 gene

expression levels observed in the bird kidney samplere very high; the XL 35 day
group had a mean expression level of 132193.1 Aticlwwas nearly a thousand fold
higher than some of the other tissues which weatyaed. In the literature AvBD3, 6, 9,

10, 11, 12 and 13 have been shown to be expresgiad kidney tissue (Xiao, Hughes et
al. 2004; Higgs, Lynn et al. 2005). These datécamie that the kidney is an active site for
AvBD gene expression, but whether the defensinstimm as only anti-microbial agents

or in some other roles is not known.

As for the kidney, high levels of AvBD10 gene exgwmien were observed within bird

testicles. Both the kidney and testicle are in €lpgoximity to each other in the chicken
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and embryologically they are derived from the saelts, which may potentially explain

these findings.

Of particular note is the result that line YH 7 daiyds expressed very high testicular
AvBD 10 levels compared to the other groups of bifeigure 5.21) with the presence of
two distinct sub-groups. None of the birds withimst study were sexually mature
(normally 18-24 weeks of age) and so this provesexiting finding, and raises the
guestion as to why line Y birds in the high hygierevironment were expressing such
high levels of this gene within a tissue that ig fdly developed or active. One
explanation is that the Vas deferens opens intoctbhaca and since the cloaca has
multiple functions, and is not perceived as a lg@mnvironment, there is a theoretical risk
of bacterial colonization within this duct and ascending infection to the testicles.
Interestingly other AvBDs have been shown to bélyigexpressed within the testicle
and these include AvBD, 2, and 6 while low to maderexpression levels of 5, 9 and 12
have also been reported (Xiao, Hughes et al. 2Bldggs, Lynn et al. 2005). Most of
these studies involved male birds which had nothed sexual maturity and so had
developing testes. Neither this study nor the ro#tadies specify the section of the
testicle responsible for AvBD expression. Howewwm, Bourgeon et al. (2003),
investigated anti-microbial gene expression in réyeroductive tract of rats, mice and
man, and focused on distinct areas of the maleodeptive system. Resident
macrophages, Leydig cells and seminiferous tubwie® found to express these genes
with subsequent protection of sperm post-ejaculatithese data support the possibility

of a non immune function of AvBD10 within this tissas well as the kidney.
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The final tissue for discussion is the liver anévpously moderate to high levels of
AvBD 8, 9, 10 and 13 gene expression have beerrtezgh@Xiao, Hughes et al. 2004;
Higgs, Lynn et al. 2005) as well weaker levels aB®2, 4 and 6. In this study only
AvBD10 expression levels were quantified. BothesnX and Y birds reared in the HH
environment at day 7 showed higher mean expredsiagls of AvBD10 in the liver
compared to the same lines reared on the commderial with line X showing the
highest levels. This is difficult to explain as Hhvironment would be expected to
provide greatest microbial challenge. It is possithlat the two different diets affected
expression, as the liver is in close proximity lte gastro-intestinal system and is linked
to the hepatic portal vein from the gut. Howewie possibility of a non immune
function of AvBD10 within the liver cannot be exded. In conclusion, AvBD gene
expression patterns and trends were found in theé tissues analysed in this study.
However, the data was characterized by large mroap variability making definite
conclusions as to whether the environmental factdiet or bird genetics together, or
individually, were responsible for such observadiadifficult. Increased numbers of
analyses per group studies are required to increresatatistical power to allow such
conclusions to be made. However the results predenithin this chapter may lead to
further studies allowing for example, protein ELKS£0 determine peptide levels and

immuno-histochemistry to determine cell types resjiae for AvBD gene expression.
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Chapter 6: Expression and functionality of recombirant

AvBD1 and 10 peptides

6.1: Introduction

Based on the presence of single nucleotide polymemgs it was determined to focus on
the study of three AvBD genes, 1, 4 and 10. Ad$iread in Chapter 4, no coding SNPs
were detected in either of the AvBD 4 or 10 genesthree non-synonymous coding
SNPs were detected in the gene encoding the mpaptde of AvBD1. Each of the

three lines of birds were shown to have differeetjfiencies of these polymorphisms,
which suggested the production of AvBD1 peptideth wlifferent combinations of amino

acids and, potentially, different antimicrobial igities. AvBD4 had previously been

shown to have anti-microbial properties (Milonawhes et al. 2007), but to date no
reports exist demonstrating the anti-microbial prtips of chicken AvBD10. It was thus
decided to produce recombinant AvBD1, specificalhg three different variants, and
AvBD10, to determine their anti-microbial propestiand establish whether one form of

the mature peptide was more effective than thersthe

Previous studies determining anti-microbial projsrof the AvBD have involved using
either synthetic peptides or relied upon hyper-espion systems that utilise a vector
system such as bacteria (Ma, Liu et al. 2008) eci§ip cell lines (van Dijk, Veldhuizen
et al. 2007). The use of insect hyper-expressistesys (Wonderling, Powell et al. 2002)

and synthetic peptide synthesis are other methbgsotein production (Higgs, Lynn et
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al. 2005). Previously within the research groupdrygxpression of the chicken AMPs
cLEAP-2, AvBD4, 5 and 6 had been performed usinbaaterial system (Townes,

Michailidis et al. 2004; Milona, Townes et al. 2007ther anti-microbial peptides that
have been produced in bacterial systems includesenotyptidins (Satchell, Sheynis et
al. 2003), human neutrophil peptide 1 (HNP-1) (Bi@rown et al. 1993), human beta
defensins 26 and 27 (Huang, Leong et al. 2009),amubeta defensin 3 (Chandrababu,
Ho et al. 2009), human beta defensin 2 (Varguesyibtm et al. 2009) and duck AvBD9

and 10 (Ma, Liao et al. 2009). The advantage afigisi bacterial production system is
that it allows mutated peptides to be sythesised tost effective manner. Bacterial
production systems can also lead to high yieldsepttide, but ensuring correct folding of
the peptides can be problematic, although thisuis irrespective of the method utilized

for synthesis.

AvBD1 has been shown to have anti-microbial effettsoncentrations within the range
0.4-3.4uM against several classes of bacteriaitithide, Escherichia coli, Salmonella
enteriditis, Salmonella typhimurium, Campylobacter jejuni, Bordetella avium, Listeria
monocytogenes and Staphylococcus aureus (Evans, Beach et al. 1994; Harwig, Swiderek
et al. 1994; Evans, Beach et al. 1995; Ma, Liaale2009). The four combinations of
the three non-synonymous SNPs that were detectdunwihe birds analysed were
predicted to code the following amino acid comborad; NYH, SSY, NYY and SYY
(Table 4.9). To investigate the potential effecfs such mutations on peptide
functionality the three different forms of AvBD1 wee synthesised, the amounts

qguantified and their functionality determined usiagti-microbial time-kill assays. In
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addition, AvBD10 was also synthesized and the mmntrobial properties of the

recombinant peptide analysed.
The aims for this chapter were;

* To hyper-express and purify the mature peptides AvB1 and 10,

» To establish an appropriate enzyme-linked immunosdrant assay (ELISA) to
guantify peptide levels,

 To determine functionality and potency of the recorhinant peptides in
bacterial time-kill assays with Salmonella enterica serovar Typhimurium

phoP and clinical isolates.

6.2: Engineering of AvBD 1 and 10 cDNA clones

6.2.1: Gene inserts

Specific primers, as described in Chapter 2, wastriction sites engineered at the 5’
ends allowed AvBD cDNAs to be amplified from a tdatp that was either a pre-
purchased cDNA AvBD clone or a cDNA amplified froam individual bird. The
restriction sites (EcoRl and BamHI) were choseneBlasn compatibility with those
within the chosen expression vector (pRSETA, liogén, Paisely, UK). A cDNA clone,
ChEST 1015e22 (ARK genomics, Edinburgh) was usedntplify the DNA encoding

the mature peptide of AvBD10.
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However, no PCR product could be amplified from D1 clone (ChEST 679b6),
suggesting a problem with the clone. The AvBD1 prisnwere therefore used to amplify
cDNAs from actual bird tissue samples. Figure ghbws restriction enzyme treated

AvBD1 and 10 PCR products prior to ligation inte fRSETA vector.

200bp
100bp

AvBD1 AvBD10

Figure 6.1: Gel electrophoresis of amplified cDiéne inserts for both AvBD1 and AvBD10 pr
to ligation. AvBD1 PCR product was 144bp and AvBOBBbp.

The three non-synonymous SNPs located within theumagpeptide of AvBD1 were
predicted to encode six different amino acid corabems; however, only four
combinations were detected in the populations aedly(Chapter 4). The three most
common combinations of SNPs were amplified, the ABNMloned and the encoded
peptides expressed. The predicted amino acid segsef the mature peptides for the
chosen gene inserts are shown in Figure 6.2. Téendi-lighted amino acid contains
the novel, newly identified polymorphism, SNP ‘VBMithin its codon, the purple
amino acid incorporates SNP rs15457749 withinodon, the blue marks the third non-

synonymous polymorphism, and is associated with &4B457747.
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AVBD10: DPLFPDTVACRTQGNFCRAGACPPTFTISGEHGGLLNCCAKIPAQ
AvBD1 A:GRKSDCFRKNGFCAFLK CPLTLISGKCSRFHLCCKRIWG
AvBD1 B:GRKSDCFRKNGFCAFLK CANILTLISGKCSREYLCCKRIWG

AvBD1 C:GRKSDCFRKSGFCAFLK CASLTLISGKCSREYLCCKRIWG

Figure 6.2: The amino acid sequences of the matepide of AvBD10 and the three
encoded AvBD1 (A-C) peptides. The cysteine residaes in bold and underlined. The
amino acids resulting from the presence of the Si@i-lighted.

6.2.2: Predicted peptide properties

The encoded amino acid sequences of the AvBD1 mateptides are given in Figure 6.2
with the three different forms of AvBD1 referredds A, B and C. Predicted properties
of these four peptides are presented in Table 6dl determined using bioinformatic

programmes viww.bioinformatics.org/sms/prot_mw.ntml and

http://aps.unmc.edu/AP/prediction/prediction_médhnp.pfor the molecular weight and

hydrophobic ratio and charge respectively, datesszd 10.8.2009).

Recombinant | Molecular Total hydrophobic | Net
peptide weight (kDa) ratio (%) charge
AvBD10 4.78 43 +2
AvBD1 A 4.64 45 +9
AvBD1 B 4.67 45 +8
AvBD1 C 4.57 45 +8

Table 6.1: Predicted properties of the four maAwBD peptides
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6.2.3: pRSETA cloning vector

The plasmid vector used throughout for the hypgression of the AvBDs was pRSETA
(plasmid map in Appendix I). This vector encodesNaterminal six poly-histidine tag

that facilitates purification and identification tife recombinant protein. All recombinant
DNA constructs were verified by sequencing to easiimat the cDNA sequence was
correct and that it was in frame with the T7 proengdrior to transformation and peptide

hyper-expression. Examples of sequenced plasmistieets are shown in Figure 6.3.

Example 1- AvBD1 pET T7 promoter

CTTTAAGAAGGAGATATACAT ATGCGGGGTTCTCATCATCATCATCATCATGGTCTGGT
TCCGCGTGGATCGGAAGGAAGTCAGATTGTTTTCGAAAGAGTGGCTTCTGTGCAT
TTCTGAAGTGCCCTTCCCTCACTCTCATCAGTGGGAAATGCTCAAGATTTIT  ACCTC
TGCTGCAAAAGAATATGGGGCTGA GAATTCGAAGCTTGATCCGGCTGCTAACAAAG
CCCGAAAGGAAGCTGAGTTGGCTGCTG

Example 2- AvBD1 pET T7 promoter

GAGATATACATATGCGGGGTTCTCATCATCATCATCATCATGGTCTGGTTCCGCGTGGA
TCCGGAAGGAAGTCAGATTGTTTTCGAAAGAGTGGCTTCTGTGCATTTCTGAAG T
GCCCTTCCCTCACTCTCATCAGTGGGAAATGCTCAAGATTTTACCTCTGCT  GCAAA
AGAATATGGGGCTGA GAATTCGAAGCTTGATCCGGCTGCTAACAAAGCCCGAAAGGA
A

Figure 6.3: Two examples of sequencing from AvBbfstruct plasmids showing the
DNA encoding the mature peptide in bold ink, theakion of the SNPs in yellow and the
start ATG codon in red. Both inserts are in framih the T7 promoter (both are forward
sequences from the use of the T7 promoter primer).
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6.2.4: Preparation of competent cells for hyper-exgssion studies

The recombinant AvBD pRSETA clones were each tanstd into competent Origami
B (DE3) :: pLysS (Chapter 2). This strain of lma@ had been previously used for AMP
expression by co-workers (Townes, Michailidis et28l04; Milona, Townes et al. 2007).
The production of T7 RNA polymerase by Origami BE@interacted by the presence of
the plasmid pLysS. This plasmid functions by expieg low levels of T7 lysozyme that
acts as a natural inhibitor of T7 RNA polymeraseist preventing activation of the T7
promoter in un-induced cells. Following IPTG intlan, expression of T7 RNA
polymerase increases substantially, counteractihgpition by T7 lysozyme with the
subsequent expression of the target gene (Studi@t)l An additional property of
Origami B:: pLysS is that its cytoplasm providekigher oxidizing environment which
facilitates the folding of protein by increasingstilphide bond formation (Xu, Lewis et

al. 2008).

The procedures and conditions for hyper-expressfaime AvBD1 and 10 peptides are
described in Chapter 2. Following hyper-expressiotal protein was measured and the

soluble fraction analysed by SDS-PAGE to confirmtke synthesis.

