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Newcastle disease is economically the most important @isegsoultry. The causative
agent Newcastle disease virus (NDV) is a large, envelopes wontaining single
stranded non-segmented negative-sense RNA genome. The genome obiNBIWsCcSix
genes in the order of 3'Leader-N-P-M-F-HN-L-5'Trailer. NDV haseast three different
genome size categories: 15,186, 15,192 and 15,198 nucleotides (nt) in length. The
virulence of NDV is considered to be contributed by multiple gefles.importance of
genome lengths and the roles of individual genes in virulence of NI¥ matural host,
chickens, have not been determined. In this study, the effectstwflha occurring
nucleotide insertions in NDV genome and roles of individual geneseiwithlence of
NDV in chickens were determined. To achieve this goal, revgesetic systems for two
strains of NDV were established for a highly virulent stragxds GB (GBT) and a
moderately virulent strain Beaudette C (BC). Both GBT and B€ ismlated from
chickens and belong to genotype Il of class Il NDV strains and tha@&vgenome length

of 15,186 nt. The 6- and 12-nt insertions in the backbones of rBC and rGBT ditdeved



attenuation in virus replication and in pathogenicity of the pareatalnmbinant viruses.
The reciprocal swap between NDV strains BC and GBT for tmegyenucleocapsid
protein (N), phosphoprotein (P), matrix protein (M), fusion protein (F), gghatinin-

neuraminidase protein (HN) and large polymerase (L) protein gehesved that F
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HN, N and P genes appeared not to affect the pathotypesiopénental recombinant
viruses in chickens. The observations of the present study paves yhtorwfature

directions: to use the naturally occurring insertion site in db@ing region of the
phosphoprotein gene for insertion of potential marker sequences; to ideténsmamino
acid residues important in fusion protein and polymerase protein facatmph and

pathogenesis of NDV.
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Chapter 1:

1.1 Title

General introduction

1.2 Introduction

Newcastle disease virus (NDV) causes a highly contagiousratspi enteric
and neurological disease in poultry worldwide and accounts for mejoromic losses in
the poultry industry (Milleret al., 2009; Alexander, 2000; Samal, 2011). Newcastle
disease (ND) varies in degree of severity, ranging frord mflection with no apparent
clinical signs to a severe form causing 100% mortality. Basetieoseverity of disease,
NDV strains are categorized into three main pathotypes: lemtggmesogenic, and
velogenic. Lentogenic strains cause inapparent or mild diseasesearmhaidered to be
avirulent. Mesogenic strains are of intermediate virulence causspratory infection
with moderate mortality, while velogenic strains are hightylent with 100% mortality
in chickens. Velogenic strains are further classified intoevigcopic velogenic and
neurotropic velogenic strains. Viscerotropic velogenic strains prddtied hemorrhagic
lesions in the digestive tract whereas neurotropic velogem@mstprominently produce

neurological and respiratory disorders (Alexander, 1998).

Prophylactic vaccination with live vaccines is practiced in coroiaky reared
birds throughout the United States as well as in most parts afdid. However, a

recent outbreak of exotic Newcastle disease (END) in Caldocaused by a virulent



strain of NDV, has led to depopulation of birds at a cost of around $200nnto the

poultry industry (Kapczynski and King, 2005). Because ND is a higiféciious disease
with potential to cause severe damage to the economy of the podiastry, NDV is

considered as an agro-bioterrorism agent. Currently availalolenes do not protect
effectively against highly virulent NDV strains. Therefore téetontrol and prevention
of ND is necessary, which can be achieved by identifying tred genes involved in
pathogenesis. Identification of the viral genes involved in pathogewdsenable us to

develop better and safer vaccines for the poultry industry.

NDV is a member of the gendsulavirus under the subfamilfParamyxovirinae
of the familyParamyxoviridae. The virus is enveloped and contains a single linear strand
of negative-sense RNA molecule of 15,186 nucleotides (nt) in lengtth(tansurthy and
Samal, 1998; Romer Oberdorferal., 1999). There are two other genome size classes
reported among strains of NDV, which are 15,192 nt and 15,198 ntoiiper genome
sequences are due to the presence of 6 and 12 additional nt in the 5’ nomegiting
(downstream) of N gene and in the open reading frame (ORF) ohd? gEspectively.
The genome contains six genes which encode at least seven pi@espkes, 1998). The
genes are arranged in tandem in the order of 3'Leader-N-PHWHE-5"Trailer, which
encode for nucleocapsid protein (N), phosphoprotein (P), matrix protein f{8ipn
protein (F), hemagglutinin-neuraminidase protein (HN) and large pohgagrotein (L),
respectively. Each gene is flanked by conserved sequences at botlalltigene start
(GS) and gene end (GE), which are recognized as transcripii@tion and termination

signals by viral RNA polymerase. Between each gene, noncoégsces of variable



length called intergenic sequences are present, whose functions &mowot The 3’
end of the NDV genome contains a 55 nt-long viral promoter and at #edSs a 114
nt- long viral antigenome promoter. These are called leader aidr,trespectively
(Krishnamurthy and Samal, 1998). The leader and trailer sergis-asting elements in
replication and packaging of viral RNA (Lamb and Kolakofsky, 1996).Th& ldnd L
together constitutes a transcriptase complex that is tightly btmutide viral genome.
NDV follows the general mechanism of transcription and reptinabf other non-
segmented, negative-strand RNA viruses (Lamb and Kolakofsky, 1996polymerase
complex starts transcription from the 3 end (leader) and produdeSA®m by a
sequential start-stop mechanism at every gene start and generespdctively.
Replication occurs when the polymerase complex switches framsctiption where

transcription signals are ignored (Lamb and Parks, 2007).

F and HN proteins are envelope glycoproteins. The F glycoprotein teedia
fusion of the viral envelope with the host cell plasma membranenbdsting entry of
viral genome into the host cell cytoplasm. The HN glycoprotelpshi@ attachment of
virion to host cells, fusion promotion, and removal of sialic acids fpoogeny virion
particles, thus facilitating budding of new viral particles fromglesma membrane. The
M protein forms the inner layer of viral envelope and is responfbl@aintaining viral
structural integrity. The N protein is the major constituent DM\hucleocapsid and is
tightly associated with the viral genome. This encapsidation psoteéal genomic RNA
against RNase digestion. In paramyxoviruses, the amino terminah refjthe N protein

involves with encapsidation of the viral RNA while the carboxy-taahregion binds



with the P protein (Buchhola al., 1993). The intracellular concentration of unassembled
N protein also plays an important role in switching from trapsion to replication

(Blumberget al., 1981).

The P protein plays major roles in genome replication and transaoript
(Hamaguchiet al., 1983; Horikamiet al., 1992). In paramyxoviruses, the P protein
complexes with N:RNA and L protein to form the minimal transmiptunit that is
capable of transcription and replicationvivo as well asn vitro (Curranet al., 1993).

The P protein also inhibits formation of N self-assembly thus ptenge uncontrolled
encapsidation of non-viral RNA (Errington and Emmerson, 1997). In comaitbn
several other paramyxoviruses, an additional V protein is produc®&DV (Stewardet

al., 1993). V protein acts as a type I-interferon antagonist andtafi&alence and
pathogenesis (Huargy al., 2003).V proteins of other paramyxoviruses have also shown

to play important roles in viral pathogenesis and virulence.

The L gene, which constitutes approximately half of the NDV genatbe last
gene to be transcribed and its product (RNA dependent RNA polym@&édBp) or L
protein) is the least abundant viral protein (Pathal., 1990). Along with the
phosphoprotein, the L protein constitutes the active viral polymerasab(Land
Kolakofsky, 1996). This active viral polymerase does not utilize nBR&d genome as a
template, but recognizes it only when the genomic RNA is tighttynd to the
nucleocapsid protein (Hamagudhial., 1983; Horikamet al., 1992). The L protein also

possesses 5’ capping and poly(A) polymerase activity of thentgical mMRNA (Lamb



and Kolakofsky, 1996).The polymerase gene of paramyxovirus plays a no&g in

transcription and replication.

