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Introduction

Animals are confronted with a wide variety of pathogens due to their microbe-rich

environment. Hence, the fundamenta role of immune system is to recognize the invading
pathogens and to initiate an effective immune response. The immune system has traditionaly
been divided into innate and adaptive components, each with a different function and role.
Onceinnateimmune system was perceived as amiscd laneous collection of cellsand molecules
which attack microbes in a non-specific manner before the more eegant adaptive immune
systemn takes over. However, now it is seen as afundamentd director of the overall response
to infection, both as a sophisticated barrier in itself and as a potent activator and mediator of
the adaptive immune response.

Adaptive immune system relies on the generation of random and highly diverse
repertoire of antigen receptors. the T and B cdll receptors with relevant specificities. Clond
expangon, amgor mechanism involved in adaptive immune responseisrelaively dow, taking
daysbefore enough effector cellsand their products can be produced. In contrast, the effector
mechanismsof innate immunity are activated immediately after infection, with theamto control
the replication of infecting pathogen & the site of entrance. The time window of activation of
antigen specific effective adaptive immune response is taken care by innateimmune receptors,
which provide firgt line defense againgt invading pathogens.

Innate immune mechanismsinclude direct bactericidd activities, such as phagocytoss,
production of reactive oxygen and nitrogen intermediates (ROl and RNI respectively), secretion
of antimicrobial peptides, activation of the aternative complement pathway and pro-
inflammatory immune modulators (Werling and Jungi, 2003). Innate immune receptors are



Introduction

aso known as pattern recognizing receptors (PRRs) and classified as secreted/ soluble (for
example lectin binding protein, mannose binding protein) and cdl associated PRRs, which
include surface receptors like tollHike receptors (TLR), cytoplasmic receptors like NOD like
receptors (NLRs) and RIG-1 like receptors (RLRs) (Medzhitov and Janeway, 1997; Takeda
et a., 2003; Akira, 2004; Creagh and O’ Neil, 2006).

Theseinnateimmune receptors/PRRs recogni ze highly conserved molecular structures
in microbes known as pathogen associated molecular patterns (PAMPS). PAMPs include
various components of pathogens such aslipopolysaccharides (L PS), peptidoglycans, flagdlin,
bacterid DNA and vira double stranded RNA that are shared by many pathogens but not
expressed by hosts. Moreimportantly, PAMPsare evolutionarily conserved in pathogensand
critical to pathogen’ s function, hence cannot be eiminated or changed through mutation.

Tall-like receptors (TLRs) are important members of PRR family and recognize a
wide range of PAMPsin an efficient, non sdf-reactive manner to initiate a complex sgnaing
cascade to activate various transcriptional factors and pro-inflammatory cytokines. Effector
mechanism of TLR pathway includes phagocytos's, production of ROI & RNI, secretion of
antimicrobid peptides and activation of dternate complement pathway and findly culminatein
initiation of adaptiveimmune response by up regualtion of co-gtimulatory molecules (Medzhitov
et al., 1997; Takeda and Akira, 2004; West et al., 2006).

Drosophila Tall (dTall) was the first member of the TLR family to be identified and
wasinitidly characterized asadeve opmentd protein governing theformetion of dorsa-ventra
axisin Drosophila (Stein et al., 1991). However, subsequent studies reveded that dToll aso
play a key rale in triggering innate immune regponses againg fungd infections in adult flies
(Lemaitre et al., 1996). To date, 10 human and 12 murine transmembrane proteins have been
shown to belong to themammaian TLR family (Akira, 2001; Zarember and Godowski, 2002).
Only in the lagt few years good progress has been made in identifying TLRs in different
domestic anima gpeciesincluding chicken.

Polymorphisms and mutations in these receptors have been implicated in disease
res stance/susceptibility of chicken (Leveque et al., 2003). The associations of various TLR
polymorphismswith disease res stance/susceptibility will be of useful asmolecular markersfor
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selecting stocks for the improvement of disease resstance. Moreover, different TLR ligands
have been shown to possess immuomodulatory effect (Taghavi et al., 2008; Mackinnon et
al., 2009a; Dar et al., 2009), hence they might be a potentid future molecular adjuvant in
veterinary fied. Further, modulation of innate immune response of foetus by dtering TLRgene
expresson by using purified/ synthetic TLR agonists have been attempted with success in
various species including chicken (Kramer et al., 2009; Jenkins et al., 2009). In addition
recent evidencesindicate their extended role during embryonic development (Kogaand Mor,
2010; Kannaki €t al., 2011).

A critica outcome of TLR gimulation is the induction of expression of antimicrobia
peptides (AMPs) (Birchler et al., 2001). AMPsarethe direct effector molecules of theinnate
immune system that kill pathogens on surface through disruption of bacterid membranes (Wu
et al., 1999). Defendins, asubset of AMPs, are smdl cystein-rich cationic peptides provide a
broad pathogenic defense againgt bacteria, viruses, fungi aswell asagaing protozoan parasites.
In addition, recent studies have proposed additional roles for these peptides including
chemoattraction of immune cells and modulation of specific immune response. The
immunomodulatory role exhibited by the defensin group of peptides offer strong prospectsin
developing them as molecular adjuvant (Tani et al., 2000; Biragyn, 2005).

It has been well established that different chicken lines and strains vary in resistance/
susceptibility to diseases. TLRgeneexpressonisaso reported to vary among different chicken
lines (Abasht et al., 2008, 2009). Indigenous chicken isconsidered to be more disease resistant
than commercid layer and broiler (Routet al., 1992). Indigenous chicken breedsare geneticaly
distinct from other breeds (Wimmerset al ., 2000) having better immune competence supported
by higher complement activity, higher serum lysozyme level and antibody response (Kundu et
al., 1999; Haunshi and Sharma, 2002; Baelmanset al., 2005a). Further use of these populations
in crossbreeding programs designed to creete genetic stocks with improved immune status
could be emphasized (Zekarias et al., 2002). Immune indicators such as MHC haplotype
(Badimans et a. 2005h), cdl mediated immune response, antibody immune response and
serum complement levels (Dorny et al., 2005; Fathi et al., 2008) have been studied in native
chickens, whereasnoinformationisavailable regarding TLRsand defensins. Greeter emphasis
on egg production and weight gain by modern breeding programmes | eft the commercia stock
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immunologicaly underprivileged. Although chicken strains show differencesin susceptibility to
anumber of diseases (Zekarias et al., 2002) the underlying immunologica bassis yet to be
elucidated.

In recent years considerable attention has been given towards the immunobiology of
domestic ducks (Anas platyr hynchos), asthey arethe mgor carriers of the highly pathogenic
avian influenza virus (Webgter et al., 1992; Guan et al., 2007). Ducks are the primary host
and naturd reservoir of influenza. Avian influenzaH5N 1gtrains, which are highly pathogenicto
chickensrarely harm ducks (Hulse-Pogt et al ., 2005). Theimmunologicd basisfor the difference
in susceptibility to influenza between these two species remains to be eucidated. Moreover
duck is congdered as better anima models available for studying chronic hepatitis B, amaor
hedth problem of human with more than 350 million carriers existing worldwide (Blumberg,
1997). There is a paucity of information on the mediators of immune response in domestic
ducks, induding thet of innate immunity.

Consdering the dl available facts and gap of knowledge in innate immune system this
study was undertaken with the following objectives.

1 Expresson profiling and comparative quantification of TLRs and 3 defensins mRNA
expression levels in a range of tissues of Indian native chicken breeds (Ased and
Kadaknath) and domestic duck (Anas platyrhynchos).

2. Molecular characterization of TLR genes of Indian native chicken breeds (Ased and
Kadaknath) and domestic duck (Anas platyrhynchos).

3. Functiona characterization of duck TLRsby in vitro specific ligand stimulation sudies.

4, Cloning and prokaryotic expression of avian [3 defensin protein.

&5 S e
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2.1. Chicken toll-likereceptors (TLRS)

Chicken TLR repertoire conggts of ten genes namely TLR1LA, TLRILB, TLR2A,
TLR2B, TLR3, TLR4, TLR5, TLR7, TLR15 and TLR21 gmilar to that found in human and
two fewer than mouse (Boyd et al., 2001; Fukui et al., 2001; Levequeet al., 2003; Lynn et
al., 2003; Smith et al., 2004; Igba et al., 2005a; Philbin et al., 2005; Roach et al., 2005;
Yilmez et al., 2005; Higgs et al., 2006; Keestra et al., 2007; Temperley et al., 2008).
Phylogenetic anayzes show thesetoindude six orthologs of mammasandfish, onefish ortholog
and three uniqueto chicken (Temperley et al., 2008). Chicken TLRs3, 4, 5 and 7 aredirectly
orthologus to those found in other vertebrates. The chicken TLRs show a pattern of gene
duplication and genelosswhen compared to mammals. In particular, avian specific duplication
of both TLR1 and TLR2 was observed. The duplicated genes, TLR2A and 2B found in chicken
are both orthologs of the single TLR2 of mammas. Interestingly, there are remnants of second
disrupted TLR2 like geneintandem with functiond TLR2 genein miceand humans. Hencethe
duplication of TLR2 gene might have occurred prior to the divergence of mammals and birds
and subsequently logt its functiondity in mammdian lineage. Chicken TLR21 isan ortholog of
TLR21 in fish and amphibians. It gppearsthat TLRs 1LA, 1LB and 15 are unique to chicken
(Temperley et al., 2008). The chicken genome appears to miss anumber of TLRswhich are
present in most mammas. The TLR7, 8 and 9 subfamily is present in fish and mammasbut is
only represented by TLRY7 in chicken (Igba et al., 2005a; Smith et al., 2004; Yilmaz et al.,
2005). TLR1 and 2 underwent gene duplication in chicken, whereas TLR8 and 9 have been
lost during the course of evolution. A wide set of TLRs are expressed by immune cdlssuch as
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meacrophages, dendritic cdls and B cdlls as well by non-immune cells such as epithdid cdls
which are located at the pathogen entry site (Igba et al., 2005a).

2.1.1. Expression profile of chicken TLRs

TLRsareexpressad by awidevariety of tissuesand cdll types, wherethey arepecidized
to discriminate between varieties of microbid components. Tissue, cdlular locdization and
digtribution of TLRs influence the type of immune response dicited. Mogt tissues express a

least one TLR; many tissues express numerous TLRs (spleen and peripheral blood
lymphocytes).

Chicken heterophilsexpress TLR1, 2, 3,4, 5and 7. TLR1, 3and 6 are expressed in
blood, kidney, liver, lung, oviduct, smdl intestine (91, large intestine (L 1), testis, gpleen, tongls,
bursaand thymus (Kogut et al ., 2005a). TLR2 wasexpressed in spleen, tondils, bursa, blood,
liver, oviduct and intestine (Yilmaz et al., 2005; Igbal et al., 20058). Smilar to mammals,
chicken monocytes and macrophages are the cdll types for TLR4 expresson. TLR4 was
highly expressed in tissues rich in macrophage like cells such as spleen, tons| and liver (Igbd
et al., 20053). In another study, TLR4 expression was found broadly expressed in the brain,
thymus, kidney, intestine, muscle, lung, liver, bursa, heart and spleen (Leveque et al., 2003).

TLR5 washighly expressad in intestine, tonsils, lung, liver, kidney, soleen, heart, testis
andimmunecdls(Igbd et al., 2005a; Levequeet al., 2003). TLR7 wasfound highly expressed
in the lymphoid associated tissues (Spleen, bursa and tonsls), lower in gut associated (S,
caecum and colon) and other tissues (thymus, bone marrow, heart, lung, liver, kidney and
oviduct) and no TLR7 expresson was found in brain, muscle, testis and skin (Philbin et al.,
2005). TLR15 was found abundantly expressed in bone marrow and bursa of Fabricius and
moderately in spleen, liver, S, tongue and caecum (Higgs et al ., 2006). Subedi et al. (2007)
showed differentid expresson of TLRs by developing follicle and up regulation of TLR4 in
response to LPS adminigiration. Chicken TLRs, nomenclature, expression profile and their
ligand specificitiesare given in Table 2.1.

2.1.2. Molecular structure of chicken TLRs

TLRs beong to a family of type -1 transmembrane receptor characterized by an
extracdlular amino terminuswith leucine-rich repeat (LRR) domain and anintracellular carboxy-
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termind tail containing a conserved region cdled the Tall/ interleukin-1 receptor homology
domain (TIR) (Rock et al., 1998). LRRsin the extracdlular domain vary in number among the
members, involve in ligand-binding and required for TLR dimerization upon ligand binding.
The intracellular TIR domain region spans over 200 amino acids and contains three highly
conserved regions (Hajar et al., 2002). The TIR domain mediates protein-protein interactions
between the TLRs and signal transduction components.

Although al TLRs have smilar basc sructurd features, mild variations have been
reported. The predicted structure of chicken TLR1LB and TLR7 has been shown to have an
additiond transmembrane (TM) domain towards N- terminus whereas mgority of TLRshave
asingle TM domain between the extracdlular and intracdllular domains (Yilmaz et al., 2005;
Temperley et al., 2008). The predicted structure of TLRILB is smilar to that of TLR1LA
except for the two missng LRRs at N-terminus.

2.1.3. Chicken TLR15

Chicken TLR15 is avian specific and unique to chicken (Higgs et al., 2006). TLR15
gene is 2607 bp long with single exon located in chromosome no 3 (location 2945856-
2948462). Although the basic structureis conserved, it hasthe unusud feature of many LRRs
clustered towards the C-terminus of the receptor and few at the N-terminus (Temperley et
al., 2008). Recently Cormican et al. (2009) identified TLR15 homologusto chicken TLR15
by in sllico andyss in Zebra finch (Taeniapygia guttata), a member of Passeriformes of
avian lineage. TLR15 was firgt identified as being up-regulated, together with TLR2 in the
cecum of chickensafter infection with Sdmondla(Higgset al ., 2006), suggesting infiltration of
cdls expressing these TLRs. In addition, TLR15 was up-regulated in embryonic chicken
fibroblagts after incubation with heet killed Salmonella spp. The agonistsof TLR15 remainto
be determined. However, there are substantial evidences that suggest that TLR15 recognizes
components of Salmonella spp. (Nerren et a., 2009, 2010). Nerren et al. (2010) reported
TLR15 to be up-regulated in heterophilsby heet killed Gram-negative or Gram-positive bacteria,
but not by any of the known TLR agonigs. Interestingly, heterophils isolated from broiler
chickenswith relative res stance to infection by Salmonella, Enterococcus, and Campylobacter
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demondtrated sgnificant up-regulation of chicken TLR15 after simulaionwith liveSalmonella
p., when compared with heterophilsisolated from a susceptible line of chickens (Nerren et
al., 2009), suggesting TLR15 may play animportant rolein protection againg bacterid infection
in chicken. Expresson of TLR15 gene has been demondtrated in both lymphoid and non-
lymphoid chicken tissues and was lower in neonates and chicken embryos (Brownlie et al.,
2009; Higgset al., 2006; Meadeet al., 2009a). However, TLR15 of other avian speciesare
yet to identified and characterized.

2.14. TLRsand their ligands

TLRs recognize the specific microbid patterns and have ligand specificity. So while
individudly, each TLR respond to limited ligands, collectively the family of TLR can respond
to awide range of proteins associated with bacteria, viruses, fungi and parasites. Till now, ten
TLRs have been identified in chicken and their ligands have been known for most of them.
Chicken TLR2B was shown to act as areceptor for lipoprotein and able to recognize LPSin
the presence of MD-2 smilar to human TLR2 (Fukui et al., 2001). TLR3 recognizes double
granded RNA (dsRNA), associated with vird infections (Alexopoulou et al., 2001). HEK -
293 cdls expressing chTLR3 were shown to respond to poly (1:C), but not TLR7 or TLR9
agonists, usng aNF?B reporter (Schwarz et al., 2007), thus confirming chicken TLR3 asa
receptor for TLR3 agonists. TLR4 istheprincipa receptor for lipopolysaccaride (LPS), which
isamgjor component of outer membrane of gram-negetive bacteria. The LPS receptor complex
consists of TLR4, CD14 and MD-2 (Poltorak et al., 1998). Chickens are markedly less
sengtive to endotoxin ddivered systemically than mammalian species (Adler and DaMasss,
1979), and it has been suggested that thismay be due to absence of a TRIF/TRAM-dependent
TLR4 sgnding pathway in chickens, no clear orthologs to either TRAM (dso known as
TICAM-2) or LBP(LPShinding protein) have beenidentified in the chicken genome (Cormican
et al., 2009; Keestra and van Putten, 2008).

Chicken TLR5 recognizes flagdlin, a monomeric subunit of bacterid flagdla from
both Gm (+) and Gm (-) bacteriaasin mammals and fishes (Igbd et al., 2005b; Keestra et
al., 2008). TLRs 7, 8 and 9 comprise the TLR7 family that is implicated in intracellular
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recognition of nucleic acids. Chicken TLR7 and mammadian TLR8 have been reported to
respond to R848, Poly (1:C), loxoribine and imidazoquinoline compoundswith antivird activity
(Jurk et al., 2002; Philbin et al., 2005). Ectopicaly expressed chicken TLR7 in HEK-293
cdlls simulated by dther of the TLR7 agonigts, Imiquimod or Gardiquimod, resulted in NF-
B activation (Brownlie et al., 2009). Although chicken TLR15 has been sequenced and
differentid expression in varioustissues has been reported, ligand specificity of thisTLR isill
unknown. AsTLR15isreported to be avian specific and distinctly present in avesin evolutionary
map their gpecific role needsto beexplored. In mamma sunmethylated CpG-DNA and synthetic
oligodeoxynucleotides (ODNs) are well established ligand for TLR9O which is predicted to be
absentinchicken (Yilmazet al., 2005; Temperley et al., 2008). However, smilar to mammaian
gpecies chicken shows marked immunologica responsesto CpG -ODNsbothin vivoandin
vitro (Taghavi et al., 2008; Mackinnon et al., 2009a; Dar et al., 2009). Only recently chicken
TLR21 was demondrated to act as a functiond homologue to mammalian TLR9 in the
recognition of CpG-ODN and bacterid genomic DNA (Brownlieet al., 2009; Keestraet al .,
2010). However, in contrary a recent study (Ciraci and Lamont, 2011) demondtrated that
rapid responseto multiple classes of CpG-ODNsrequiresmorethan onespecific TLR. Severd
receptorsincluding TLR15, TLR21 and TLR2 respond to CpG-ODNsin asequence-specific

manner and potentid cross-talk may exist among them.

Different TLRs seem to play crucid rolesin the activation of the immune response to
PAMPs. TLR1, TLR2, TLR4 and TLR5 tend to specidize in the recognition of bacteria
components present on the outer surfaceswhereas TLR3 and TLR7 specidize in recognizing
nucleic acids especialy of vird origin. Strategicaly these TLRs (3 and 7) are located in
intracdllular late endosomes—ysosomes compartment enabling them to differentiate host vs.
pathogen nucleic acids (Kannaki et al., 2010b; Brownlie and Allan, 2011). In spite of this
specificity for the receptor ligand-binding, sudiesindicate that overdl innate immune response
isthe sum of sgnds generated by the interaction of multiple TLRs

2.1.5. Functional characterization of avian TLRsby in vitro studies

Heet al. (2006, 2011) demonstrated strong induction of inducible nitric oxide synthase
MRNA (iINOSmMRNA) and nitric oxide (NO) production in chicken monocytes by agonists of
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TLR2,4and 9[lipoteichoicacid (LTA), lipopolysaccharide (L PS) and CpG-ODN respectively]
by an invitro study. As reported by Kogut et al. (2005b) TLR2 agonist like lipopeptide and
peptidogycan (PGN), TLR4 agonig-LPS, TLR-5 agonist flagellin induces a significant up-
regulation of IL-13 and IL-8 when compared to non stimulated control heterophils. TLR3
agonist Poly I: C and TLR7 agonist loxoribine (LOX) induces asgnificant down regulation of
IL-13 and IL-6. Tall-likereceptor agonist simulatesdifferentia functiona activation and cytokine
and chemokine gene expression in heterophils isolated from chicken with differentid innate
responses (Kogut et al., 2005b; He et al., 2006, 2007).

2.1.6. Variation in disease resistance among chicken breedd lineg/strains:

Variaion inimmune response during the course of infection isatributed to the difference
in disease susceptibility (Zekarias et al., 2002). It has been well established that different
chicken lines and drains vary in resistance/susceptibility to diseases TLR expresson aso
reported to vary among different lines (Abasht et al ., 2009). It has been observed that TLR5
which recognizes bacterid flagdlin was highly expressed in heterophils of Kadaknath chicken,
whereas TLR3 gene expresson was found higher in White Leghorn in comparison with other
pure lines including Dwarf, Naked neck, White Leghorn and Ased (Kannaki et al., 2010a).
Sgnificant genetic line effect was found on TLR expresson in the soleen of S. enteritidis
infected chicken which might be due to gene polymorphisms or varying number of receptors
on theimmune cdls (Dil and Qureshi, 2002). Chicken TLR4 geneis polymorphic and located
in the genomic region associated with the resstance/susceptibility of chicks to Salmonella
enterica serovar Typhimurium (Leveque et al., 2003; Dil and Qureshi, 2002). The authors
also demonstrated TLR4 to be required for LPS mediated iNOS induction in chicken
macrophages. The relative number of TLR4 receptor molecules on the macrophage surface
varies between chicken strains, thereby varying the expression of LPS binding receptorsamong
grains(Dil and Qureshi, 2002). Single nucleotide polymorphismsin TLR4 genewereidentified
and their association with Salmonella enteritidis has been established (Malek et al., 2004).
Theseresults could potentialy be used as markersfor phenotypic variation in marker-assisted
selection to enhance response to Salmonella spp.
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Indigenous chicken is considered to be more disease res stant than commercid layer
and broiler (Rout et al., 1992). Indigenous chicken breeds are genetically distinct from other
breeds (Wimmers et al., 2000) having better immune competence supported by higher
complement activity, higher serum lysozymeleve and antibody response (Kundu et al ., 1999;
Haunshi and Sharma, 2002; Baemanset al ., 20053, 2005b). Further use of these populations
in crossbreeding programs designed to creete genetic stocks with improved immune status
could be emphasized. Broader expression profile of TLR repertoire has been reported only in
White Leghorn birdsimplying their potentid role in pathogen recognition (Igbd et al., 2005z,
Kogut et al., 2005a).