6.3: Measurement of total protein levels by Bradfod and NanoDrop

Analysis

Bradford analysis of total protein, as describe€hapter 2, was performed on the cell-

free extracts following hyper-expression. Only tedl-free extracts (soluble peptide)
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were analysed as these were the samples used antiamicrobial assays. However,
problems were encountered in that as the recombpegptide was diluted, the calculated
protein concentration increased. This finding ®sged that there were substances within
the cell-free extracts that interfered with thehatt of the Bradford reagent and thus
resulted in erroneous results. To address thisNdnoDrop was used to measure total
protein. Examples of the concentrations obtaindidviang hyper-expression of all four

peptides are given in Table 6.2.

Sample mg/ml

Empty vector 25.0

AvBD1 A 6.5
AvBD1 B 6.0
AvBD1 C 30.6
AvBD10 13.7

Table 6.2: Examples of mean total protein concéptra of cell-lysates as determined by
the NanoDrop method (read at @pm, n=3).

6.4: Recombinant AvBD10 peptide

6.4.1: SDS-PAGE gel analysis of recombinant AvBDlfieptide

The cell-free extracts were subjected to SDS-PAGdEthe gels Coomasie stained. The

hyper-expressed peptide was visualised generaléy difuse band (Figure 6.4). A band
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(circled) can be seen in the cell extract laneiarsmaller than 14kDa in size. This band
was presumed to be recombinant AvBD10. The matepgige has a calculated weight of

4.75kDa but as the His-tag was still attached thienfiolecular weight was calculated to

be 5.68kDa.

LM A B
66kDa———> Ejﬂ
45kDa ——> -
36kDa ——— !

Figure 6.4: Coomassie blue-stained 12.5% SDS-PA&Bfgecombinant AvBD10 (200ug
of protein was loaded). Lane A contains the cekfextract. Lane B contains the cell
pellet. LM is the low molecular marker with the lecular weights of the proteins markeg
on the left side of the figure. Presumed AvBD10tkepis circled.

6.4.2: Western analysis of recombinant AvBD10

It was difficult to prove that the band visualisedrigure 6.4 was recombinant AvBD10
peptide and so Western analysis was performeds drmlysis relied upon the presence
of the poly-histidine tag attached to the AvBD mmatpeptide and the use of an anti-His
tag monoclonal horse-radish peroxidase conjugatgdaly (purchased from Sigma).

218



Western analyses confirmed that peptide of theecbrsize, indicative of recAvBD10,
had been synthesised. Figure 6.5 shows an exaofieWestern analysis of hyper-
expressed AvBD10 and the bands indicate His-tagjéalbhAvBD10 peptide. The band in
lane A relates to peptide produced from 200ml dfuce, lane B to 600ml of culture and

lane C to one litre of culture. Poor transfer aihi® membrane has occurred in lane B.

Figure 6.5: Western analysis of AvBD10 peptideCAndicate total volume cultur
(200 g protein added to each well).

11%

For each hyper-expression experiment a control sedsup using bacteria transformed
with pRSETA vector without a gene insert. No proteands were visualised following

Western analysis of this sample (Figure 6.8C, Bne
6.4.3: Enzyme-linked immunosorbant assay (ELISA)

Only the total protein concentration of the hypepressed samples had been measured,

thus it was not known what percentage of this,rd@mbinant peptide constituted. To
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determine the actual amount of peptide, a direptuza ELISA method based on the

presence of the His-tag was established.

Initially a standard curve using a His-tag labepgdtein, 53kDa in size, but of known
concentration was constructed, within the proteange of 0.025ug/ml to 60ug/ml.
Figure 6.6 shows an example of the standard cuemergted. As the curve plateaued at
concentrations greater than 1.7ug/ml, test sampéeb to be diluted so that their

concentration fell below this point.

1.2 4

.

L 4
L 4

OD 405nm

4 6 8 10 12 14 16

ug/ml

Figure 6.6: Standard curve generated for His-thglé&d proteins. The first six points are
shown in Figure 6.7. After a peptide concentragogater than 1.7ug/ml the curve can be|
shown to plateau out and the poino longer follow the same pattt.

A standard curve was therefore produced focusintherpoints below 1.7pg/ml and an
example of such a standard curve is presentedguréi6.7 (NB a narrower range of 0-

0.8ug/ml is represented in this curve).
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0.9 y =0.9143x + 0.0707
R? = 0.9853

0.8 -
0.7
0.6 -
0.5 g
0.4
0.3 -
0.2
0.1

OD 405nm

ug/ml

Figure 6.7: Standard curve generated for His-thgléd protein (53kDa in size).

The equation of best fit (Figure 6.7) was used dtrudate the concentrations of the
recombinant peptides based on the individual optiEnsity readings and dilution
factors. Molar concentrations of peptide were dakedl using the predicted molecular

mass of the peptide.

6.4.4: Purification of recombinant AvBD10

Once synthesis of the recombinant peptide had leeefirmed by Western analyses,
attempts were made to purify the peptide from thielde fraction using a talon resin
(Clontech, Hampshire, UK). This technique, destiin Chapter 2, uses the principles
of immobilized metal affinity chromatography (IMAQPorath, Carlsson et al. 1975), to
bind recombinant peptides with poly-histidine tamshe cobalt-based talon resin. Bound

proteins are then eluted from the column by thateadof imidazole. Cell-free extract
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(200pg/ml total protein, 2.6nM recombinant AvBD1€pfide) was applied to the talon
column, washed and recombinant AvBD peptide elutigd increasing concentrations of

imidazole. An example of the Western analysesoWalig electrophoresis of these
fractions is shown in Figure 6.8A. No His-tag lazkbrotein was detected in the flow-
through sample (lane 3), indicating that all of tkeombinant protein had presumably
bound to the talon resin. Both the 100mM and 200mnNtazole elution samples

contained His-tag labeled protein as shown in I&asd 6 respectively, although not the
10mM elution fraction (lane 4). No staining of blaron the corresponding SDS-PAGE
gels was visualised, presumably due to low conagatrs of peptide. Figure 6.8B, lane
3 also shows that elution of the peptide occurrdterwa higher concentration of
imidazole (500mM) was used, suggesting that theméinant protein had a high affinity

for the talon column.

Following confirmation that the recombinant peptidel been eluted into imidazole, the
sample was passed through a PD-10 desalting co{@th Healthcare, UK) to remove
the imidazole with subsequent final elution intdNd. PBS, pH7.4. The use of this
column had the effect of diluting the sample inttaer final volume (3.5ml, from a
total start volume of 2.5ml). To compensate fas thlution effect, the final sample was
placed into a concentrating column (Vivaspin, 35B8kproteins, VWR USA). It was
determined from Western analyses that significanbunts of peptide freely passed

through the concentrator membrane and were lost.
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Figures 6.A, B and C: Western analysis His-tag labeled recombinantvBD10 with HRF-
conjugated anti-His tag antibody.

A: lane 1:=recAvBD10 from 1L LB broth, 2=recAvBDItbm 1L LB broth, 3=flow through
from talon resin, 4= 10mM imidazole elution, 5=10dmmidazole and 6=200mM imidazole
elutions.

B: lane 1= 100mM imidazole elution 2=unloaded land 3= 500mM imidazole elution.

C: lane 1-low molecular weight marker, 2= empty RS, 3= empty lane, 4= recAvBD10 fron
1L LB broth (flask), 5=empty lane and 6= purifiedBD10 (elution from PD10 column).
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6.4.5: Problems encountered with purification of reombinant AvBD10

Hyper-expression and purification were attempteshwmerous occasions but despite the
appearance of recombinant protein in Figure 6.8@jfipation of AvBD10 proved
inconsistent. Essentially difficulties were enctanad while de-salting the samples.

Thus obtaining reasonable levels of pure peptidequt very difficult.
6.4.6: MALDI-TOF of purified AvBD10

To confirm the identity of the hyper-expressed @imtMALDI-TOF was used. A sample
of pure material was submitted for analysis at Bobm Proteomics (Newcastle
University). Unfortunately analyses proved incasole, with insufficient protein given

as the reason for this failure.

6.5: Recombinant AvBD1 peptides

6.5.1: SDS-PAGE gel analysis of recombinant AvBDdeptide

Figure 6.9 shows a colloidal blue-stained SDS-PAgeE containing the products from

hyper-expression of each of the three peptide faiws/BD1 (A-C).
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Figure 6.9: Colloidal blue-stained SDS-PAGE gefrefombinant AvBD1 peptides. Lané
A-C, A: AvBD1-NYH, B: AvBD1-NYY and C: AvBD1-SSY. Te control lane containe
the products from hyper-expression of pRSETA veétar gene insert). All lanes wel
loaded with cell free extract. Approximately I00pfjtotal protein was added to wells
and B and 500ug to lane C. LM is the low molecutarker. Presumed AvBD1 peptide
circled below the 14.2kDa mark
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e
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Lanes A to C in Figure 6.9 reveal distinctive ba(gfsown in circle) below the 14.2kDa
molecular weight marker, presumed to be the AvBBftides. Their predicted peptide
masses were 5.57kDa, 5.6kDa and 5.5kDa, respecfmeforms A, B and C, including
the His-tag. The identification of bands was aidgdhe absence of a comparable band
in the control lane. The multiple bands in all bé tlanes reflect the samples being cell

free extracts.
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6.5.2: Western analysis of recombinant AvBD1

Western analysis to actually identify the AvBD1 pegs was performed as described for
AvBD10. Figure 6.10 shows detection of the threens of AvBD1 (Figure 6.9 is the
corresponding SDS-PAGE gel). Approximately 100figotal protein was loaded onto

wells A and B and 500ug to well C (as for the SBYSSE analysis).

- -
14.2kDa ——»

Rec peptide—>

Figure 6.10Western analysis of His-tag labeled recombinant BYBeptides with HRP-
conjugated anti-His tag antibody. Lanes A- AvBD1¥B- AvBD1-NYY and C-AvBD1-SSY as
for Figure 6.9. Multiple banding can be seen irel&@and overspill into the right lane occurred.
Approximately 100ug of total protein was addedatoels A and B and 5009 to lane C.
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Due to the problems encountered previously, neiginetein purification nor MALDI-
TOF of the recombinant AvBD1 peptides were attewhpte However, following
confirmation of peptide synthesis via Western asialythe established ELISA was used

to quantify the level of recombinant peptide in tedl free extracts.

6.6: Bacterial time-kill assays

Following identification and quantification of thvBD peptides, their anti-microbial
activities were determined against different sgaof bacteria using a time-kill assay as

used by (Townes, Michailidis et al. 2004; Milonawines et al. 2007).

6.6.1: Bacterial strains

A) Salmonella enterica serovar Typhimurium phoP

Salmonella enterica serovar Typhimurium phoP is used routinely as rssiige tool to
detect, gauge and compare the anti-microbial agtoi AMPs. This strain of bacteria
contains a mutated form of the gene regulon phoiehwleads to increased sensitivity to

the actions of AMPs (Miller, Loomis et al. 1993).
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Figure 6.11: The bacteria growth curves for tmaiss used in the time-kill assays. All
strains reached mid-exponential growth at approteiga8 hours.

Time-kill assays were performed using known amowftde recombinant peptide and
for each experiment, controls were used. Theseralsnivere from a hyper-expression
experiment using bacteria transformed with emptySI|BRRA vector and contained an

equal amount of total protein to the recombinantdas.

B) Clinical isolates:

In addition to Salmonella enterica Typhimurium phoP the killing activities of the
recombinant peptides were tested against a pandlacferia. These included three
clinical isolates Staphylococcus aureus and Enterococcus faecalis (two strains),jsolated

and identified from post-mortem cases from the Agegiafarms. The time-kill assay

relies on using bacteria, which are in mid-exporargrowth and it was necessary to
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perform growth curves of the clinical isolates &tetmine whether any modifications to
the assay, established usiBgimonella strains needed to be made. The procedures
performed to determine the growth rates of thedsactvere carried out as described in

Chapter 2. The growth curves for all the bactareashown in Figure 6.11
6.6.2: Results of the bacterial time-kill assays

In all of the time-kill assays, all analyses weesefprmed in triplicate and the assays were
performed on at least three different occasiong ftombinant AvBD10 peptide was
tested for anti-microbial activity against all teref the clinical isolates as well as
Salmonella enterica serovar Typhimurium phoP. The three forms of neomant

AvBD1 were only tested againShlmonella enterica serovar Typhimurium phoP as an

indicator as to whether a change in the three aminds affected anti-microbial activity.

6.6.3: Determination of recAvBD10 anti-microbial adivity

A) Crude cell-lysate containing recombinant AvBD10

To normalise the anti-microbial assay data, idah@enounts of total protein from the
AvBD recombinant and control cell-lysate extracerevanalysed. The total amount
of recombinant peptide based on the ELISA resuéts then calculated from this and
the molar concentration determined. This resulte@li samples analysed, be they
control or recombinant AvBD10 peptide, having theme concentration of total

protein. Following the first hyper-expression aataif 40ng of total protein was used
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in the anti-microbial assays and this corresporidedn AvBD10 concentration of

2.6nM.

100 2.6nM 1.75nM

HH

80
60
40
20

% bacterial survival

Old New

Recombinant peptide

Figure 6.12: Percentage bacterial survivabphoP in time-kill assays using different
batches of recombinant peptides (n=6 for Old, 2.%@h and n=5 for New, 1.75nM batcl
experiments).

The results obtained for the time-kill assays usthg four strains of bacteria,
Staphylococcus aureus (one strain) Enterococcus faecalis (two strains) andsalmonella
enterica serovar Typhimurium phoP, are shown in Figure @a8 the peptide was used

at a concentration of 2.6nM throughout these erpenis.
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Figure 6.13: Bacterial time-kill assay results gsh6nM of recAvBD10. Results
have been normalized to pRSETA cell-lysate. ** gades p<0.01 and ***p<0.001
relative toEnterococcus faecalis strain 2 (n=9, n=12, n=15 and n=18 for strainstkef
right, respectively).