Previous studies from our laboratory and from other groups have shown that
envelope glycoproteins, F and HN, of NDV play important roles in pattesge (Huang
et al., 2003; Pandat al., 2004). The multibasic amino acids at the F protein cleavage site
of virulent NDV strains play an important role in pathogenicity. idegr, velogenic and
mesogenic strains have the exact same F protein cleavagetdibey vary in virulence,
indicating that other sequences of the F gene or other viral gentrghute to virulence.
Recent report of association of L protein in the virulence of NBsbants for the fact
that viral polymerase complex proteins in the viral pathogeaesis/irulence (Rout and
Samal, 2008; Dortmanst al., 2010). To date, the contribution of paramyxovirus
envelope proteins and internal proteins to pathogenesis and virulenceoth&gen
categorically examined. Therefore, the goal of our study iexamine the role of
envelope proteins M, F and HN versus internal proteins N, P and tainpathogenesis
and virulence. Our approach is to rescue a highly virulent NDV strsilmg reverse
genetics and reciprocally swap the virion envelope protein angdlymerase complex
genes with a phylogenetically close mesogenic NDV rsttdie have chosen a highly
virulent neurotropic NDV strain Texas GB as the velogenic iR&duraiet al., 2010)
and a moderately virulent BC as the mesogenic virus, forstiidy. Moreover, the
importance of presence of three genome lengths (15,186, 15192 and 15198 nt) in NDV
strains is not known. Therefore in the proposed study we will exathe significance of

different genome lengths in NDV and to determine significancehef membrane



associated protein genes and the polymerase complex associagad geoes in NDV

virulence and pathogenesis.

1.3 Objectives

1. To determine the complete genome sequence of highly neurotrdpgeni
NDV strain Texas GB (GBT) and to compare it with mesogemn&nsBeaudette
C (BC) and other NDV strains

2. To establish reverse genetics systems for NDV strains Texas GBeandette C

3. To determine the effects of naturally occurring 6- and 12-nttings in the NDV
replication and pathogenesis

4. To determine the role of membrane associated protein genes,dvid HN in
NDV pathogenesis and virulence

5. To determine the role of polymerase complex associated protess fderP and L

in NDV pathogenesis and virulence



Chapter 2:

21 Title

Review of Literature

2.2 Classification
2.2.1 General classification

Newcastle disease virus (NDV) is a member of the géwkavirus under the
subfamily Paramyxovirinae, family Paramyxoviridae and the ordemMononegavirales
(Mayo, 2002, Murphyet al., 1995). NDV is a well-studied member of avian
paramyxoviruses (APMV) and is designated APMV serotype 1. GAwmilsavirus also
includes APMV serotypes 2 to 10 (Samal, 2011), and recently treseavproposal for
inclusion of APMV-11, isolated from common snipes (Briabdl., 2012). The family
paramyxoviruses also include important members such as, memskEsmumps virus,

parainfluenza virus type 2 (PIV2), simian virus 5 (SV5), Nipah virus and Hendra virus.

2.2.2 Classes and Genotypes

There are numerous NDV strains isolated worldwide showing disgecétic
differences. NDV isolates are classified into various genotlgpsed on the phylogenetic
analysis of partial sequence of about 375 nt of fusion protein gelueiimy the cleavage
site sequence (Aldow al., 2003; Milleret al., 2009). Major clusters of genotypes were
called lineages and classes that contain overlapping genotypss. ICénd Class |l

system of classification is more recent and it is widebepted. Class | viruses includes



genotypes 1 through 9 and all these viruses are avirulent in natuhaanthe genome
length of 15,198 nt (Czegledt al., 2006). Class Il viruses include genotypes | through
Xl and contains avirulent viruses and virulent viruses that are oomtynn circulation
around the world.

The following information on NDV genotype classification is adagtem the
article by Milleret al. (2010), with little modification:

Class I viruses are avirulent in chickens (except for one knowrentruirus, that
is a passage variant of Alaska 415) and historically have leeemared from waterfowl
(Family Anatidae) and shorebirds (Alexandet al., 1992; Kimet al., 2007a). Class |
viruses have the longest of the APMV-1 genomes at 15,198 nucleotidsgddizt al.,
2006). These viruses comprise at least nine (1-9) genotypes thabandigtributed
worldwide in wild birds (Kimet al., 2007a) and are frequently isolated in live bird
market samples (Kimat al., 2007a,b).

Class Il viruses have been studied in more detail and comprigene{k-XI)
genotypes. The genotypes that are considered “early” (1930— 1980, IV and IX
contain 15,186 nucleotides (Czegletlial., 2006). Viruses that emerged “late” (after
1960), V, VI, VII, VI, X, and XI contain 15,192 nucleotides. Except faremet VNDV
responsible for the 1998—2000 Australian outbreak, all other known clag=nbtype |
viruses are of low virulence and some are often used as live neacci
(chicken/Australia/QV4/1966 and chicken/N. Ireland/Ulster/1967). Claggehotype I
includes viruses of low virulence that are used as vaccine vivusddwide, such as

LaSota, B1 and VG/GA. It also includes the neurotropic virulent chicken/U.S. (TX)



GB/1948 (Texas GB) isolate, which was isolated in 1948 and is usbeé IdSA as a
challenge to show efficacy of ND commercial vaccines bgfooduction. In the U.S., in
the 1940s and 1950s the abovementioned vaccines were highly effectinst dbai
circulating neurotropic vNDV, such as TX/GB and Kansas-Manhatteains. In fact,
virulent neurotropic viruses of genotype Il no longer circulate in ti& Genotype Ili
viruses were mostly isolated before 1960 in Japan, but have beeadsspatadically in
Taiwan in 1969 and 1985 and in Zimbabwe in 1990 &al., 2001). Genotype IV
viruses were the predominant viruses isolated in Europe before 19&0lddizt al.,
2006). Genotypes V, VI, VII, and VIl are the predominant genotypesulaiing
worldwide and contain only virulent viruses. Genotype viruses emerg&auth and
Central America in 1970 and caused outbreaks in Europe that sangBalagi-
Pordanyet al., 1996). These viruses also caused outbreaks in North America in Florida
(1971, 1993) and California (1971, 2002) (Wesal., 2004a) and are still circulating in
Mexico (Perozoet al., 2008). Genotype VI emerged in the 1960s and continued to
circulate as the predominant genotype in Asia until 1985 when genwtygmcame
more common (Maset al., 2002). Genotype VI is further divided into sub-genotypes
Vla through VIg with VIb being commonly isolated from pigeons. Genotypewas
initially divided in to two sub-genotypes: Vlla, representing virubes emerged in the
1990s in the Far East and spread to Europe and Asia and Vllbseafing viruses that
emerged in the Far East and spread to South Africa (Aldoals, 2003). The two sub-
genotypes of VIl are further divided into Vlic, d, and e, which regmessolates from
China, Kazakhstan and South Africa (Bogoyavlengkigl., 2009; Wangget al., 2006),

and VIIf, g, and h, which represent African isolates (Snakek., 2009). Genotype VIIi



viruses have been circulating in South Africa since 1960s (Abein#., 2004a) and
continue to circulate in Southeast Asia. Genotype IX is a unique gnatiincludes the
first virulent outbreak virus from China from 1948 and members of thiotgpe
continue to occasionally be isolated in China (Wahgl., 2006). Genotype X viruses
have been isolated exclusively from Taiwan in 1969 and 1981 €@l shi, 2004). The
isolation reports of NDV strains indicates that multiple genotypes circulating
simultaneously worldwide and reveal an increase in the numbeepir{ed) genotypes
circulating at the present time. With the exception of genotypa/hich was believed to
have not been reported to GenBank since 1989, but recently, the NDV isaatethe
southern Indian state of Tamilnadu has reported the existence notyge IV
(Tirumurugaaret al., 2011), viruses from most genotypes still continue to circulatesat t
present time. Genotype Xl viruses are recently reported from dadadar, the genome
sequence indicates that these genotype could have risen from théh&dw ancestor

(Maminiainaet al., 2010).

2.3 Genome organization

The genome of NDV is a single non-segmented negative-sensenii\gule
that consist of 6 genes arranged in tandem in order of 3'L.&&feM-F-HN-L-Trailer5’
encoding at least seven proteins (Peeples, 1988; Stetward1993). The genome at its
3’ end contains a 55 nt long extracistronic region known as leadett &erad, 114 nt
long region known as trailer (Krishnamurthy and Samal, 1998). Therlaaddrailer are
essential for viral genome transcription and replication (Lami Kolakofsky, 1996).