2.1.7. Chicken toll-like receptor s gene expression during microbial infection

Theexpressionlevelsof TLRsin chickensafter bacteriad and vird chdlenge have been
reported by many studies. Up regulation of chicken TLR2B, TLR3 and TLR15 mRNA inthe
caecum of Salmonella enterica serovar Typhimurium infected chicken and in chicken
embryonic fibroblasts following stimulation with heet-killed Salmonella enterica serovar
Typhimurium have been reported (Higgset al ., 2006). Interestingly, down regulation of TLR5
gene expression was observed after Samonelainfection (Igba et al., 2005b; Abasht et al.,
2008) in chicken gut epithelid cells, most likely attributed to negative feedback needed to limit
overdimulation in an area of high bacteria colonization. The gene expressons of TLR4 and
TLRY7 were up regulated in spleen of chickens chalenged with Clostridium perfringens (Lu
et al., 2009) but could not gppreciate Sgnificant changes in myeloid differentiation factor 88
(MyD8B8) or tumour necrosi sfactor receptor-associated factor 6 (TRAF6) pathway molecules
quantified by red-time PCR. The authors have hypothesized that chicken TLR may not signd
through MyD88 pathway as TLR2 do in mammals, which is contrary to the highly conserved
nature of innate immune system. The gene expresson of TLR3 and TLR7 was enhanced in
responseto Marek’ sdisease virusinfection in the chicken lungs (Abdul-Careem et al ., 2009).
TLR1 gene expression was decreased and avian beta-defensin (AvBD) gene expression
(AvBD3, AvBD10 and AvBD12) was sgnificantly increased in response to Salmonella
infection. In contrast, Campylobacter infection increased TLR21 geneexpresson but sgnificantly
reduced the expression of seven antimicrobia peptide (AMP) genes(AvBD3, AvBD4, AvBDS,
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AvBD13, AvBD14, Cathdlicidins 2 and 3) (Meade et al., 2009b). Significant increase in
TLRS5 and TLR15 gene expression was detected in response to S, Typhimurium but not to C.
jejuni. TLR4 and TLR21 gene expression were transgently increased in response to both
bacterid species. The differentid expresson profile of innate immune genesin both infection
models shed light on the tailored responses of the host immune system to specific microbes
(Shaughnessy et al., 2009). TLR7 mediated | L-4 secretion was reported in chickensinfected
by low-pathogenicity avian influenzavirus HON2 (Xing et al., 2008).

After infection of broiler chickenswith Clostridium perfringens, increased expression
was observed for the TLR2-family, TLR4, TLR15 and TLR21, as well asfor severd TLR
adaptor moleculesin the soleen and ileum (Lu et al., 2009); significant increases of TLR5 and
TLR15 geneexpressonswere obsarved in the caecum of chickensafter infectionwith Sdmondla
(Shaughnessy et al., 2009); TLR3 and TLR7 gene expressonswere up-regulated inthelungs
of chickensafter infection with Marek’ sdisease virus, and thiswas associ ated with up-regulation
of pro-inflanmatory cytokines and macrophage infiltration (Abdul-Careem et al., 2009).
However, these results may reflect infiltration or proliferation of cells expressng these TLRs.

2.1.8. TLRsof other avian species

Mogt of the understandings about the avian TLR family are solely based on chicken
TLR family. Only few TLRs of other avian species (TLR4 of zebran finch, TLR7 of duck)
have been molecularly characterized (MacDonald et al., 2008; Vinkler et al., 2009). Philbin
et al. (2005) showed that disruption of TLR8 genewasfound in galiform bird speciesincuding
Red junglefowl, guineafowl, Japanese quail, pheasant and turkey, whereas non-gdliform bird
species like Pekin duck, goose, black swan, penguin and ostrich did not possess the CR1
element tested by nested PCR. Hence, it was concluded that disruption of TLR8 geneonly in
gdliform species might contribute to the difference in viral susceptibility. In contrast a recent
study (MacDonald et al., 2008) examined TLR8 gene organization of Pekin duck, a non-
gdliform bird species by sequencing genomic clone spanning the TLR7/8 locus and detected
only fragments of TLR8 gene and demonstrated insertion of CR1 eement between this gene

fragments. Further studies are warranted to explore TLR8 gene organization in other non-
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gdliform bird species. Both TLR7 and 8 are implicated in the detection of sngle stranded
virusesin mammas. TLR7 may beinvolved in detection of influenzavirusin birdsin theabsence
of functiond TLR8. The critica difference in susceptibility to influenza virus between ducks
and chicken remainsto beidentified. Only TLR7 and TLR8 have beeninvestigated in domestic
duck in a prdiminary sudy (MacDondd et al., 2008). Other TLRs and their expression
profile haveto beinvestigated. Recently TL R repertoire hasbeenidentified by in silico andyss
in snging bird' s (zebra finch) genome. Despite being digtantly related to the chicken, andysis
of zebra finch genome showed overdl conformity of TLR family and downstream sgndling
components (Cormican et al., 2009). Recently whole genome of turkey has been sequenced
and avalablein public domain (Ddloul et al., 2010). Draft genomeof duck isavailablein Pre-
Ensemble genome database (unpublished).

2.2. R-Defensins

Defendins are a group of smdl cationic peptides that play an important role in the
innateimmune system of vertebrates and invertebrates (Wong et al ., 2007). Defensnscondtitute
a large family of smal, cysteine-rich, cationic peptides that are capable of killing a broad
gpectrum of pathogens, including various bacteria, fungi, and certain enveloped viruses. The
avian antimicrobia activity of heterophils depends mainly on oxygen-independent mechanisms
such ascationic antimicrobiad peptidesand lysozyme asthey lack myel operoxidase, an essentid
enzyme for respiratory burst (Harmon et al., 1992).

In addition to their direct antimicrobia activities, immunomodulatory properties have
a0 been demongrated. Defensins can promote adaptive immunity by selective recruitment
by chemotaxis of monocytes (Territo et al., 1989), T lymphocytes (Chertov et al., 1996),
immature dendritic cdls (Yang et al., 1999) and mast cells (Niyonsaba et al., 2002) to the
gtes of inflammeation.

In the chicken genome, 14 genes coding for (3-defensins have been found in a dense
cluster located on the end of the 3"chromosome (393.5-93.7) (Lynn et al., 2004; Xiaoetal.,
2004). These genes consst of four exons (E1-E4), E1 coding for 5 UTR, E2 the signd
peptide and a part of the propiece (i.e. the part of the prepeptide that islater cleaved off to get
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the mature peptide), E3 codes for the rest of the propiece and the mature peptide and the
fourth exon codesfor the 3 -UTR. 3-defensins are expressed and excreted by neutrophilsand
epithdia cdlslining various organs (van Dijk et al., 2008).

2.2.1. Expression profile of 3 defensinsin chicken:

In the chicken, the tissue-specific pattern seemsto vary across the different defensin
genes with some showing expresson in awide array of tissues (e.g. AvBD9 expresson was
found in 22 different tissues, ranging from brain to different intestines and testis) (van Dijk et
al., 2008) whereas other seem to have more limited expression patterns (e.g. AvBD8 with

expresson only observed in the liver and gall-bladder).

AvBD4—7 are strongly expressed in bone marrow, whereas weak or no mRNA
expression was found for AvBD4—7 in heterophils (Xiao et al., 2004; Lynn et al., 2007). In
therespiratory tract, high 3-defensin expression was observed for AvBD3 (Zhaoet al ., 2001)
and AvBD9 (van Dijk et al., 2007) in trachea. In lung tissue moderate to strong expression
was found for AvBD1 and 2 (Lynnet al., 2004; Zhaoet al., 2001). In the proxima digestive
tract, strong expression was observed for AvBD3 and 5 (Lynn et al., 2004) in tongue and
AvBD9 (van Dijk et al., 2007) in esophagus and crop tissue. The high expresson levels of
AvBD9 in adult chicken crop tissue and its variable expresson in juvenile broilers indicate an
important role of AvBD9 in crop tissue defense (van Dijk et al., 2007). Developmental
expresson sudies of chicken AvBD4 mRNA using 1, 4, 17 and 38-day-old anima s showed
AvBD4 expression to be maxima within the first week post-hatch and to decline thereafter
(Milonaet al., 2007). Considerable AvBD13 mRNA expresson wasfound in smdl intestinal
tissue, liver and gdl bladder (Higgset al ., 2006). Smilarly, moderateto high mRNA expresson
in liver (and gdl bladder) was found for AvBD8, 9, and 10 (Higgs et al., 2006; Lynn et al.,
2004; Xiao et al., 2004) which may reflect an important role of avian 3-defenansin the liver
during systemic infections. Moderate AvBD1 and 2 expression was observed in caecal tissue
of 3—-7-week-old (Sadeyen et al., 2004) and 30-week-old chickens (Sadeyen et al., 2006).
The contrast in [>-defensin expression levels between bursa of Fabricius, spleen and thymus,
bursa>>gpleen > thymus might be due to their location (van Dijk et al., 2008).
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2.2.2. 3-defensins of other avian species

Recently, [3-defensin-2 homologue from domestic ducks has been identified from the
cDNA library congtructed by subtraction cloning technique. Further antibacterid activity aganst
both Gram-positive and Gram-negative bacteria, chemotactic activity on DT-40 cells and
immunomodulatory activity has been demongrated (Soman et al., 20093, 2009b; Maet al.,
2009a,b). 3-defensnsare dso identified in turkey (Evanset al., 1994), ostrich (Sugiarto and
Y u, 2006) and king penguin (Thouzeau et al., 2003).

2.2.3. Structur al features of avian defensins

Deduced primary amino acid sequencesfor avian maturedefensinsindicate that, asmilar
to mammadian 13 defensins (Pazgier et al., 2006), these peptides consst of 36 aa or more
residues with the consensus sequence motif: xn-C-x2—4-G-x1-2-C-x3-5-C-x9-10-C-x5—
6-CCxn. Theoverdl fold consisted of athree-stranded b-sheet and ana helica N-terminusin
the structure and contained a hydrophobic patch (Phe®-Pro-1le?2-Val*’-Trp®), shown by
comparative structure andysis to be well but not srictly conserved in other avian defenains.
Some avian 3-defensin genes, eg. AvBD3, 11 and 13, contain alarge postpiece, athoughthe
AvBD 13 nucl eotide sequence reported by Higgset al. (2005) lacksthis postpiece suggesting
that there might be strain-specific splice variants or isoforms of the AvBD13 gene (Higgs et
al., 2005). Comparative anadysis of the nucleotide sequences of chicken and turkey AvBD3
(91% identical on a nucleotide levd), the latter of which lacks a postpiece, reveded that a
two-base insertion just before the chicken AvBD3 origina stop codon, causes a frame shift,
and an additiona 15 bp insertion was responsible for the generation of an anionic postpiecein
chicken AvBD3 (Zhao et al., 2001).

2.2.4. Cloning and expression of avian defensins

Although initidly expresson of the antimicrobia proteins in recombinant form in
prokaryotic system was conddered difficult dueto their toxicity to bacterid cdlls (Pierset al .,
1993), recently some researchers demonstrated the recombinant expression in prokaryotic
system. Chicken defensins 8 and 9 has been cloned and expressed in E. coli as incluson
bodies (Ma et al., 2008). Higgs et al. (2007), cloned and expressed AvBDS in E. cali.
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Recently Soman et al. (2009a) expressed duck defensin-2in both prokaryotic and mammalian
cdl culture system.

2.2.5. Antimicrobial activity of avian defensins

The mogt distinct molecular feature of defensinsistheir high pl vaue, ranging from +6
to +12 as monomers, manifested by abundant arginine and lysine residuesin their sequences.
They kill microorganisms through permesbilization of the microbia membrane composed of
negatively charged components such as phospholipids, teichoic acids and lipopolysaccharides.
It is believed that eectrodtatic interactions dictate not only the uptake of cationic defenans
across the bacterid cdl wal but aso their ability to permeabilize the cytoplasmic membrane
and to induce leakage of cdlular contents (van Dijk et al., 2008).

Evanset al. (1995) demongrated bactericidal and fungicidd activity of chicken and
turkey heterophil AvBD1, at peptide concentrations of 0.4-3.4 uM and 0.4-1.8 uM,
respectively, against avian pathogens. However, these peptides were not able to kill P.
multocida or neutraize infectious bronchitis virus, an enveloped coronavirus of chickens. A
(20 &) fragment of turkey AvBD2 inhibited the growth of S. aureus, but not of E. coli (Evans
et al., 1994). Synthetic chicken AvBD9 peptide showed strong microbicida activity against
the Gram-negative bacterium C. jejuni (3.7 uM), Gram-positive bacteria, C. perfringens, S.
aureus (1.9-3.7 uM) and the yeasts C. albicansand S. cerevisiae (1.9 uM), but was less
potent againgt E. coli (7.5 pM) and not bactericidd against S. Typhimurium (>30 pM) (van
Dijk et al., 2007). In contrast, synthetic chicken AvBD13 peptide was only bactericidal at
high peptide concentrations againgt L. monocytogenes (114 uM) and S. Typhimuriumwild-
type (114 uM) and aS. Typhimurium Pho P mutant (57 pM), wheressinhibition of E. cali, S
aureus and S. pyogenes a peptide concentrations of 57 UM was negligible or absent (Higgs
et al., 2005).

Inradia diffuson assays, odrich heterophil [>-defensns, AvBD1, 2, and 7, efficiently
inhibited thegrowth of E. coli O157:H7 and methicillin-resstant S. aureus strain 1056 (MRSA)
with minimum inhibitory concentrations (M1C) ranging from 0.2 t0 0.6 uM (Sugiarto and Yu,
2006). Ostrich AvBD8 wasless potent against these bacterid strains(MIC, 2.4 uM), whereas
only Odtrich AvBD1 was fungicidd againg C. albicans.
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Andyssof thesomach contentsof maeking penguinsreveded numerousantimicrobia
activities, including the avian [>-defensin peptides AvBD103a and AvBD103b, which are
identical with the exception of an Arg residue instead of a His resdue a position 14 for
AvBD103h. Synthetic penguin AvBD103b peptide displayed potent bactericd activity against
Gram-poditive bacteria (K. rhizophilae, Bacillus spp., Staphylococcus spp., N. asteroides
and A. viridans), with the exception of S. saprophyticus, a peptide concentrations less than
4 uM (Thouzeau et d., 2003). Mainly bacteriostatic activity was observed for AvBD103b
agang Gram-negative bacteria, dthough it displayed bactericidd activity againgt an E. coli
grain. In contrast to its impotence againg Candida glabrata (>100 uM) and Candida
albicans (50-100 puM), the yeast Candida tropicalis and filamentous fungi Neurospora
crassa and Aspergillus fumigatus were efficiently killed (3-6 uM) by AvBD103b.

25 &S es
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3.1. Materials
3.1.1. Chemicals

Standard molecular biology grade and andytica grade chemicasand reagents procured
fromMerck (Germany), SRL (India), Qiagen (Switzerland), Ambion (USA), Amresco (USA),
Promega (USA), Sigma-Aldrich (USA), MBI Fermentas (USA), Chromous biotech (India)
and Bangdore Genel (India) were used.

3.1.2. Glassware and Plastic ware

All the glassware used for thisstudy werefrom Boros (India), Duran Scott (Germany)
and Corning (USA). They were thoroughly washed and Sterilized as per standard procedure.
All the plasticware were purchased from Axygen (USA) Nunc (Denmark) and Tarsons (India).
All the plagticware employed for RNA isolation and cDNA preparation weretrested overnight
with 0.1% Diethyl pyrocarbonate (DEPC) (MBI Fermentas, USA).

3.1.3. TLR agonists

Two commercidly avallable TLR agonigts, LPS from E. coli serotype 026: B 11
(Sigma-Aldrich, USA) and poly I: C, asynthetic dsSRNA analog (Invivogen, USA) were used
in this sudy.

3.14.Primers

All the primers used in this study were custom synthesized from IDT (USA) and ILS
(India). Gene specific primersused in thisstudy have been presented under gppropriate sections.
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3.1.5. Enzymes

Proteinase-K (Sigma-Aldrich, USA), RNase free DNase | (MBI Fermentas, USA),
Tag DNA polymerase (MBI Fermentas, USA), reverse transcriptase M-MuLV (MBI
Fermentas, USA), restriction enzymesviz., Ndel, Xho I, EcoRI and Hind111 (MBI Fermentas,
USA) were used in this sudy.

3.1.6. Experimental birds

Day old chicksof Indian native breeds Ased and K adaknath and inbred White Leghorn
and broiler (PB-1) breeds obtained from Project Directorate on Poultry, Hyderabad were
used in the study. Day old ducklings, turkey poults and 3-month-old Japanese quails were
purchased from Poultry science department, College of Veterinary Science, Hyderabad. Al
the chicks were maintained under standard conditions. All experiments were carried out with

the gpprova of Inditute Anima Ethics Committee,
3.1.7. Fertile chicken eggs

Fertilized White Leghorn eggs were obtained from hatchery of Project Directorate on
Poultry, Hyderabad and incubated at 37+0.5°C with 70-80% relative humidity.

3.1.8. Bacterial strains

Salmonella enterica serovar Pullorum, virulent field isolate, was obtained from the
Nationa Salmondla Center, Indian Veterinary Research Indtitute, India. Escherichia coli
grains DH5a (Promega, WI) and BL21 (DE3) (Promega, WI) were used for cloning and

recombinant protein expression studies.
3.1.9. Media and Buffers

Brilliant Green agar (Himedia, India) Luria Bertani (LB) broth and agar (Himedia,
India), RPMI-1640 growth medium (Sigma-Aldrich, USA) and newborn calf serum
(Invitrogen, USA) were used. The composition of media and buffers used in this study are

given in Appendix.
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3.1.10. Cloning and expression vector s

Cloning vector, pUC29 (Invivogen, USA) and expression vector, pET28a(Novagen,
WI) were used in the present study.

3.1.11. Software

Softwares such as DNA Star (Lasergene, USA), MEGA 4.0 (Tamuraet al., 2007),
CLUSTAL W (Larkin et al., 2007) and online free tools such as SMART program (http:/
smart.embl-heidelberg.de), TMHMM (Letunic et al., 2004; http://www.cbs.dtu.dk/service/
TMHMMY/), SignalP program (www.cbs.dtu.dk/service/SignalP) and BLASTP (http:/
www.nchi/blastP) were used. Draft genomes of duck (duckl) (http://pre.ensembl.org/
Anas_platyrhynchos/Info/lndex) and turkey (UMD 2.0) genomes (http://ensembl.org/
Meleagris_ gallopavo /Info/lndex) and gene sequences from NCBI were used.

3.2. Methods

3.2.1. Standard molecular techniques used in this study
3.2.1.1. RNA isolation

Tota RNA was extracted from each tissue sample (50mg) using Trizol reagent
(Invitrogen, USA), according to the manufacturer’ singtruction. Briefly the sepsare asfollows:

50mg of tissue sample was finely crushed and 1 ml of Trizol reagent was added and
kept at room temperature for 10-15 min.

Phase separation: 0.2 ml of chloroform was added and mixed vigoroudy for 10-15
seconds, kept at room temperature for 2-3 min and then centrifuged at 12000 g for 15
min for phase separation. After centrifugation two separate layers, upper agueous

phase and lower protein and Trizol phase were formed.

RNA precipitation: The agueous colourless phase of the solution was collected into a
new DEPC treated eppendorf tube and to that 0.5 ml of isopropanol was added to
precipitate the RNA by centrifugation a 12000 g for 10 min.

RNA washing: After precipitation, RNA was washed with 1 ml of 75% ethanol by
centrifugation at 7000 g for 5 min.
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Drying: After washing, the precipitate was air dried and then dissolved in 25 pl of
nuclease free water. To avoid the possble traces of genomic DNA, 5 ug of each
RNA sample was incubated at 37°C for 10 min with 5 U of RNase free DNase |
(MBI fermentas, USA), following this step DNase was inactivated by incubeation at
65°C for 10 min.

An aliquot of the total RNA was subjected to denaturing agarose gel (1%)
electrophoresis to assess the quaity and integrity of the RNA.

The purity and concentration of samples were checked using the Nanodrop
Spectrophotometer (ND 1000, Thermo Scientific, USA) by taking reading at OD,,
and OD,,, taken againgt 1ul nuclease free water as blank. The RNA samples that
showed the OD,, /OD, ., = 2 were free of protein contamination. The concentration

of total RNA was calculated asfollows:
RNA concentration (ug/pl) = OD,,, x (Dilution factor) x 40/1000
3.2.1.2. cDNA preparation

Firg strand cDNA was synthesized from RNA samples using oligo (dT) primer and
MUuUMLYV reversetranscriptase (MBI Fermentas, USA) in a 20 pl reaction mixtureasfollows:

Totd RNA (1 pg) 3u
Oligo dT,, (50 uM, 80 pl, Ambion, USA) 1
RNase free water (Qiagen, Germany) e

Theabove mixturewasincubated 70°C for 5min, snap cooled oniceand thenfallowing

reagents were added.
5X reverse transcription buffer 4l
Superasein (RNase inhibitor, 2001U/ul Ambion, USA) 1l
10 mM dNTP mix 2u

The mixture was incubated at 37°C for 5 min and then following enzyme was added.

Revert Aid M-MuLV-RT (200U/ul, MBI Fermentas, USA) 2
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Findly incubated at 42°C for 60 min followed by 70°C for 10 min and the cDNA was
stored at -20°C till further andyss

3.2.1.3. PCR amplification of R-actin using gene specific primer (cDNA checking)

The cDNA prepared was checked by PCR reaction with chicken Zactin specific
primersin areaction usng 10 pmol of each primer and 1ul of cDNA template. Thermal profile
congsted of aninitia denaturation at 94°C for 5 min, followed by 36 cycles of denaturation a
94°C for 30s, annealing at 55°C for 30sand extension at 72°C for 30s. The amplified products
were checked in agarose gd. Briefly, 5 pl of each PCR product was andlyzed in 1.25%
agarose gel containing ethidium bromide (0.5 pg/ml). The gelswererun a 80V for 45-60 min
and visudized under UV illuminator (UVP, USA).