The average percentage survival for 8amonella enterica serovar Typhimurium phoP
was 76.3% (x3.9SEM, n=6) and a similar result watsined forSaphyl ococcus aureus
(73.9% +8.3SEM, n=4). Anti-microbial activity wadso observed againg faecalis
strain 1 with a mean bacteria survival of 56.3%.88EM, n=3). In contrast the second
strain ofEnterococcus faecalis showed no susceptibility to the effects of theorabinant
peptide with mean survival 121.3% (x9.7SEM, n=5heTpercentage survival of
Salmonella  enterica  serovar Typhimurium phoP,Saphylococcus aureus and
Enterococcus faecalis 1 were significantly lower (p<0.01) than that Bfterococcus
faecalis 2, and so it was determined that recAvBD10 at racentration of 2.6nM had

anti-microbial effects against three of the straihbacteria tested.
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(i) Enterococcus faecalis 2:

All three of the clinical isolates were supplied Ayiagen Ltd and arrived as bacterial
culture slopes. Good microbiological practice Hagken adhered to when preparing
glycerol stocks from the original slopes and singhdonies had been used throughout.
However, an interesting finding in relation to tEeterococcus faecalis 2 isolate was the

presence of what appeared as a mixed populatiocoloinies characterized by their
different sizes. This mixture of colony sizes wassistent and observed when counting
the colonies following the anti-microbial assaysn most cases the large colonies
predominated but small colonies, which made cogndiifficult were present in all four

serial dilutions (Figure 6.14).
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Figure 6.14: Blood agar plate from time O of ati-aricrobial assay with
Enterococcus faecalis 2 and recAvBD10. Each quarter contains a sampleasterial
dilution (10" to 10%. The white circle indicates one of the smalbciés and the
black circle the large sized colonies.

B) Purified recombinant AvBD10

It was determined by ELISA that the concentratidnpare peptide produced was
0.35pg/ml. Time-kill assays usirigdmonella enterica serovar Typhimurium phoP were
performed using neat sample and also 1/10 and Hilions (protein diluted into 0.1M

PBS, pH7.4).

The time-kill assay was repeated on three differettasions but the results were

inconsistent (Table 6.2, the bacterial percentageival data is normalised to the PBS

233



control). When 10ul of 500mM imidazole was addedtlie time-kill assay, anti-
microbial effects were seen with 45.8% bacterialvisal i.e. 54.2% bacteria killing.
Potential carry-over and failure to remove alllod imidazole in the PD 10 column could
explain the result on dayl (0% survival for nead 41L0 samples) or it could be that the
peptide is new and very effective. The reasonstherinconsistent data presented in
Table 6.3 has not been identified but of notehat there were three days between
experiment 1 and 2 and it is possible that theigepgtad become degraded or altered
(data presented in chronological order). It appedat the 6nM concentration in
experiment 2 was anomalous when compared to ther atbncentration, and also

experiment 3.

Experiment | Neat | 1in 10 1in 100
60nM | 6nM 0.6nM

1 0% 0% 84.5%

2 100% | 0% 87.13%

3 103% | 93.3% 115%

Table 6.3: Percentage bacteria survival using miffe concentrations of purifie
recAvBD10 on three different occasior&lfnonella enteriditis serovar typhimurium
phoP).

L
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6.6.4: Determination of recombinant mutant AvBD1 ati-microbial

activity

Chapter 3 showed that the three lines of chickeluded in this study were characterised
by three non- synonymous SNPs within the gene engdtle mature peptide of AvBD1.
To determine whether there were any effects opéptide anti-microbial activity, based
on the presence of different amino acids, the thid&erent protein forms were
synthesised, concentrations measured by ELISA-tistiag antibody) and tested in the
anti-microbial time-kill assays. The three fornfsrecAvBD1 were described as A-C

with the corresponding amino acid combinations 8aseSNP presence as given below.
A: AvBD1- NYH
B: AvBD1- NYY
C: AvBD1- SSY

As described for the recAvBD10 experiments, eacdaydiad a total of 40ng of total
protein added to the test samples. All three peptidere tested within the same assays,
performed at the same time, to reduce the numberagibles and therefore allow

normalisation to the same control, pPRSETA cell igsiata.

The concentrations of the three forms of AvBD1 waiféerent as determined by ELISA.
A much higher concentration of recAvBD1-NYH was thgsised (360nM) compared to
the other peptides (70nM, 36nM and 1.75nM for AvBRYY, AvBD1-SSY and
AvBD10 respectively). This result in itself wagaresting considering the same volumes
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of inoculant and broth were used for the hyper-eggion experiments. It could therefore
be suggested that as significantly higher amouhthie AvBD1- NYH (A form) were
synthesised, this peptide had less deleterioustsftan the bacteria used to hyper-express
it, allowing increased amounts to be made. Appnately twice as much of AvBD1-
NYY was produced compared to AvBD1- SSY; again thay have been related to the

potential toxic effects of leaking peptide on tleeterial host.

The difference in peptide concentration meant that data for each of the peptides
againstSalmonella enterica serovar Typhimurium phoP could not be comparedctly

(Table 6.4). Had purification of the peptides beehieved then this would have been
possible and allowed direct comparison of the poteof each peptide against the

different bacterial strains.

Code | Amino acids Concentration Percentage * Standard
(nM) bacteria survival | error of mean
(%)
A AvBD1-NYH 360 37.5 6.8
B AVvBD1-NYY 70 58.5 8.5
C AvBD1-SSY 36 79.8 3.8

Table 6.4: Mean percentage bacteria survival fdlhgwireatment with recAvBD1 A-C

(£SEM, n=5).
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However Table 6.4 shows that all of the recombirnamtides at the concentrations used
had anti-microbial activity again&almonella enterica serovar Typhimurium phoP. It
also shows that the concentration of peptides us#ite assays differed by 2 to 10 fold.
While the most potent peptide, AvBD1 A, was alse thost concentrated peptide,
360nM (0.36uM) and the data suggests that the morezentrated the recombinant
peptide the greater the bacteria Kill, a lineapoese cannot be assumed. In conclusion
these data suggest that the three forms of AvBDXkhadwed anti-microbial activity
againstSalmonella enterica serovar Typhimurium phoP with potentially diffeteqilling

potencies.
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6.7: Discussion

None of the AvBDs are currently commercially aviaiégaand so the aims of this chapter
were to (i) synthesise three of the mutant formsthef AvBD1 mature peptide as
identified in Chapter 4, and determine anti-micablaictivities of these proteins and (ii)
synthesise AvBD10 recombinant peptide and confiriretiwer this peptide had anti-
microbial activity. Peptide synthesis was performétising a bacterial hyper-expression
system, which had previously been used for othgtiges within the research group.
Alternative expression systems that were conside@dded a) the use of yeast cells and
b) insect expression systems and c) tissue cultechniques (AvBD9 has been
synthesized using the latter method (van Dijk, Weiden et al. 2007)). The purchase of
synthetic peptide was also discussed but this wptias cost prohibitive. The system
used was reasonably successful but only resulteamomolar concentrations of peptide
being produced. It was also a time consuming m®garincipally because of the
methods needed for successful identification of lmwels of peptide i.e. Western
analysis and ELISA. The small sizes of the pegtidleeir hydrophobicity and cationic
properties also contributed to the difficulties peptide production, identification and

later the purification process.

Anti-microbial activity of crude recAvBD10 peptideas observed againSalmonella
enterica serovar Typhimurium phoP, and the clinical isd&&aphylococcus aureus and
Enterococcus faecalis 1. To date no published data has shown succedstatmination

of the anti-microbial effects of chicken AvBD10. Wever, recently, a study has been

238



published on the identification of an AMP descrilssi AvBD10 in the duck and this
protein showed 85% homology to the chicken form avek shown to have anti-

microbial activity againsEscherichia coli (Ma, Liao et al. 2009).

Purification of AvBD10 was attempted but problemsre encountered. The major
problem was the initial low amounts of peptide ped. These low amounts may have
been due to the majority of synthesised recombipaptide being insoluble and trapped
within the bacterial pellet. As only the cell-lysavas utilized, then much of the protein
may have been inadvertently discarded. As stadiee the AMPs are hydrophobic and
cationic, and losses due to the peptides stickinghé sides of tubes may also have
occurred. Alternative techniques for de-salting pleptides following elution from the
talon column, such as dialysis, and the use okwfft systems for concentrating such
small peptides (<10KDa) should have been considiereder, and may have improved
the yields. However due to the unsuccessful matidn of recAvBD10, the work
became focused on the crude bacterial extractsvithdhe appropriate controls the anti-
microbial assay data indicated AvBD10 to have badteilling properties. In the
literature several groups have hyper-expressed Ag@bes and then tested the anti-
microbial potency of these peptides. van Dijk, \felden et al. (2007), successfully
hyper-expressed AvBD9 using a His-tag as a fusiotepy and used human embryonic
kidney cells as the expression system. The authaified the peptide and cleaved off
the His-tag prior to use but unfortunately the mdaewhich, the protein concentration
was determined was not presented. The reportedentmation of this peptide was

32ug/ml or 32mg/litre, much higher than the conitn achieved in this study; in fact
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the AvBD1 A form had the highest level of hyper-eegsion (2ug/ml). Ma, Liu et al.
(2008), also reported the successful hyper-expmessi AvBD6 and a fusion protein of
AvBD6-AvBD10 using arEscherichia coli system. Instead of a poly-histidine tag, they
used a glutathione S-transferase (GST) fusion systhe peptide oncentration was
determined by Bradford’s method as 1mg/ml or astungly 1g/litre. Duck AvBD9 and
10 have also been hyper-expressed as fusion psotéth GST in anEscherichia coli
system with protein quantification determined bySSBAGE and again the Bradford’'s
method (Ma, Liao et al. 2009). This study by thene research group did not report the
final concentration of peptide, but the experimem&se performed at concentrations of
1mg/ml suggesting high levels of peptide had beepressed. It can therefore be
deduced from the literature that other groups Hayger-expressed more concentrated
levels of recombinant peptide than those preserthis chapter with the use of GST
rather than a His-tag more commonly being reporteidwever, anti-microbial activity
was still determined even at the low concentratim@momolar) analysed in this chapter.
Anti-microbial effects of AvBDs have been reportéd the literature at various
concentrations; AvBD1 0.4-3.4uM (Evans, Beach et 14195), AvBD2 1.9-3.7uM
(Evans, Beach et al. 1994) and AvBD13 57-114uM @djd-ynn et al. 2005). However,
it must be noted that the anti-microbial assaysduseeach of the studies were not

standardised.

All three forms of AvBD1 were shown to be anti-nabral, despite containing different
amino acids in the mature peptide. The alteratioamino acids could potentially have

effects on factors such as hydrophobicity, weighd aharge (Table 6.2) and therefore
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alter functionality of the peptides. SphenisciraB, defensin identified in the stomach of
penguins has been shown using 2 dimensional nuciagnetic resonance and molecular
modeling to consist of three standgrdheets which are stabilized by three disulphide
bridges. The presence of arhelix within the region of the N terminal was alstwown

to exist (Landon, Thouzeau et al. 2004). The agidefensins are likely to have a similar

structure to Spheniscin 2 based on the presencenserved motifs and patterns.

It has been reported that defensin anti-microbaivly is dependent on charge of the
peptide and not its 3D structure i.e. the moreooati a peptide is the greater the anti-
microbial effects (Wu, Hoover et al. 2003). Insgnegly both the B and C forms of
AvBD1 showed similar percentages of bacterial k@lwhen the data, assuming a linear
relationship, is extrapolated, to reflect the efeaf the addition of 10nM of recombinant
peptide. It could therefore be suggested that tipeptide form is the least anti-microbial
and this would also support the theory that morthisf was produced because it had less
deleterious effects on the expression system. Mewyehis result is in direct conflict
with that predicted, as when Table 6.2 is examihedn be seen that AvBD1 form A is

the most positively charged peptide of the thrgaiges.

AvBD1 B form has the amino acid pattern NYY while#eBD1 C has the pattern SSY
both of which contain a Y at position 32 of the {#g sequence. However the presence
of a histidine (H) at position 32, as seen with ABA, is unique and it is possible that
this affects the anti-microbial properties of thepfde. It is possible therefore that the

tyrosine side-chain affects 1) the hydrophobicityhe mature peptide and thus its ability
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to penetrate membranes and/or 2) the folding ofptieéein. Production of pure peptide
and crystallography would help determine any stmattdifferences between the three
forms of AvBD1, which in turn may explain the diféces in their anti-microbial

activities. The use of model prediction programosid also be useful in determining

potential differences between the three forms.

The absence of any non-synonymous SNPs within t@ueinen AvBD10 suggest that the
mature peptide is evolutionary conserved. Thidifig may confirm the physiological as
well as immunological importance of the AvBD10 péetin the chicken population. The
conservation of SNPs in mammals has been showivéoagsubsequent advantage to the
individual (Hughes and Bumstead 1999). The presarictree SNPs in the mature
AvBD1 peptide of AvBD1 across three pure lines wtbssible differences in anti-

microbial activity adds to this theory.

To enable quantification of the hyper-expressedigep a direct capture ELISA utilising
the presence of the His-tag was established. TH&Awas performed using only a
single type of antibody, which had been shown teeha strong affinity to the His-tag
even at low concentrations (1:12000). It couldabgued that using a secondary labeled
antibody against a primary antibody may have predid more accurate assay. Potential
inaccuracies with the ELISA may have occurred & tiecombinant peptide had not
bound to the wells as efficiently as the standaatgin and, if due to poor binding, the
peptide had inadvertently been washed off following numerous plate washes. Low

levels of recombinant peptide were measured usiad=LISA assays and this may have
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been simply due to low expression levels or pogtide isolation. However, the results
obtained from the ELISAs were reproducible and caraple, and gave insight into the

relative concentrations of recombinant peptidesweae synthesised.