There are conserved transcriptional control sequences preseatoaginning and end of
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each gene known as gestart (GS) and genend (GE), respectively. The GS acts
transcriptional promoter and GE ¢ as trascriptional terminator. Between the ger
there are variable lengths noncoding nucleotide stretches called as intergesgons
(IGS) (Fig 2.1) The length of tF IGS varies from 1-47 n{Chamberset al., 1986b;
Krishnamurthy and Samal, 199, recenly it was identified in our laboratory that tl
IGS between HN/L is 6 nt longer irn African NDV strain AKO18 that extends t

HN/L IGS lengthfrom 47 to 53 nt (Kimet al., 2012).

a)

Le Tr
LN H P MY F LAt T
< 15,186 nt: +
15,192 nt
15,192 nt

b)

f3NCR ‘E"h-QR

SEn s L

HM ORF L ORF
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Fig 2.1. Genome map of Newcastle disease virus (a) genetic structureof nucleocapsid
protein (N) gene (band the gene junction of HN and L genes (dotted.bthe Arabic numeral
inside the arrow indicate the three genome categabserved in NDV. Gaps between the b
indicate intergenic sequenc NCR-Non coding region, GS-Gene start, GEre end, OF-open
reading frame, the coding reg, IGS-Inter genic sequence, Hi{lemagglutini-Neuraminidase
protein gene, llarge polymerase protein g¢, nt-Nucleotides.
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2.4 Genomelengths

The genome of NDV is a single molecule of negative-sense RNAe Hnerthree
genome lengths recorded to date, namely, 15,186, 15,192 and 15,198 nt (Samal, 2011,
Krishnamurthy and Samal, 1998; Czegletial., 2006) (Fig 2.2). The longer genome
sequences are due to the presence of 6 and 12 additional nt in the 5’ nomegiting
(downstream) of N gene (or 3’ untranslated region in mMRNA seasé)in the open
reading frame (ORF) of P gene, respectively. Based on tHegametic analysis, NDV
strains are classified into two divisions, class | and dlas¥eviously, the viruses with
genome lengths of 15,198 nt were classified in class | and theseviwere isolated
from birds of live bird markets and are avirulent in nature. The genome lengths, 46,186
and 15,192 nt were classified in division class Il and this includeseasr of avirulent
and virulent pathotypes. Recently, in our laboratory, a genome lendth 188 nt was
recorded in a west African NDV strain AKO18 that belonged tosaiwi class 1l (Kimet
al., 2012) and which features a 6-nt insert in the 5’ noncoding region (deamgtof N

gene and an additional 6-nt insert in the IGS between HN/L genes.

25 History

Newcastle disease was first recorded on Java, Indonesiadmgwaid in 1926.
Similar disease was reported in the same year in Newagstin-Tyne in England by
Doyle (1927). Doyle named it Newcastle disease to distingufsbnit fowl plague, then
highly pathogenic avian influenza (Doyle, 1935). ND was also repart&orea in 1926

(Kannoet al., 1929), in Ranikhet, India, in 1927 (Edwards, 1928); in Ceylon (Srilanka)
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and inManila in 1927 (Crawford, 1930; Rodier, 1928). Atié enzootic nature of N

was reported from many countries worldwide, sitant(Samal, 2011

a)
Le Tr
€ ) 0 L A L s S e
(15,186 nt: LaSota, Beaudette C, Texas GB)

b)

(15,192 nt: Largo, Fontana, Z/1)

I .

i -
HCR TRER

[1648|AGGEUG (2.5 211)

o

(15,198 nt: Alasks 415, DE-R45/92, 1510)

¥ "

i "
¥NCR 5hGR
(2382 |ACCCUCUGCOC (e.g. Alaska 415)

Fig 2.2 Gene map offiree genome lengths observed in Newcastle diséase Genome lengtt
15,186 nt (a), 15,192 ifb) and 15,19nt (c) are depicted with examples of representative I
strains in each genome length. The longer genomethHe (b, c) were provided with ex
nucleotide insertion site and sequence (with spe@kample). The numbers left insert
sequence denotes genome nt pos

2.6 Virion

The NDV virions are large, enveloped, pleomorphactiples ranging from 1%
300 nm in size (Fig 2.3)The viral envelope is derived from the host aaimbrane. Th
virus surface is studded with two glycoproteinsmedy, fusion (F) protein, an
hemagglutininreuraminidase (HN) protein and they protrude owmfrthe viral
membrane about 82 nm. The F jotein is required for the fusion of the viral eroy to

the host cell membrane (Homma and Ouchi, 1973)tla@dHN protein is responsible f
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the attachment of the virion to the host cell receptor. The F andréiiins are the main
immunogenic proteins of the virion (Meulemagisal., 1986; Morgaret al., 1992). The

core of the virion contains a helical nucleocapsid which is the funttiemgplate for all

RNA synthesis. The core structure is formed by nucleocapsigr@tgins tightly bound

to the genomic RNA, to which phosphoprotein (P) and large polymeragedeins are
attached (Lamb and Kolakofsky, 1996). The genome of NDV is aineganse single-
strand RNA of molecular weight of 5.2 to 5.7Xaltons (Alexander, 1997) consisting

of 15,186 nucleotides (Krishnamurthy and Samal, 1998; DelLeeuw and Peeters, 1999)
The inner layer of the viral membrane is lined by the malfixdrotein. M protein plays

a key role in morphogenesis of the virion (Peeples, 1991).

Fig 2.3 Schematic representation of Newcastle disease virion (Matvn to scale). N-
nucleocapsid protein, P-phosphoprotein, M-matrix protein, F-fusionipy¢i&l-Hemagglutinin-

Neuraminidase proein, L-large polymerase protein. Yellow cdricepircle denotes viral
membrane in which surface glycoproteins F and HN. RNA genenoased in N protein is
herring bone shaped. (F is a trimer and HN is a tetrameirdgdctions of M protein with
surface and internal proteins are not shown).
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2.7 Viral genesand proteins

The genome of the NDV encodes for at least seven proteins: N, B, N, L,
and V. There could be an eighth protein W, which is not found in all SfPa/ns and is
not well characterized. V and W proteins are formed by codrgm®nal insertion of
non-templated G residue(s) into P mRNA by viral RNA polymelssa process called
RNA editing (Stewardet al., 1993). Among NDV proteins, M, F and HN are the
membrane associated proteins and N, P and L are the polymeraskexcassociated
proteins. Most of the knowledge relating to functions of NDV protesnderived from
studies made on other members of the fadyamyxoviridae (Sendai and parainfluenza
viruses) or familyRhabdoviridae (VSV) (Colono and Banerjee, 1976; Iverson and Rose,

1981; Lamb and Kolakofsky,1996).

2.7.1 Membrane associated proteins

The envelope of NDV is associated with three proteins, namelymdnehogenic
matrix protein and two integral membrane glycoproteins, the fusipglycoprotein that
mediates pH-independent fusion of the viral envelope with the plagnm@dbrane of the
host cell and the hemagglutinin-neuraminidase (HN) glycoproteinghasponsible in

the attachment of the virus to host cell membrane.

Matrix protein: The M gene of NDV is 1241 nt long which encodes for a 364 aa long
peptide. The molecular mass of M protein is 40 kDa (Chandhets 1986b). M protein
is the most abundant protein inside the virion particle. The M proterasts with the

cytoplasmic tails of the integral membrane proteins, the lipidydr and the
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nucleocapsid, and is considered to be the central organizer omorghogenesis. The
self-association of M proteins and its affinity to interadghvwhe nucleocapsid may be the

driving force in forming a budding virus particle (Peeples, 1991).