3.2.1.4. Quantitative analysis of gene expression by real-time PCR

Rdative quantification of gene expresson in tissue samples was done by red-time
PCR using the Mx3000P QPCR system (Stratagene, USA). The amplification was performed
in atota volume of 25 pl, containing 1X QuantiTect SYBR Green PCR magter mix (SYBR
Green | dye, ROX passive reference dye, HotStartTag DNA polymerase and dNTPs with
dUTPsin optimized buffer, Qiagen GmBH, Germany), 10 pmol of each gene specific primer
and 0.5 ul of cDNA template. All gene specific primer sequences have been specificaly
mentioned in respective sections. Thermd profile conssted of an initid denaturation at 94°C
for 20 min, followed by 40 cycles of denaturation at 94°C for 30s; gene specific anneding
temperature (55-60°C) for 30s and extension at 72°C for 30s. Dissociation anaysis of
amplification products was performed at the end of each PCR to confirm the specificity of
amplicon. In each PCR reaction no template control (NTC) was included to check
contamination of master mix. Non-reverse transcribed RNA (10 ng) of each samplewas used
ingtead of cCDNA to check contamination of sampleswith genomic DNA, failure of amplification

confirms the purity of sample.
3.2.1.5. Efficiency of primer pairsin real-time PCR assay

To assesstheefficiency of primers, sandard curvesfor each primer pair were generated
using seridly diluted transcribed RNA sample. PCR efficiency was caculated from the dope
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of standard curves. The resulting threshold cycle (Ct, afractional PCR cycle number a which
the change in reporter dye (DRn) passes the sgnificant threshold) values were normalized to
the endogenous control, 3 actin (DCt = Ct value of target gene-Ct vaue of R actin).

3.2.1.6. Statistical analysis

Statistical modelssuch asstudent‘t’ test, oneway ANOVA, two way ANOV A were
employed for andyss. All anayses were done in SPSS 10.0 (SPSS Inc, Chicago, IL) and
SAS 9.2 verson. Detalls of analysis have been given under each section.

3.2.  Comparativequantification of constitutive TLRsSmRNA expression in Indian

native and White L eghorn chickens
3.2.1. Tissue sample collection

Six day-old chicks each from native chicken breeds (Ased and Kadaknath) and White
Leghorn were sacrificed by cervica didocation. Samples from arange of lymphoid and non-
lymphoid tissues such asheart, liver, spleen, intestine, bursa, bone marrow and skeletal muscle
were aseptically collected and processed immediately.

3.2.2. Quantitative analysis of TLRs mRNA by real-time PCR

Totad RNA was extracted from each tissue sample using Trizol andfirst strand cDNA
was synthesized asper section 3.2.1.1and 3.2.1.2 respectively. Relative quantification of chicken
TLRs(3, 4,5, 7, 15 and 21) intissue sampleswas done by red-time PCR using the Mx3000P
QPCR system (Stratagene, USA). The chicken TLR gene specific primer sequences are
presented in Table 3.1.

3.2.3. Statigtical analysis

To convey the inverse relationship between starting template concentration and Ct
value, results were expressed and analyzed as 40-DCt vaues, interpreted as higher 40-DCt
vaueimplying greater gene expression. Anaysis of 40-?Ct mean vaueswas carried out using
two-way ANOVA with Tukey’s post-hoc test using SPSS 10.0.1 (SPSS Inc, Chicago, IL)
toidentify Sgnificant differencein gene expression between different tissuesamong the chicken
breeds. Vaues were considered significant at P<0.05.
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Materials and Methods

3.3. Differential TLRsmRNA expression patterns during chicken embryological

development
3.3.1. Samplecollection

Tissue samples were collected on third and fifth embryonic day (ED) and & regular
interva afterwards (7, 9, 12, 15 and 18 ED) aseptically at the same time each day. Whole
embryos were collected on 3 and 5" ED (n=4/each day) and tissues from various organs
(liver, heart, brain and intestine) were collected from 7 ED (n=4/each day) onwards. All tissue
samples were kept at -80°C till further processing.

3.3.2. Relative quantification of Tall-like receptors mRNA by real time PCR

Total RNA was extracted from each chicken embryo tissue sample using Trizol as
describedinsection 3.2.1.1. First strand cDNA was synthesised asper section 3.2.1.2. Rdative
quantification of chicken TLRs(2A, 3, 4, 5, 7, 15 and 21) in tissue sampleswas done by redl-
time PCR as described in section 3.2.1.4.

3.3.3. Statistical analysis

The fold change in TLR gene expressons during chicken embryonic development in
different tissueswere ca culated by 2-°°¢ method (Livak and Schmittgen, 2001) and expression
levelsfor respective TLR geneat 3 ED tissueswere used ascalibrators. Statistical comparisons
of fold changes in gene expresson in different tissues and on different EDs were performed
using Generd Linear Modd in version 9.2 of SAS software with a P value <0.01 considered
sgnificant.

3.4. Comparative quantification of congtitutive 3-defensins mRNA expression in

Indian native and White L eghorn chickens

A totd of sx day-old chicks from each Indian native breeds (Ased and Kadaknath)
and White Leghorn breed were randomly chosen and were euthanized. Spleen tissue from all
chickswere asepticdly collected and processed immediately. Total RNA was extracted from
each sample using Trizol as described in section 3.2.1.1. First strand cDNA was synthesised
as per section 3.2.1.2. Theconditutiveexpressonsof mRNA of AvBDs(1-14) werequantified
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Table 3.2. Chicken AvBD genes (1-14) specific real-time PCR Primers used in this

sudy

Target Forward primer (5'-3) Reverseprimer (5'-3") Amplicon
gene size (bp)
AvBD1 CGAAAGAGTGGCTTCTGTGC GGTGATGTCCTGCTTGGG 156
AvBD2 AGGTTTCTCCAGGGTTGT TGCATTCCAAGGCCATT 146
AvBD3 CCACTCAGTGCAGAATAAGAG AATTCAGGGCATCAACCTC 131
AvBD4 CATCTCAGTGTCGTTTCTCTGC CGCGATATCCACATTGCAT 157
AvBD5 CTGCCAGCAAGAAAGGAACCTG GTAATCCTCGAGCAAGGGACA 155
AvBD6 AGGATTTCACATCCCAGCCGTG CGACATGGCCCAGGAATGCA 156
AvBD7 TGGAGAAGGGAGACAGAAGGCA CGAAGCCTACAAGTATCAAT 177
AvBD8 ACAGTGTGAGCAGGCAGGAGGGA GAAGAGCTGCTTAGCTGGTC 153
AvBD9 GCAAAGGCTATTCCACAGCAG GGAGCACGGCATGCAACAA 167
AvBD10 TGGGGCACGCAGTCCACAAC CATGCCCCAGCACGGCAGAA 157
AvBD11 ACTGCATCCGTTCCAAAGTCTG GTCCCAGCTGTTCTTCCAG 168
AvBD12 CCCAGCAGGACCAAAGCAATG AGTACTTAGCCAGGTATTCC 157
AvBD13 CATCGTTGTCATTCTCCTCCTC GGTGGAGAACCTGCAGCAGCG 163
AvBD14  ATGGGCATATTCCTCCTGT CACTTTGCCAGTCCATTGT 161

Toll-like receptors and b-defensins in avian species
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by SYBR green method by using Mx-3000P spectrofluorometric thermocycler (Stratagene,
USA) asper section 3.2.1.4. Primer pairs specific for the amplification of AvBD genes (Ebers
et al., 2009) are given in Table 3.2. The chicken 3 actin gene was used as an endogenous
control. Primer amplification efficiencies were assessed for each gene from the standard curve
generated by using serid tenfold dilution of transcribed RNA. Anadysisof 40-2Ct mean vaues
was carried out using one-way ANOV A with Tukey’ s post-hoc test using SPSS 10.0 (SPSS
Inc, Chicago, IL) toidentify sgnificant differencein gene expresson among the chicken breeds.
Vaueswere consdered sgnificant at P<0.05. Fold changein AvBD geneexpressonin native
chicken breeds were calculated by 2°° method (Livak and Schmittgen, 2001) using White
Leghorn as cdlibrator.

3.5. Differential innate immune gene expressions in the gastrointestinal tract of

chicken upon S. Pullorum-infection
3.5.1. Experimental birds

Day-old-brailer chickswere obtained from Project Directorate on Poultry, Hyderabed,
India and were reared in experimentd facility of Microbiolgy divison, College of Veterinary
Science, Hyderabad. Birds were given ad libitum access to water and feed. Chicks were
confirmed for free status of Salmonella by culturing faecal samplesin buffered peptone water
(BPW) overnight and by spreading on brilliant green agar containing 100 pg/ml ndidixic acid.

3.5.2. Experimental infection with S. Pullorum and sample collection

Salmonella enterica serovar Pullorum was grown overnight in Luria-Bertani (LB)
broth at 37°C in an orbita shaking incubator a 150 rpm. The bacteria were washed three
times by pelleting a 10,000 x g for 10 min and resuspended in PBS. The concentration of
suspens on was determined by following standard plate count technique by plating serid dilutions
of bacterid suspension and adjusted to 10° CFU/mI. Chickens were randomly divided into
two groups of 12 each at 3 days of age. One group was ordly inoculated with 0.5 ml of the
bacterid sugpension containing 108 CFU/ml and the control group wasgiven 0.5 ml of PBS. A
total of sx chickens from each group were randomly chosen and were euthanized 24 h post-

chdlenge. The entire Gl tract was removed aseptically and a 50 mg piece of each tissue was
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removed from the middle of the duodenum (D), jgiunum (J), ileum (1) and caecum (C). The
tissues were washed in PBS and placed in a microcentrifuge tube containing 1ml Trizol and
immediately processed. In addition, swabsfrom caecum of both groupsweretaken and cultured
in BPW overnight and streaked on brilliant green agar plates containing 100 pg/ml ndidixic
acid (37°C for 18-24h) to confirm that control birds were uninfected and the chalenged
chicks were infected.

3.5.3. Quantitative analysis of TLRsand AvBDs mRNA by real-time PCR

Tota RNA wasextracted from each sampleusing Trizol asdescribed in section 3.2.1.1.
First strand cDNA was synthesised as per section 3.2.1.2. Reative quantification of chicken
TLRs(TLRILA, 1LB, 2A, 2B, 3, 4, 5, 7, 15 and 21) and AvBD (1-14) genesin Gl tissues
was done by red-time PCR as described in section 3.2.1.4.

3.5.4. Statigtical analysis

All expression dataarerdatiive mRNA leve s presented asmean 40-DCt values+SEM.
Student’ st-test for comparison of two independent samples was used to eva uate differences
between the infected and uninfected groups. Vaues of P<0.05 were considered Satistically
sgnificant. For presentation purpose the fold-changes are calculated as 2P (Livak and
Schmittgen, 2001). However, Satistical andlysis was not performed on the fold-changes but
only performed on the individua 40-DCt vaues for eech TLR.

3.6. Identification, molecular characterization and expression analysisof duck and

turkey TLR genes
3.6.1. Insilicoidentification of TLR genesin duck and turkey genome

A dataset of al known TLR proteins of chicken (Temperley et al., 2008) and zebra
finch (Cormican et al., 2009) was created by downloading the sequences from NCBI (http:/
/www.nchi.nlm.gov) and Ensembl (http://ensembl.org/Taeniopygia guttata/info/index)
databases respectively. The on numbers of the sequences used for gene-searching and
phylogenetic andysis are listed in Table 3.3. The draft verson of sequenced and assembled
duck (duckl) and turkey (UMD 2.0) genomes available at (http://pre.ensembl.org/
Anas_platyrhynchos/Info/lndex) and (http://ensembl.org/ Meleagris _gallopavo/Info/lndex)
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Table 3.3. The accesson numbersof TLR genesused for BLAST and phylogenetic
analyses

TLR genes Chicken Zebrafinch Duck Turkey

TLRI1LA BADG67422 ENSTGUPO0000009313 ACS92621 FJ477857

TLRI1LB ABF67957 XP_0021897591 ACS92622 FJ477858
TLR2A NP_989609 XP_002196402 ACS92627 FJIA77860
TLR2B BAB16842 XP_002198506 ACS92628 FJ477861
TLR3 NP_001011691 XP_002190888 - -
TLR4 AAL49971 NP_001135926 - -
TLR5 CAF25167 XP_002188762 - -
TLR7 NP_001011688 XP_002194911

XP_002194932* DQ888645 -
TLR15 NP_001032924 XP_0021971051 - -
TLR21 NP_001025729 Pseudogene - -

The accession numbers of NCBI protein database are listed * TLR7-1, TLR7 geneis duplicated in zebra
finch genome



Materials and Methods

were used for anaysis. NCBI nucleotide database were searched with BLASTP program for
the orthologus gene members of assembled TL R gene data set. Genes showing high degree of
amilarity to avian counterparts were sdected and their corresponding nucleotide and amino
acid sequences were retrieved and analyzed. Domain structures of the turkey TLR proteins
were andyzed by the SMART program (http://smart.embl-heidel berg.de).

3.6.2. Phylogenetic and evolutionary analysis

An unrooted phylogenetic tree based on the amino acid sequences was constructed
by the Neighbor-joining (NJ) method in the Clustdl X verson 2 program (Larkin et al., 2007)
and the MEGA version 4 program (Tamura et al., 2007). The distance matrix was obtained
by cdculating p-distancesfor dl pairsof sequences. Sites contai ning gapswere excluded from
the andyssusing the pair wise deletion option. Therdiability of branching patternswas assessed
by bootstrap analyss (1000 replications). The most stringent method to identify selection
pressure a protein leve is to compare the rate of synonymous subdtitution (dS) and non
synonymous subgtitution (dN). The nucleotide sequences coding the extracdlular domains
were digned with ClustdW. Comparisons between orhtologous TLR genes of chicken and
turkey were performed. Positive (dS <dN) or purifying (dS >dN) sdlection was tested with
codon based z-test using the Nei-Gojobori method (P-distance) at 5% significance level.

3.6.3. Expression analysis of TLRsin duck and turkey tissues by real-time PCR
3.6.3.1. Experimental birds

Day-old ducklings and turkey poults (n=6) (Meleagris gallapova) were sacrificed
humandy and tissue samples were collected asepticaly from various tissues such as heart,
liver, intestine, bursa, bone marrow (BM), muscle and spleen and immediately frozen before
further analyss. Each frozen tissue samples were homogenized and total RNA extracted using
Trizol asdescribed in section 3.2.1.1 and reversetranscribed into cONA asper section 3.2.1.2.

3.6.3.2. Quantitative analysis of TLRs mRNA in duck and turkey tissues by real-
time PCR

Relativequantification of TLRs(TLRLLA, 1LB, 2A, 2B, 3, 4,5, 7, 15 and 21) in duck
and turkey tissueswas done by real-time PCR using the Mx3000P QPCR system (Stratagene,
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USA) asdescribed earlier in section 3.2.1.4. Primerswere designed from published/available
duck and turkey TLR sequences and annotated TLR sequences using online IDT website
(eu.idtdna.com/Scitool A pplications/Red Time PCR) following default options. The primer
seguences designed for duck and turkey TLRS and their respective amplicon Szearegivenin
Table 3.4 and Table 3.5 respectively.

3.6.3.3. Statigtical analysis

Relative gene expression of TLRs expressed as 40-DCt mean values were analyzed
by one-way ANOV A with Tukey’ spost-hoc test using SPSS software (verson 10.0). Vaues

were consdered significant at P<0.01.

3.7. Molecular characterization of TLR15 of avian species
3.7.1. Amplification and sequencing of TLR15

Toamplify thefull length ORF of Ased, Kadaknath, Japanese quail and turkey TLR15
overlapping primer sets were designed based on published broiler chicken TLR15 mRNA
sequence (DQ267901; Higgs et al., 2006) and annotated turkey TLR15 sequence
(ENSMGAG00000015891). The primer sets used were designed to amplify the fragments
exactly covering full length ORF from cDNA samples and are presented in Table 3.6. cDNA
was prepared from spleen tissue of Ased, Kadaknath, Japanese quail and turkey asdescribed
insection 3.2.1.1 and 3.2.1.2. The reaction conditions for amplification in PCR were same
for dl the fragments. The 50 I PCR reaction contained 50 pmol of each forward and reverse
primers, 1 pl template cDNA, 200 uM of dNTP mix, 1.0 mM MgCl, and 2.5 U Tag DNA
polymerase (MBI Fermentas, USA) in 1X Tag buffer. Amplification conditionswere asfollows
aninitid denaturation a 94°C for 5 min, followed by 36 cycles of denaturation at 94°C for 1
min, annealing at 58°C for 1 min and extension a 72°C for 1 min, followed by find extension
at 72°C for 10 min. PCR amplicons verified by 1% agarose gel e ectrophoresiswere purified
and sequenced by using an automated DNA sequencer (ABI prism, modd 377, version 3.0).

3.7.2. Sequence analysisof avian TLR15

The sequences of the fragments were digned using MegAlign of DNA gar software
(Lasergene, USA) and complete coding sequences was identified and trandated to amino
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acid sequence. The signal peptide of the sequence was identified by SignalP program
(Www.cbs.dtu.dk/service/SinalP). The domain structure, LRRSs and transmembrane region
wereidentified by SMART (Schultz et al., 1998; http://iwww.smartembl-heidelberg.de/) and
TMHMM (Letunic et al., 2004; http://www.cbs.dtu.dk/servicel TMHMMY/) respectively.

3.8. Functional characterization of duck TLRs
3.8.1. In vitro stimulation of PBMC culturewith TLR agonists

Pooled blood samples with heparin, collected from six day-old ducklings were used
for the sudy. The peripheral blood mononuclear cells (PBMC) were separated by using
Histopague-1.007. The cdlls were washed twice in RPMI-1640 medium (Sigma Chemical
Co., USA) and resuspended in fresh RPMI-1640 and the cell concentration was adjusted to
1x 107 cdlg/ml. Then these cdlswere dispensed into a6 well cdl culture plate (2 mi/well) and
incubated at 37°C. The PBMCs were simulated with TLR agonigts, i.e. lipopolysaccharide
(LPS) and paly I: C with adose of 20 and 50 g /ml, respectively and incubated at 37°C ina
5% CO, and 95% humidified atmosphere. Treated cells were harvested at 12 and 24 hr
intervalswith 1 ml of Trizol in DEPC treated 1.5 ml eppendorf tubes and further processed for
RNA isolation.

3.8.2. Quantitative analysis of cytokine mRNAs in duck PBMC after in vitro
gimulation by real-time PCR

Expresson levels of cytokine IL-113 genein LPS stimulated duck PBMC culture and
IFN-?in poly I:C simulated culture and both genes in ungimulated control PBMC culture
were sudied by red-time PCR using specific primers as mentioned in Table. Total RNA was
extracted from cdllsharvested at 12 and 24 hin Trizol and first strand cDNA was synthesized
as described earlier in section 3.2.1.1. and 3.2.1.2 respectively. Rdlative levels of cytokine
gene expressions in samples were quantified by red-time PCR using the Mx3000P QPCR
gystem (Stratagene, USA) as described in section 3.2.1.4. Primer sequences are given in
Table 3.7.

Ct vaueswere normaized with housekeegping genelFactin vaues. Vaues are cdibrated

with ungtimulated control and fold-changesin gene expressionswere cal culated as 2-°°t (Livak
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Materials and Methods

and Schmittgen, 2001). Statistical comparisons of fold changes in gene expression between
dimulated and ungtimulated samples were performed usng Generd Linear Modd in verson
9.2 of SAS software with a P value <0.05 considered significant.

3.9. Cloning and prokaryotic expression of chicken AvBD2
3.9.1. Isolation of genomic DNA from blood

Genomic DNA was isolated from the venous blood samples from White Leghorn
chicken by using phenol-chloroform extraction method as described by Sambrook and Russdl|
(2001).

3.9.2. Amplification, cloning and sequence confirmation of chicken AvBD2 gene

The entire mature peptide region (40 amino acids) coded by exon 3 (119 bp) of
AvBD2 gene was amplified by standard procedure using gene specific primers designed to
incdude Nde I/ Xho | regtriction sitesin forward and reverse primers respectively (Table 3.8).
Chicken AvBD2 gene sequence organization and strategy followed were described in Fig 3.1.
Primer sequences were designed based on the published chicken AvBD2 gene sequence
available in NCBI database (accession no. AF033336). The composition of PCR reaction

was as follows;

Table 3.8. Primer sequencesused to amplify chicken maturepeptideregion of AvBD2

gene
Sequence Primer sequence (5'-3) Accession no.
Forward* CAGTGA CATATGTTGTCTTCGCCCCG
AF033336
Reverse** TCACTGCTCGAGCCATTTGCAGCAGG
Sequencein bold include *Nde | and **Xho | restriction enzyme digestion site.
Template DNA 1l
Forward primer 400 ng
Reverse primer 400 ng
dNTPs (2.5 mM each) 4u
10 X PCR buffer 10u
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Tag DNA polymerase (3 U/ pl) 1
Water to make the find volumeto 100

PCR was carried out in a thermocycler (Eppendorf, Germany) using the following
conditions: One cycle of initid denaturation was carried out at 94°C for 5 min followed by
thirty five cycles of denaturation (94°C for 30 sec), annedling (55°C for 30 sec), extension
(72°C for 2min) andfind extenson a 72°C for 5 min. The PCR product was purified and was
cloned in pUC29 cloning vector after Ndel / Xhol enzyme digestion following standard
procedure. Postive clones after transformation in DH5a cells were selected by colony PCR.
The presence of insart was checked by digestion of positive plasmidswith EcoRI andHind 111
restriction enzymes (sites present on the vector backbone outside the insert location) digestion.
Two poditive clones were sequenced in ether direction using vector specific primers in
automated gene sequencer (ABI prism, mode 377, version 3.0). The nucleotide sequence
was aigned with AF033336 to confirm the sequence identity.

3.9.3. Expression of recombinant chicken R-defensin AvBD2in E. coli system

The coding region (143 bp including redtriction enzyme region) of chicken AvBD2
mature peptide was sub-cloned into Nde I/ Xho | redtriction dtes in pET-28a expresson
vector (Novagen, WI) adopting standard cloning procedures. The recombinant plasmid (pET-
28aGga AvBD2) DNA was transformed into competent BL21 (DE3) (Promega, WI) E.
coli cdls and transformants were grown on Luria Bertani (LB) plates containing 50 pg/mi
Kanamycin. Single colony from the plate was inoculated into LB broth and incubated a 37°C
until the OD,, reached 0.5.