No attempt was made to cleave the His-tag fromAWBD peptide. The main reason
was that the amounts of peptide expressed were dow the effect of adding an
additional purification system would, potentiallhave reduced the final peptide
concentration. Tobacco etch virus derived (TEV)t@olysis would have been the
system of choice for cleavage of the His-tag ansl iiiethod has been used successfully
in the production of AvBD9 (van Dijk, Veldhuizen at. 2007). In addition, the anti-
microbial activities of His-tag recombinant peptitision proteins have been shown not

to be significantly altered by the presence ofHietag (Yenugu, Hamil et al. 2003).

The results presented in Figure 6.13 showed tleatabr strains of bacteria used within
the time-kill assays had different sensitivitiesrewAvBD10. Approximately 25% of
both Salmonella enterica serovar Typhimurium phoP arflaphylococcus aureus were
killed following the addition of the peptide (comtgation of 3nM) andEnterococcus
faecalis 1 showed the greatest susceptibility (44% killibg)recAvBD 10. These data
are interesting in relation to the ever-growing @@ regarding Methicillin-resistant
Saphylococcus aureus (MRSA), with animals acting as both carriers aedtors. Indeed
there are reported findings of the presence of @SK strain within the broiler
population (Persoons, Van Hoorebeke et al. 200B)e Staphylococcus aureus strain

used in this study was taken from an infected fainot. Infections with this bacterium in
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chickens have been associated with femoral heasiecand bubblefoot, both having
low mortality rates but high morbidity and major lfaee implications (McNamee and

Smyth 2000).

Enterococcus faecalis infection is generally via the oral or aerosolteand infection can
lead to a series of diseases including septicemmocarditis, osteomyelitis and
encephalomyelitis (Chadfield, Christensen et a040 It is most commonly a problem
in young birds, which for some reason are unabladant a successful immune response
to low-grade infection. The bacterial isolatesduge these studies were sent from the

Aviagen laboratory and no further typing had beeriggmed.

Unlike Enterococcus faecalis 1, the Enterococcus faecalis 2 strain was not susceptible to
the potential anti-microbial effects of recAvBD10aaconcentration of 2.6nM. A sample
of Enterococcus faecalis 2 was sent to the Veterinary Laboratory AgencyyyBSt
Edmunds, for sub-typing but this was unsuccessHbwever both of thé&nterococcus
faecalis strains had been taken from different post-mortantso it is feasible that they
were different sub-types. The identification of aincolonies following the use of
Enterococcus faecalis 2 in the assays may explain the resistance tisasttain showed to
recAvBD10 killing. It has been shown that smaillany variants of clinical isolates
have a reduced susceptibility to antibiotics andeh#e ability to cause latent or
recurrent infections in the host by having altepgtenotypic and pathogenic traits

(Proctor, von Eiff et al. 2006). The colonies magvé virulence factors, which gives
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them a superior phenotype that may be an advamthge exposed to AMPs. This needs

further investigation.

The resistance dEnterococcus faecalis strains to antibiotics is affected by the growth
medium, temperature and general conditions undechathey are cultured (Jackson,
Fedorka-Cray et al. 2005). However, the cultuang preparation of the bacterial stocks
was kept constant following the arrival of the leaietl slopes in the laboratory so the
sensitivity of the two strains to the AvBD is praba not linked to their growth
conditions. It has also been shown that some sti@iiEnter ococcus faecalis evade the
effects of antibiotics via the production of a stifactor (59.7% of isolated strains in a
reported study by (Ciftci, Findik et al. 2009)).irf8¢ production was not obvious, but
further characterisation of the two strains andwviddial colonies would confirm whether

slime was involved.

In conclusion the data presented in this chaptecrid®es the attempts made to investigate
the anti-microbial activity of the three forms ecAvBD1 and recAvBD10. A regulated
bacterial expression system was employed but vpeifgides were produced the amounts
were too low to allow purification and comparatieati-microbial studies. Peptide
production ideally needs to be scaled up so thafigation can occur as this would allow
peptide killing curves to be constructed as wellftather studies investigating protein
structure and folding to be performed. The follogvithapter continues the work of the
time-kill assays but the substrates are the snmaéisiinal gut extracts where it is

anticipated that AvBDs will function.

245



Chapter 7: Analysis and anti-microbial activity of duodenal

gut mucosal scrapes

7.1: Introduction

One of the major focuses for this study was thérgastestinal health of growing birds
and the potential roles of AvBD peptides duringtheriod. Differences in perceived gut
health between the three lines of birds have ajrdaeken discussed i.e. line X was
characterised by ‘poor gut health’ with problemstsas wet litter being common, while
in contrast the line Z birds exhibited a ‘supegot health’ with fewer related issues. In
Chapter 4 characterisation of the different SNPhiwithe AvBD loci of the three lines
revealed marked differences between the three lofdsirds, especially in the context of
AvBD1, but whether this impacted on the actual MAs was not known. AvBD1, 4
and 10 gene expression had been shown within tldehal tissue samples; thus to
determine the presence of such peptides as wetloaBrm the local anti-microbial
activity of the duodenal mucosal layer scrapes eken from all of the birds, and their

AMAs analysed and compared.

Gut duodenal mucosal scrapes were collected angeptdes extracted as described
previously (Nile, Townes et al. 2006). To deterenpotential bird line, age and rearing
environmental effects on gut AMASs, the samples wasralysed using bacterial time-kill

assays. Characterisation of the proteome of gigpss was performed using SDS-

PAGE, MALDI-TOF and LC-MS.
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The aims for the work performed and presented withis chapter were;

* To determine the anti-microbial properties of gut mucosal scrapes collected
from individual birds so that the effects of bird line, age and rearing

conditions could be compared.

* To profile the proteomes of duodenal scrapes and tampt to identify

peptides associated with gut innate immunity.

7.2: Peptide extraction from the bird gut mucosal srapes

Peptide extraction was performed on the duodenahmicosal scrapes as described in
Chapter 2. Following extraction all samples weralgsed using the NanoDrop to
guantitate total protein and the samples dilutechesessary in 0.1M PBS, pH7.4. A
working concentration of 4ug/ul was used for thetéaal time-kill assays thus allowing
comparison of results. This concentration was seteas this was the lowest sample

protein concentration measured following extracaod reconstitution of the proteome.

7.3:In vitro anti-microbial activity of gut mucosal scrapes

Individual samples were analysed for anti-microlaativity using bacterial time-kill
assays described in Chapter 6. A total of 10pheféxtracted peptides was used in the
assays i.e. 40ug of total protein from each ofdgtr@pes in all of the assays, and each

sample was run in triplicate.
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7.3.1: Bacterial strains

The time-kill assays used were initially establghesing the mutant straifalmonella
enterica serovar TyphimuriunphoP (Nile, Townes et al. 2004). As mentioned earli
this is a laboratory strain engineered to haveea®ed susceptibility to the effects of
antimicrobial peptides (Behlau and Miller 1993),dais a good tool to gauge anti-
microbial activity. However, wild-types strainSalmonella enteriditis and Salmonella
enterica serovar Typhimurium SL 1344 were also used in tlasdyses to corroborate

these data.

Reproducibility of this assay relies on the baeledulture being in mid-exponential
phase, and this was determined by comparing thetgrourves of all three strains of
bacteria (Figure 7.1). All three bacteria showadilar growth rates and the bacterial
cells were used in the assay at approximately @.8 th post inoculation i.e. mid-

exponential growth phase, no modifications to thgiwal assay were therefore made.
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Figure 7.1: Bacterial growth curves for the threrains ofSalmonella (S enterica
TyphimuriumphoP,S enteriditis andS. enterica serovar Typhimurium SL1344).

7.4: Anti-microbial activity of gut extracts
7.4.1: Salmonella enterica serovar Typhimurium phoP - Day O bird gut

scrapes

Gut extracts from the line X (n=7), Y (n=6) and=6), 0 day-old birds were analysed
for anti-microbial activity. The data for the O dalgl birds is presented in Figure 7.2. All
of the data points are below 100%, and so everypkashowed anti-microbial activity.
However, marked variation in anti-microbial actwias observed between birds in each
line e.g. in line X the anti-microbial assays ssoranged from O to 58% bacterial
survival. Thus, when the data for each group wesaged, there were no statistically

significant differences between the groups. Theutated bacterial survival (means and
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standard errors), for the three lines were; X 19(3%4..3), Y 8.5% (x¥11.7) and Z 28.6%

(£16.6).
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Figure 7.2: Bacterial survivaf(enterica serovarTyphimuriumphoP) following a time-kill
assay using gut extracts from day 0 birds (n=Tifer X and n=6 for both lines Y and Z).

7.4.2: Salmonélla enterica serovar Typhimurium phoP- Day 7 bird gut

scrapes

Figure 7.3 shows the time-kill assay results fa five groups of day 7 birds. The data
suggests that there was a large difference betwleerbirds reared on the LH farm
compared to those reared in the HH conditions. Agairiation in individual values

within each of the five groups was noted, with % group showing the greatest

variability between birds (range 572-1606%). Foegsinitially on the LH data, the
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average bacterial survival for the three lines wlld (mean +SEM) were, XL 94.9%
(x31.4), YL 89.2% (£19.6), ZL 60.0% (+14.3), proind evidence for gut anti-microbial
activity. Of the three lines, Z showed the greaéegrage killing (40%). However, there

were no statistically significant differences betwehe three populations reared on the

LH farm, probably a reflection of the inter grouariation.
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Figure 7.3: Bacterial survivaSenterica serovarTyphimuriumphoP) following a time-kill
assay using gut extracts from day 7 bird$ (indicates p<0.001 artdp<0.05) (n=10 for all

groups).

Both of the groups (X and Y) reared in the HH dtods showed increased levels of
bacterial survival compared to those reared on_thefarm (XH 1,058.0% +112.6 and

YH 304.8% +52.7). A percentage survival greatanti00% was recorded when there
was greater bacterial growth on the plates at #imeompared to the PBS control plates.

This therefore indicated that the gut protein ectthead pro-microbial properties.
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Statistically, the XH group gut extract activitiegere significantly higher than the YH
group (p<0.001). Comparing the XL and XH mean dditawed that the gut extracts of
the XH group were significantly less anti-microbiabn those of the XL group, in fact
the difference was approximately ten-fold (95% caregd to 1058%). Similarly the YH
group had a higher mean percentage bacteria surgoapared to the YL group,
although this was not statistically significantat®tically, the XH group mean was
higher when compared to the other four groups odisb{p<0.001). The percentage
Salmonella survival of the line YH bird gut extracts (305%asvsignificantly higher than

the ZL group (p<0.05) but not the other three gsoup

These data indicated clear and significant diffeesnin the anti-microbial effects of the
gut protein extracts. Most notable was the difieee that the rearing environment
appeared to have on the bacteria survival, witlseharotein extracts taken from the LH
reared birds haD anti-microbial properties yet éhdsom HH kept birds haD pro-

microbial effects. In addition, line differencesr@ also identified.
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7.4.3: Salmonélla enterica serovar Typhimurium phoP - Day 14 bird gut

scrapes

The time-kill assay data for the five groups of dalybirds are presented in Figure 7.4.
The mean percentages (xSEM) for bacterial sunfmathe five groups were XL 571%
(+42.8), YL 150% (+16.4), ZL 143% (+38.9), XH 272(%64.5) and YH 217% (+31.9).
These data indicated that none of the gut scrap@sded evidence of anti-microbial

activity, all were found to be pro-microbial.

When data from groups raised in the LH conditiomsencompared, line X showed the
most pro-microbial effects (571% compared to 15080 443% for lines Y and Z

respectively). This difference was statisticalynsgficant (p<0.001).

In contrast both XH and YH protein extracts shoveachilar effects onS enterica

serovar TyphimuriunphoP survival (272% and 217% ,respectively).

The greatest intra-group variability in bacteriavdtal was seen in relation to the ZL and

XH groups, but the most interesting finding fromstldata set was the high level of

bacteria survival seen in the XL group.

253



%k %k %

800-
3 e
>
7 400+ v
% ) **
S el gz T E
U) A
O\o 0 T T P T T
R M R Sy

-200- Bird line and environment

Figure 7.4: Bacterial survivaB(enterica serovarTyphimuriumphoP) following a
time-kill assay using gut extracts from day 14 bifd=>5 for all groups,

w** =p<0.001).

7.4.4: Salmonella enterica serovar Typhimurium phoP - Day 35 bird gut

scrapes

The results of the time-kill assays for the gutrastis from the day 35 birds are shown in
Figure 7.5. The means (xSEM) for bacterial suvivare XL 217% (£33.2), YL 384%
(+111.9), ZL 277% (+43.9), XH 314% (+18.9) and YH5%6 (+43.1). The YL group
showed the greatest intra-group variation but the@ere no statistically significant

differences between any of the five groups.

Interestingly bacterial survival relating to theyd#b gut extracts were comparable to the
14 day results with the exception of XL 14 daysy(8& range of means 217.1-384.3%

and day 14 152.8-271.5%).
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Figure 7.5: Bacterial survivabenterica serovar TyphimuriunphoP) following a
time-kill assay using gut extracts from day 35 bifd=5 for all groups).

7.4.5: Conclusions from Salmonella enterica serovar Typhimurium

phoP time-kill assays

Although the data sets were characterized by ptoap variability the trends and

differences between the five groups of birds arstrotearly visualised when the data for

the different age groups are plotted (Figures MH{A-H groups and Figure 7.7A-C HH

groups).

It was noted that all O day old bird gut extracerevanti-microbial. However, the anti-
microbial effects were less pronounced when theegtracts from 7 day old birds were

analysed, particularly in assays using the samiptes HH birds where pro-microbial
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effects were observed. The XH extracts were padity pro-microbial, resulting in a
mean bacteria survival percentage of 1,058%. Hsdlgnboth environment and bird

line appeared to affect the results.