Fusion protein: The F gene is 1792 nt long encoding for a 553 aa long precursor
polypeptide. The F glycoprotein of NDV mediates viral penetratiofiubipon between
virus envelope and host cell plasma membrane, in a pH-independent mdranrsidn
creates pores on plasma membrane through which the viral nucleasagsligtered into
the host cell cytoplasm. The F protein is a type | integrambrane protein and is
synthesized as an inactive precursor (FO) that requires hbptratelolytic enzyme(s) for
its cleavage. This cleavage of FO yields two subunits F1 andriiected to each other
by disulfide link which is biologically active protein (Scheid and Choppd74). FO has
a predicted molecular weight of around 66 kDa whereas F1 and F2 soziagtely, 55
kDa and 12.5 kDa, respectively. During viral infection, F gene isstribed in the
cytosol, synthesized on rough endoplasmic reticulum and then, subsequegdieda
towards host cell membrane for its expression. F protein expreastt infected cell
plasma membrane mediates fusion with its neighboring cells thumsing giant
multinucleated cells or syncytia which are a hallmark of NBMction in the host cells.
Viruses that have multiple basic amino acids at their cleagégeof F protein are
cleaved by intracellular subtilisin-like proteases. However, Vvirtisat have single basic
amino acid at their cleavage site of F protein require exogenotsapes for cleavage

activation (Ortmanret al., 1994; Scheid and Choppin, 1974). The fusion and syncytia
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formation caused by F protein of the virus is one of the importatdr&afor virulence as

well as virus spread.

Hemagglutinin-Neuraminidase protein: The HN glycoprotein of NDV is a major
antigenic determinant of the virus with multiple functions. The HNege 1998 nt long
that encodes for a 577 amino acid residues long polypeptide. Theutaola@ight of
HN is 74 kDa (Chamberat al., 1986a). It binds with sialic acid, thus being responsible
for binding of virus to sialic acid containing receptor. It also mediatesvestay cleavage
of sialic acid (neuraminidase activity) from the surfacehef tirion as well as infected
host cell membranes. Along with hemagglutinin and neuraminidasetiastivi also has
fusion promotion activity by interacting with the F glycoproteinNDV (Lamb and
Kolakofsky, 1996).The HN protein is a type Il integral membraneeprawvith a single
hydrophobic domain at N-terminal region that consists of cytopladan@in, followed
by the transmembrane and the stalk region. The C-terminus end biiNth@otein is
composed of the globular head or ectodomain which is the main siteefattichment of
the virus to the host cells. Detailed studies on the crystal structure arttbnaltanalysis
of HN protein of NDV have suggested that both hemagglutinin and meudase
activity are resided at a very close proximity to each atisde the protein (Crennedt

al., 2000; Dengt al., 1999; Sheehan and lorio, 1992).

2.7.2 Polymerase complex associated proteins
The nucleocapsid protein (N), which is tightly bound with viral gecoRNA,

forms the nucleocapsid core of the virus to which the phosphoprotein (Rheatarge
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polymerase protein (L) are loosely bound (Lamb and Kolakofsky, 1996)e Tthese
proteins together constitute the transcription-replication compigich is the active

polymerase complex and the minimum infectious unit of NDV.

N protein: The N gene of NDV is 1,747 nt long encoding for a 489 amino asidues
long N protein. The molecular weight of NP is predicted to be 54 Kbiahhamurthy
and Samal, 1998). The functions of N protein include, encapsidation ofgeimaimic
RNA, thus making the nucleocapsid RNase resistant; associatipmitein with P and
L proteins during transcription and replication; interactions girdtein with M protein
during virus assembly. The intracellular concentration of unasserNbbedtein plays an
important role in the switching of transcription to replication lé tviral genome

(Blumberg and Kolakofsky, 1981; Blumbesgal ., 1981).

P protein and products of P gene editing: The P protein of NDV is the most heavily
phosphorylated viral protein. It is highly acidic in nature (McGirates., 1988; Steward
et al., 1993) and is produced from an unedited version of P gene ORF.nijle & P
gene is 1451 nt that encodes for 395 aa long P protein. The caiptosal insertion of
one G nucleotide to the editing site of the P gene ORF produces I[4A th&t encodes
for V protein, whereas insertion of two G nucleotides produces miidiAencodes the
W protein (Lamb and Kolakofsky, 1996; Stewatdil., 1993). Sequence analysis of the
NDV P gene shows that the protein is rich in serine and threoesi@ues, acting as
potential phosphorylation sites. The P protein along with N and L feimalspolymerase

complex thus acting as a transcriptive and replicative factoalslb forms P-NO
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complexes with the unassembled N (NO) thus preventing nonspecémlalgsor self-

aggregation of NO proteins.

L protein: The L protein is the largest structural protein with least abuedanthe
virion core (about 50 copies per virion) and is a major component of thedependent
RNA polymerase in negative-strand RNA viruses (Banerjee, 198doBbral., 1988).
The L gene is 6704 nt long and its ORF of 6615 nt codes for a 2204 apolypegptide
of mass around 242 kDa (Yusadf al., 1987). The L protein also possesses 5’ capping

and 3’ poly (A) polymerase activities on the nascent viral mMRNAs.

2.8 Virusreplication cycle

First step is the attachment of the virus onto the receptors miigtaialic acids
mediated by the HN protein (Huaegal., 1980). Upon attachment HN protein undergoes
a conformational change that facilitates interaction with theriugrotein to initiate the
process of membrane fusion or virus penetration. This processatadliby the HN is
also called fusion promotion. Once the F protein is activated, & theevirus membrane
with the cell membrane thereby enabling the release of thenticleocapsid inside the
cytoplasm of the cell (Fig 2.4). This fusion process is pH indéget and occurs at
neutral pH. Immediately after the fusion process the matatejpr falls off to release the

viral ribonucleocapsid in the cytoplasm.
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Fig 2.4 Virus replication cycle. Process of virus attachmentysviribonucleocapsid release,
transcription, genome replication, assembly, budding and rele&senature virion are

schematically described. (source: http://www.urmc.rochegt@SéD/mbi/education/courses
IMBI456 files/Paramyxovirusll).

Immediately after entry due to the availability of genome esttas the N
protein, P and L proteins, the transcription begins. The viral mRN#sdription is
intracellular and begins at the 3’ end of the genome. Once theonapkd is released
into the host cell cytoplasm, the viral RARp complex enters ah®’oé viral genome
promoter, i.e. leader, and synthesizes short (+) strand leader BiMAvdd by re-
initiation of N gene mMRNA synthesis from N gene start sequenegority of RdRp
complexes terminates transcription at gene end (GE) sequencanieitof them bypass
the GE signal to continue transcription of downstream genes. This Safjs¢at and
stop mechanism produces a gradient in mRNA synthesis in which geses to the 3’

end of the genome have higher concentration than those of downstrean(Gpeteaseo
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et al., 1987) (Fig 2.5). The mRNA produced are capped and polyadenylated ta. natu

The intergenic regions located between each gene are not transcribed.
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Fig 2.5 Schematic representation explaining the modular nature of transcaptiomanslation

in paramyxoviruses. The stop-start mechanism of transcription is el@gicihematically. Note
the fact that more number of MRNA is produced towards the 3’ end of the gandrieere is a
gradual decrease noticed for the genes towards the 5’'end. Theypoldre translated proteins is
provided at the bottom.

Once the primary transcription produces sufficient mMRNAs forstedgion of viral
proteins, there is an increase in the concentration of viral progsipscially N proteins
that induce replication of viral genome by RdRp. The sufficient amofunhassembled
N proteins renders RdRp to switch from transcription to replicatiorf-Jogenome
resulting in a full length complementary copy known as (+) antigee (Kolakofsky and

Blumberg, 1982; Nagai, 1999). During this process, all the junctiogadls, such as
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start-stop signals and editing sites, are ignored by R{Btmberg and Kolakofsky,
1981; Nagai, 1999). Then, these (+) antigenomes are used as templates for synthesis of
(-) genome for packaging in new viral progenies. Since the pronwtproduce the
genome (- sense) is stronger, more genome sense RNA is producethdramiisense
RNA template.

The nucleocapsid core gets assembled inside the host cell cytopldem
nucleocapsids are thought to be assembled in two steps: BestNfsubunits are tightly
encapsidated with viral genomic RNA to form helical ribonucleopnati@NP) structure,
and then P and L proteins are loosely bound to RNP forming transcrimagaex
(Kingsbury et al., 1978). The membrane glycoproteins of the NDV (F and HN) are
synthesized on rough endoplasmic reticulum and then undergo stepwise ebiofoam
maturation before being transported to the surface of the esfibmane through the
secretory pathway. Folding and maturation occur inside the endoplagiowdum (ER)
with the help of molecular chaperones. Only correctly folded pret@ie transported out
of the ER to the Golgi apparatus for further post translational matidns. In the Golgi
apparatus, the carbohydrate chains of HN protein are modified atiplen basic
cleavage sites of F protein are cleaved. After successiuiration, the glycoproteins are
transported to the surface of the cell membrane through vesibl®e the assembly of
the envelope takes place and subsequently viruses are releaseth tmdding (Domst
al., 1993; Fellert al., 1969). The detailed mechanism of NDV assembly and release at
the cell membrane is unknown. The M proteins of the NDV are thdagtiy a major
role in providing the driving force that brings the assembled RN& toothe appropriate

place at the plasma membrane to form a budding virion particlel@é2ed991). The
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cytoplasmic tails of F and HN glycoproteins make important cataith M proteins,
which in turn associate with the nucleocapsid, thus facilitating bhgddi the mature

virions.