For checking the production of recombinant chicken AvBD2 protein, log phase cultures
were induced a 37°C by adding IPTG (isopropyl-3-D-thiogdactoside; Promega) to a find
concentration of 1 mM. Aliquots collected a 0to 5 h post induction were analyzed on a12%
SDS-Polyacrylamide Gl Electrophoresis (SDS-PAGE).

3.9.4. Purification of recombinant chicken AvBD-2
Recombinant chicken AvBD2 was purified from 100 ml of induced cultures under

denaturing conditions by nickd-nitrilotriacetic (Ni NTA) acid resin affinity chromatography by
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Fig.3.1: Strategy followed for amplification, cloning and expression of chicken AvBD2



Materials and Methods

using Qiagen kit following manufacturer’s indructions. Briefly, the bacterid cells pelleted by
centrifugation at 1800 x g were resuspended in 5 ml of sonication buffer (buffer A; 8 M ures,
10 mM NaH,PO, and 10 mM Tris, pH-8.0). The cell suspension was sonicated at 15 hz for
one minute each for 3 timeswith onemin interval. The sonicated cell suspension was centrifuged
at 10,000 x g for 30 min to remove cell debris. To the clear supernatant 500 pl of 50% Ni
NTA durry was added and shaked at 200 rpm for 1 h. The supernatant with durry was
loaded into the column and washed with four bed volume of urealysis buffer (buffer B). The
column was again washed with 20 bed volume of wash buffer (buffer C). The bound protein
was duted 8 times with 250 ul dution buffer (buffer E). The firgt four tubes of eutes were
pooled and didysed againgt large volume of PBS containing 0.1% Triton X100 & 4°C. The
eluted recombinant protein was checked in SDS-PAGE, quantified by Bradford assay and
stored at -80°C until further use.

3.9.5. Evaluation of antimicrobial activity of recombinant chicken AvBD2

Minimum Bactricidd Concentration (MBC) of recombinant chicken AvBD2 was
determined by microtitre broth dilution method. Virulent isolate of Salmonella enterica serovar
Pullorum obtained from the National Salmonella Center, Indian Veterinary Research Indtitute,
India was used. Mid-log-phase cultures of the test organisms were diluted in LB broth to
reach adengty of 10°CFU/ml. 10 pl of thisdiluted culturewastrested with 250 pl recombinant
chicken AvBD2 (5-50 pg/ml in PBS; with 136 mM NaCl and 2.68 mM KCl) in a 96-well
microtiter plate for 3hat 37°C. LB broth (100 pl) was added after 3 h and plateswere further
incubated for 12 h. The bacterial growth was detected by measuring the absorbance at 570
nm. The growth inhibition was further confirmed by plating the contents of the wells, showing
no visible growth of bacteria, onto LB agar plates and incubating a 37°C for 12-18 h. The
MBC was caculated as the lowest concentration of the recombinant chicken AvBD2 that
prevents any residua colony formation.

S &S &S
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Results

4.1. Standardization of molecular techniquesused in this study

4.1.1. RNA isolation, cDNA preparation

Tota RNA was isolated fromsamples and concentration of the RNA was estimated
spectrophotometrically and was found to be ~500 ng of tota RNA isolated from 50mg of
tissue samples. Spectrophotometric reading at OD, ., and OD,, represented the purity of the
total RNA and theratio of OD, .., ranged between 1.9 and 2.0 indicating purity and lack of
DNA and protein contamination. The cDNA was checked by PCR amplification of 3-actin

gene. A 184 bp products confirmed the amplification of the 3-actin gene.
4.1.2. Primer effficiency analysis

Standard curvesfor each primer pair were generated using seridly diluted transcribed
RNA sample (Fig. 4.1). Regresson andlyss of the Ct (threshold cycle) values of standard
curve was done to caculate dope and amplification efficiency (Fig. 4.1d). Efficiencies of the
primer pairs used in the study ranged between 93-100%.

4.1.3. Real-time PCR analysis

Ct vaues were generated at the end of each redl-time PCR assay. Ct vaues ranged
from ~15-30. The specificity of the amplified productswas confirmed from TnPC (temperature
melting) value from dissociation curve analysis (Fig 4.2). No template control (NTC) included
in eachred-time PCR baich failed to amplify any specific productswhich confirmed the absence
of any contamination of PCR master mix. Non-reverse transcribed RNA of each sample used



Fig.4.1: Representativeprimer efficiency analysisby standard curvein real-time PCR assay
(a) Plate setup using serially diluted cDNA sample
(b) Thermal profile setup
(c) Amplification plot
(d) Standard curve indicating slope and amplification efficiency
(e) Representative agarose gel electrophoresis of amplified PCR product (TLR3)

(a) (b)

(d)

200 198 bp

100

(e)



Fig.4.2: Representative quantitativereal-time PCR analysisfor gene expression study
(a) Plate setup
(b) Thermal profile setup
(c) Amplification plot
(d) Dissociation curve indicating melting curve for four different genes
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Results

in red-time PCR assays failed to amplify. This confirmed the absence of contamination of

samples with genomic DNA.

4.2. Comparative quantification of constitutive TLRs mRNA
expression in Indian native and White L eghor n chickens

Measurable expression was observed for dl sx TLRs (3, 4, 5, 7, 15and 21) in dl
seven tissues (heart, liver, spleen, intesting, bursa, bone marrow (BM) and muscle) of both
Indian native breeds and White Leghorn. Theresults are presented in Table 4.1 Therewasno
sgnificant differencein TLR3 gene expression among the breeds (P=0.75), however among
the tissue type there was significant difference (P=0.01) (Table 4.18). The interaction effect of
tissue type and breed on TLR3 gene expresson was not sgnificant (P=0.55). Among the
tissue type lymphoid organs spleen and bursa and non-lymphoid organ heart, expressed
sgnificantly higher TLR3 genefollowed by intesting, BM, liver and muscle. Sgnificant (P=0.001)
difference was found among breedsin TLR4 gene expression, however therewas no significant
difference among tissuetype (P=0.12) and interaction effect between tissuetype and breed on
the gene expression (P=0.07). Ased and White Leghorn expressed higher levels of TLR4
gene than Kadaknath in different tissues investigated (Table 4.1b). For rest of the TLR gene
expressons (TLR5, 7, 15 and 21), the interaction effect between tissue type and breed was
ggnificant (P<0.01). TLR5 gene expresson was Sgnificantly (P<0.01) higher in liver, spleen
and intestine of Ased and bone marrow of Kadaknath than White Leghorn tissues (Table
4.1¢). TLR7 gene expression was significantly (P<0.01) higher in liver of White Leghorn than
Ased and Kadaknath tissues (Table 4.1d). TLR15 gene expression wassgnificantly (P<0.01)
higher in spleen of Ased than Kadaknath and White Leghorn tissues (Table 4.1€). TLR21
geneexpresson wassgnificantly (P<0.01) higher in bursaand heart of Ased in comparisonto
Kadaknath White Leghorn tissues (Table 4.1f).

4.3. Differential TLRs mMRNA expression patterns during chicken
embryological development

All saven invedtigated TLRs (2A, 3, 4, 5, 7, 15 and 21) genes were expressed in

whole embryonic tissueasearly as i embryonic day (ED) (Fig. 4.3). Measurable expression
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Table4.1. Congitutive TLRSMRNA expression levelsin tissuesof Asedl, Kadaknath
and White Leghorn chicken (a) TLR3; (b) TLR4; (c) TLRS5; (d) TLR7; (e)

TLR15; (f) TLR21

Tissue Aseel Kadaknath White Leghorn
(@ TLR3

Heart 38.90+0.352 38.24+0.862 37.65+2.132
Liver 37.49+0.27® 36.38+0.76® 39.63+0.84%®
Spleen 38.50+0.432 38.02+0.19° 37.97+0.072
Intestine 37.58+0.05® 38.62+1.37® 37.84+0.38®
Bursa 38.51+1.312 39.64+0.242 37.53+0.48°
Bone marrow 35.69+0.69* 37.17+0.53® 38.46+0.31®
Musde 36.00+0.05° 36.17+1.91° 35.44+0.320

Vaues are expressed as mean 40-DCt+SEM (n=6 for each breed). Values with different superscripts between rows

differ significantly (P<0.01).

Table4.1. Contd...

Tissue Aseel Kadaknath White Leghorn
(b) TLR4

Heart 37.59+0.112 34.69+2.75° 39.29+0.042
Liver 39.10+0.022 35.41+1.91° 38.11+1.472
Spleen 37.82+0.022 39.78+0.15° 39.58+0.28°
Intestine 39.78+0.142 37.64+1.70° 38.42+0.322
Bursa 38.29+0.86% 38.71+0.11° 38.95+0.10?
Bone marrow 37.25+£0.19° 36.82+0.60° 39.28+0.022
Muscdle 38.42+0.172 34.56+0.16° 38.92+0.60?

Values are expressed as mean 40-DCt+=SEM (n=6 for each breed). Values with different superscripts between rows

differ significantly (P<0.01).



Table4.1. Contd...

Tissue Aseel Kadaknath White Leghorn
() TLR5

Heart 35.00+£0.09¢%9 37.94+0.25® 36.24+0. 22000
Liver 39.41+0.122 38.28+0.53® 36.77+0.020cc
Spleen 39.36+0.332 36.84+0.48°c 31.96+0.12
Intestine 39.56+0.08? 37.45+0.74%¢ 32.36+0.81"
Bursa 36.19+0.19pcdet 37.91+0.11%® 35.56+0.30
Bone marrow 33.02+0.449n 39.22+0.01° 36.49+0.54bcde
Musdle 34.12+0.14f%n 39.33+0.442 34.69+0.31¢

Vauesare expressed as mean 40-DCt+SEM (n=6 for each breed). Vaueswith different superscriptsdiffer significantly

(P<0.01).

Table4.1. Contd...

Tissue Aseel Kadaknath White Leghorn
(d) TLR7

Heart 37.1540.04#bcde 36.0+0.39bcdef 37.17+2.273cde
Liver 34.93+0.11 % 36.61+0. 14abcdef 39.77+0.202
Spleen 39.13+0.61%* 37.94+0.70abcd 39.39+0.08*
Intestine 36.51+0.1 9ebedef 36.13+0.24abcdef 39.51+0.03*
Bursa 35.94+0.23a0cdef 35.73+0. 1 2abcdef 36.57+0.36a0cde
Bone marrow 34.49+0.23% 33.83+0.48¢ 37.23+0.028bcde
Musde 37.77+1.69%c 32.72+0.31f 35.30+0.16%

Vauesare expressed as mean 40-DCt+SEM (n=6 for each breed). Vaueswith different superscriptsdiffer significantly

(P<0.01).
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Table4.1. Contd...

Tissue Aseel Kadaknath White Leghorn
(d) TLR15

Heart 37.6520.348abcde 39.80+£0.14® 38.11+0.80%cde
Liver 36.23+0.09% 39.52+0.17%¢ 37.28+0.33

Spleen 39.94+0.012 38.81+0.43%¢ 37.75+1.06%cde
Intestine 37.65+0.662ce 39.37+0.37%¢ 37.48+0.178bcde
Bursa 37.22+0.44cde 39.31+0.09%¢ 38.73+0.04%¢

Bone marrow 34.80+0.55f 38.48+0.09%cd 38.41+0.028cd

Musde 35.98+0.30¢ 37.52+0.460cde 39.08+0.08%*¢

Vauesare expressed as mean 40-DCt+SEM (n=6 for each breed). Vaueswith different superscriptsdiffer significantly

(P<0.01).

Table4.1. Contd...

Tissue Aseel Kadaknath White Leghorn
(d) TLR21

Heart 38.23+0.228bcde 26.94+0.45° 37.07+0.54cde
Liver 39.23+0.13%¢ 27.48+0.37% 37.77+0.05%0cde
Spleen 35.70+0.3%¢ 28.21+0.79% 36.60+1.34pcde
Intestine 39.45+0.35%® 26.56+0.159 37.18+0.18dbcde
Bursa 39.83+0.017 26.83+0.15¢ 35.69+0.31¢
Bone marrow 38.60+0.124bcd 29.90+1.07 36.49+0.15
Muscle 39.65+0.072 25.47+0.649 36.05+0.08¢*

Vauesare expressed as mean 40-DCt+SEM (n=6 for each breed). Vaueswith different superscriptsdiffer significantly

(P<0.01).
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Results

were found for dl seven TLRs (2A, 3, 4, 5, 7, 15 and 21) in dl tissues (heart, liver, intestine
and brain) investigated during embryo development. Thefold changesin TLRgene expression
among different tissues during different embryonic days (EDs) were significant (P<0.01) (Table
4.2). Thekinetics of TLR gene expressions is presented in fig. 4.4. Four of the seven TLRs
gene expressonsweresgnificantly (P<0.01) higher (TLR2; 2.85fold, TLR3; 3.57 fold; TLR4;
46.52 fold and TLR7; 2.94 fold) at 12 ED relativeto expression at day 3 ED, whereasTLR15
gene expression was significantly (P<0.01) higher on 7 ED (0.64 fold) and TLRS (2.16 fold)
(Fig. 4.4g) and TLR21 (6.45 fold) were highly expressed on ED 18. Rdatively low leve of
differentid expresson of TLR2A wasobsarved in embryonicliver and intesinewhereas dedlining
trend of TLR2 expression wasfound in brain and heart tissue during development (Fig. 4.49).
Among dl the TLRsinvestigated TLR4 was the highest expressed gene (Fig. 4.4c) and TLR15
was the lowest in dl tissues during chicken embryo development (Fig. 4.4f). Tissue wise
andysis of gene expression of TLRs showed thet liver expressed significantly (P<0.01) higher
levelsof most of thegenes(TLR2; 2.75fold, TLR4; 32.72 fold and TLR21; 5.44 fold) followed
by intestinein which TLR2 (2.7 fold), TLR3 (2.3 fold) and TLR7 (2.5 fold), wheress least
changein TLR gene expressonswas observed in brain, TLRS geneexpressonwassgnificantly
higher (P<0.01) in brain tissue (1.5 fold) (Fig. 4.4d). However no significant difference was
found in TLR15 gene expression among the tissues during development. Relatively low level of
differentid expresson for TLR2A and TLR15 was observed in intestine and liver wheress
declining trend of gene expression was observed in heart and brain during embryonic
development. Most substantial change in expression was observed for TLR4 (in liver on12"
ED). Significant (P<0.01) interaction effect between tissue and ED was aso observed.

4.4. Comparative quantification of constitutive 3-defensins mRNA
expression in Indian native and White Leghorn chickens

Measurable AvBD (1-14) mRNA expression was observed in the spleen of dl three
breeds. However, only AvBD5, 12 and 14 genes were differentidly expressed among these
breeds and no significant difference was found for rest of the AvBDs (Table 4.3). Differentid
expresson of AvBD (1-14) mRNA in spleen of Ased, Kadaknath and White Leghorn as

mean 40-°Ct+SEM and fold differencein gene expression in native chickensin comparison to
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Fig.4.3: TLR mRNA expression in developing chicken embryo

(a, b & c) Agarose gel electrophoresis of amplified TLR gene products
LaneM : 100 bp DNA ladder

Lanel: TLR2A;Lane2: TLR3;Lane3: TLR4:Lane4: TLR5;Lane5: TLR7;Lane6: TLR15

(A) Fertilized egg showing germinal disc (B) 3 day embryo

100

(C) 5 day embryo (D) 7 day embryo

bp M 1 2 3 4 5 bp M 1 2 3 4 5

200 200
100 100

(b) ©




Table4.2. Fold changesin TL R geneexpressionsduring chicken embryo development

Gene 5ED 7TED 9ED 12ED 15ED 18ED
TLR2A Heart 2.249 3.21° 3.23 2.91° 1.05"
Liver 2.32 2.279 3.21° 2.43% 3.542
Intestine 2.38% 3.50° 2.65% 2.269 2.724
Bran 2.45%9 2.424 2.199 2.57% 1.03"
TLR3  Heart 3.40° 2.61% 3.08« 1.09 0.20
Liver 1.89¢ 1.05¢ 2.31¢ 0.969" 0.78wM
Intestine 2.20¢ 2.30° 5.36° 1.44% 0.24"
Bran 4.40° 1.26% 3.52¢ 1119 0.899
TLR4  Heart 21.38° 2.30 8.98% 18.29¢ce 6.55%
Liver 23.49 0.69 82.68° 34.12° 22.63
Intestine 9.15% 0.87' 2096 21.68 0.64'
Bran 27.21> 0.78 73.45%  18.50% 5.14¢
TLRS  Heart 1.76% 1.18% 0.63" 1.32¢¢ 1.1%
Liver 0.73M 0.60" 0.55 2.19¢ 2.19%¢
Intestine 1.25¢ 0.87n 0.81fan 2.60® 2.60®
Bran 2.63® 0.63" 0.61" 2.75° 2.75
TLR7  Heart 2.85 2.430 3.03 1.03" 2.19cce
Liver 1.90¢% 1.03" 1.94¢ 1.03" 2.40p
Intestine 1.56%" 2.450 5.69° 1.48%n 1.63%"
Bran 2.19%e 1.33n 1.119n 1.83%0 1.83%
TLR15 Heart 0.86° 0.66% 0.23c¢e 0.17% 0.21%
Liver 0.38ebede 0.28vcde  (0.44ebcde 0.24¢cde 0.37abcde
Intestine 0.60%¢ 0.49zbcde 0.622cd 0.24bcde 0.56%cde
Bran 0.79%c 0.38ebede 0.84® 0.03¢ 0.22¢
TLR21 Heart 5.62¢ 2.32¢ 1.37¢an 0.45" 1.86%0
Liver 2.59% 1.54defen 1.23 10.0° 11.85°
Intestine 2.58% 1.839 1.12fn 2.77¢ 11.3%
Bran 1.35¢n 0.799n 1.55¢%fen 4.40¢ 0.719n

Values are mean 2™ values using 3ED (Embryonic day) as calibrator. Values with different superscript
differ significantly (P<0.01) ineach TLR.
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Fig.4.4: Thekineticsof TLRsgene expressionsin chicken embryonic tissues during development
(@ TLR2A; (b) TLR 3; (c) TLR4; (d) TLRS; (e) TLR7; (f) TLR15; (g) TLR21
Values are mean 2-°°Ct values using 3 ED as calibrator
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Table4.3. Differential expression of AvBD (1-14) mRNA in spleen of Aseel,
Kadaknath and White L eghorn chicken

Gene Ased Kadaknath White Leghorn
Mean+SEM FD Mean+SEM FD Mean+SEM
AvBD1 38.88+0.91 1.65 39.4+0.06 2.17 37.23+1.25
AvBD2 20.54+3.21 -0.72 30.32+0.75 0.06 30.26+1.97
AvBD3 31.89+2.43 1.84 30.02+0.25 -0.03 30.04+1.67
AvBD4 31.90+4.12 1.93 37.31+0.83 7.34 29.97+1.15
AvBD5 35.83+1.89- 4.35 38.76+0.57- 7.28 31.48+1.82
AvBD6 35.92+3.07 -1.89 38.63+0.60 0.82 37.81+1.04
AvBD7 30.66+0.95 4.76 28.6x2.01 2.69 25.9+0.17
AvBD8 35.18+2.58 0.02 32.63+1.51 -2.52 35.16%0.67
AvBD9 33.07+2.47 -1.43 32.22+0.98 -2.29 34.51+0.43
AvBD10 35.36+1.76 4.29 32.09+0.94 1.03 31.07+0.32
AvBD11 34.40+1.32 -1.25 33.27+0.45 -2.38 35.65%0.36
AvBD12 36.60+2.66: 8.58 24.42+1.11- -3.61 28.03+0.28
AvBD13 33.60+2.24 -1.76 33.60+0.66 -1.75 35.35+1.16
AvBD14 37.28+1.01- 151 32.42+0.35 -3.3 35.77+0.19~

Values are expressed as mean 40-DCt+SEM (n=6 for each breed). Values in bold with different superscripts are
significantly different (P<0.01). FD: fold difference in gene expression in comparison to White Leghorn. Positive
va uesindicate the higher gene expression and negative represents|ower gene expression in native breedsin comparison
to White Leghorn.



Results

WhiteLeghorn are presented in Table 4.3. AvBD5 gene expression wassgnificantly (P=0.043)
higher in Kadaknath than Ased and White Leghorn. AvBD12 was differentialy expressed
among these three breeds and was significantly (P=0.005) higher in Asedl in comparison to
Kadaknath and White Leghorn. AvBD 14 gene expresson was significantly (P=0.04) higher in
Ased than other two breedsin the present investigation. Among the AvBD genesinvestigated
in chicken spleen, AvBD7 gene was the most expressed and AvBD1 gene was the least
expressed in pleen of both Ased and White Leghorn chicken (Significant a P<0.01). However,
AvBD5 was the highest expressed and AvBD12 was the least expressed in Kadaknath

(Significant at P<0.01).

4.5. Differential innate immune gene expressions in the
gastrointestinal tract of chicken upon S. Pullorum-infection

45.1. TLRsgeneexpressioninthegastrointestinal tract (Gl) of Salmonellaser ovar
Pullorum-infected broiler chicken

Measurable TLRs (1LA, 1LB, 2A, 2B, 3, 4, 5, 7, 15 and 21) mRNA expresson was
observed in both infected and uninfected Gl tract tissues of 3-day-old broiler chickens. TLR
gene expression in control and infected chicken Gl tissues are presented in Fig. 4.5. The
results of fold-changes in TLR gene expressions in infected group as caculated by 2P°¢
method are presented in Table 4.4.