Of particular note is the peak in bacterial suriaeen in the day 14 XL group compared
to the XH group, where the highest mean survivalbatteria was seen at day 7.
Interestingly lines YL and ZL showed similar resulGenerally over time, as the birds
aged, the observed trend was a decrease in gut AM& exception was the gut extracts
of the line X birds. Line X bird gut scrapes prodd very different results to the other
lines, most notably in relation to the XH 7 day aldd XL 14 day old groups. The pro-
microbial effects of the XL (mean 571%) group whedf those recorded for the XH 7

day group (mean 1,058%), and this was statisticadjgificant (p < 0.05).

These data were collated usi@genterica serovar TyphimuriunphoPso to investigate if
the data followed a similar pattern for wild-tyalmonella strains, the time-kill anti-
microbial assays were performed usiBgmonella enteriditis and S. enterica serovar
Typhimurium SL 1344. Only the day 7 gut scrapesewamnalysed in these assays; it
was not possible to assay the 0 day old bird gtraets as there was not enough sample

due to the small size of the original scrapes.
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Figures 7.6A-D: S.phoP time-kill results for the gut extracts prepared from
birds of the three lines reared in the LH environment . A: mean (+SEM) of
threelines, B: line X, C: line Y and D: line Z.
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7.4.6: Salmondla enteriditis and Salmonella enterica serovar

Typhimurium SL 1344 — Day 7 bird gut scrapes

Figure 7.8A shows the anti-microbial assay dataSoenteriditis, S. enterica serovar
TyphimuriumphoPandS enterica serovar Typhimurium SL 1344 respectively, focusing
on the gut scrapes of birds reared in the LH emvirent. Only line X bird gut extracts
were tested against all three strainsSalimonella and mean (£SEM) bacterial survival
data was 306% (£77.7), 232% (+19.6) and 115% (H1#BS. enteriditis, S. enterica
serovar TyphimuriunphoP andS. enterica serovar Typhimurium SL 1344 respectively.
Pro-microbial effects were observed in relationatbthree strains analysed, but these
effects related particularly to the engineei®denterica serovar TyphimuriumphoP
strain. TheS enteriditis data was statistically significant compared to tbatthe S
enterica serovar Typhimurium SL 1344 strain (p<0.05) but &otenterica serovar

TyphimuriumphoP.

The results of the time-kill assays using the ¥and Z gut extracts and ti8enteriditis
indicated the mean bacterial survival to be simitathese two groups (109% +20.2SEM
and 107% +26.8SEM, respectively). In contrast lihe X birds had a higher mean

bacteria survival, 306% +77.6 SEM.

The data for the X and Y bird lines reared on the tdrm is shown in Figure 7.8B.
Again only line X gut scrapes were tested agailistheee strains ofSalmonella. The

mean survival of the two wild-type strains in thesays using the line X group extracts
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were very similar to each other and statistically significantly different to the XL data.
However, theS enterica serovar Typhimurium phoP mean data for the line iXish

(1058.0 £112.6 SEM), was significantly higher (i3@L), than those recorded for all of
the other groups investigated. The line YH datawsdd the bird gut extracts to have
greater pro-microbial effects for both strains cangol to those from the line Y birds

reared on the LH farm (p<0.001).
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Figure 7.8A and B: Time-kill assaysfor day 7 bird gut scrapes using Salmonella enteriditis (E), S. enterica serovar

Typhimurium SL 1344 (1344) and S. phoP (P). A isthe LH dataand B HH. (statistically significant difference are marked
asfollows and details given in text * =p<0.05, **=p<0.01 and= ***p<0.001). Scales for two figures are different due to
the results obtained for XP high hygiene assays and n=10 for all of the groups of birds.




7.4.7: Conclusions from S. enteriditis and S. enterica serovar

Typhimurium SL 1344 time-kill assays

In summary, when the LH and HH data are comparegu(és 7.8A and B), three
significant observations can be made (i) the lind Mesults for the AMA usingS
enterica serovar Typhimurium phoP were significantly eledatompared to all other
groups i.e. the duodenal gut extracts appearedpggoeally pro-microbial; (ii) the XL
data for theS enteriditis assays was significantly higher i.e. pro-microbialvhen
compared to both the YL and ZL data and (iii) tthweten the LH and HH groups were
compared, the YIS enteriditis survival data was significantly reduced comparethat

of YH.

7.5: Thin layer chromatography (TLC) of gut extracts from line X birds

Line X bird gut extracts produced the most intengstata for the time-kill assays in
both the LH and HH groups, with marked pro-micrbkigects being a major finding. In
order to determine whether these extracts contgnmential nutrients e.g. sugars, and
thus supported bacterial growth in the assay, TlaS performed on a selection of the gut
extracts. Figure 7.9 shows an example of a Thélyais of both 0 day and 7 day old

gut extracts.
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Figure 7.9: TLC of extracted gut scrapes from 0 &nday old line X birds. The sugar
standards are shown on the left side of the figuiighe 0 day old group included three gut
extracts taken from birds on the day of hatch, Xlfrom 7 day old birds reared in the LUH
environment and XH7 indicates those reared on tHddtim.

However, all the XL 7 day samples produced bandstla@se appeared to be very similar
in all three bird gut extracts. The XH 7 day o&hples did produce some faint bands,
although not as pronounced as the XL group. Thelibgnpatterns did not compare
directly with the sugar standards. This could hbeen due to modifications of the
sugars such as the addition of an amino acid onalere of the sample e.g. the presence
of contaminants altering the migration of the sggafFrom the chromatogram it appears
that the XL samples contained the greatest amafrdagars. The presence of multiple

bands also suggested a mix of sugars within thexjuacts.
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7.6: Protein analysis and identification of gut extacts

Clear patterns in gut anti-microbial activity weletected between the different groups of
birds. To determine whether differences in thetgmmes of these samples were
responsible for such observations, attempts totifgetme different proteins were made.
Initially, SDS-PAGE of the prepared gut extractsnirthe O and 7 day old birds was
performed to determine whether there were groserdiices in the proteins present

(details in Chapter 2). The gels were stained witiher colloidal blue or silver stain.

7.6.1: Colloidal Blue-stained SDS-PAGE gels

Examples of SDS-PAGE stained gels are presentEmjures 7.10A and B. Figure 7.10A
shows stained proteins from the gut extracts oteéhdine X 0 day old birds and B shows
the line Y O day old bird gut extracts. No obvialiferences in the protein staining
patterns were observed. The gels show markedirgjaist the bottom of the gel,

suggestive of high concentrations of proteins thss 14.2kDa in size, as indicated by

the low molecular weight marker.

Small cationic peptides have previously been shtavbe extracted from chicken gut
mucosal scrapes in 10% acetic acid (Nile, Towned.e2006) and the observed staining
patterns may represent such peptides. Anotherip@ssxplanation for this region of
dense staining could be due to protein degradatidrich has occurred during the
extraction process. More discreet bands can begeaimally in some of the individual

bird samples with a clear band visible at 20kDad$a4-6 in Figure 7.10A and lane 5 in
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Figure 7.10B). The colloidal blue staining systewas relatively insensitive, and
inconsistent, so reproducibility of the data wasnajor issue. To address this silver
staining of the SDS-PAGE gels was performed asdfaim has been shown to increase

sensitivity (Kerenyi and Gallyas 1973).
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Bird Number
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B LlneY Bird Number
Lm 1 2 3 4 5 6 7 8 9 10
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45kDa
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29kDa
24kDa

20kDa

14.2kD:

Figures 7.10 A and B: Colloida blue-stained 12.5% SDS-PAGE gel following
electrophoresis of protein extracts from the gut mucosal scrapes of the ten 0 day
oldlineX and Y birds. A: line X and B: line Y. LM isthe low molecular weight
marker. Approximately 190ug of protein was added to each lane.
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7.6.2: Silver-stained gels

Figures 7.11A and B show examples of two silvemstd SDS-PAGE gels of the day 7
bird gut extracts. It was not possible to anatygeday 0 samples in this manner as there
was insufficient sample. Figure 7.11A shows thénsth proteins from the gut extracts of
the ten line X 7 day old birds reared in the HHismvment and, B, those reared on the
LH farm. Differences in the protein staining areidewmt when these two gels are
compared i.e. there is an increase in the numbestaohed protein bands in the LH
samples compared to the HH samples, with distiantlb occurring at approximately 50,
36, 24 20 and 18kDa in the LH extracts comparebatads at 60, 45 and 18kDa in the

HH bird extracts.
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Figure 7.11A and B: Silver-stained 12.5% SDS-PAGE gels following electrophoresis
of protein extracts from the gut mucosal scrapes of the ten 7 day old line X birds. A:
high hygiene B: low hygiene. LM isthe low molecular weight marker. Approximately
100pg of protein was added to each lane.
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7.6.3: Matrix-assisted laser desorption/ionization time of flight

(MALDI-TOF)

The SDS-PAGE analysis and staining was too inseasiio accurately determine
differences in the gut profiles of the birds raisedhe different environments. To
address this MALDI-TOF was employed to improve #easitivity and identify actual

proteins. A total of four bands from the 7 daydbXH gel were analysed by Pinnacle
(Newcastle University). The size of the bands of four samples relative to the
molecular weight marker were; 1) > 66kDa, 2) apprately 45kDa, 3) approximately
20kDa and 4) <14.2kDa (Figure 7.12). Unfortunately MALDI-TOF data was

obtained. It was reported that the protein conegiohs of the samples were too low to

be analysed by this method.

Bird Number

5 6

66kDa
45kDa

20kDa

14.2kDa

Figure 7.12: Colloidal bli-stained 12.5% SC-PAGE gel showing protein profiles of gut extr
samples from ten XH 7 day old birds, indicating finer bands (1-4) which were extracted and sq

et

for analysis by MALD-TOF (circled)
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7.6.4: Liquid chromatography- mass spectrometry (LEMS)

The failure of MALDI-TOF analysis to identify any the proteins in the gut scrapes lead
to the use of LC-MS. This technique was choseloviohg discussion with Dr Achim
Treuman of NEPAF (Cels Business Services Ltd, NetWedJpon-Tyne) and, if
successful, would allow a global analysis of thetgome of each of the gut scrapes
analysed. Analysis was limited to two samplesaas @f a pilot study and it was decided
to examine the protein composition of those gutamts, which had resulted in very
different results in the time kill assays. Thwstfisample was from a 7 day old line X bird
reared in the HH environment, which had been shtmnpe very pro-microbial in th&
enterica serovar Typhimurium phoBssays. The second sample was from 0 day old line
X birds (pooling of three extracts was performee ¢ln the small sample volumes) and
each of the selected gut extracts had been showavie marked anti-microbial effects.
Two milligrams of total protein, as measured usiing NanoDrop, for each of the two
samples was precipitated in acetone as describ€tapter 2, and submitted for LC-MS

analysis.

Analysis was performed by Dr A Treuman (NEPAF, Ce8lgsiness Services Ltd,
Newcastle-Upon-Tyne) using an LTQ XL orbitrap™ magsectrometer (Thermo
Scientific, USA). Data generated for both sampless vextensive (Appendix Ill), and
included multi-dimensional mass spectrum readirfgseptides of varying size identified
in the samples. Dr A Treuman also utilised sevdrainformatic programmes to

generate the final data and identify potential juepidentification in the samples.
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An example of the readings obtained from LC-MS dor of the proteins identified in

Sample 2 is presented in Table 7.1.
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Identification

Log(i)

Log(e)

pl

Mr

Description

ENSGALP000000344¢

6.1¢

-11.C

18.2

BCL2-like protein 15

ENSGALP000000124+

6.3¢

-8.2

80.c

TNF receptor-associated
protein 1 Source:
RefSeq_peptide
NP_001006175 IPR009079
4 helix cytokine-like
corelPR003594 ATP bd
ATPaselPR001404 Hsp90

ENSGALP0O000001117

6.0¢

-15.t

6.1

55.t

protective protein for beta-
galactosidase Source:
RefSeq_peptide

NP_001026662 IPR00156
Peptidase = S10IPR0024]
Peptidase S33

ENSGALP000000166:

7.61

18

-130.(

22.¢

Peroxiredoxin-1 (EC
1.11.1.15)(Thioredoxin
peroxidase 2)(Thioredoxin-
dependent peroxide
reductase 2)(Proliferation-
associated gene
protein)(PAG)(Natural killer
cell-enhancing factor
A)(NKEF-A) Source:
1.11.1.15 IPR0O00866 AhpC
TSAIPR013740
RedoxinlPR012336
Thiordxn-like fd

ENSGALP000000186!

6.4z

-11.2

6.€

69.¢

leukotriene A4 hydrolase
Source: RefSeq_peptid
NP_001006234 IPR01277
Leuk A4 hydro
aminopeptIPR006025 Pe
M Zn BSIPR014782
Peptidase M1 N

ENSGALP000000198¢

6.42

-10.¢

8.€

35.2

lectin, galactoside-binding,
soluble, 3 (galectin 3)
Source: RefSeq_peptid
NP_999756 IPR0O0898
ConA like lec glIPR00107¢
Galectin bdIPR000694 PR

e

O~ U0l

rich

Table 7.1: Data output for six of the proteins itfgad in Sample 2.
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1) The “identification column” is the code for thategific protein and its full
analysis linked to the websitevw.gpm.org,

2) “Log (i)” is the log of the sum of the intensitie$ all spectra contributing to this
protein (based on the multi-dimensional mass spextthe closer to 8 the better,
values closer to 5 are less desirable),

3) “ri” is the number of peptides which contribute ttee protein (will depend on
size of protein but if many peptides are includeehtthis improves the credibility
of the protein identification),

4) *“Log(e)” is an indicator of confidence that theptides identified do contribute to
the protein identified (the larger this negativentner, the more credible the data,
a cut off of -3 has been used throughout),

5) “pl”is the iso-electric point of that protein,

6) “Mr” is the molecular weight of the protein (kDa).