2.9 Reverse genetics

Reverse genetics is a method that allows the generation ofionfeetrus from
the cloned cDNA of the viral genome. In non-segmented negative-dRidAdviruses,
the production of infectious virus directly from the viral genome ispssible since the
genomic RNA needs to be transcribed into mRNA in order to dinectynthesis of viral
proteins in the host cells. This function is mediated by RdRp compleixh is virally
encoded and packaged into the virion particles. Therefore, introductianreverse
genetics system by transfecting plasmids expressing eicakaory proteins such as N, P
and L along with full length antigenome plasmid have made it postblecover
genetically engineered virus.

The first virus successfully recovered by using this approashrabies virus in
1994 (Schnellet al., 1994). All these plasmids are under the control of T7 RNA
polymerase promoter and T7 RNA polymerase is provided by a regantbraccinia
virus expressing bacteriophage T7 RNA polymerase. Subsequently, eobseveral
other viruses such as the vesicular stomatitis virus (Lawsah,1995; Whelaret al.,
1995), simian virus 5 (Het al., 1997), human respiratory syncytial virus (Colletsl .,
1995), Sendai virus (Garcet al., 1995; Katoet al., 1996), rinderpest virus (Baron and
Barrett, 1997), parainfluenza virus (Durlenal., 1997; Hoffmann and Banerjee, 1997)

and measles virus (Radeddteal., 1995) have been achieved.
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Fig 2.6 Reverse genetics: schematic representcof MVA-T7 basedNewcastle diseasvirus
rescue systenilransfection offull length cDNA clone of NDV in pBR32BiDrz, with NDV
support plasmids N, P and L was performed ontartbeolayer of HE-2 cells. Simultaneousl
the transfected cells are infected by modified irdacstrain Ankara carrying T7 polymere
(MVA-T7). The T7 pol synthesizes the (+) sense transcript of ND&dne and the products
support plasmids, N, P and L initiates the firsimd of replication. Once the negative se
genome is synthesized, the virus begins the-RdRp dependent transcription awirus
replication. Virus release occurs in the superriatafier 48 h of tranfectiol the cell culture
supernatant isollected and inoculated in to allantoic cavitynafe-day-old embryonated chicke
eggs. After 48 hallantoic fluid is harvested andesence of virus is confirmed by HA as:
using 1% chicken RBC. Rescued virus is confirmedheyR1-PCR and sequencir

The recoveries «infectious NDVs from cDNA using reverse geneticsteyn
were first reported in1999 (Rome-Oberdorferet al., 1999; Reterset al., 1999).
Currently reverse genet systems are available for lentogenic strain La$dtzanget
al., 2001; RomeOberdorferet al., 1999; Peetergt al., 1999), B1 (Nakayet al., 2001),
mesogenicstrain Beaudette C (Krishnamurtlet al., 2000) and velogenic stra
Hert/33(de Leeuvet al., 2005).Please refer to the fig 2.6 for the NDV rescue eayx
used in our laboratoryl he availability of a reverse genetics system f@\N\as well a

other viruses has provided essential informatiod tools to study the viral molecu

mechanism in greater det
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Chapter 3:

3.1 Title
Complete genome sequence of highly virulent neurotropic Newcastasdis

virus (NDV) strain Texas GB and comparison with other NDV strains

3.2 Abstract

Newcastle disease virus (NDV) strain Texas GB is a highilyent neurotropic
virus that is used as a standard vaccine challenge virus in.gelJthis study, the
complete genome sequence of strain Texas GB was determinedrapdred with the
complete genome sequences of other NDV strains. The genome is 15, Kifides!|(nt)
long and consists of six genes in the order of 3’leader-N-PHINH--5'trailer. The
genome contains a 55-nt leader region at the 3’ end and a 114entregion at the 5’
end. The intergenic regions are 2, 1, 1, 31 and 47 nt between N/PMAZME/HN and
HN/L genes, respectively. The putative cleavage site of fusion protein showed aidino a
sequence of fRR-Q-K-R|F in position 112 to117, which corresponds to those of virulent
NDV strains. The phylogenetic analysis showed that strainsGiBosely related to the
neurovirulent mesogenic strain Beaudette C (BC) and to NDV viigs&ged in China

and Egypt than to other strains of NDV.

3.3 Introduction
Newcastle disease (ND) is a highly contagious and fatal sise& chickens
leading to huge economic losses in the poultry industry worldwidexgAtier, 2000;

Samal, 2011). The causative agent Newcastle disease virus (ND&)member of the

25



genusAvulavirus in the family Paramyxoviridae (Mayo, 2002; Lamb and Parks, 2007).
NDV isolates display a spectrum of virulence in chickens, repgiom inapparent
infection to 100% mortality. Based on their pathogenicity in chickens/ iéDlates are
categorized into three main pathotypes, lentogenic (low virulenc&sogenic
(intermediate virulence) and velogenic (high virulence) (Alexgriziz00). The velogenic
strains cause severe outbreaks in poultry. Based on the intracloacalation test,
velogenic strains are further classified into viscerotropic, wimdnce mortality with
hemorrhagic lesions in the intestinal tract and neurotropic, whewouse signs
predominate without hemorrhagic lesions in the intestine (Alexand@®, Sinhaet al.,
1952; Schloer and Hanson, 1968).

NDV strain Texas GB is considered as the prototype neurotrefpgenic strain
and is widely used as the standard challenge virus in vaccinagsffstudies in the U.S.
Although, strain Texas GB is biologically one of the well chtaazed NDV strains to
date (Sinheet al., 1952; Banerjeet al., 1994), the complete genome sequence of this
strain has not been reported. Only partial or full sequences of few genesrdetiri®88
to 2004 are available (Schaperal., 1988; Palmieriet al., 1991; Wardet al., 2000;
Locke et al., 2000; Seal, 1996, 2004; Wisk al., 2004). The complete sequences of
phosphoprotein and large polymerase genes, the intergenic sequences béRyeeh N
HN/L genes and the trailer sequence are not available. Sincauttent sequences of
strain Texas GB were determined by different groups atréifit times, it is necessary to
determine the complete genome sequence of strain Texas GB tostandeits
pathogenicity and neurovirulence. In this study, we report the conga#atame sequence

of the NDV strain Texas GB (APMV-1/chicken/U.S.(TX)/GB/1948).
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3.4 Materialsand Methods
3.4.1Virus

The NDV strain Texas GB was isolated from a fatal ND @abrin chickens
with severe neurological involvement, in Texas, U.S.A., in 1948 (Sehlah, 1952;
Schloer and Hanson, 1968). We received this strain from Nationalivaty Services
Laboratory, Ames, lowa, U.S.A. We passaged the virus three timtesglay-old specific
pathogen free (SPF) embryonated chicken eggs and made stocks irioi7f0ftGre use.
The work was performed in our USDA approved enhanced biosafety |B3L3B+)

facility.