In Gl segments with sgnificant differences al had upregulated TLR (TLR2, TLR4,
TLR21) expresson after S. Pullorum infection. The exceptions were for TLR3, with onefold
(P=0.009) and for TLR15, with 0.8 fold (P=0.04) decreasein the expresson levelsin jgunum
after infection. TLR4 gene expressions were significantly upregulated in duodenum (0.5 fold;
P=0.04) and ileum (1.6 fold; P=0.001). Gene expressions for some of the TLRs (TLR1LA,
ILB, 2B and TLR5) remained unchanged after infection with S. Pullorum in al Gl tissues
sudied. [leum of infected chicken had changesin the expression levelsin the greatest number
of TLRs induding TLR2, TLR4 and TLR21. Theleast changesin TLRsgene expression were
observed in caecum of infected chicken wherein increased expression of TLR21 (1.73 fold;
P=0.01) was observed while other TLRs expressions remained unchanged. Most substantial
changesin gene expresson were found for TLR21, being upregulated in dl theinvestigated Gl
tissues(D: 3.7 fold; P=0.001, J: 2.16 fold; P=0.03, I: 1.9fold; P=0.007; C: 1.7 fold; P=0.01)

24 h pogt chdlenge with S. Pullorum.
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Table 4.4. Fold-changesin TLR mRNA expression in gastrointestinal tissues of 3-
day-old broiler chickensinfected with Salmonella enterica serovar Pullorum

Gene Duodenum Jgunum lleum Caecum
TLRILA 0.59 -1.69 0.47 143
TLRI1LB 0.36 -2.42 -0.41 -1.04
TLR2A 0.60 0.53 1.17%* 0.53
TLR2B 0.58 0.58 0.49 0.30
TLR3 -0.74 -1.29*%* -0.34 -1.09
TLR4 0.54* 0.39 1.61** -0.38
TLR5 0.21 -1.94 -0.22 0.08
TLR7 0.27 -1.69 -1.57 -0.73
TLR15 0.76 -0.89* -0.36 0.32
TLR21 3.70** 2.16** 1.90** 1.73*

Data are expressed as 2°°%, Positive values indicate infected chicken have an increase in respective TLR gene
expression compared to uninfected control in respective tissue. * Significantly different at P<0.05; ** Significantly
different at P<0.01. Statistical analysis was performed on individual 40-DCt values.



Fig.45: TLRsgeneexpressionsinthegastrointestinal tissues of S. Pullorum infected broiler chicken
(@) TLRLLA; (b) TLRILB; (c) TLR2A; (d) TLR2B; (e) TLR3; (f) TLR4; (g) TLR5; (h) TLRY; (i) TLR15;
() TLR21
Values are mean 40-DCt+SEM (n = 6 for each group)
*P<0.05; **P<0.01
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Results

4.5.2. R-Defensinsgeneexpressioninthegastrointestinal tract of Salmonellaser ovar

Pullorum-infected broiler chicken

Expresson andyssreveded that out of 14 AvBD genes, dl were detectablein dl Gl
tissuesin both uninfected and infected groups, whileexpressonsof AvBD2 and 7 were at very
low leved in the both groups (Table 4.5). In the present study, quantitative red-time PCR
andysisreveded dgnificant upregulaion of AvBD3 in caecum (4.3 fold; P=0.02), AvBD4 in
duodenum (5.5 fold; P=0.005), AvBD5 in duodenum (3.1 fold; P=0.04), jgjunum (3.19fold;
P=0.007) and ileum (3.38 fold; P=0.01), AvBD6 in duodenum (0.87 fold; P=0.01) and
AvBD12 in duodenum (4.76 fold; P=0.01) and jgunum (2.91 fold; P=0.003) respectively.
Significant down regulation in the expressions of AvBD10 in caecum ( 2.04 fold; P=0.02),
AvBD11 in duodenum (1.72 fold; P=0.002) and ileum (3.93 fold; P=0.02), AvBD13 inileum
(1.95 fold; P=0.02) and AvBD14 in ileum (2.46 fold; P=0.014) and caecum (2.09 fold;
P=0.03), respectively, were observed. Whereas no significant changes were observed for
AvBD1, 2,7, 8 and 9 geneexpressonsin any of the Gl tissuesinvestigated upon infection with
S Pullorum. Mogt substantial changes in gene expresson were found for AvBD5, being

sgnificantly (P<0.05) upregulated in mogt of the Gl tissues investigated (Fig. 4.6).

4.6. ldentification, molecular characterization and expression
analysisof TLR genes of avian species

4.6.1 Insilicoidentification of duck and turkey TLR genes

Attemptswere madeto identify TLRgenesof duck and turkey from NCBI and genome
database of duck and turkey (Ensembl turkey genome browser) using chicken and zebrafinch
TLRs as query sequences (Table 3.3). Weidentified TLR genes (TLR1LA, 1LB, 2A, 2B, 3,
4,5, 7, 15 and 21) orthologs of chicken TLR repertoiresin both duck (Table 4.6) and turkey
(Table 4.7) genome. NCBI database search and in silico analysis reveded that both duck
and turkey genome possess 10 TLR genes orhtologousto chicken TLR repertoire. To identify
the status of TLR8, 9 and 10 in duck and turkey genome, corresponding human sequences
were used for blast search. Similar to chicken no orthologs of these genes could be found in
both duck and turkey genome.
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Table4.5. Fold-changesin AvBD (1-14) mRNA expression in gastrointestinal tissues
of 3-day-old broiler chickens infected with Salmonella enterica serovar

Pullorum

Gene Duodenum Jgunum lleum Caecum
AvBD1 0.53 0.87 0.69 0.54
AvBD2 0.47 0.33 -1.37 1.87
AvBD3 19 1.39 -1.73* 4.33**
AvBD4 5.50* -0.01 -1.10 -0.39
AvBD5 3.10% 3.19** 3.38* -0.09
AvBD6 0.87* 1.70 -1.53** -0.18
AvBD7 0.99 -0.05 -0.63 0.41
AvBD8 0.17 -0.12 -0.31 0.77
AvBD9 0.72 0.30* -1.2 -0.49
AvBD10 -0.52 0.73 1.48 -2.04*
AvBD11 -1.72%* 0.01 -3.93** -0.70
AvBD12 4.76* 2.91** 0.53 -3.58
AvBD13 0.46 1.45 -1.95* 0.54
AvBD14 0.62 0.74 -2.46* -2.09*

Data are expressed as 2™. Positive values indicate infected chicken have an increase in respective AvBD gene
expression compared to uninfected control in respective tissue. * Significantly different at P<0.05; ** Significantly
different at P<0.01. Statistical analysis was performed on individual 40-DCt values.
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Fig.46: AvBD geneexpressionsin the gastrointestinal tissues of S. Pullorum infected broiler chicken
(@) AvBD1; (b) AvBD2; (C) AvBD3; (d) AvBD4; (€) AvBDS; (f) AvBD6; (g) AvBD7; (h) AvBDS; (i)
AVBD9; (j) AvBD10; (k) AvBD11; (1) AvBD12; (m) AvBD13; (n) AvBD14
Values are mean 40-DCt+SEM (n = 6 for each group)
*P<0.05, **P<0.01
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Table4.6. TLR generepertoirein duck (Anas platyrynhos) genome

Gene Accession no/ Location Exons Length of Length %

name GenelD Scaffold  transcript (bp) (aa) id®
TLR1A FJA77859.1 43095-45551 1 2456 818 818
TLR1B FJ477859.1 17445-19397 1 1952 650 80.1
TLR2A FJA77862.1 14425-16806 1 2373 793 819
TLR2B FJ477862.1 22976-25327 1 2352 783 81.9
TLR3 ENSAPLG0000008976 19:217675-223928 4 3204 899 831
TLR4 ENSAPLG0O0000012625  1381:116840-122803 5 2538 846 814
TLR5 ENSAPLG0000001279 421:310497-313067 1 2571 857 804
TLR7 DQ888645 2282:21806-20090 2 3147 1048 844
TLR15 ENSAPLG0000009929 629:2572220-591289 3 2526 842 825
TLR21 ENSAPLG00000014726 7715:2813-4757 5 1749 583 775

The accession numbers of NCBI or gene ID of pre-ensemble duck genome dréaft are listed. 2% id- Percentage identity
of duck TLR geneswith corresponding chicken orthologs at amino acid level.
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Table4.7. TLR generepertoirein turkey (Meleagris gallapova) genome

Gene Accession no/ Chromosome  Exons Length of Length %

name GenelD Location  transcript (bp) (aa) i
TLR1A FJ477857 4 1 2457 818 92.7
TLR1B FJ477858 4 1 1959 652 92.6
TLR2A FJ477860 4 1 2382 793 91.7
TLR2B F477861 4 1 2346 781 931
TLR3 ENSMGAGO00000011425 4:44877255-44886702 5 2069* 897 811
TLR4 ENSMGAGO000005422  19:6407342-6411916 4 2529+ 842 924
TLR5 ENSMGAGO00000015929  2:18293530-18296112 1 2583 860 934
TLR7 ENSMGAG00000014706 1:132506616-132510395 3 3331* 1047 91.8
TLR15 ENSMGAGO00000015891  2:3159788-3162394 1 2607 868 924
TLR21 ENSMGAGO00000015581  13:2835516-2838347 1 2919 973 89.8

The accession numbers of NCBI or gene ID of ensembleturkey genome draft arelisted. 2% id- Percentageidentity of
turkey TLR genes with corresponding chicken ortholog at amino acid level .* Splice variants are found.
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Fig.49: Representative amplification plotsand dissociation curves of duck TLR genes analyzed
(8) TLRILA; (b) TLRILB; (c) TLR2A; (d) TLR2B; (€) TLR3; (f) TLR4; (g) TLR5; (h) TLRY7; (i) TLR15;
() TLR21







Fig.4.10: Differential expression of duck TLRsSmRNA in different tissues
(8 TLRILA; (b) TLRILB; (c) TLR2A; (d) TLR2B; (€) TLR3; (f) TLR4; (g) TLRS; (h) TLRY; (i) TLR15;
() TLR21
Values are mean 40-DCt+SEM (n = 6), Barswith different superscripts differ significantly, P< 0.01
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Results

4.6.2. Molecular characterization of avian TLR genes

Duck and turkey TLR genes showed 77 to 92% smilarity a amino acid leve to their
chicken counter parts. Using the SMART program, typica structures of turkey TLR proteins
werepredicted (Fig.4.7). Almogt al TLR proteins cons sted of multiple LRRsin the N-termina
region and asingle TIR domain in the C-terminus separated by atranamembrane region except
for turkey TLR7 inwhich transmembrane domains (TM) could not be detected by the SMART
program. Althoughthe SMART program could not predict thetransmembraneregionin turkey
TLRY7, hydrophobic regionswere present between the LRR region and TIR domain. With the
help of TMHMM (http://www.cbs.dtu.dk/services TMHMM-2.0/) program TM domain in
the hydrophobic region was predicted. The number of LRRs and its phasing showed generd
conformity with chicken TLR proteins amidst minor variations.

4.6.3. Phylogenetic analysis of avian TLRs

To examine the rdationship between avian TLRs (chicken, zebra finch, duck and
turkey) a phylogenetic tree was congtructed usng MEGA program by using al available and
annotated avian TL R amino acid sequences (Fig. 4.8). Each of duck and turkey TL R sequences
was clustered with its respective chicken and finch TLRs and their bootstrap probabilities
were sufficiently high to indicate that these annotations were rdiable.

4.6.4. Evolutionary analysisof avian TLRs

Evolutionary analysis of TLR sequences from avian species reveded synonymous
subdtitution (dS) was significantly (P<0.01) higher than non synonymous subgtitution (dN) for
al TLR sequences studied except for duplicated TLR2 genes suggesting that these geneswere
under purifying selection. The duplicated TLR2 genes of avian are under positive selection.

4.6.5. Expression analysis of duck TLR genes

TLRtranscripts were detected for dl ten genesin dl duckling tissue samples andyzed
in the present study. Representative amplification plots and dissociation curves of duck TLR
genesandyzed aregivenin Fig. 4.9. All ten TLRSmRNA expressonsweresignificantly higher
in bursa than other tissues studied, whereas in muscle dl TLRs mRNA expressions were
ggnificantly (P<0.01) lower except for TLR15. TLR7 geneexpressonwassgnificantly (P<0.01)
higher in spleen, bursaand dsoinlung. In spleen, TLRS wasleast expressed, whereasin bursa
TLR3 was least expressed among al other TLRs investigated (Fig. 4.10).
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Results

4.6.6. Expression analysis of turkey TLR genes

TLRmMRNA expressonswere detected for al ten genesin al tissue samplesandyzed
inthe present study (Fig. 4.11). Overdl TLR expression was highest for TLR4 and lowest for
TLR21. Expressonof TLR1A, 2A, 2B and 21 genesweresgnificantly (P<0.01) higher inliver
than other tissues investigated. TLR3 expression was sgnificantly (P<0.01) higher in marrow
(BM) and spleen in comparison to other tissue samples. However, there is no sgnificant
difference in the gene expresson of TLR1B, 4, 5, 7 and 15 among the tissues sudied (Fig.
4.11).

4.7. Molecular characterization coding region of avian TLR15
4.7.1. Avian TLR15 coding sequence analysis

All five overlgpping fragments of TLR15 gene were amplified from spleen cDNA of
Ased, Kadaknath, Japanese quail and turkey (Fig.4.12). The nucleotide sequences of TLR15
fragmentswere aigned to generate full-length ORF sequences, which were submitted to NCBI
Genbank. Accession numbers were obtained for Aseel (HM773174), Kadaknath
(HM773175), Japanese quail (HM773176) and turkey (HQ456924.1). All four coding
sequences had same ORF length of 2,607 bp similar to that of broiler chicken
(NM_001037835) encoding 868 amino acids, and had molecular weight of 98.2, 98.2, 98.1
and 98.2 kDa, respectively. By using Clustd (W) andlysis, Ased, Kadaknath, Japanese quall,
and turkey TLR15 sequences showed 99.7%, 99.8%, 95.1%, and 92.4%, smilarity with
broiler chicken TLR15 coding sequence at nuclectide level respectively (Fig. 4.13).

4.7.2. Avian TLR15 protein structure analysis

Structure of TLR15 protein of indigenous chicken breeds, Japanese quail and turkey
was predi cted based on deduced amino acid sequences from their respective coding sequences
usng SMART and TMHMM programmes. In al four avian TLR15 sequencesfirst 22 amino
acids condtituted signa peptide region, followed by ectodomain region that covered over 652
aa resdues, transmembrane region (from 654 to position 676) and cytoplasmic TIR domain
conssteds of 144 residues (from706 to position 849). SVIART prediction reveded that
ectodomain of indigenous chickensand turkey TLR15 possesses 10 leucine-rich repests (LRRS)
gmilar to broiler chicken, whereas Japanese quail has 11 LRRs implying minor differences
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Fig.4.11: Differential expression of turkey TLRsmRNA in different tissues
(@ TLRLLA; (b) TLRILB; (c) TLR2A; (d) TLR2B; (€) TLR3; (f) TLR4; (g) TLRS; (h) TLRY; (i) TLR15;
() TLR21
Values are mean 40-DCt+SEM (n = 6), Bars with different superscripts differ significantly, P< 0.01

40
35 4 ab

30 . b
254

20

Mean 40 - DCt

154

104

heart liver intestine bursa BM muscle spleen

(8 TLR1LA

40 -
35
30 - L T
25 1

20 A

Mean 40 - DCt

15 4

10 4

heart liver intestine bursa BM muscle spleen

(b) TLR1LB

40 «

35 9

09— cd bed

20 9

15 4

Mean 40 - DCt

10 4

heart liver intestine bursa BM muscle spleen

(c) TLR2A



Mean 40 - DCt

Mean 40 - DCt

Mean 40 - DCt

35

30 4

25 o

20 4

15 <

10 4

40 -

35

30

20

15 4

10 4

heart

liver intestine bursa BM muscle spleen

(d) TLR2B

40 -

35

30 4

25 4

20

15 A

10

heart

liver intestine bursa BM muscle spleen

(e) TLR3

heart

liver intestine bursa BM muscle spleen

(f) TLR4



Mean 40 - DCt

Mean 40 - DCt

45

40 I P - i r I —
35 4
30 4
25 4
20 4
15 4
10 4
5 4
0 T T T T T T 1
heart liver intestine bursa BM muscle spleen
40 -
35 4
30 4
O 25 1
o
'
Q 20
=
8
= 15 4
10 4
5 4
0 T T T
heart liver intestine bursa BM muscle spleen
40 - (h) TLRY
i
354
o .
30 4
254
20 4
15 4
10 4
54
0 T T T T T T 1
heart liver intestine bursa BM muscle spleen
(i) TLR15
40 -
35 4
a
30 - — ab ab ab
ab — 1 T b
- T b -
O 25 1 —
[a]
'
o 4
2 20
c
8
15 4
=
10 4
5
0 T T T
heart liver intestine bursa BM muscle spleen

() TLR21



(A)

660 bp
600 bp
(B)
600 bp 608 bp
©
600 bp 598 bp
D)
600 bp 653 bp
(E)
421 bp

400 bp

Fig. 4.12: PCR amplification of fragmentsof full length coding region of avian TLR15
LaneM : 100 bp DNA ladder; LaneA : Asedl; LaneK : Kadaknath; Lane Q : Japanesequail;
LaneT : Turkey, (A) TLR15-fragment 1; (B) TLR15-fragment 2; (C) TLR15-fragment 3; (D)
TLR15-fragment 4, (E) TLR15-fragment 5



Fig.4.13: Alignment of TLR15 amino acid sequences deduced from full-length ORF sequences of Asedl,
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Results

across the species (Fig.4.14). There are no N-termina cysteine clustersin TLR15in dl four
sequences studied.

4.7.3. Phylogenetic analysis of avian TLR15

Based on theamino acid sequences of TLR15, phylogenetic treewasdravn by MEGA
3.1 considering 1,000 bootstrap vaues including al chicken TLR sequences available zebra
finch (Taeniopygia guttata) TLR sequencesand TLR15 sequencesof Asedl, Kadak Japanese
quail and turkey (Fig. 4.15). Avian TLR15 sequences grouped with chicken and finch TLR1
family with high bootstrap support.

4.8. Functional characterization of duck TLRs

4.8.1. Cytokine mRNA expression in duck PBMC culture stimulated with TLR

agonistsin in vitro assay

IL-113 gene expression leve in LPS simulated duck PBMC culture were significantly
higher a both 12 h (1.9 fold change;, P<0.05) and 24 h (2.16 fold change; P<0.01) time
intervas. However, there were no sgnificant changesin IFN-? gene expression levelsin poly
I:C gimulated duck PBMC culture a both 12 h (0.60 fold change) and 24 h (0.53 fold
change) intervals (Table 4.8).

Table4.8. Cytokines IL-13 and IFN-? gene expression levels TLR agonists
stimulated duck PBMC culture

TLR agonist LPS Poly I:CP
Timeinterval 12 24 12 24

Control
(mean 40-DCt) 31.34+0.17 32.33+0.33 38.95+0.28 39.11+0.28

Stimulated culture

(mean 40-DCt) 35.04+0.38 34.5+0.09 39.55+0.20 39.64+0.05
Fold change

(2059 1.9* 2.16** 0.60 0.53

a |L-1R,°: IFN-? gene expression levels * Significant at P<0.05, ** Significant at P<0.01. n=3
for each experiment.
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Results

4.9. Cloning, prokaryotic expression and purification of recombinant
chicken b-defensin-AvBD2

4.9.1. Amplification and cloning of chicken AvBD2 gene

A 143 bp (119 bp of target gene+primer sequence with restriction enzymes (RE) sites
PCR product of chicken AvBD2 genewas amplified from chicken genomic DNA (Fig. 4.16).
The PCR product was cloned into pUC29 cloning vector by RE digestion and ligation. Positive
clones checked by EcoRI and Hind 111 RE digestion released ~250bp insert from the 2.5Kb
cloning vector (Fig. 4.17). Sequence andysis of cloned insert showed 100% similarity with
published chicken AvBD2 coding sequence (AF033336).

4.9.2. Prokaryotic expression and purification of chicken AvBD2

The insert was sub cloned in pET-28A expresson vector and positive clone was
selected for induction of recombinant protein. Induction of the recombinant chicken AvBD2
did not affect the viahility of E. coli cdlstransformed with pET-28aGga AvBD2 constructs.
SDS-PAGE andysisof the bacterid pellet obtained from culturestransformed with recombinant
plasmid showed presence of a 7.7 kDa additiond protein (Fig. 4.18). No toxic effect of the
protein was observed in the un-induced and induced cultures during the 5 h growth period
gudied. The growth kinetics of the un-induced cultures were smilar in both transformed and
control cells. In induced cultures, the overdl growth was low; however, the bacterid growth
trends in the control and transformed cells were not significantly different.

Analysis of the supernatants and pellet fraction of bacteria cells after disruption by
sonicetion indicated that al the recombinant chicken AvBD2 peptide was present in the pellet
fractioninaninsolubleform. So apurification scheme using denaturing conditionswasemployed
and the protein was purified to more than 90% purity as evidenced by the coommasie staining
of the SDS-PAGE ged s after eectrophoresis (Fig. 4.19). Theyidd of the purified protein was
about 1-2 mg from alitre of induced E. coli culture,

4.8.2. Antibacterial activity of recombinant chicken AvBD2

The recombinant chicken AvBD2 showed antibacterid activity againg S. Pullorum.
The minimum bactericidal concentration (MBC) of recombinant chicken AvBD2 evauated by
micro-broth dilution assay was 35 pg/ ml (Fig. 4.20).

&5 25 2
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Discussion

Innate immune system is now considered as potent activator and mediator of the
adaptive immune response. Instead of sdecting chickens for resstance to a single pathogen,
focuson innate biomarkerswhich indicate potentia to mount most effectiveimmune responses
againg multiple microorganismswould berather more beneficid. Thetoll-likereceptors(TLR)
and 13-defensin super family represents evolutionarily conserved members of innate immune
system that can exploited in future in breeding programmes to improve disease resstance and

for immunomodulation.

Compar ative quantification of constitutive TLRSmMRNA expression in Indian native

and White L eghorn chickens

Indigenous chicken breeds are considered to be disease resistant, however the
underlying immunologica basis is unknown. The expression profiles of TLRs, ther functions
and sgnaling pathways have been ducidated in various mammalian immune cdll types (Muzio
and Mantovani, 2001; Muzio et al., 2000; Janeway and Medzhitov, 2002 and Takeda and
Akira, 2004). Condtitutive TLR expression profiles are suggestive of an individud’ s ability to
respond to pathogen encounter. Moreover, wider repertoire of TLRS N tissues that interface
between host and pathogen could be attributed to greater host resistance (Kogut et al ., 2005a;
Igbal et al., 2005a). Expression pattern of TLRsin White Leghorn chicken have been earlier
documented (Kogut et al., 2005a; Igbal et al ., 2005a), however, thereisdearth of information
regarding native chickens. Hence, in the present study, TLR gene expression in two Indian
native chickens (Ased and Kadaknath) was investigated and compared with White Leghorn
chicken.