7) “Description” includes protein identification.

7.6.4.1: Overview of the data for Sample 1 (day 7EKgut extract) and

Sample 2 (day O line X bird gut extracts)

LC-MS proved successful in identifying peptidesbioth of the samples submitted. In

sample 1 (XH 7 day old bird gut extract) a totalldf3 proteins which met the analysis
criteria discussed previously were positively idiged. A total of 198 samples were

identified in sample 2 of which 126 were uniquehis sample, Figure 7.13 shows these
data.
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Sample 1 Sample 2

11

Figure 7.13: Venn diagram of th
total proteins identified in the
two gut scrape samples using
LC-MS.

Each protein identified was further investigated determine its potential functional
location within the cell. This was achieved usihg generated data and the linked
website access sit@ww.gpm.org The peptide sequence was further analysed using

either the UniProt or NCBI websitesw{w.uniprot.org and www.ncbi.nih.gov.ory,

where that specific protein was listed. The Genentofdgy website

(www.geneontology.ongwas used to confirm cellular location of the itiieed peptides
and the standard nomenclature used by this sitesulasequently used to define cellular
location and function. Not all of the proteins Hagken identified in th&allus gallus
proteome databases and so the potential siteotdiprfunction were taken from results
in other species and linked to protein homologyellWar locations of protein functions
were allocated as follows; secreted, nucleus, ¢gsop, endoplasmic reticulum, Golgi
apparatus, cytoskeleton, cell membrane, lysosonigpsome, mitochondria and

unknown.
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7.6.4.2 Sample 1 (XH 7day old bird gut extract)
Seventy two different proteins were identified angple 1 that were not present in sample

2 (Figure 7.13). Putative cellular locations/fuoss of these proteins are shown in

Figure 7.14.

M cytoplasm
secreted
nucleus

B mitochondrion

W unknown

H cytoskeleton

M cell membrane

W ER

H ribosome

m lysosome

H Golgi

Figure 7.14: Putative cellular locations of the pgtdteins identified in gut mucosa
scrape sample 1. ER= endoplasmic reticulum andiG@glgi apparatus.

The majority of the proteins (39%) identified appéa perform their role within the

cytoplasm, approximately 12% are secreted, 12%nactear located, 8% are located
within the mitochondria, 6% have a role in the siEeton, 6% are involved with the
cell membrane, 4% are located in the endoplasnticuiem, 4% form a component of
ribosomes, 2% function inside lysosomes and 0.6& amsociated with the Golgi

apparatus. A total of 6% of the proteins, where srTEsectrometry data was produced,
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could not be identified by any of the bioinformaticols described. Of the whole
proteome identified with this technique, 35% of tpeoteins were associated with

enzymatic activity.

7.6.4.3 Sample 2 (line X 0 day old bird gut extragt
According to the criteria outlined previously, daioof 126 proteins unique to sample 2
(line X 0 day old pooled gut scrapes) were idemtifi These proteins were classified as

for sample 1 and the results are shown in Figuts.7.
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nucleus
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W unknown
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W ER
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H Golgi

Figure 7.15: Putative cellular locations of the E#nples identified in gut mucosgl
scrape sample 2. ER=endoplasmic reticulum and &@&gilgi apparatus.

Interestingly, more proteins were identified in gden2 compared to sample 1 (Figure

7.13). Again, as for sample 1 the main site ofvagtiof these proteins was within the
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cytoplasm (37%). A total of 9% of proteins weredlicted to be localised to the nucleus,
7% were localised to the ribosome, 6% of proteiesewocalised to the ER, cytoskeleton
and cell membrane respectively, 4% were prediabedet secreted and 1% localised to
the lysosome. Within this sample, 5% of the prigesould not be identified. Of all of

the proteins identified in sample 2, 68% i.e. agpmately double that of sample 1, were

associated with enzymatic activity.

When the proteomes of the two samples were compsiradar sites of localisation were
identified. For example sample 1 had 39% of prstéocalised to the cytoplasm while
the second sample had 37%; 4% of proteins in safthplere predicted to be localised in
the endoplasmic reticulum compared to 6% in sanile Surprisingly none of the
proteins identified in the second sample were fotmde localised within the Golgi
apparatus. Both samples had only 6% of the prot@iedicted to be localised to the cell
membrane and less than 2% of proteins were assdcigth the lysosome. The most
dramatic difference in the sites of predicted grotactivity was probably within the
mitochondria, where 8% of sample 1 proteins weeatified compared to 19% of sample

2 proteins.

7.6.4.4: Proteins identified in both samples 1 an?

A summary of the data for the proteins identifiadsamples 1 and 2 and those proteins

common to both is illustrated in Table 7.2 and Fegr.16.
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Location Sample 1 (%) | Sample 2 (%) Both samples (%)
Cytoplasm 39 37 38
Mitochondria 8 19 16
Nucleus 12 9 9
Secreted 12 4 6
Cell membrane 6 6 9
Cytoskeleton 6 6 8
Ribosome 4 7 5
Endoplasmic reticulum 4 6 5
Lysosome 2 1 1
Golgi apparatus 1 0 0
Unknown 6 5 3

Table 7.2: Putative cellular location of the proteidentified in the proteomes ¢

sample 1 and 2 gut mucosal extracts.

M cytoplasm
secreted
nucleus

W mitochondrion

W unknown

m cytoskeleton

H cell membrane

W ER

M ribosome

W lysosome

m Golgi

Figure 7.16: Putative sites of function for thosetgins identified in both samples

and 2. ER= endoplasmic reticulum and Golgi= Gofipaxratus.
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These data show that the cytoplasm is the most @onsite of protein activity. The

mitochondria (16%), nucleus (9%) and cell membi@3é) are also well represented.

7.6.4.5: Peptides with potential anti-microbial or immunological
activities

Disappointingly no anti-microbial peptides werernted in either of the two samples
despite gene expression of AvBD1, 4 and 10 beingctied in the duodenal tissue
samples (Chapter 5). The LC-MS data generateddomle 2, which showed evidence
of anti-microbial activity, was further analysed tdentify any peptides, linked to
immunological functions, and six potential proteimsre identified. These proteins were
present in sample 2, but not 1 and include BCL2-lpjrotein 15 (apoptosis), TNF
receptor associated protein 1 (apoptosis), preegiotein for beta-galactosidase (within
lysosomes), peroxiredoxin (effects on oxidativeesd), leukotriene A4 hydrolase
(arachidonic acid metabolism) and Galectin 3 (mitaatory properties and apoptosis).
The presence of each of these peptides in the samphs further validated by

investigating the mass spectrum of each proposaeipr
In relation to Galectin 3, an example of the dagaeyated for one of the three identified

peptides is shown in Figure 7.17 A-C. B showsrttess error of the assigned b and y

ions and the peaks all lie close to the zero lo&icming peptide identification.
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Figure 7.17A-C: Mass spectrum of peptide VPYDLPIGRAMPR from Galectin
3. A:illustrates the fragmentation of the peptiBeshows the mass error of the
assigned b and y ions and C: shows all of the mutdeeveights of the fragments
identified. In both B and C the y-ions are disgldyas red peaks, b-ions as blue
peaks and dehydrated b-ions in green. The bladksp®& those which are
unidentified.

Figure 7.18A-C shows the data for the peptide, tiled as TNF receptor associated

protein 1, and again supports the identificatiothas protein in the gut extract.
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Figure 7.18A-C: Mass spectrum of peptide GVVDSHINBSR from TNF
receptor associated protein 1. A illustrates thgrhentation of the peptide. B shows
the mass error of the assigned b and y ions asti@vs all of the molecular weights
of the fragments identified. In both B and C theys are displayed as red peaks,|b-

ions as blue peaks and dehydrated b-ions in giidenblack peaks are those whicH
are unidentified.

All of the identities of the six peptides charaed in Sample 2 as having a possible

immunological function were supported by mass spewttry data.

7.6.4.6 Conclusions from mass spectrometry

The LC-MS analysis of the two gut extracts was vewngcessful in identifying many
proteins. Two unique proteomes were identified disappointingly no anti-microbial
peptides were identified in either proteome. Salvenique proteins i.e. BCL2-like
protein 15, protective protein for beta-galactosejaPeroxiredoxin-1, leukotriene A4
hydrolase and galectin 3, were identified in sanmlevhich may have roles in the

immune response and, in vivo, play roles in thedgiénse.
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7.7: Discussion

To investigate and compare the gut anti-microbiapprties of the three bird lines raised
in the different environments, and in order to bkedo correlate this data with the AvBD
gene expression data in Chapter 5, duodenal musossdes taken from the birds in the
trial were processed and analysed for their badtekilling properties using an
established time-kill assay. In all, 180 bird dusalegut scrapes were extracted and
analysed to correspond with those samples analyseGhapter 5 for AvBD gene

expression.

To compare the AMA data generated between the ptpok it was necessary to devise
sampling and extraction techniques that were remibte. This was especially
important as bird population sizes within the diéigt groups were limited i.e. maximum
n=10 for any one group of birds. It is for thissen that the duodenal loop was selected
for the site of mucosal scraping. The samplinghefO day old birds proved technically
quite challenging, especially the removal of thecosal layer due to the size and friable
nature of the duodenal samples. Only a limited mawf gut extract was produced, thus
limiting analysis. In addition, whilst care wakéa not to apply too much force while
scraping the tissues it is highly likely that tloeappe was somewhat deeper into the tissue

when compared to those of the older birds.

As the day 0 birds were taken straight from thelerty to the laboratory for sampling,

the duodenum was empty of ingesta. Meyer-Hofféarnef et al. (2008) found that the
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secreted anti-bacterial activity of the intestimalcosa was largely confined to the mucus
layer compared to minimal activity noted in the Ioal contents, and so attempts were
made in obtaining mucus containing gut scrapes fibbrages of birds. It is feasible that O
day old bird scrapes had a larger mucus conteaivelto luminal contents, and this may
have had a potential effect on the proteins actueattracted. The older bird guts were
rinsed to reduce the amount of luminal contentg, this may not have been 100%
successful in removing ingesta. Sugars were detenta selection of 7 day old bird gut
samples, but not in the day 0 samples, as showhebyLC (Figure 7.9). This may have
been due to sugars present in the partially digetged i.e. the presence of luminal
contents contaminating the protein extracts. Tiesgnce of such sugars may also have

aided bacterial survival in the assays i.e. ledtiégoro-microbial effects reported.

The protein extraction procedure adopted in thig\stvas crude and involved no further
attempts at purification or isolation of particupoteins and/or peptides. The use of 10%
acetic acid had previously been shown, using HRbGextract anti-microbial peptides
from bird gut scrapes (Nile, Townes et al. 2006} ao extraction, was performed, using
this technique in an attempt to maximise the irnolusof AMPs in the gut extracts.
Fractionation of samples using HPLC was considergdvas not performed because of
the number of samples, (>100), included in theystudo commercial AvBD antibodies
are available and so detection and/or quantitatiothe gut peptides using techniques

such as ELISA was also not possible.
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The data from the individual bacterial time-killsags was found to be reproducible. All
samples were tested in triplicate within each asaagl any sample felt to be anomalous
to other samples within the group was re-assaydde time-kill assay had been
developed and used in the laboratory over the gastears and was deemed appropriate
for such an investigation. Similar protocols haeem used in determining the potency of
recAvBD8 (Higgs, Lynn et al. 2007) and recAvBD6 ifVAijk, Veldhuizen et al. 2007).
Alternative methods of measuring the anti-microka#fects of samples might involve
measuring a zone of inhibition (Ma, Liu et al. 2D0&d are similar to assays measuring

antibiotic susceptibility, but can be more subjeetand less accurate.

Salmonella species were chosen for use within the time-lsbags because they are
human pathogens associated with food-borne disesmk poultry products are often
implicated in their carriageS. enterica serovar TyphimuriunphoPwas chosen due to
the increased susceptibility this strain showshi® actions of AMPs, as a result of an
engineered mutation (Behlau and Miller 1993). Hngument was that this mutation
allowed the effects of AMPs within the gut scrapede more easily detected than if a
wild-type Salmonella strain was used. On reflection the use of thiel-type avian
clinical isolates may have represented a more bsgjoroach as such strains represent

the microbes that actually challenge the birdstu.

The most notable findings were the anti-microbiéas of the gut extracts from 0 day

old birds and the very pro-microbial propertiestloé 7 day old XH bird gut extracts.
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Further strains ofSalmonella (wild-types) were analysed in the time-kill assags
confirm whether similar responses to those obseiwmes enterica serovar Typhimurium

phoPR, again pro-microbial effects, although reduced,ensyserved.

The data produced from the time-kill assays forfthe groups of 7 day old birds were
very interesting in that there were statisticaliyngficant differences between the groups
of birds. In particular the gut samples relatioghte XH group of birds showed very pro-
microbial effects whert enterica serovar TyphimuriunphoPwas used as the target
strain compared to the other four groups of 7 dayhbirds. Here both bird line i.e.
genetics and rearing environment appear to havaeiméed the data. The YH group
(Figure 7.3) also appeared to support microbialwgnocompared at least to the YL
group, which like the line X birds emphasises tfieats of the rearing farm environment
on the bird gut anti-microbial properties. Dietdasther environmental parameters such
as the bacterial bedding count, temperature andidimymall contributed to the
differences observed, presumably via altering thesilogical and immunological
responses of the bird GI tracts. In addition, goa¢ commensal populations would be

expected to be different across the groups of birds

The diets fed to the birds on the two farms wemy different. The high hygiene birds
were fed, in the form of a crumble, a wheat-basetabntaining high levels of nutrients
and supplemented with enzymes, with the effetteweering feed viscosity levels, and
increasing the feed conversion rates presumabbutfir beneficial changes in intestinal

morphology (Shakouri, lji et al. 2009). This sadiet was also in the form of a crumble
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and contained a high level of nutrients. Fastemgiaates are therefore observed in birds
fed this type of diet. In contrast the LH diet wasize-based as is the diet of
commercially reared broilers in the UK. The LHtdmas in fact 100% maize (10-20%
only in commercial diets) and this has the effefcteading to the ingesta having poor
viscosity in comparison to the HH diet with subsagjueffects on growth rates and gut
morphology. The LH diet was made more challengind viscous by the fineness of the
crumbs. The diet could have had an effect on tbéeprs that are present in the mucosal
layer and therefore the gut extracts by affecting fiocal gut environment or dietary
nutrients may be responsible. It is also feasibtd the source of cereal and nature of the
diet may potentially have had an effect on the cemsal population of these birds in the
duodenum with subsequent effects on the proteigsetssl into the mucosal layer.
Repeating the trial using groups of birds in the environments but fed the same diet

would allow the effects of diet alone on the gurast proteomes to be determined.