3.4.2 Mean Death Time (MDT) and Intracerebral pathogenicity index (ICPI)

The pathogenicity of NDV strain Texas GB was determined bgmudeath time
(MDT) in 9-day-old embryonated specific pathogen free (SPR)kehi eggs and by
intracerebral pathogenicity index (ICPI) in one-day-old SPEkshiBriefly, for MDT, a
series of 10-fold (18 to 10°®) dilutions of fresh infective allantoic fluid was made with
sterile phosphate-buffered saline, and 0.1 ml of each diluent was itentutdo the
allantoic cavities of five 9-day-old SPF embryonated chicken eggsh egg was
examined three times daily and times of embryo death weoedext The minimum
lethal dose is the highest virus dilution that causes all embn@zilated with the
dilution to die. The MDT is the mean time in hours for the minimum lethal dose to kill all
inoculated embryos. The MDT has been used to classify NDV siramshe following
groups: velogenic strains (taking less than 60 h to kill), mesogenic strains @akion§0

h to kill), and lentogenic strains (taking more than 90 h to kill).
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For ICPI, 0.05 ml (1:10 dilution) of fresh infective allantoic fluid @ick virus
was inoculated into groups of 10 one-day-old SPF chicks via the intrealereute. The
inoculation was done using a 27-gauge needle attached to a one mi sigpouge
dispenser that was set to dispense 0.05 ml of solution per inoculatiomir@ibevere
inoculated by inserting the needle up to the hub into the right aebaftquadrant of the
cranium. The birds were observed for clinical signs and moriatite every 8 h for a
period of 8 days. At each observation, the birds were scored asdollpwnealthy; 1,
sick; and 2, dead. The ICPI is the mean score per bird per observaediothe 8-day
period. Highly virulent (velogenic) viruses give values approaching 2, waindlest

(lentogenic) viruses give values close to 0.

3.4.2Viral RNA isolation and RT-PCR

The virus was grown in nine-day-old embryonated SPF chicken eggs.48fth
of inoculation, infective allantoic fluid was harvested and used foomge RNA
extraction using RNeasy mini kit protocol (Invitrogen). The genomiARMS tested
virus free by inoculation into eggs and allantoic fluid was hardeafeer 48 h and
assayed for HA activity using 1% chicken RBCs. RNA was remdneed the BSL-3+
facility after it was shown free of viruses by the HAsaag The genomic RNA was
subjected to reverse transcription using random hexamer primdrsSaperscript Il
(Invitrogen) reverse transcriptase, using the manufacturesteqol. The cDNA served
as a template for PCR using specific primer sets designed fromatitebée sequences of
strain Texas GB (accession numbers: AF144730, AF138899, AY505057 and U22293)

and from the complete genome sequence of BC (Krishnamurthy and, 3868%). The
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primers used for the sequencing of the complete genome of ND¥ Seaas GB is
given in table 3.1.

All PCR reactions were performed in volumes of 50 ul using Platifim
polymerase (Invitrogen). The general conditions used for PCR weref@68_min, 30
cycles of 95°C for 30 s (denaturation), 52°C for 30 s (annealing) and ©88°45 s
(extension) for 1 Kb size band, followed by 68°C for 10 min (findkmrsion). PCR

amplicons were sequenced directly after gel-purification.

Table 3.1. Primers used for complete genome sequencing of strain Texas GB

Primer name Primer sequence
GBT-44fwd 5-AATTGAAGTTGCACGGGTAGAA
GBT-797fwd 5-GCAGTCCGCATCTTTTTGGTTA
GBT-1650fwd 5'-GACCACACCCTCAAACAAACATC
GBT-958rev 5-AGGCTACTAAGTGCAAGGGCTGAT
GBT-2700fwd 5-CTTGACACAGACATCCTCCATCC

GBT-1900rev
GBT-2800rev
GBT-3900fwd
GBT-4100rev
GBT-5000fwd
GBT-6000fwd
GBT-5200rev
GBT-6300rev
GBT-7000fwd
GBT-8000fwd
GBT-7200rev
GBT-8200rev
GBT-9000fwd
GBT-1000 fwd
GBT-11000fwd
GBT-12000fwd
GBT-13000fwd
GBT-14000fwd
GBT-14600fwd
GBT-9200rev
GBT-10200rev
GBT-11200rev
GBT-12200rev
GBT-13200rev
GBT-14200rev

5'-GCTCAGCGCCTTGGTTTTG
5-GGCGGGTTTACTCAAGTCAGATGG
5'-CGTAGATAGGAGGGGGAAGAAAGT
5-CTGAGGAGAGGCGTTTGCTAT
5'-TGCAGGGATCGTGGTAACAG
5-ACTGTATAGGGACCGACTTGGATT
5-GCACCTATAAAGCGTCTCTGTCTC
5-CAGGCTAAGTACACCAAAAACAAG
5’-AGATTAATGGAGCTGCGAACAA
5'-GCAACAAAACAGCCACTCTTCATA
S'-TGAGTGTAGCAGTAATGGGTAGCA
5-CTGCTTTGGTGCTGCTTGAACTC
5-GAGTCACACCTGTCTTCACCATTG
5-CAGTCAGGAGCCAAATGTGC
5-GTGACCCTACTGACTGTGACCTCT
5-ATGCAATGCTGTTTAGAGACGAT
5-GGAGACTTTGCGAGACTTGACTTA
5-CATTTTTGCAAGAGTTAGAT
5-TCTCTACTGACGGGAAAAAG
5-CAGTTCTCCATATCTCGTGTT
5-GTGTGCGATTGCCTTGTCTTTTAG
5-TTTAGATGAATTTTTGAGGACTTG
5-CATCTTGTGCACCCTCCGCTTAC
5'-TCAGATAATAGAGTTGGTAAGAA
5-TCATTTGAAAAGAGCGTATT
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GBT-15100rev 5-CTGCATTGCCTATAGTTTTCAT

GBT-N307rev 5-CCTGAGTGGTTTGTTGGCATCT
GBT-N246rev 5-GGAGGCAGAATACCGCAAAGTT
GBT-450fwd 5-CAGTTCAACAATAGGAGTGGAGTG

GBT-14400fwd 5-GTGACAGACATCCTATCCAGT

3.4.3 Rapid Amplification of cDNA ends (RACE)

The leader sequence of the strain GBT was determined usimgpi@’-
amplification of cDNA ends (3’'RACE) (Let al., 2005; Trouttet al., 1992). Briefly, the
genomic RNA was ligated to a 3'-blocked RNA oligo-(5’-GGTMACGGTAAAGGTG
GAAGAGAAG-3’-blocked) using T4 RNA ligase according to maratifeer’s protocol
(Promega). RT-PCR was performed using a DNA complementany-@igCCAAAAC
GCCATTTCCACCTTCTCTTC-3’) with sequence specific Nrev pnin%GGAGGCA
GAATACCGCAAAGTT. The resultant PCR product was cloned in TOPO TA vector and
sequenced. The sequence of the trailer region was determinedb URKQE technique,
in which Lfwdl primer 5-GTGACAGACATCCTATCCAGT was used to reverse-
transcribe the genomic RNA sequence into cDNA, and the cDNA wgdpdiP-tailed
using T4 terminal deoxynucleotidyl transferase according to rfeufacturer’s
procedure (Invitrogen). PCR was performed using Lfwd2 prisl#@ICTCTACTGACG

GGAAAAAG and oligo-(dT) reverse primer (5-ACCACGCGTATCGATGTCGATT

[TTTTTTTTTTTV-3") and polyadenylated cDNA as a template. Digained amplicon

was cloned and sequenced.
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3.4.4 Sequencing method and phylogenetic analysis

Sequencing was done using the BigDye terminator v 3.1 cycle regggekit
(Applied Biosystems) that is based on Sanger’s Dideoxy method &iB0xI genetic
analyzer, using the manufacturer’s instructions. Sequencesalkgned and analyzed
using SegMan and EditSeq programs, and additional primers wegneld$or genome
walking using the PrimerSelect program of DNASTAR Laseeg8 software package.
Fourfold coverage was achieved for each nucleotide of strain GBEduescing four
times independently from the PCR bands using a different lot ofRiM&l. Phylogenetic

tree was constructed using MEGA 4 software (Kuebaf., 2008; Tamurat al., 2007).

3.5 Results
3.5.1 Mean death time (MDT) and intracer ebral pathogenicity index (ICPI)

The Mean death time value of strain Texas GB in embryonateklecheggs was
50 h which was consistent with the velogenic NDV strains. Theadetebral
pathogenicity index value was 1.925 out of the maximum value 2.0, which also w

consistent with the virulence profile of velogenic NDV strains.

3.5.2 Complete genome sequence

The genome of NDV strain Texas GB is 15,186 nt (GenBank acoessmber
GU978777), a length that is present in most NDV strains. Sitailather NDV strains,
the genome of strain Texas GB consists of six genes encodidifsnent proteins in the
order of a nucleocapsid protein (N), a phosphoprotein (P), a matrix p{dtgia fusion

protein (F), an attachment protein called the hemagglutinin-neudasmi(HN), and a
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large polymerase protein (L) (3’'leader-N-P-M-F-HN-L-5ited). The length, position
and characteristics of the six genes and their intergenic rreegI€GS) are summarized

in Table 3.2, and the comparison of its proteins with other NDV strains in Table 3.3.