Discussion

Sonificantly higher leves of TLR4 mRNA expresson in Ased and White Leghorn
were observed in comparison to Kadaknath in different tissues investigated. TLR4 is the
principa receptor for LPS, amgjor component of outer membrane of Gram-negative bacteria
(Poltorak et al., 1998). TLR4 is required for LPS mediated inducible nitric oxide synthase
(INOS) induction in chicken macrophages (Dil and Qureshi, 2002). Variable expression of
TLR4 molecules has been reported previoudy in different genotype chicken (Dil and Qureshi,
2002). Moreover dldic variationsin TLR4 gene are associated with res stance/susceptibility
to Salmonella enterica serovar Typhimurium and Salmonella enteritidis (SE) infectionsin
chicken (Leveque et al., 2003; Dil and Qureshi, 2002; Maek et al., 2004). However,
sgnificantly higher levelsof TLR4 mRNA expression levelsin heterophils of Kadaknath were
observed in comparison to Ased, White Leghorn, naked neck and dwarf gene lines (Kannaki
et al., 2010q). The discrepancy between these studies may be due to differencein the tissue/
cdl types studied (heterophils vs. tissue) and age (adult vs. day-old chicks). Hence the
ggnificantly higher expresson of TLR4 in Ased and White Leghorn birds has implication in
nitric oxide production and innate immunity. TLR7 gene expression wasfound to besignificantly
higher in liver of White Leghorn than native chicken tissues (Table4.1). Differentia expresson
of TLRY in variety of tissues has been reported earlier (Kogut et al., 2005a; Igbal et al.,
20054). TLR15 and 21 gene expressionswere Sgnificantly higher in Ased tissues (spleen and
bursa & heart) in comparison to Kadaknath and White Leghorn tissues. Higher and wider
expression of TLR genes in native chickens may provide edge over their commercia
counterparts, which can be exploited in breeding programs to improve the disease resistance

in poultry stocks.

Differential TLRs mRNA expression patterns during chicken embryological

development

Inthe present study an attempt was made to profile the expression pattern and kinetics
of gene expression of TLR genes during chicken embryo development. All seven TLR(2A, 3,
4,5, 7,15 and 21) geneswere expressed in whole embryonic tissue as early as 3™ embryonic
day (ED). Quantitative red-time PCR anadyssreveded TLRgenes are differentialy expressed

during chicken embryo development and each TLR gene showed significant changes
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in expresson suggestive of developmentd regulation (Fg. 4.4). The present finding are congdent
with the recent findings of expresson of innateimmune genesin early embryonic tissues (Meade
et al., 2009a; Michailidis et al., 2010). In amilarity to the earlier finding of TLR2 gene
expression in early embryonic tissues (Meadeet al., 2009a), rdlaively low leve of differentiad
expression of TLR2 was observed in embryonic liver and intestine, whereas declining trend of
TLR2 expression was found in brain and heart tissue during development. Chicken TLR2 has
been shown to act as areceptor for lipoprotein and recognizes LPSin the presence of MD-2
gmilar tohuman TLR2 (Fukui et al ., 2001). TLR2 isexpressed and functiond inthe developing
mouse telencephaon from early embryonic stages and infectious agent-related activetion of
TLR2 inhibitsneurona progenitor cell (NPC) proliferation (Okun et al ., 2010). TLR2-mediated
inhibition of NPC proliferation may therefore be a mechanism by which infection, ischemia,
and inflammation adversely affect brain development. Some TLRs are strongly expressed in
the human embryonic brain and TLR3 and TLR8 have been implicated in neurogenesis and
neurite outgrowth in the developing brain, whereas TLR2 and TLR4 have been shown to
regulate adult neurogenesis (Malard et al., 2009).

In contrary to theweak expression of TLR4 in early embryonic development by Meade
et al. (2009) (whole embryonic tissue) and Kannaki and Verma (2008) (liver tissue), in the
present study strong expresson of itstranscript inliver during 12" ED wasobserved. Differentid
expression of TLR2 and TLR4 in developing feta shegp lung has been shown earlier (Meyerholz
et al., 2006; Hillman et al ., 2008). TLR2 and TL R4 protein were expressed from thefirst cell
gtage through the blastocyst stage of murine embryo (Roseet al., 2011). TLR4, awdl known
receptor for LPS together with lysozyme, a mgor protein component of egg known to bind
and detoxify LPS (Takadaet al., 1994) may provide protection against mgor Gram negative
bacteriain the event of in ovo infection. Recently it has been demonstrated that the expression
of functional TLR4 is associated with proliferation and maintenance of stem cell phenotypein
endothelid progenitor cells (EPCs) (He et al., 2011). This suggests the role of TLR4 in
angiogenessand reved sanove aspect of the multiple-faced TL R biology, and may open new
prospects for usng TLR4 agonigts clinicaly. TLR2 (Voraet al., 2004) and TLR4 (Diamond
et al., 1996) activated immune pathway's have been previoudy shown to induce antimicrobial
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peptides. Further recent studies suggested that avian [-defensins-2 (AvBD2) and AvBD13
may act as endogenous ligand for TLR4 and that AvBD13 enhances the proliferation of
monocytesviathe NF-7B pathway (Yang et al., 2010). However, an earlier sudy by Meade
et al. (2009a) showed both AvBD2 and 13 were decreased in gene expression during early
stages of devdlopment inrdationto 3™ ED. The complex interlink between TLRgene expression
and antimicrobid peptide (AMP) expression isyet to be eucidated.

TLR3 mRNA expression was sgnificantly higher in embryonic tissues on 12" ED
during development in the present study. On the contrary, it seemslikely that low expresson
of TLR3 in utero in mammads is a developmentdly desrable trend. High TLR3 levds have
been linked to a higher frequency of abortion in amouse mode aswell asin human (Clark et
al., 2004; Zhang et al ., 2007). Possibly elevated feta expression of TLR3 before birth carries
with it an devated risk of deeterious fetd—maternd interactions or of autoimmune pathology.
However, this may be due to extra uterine development in avian species. Moreover, TLR3 s
a negdtive regulator of human embryonic neurd progenitor cdl proliferation (Lathia et al.,
2008). Significantly higher levels of TLR7 gene expresson was observed in the intestine on
12" ED than other tissues investigated. TLRY istriggered by antivird compounds and sngle-
granded RNA, and is implicated in the immune response to viruses such as influenza virus.
TLR7 geneis expressed in chicken and duck embryo fibroblasts and the expression is up
regulated upon infection with H5N1 virus (Liang et al., 2011). Moreover previous studies
have aso shown that TLR7 ligands can be successfully administered in ovo, highlighting therr
potentid as adjuvants for in ovo administered vaccines (Rautenschlein et al., 2000). In ovo
adminigration of ligands at ED18 may result in the lag period until hatch (ED21), resulting in
optima protection being provided to newly hatched chicks.

Sgnificantly higher levels of TLR5 gene expression were observed in dl embryonic
tissueson 18" ED. TLR5 recognizesflagdlin of Sdmondlaserovarsand playsaroleinregricting
systemic infection by SAmondla(lgbd et al., 2005b). TLR15 isarecently described receptor
and appears to be unique to avian species (Higgs et al., 2006; Temperley et al., 2008). The
ligand specificity for TLR15 hasnot yet been conclusively determined, but there are substantia
evidencestha TLR15 recognizes some components of Salmonella spp. (Higgset al., 2006;
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MacKinnon et al., 2009b; Nerren et al., 2009, 2010). Earlier, Higgs et al. (2006)
demondrated amilarity in the expresson pattern between TLR2 and TLR15 in caecum of
Salmonellainfected chicken and specul ated dimerization of these two receptors during ligand
recognition. However this smilarity was not observed except for liver in the current study.
TLR5 and TLR15 gene expresson in embryonic tissues may have implication in resstance

agang in ovo Salmonella pp. infection.

Reinforcing the earlier report (Meade et al., 2009a) the present study aso showed
ggnificant up regulation of TLR21 gene expression in liver and intestine during 15" and 18"
ED. TLR21 isan uniquereceptor for avian and fish species (Temperley et al., 2008). Neonatal
chicks are responsve to CpG moatifs in synthetic oligodeoxynucleotides (ODN) (Patel et al.,
2008) and hirds are protected against Salmonella spp. and Eimeria sop. infection after
adminigration of ODNs either in ovo or to newly hatched birds (He et al., 2007; Taghavi et
al., 2008; Ddloul et al., 2005). Only recently chicken TLR21 was demongtrated to act asa
functiond homologue to mammalian TLR9 in the recognition of CpG-ODN and bacteria
genomic DNA (Brownlie et al., 2009; Keestra et al., 2010). However, on the contrary a
recent study (Ciraci and Lamont, 2011) demonstrated that rapid response to multiple classes
of CpG-ODNs requires more than one specific TLR. Severd receptors including TLR15,
TLR21 and TLR2 respond to CpG-ODNSsin asequence-specific manner and potential cross-
tak may exig among them. Earlier findings and the present result of TLR21 expresson in
developing chicken embryo suggests the competence of embryo to respond to CpG motifs
which can be potentialy exploited as immune adjuvants.

The present study demonstrated the differentia expression of TLR genesduring chick
embryogeness in the absence of infection. Condtitutive expression of TLR transcripts in the
developing chicken embryo in the absence of infection represent a preparatory mechanism to
protect the embryos in ovo and the newly hatched chick againgt infections. Apart from the
role of innateimmunity TLRsmay aso have arolein embryo devel opment. Indeed Drosophila
Toll, thefirst member of the TLR family wasinitidly characterized as adevelopmentd protein
before the establishment of their role in immunity (Hashimoto et al., 1988; Kambris et al.,
2002). Hencethereisaprecedenceto suggest aprobableroleof TLR expressoninembryonic

development in addition to an innate immune response.
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Compar ative quantification of congtitutive R-defensins mRNA expression in Indian

native and White L eghorn chickens

Avian 3 defensins (AvBDs) are now considered as one of the key components of
innateimmunity in avian species Defengnsact asafird line of defense againgt invading pathogens
and execute anti-microbia activity by non-oxidative mechanisms (Sahl et al., 2005). Some
defensns are dso chemoattractant for monocytes, lymphocytes and dendritic cells, thus acts
asalink between innate and adaptive immune responses (Yang et al., 1999; Ganz, 2003). A
total of 14 [>-defensin genes (AvBD1-14) have been identified in the chicken (Lynn et al.,
2004, 2007; Xiaoet al., 2004). Differentid condtitutive expresson of AvBD genesin devedoping
chicken embryonic tissues aswell as neonatal chicken tissues have been demondtrated earlier
(Lynn et al., 2004; Bar-Shira and Friedman, 2006; Maet al., 2008; Meade et al., 2009a).
Recently, the tissue specific expresson profile of AvBD genes has aso been sudied in Snging
bird (zebra finch) and found to be smilar to that of chicken to a great extent (Hellgren and
Ekblom, 2010). Innateimmune systemiscrucid in very young chickensasthe acquired immune
system fully develops only after the first week of age (Bar-Shiraet al., 2003). In the present
study, themRNA expression levelsof dl 14 AvBD genesin spleen tissue of day-old chicks of
Ased and Kadaknath were quantified and compared with that of White Leghorn.

Spleen has been chosen Sinceit is one of the secondary lymphoid organs that play a
mgor rolein eiciting theimmune responses againgt infections (Jeurissen, 1991). Thisdifferentia
expresson of AvBD genes in spleen tissue of chicken breeds suggests the difference in their
antimicrobid aswell as other immune-modulatory functions. Moreover the difference among

the breeds draws speculation towards difference in innate immune-competence.

Earlier reports together with present result of expression of AvBD transcriptsin day-
old-chicks in the absence of infection suggest the innate preparedness of younger chicken to
encounter pathogens immediately post-hatch. On the contrary to the earlier findings of weak
or nil expresson of AvBD2 in chicken spleen (Zhoaet al., 2001; Lynn et al., 2004; van Dijik
et al., 2008), moderate level of MRNA expression of AvBD2 in spleen was observed in dl

three breeds. However thisisin the agreement with thefindings of other workerswho reported
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stronger transcript expression of AvBD2 in spleen of duck (Soman et al., 2009a; Maet al.,
20094) and zebrafinch (Hellgren and Ekblom, 2010). The observed discrepancy may reflect
the difference in species (duck, zebra finch versus chicken) that adapt to encounter different
pathogensin different habitat. AvBD1 and 2 werefirg purified from chicken heterophils (Evans
et al., 1995) and a recent report demondirated the ability of avian intestind epithelid cdlsto
produce AvBD1 and AvBD2 (Derache et al., 2009). Strong expression of AvBD2 in bone
marrow (van Dijik et al., 2008) and strong to moderate expression in spleen, in the present
and earlier studies suggest that it is a myeoid defensn and is crucid in systemic immune
response apart from direct antimicrobia activity. Recently adjuvant and chemotactic property
of chicken AvBD1 (Zhang et al., 2010) and duck AvBD2 (Soman et al., 2009b) have been
demongirated apart from their direct anti-microbia activity. AvBD3 is condtitutively expressed
in the avian skin and tongue and inducible in trachea (Zhao et al ., 2001) and its anti-bacteria
and LPS neutrdizing activity have aso been demonstrated (Bommineni et al., 2007). Further,
single nucleotide polymorphismsin AvBD3 and AvBD7 genes in broilers were found to be
associated with antibody levels of SE vaccination (Hasenstein and Lamont, 2007). An earlier
study demongtrated that AvBD4, AvBD7 and AvBD9 possess bactericida activity against
Salmonella spp. (Milonaet al., 2007). Moreover recombinant duck AvBD9 and 10 peptides
have a0 been shown to possess antimicrobia activity againgt severa bacteria strains (Maet
al., 2009b). In contrast to earlier findings of weak or low expresson of AvBD7 in spleen
(Xiao et al., 2004; Lynn et al., 2004), in the present study strong expression of AvBD7 was
observed in al three breedsin comparison to other AvBDs. Moderate expression of AvBD9
and weak or low expression of AvBD10 have been documented in chicken (Lynn et al.,
2004; Xiao et al., 2004), duck (Maet al., 2009b), quail (Wang et al., 2010) and zebrafinch
(HdIgren and Ekblom, 2010) spleen. Reinforcing these results moderate levels of expression
was observed for both these defensinsin the current investigation. Expression of transcripts of
these AvBDs (4, 7, 9and 10) in spleen suggedts an innate protective mechanism againgt
Salmonella infection in these chicken breeds.

Sgnificant difference in AvBD5 gene expression was observed among the breeds
dudied (Table 4.3). The gene expresson was sgnificantly higher in Kadaknath than Ased and

White Leghorn. However, no sgnificant difference was found in the mRNA expresson of

Toll-like receptors and b-defensins in avian species -105-



Discussion

AvBDS, 9, 10 and 11 among the breeds investigated. AvBD11, an antimicrobia peptide
(AMP) with broad antimicrobid efficacy was recently found to be one of the most abundant
proteinsin the vitelline outer membrane of the egg (Mann, 2008) and significantly upregulated
during embryogeness (Meade et al., 2009a). AvBD 11 was strongly expressed in spleen and
amdl intestine of broiler chicks and was predominantly active againg the intestind pathogens
(Higgset al., 2005). AvBD 12 wasdifferentidly expressed among these three breeds and was
sgnificantly higher in Ased in comparison to Kadaknath and White Leghorn in the present
study. AvBD13 modulates the adaptive immune responses of chickensin vivo and in vitro
(Yang et al., 2007). Recently a study suggested that AvBD13 maybe an endogenous ligand
for TLR4 and that AvBD13 enhancesthe proliferation of monocytesviathe NF-7B pathway
(Yang et al., 2010). Although significant differencein TLR4A mRNA expresson among Indian
native chicken and White Leghorn chicken was found in an earlier sudy (Kannaki et al.,
2010a), in the present study we did not observe any sgnificant difference for AvBD13 gene
expression anong the native chicken and White Leghorn. Interlink between TLR and AvBD
gene expression has yet to be established. AvBD 14 was recently identified member of AMP
family (Lynn et al., 2007) and this gene expression was Sgnificantly higher in Asedl than other
two breeds in the present investigation. In summary, the present study reveded sgnificantly
higher mRNA expresson levels for AvBD (5, 12 and 14) genes in Indian native chicken
breeds when compared to White Leghorn.

Differential innateimmune gene expressionsin the gastrointestinal tract of chicken

upon S. Pullorum-infection

Salmonella Pullorum, afowl-specific pathogen causes sysemic sdmondlosisresulting
in subgtantial mortality in chicks (Shivaprasad, 2000; Wigley et al., 2001). Persistence of
infection or carrier-status and subsequent vertical transmission through eggs are the mgor
concernswith S. Pullorum infections of birds more than aweek old (Chappdll et al., 2009).
Innate immune gene expressions have been studied for SE and S. Typhimurium infections in
chicken (MacKinnon et al., 2009b; Shaughnessy et al., 2009). Unlike infections with SE or
Salmonella Typhimurium, S. Pullorum does not induce an inflammatory response in chicken
intestine (Henderson et al., 1999; Kaiser et al., 2000) and other studies also suggested that
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the pattern of immune responseinduced by S. Pullorum invasion might be distinct (Chappell et
al., 2009).

Differentid expresson pattern of TLRsin devel oping chicken embryonic gut tissuesas
well as neonad chicks in the absence of infection status have been earlier demongtrated by
severd authors (Higgset al., 2006; Abasht et al., 2008; MacKinnon et al., 2009a; Meadeet
al., 2009a; Kannaki et al., 2011). The condtitutive TLRexpressoninthegut tissuesof younger
birdsindicates the innate preparedness to encounter pathogens that enter viafeed or from the
environment immediately post-hatch (Bar-Shira and Friedman, 2006). In the present study,
TLRs and AvBD gene expression levels were investigated in Gl tissues (duodenum, jgunum,
ileum and caecum) of 3-day-old broilers after 24 h of ord infection with virulent isolate of S

Pullorum.

In the present sudy TLR1LA, TLRILB and TLR2B gene expressons remained
unchanged upon S. Pullorum infection. Chicken TLR1 and TLR2 gene have been duplicated,
evolved independently and recently designated as TLRILA, TLRILB, TLR2A and TLR2B
(Temperley et al., 2008). These receptors are involved in the recognition of diacylated- or
triacylated bacterid lipopeptides (Fukui et al., 2001; Keestra et al., 2007). In addition, the
chicken TLR2A/TLRILB heterodimer has been reported to be activated by peptidoglycan
(Higuchi et al., 2008). However, TLR2A gene expresson was sgnificantly up regulated in
ileum of infected chicken in smilarity to MacKinnon et al. (2009b). This increased gene
expresson may facilitate in increased recognition of lipoproteins and peptidoglycan. TLR4
and possibly TLR2 recognize L PS, and polymorphismsin TLR4 geneislinked with susceptibility
to Salmonella spp. infection in chicken (Leveque et al., 2003; Kogut et al., 2005b). In the
present study significant up regulation of TLR4 gene was observed in duodenum and ileum of
infected chicken (Fig. 4.5). MyD88-dependent pathway of TLR4 signaling has been shown to
be upregulated in young chickens infected with S, Pullorum (Li et al., 2010). Reinforcing
earlier sudies TLR4 gene expression was not upregulated in the ceca after infection (Higgs et
al., 2006; MacKinnon et al., 2009b; Li et al., 2010). Moreover, high degree of amilarity in
gene expression was observed for TLR2 and TLR4. This amilarity supports the results of

earlier workers suggesting the possible dimerization or cross-regulation of thesetwo receptors

(Abaght et al., 2008, 2009; MacKinnon et al., 2009b).
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Chicken TLR5 recognizes and respondsto SE flagdllin (Igba et al., 2005b; K eestra
et al., 2008). Downregulation of TLR5 gene expresson was earlier reported as an immune
evason mechaniam to limit oversimulaion by SE during infection in chickens (Abadht et al.,
2008; MacKinnon et al., 20094). As expected, TLR5 gene expression was not changed in
the present study uponinfection with S Pullorum asthis serovar isan afl agdllate fowl pathogen
(Guard-Petter, 1997). Non-flagdllated mutants of Salmonella enterica serovar Typhimurium
demondtrated enhanced ability to systemically colonize in neonata chicks after ord chalenge
suggesting chicken TLR5 may play arolein redricting systemic infection by Salmonella spp.
(Igbal et al., 2005b). Lack of TLR5 stimulation by S. Pullorum may be one of the important
mechanismsthat facilitatesin bacteria colonization and pathogeness. Further, TLR3 and TLR7
geneexpressonsremained unchangedindl Gl tissuesexcept jgunum after S Pullorum infection
in this present study. Thisis not surprising since both TLR3 and TLR7 are receptors for vira
ligands, they did not get dtered by bacterid infection. Earlier, MacKinnon et al. (2009b) aso
observed smilar patternin Gl tissues of SE infected chicken. However, in the present study,
sgnificant down regulation of TLR3 gene expresson in jgunum of infected chicken was
observed; the reason could not be explained with the present knowledge.

TLRI15 is a recently described avian specific receptor with no vertebrate ortholog
counterparts (Higgs et al., 2006; Temperley et al., 2008). The ligand specificity for TLR15
has not yet been conclusively determined. In contrast to some earlier reports (Higgs et d.,
2006; MacKinnon et al., 2009a; Shaughnessy et al ., 2009) unatered TLR15 geneexpression
was found upon S. Pullorum infection in most of the Gl tissues, except for jgunum in which
TLR15 gene expression was down regul ated. The differences observed between these studies
may be asareault of differencesin bacterid strains (SE, S Typhimurium versus S. Pullorum).
Similar pattern of unchanged TLR15 gene expression was aso observed in response to C.
jejuni infection in chicken (Shaughnessy et al., 2009). However, the suggested similarity in
the gene expression pattern between TLR2 and TLR15 (Higgset a., 2006) was not observed
in the current study. Undtered expression and down regulation of TLR15 gene expresson
suggests a smilar mechaniam of immune evason found for TLR5 gene expression during SE

infectionin chicken (van Aubd et al., 2007; MacKinnon et al ., 2009). Hence, thisexpression
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pattern of TLR15 genein response to S. Pullorum infection highlights key differences among
different bacterid speciesin the induction of immune response,

TLR21 is an unique receptor for avian and fish species. This gene expresson was
sgnificantly upregulated in dl of the Gl tissuesinvestigated. However, thisisin contrast to the
finding of MacKinnon et al. (2009b), wherein TLR21 gene expression was found unatered
upon SE infection and they speculated this receptor for vira recognition. However, recently,
chicken TLR21 has been demongtrated to act as afunctiona homologueto mammdian TLRO
in the recognition of CpG oligodeoxynucleotides and bacterial genomic DNA (Brownlie et
al., 2009; Keestra et al., 2010). Further, it has aso been demondtrated that avian TLR21
may exhibit broader bacteria species recognition through their CpG motifs than mammaian
TLRO (de Zoete et al., 2010; Brownlie and Allan, 2011). Upregulation of chicken TLR21
gene expression was aso observed in S. Typhimurium and C. jejuni infection (Shaughnessy
et al., 2009). The present upregulation of TLR21 gene expression in Gl tissues may play an
important rolein S. Pullorum pathogenesis. The present study has demondirated the upregulation
of some of the chicken TLRs (TLR2, TLR4 and TLR21) upon infection with S. Pullorum,
however, the magnitude is far less than infection with SE or S. Typhimurium (MacKinnon et
al., 2009b; Shaughnessy et al., 2009). Earlier investigations also suggested that S. Pullorum
infection causes only limited inflammation (Henderson et al., 1999). Moreover, infection with
this serovar downregul ates inflammatory chemokine gene expresson CXCLil inileum during
early stages of bacteria invasion and mediates a bias towards Th 2 responsesin later stages
facilitating in the development of carrier Sate (Kaiser et al., 2000; Chappell et al., 2009).