Establishment of a commensal population within dhstrointestinal tract will not have
taken place in the day O birds since they werenakeectly from the hatchery. Thus
mucosal contents of the newly hatched birds pralidemore hostile environment to
microbes, observed as anti-microbial activity aghi enterica serovar Typhimurium
phoP in the time-kill assays. Following challenge aolonisation of the guts with micro-
flora, a more pro-microbial gut mucosa establislassywas the case with the 7 day old

bird scrapes. To support this theory it wouldiriteresting to identify and quantify gut
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bacteria in birds aged 0-7 days using techniquelsiding 16S Denaturing Gradient Gel

Electrophoresis, DGGE, (Collins, Verdu et al. 2088¢ sequencing could be utilised.

The role of the commensal population in gut immyias been investigated by many
groups but the importance of such microbes is esipéd by the finding that germ-free
animals have a higher susceptibility to intestin&ction (O'Hara and Shanahan 2006).
In addition, these commensal bacteria have beewrsho aid development of the gut-
associated lymphoid tissue (GALT) (Rhee, Sethupetital. 2004). The main genera of
bacteria within the chicken small intestine ak@ctobacillus, Enterococcus and
Clostridium, with some strains dEnterobacteriaceae (Salanitro, Blake et al. 1978; Amit-
Romach, Sklan et al. 2004). Additional functiafhghis population include their ability
to directly affect the innate and adaptive immunestems, to maintain immune
homeostasis by suppression of unnecessary inflaompnaésponses (Moal and Servin,
2006), and in food metabolism. Future studies c¢onVvestigate the gut proteomes of
lines raised in different environments in relatibm their bacteria populations and
establish any potential relationships. Apajalakgttunen et al. (2001) found that both
the feed source and the local feed amendment ctighgebacteriological profile of the
caecum but that farm hygiene had little effect bis population. This groups finding
again emphasizes the potential effects that dist ¢c@npared to the environmental

conditions that birds are faced with.
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The wild-type Salmonellatrains were used only to investigate the duod@ndhs of
the 7 day old bird samples because of the markedngcrobial activities of the XH bird
gut extracts in the assays withenterica serovar TyphimuriunphoP. Interestingly the
‘high’ pro-microbial effects were not observed wh&nrenterica serovar Typhimurium
SL 1344 strain was used in the assay with theXi¢H bird gut extracts. It is feasible
that there is a peptide or another component oKti& day bird extracts that selects for
the growth of thes. enterica serovar Typhimurium phoPBacteria and this may somehow
be directly related to the phoP/phoQ mutation. eAlatively it may be that the XH gut
extracts contain lower levels of AMPs as indicabgdthe expression data for duodenal
tissues and AvBD1 as indicated in Chapter 5, Figutd (50 fold difference between XL
group and XH birds, the former being the highesame However, this finding was not
supported by the LC-MS analysis but may be a reguiechnique and small number of
samples analysed by this technique. For the groegored in the LH environment, it was
in the assays usin® enteriditis where the most pro-microbial effects were seen.
Although speculative, this strain of bacteria mayvivo function as a ‘commensal’
organism with its survival supported by the repeetof peptides produced and secreted

into the duodenal mucosal layer.

The data obtained for the day 14 birds showed ithaas the line XL gut extracts that
showed the most pro-microbial effects. This rebitlighted a seven day lag in maximal
pro-microbial activity of the gut scrapes betweier X birds reared in the LH and HH

environments. The bird weight data for the biréared in the two environments
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(Chapter 3), indicated that there was a significagight difference between birds reared
on the two farms. The average bird weights (meBaBM) at 7 days of age were 129¢g
(x6.0) for XL and 199g (+4.2) for XH birds. At day bird weights (mean +SEM) had
increased to 328g (+16.75) for XL birds and 51894(91) for the XH group. The bird
weights may be an indirect marker of gastro-intedtdevelopment in the birds affecting
GALT, tissue robustness and the repertoire of pistpresent in the gut mucosal layer.
Analysis of further gut scrapes from line XH birdsring the first seven days would
allow the age at which the gut extract ‘switcheshf anti-microbial to pro-microbial to
be determined. Equally, analysis of the XL biwd gcrapes between 7 and 14 days of
age would allow determination of a possible age wtiee pro-microbial effects peak.
Correlating such findings from these two studiethveird weight may show that the pro-
microbial effects occur when the birds reach a ifipeweight. Bird weight and
development may have effects on the immune systadioa other parameters. In
particular, obtaining data from line XL birds whtrey reach the same weight as the XH
7 day old birds would be of particular interestgafn the nutritional status of the two
groups could be a major contributory factor rattiemn the environmental differences.
This could be related to gut development or somethbntents and bioavailability of the

two diets.

By day 35 the results (Figure 7.5) show that tlegee no marked differences in bacterial

survival across the five groups of birds, but agaimmicrobial activity was observed.
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Attempts were made to identify and characterizeptiteomes of the gut samples. SDS-
PAGE analysis proved insensitive and inconsistdit, DI-TOF analysis failed, but LC-
MS proved relatively successful. This technique esded very different protein
populations within the scrapes collected from thigeent groups of birds, although
admittedly only two samples were analysed i.e.r@rmaicrobial sample (0 day old bird
extract) and ii) a pro-microbial sample (7 day &H bird extract). A total of 143
proteins were identified in the pro-microbial sasmpiompared to 196 in the anti-
microbial sample. No AMPs were identified in eitliee day O or day 7 samples despite
AvBD1, 4 and 10 expression being identified in ttieodenal tissue (Chapter 5).
However six potential proteins hypothesized to havele in the defence of the Gl tract

were identified in the anti-microbial, day 0, samfdample 2).

Anti-microbial peptides by their nature are verffidult to identify, as they are small in
size, hydrophobic and positively charged. Stugiesormed by other groups but using
mammals and focusing on the more distal small imeshave identified gut AMPs
(Ouellette 2004; Meyer-Hoffert, Hornef et al. 200&) such regions of the gastro-
intestinal tract it is the alpha defensins, whievén been characterised. However, only
the beta defensins have been shown to exist witlenchicken genome. It could be
argued that taking mucosal scrapes from more disgabns of the gut would have led to
the detection of AMPs via LC-MS, but for reprodulkiffp of sample taking, and to

compare and correlate results with tissue genesegmn, the duodenum was selected.
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The smallest peptide identified was 4kDa in size #is was identified as a fragment of
a larger protein. Only a total of three proteinsrevidentified in both samples which
fitted the size of standard AMPS (approximatelykiDé in size). In addition to LC-MS,
two- dimensional SDS-PAGE gel electrophoresis cdwdde been considered as a form
of proteome analysis (O’Farrell, 1975). Potentiaitpre gut extracts could have been
analysed and proteomes compared however, it iscalestionable as to whether small
peptides, such as AMPs would have been detectad @8 gels.

Of the six proteins with a potential defence-relatenction, Galectin 3 provided an
interesting result. Galectins are beta-galactobidding lectins that are involved in
several biological processes including modulatioh immune and inflammatory
responses. For example, Galectin 3 expressiorisldnaae been shown to be greatly
reduced in rabbit enterocytes following their expes of Shiga toxins from
enterohaemorrhagidcscherichia coli (EHEC), and such reduced levels may be
detrimental by contributing to the diarrhea via timpairment of structural proteins and
transporters including sodium-proton exchanger 2ikh, Murtazina et al. 2009).
Galectin 3 has also been shown to have a modulatteyon neutrophils in mice infected
with Toxoplasmosis by affecting Nphi activity (intra-peritoneal neophils) (Alves, Silva
et al. 2009). The commercially available 44K Agtlechicken microarray includes
Galectin 3 and work carried out by Sarson, Wangl.e2009), showed that Galectin 3
expression levels increased in the spleen of himfkcted with the necrotic enteritis
inducing bacteriaClostridium perfringens when the birds were fed antibiotic-

supplemented diets compared to those that recangiotic-free feed. A further study
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on this protein found that Galectin 3 knockout mgteowed reduced phagocytosis of
macrophages and neutrophils compared to normal, mgaen stressing the importance of

this protein as an immune-modulator (Sano, Hsl. 2083).

As Galectin 3 was only identified in the gut samsplef the 0 day old birds (anti-
microbial), it could be postulated that its pregeisxcmore important in the newly hatched
birds prior to gut colonisation and before an adéguadaptive immune system has
developed. Utilisation of the aforementioned mécray could prove an exciting tool for
further studies to determine Galectin 3 gene esgpraspatterns and determine whether

there were any significant differences in levelsiMgen the groups of birds.

Two of the other five identified proteins with pdde immune function, BCL-2, Tumour
necrosis factor receptor associated protein 1, H@men linked to apoptotic activity
(Kilpatrick, Sun et al. 2004; Zhai, Jin et al. 2D0Bhese may well aid the host in evading
epithelial colonization and invasion by facilitajinapoptosis following microbe

recognition.

In conclusion, the results show very distinctivedfngs for the different lines, ages and
rearing conditions of the birds included in thisdst. The O day old bird gut extracts were
found to be the most potent with regard to antirob@@l activity followed by the LH 7
day old bird samples. All other samples were shtwime pro-microbial and line X birds

produced the most interesting findings. The AMAults using theS. enterica serovar
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Typhimurium phoP strain were different compared to those usiregtwo wild-type
strains for the 7 day old bird groups. LC-MS vei®wn to be the most appropriate
technique for characterisation of the gut proteoares two different protein populations
were determined following analysis of two gut egtsa However, these analyses were
limited and further analyses of gut mucosal scraigegsequired to confirm whether
patterns exist between different lines and aged, whether specific proteins can be
linked to the results of the time-kill assays. Timelings for the line X birds may help to
explain why they are susceptible to gastro-intesfimoblems, which could potentially be

of commercial interest.
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Chapter 8: Final discussion

The poultry industry in recent years has been ehgid by high profile disease
outbreaks particularly avian influenza (2006) arelMdastle Disease (2006), and the risk
of pandemic status is increased significantly bygdascale production systems and
world-wide shipment of birds. Although recent aetiks have been contained
successfully there is a constant threat of diseaééch ultimately may transmit to
humans, and thus justifies the need for strict dadty protocols in order to limit
potential risk. More common disease challenges disoe the birds such as
dysbacteriosis, necrotic enteritis and skin lesidarge-scale commercial broiler
production involves high stocking densities of bircklatively closed air spaces and large
groups of fast growing birds being reared in clpeeximity and these combined factors
can add to the challenge. Moreover not only thét health of the individual birds that
needs consideration, but that of the flock thabfisvital importance. Thus limiting
disease occurrence and potential spread is vergriamg both at a welfare level and also

commercially.

In addition to the health of the birds, the abilbifypoultry to carry human pathogens such
as Salmonella and Campylobacter in their Gl tract often leads to the contaminatain
poultry products and consumer infections. A surpeyformed by the Food Standards
Agency revealed 65% of chicken meat products testedle contaminated with

Campylobacter while 6% carriedSalmonella species Www.food.gov.uk-03.10). This

information high-lights the threat of poultry megtsr se as a source of disease in the
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human population. A decline in the incidence afichl cases of Salmonella has been

reported over the last 18 years although this is1t@yed by the rise in reported cases of

Campylobacter (www.hpa.org.uk-03.10). However, the mechanisms that allow pypultr
to carry potential human pathogenic bacteria aieosiscure but may be directly related

to the birds immune status.

To date broiler breeding programmes have focusedhamtening the time taken from
hatching birds to their purchase by the consumeth Wwirds showing good feed
conversion rates, fast growth rates, general sakvoardiovascular fitness and skeletal
strength elected preferentially. Thus far the imewsystem of the birds has been
neglected as a direct selection measure exceptkslalisease. However, the need for
producing birds with superior immune systems igaasing based on potential disease
risks to flocks, the banning of the use of propbifaantibiotics and the emerging risk of
birds functioning as a reservoir of potentially hpadenic human microbial agents

(Persoons, Van Hoorebeke et al. 2009).

Aviagen Ltd is the worlds’ largest chicken breedommpany and collaboration with the
company has allowed a good insight into the ingusind the requirements of their
clients across the world. Moreover one of theieriests, driven in part by the arguments
above, is in investigating and enhancing the endoge immune defences of their

commercial livestock.

Three pure lines of chickens were used throughweitstudy and they were selected as

they form a focus for broiler breeding programshmtthe company. Studies have shown
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that the lines X, Y and Z despite originally origimg from the same breed of bird, are
now phylogenetically distinct (Andreescu, Avendatb@l. 2007). Bird line selection was
also based on perceived differences in gut helahil X birds having the poorest health
and line Z birds fewer problems. Wet litter haebeeported by the company to be one
of the major problems with the line X birds and sedpent problems such as foot lesions

are potentially more of an issue with this line.