Table 3.2. Genomic features and protein characteristics of NDV strain Texas GB.

Genes Hexamer Gene characteristics (nt) Intergenic Deduced protein
phasing sequence characteristics
positonat Total 5'UTR ORF 3'UTR (nt) Size MW pl
gene-start length (aa) (kDa)
N 2 1746 66 1470 210 2 489 53.1 5492
P 4 1451 83 1188 180 1 395 422 6.341
PV 4 1452 83 720 649 - 239 254 6.200
P/W 4 1453 83 666 704 - 221 241 9.533
M 4 1241 34 1095 112 1 364 39.6 9.494
F 4 1792 46 1662 84 31 553 58.9 8.453
HN 3 2002 91 1734 177 47 577 63.3 6.750
L 6 6703 11 6615 77 - 2204 248.6 6.861

Note: Table 3.2 shows hexamer phasing positions along with indiviguads, coding and non-
coding, and intergenic sequences of strain Texas GB withphetein profiles.refers to the nt
position of first nt of the gene-start sequence of each gelealated based on the six nt repeats
from the 3’-end of the viral genome.

The 3’ leader sequence of strain Texas GB consists of 55 nt, a length predent in al
NDV strains (Alexander, 1998). The leader sequence of straiasTéB showed 100%
identity with the leader sequence of strain BC, but there af® Z, 8, 7 and 6 nt
differences between the leader sequence of strain Texaan@Beader sequences of

strains LaSota, B1, Anhinga, Fontana, Largo and Alaska 415, respec@aghparison
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of the sequences of NDV strains Texas GB with those of NPA/nst BC and LaSota
showed differences in the stretch of 6 or 7 Uracil residues igehe-ends of N and L
genes and that alters the putative IGS between N/P gene®n@ Yesidues and the

putative trailer sequence to 113 or 114 nt, respectively.

Table 3.3. Percent nucleotide and amino acid identities of Texas GB with sifaéns of

Newcastle disease virus

NDV strains Lentogens Mesogens Velogens
LaSota Bl BC Anhinga Fontana Largo
Complete genome 96.9 97.0 99.1 83.6 85.5 85.4

Viral proteing

N 99.2 98.8 99.8 92.2 93.0 93.0
P 97.5 93.7 98.7 79.0 84.3 82.8
PIV 95.0 91.2 98.3 69.5 78.7 74.9
P/W 93.9 93.9 97.7 60.9 75.1 69.8
M 97.3 97.0 98.9 89.3 90.4 90.4
F 96.6 96.4 98.6 88.6 90.1 87.9
HN 95.5 96.4 98.1 87.6 89.1 89.3
L 97.0 97.6 99.4 93.5 94.4 94.5

Note: Table 3.3 shows nt sequence identity of the complete gesequence’) and percent
amino acid sequence identit}) of different proteins encoded by NDV strain Texas GB with
other strains of NDV.

This leads to the putative length of N gene to 1,746 or 1,747 nt @ofaenomes with
15,186 nt) or 1,753 nt (in case of genomes with 15,192 nt) and the putative lehgth of

gene to 6,703 or 6,704 nt (Fig 1.a, b). The putative length of P genetedndBl (in
33



genome lengths 15,186 and 15, 192 nt) or 1,463 nt (in genome length of 15,198 nt). The
P gene of strain Texas GB contains a putative editind$fteUUUUCCC?*’ (genome
sense) that is identical in position to other NDV strainsnthand Parks, 2007). The 5’
trailer sequence of the strain Texas GB is 114 nt long and shoW et differences from

the trailer sequence of strain BC.

a)
NDV strain N gene-end NP IGS L gene-end
Texas GB AAUAUUUUWU CA AAUCUUUUWU
BC AAUAUUUUUUU A AAUCUUUUUUU
b)
Leader Trailer
55 2 1 1 31 47 114
Texas a8 — N H P H M H F H W H L —— (15, 186)
1 113
BC —4 P H M H F H W H L+1 —— (15, 186)
1 114
Font ana — w641 H P H M H F H W H L F—— (15,192)
2 114
AMaska 415 — N H P12 H M H F H HN H L F—— (15, 198)
nt nunber 1746/ 1/ 1451/ 6703/ 113/
di fferences 1747/ 2 1463 6704 114
1753
c)
Leader UGGUUUGJCUCUUAGGCAUUCAAUGCUAUUUUCCGCUUCCUCGJUAACUUCAACG
*kkkk kk*k* **k*x *x ** * % * * ** *x %% * * % %

Trai | er ACCAAACAAAGAUUUGGUGAAUAUCAGAAUAAUGUGACAAACUGUUACGUUUUGAY

Fig 3.1. Comparison of nucleotides (nt) sequences of gene-end of N and & ayahéGS between
N/P genes (given in genome sense) (a), gene map of ND¥issifakas GB, BC, Fontana and
Alaska 415 with their genome length given in the parenthesis drotn to scale) (Arabic
numerals indicate number of nt) (b), nt sequence complimentatityeber 3’leader and 5'trailer
(last 55 nt) sequences of strain Texas GB (stars indicate base @airs) (
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Go/CH/HLJ/LL01/08 (GU143550)
China (Fujian)/FP1/02 (FJ872531)
ZJ1 (AF431744)
JSD0812 (GQ849007)
QG/Hebei/07 (GQY994434)
SRZ03 (EU167540)
China/Guangxi11/2003 (DQ485231)
China/GM (DQ486859)
China/Guangxi9/2003 (DQ485230)
China/Guangxi7/2002 (DQ485229)
China/NA-1 (DQB59677)
cockatoo/Indonesia/14698/90 (AY562985)
Sterna/Astr/2755/2001 (AY865652)
chicken/U.S.(CA)/1083)/72 (AY562988)
dove/ltaly/2736/00 (GQ429293)
AV324/96 (GQ429292)
PPMV-1/IT-227/82 (AJ880277)
PPMV-1/New York/1984 (FJ410145)
PPMV-1/Maryland/1984 (FJ410147)
mixed species/U.S./Largo/71 (AY562990)
gamefowl/U.S.(CA)/211472/02 (AY562987)
anhinga/U.S.(FL)/44083/93 (AY562986)
cormor./US(MN)/92-40140/1992 (GQ288387)
cormor./US(CA)/92-23071/1997 (GQ288388)
cormor./US(CA)/D9704285/1997 (GQ288381)
cormor./US(NV)/19529-04/2005 (GQ288386)
cormor./Canada/95DC02150/1995 (GQ288383)
cormor./Canada/95DC2345/1995 (GQ288384)
cormor./US(WI1)/18719-03/2003 (GQ288385)
cormor./Canada/98CNN3-V1125/98 (GQ288382)
2K3/Chennai/Tamilnadu (FJ986192)
NDV-2/chicken/Namakkal/ Tamilnadu (GU187941)
Herts/33 (AY741404)
Italien (EU293914)
JS/9/05/Go (FJ430160)
JS/7/05/Ch (FJ430159)
Mukteswar (EF201805)
ZJ/1/86/Ch (FJ436303)
JS/1/02/Du (FJ436306)
F48E8 (FJ436302)
JS/1/97/Ch (FJ436305)
FJ/1/85/Ch (FJ436304)
chicken/N. Ireland/Ulster/67 (AY562991)
PHY-LMV42 (DQ097394)
Australia/l-2 (AY935499)
Australia/98-1252 (AY935493)
Australia/98-1249 (AY935492)
Australia/98-1154 (AY935491)
Australia/89-0655 (AY935494)
Australia/02-1334 (AY935490)
Australia/99-1435 (AY935498)
Australia/99-1997PR-32 (AY935497)
Australia/01-1108 (AY935489)
goose/Alaska/415/91 (AB524405)
DE-R49/99 (DQ097393)
NDV08-004 (FJ794269)
mott. duck/US(TX)/01-130/2001 (GQ288391)
nor. pintail/US(OH)/87-486/1987 (GQ288378)
mallard/US(OH)/86-233/1986 (GQ288380)
mallard/US(MD)/03-632/2003 (GQ288379)
mallard/US(OH)/04-411/2004 (GQ288377)
mallard/US(MN)/MNO00-39/2000 (GQ288392)
mallard/US(MN)/00-32/2000 (GQ288390)
mallard/US(MN)/99-376/1999 (GQ288389)
HB92/V4 (AY225110)
XD/Shandong/08 (GQ894433)
100— chicken/U.S./B1/1948 (NC 002617)
99 VG/GA (EU289028)
EE] chicken/LaSota/U.S./1946 (AY845400)
1mol— JL-1 (EU546165)