Avian defensins have been linked to host resistance to Salmonella spp. intestind
carriage (Sadeyen et al., 2004, 2006). Expresson andysis reveded that out of 14 AvBD
genes, dl weredetectableindl Gl tissues both uninfected and infected groups, whileexpressons
of AvBD2 and 7 were a very low leved in both groups. Differentid condtitutive expression of
AvBD genes in developing chicken embryonic tissues as well as neonatd tissues have been
demondtrated earlier (Lynn et al., 2004; Bar-Shira and Friedman, 2006; Ma et al., 2008;
Meade et al., 2009a). Chicken AvBD1 and 2 were isolated from heterophils whilst chicken
AvBD3-13 were shown to be condtitutively expressed in the epithelia of arange of tissues
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(Zhao et al., 2001; Lynn et al., 2004; Higgs et al., 2005). Our results together with earlier
reports demondratethe ability of avianintestind epithdia cdlsto produce AvBD1 and AvBD2
(Derache et al., 2009). Minor discrepancieswere observed in condtitutive expression pattern
of I3 defensin genes between the present results and earlier studies. It can be speculated that
these discrepancies between these studies reflect differences between the experimenta
conditions such as variaion in breeds, age and techniques used (semi-quantitative RT-PCR
vs. red-time PCR). Thesefindingstogether with present results suggest the innate preparedness
of younger chicken to encounter pathogens that enter via feed or from the environment
immediately post-hatch. Moreover, differentia expresson pattern of the 13 defenan family
suggests their spectrum of antimicrobiad and immunomodulatory activity. Present finding of
low expression of AvBD2 isin condstence with an earlier sudy (Lynn et al., 2004), which
aso reported moderate to low expression of this defensin in intestind tissues. Similar to the
present result, Soman et al. (2009a) a so reported very wesk expression of AvBD2 in duck
intestine tissues suggesting the lack of itsrolein primary defensein the digestive tract. Further,
dueto its strong expression in bone marrow it is consdered as myeloid defensin and iscrucid
in systemic immune response rather than protecting the epithdia surfaces. Recently adjuvant
and chemotactive activity of chicken AvBD1 (Zhang et al., 2010) and duck AvBD2 (Soman
et al., 2009b) have been demongtrated gpart from their direct anti-microbid activity.

Inthe present study, quantitative redl-time PCR anaysisreved ed sgnificant upregulation
of gene expressons of AvBD3, 4, 5, 6 and 12 and a Sgnificant down regulation in the gene
expressonsof AvBD10, 11, 13 and 14 in one or few Gl tissues, while no sgnificant changes
were observed for AvBD1, 2, 7, 8 and 9 gene expressonsin any of the G tissuesinvestigated
upon infection with S. Pullorum (Fig. 4.6). Akbari et al. (2008) also reported that AvBD1 and
2 gene expressions were not changed in caecd tondls upon infection with S, Typhimurium.
Recently Deracheet al. (2009) aso observed no changein AvBD2 geneexpressoninintesting
epithdia cdlsupon Salmonella chdlengein in vitro assay. However, in contrast to present
results, Sadeyen et al. (2006) earlier reported increasesin the gene expresson levelsof AvBD1
and AvBD?2 in the cecdl tondls of chicken inbred lines with Salmonella resstant trait. The
observed discrepancy may bearesult of differencesin bacterid strains(SE, versusS. Pullorum).
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AvBD3 was conditutively expressed in the avian skin and tongue and inducible in trachea
(Zhao et al., 2001). Moreover, anti-bacteria and LPS neutralizing activity of AvBD3 have
a S0 been demondrated (Bommineni et al., 2007). AvBDsplay significant rolesinhogt resstance
to Salmonella spp. colonization asindicated by the correl ation between ahigh level expresson
of AvBDs and alow levd of Salmonella spp. load in the caecum (Sadeyen et al., 2006).
Single nudeatide polymorphismsin AvBD3 and AvBD7 genes in broilers were found to be
associated with antibody levels of SE vaccination (Hasengtein and Lamont, 2007). AvBD3
and 12 gene expressonswere upregulated in S Typhimurium infection (Meadeet al ., 2009Db).
Earlier sudy demonstrated that AvBD4, AvBD7 and AvBD9 possess bactericida activity
againg Samondla species (Milonaet al., 2007). In another study, the expression of AvBD6
in the cecd tonsls of 6-week-old broiler chickens and itsantimicrobid activity against enteric
pathogens were shown (van Dijk et al., 2007). Upregulation of AvBD4 and AvBD6 in
duodenum upon S. Pullorum may be important in encountering initid bacterid intesting
colonization. Earlier sudies indicated that AvBD7 gene expresson to be ubiquitous while
AvBD4 and AvBD9 gene expressions appeared | ocalized to specific epithdid tissuesincluding
the ovary, trachea, and lung, respectively (Milona et al., 2007).

In Smilarity to present results, Milona et al. (2007) earlier observed no changein the
expresson of AvBD7 and 9 gene expressons in smdl intestine upon ord chdlenge with
Salmonella. Higgs et al. (2005) showed the strong expression of AvBD11 in smdl intesine
of day-old broiler and demongtrated the antimicrobid activity of synthetic AvBD11 peptide
agang a range of pathogens and found to be most active againgt bacteria residing in the
intestine. AvBD13 modulates the adaptive immune responses of chickensin vivo andin vitro
(Yang et al., 2007). However, in the present sudy AVBD11, 12 and 13 gene expressons
weresgnificantly down regulated in Gl tissuesupon S. Pullorum infection. Smilar down regulation
of AvBD3, 8, 13 and 14 gene expressonswerefound in C. jejuni infection mode in chicken
(Meade et al., 2009b). In mouse and rat models, studies have shown that defensins could be
down regulated by Salmonella in theintestine (Rodenburg et al ., 2007; Sdzman et al., 2003).
This down regulatiion may be an immune evason mechanism employed by S. Pullorum to
avoid inflammeatory reaction in initia bacterid colonization phase,
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Recognition of pathogen-associated molecular pattern (PAMP) by toll-like receptors
(TLR) activates nuclear factor kappa B (NF-?B) and mitogen-activated protein kinase
(MAPK), leading to the up-regulation of beta defensin-2 (Vora et al., 2004). Recently a
study suggested that AvBD13 maybe an endogenous ligand for TLR4 and that AvBD13
enhancesthe proliferation of monocytesviathe NF-7B pathway (Yang et al., 2010). Sgnificant
upregulation of TLR2, 4and 21 gene expressions in Gl tract tissues of 3-day-old broiler
chicksinfected with S. Pullorum was aso observed in the present study. Itislikely that LPS,
flagellin, and/or secreted virulence factors of Salmonella spp. function asPAMPto trigger the
expression of TLRs and subsequent AvBDs by complex interlinked pathways. It gppearsthat
the 3 defensin genes play arolein the trangition from an innate immune response to an adaptive
response in the newly hatched birds gpart from having direct anti-microbid activity (Ganz,
2003; Bar-Shiraand Friedman, 2006).

| dentification and molecular characterization of duck and turkey TLR genes

Advances in whole genome sequencing and annotation in recent times have led to the
identification of TLRs in saverd vertebrates including fish (Oshiumi et al., 2003), amphibian
(Ishii et al., 2007), birds(Yilmaz et al., 2005; Boydet al., 2007; Temperley et al., 2008) and
mammas (Medzhitov et al., 1997). However the present knowledge of avian TLR family is
solely based on chicken studies (Fukui et al., 2001; Boyd et al., 2001; Igbal et al., 2005b;
Philbin et al., 2005; Kogut et al., 2005b; Higgset al., 2006; Keestraet al., 2007). Recently
TLRgenesand pathway components have been annotated in zebrafinch (Taeni opygia guttata),
a passsriform bird from the genome draft (Cormican et al., 2009). Despite being distantly
related to the chicken, analyss of zebra finch genome showed overdl conformity of TLR
family and downstream signdling components (Cormican et al., 2009). However, there is
dearth of information regarding TLR repertoire in other avian species. Ducks are the primary
hogts and naturd reservoir of influenza. Avain influenza HSN1 srains, which are highly
pathogenic to chickens, rarely harm ducks (Hulse-Post et al ., 2005). However, immunologica
bagsfor thisdifferenceisgtill unknown. Hence, the recently published turkey genome (Ddloul
et al., 2010) and duck genome (unpublished) wereanayzed by insilico goproach for identifying
TLR repertoire in these two economicaly important avian species.
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All ten TLR genes orthologus to chicken genes are present in both duck and turkey
genome (Table 4.6 and 4.7, respectively). TLR1 and 2 genes are duplicated in chicken, duck,
turkey and zebrafinch to giveriseto TLR1LA, TLR1LB, TLR2A and TLR2B (Temperley et
al., 2008; Cormican et al., 2009). Theduplication of TLR1 and TLR2 genesare characterigtic
of avian lineage asthey arefound in dmogt dl the bird species sudied till today (Cormican et
al., 2009; Ddloul et al., 2010). The avian TLR1A/B and TLR2A/B genes are orthologs of
mammealian TLR1/6/10 and TLR2 respectively (Ddloul et al., 2010). The duplicated TLR2
genes in avian species are under positive sdection to retain both the members. Both positive
sel ection and gene conversion shape the evol ution of the avian specific TLR2 genes (Cormican
et al., 2009). The duplication of TLR2 gene in avian lineage is nat an unique event as other
independent duplication of TLR2 gene have occurred in American dligator (X. tropicalis)
(Beutler and Rehli, 2002) and in the ancestor of marsupid and eutherian mammals (Roach et
al., 2005). However, the timing of these duplications remains unknown. Interestingly, there
are remnants of second disrupted TLR2 like genein tandem with functiond TLR2 inmiceand
humans. Hence, the duplication of TLR2 gene might have occurred prior to the divergence of
mammals and birds and subsequently logt its functiondity in mammadian lineage. In mammals
TLR2 has been shown to be the common heterodimer partner for the members of TLR1
family members (TLR1/6/10) in the recognition of diacyl and triacyl lipopeptides (Takeuchi et
al., 2001). Recently it has been demongtrated that chicken TLRIL sinteract with TLR2s and
can recognize agonigts identicad to those of mammadian heterodimers (Fukui et al., 2001,
Keestraet al., 2007; Higuchi et al., 2008). However the functiond characterization of these
TLR receptorsis yet to be done in other avian species.

Aves gppear to missanumber of TLRswhich are present in most of mammas. TLR7,
8 and 9 subfamily isrepresented only by TLR7 genein chicken, duck, turkey and zebrafinch
(Temperley et al., 2008; MacDonadet al., 2008: Cormican et al., 2009) neverthelessTLR7
isduplicated in the later. TLR8 genein birds has been disrupted; whereas TLR9 gene hasbeen
deleted in the course of evolution (Philbin et al., 2005; Temperley et al., 2008). Philbin et al.
(2005) demondtrated that TLR8 geneisdisrupted by aretrovird, CR1-typeinsertion eement

only in gdliform species and not in anseriform birds including ducks. However, later it was
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disproved and duck genome was shown to have disrupted TLR8 gene (Roach et al., 2005:
MacDondd et al., 2008). TLR7 and TLR8 genes are adjacent to each other in the genomes
of fish and mammas (MacDondd et al., 2008). Hence genomic region downstreamto TLR7
region was examined in this sudy and identified CR1 like dements in between fragments
having homology to mammalian TLR8 genein duck and turkey genome. Complicated overlap
of function between the TLR7/8 in mouse and human has led to the speculation that mouse
TLR8 and human TLR7 are evolving to become pseudogenes (Crozat and Beutler, 2004).
Indeed, theloss of TLR8 in avian lineage reflects smilar evolutionary pressure,

Similar to chicken no mammalian ortholog of TLR9 and 10 genes could be found in
duck and turkey genome. In spite of TLR9 gene deletion in chicken genome
oligodeoxynucleotides (ODN), a synthetic TLR9 agonist have been shown to be effective in
chicken againg bacterid infections (Gomiset al ., 2003, 2004; Heet al., 2007; Taghavi et al.,
2008). Chicken possess TLR21 orthologous to fugu and Xenopus TLR21 (Temperley et al.,
2008). TLR21 was dso found in duck and turkey genome in the present analysis. Recently it
has been demongtrated that chicken TLR21 but not TLR7 or TLR15 as speculated earlier
recognizes unmethylated CpG motifs and acts as functiond homolog to mammadian TLR9
(Brownlie et al., 2009; Keestraet al., 2010). Further chicken TLR21 exhibits broader ligand
gpecificity compared with mammaian TLR9 as gpparent from the response to both human
and murine specific TLR9 ligand as wdll as bacteria genomic DNA (Brownlie et al., 20009,;
Keestraet al., 2010). Comparative sequence analyss of chicken, duck, turkey and human
TLR9 reveded that smilar to chicken TLR21 (Keestraet al ., 2010), duck and turkey TLR21
aso lack insertion sequence between LRR15 and LRR16 typica for human TLR7-9, involved
in proteolytic cleavage and implicated in TLR like function (Latz et al., 2007; Ewald et al .,
2008; Peter et al., 2009). Further andyss of ectodomain LRR motifs reveded that avian
TLR21 lacks the double CxxC motif that is present in LRR8 of murine and human TLR7-9
(Bauer and Wagner, 2002). These structural differences suggest that avian TLR21 employ yet
another mechanism for DNA binding and receptor activation and may have evolved
convergently to recognize the same ligand. The presence of TLR9 in mammas, TLR21 in
chicken and both receptorsin fish imply that avian species may have lost during the course of
evolution probably needlessness to digtinguish different DNA motifs.
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The expression pattern and distribution of the TLRs have been shown to be
characterigtic of each species (Zarember and Godowski, 2002; Kogut et al., 2005g; Firth et
al., 2005; Nalubamba et al., 2008; Vahanan et al., 2008; Tirumurugaan et al., 2010).
Expression pattern of TLR genes have been studied for chicken, duck (TLR7) and zebrafinch
(TLR4) (Kogut et al., 2005g; Igbd et al., 2005a; Higgs et al., 2006; MacDondd et al.,
2008; Vinkler et al., 2009). The present study profiled the expresson of TLRs mRNA in
varioustissues of ducklingsand turkey poultsand also comparatively quantified their transcript
expression levels by real-time PCR assay. Measurable mRNA expresson for eech TLRina
range of tissues from both duck and turkey poults was observed. In smilarity to earlier finding
induck (MacDonddet al., 2008), TLR7 was highly expressed in spleen and bursa. In addition,
high expressonisaso observed in the lung tissue of duck, whichisdigtinct from the expression
pattern of chickens (Kogut et al., 2005a; Igbal et al., 2005a). The observed difference in
TLR7 expresson may be due to differences in organization of lymphoid tissue in the lung of
ducksand chickens, or the presence of resident cells expressing the TLR7 receptor, which are
absent in the chicken. The duck TLR7 expression pattern is comparable to that for humans,
which is highest in spleen, with sgnificant expresson in lung (Nishimura and Naito, 2005).
High pulmonary expresson of TLR7 genecould besgnificant in the context of highly pathogenic
H5N1 avian influenza, which is primarily alung infection. Further, differences were found in
the expression leves of transcripts of different TLRs between duck, turkey and other bird
gpecies. Thismay be an adaptation to encounter different range of pathogens specific to each
species. He et al. (2008) showed differentia induction of nitric oxidein responseto microbia
agonigt imulationsin monocytes and heterophilsfrom young commercid turkeys. Thisfinding
together with our results of TLR gene expression in young turkey poults demondtrates the
innate preparedness of young birds to encounter pathogens. The greater initid TLR gene

expression in younger birds indicates the potentid for a stronger innate immune response.
Molecular characterization of TLR15 of avian species

TLRI15 is consdered as specific receptor to avian, more specificdly to chicken as
homologues of TLR15 have not yet been found in searches of available vertebrate genome
(Higgset al., 2006). However, as chicken is the only completely sequenced avian genome,
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this does not preclude the existence of TLR15 in other avian species. At least TLR15 must
exig inavian gpediesif not in other vertebrates. To confirm thisspeculation, arecent bioinformatic
andyss of recently submitted zebra finch (Taeniopygia guttata) genome, one of the three
currently available avian genome reveded the presence of TLR15 gene (Cormican et al.,
2009). Presence of TLR15 in zebrafinch, apasseriform species, it isevident that TLR15 must
have evolved well before the galliformes-passeriformes split (G-P split). Hence, TLR15 must

be conserved among the avian lineage.

Chicken TLR15 is molecularly digtinct from al known TLRs (Roach et al., 2005;
Higgset al., 2006). The present study confirmed the presence of TLR15 in turkey, quail and
indigenous chicken breeds. Andlysis of domain structure of TLR15 reveded an archetypa
TLR sructure comprising of extracdlular ligand binding domain including variable number of
leucine-rich repeats (LRRs) and the cytoplasmic toll/interleukin-1 (1L-1) receptor (TIR) domain
involved in sgnding. The length of ectodomain, transmembrane domain and TIR domain was
found to be conserved in both chicken breeds, turkey and quail, athough minor differences
were found in number of LRRs and their position. Number of LRRs and their phasing vary
among TLR family members (Matsushimaet al., 2007; Temperley et al., 2008). Indigenous
chicken breeds possess 10 LRRs in their ectodomain region smilar to chicken sequence,
whereas Japanese quail sequence revealed 11 LRRs, one additional LRR at C-terminal and
dightly vary in LRRs postions from commercid chicken sequence. In amilarity to chicken
sequence these LRRs are clustered towards C-terminus of the molecule (Temperley et al.,
2008). In contrast to other vertebrate TLRS, there are no N-termina cysteine clusters in
TLR15, which forms a cap like structure to shield the hydrophobic core of first LRR.
Interestingly, thisfeatureisshared by vertebrate TLR1 family (TLR1, TLR2, TLR6 and TLR10)
too (Matsushima et al., 2007). Furthermore, chicken TLR15 is coded by a single exon, a
feature common to al mammaian membersof TLR1/2/6/10 clade. Comparing the ectodomain
of vertebrate TLR7 family (TLR7, TLR8and TLR9) to chicken TLR15 reved ed somesmilarity.
Chicken TLR15 possesstwo horseshoe domains of LRRs, afeature observed only in vertebrate
TLRY family. Moreover, LRR of TLR7 family and TLR15 forms deegper arc rather than flat
acasthat of other TLRs(Matsushimaet al., 2007). However thesgnificance of thesecommon
featuresin ligand recognition cannot be predicted at this stage.
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Phylogenetic analyssrevedled TLR15 grouped with TLR1 family with high bootstrap
support reinforcing the results of earlier sudies (Higgs et al., 2006; Temperley et al., 2008)
(Fig. 4.15). Avian TLRL1 family is represented by a sngle member unlike many members
(TLRY/6/10) of mammalian TLR1 family. From this it can be speculated that TLR15
compensate the lack of variability of avian TLR1 family. The ligand specificity for TLR15 has
not yet been conclusively determined, but there are substantia evidencesthat TLR15 recognize
unique, non-secreted, heat-stable component of both Gram (+) and Gram (-) bacteria of
avian specific pathogens more specificaly some components of Salmonella spp. (Higgs et
al., 2006; MacKinnon et al., 2009b; Nerren et al., 2009, 2010). Transcripts of TLR15
increased intissues of S. enterica serovar Typhimurium infected birds (Higgs et al., 2006).
Moreover, TLR15 mRNA expresson was Sgnificantly higher in caecum of SE infected birds
(MacKinnon et al., 2009b). The basa levels of MRNA expression of TLR15 were greater in
heterophilsfrom Salmonel la- res stant chickensthanin heterophilsfrom Salmonella- susceptible
chickens(Nerrenet al., 2009). Thereisaso some speculationthat TLR15 may form heterodimer
with TLR2 as gene expression pattern of TLR2 and TLR15 mRNA was highly smilar in
Sdmonellainfected chicken (Higgs et al., 2006; Mackinnon et al., 2009b). Dimerization of
vertebrate TLR1 family members with TLR2 during the course of ligand recognition is well
established (Keestra et al., 2007; Higuchi et al., 2008). Although collectively these sudies
srongly suggest thet TLR15 playsaroleinimmune responseto multiple serovarsof Salmonellae,
inarecent sudy in vitro simulation of chicken heterophils with purified TLR agonis, heat
killed and formdin inactivated whole bacteria demongrated that individua TLR agonigts are
not the ligand for TLR15 and it recognizes unique, non-secreted, heat-stable component of
both Gram (+) and Gram (-) bacteria of avian specific pathogens (Nerren et al., 2010).
Further, TLR15 may form heterodimer with TLR2 similar to that of TLR1 members as gene
expression pattern of both was highly smilar in Salmonella-infected chicken (Higgs et al.,
2006; Mackinnon et al., 2009b). Therefore TLR15 in avian lineage may have evolved as
novel heterodimeric partner for TLR2. Proteinswith conserved functions may undergo purifying
sdlection to diminate deleterious mutations (Medzhitov, 2001). Anadysisof known avian TLR
sequencesin this study revedled that they were under purifying selection.
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Functional characterization of duck TLRs

In vitro immuno stimulation of duck PBMC cultureswith TLR agonistsLPSand poly
I:C resulted in sgnificant (P<0.05) upregultion of [L-1f3 cytokine gene expression in LPS
gimulated culture after 12 and 24 h. Wheress no significant difference in gene expresson of
IFN-?was observed in poly I:C induced culture. Smilar to chicken (He et al., 2006), duck
PBMCsarea so capableof producing | L-113 upon LPS simulation. Thesefindingsare condsent
with thefact that receptor activation of polymorphonuclear cdlsinducestranscriptiond sgnas
that subsequently mediate host responses. The present results are dso smilar to the study of
MacDonald et al. (2008), in which only dight upregulation of interferon gene expressons
were observed upon TLR agonists stimulation of duck PBMCs and splenocytes. However
thisisin contrast to IFN-? simulation by poly 1:C in chicken primary macrophage culture (He
et al., 2007). Differentia activation of cytokine geneexpresson upon TLR agonigt’ sstimulation
was earlier reported in different chicken genetic lines (Kogut et al., 2005b). Hence, the
observation in present study may be due to variation in genetic background and needs to be
investigated further.