The role and importance of AvBD peptides in theckbns immunity has been suggested
by many authors (Evans, Beach et al. 1995; Xiaoghds et al. 2004; van Dijk,
Veldhuizen et al. 2008), particularly given the extie of myeloperoxidase in chicken
heterophils, and a reliance by these immune cellaan-oxidative mechanisms to fight
infection. It has been suggested that the repertmi AMPs produced in the gastro-
intestinal system may also have an effect in cdiimigpboth the species and number of
bacteria that colonise the guts with a subsequitteon pathogenicity (Salzman, Chou
et al. 2003). To date a total of 14 AvBD peptilase been identified, the majority being
identified via a bioinformatics approach and presgeof signature motifs i.e. six encoded
cysteine residues. Three of these peptides; AvBDland 10 were selected for
investigation within this study. The farm trialre®ived with Aviagen Ltd and involving
a total of 180 birds was designed to enable thectffof bird age, genetics, and the bird
rearing conditions on both AvBD tissue expressio gut anti-microbial activities.
Disappointingly due to the rearing patterns of diféerent lines of birds, and increased
bio-security due to the threat of avian influenzaew the trial was performed, it was not

possible to sample line Z birds in the HH reariogditions. This therefore meant that
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no direct comparison of this line could be madeoserthe two farms (LH and HH).
Logistically it was not possible to obtain datanfrevery bird included in the study thus a
focus was placed on samples from 7 day old birfikis was defended in that innate
immunity has been shown to be particularly impdrthuring the first week of a birds life
(Bar-Shira, Sklan et al. 2003), a time when iteénly exposed to the outside environment

and potential challenges that might impact onutsisal.

The study of single nucleotide polymorphisms amiitig their presence with specific
traits forms part of a large ongoing genomics atitie by Aviagen Ltd. The use of SNPs
in assessing both innate and adaptive immunity amigg popularity (Biscarini,
Bovenhuis et al. 2010), particularly in relationit® use as a potential tool for breeding
programmes. The presented studies form a partisfititiative with the presence of
polymorphisms associated with the AvBD genes béiwvgstigated. Previous studies
have linked the presence of polymorphisms within AvBD locus to disease resistance

(Lamont, Kaiser et al. 2002).

A panel of 49 possible SNPs within the AvBD locugswormed to coincide with a large
study organised by Aviagen Ltd to determine theua@mnce of polymorphisms within
the lines of birds of interest to the company. SEhe&SNPs had been identified by
bioinformatic searches and the updated secondovedsithe chicken genome (2006) was
used throughout. None of the readily availableadabm such sources included the
occurrence of polymorphisms within the three linédirds investigated in this study.

The published data on SNPs in chickens is verytéichwith the focus being on non-
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broiler birds. One study showed a reported SNPohfE8.2 SNPs per kilobase of DNA

in the 3.25kb region of AvBDs 2,3,4,5 and 7 (Haseing Zhang et al. 2006). It could

therefore be argued that a larger panel should baea entered for analysis however,
fifteen SNPs were found to be present within thredghines of bird selected for study.
Published work on the presence of polymorphism&iwithe defensins has focused on
those present within the introns (Lamont, KaiseaileR002), but in this study SNPs were
identified within exonic regions, thus potentialffecting the actual structure and

functional activities of the encoded peptides.

Of the 14 reported AvBDs identified in the chickémmee genes were selected for further
investigation i.e. AvBD1, 4 and 10. These thre@megewere chosen based on the
identification of SNPs and in addition AvBD10 wadested because of its unusual tissue
expression (kidney, testicle and liver) and lacklodracterisation. The investigation of a
larger repertoire of AvBDs was considered but watspossible within the time frame of
this study. However, future studies could be penkxt using the RNA and DNA samples

extracted from the population of birds used inttied.

The technique of sequencing pooled genomic DNAeieminine SNP frequency proved
successful and generated comparable results teeipgencing obtained from lllumina,
and individual bird cDNA sequences. The most stgkfinding was the presence of
three non-synonymous polymorphisms within the cD&i#coding the mature AvBD1
peptides, and each of the three lines having dispolymorphic patterns. The AvBD4

SNP was located in the 5’UTR region and a posditalescription factor binding site
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(Thingl-E47), was identified in line X and Y birdsthis location. However, this is not a
TFBS that has been identified to function@allus gallus so its significance remains
unresolved. The AvBD10 polymorphisms were all ledatvithin non-coding regions but
differences in their occurrence were identifiedoasrthe three lines of birds. Again the
significance of this is not known but as statedvignesly (Hasentein and Lamont 2007)
the presence of such SNPs may have an effect aarctivities of other genes. The use of
microarrays following SNP identification may progeuseful follow-up study to confirm
whether any other genes (linked to innate immuroty otherwise) show altered

expression levels based on the presence or absétiwmse SNPs in the AvBD locus.

The line X birds encoded the amino acid combinahidH, line Y birds predominately
NYY and line Z birds SSY. To investigate whethiee presence of the different amino
acids affected peptide functionally, the encodegtiges were synthesiséd vitro using

a bacteria hyper-expression system. In additisingle form of AvBD10 was prepared
and the anti-microbial properties of the peptideslgsed using a bacterial time-kill
assay. Potential differences in the AMAs of thdsee peptides were hinted by the
amounts of each peptide synthesised, with thestgsgamount of the A form (NYH)
and least amount of the C form (SSY) being synfisesi However, the inability to
produce large amounts and lack of purification nhedinect comparisons were not
possible. In fact, only low concentrations of pe@s were generated throughout (nM),
which was disappointing as other studies reporfddamounts (van Dijk, Veldhuizen et
al. 2007; Ma, Liu et al. 2008). Limited successsveahieved with peptide purification

however, all recombinant peptides, including AvBDd(ovel result, were shown to
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have anti-microbial activity. The data suggesteat the AvBD1-A form (NYH) was the

least anti-microbial of the three recombinant formasd this was the encoded peptide
identified in the line X population of birds, chatarised interestingly by their poor gut
health. However, to allow the activities of thgmptides to be determined particularly
against other strains of bacteria, including humpathogens and clinical isolates, peptide
purification is necessary, it would also allow het investigation into the structure and

function of the peptides.

Real time PCR was utilised to compare gene exmnedsvels across the groups of birds
as an indirect measure of the protein productiosi.shown in Chapter 5, marked inter
and intra-group variability in the gene expressienels was a common finding.
Statistically significant differences in gene exgsien were apparent but in the main only
trends could be identified. The most notable ltsswere the higher level of AvBD1
gene expression in the day 7 old XL bird duodenaies. This could be related to the
NYH A form of the peptide and the previous suggestihat this form may not be as
‘potent’ as the other two AvBD1 peptides. The emwiment could well be the challenge
for this higher level of expression as a similardfng is not seen in the XH group of
similarly aged birds. This perceived ‘up-regulatiof AvBD1 gene expression in the
XL group may help confer superior gut immunity fiese birds living in the more
challenging environment. The finding that the YHJI&y old group had significantly
higher levels of AvBD10 gene expression is mordiadift to explain at the levels of

SNPs due to the intronic location of the polymospis in the gene locus. Again the
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complex relationship of response to environment gedetics is suggested with such

findings, and the performance of future investigiasi is warranted.

The mucosal scrapes analysed in AMAs were takem ftbe same region of the

duodenum as analysed for AvBD gene expression &othie two sets of data could be
directly compared. It was found that the samptesfthe O day old birds were anti-
microbial, but as the birds aged, less potent t&ffeere observed and a switch from
bacterial killing to bacterial survival was seeithis finding did not correspond with

AvBD gene expression in the duodenum where peadidewere generally seen in the
day 7 old gut samples and the inability to idenfyIPs in the mucosal samples of the
samples identified via LC-MS suggests that AvBDgymat be having the effect on anti-

microbial activity of the samples analysed in tstisdy.

The most surprising finding was the very pro-micableffects seen in the assays where
the XH 7 day extracts were used agaBaimonella enterica serovar TyphimuriunphoP
although when other strains &ilmonella were used in the assays the data generated was
found to be very different. A possible explanationthis could be that due to low levels

of environmental bacteria, the proteome repertoirthe gut mucosa of this line of birds

is different to those of similar genetics but rehne the LH conditions. This may be
particularly important as this is the line of birth&t is recognised as having the poorer
gut health. Whether the phoP mutation is somehawiny an effect on how the
proteome interacts with the bacteria in the time-&6say compared to the results

observed for the wild-type strains can only be sfsed. Further analysis of mucosal
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samples via LC/MS would help answer this questi®nvall as the use of further strains
of bacteria. Another possibility is the presendesomething in the pro-microbial

samples other than protein and such things coaldde metal ions.

To identify AvBDs and other potential anti-microbpoteins in the gut scrapes LC/MS
was used although the analyses were limited tcetibbs day O line X bird and a 7 day
old XH bird. Disappointingly no AMPs were identifien either sample, which may have
been due to the limits of the technique based ersitte of peptides or that levels were so
low in this region that they were undetectable.lafge amount of data was generated
using this technique (72 in sample 1, 126 peptidesample 2 and 71 peptides common
to both extracts, Appendix IlI- CD Rom). In botmgaes the putative cellular location of
the identified peptides was focused on the cytoplast approximately twice the number
of peptides identified in sample 2 (0 day sampk) Bnzymatic functions compared to
those identified in sample 1. Six proteins withgmdial defense functions were identified
in the day 0 sample, Galectin 3 being probablyrttust exciting. However, the sample
number was small and analysis of furtherer gutaexsrfrom the birds of different lines,
ages and environments are needed to generatettheeakted to investigate this further.
In addition the effects of diet alone on the prates also needs further investigation as

this was one of the major differences in the twarireg environments.

From the results chapters it can be seen that tihasline X birds which repeatedly
showed different findings and this is the bird groeported to have the poorest gut

health. For example the SNPs in the AvBD1 geneding potentially a peptide with
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reduced anti-microbial activity, higher levels ofvBD1 gene expression in the
duodenum of the XL 7 day group and the markedmpicrobial effects of gut extracts in
both the XH 7 day group and XL 14 day old bird greu The use of an innate immune
gene specific microarray would be a good startiogtpto determine if the line X birds
do generally exhibit very different gene expresspatterns compared to the other two
lines of birds. Potentially additional AvBD genesuld be included to provide a more
detailed picture. The interest in anti-microbiajpfides is increasing as links are made
with specific disease are elucidated and the hli of these peptides becomes clearer.
Commercial interest is also increasing with theedigment of products impregnated
with AMPs being developed and tested. Further stigation into the full role and
benefits of AMPs needs to be performed so thatessfal treatments and breeding
strategies can be applied to the livestock settmigthis study has given further insight

into the role and function of such peptides in kaicbroilers.
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Appendices:

Appendix |: Plasmid maps

A) pBlue TOPO used for cloning 18S genefor qRT-PCR (I nvitrogen)

Hhal
Apal
Frme I*

MNot |
Xhol

Comments for pBlue-TOPO"
7793 nucleotides

T7 promoteripriming site: bases 17-35
TOPO" Cloning site: bases 118-117

ATS inttiation codon: bases 143-145 * These sites are not unique but may
Faolyhistidine region: bases 155-172 be usad to excize the PCR product.

LacZ Reverse priming site: bases 173-181 The Pme | sites may be uzad to excise
: = ! the reporter cassette, providing there

Xpress™ epilope: bases 212-238 are ne Pme | sites in the PCR product.

Enterchkinase recognition site: bases 221-235

LacZ ORF: bases 204-3313

BGH polyadenylation sequence: bases 3388-3613

f1 origin: bases 3652-4087

EW40 prormoter and ongin: bases 41414423

Meomycin resistance gene: bases 4488-5282

EV40 polyadenylation seguence: bases 5405-5506

pUC origin: bases SBTE-8552 (complementary strand)

Armpicillin resistance gene: bases GTE7-TEET (complementary strand)
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B) pRSETA used for cloning AvBD1 and 10 for hyper-expression (I nvitr ogen)

tl

Pueu ll

fBamH |
EcoR |
BsiB |

Hind 111

Bglll

e -
L4 g3

O oo e [ e e e [0

Comments for pRSET A
2897 nuclectides “erslon C dosa not contain Sac |
TT promofar: basas 20-39

GxHis g: bases 112-129

T7 gana 10 leadar: bases 133-162

Xprass™ apitopa: basas 160-182

Multipla cloning site: basas 202-248

TT ravarsa priming sile: basas 285314

TT transcriplion lBminator: basas 256-385

11 angin: basas 456911

Wa promoter: basas 943-1047

Ampicillin (bia) resistanca gana (ORF): basas 1042-1802

pUC ongin: basas 2047-2720 (C)
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Appendix Il: Vaccination protocols

A) Low hygiene environment

Name of Age Route of Disease Manufacturer
vaccine administered administration
(days)
Paracox 5 0 In feed coccidiosis Intervet,Schering
Pough Animal
Health
Corporation
Bursine 2 15 In water Infectious Fort Dodge
Bursal Disease
MAS 22 Aerosol Infectious Intervet,
bronchitis Schering Plough
Animal Health
Corporation
HB1 22 Aerosol Newcastle Lohmann
Disease Animal Health
B) High hygiene environment
Name of Age Route of Disease Manufacturer
vaccine administered administration
(days)
Rismavac 0 subcutaneously | Mareks disease | Intervet,
Schering Plough
Animal Health
Corporation
Paracox 5 In water coccidiosis Intervet,
Schering Plough
Animal Health
Corporation
NobilisRhino | 11 Aerosol Avian pneumo | Intervet,
Ccv viruses Schering Plough
Animal Health
Corporation
IB primer 21 Aerosol Infectious Fort Dodge
bronchitis
HB1 21 Aerosol Newcastle Lohmann
Disease Animal Health
TAD 25 In water Infectious Lohmann
Gumboro Bursal Disease | Animal Health
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Appendix I11: LC/M Sdata from two samples analysed

This datais with the live links to mass spectrometry findingsis on the enclosed CD Rom.
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