Cloning, expression and purification of recombinant chicken AvBD2

Inthe present study, chicken AvBD2 mature peptide encoding gene region was cloned
and expressed in E. coli system. Antimicrobid potency has been shown previoudy not to be
sgnificantly dtered by the presence of aHistag (Yenugu et al., 2003). However, expression
of theanti-microbia proteinsin recombinant form in prokaryotic system can be difficult dueto
their toxicity to the bacterid cdlls (Pierset al., 1993). Toxic effects of chicken AvBD2 were
not observed in this study. Thismay be because the protein formed insoluble inclusion bodies
during recombinant expresson. The level of expresson of the mature protein, with an N-
termind Histag, was consderably low. Earlier, Soman et al. (2009a) reported that addition
of apart of Sgnd peptide to duck AvBD2 mature peptide increased the level of expression of
recombinant protein in E. coli system. However, in the present study, that step was not
attempted.

Previous reports on antimicrobid activity of avian [>defensins indicate that they are
active againg both Gram-positive and Gram negative bacteria (Sugiarto and Yu, 2004; van
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Dijk et al., 2008). The Gga AvBD2 is active againgt E. coli and exerts the antimicrobia
effect a peptide concentrations of 16 pg/ml (Evans et al., 1995). Further, it is bactericida
againg Gram (+) pathogen L. monocytogenes, however it is not effective againgt Candida
albicans(Evan et al., 1994; Harwig et al., 1994). The Apl_AvBD2 inhibits the growth of E.
coli a aconcentration of 25 pug/ml (3.7 uM). However, the Mga AvBD2, which has a very
high amino acid amilarity with Apl_AvBD2 (83.3% of the mature peptide region), did not kill
E. coli (Evanset al., 1994). Predicted amino acid sequence analysisindicated that the major
vaiaions in the two proteinslie in the N-terminal region, which forms the firg 3-sheet in the
secondary structure prediction. The recombinant Apl_AvBD2 also demondtrated potent
antibacteria activity againgt Gram-pogtive bacteria M. luteus at the same concentration as
that wasfor E. coli. Avian [3-defensin molecules are subjected to adaptive evolution in nature
in synchrony with the host-specific pathogens (Maxwell et al., 2003; Semple et al., 2006;
Higgs et al., 2007). In the present study, the recombinant Gga AvBD2 was found to be
effectiveagang S Pullorum at aconcentration of 35 ug/ml. The higher bactericidd concentration
observed in thisstudy asagaing reported againgt E. coli may be dueto thevariationin bacterid
drains or secondary structure of recombinant peptide. Antimicrobia peptides must first be
attracted to bacteria surfaces and the obvious mechanism is through eectrogtatic bonding
between the peptides and structures on the bacteria surface. Salmonella spp. is known to
resg cationic antimicrobia peptide activity by reducing the negetive charge of their outer
membranes through modifications of the anionic membrane molecules induding LPS, with
positively charged substituents (Peschel, 2002). Earlier study (Milona et al., 2007) showed
that recombinant AvBD9 is potent against Salmonella spp. than AvBD4 and 7 and attributed
thisto reduced charge (+4) of AvBD9. Thismay be one of the reasonsfor higher concentration
required againg S. Pullorum as AvBD2 has sgnificantly higher charge (+9.2). This higher
cationic charge may favour killing other microbes. Further experimentsarerequired to evaluate
the antimicrobid activity againgt range of microbes.

Sdt sengtivity is one of the key features of (Fdefensins, and many of these peptides
areinactivated a physiological concentration of sodium chloride (—~150 mM or 300 mOsm)
(Tomita et al., 2000). In this Sudy, bacteria were treated with the Gga AvBD2 in PBS,
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which had a sodium chloride concentration of 136 mM, and the protein exhibited antibacteria
activity agang S Pullorum. This indicates that the chicken AvBD2 is farly sdt resdant,
though the resistance cannot be compared with that exhibited by the Apa AvBD103b at 160
mM (348 mOsm) (Thouzeau et al., 2003). Information on the salt sengtivity of Gga AvBD2
and cdosdy rdated Mga AvBD2, and Apl_AvBD?2 is currently not avallable. Among the
chicken 3-defensins previoudy studied, only AvBD9 hasfound to berdatively sat resstant a
150 mM concentration of sodium chloride (van Dijk et al., 2007).

&S &S S
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Indigenous chicken breeds are considered to be more disease resstant than ther
commercid counterpartsand are genetically didtinct, however theimmunological bassunderlying
thisdisease res sanceisyet unknown. Toll-like receptor (TLR) and 3-defensinsare one of the
important membersof evolutionarily conserved innate immune system, which isnow congdered
as potent activator and mediator of the adaptive immune response. Congtitutive expression
levelsof TLR(2A, 3,4, 5, 7, 15 and 21) genesin different tissues of day-old chicks of Ased,
Kadaknath and White Leghorn were quantified by red-time PCR. No significant difference
was observed in TLR3 gene expresson among the breeds (P=0.75), however there was
ggnificant difference in gene expresson among the tissue type (P=0.01). Among the tissue
type lymphoid organs spleen and bursaand non-lymphoid organ heart, expressed significantly
higher levesof TLR3 transcriptsfollowed by intesting, BM, liver and musclein dl three breeds.
Significant (P=0.001) difference was found among breedsin TLR4 gene expresson. Ased
and WhiteLeghorn expressed higher levelsof TLR4 gene expresson than Kadakneth in different
tissues investigated. The interaction effect between tissue type and breed was sgnificant for
TLRS(TLR5, 7, 15 and 21) gene expressions (P<0.01).

Condtitutive expresson levels of TLR (2A, 3, 4, 5, 7, 15 and 21) genesin different
tissues of developing chicken embryo wereinvestigated. All seven TLRgeneswere expressed
in whole embryonic tissue as early as 3¢ embryonic day (ED). TLR genes are differentidly
expressed during chicken embryo development and each TL R gene showed sgnificant changes

in expression suggestive of developmenta regulation. Avian I3 defensins (AvBDs) are now
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considered as one of the key components of innateimmunity in avian species. Defensnsact as
afirg line of defense againg invading pathogens and execute anti-microbid activity by non-
oxidative mechaniams. The mMRNA expression levels of dl 14 AvBDsin spleen tissue of day-
old chicksof Ased and Kadaknath were quantified and compared with that of White Leghorn.
Among the AvBD genes investigated in chicken spleen, AvBD7 was the most expressed and
AvBD1 wasthe least expressed in both native chickens and White Leghorn. AvBD5, 12 and
14 genes were differentially expressed among these three breeds. AvBD5 gene expression
was dgnificantly higher in Kadeknath, whereas, AvBD12 and 14 gene expressons were
sgnificantly higher in Ased in comparison to Kadaknath and White Leghorn. These higher
levels of defenain gene expressonsin native chickens confer more innate immunity to them to
encounter pathogens more efficiently.

TLRsand AvBD geneexpressonleveswereinvesigated in gastrointestind (Gl ) tissues
(duodenum, jgjunum, ileum and caecum) of 3-day-old broilersafter 24 h of ora infection with
virulent isolate of S, Pullorum. TLR2A, TLR4 and TLR21 gene expressons were Sgnificantly
(P<0.01) upregulated in proximad Gl segments, whereas TLR3 and TLR15 expressionswere
sgnificantly (P<0.05) down regulated in jgjunum after infectionin S, Pullorum. Mogt substantia
change in gene expression was observed for TLR21, being upregulated significantly (P<0.01)
in dl the Gl tissues investigated. Quantitative red-time PCR andysis reveded sgnificant
upregulation (P<0.05) of geneexpressonsof AvBD3, 4, 5, 6 and 12 and asignificant (P<0.05)
down regulation in the gene expressons of AvBD10, 11, 13 and 14 in one or few Gl tissues,
while no sgnificant changes were observed for AvBD1, 2, 7, 8 and 9 gene expressonsin any
of the Gl tissuesinvestigated upon infection with S, Pullorum.

The present knowledge of avian TLR family is soldly based on chicken sudies. TLR
repertoires in duck and turkey genome were annotated and characterized. All ten chicken
TLRgene (TLRI1LA, 1LB, 2A, 2B, 3, 4, 5, 7, 15 and 21) orthologs were found in both duck
and turkey genome. Duck and turkey TLR genes showed 77 to 92% smilarity & amino acid
level to their chicken counter parts. Evolutionary andysis reveded the duplicated TLR2 genes
of aves are under pogtive selection. Expression of TLR genes were analyzed in a range of

tissues of day-old ducklings and turkey poults by red-time PCR. All ten TLRs mRNA
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expressons were ggnificantly higher in bursaof ducklings than other tissues studied, whereas
inmuscledl TLRsmRNA expressionswere sSgnificantly (P<0.01) lower except for TLR15 in
duckling stissues. TLR7 gene expression was significantly (P<0.01) higher in spleen, bursa
and dso in lung of ducklings. In spleen, TLR5 was least expressed, whereas in bursa TLR3
was least expressed among dl other TLRs investigated. Expression andyss of turkey TLR
genes in arange of day-old turkey poults tissues reveded that overal TLR expression was
highest for TLR4 and lowest for TLR21. Turkey TLR1A, 2A, 2B and 21 gene expressions
weresgnificantly (P<0.01) higher inliver than other tissuesinvestigated. TLR3 gene expression
was sgnificantly (P<0.01) higher in marrow (BM) and spleen of turkey poults in comparison

to other tissue samples.

Full length coding regions of TLR15 of Ased, Kadaknath, J. quall and turkey were
amplified, sequenced and andlyzed. All four coding sequences had same ORF length of 2,607
bp encoding 868 amino acids smilar to that of broiler chicken. Clustd (W) andysis reveded
that Asedl, Kadaknath, Japanese quail, and turkey TLR15 sequences had 99.7%, 99.8%,
95.1%, and 92.4%, smilarity with its broiler counterpart a nucleotide level respectively.
Phylogentic andysis of avian TLR15 sequences showed that these sequences group with
chicken TLR1 family with high bootstrap support.

In vitro immuno stimulation of duck PBMC cultureswith TLR agonistsLPSand poly
I:C resulted in significant (P<0.05) upregultion of IL-113 cytokine gene expression in LPS
gimulated culture after 12 and 24 h. Whereas no sgnificant difference in gene expression of

IFN-?was observed in poly 1:C induced culture.

Mature peptide region of chicken AvBD2 encoded by exon 3 was amplified and
cloned in pUC29 cloning vector. Theinsart was subcloned in pET28a expression vector and
induced in E. coli system. The 7.7 kDa recombinant peptide was expressed upon induction
and purified usng Ni-NTA affinity column. Anti-microbid activity of this recombinant peptide
againg virulent isolate of S. Pullorum was andyzed by micratitre broth dilution method. The
minimum bactericidal concentration (MBC) of recombinant AvBD2 was found to be 35 pg/
ml.
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Conclusions

1.

10.

Ased and White Leghorn expressed higher levels of TLR4 gene expresson than
Kadaknath in different tissues investigated. Lymphoid organs spleen and bursa and
non-lymphoid organ heart, expressed significantly higher TLR3 genethan other tissues
of al three breeds.

TLR(2A, 3, 4, 5, 7, 15 and 21) genes were expressed in whole chicken embryonic
tissue as early as 3¢ embryonic day (ED) and differentially expressed during
development.

Spleen tissue of day-old-Ased expressed significantly higher levels of AvBD12 and
14 transcripts whereas Kadaknath had higher levels of AvBD5 gene expresson in
comparison to White Leghorn.

Innate immune genes TLR2A, TLR4, TLR21, and AvBD3, 4, 5, 6and 12 were
sgnificantly upregulated in Gl tissues of 3-day-old broiler chicken after 24 h of ord
infection with S Pullorum. Whereas TLR3, 15 and AvBD10, 11, 13 and 14 were
down regulated in upon infection.

All ten chicken TLR gene (TLRI1LA, 1LB, 2A, 2B, 3, 4, 5, 7, 15 and 21) orthologs
were found in both duck and turkey genome by in silico andyss. Duck and Turkey
TLR genes showed 77 to 92% similarity at amino acid level to their chicken counter
parts.

All ten TLRs mRNA expressions were sgnificantly higher in bursa of ducklings than
other tissuesstudied, whereasin muscledl TLRsmRNA expressonsweresgnificantly
(P<0.01) lower except for TLR15 in duckling’ stissues.

Ovedl TLR expresson was highest for TLR4 in a range of day-old turkey poults
tissues and lowest for TLR21.

Full length coding regions of TLR15 of Ased, Kadanath, J. quail and turkey were
sequenced and they showed 92-99.7% similarity with thebroiler counterpart at nucleic
acid levd.

Mature peptideregion of chicken AvBD2 wascloned and 7.7 kDarecombinant peptide
was expressed in E. coli system.

Theminimum bactericida concentration (MBC) of recombinant chicken AvBD2 againgt
virdlent S. Pullorum was 35 pg/ ml.

&5 25 2
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Toll-like receptor (TLR) and 3-defensins are one of the important members of
evolutionarily conserved innate immune system which is considered as potent activator and
mediator of the adaptive immune response. Condtitutive expresson levelsof TLR (2A, 3, 4,
5, 7, 15 and 21) genes in different tissues of day-old chicks of native chicken breeds (Ased
and Kadaknath) and White Leghorn were quantified by rea-time PCR. Ased and White
Leghorn expressed higher levels of TLR4 transcripts than Kadaknath in different tissues
investigated. Lymphoid organs spleen and bursa and non-lymphoid organ heart, expressed
sgnificantly higher TLR3 gene than other tissues of dl three breeds. Condtitutive expression
levelsof TLR (2A, 3, 4, 5, 7, 15 and 21) genes in different tissues of developing chicken
embryo were investigated. All seven TLR geneswere expressed in whole chicken embryonic
tissue as early as 3¢ embryonic day (ED) and differentialy expressed during development.
Expresson andyssof AvBD (1-14) genes in spleen tissue of Ased, Kadaknath and White
Leghornrevesled that Ased expressed significantly higher levelsof AvBD12 and 14 transcripts
whereas Kadaknath had higher levels of AvBD5 gene expresson in comparison to White
Leghorn. Innate immune genes TLR2A, TLR4, TLR21, and AvBD3, 4, 5, 6 and 12 were
sgnificantly upregulated in Gl tissues of 3-day-old broiler chicken after 24 h of ord infection
with S. Pullorum. Whereas TLR3, 15 and AvBD 10, 11, 13 and 14 were down regulated upon
infection. All ten chicken TLR gene (TLR1LA, 1LB, 2A, 2B, 3,4, 5, 7, 15 and 21) orthologs
were found in both duck and turkey genome by in silico analysis. Duck and Turkey TLR
genes showed 77 to 92% smilarity at amino acid level to their chicken counter parts. All ten
TLRs mRNA expressons were sgnificantly higher in bursa of ducklings than other tissues
gudied, whereas in muscle dl TLRs mRNA expressons were sgnificantly (P<0.01) lower
except for TLR15 induckling tissues. Overdl TLR expressonwashighest for TLR4 inarange
of day-old turkey poultstissues and lowest for TLR21. Full length coding regionsof TLR15 of
Ased, Kadanath, J. quail and turkey were sequenced and they showed 92-99.7% similarity
with the broiler counterpart a nucleic acid level. Mature peptide region of chicken AvBD2
was cloned and 7.7 kDa recombinant peptide was expressed in E. coli sysem. Theminimum
bactericida concentration (MBC) of recombinant chicken AvBD2 againgt virulent S. Pullorum

was 35 pg/ ml.
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Appendix

(A)
1.

(B)
1

General Buffersand Reagents
Phosphate buffered saline (PBS pH 7.4)

Sodium Chloride 8.00gm
Potassum dihydrogen phosphate 0.20gm
Disodium Hydrogen Phosphate 1.16 gm
Potassum Chloride (KCl) 0.20gm
Didilled water

upto 1000 ml

PBSwas autoclaved at 121°C, 15Ib pressure for 20 min and stored at 4°C for further
use.

IM TrisHCI (pH 7.4 and 8.0)

Trisbase (Sgma, USA) 121.1 gm

Didilled water 1000 ml

pH was adjusted to 7.4 or 8.0 as needed with 1IN HCI.

Ethylene diaminetetra acetate (EDTA) (0.5M, pH 8.0)

EDTA 18.61 gm

Didilled water 80.0 ml

The powder was vigoroudy stirred while adjusting the pH with solid NaOH to 8.0
and the volume was made to 100 ml with digtilled water. Autoclaved and stored a
4°C.

TrisEDTA (TE buffer, pH 8.0)

Tris-HCI (pH 8.0) 10mM
EDTA (pH 8.0) 1Mm
Ethidium bromide

Ethidium bromide 10 mg
Didtilled water 1ml
L cading dye (6X)

Xylene cyanol 0.05%
Bromophenoal blue 0.09%
Glycerol 40%
EDTA (0.5M, pH 8.0) 60 Mm

The dye was autoclaved at liquid cycle and stored at 4°C.
Buffersand reagentsfor SDS-PAGE
Resolving gdl (10%) (for 5 ml)

Didtilled water 20ml
30% acrylamide monomer (Promega, USA) 1.66 ml
1.5mM TrisHCI (pH 8.8) 1.25ml
10% SDS (Promega, USA) 50 ul
10% Ammonium Persulfate 50 ul

TEMED 54



2. Stacking gdl (5%) (for 3.3 ml)

Didtilled weater 20ml
30% acrylamide monomer (Promega, USA) 20 ul
0.5 mM TrisHCI (pH 6.8) 830 ul
10% SDS (Promega, USA) 3Bl
10% Ammonium Persulfate 2u
TEMED 5u
3. Electrode Buffer
Trisbase 25mM
Glydne 192 mM
SDS 0.1%
4, 2X Laemmli sample buffer
SDS 4%
Glycerol 20%
[>-Mercaptoethanol 10%
Bromophenal blue 0.04%
TrissHCl (pH 6.8) 625 Mm
5. Staining solution
Coomassie Brilliant blue (R-250) 0.25%
Glacid acetic acid 10%
Methanol 45%

The solution wasfiltered through Watman no. 1 filter paper and stored inamber coloured
bottle away from sunlight.

6. Destaining solution
Glacid acetic acid 7%
Methanol 40%

(C) Buffersand reagentsfor bacteria culture
1 Luria Bertani (LB) medium (1X)

Bacto-tryptone 1.0gm
Sodium Chloride 1.0gm
Y east extract 0.5gm
Didtilled weater 0 ml

pH was adjusted to 7.5 by 1IN NaOH before making the volume to 100 ml with
digtilled water and sterilized by autoclaving. LB agar medium was prepared by adding
1.5% agar to LB medium.

(D) Reagentsfor cloning and expression in E. coli system

1.

IPTG (100mM)
IPTG 23.83 mg
Didtilled water 1.00 mli
Sterilized by filtration and stored at -20°C.

2. Buffersfor plasmid isolation

@ Resuspenson buffer
TrisHCI (pH 8.0) 50 Mm
EDTA (pH 8.0) 10 Mm

RNase A 100 pg/ml



(b)

(©

(b)

(©

(d)

C)

Stored at 4°C.

Lyss buffer

NaOH

SDS

Stored at room temperature.
Neutraization buffer
Potassum acetate

pH was adjusted to 5.5 by adding glacia acetic acid.

Recombinant protein purification buffer
1X Laemmli buffer

TrisHCI (pH 6.8)

Glyceral

SDS

Bromophenol blue

DTT

Sonication buffer (buffer A)
Sodium dihydrogen phosphate
TrisHCI (pH 8.0)

Guanidine hydrochloride

[ Mercaptoethanol

Imidazole

Sodium Chloride

Triton X-100

The pH was adjusted to 8.0 with 10N NaOH.
Wash buffer | (buffer B) (pH 8.0)
Sodium dihydrogen phosphate
TrisHCl (pH 8.0)

Urea

(3 Mercaptoethanol

Triton X-100

Imidazole

Sodium Chloride

pH was adjusted with 10 N NaOH.
Wash buffer Il (buffer C) (pH 6.3)
Sodium dihydrogen phosphate
TrisHCI (pH 8.0)

Urea

Triton X-100

Imidezole

Sodium Chloride

Ethanal (95%)

pH was adjusted with HCI.
Elution buffer (buffer E) pH 4.5
Sodium dihydrogen phosphate
TrisHCI (pH 8.0)

200 mM
1%

3M

50mM
10%
2%
0.1%
100 mM

100 mM
10 Mm
6M
230 mM
10Mm
1M
0.1%

100 Mm
10 mM
8 M
20mM
0.1%

10 mM
1M

100 mM
10mM
8M
0.1%
20mM
M
10%

100 mM
10 mM



Urea
Triton X-100
Sodium Chloride
pH was adjusted with HCI.

4, PBMC culture media
RPMI 1640 medium
RPMI 1640 powder (Sigma)
HEPES (25mM)
Sodium bicarbonate (20 mM)
Penicillin-streptomycin (200X)
Gentamicin (40mg/ml)
(3 Mercaptoethanal
Triple digtilled water

8M
0.1%
M

Onevid
595gm
20gm

5ml

1.25ml
20mM

upto 1000 ml

Stirred and filtered through 0.22 u membrane filter, stored at 4°C.
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