— chicken/Egypt/1/2005 (FJ939313)

oo 83

China/NDV02 (FJ386393)
China/NDV04 (FJ386395)
a8 China/NDV01 (FJ386392)
50 China/NDVO05 (FJ386396)
e China/NDVO03 (FJ386394)
22 China/AQI-ND026 (DQ060053)
@ chicken/U.S (TX)/GB/1948 (GU978777)
Beaudette C (reference 16)

1

Fig 3.2. Phylogenetic tree of strain Texas GB with available gensegeences of NDV strains
was constructed using maximum parsimony method using MEGA4 progittmbootstrap
values calculated for 1000 replicates (strain Texas GB is indibsgta solid diamond)
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3.5.3 Amino acid differences between strains GBT and BC

All the six major proteins of strain Texas GB invariably shdvggher amino
acid sequence identity with the cognate proteins of other NDVnstihiat are well
characterized (Table 3). The comparison of complete genome sequemowed that
strain Texas GB is more related to strain BC (99.1% nt idérttign to other NDV
strains (Table 3.3 and Fig 3.2). Comparison of the amino acid égagisces between
strains Texas GB and BC showed differences in all six protems aa in N (K421E),
four aa in P (P30S, K36R, A98T, V104A and D336E), four aa in M (M132V, D152N,
P216S and A336T), eight aa in F (S10P, A11V, S265G, E304G, T4571, T5101, A520V
and A550T), 11 aa in HN (Q7R, V9A, A34V, M35V, 1191V, N228S, V271A, S310G,
E332G, L454P and A571V) and 14 aa in L (T75A, 189V, N265D, C698R, K889N,
F1379Y, D1531N, N1643S, R1668K, F1706L, L1734P, S1758A, M1785I and 12067V).
There was no aa difference between the unique C terminal regfidghand W proteins

of strains Texas GB and BC.

3.6 Discussion

The genome of NDV strain Texas GB is 15,186 nt (GenBank acceassiober
GU978777), a length that is present in most NDV strains. Sitailather NDV strains,
the genome of strain Texas GB consists of six genes encodidifenent proteins in the
order of a nucleocapsid protein (N), a phosphoprotein (P), a matrix p{dtgia fusion
protein (F), an attachment protein called the hemagglutinin-neudasmi(HN), and a

large polymerase protein (L) (3’'leader-N-P-M-F-HN-L-5iteq). The length, position
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and characteristics of the six genes and their intergenic rreegIi@GS) are summarized
in Table 3.2, and the comparison of its proteins with other NDV strains in Table 3.3.
The 3’ leader sequence of strain Texas GB consists of 55 nt, a length predent in al
NDV strains (Alexander, 1998). The leader sequence of straiasTéB showed 100%
identity with the leader sequence of strain BC, but there af® Z, 8, 7 and 6 nt
differences between the leader sequence of strain Texaan@Beader sequences of
strains LaSota, B1, Anhinga, Fontana, Largo and Alaska 415, respec@aghparison
of the sequences of NDV strains Texas GB with those of NPA/Inst BC and LaSota
showed differences in the stretch of 6 or 7 Uracil residues igehe-ends of N and L
genes and that alters the putative IGS between N/P gene®n@ Yesidues and the
putative trailer sequence to 113 or 114 nt, respectively. This lealds futative length
of N gene to 1,746 or 1,747 nt (in case of genomes with 15,186 nt) or 1,753 rse(iof ca
genomes with 15,192 nt) and the putative length of L gene to 6,703 or 6,704 mhtaFi
b). The putative length of P gene consists 1,451 (in genome lengths 16¢1&6,&92
nt) or 1,463 nt (in genome length of 15,198 nt). The P gene of strain G&asntains
a putative editing site®*UUUUUCCC**® (genome sense) that is identical in position to
other NDV strains (Lamb and Parks, 2007). The 5’ trailer sequentte aftrain Texas
GB is 114 nt long and showed a 5 nt differences from the trailer sequence of 6train B
The F protein cleavage site is a well-characterized detann of NDV
pathogenicity in chickens (Pandhaal., 2004; de Leeuvet al., 2005). Virulent NDV
strains typically contain a polybasic cleavage siteX{R/R-R|F), which is recognized

by intracellular proteases of most cells. The cleavage sigah Texas GB i5*R-R-Q-
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K-R|F**, which contained four basic amino acids at positions 112-116, correspomding t
those of virulent NDV strains (Alexander, 2000; Lamb and Parks, 2007).

Phylogenetic tree analysis of complete genome sequenceinfisas GB with
78 full length genomes (or genome sequences >15 Kb) of other NDMsstras
performed by maximum parsimony method using MEGA 4 softwarelgddilar
Evolutionary Genetics Analysis) (Kumat al., 2008; Tamuraet al., 2007). It was
observed that strain Texas GB is more closely relateddim €C and viruses isolated in
China (Cheret al., 2008) and Egypt (Mahametl al., 2009) than to other NDV strains
(Fig 2). The recently-sequenced virulent and avirulent NDV isofab@s cormorants in
the U.S. (Milleret al., 2009) did not show phylogenetic relatedness to strain Texas GB at
the genome level (Fig 3.2). The high degree of nt identity and géyddic relatedness of
velogenic strain Texas GB with a mesogenic strain BC sugjusissubtle differences at
the genome level may have a profound effect on the pathogenicity @fiVasiain.
Availability of the complete genome sequence of strain TexaswiiBbe useful in
further understanding of the NDV pathogenesis and neurovirulence.

Since this study is the first report of the complete genoetuence of the
velogenic neurotropic NDV strain Texas GB which is used as atdrchallenge virus
for vaccine testing, this would be valuable for future studies to uadershe molecular

determinants of NDV virulence and neurotropism in chickens.
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Chapter 4:

4.1 Title
Effects of naturally occurring six- and twelve-nucleotide inserts on Nstleca

disease virus replication and pathogenesis

4.2 Abstract

Newcastle disease virus (NDV) isolates contain genomes of 15,186, 15,192, or
15,198 nt. The length differences reflect a 6 nt insert in the 5’ (doeams) noncoding
region of the N gene (15,192-nt genome) or a 12 nt insert in thee®&¥eing the P and
V proteins (15,198-nt genome). We evaluated the effects of thesds on replication
and pathogenicity by adding them to two NDV strains that have ngenaime lengths
of 15,186 nt and represent two different pathotypes. Our results showetthé& nt and

12 nt inserts did not affect replication but slightly attenuates the viruléitB\o.

4.3 Introduction

Newcastle disease virus (NDV) causes a highly contagiougioriea chickens
that, depending on the virulence of the virus strain, can range in gdvemit inapparent
to highly lethal (Aldouset al., 2003; Alexander, 2003; Alexander, 1989). NDV is a
member of the genusvulavirus in the familyParamyxoviridae (Lamb and Parks, 2007;
Mayo, 2002). The genome of NDV is a single strand of negativees®NA. The
genome contains six genes encoding the nucleocapsid protein (N), phosphdipte

matrix protein (M), fusion protein (F), hemagglutinin-neuraminidas¢em (HN), and
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large polymerase protein (L). In addition, the P gene encodes aroaddprotein called
V that is expressed by RNA editing.

The NDV strains that initially were analyzed by sequenciegeviound to have a
genome length of 15,186 nucleotides (nt) (Samal, 2011; de Leeuw andsP&88%;
Lamb and Parks, 2007; Romer-Oberdodteal., 1999; Krishnamurthy and Samal, 1998).
Subsequently, NDV strains were found whose genomes contained 15,192 nt @duang
al., 2004; Milleret al., 2010; Yan and Samal, 2008) or 15,198 nt (Czegdedi., 2006;
Kim et al., 2007a, b; Liuet al., 2010; Takedaet al., 2005). Remarkably, sequence
analysis showed that the 15,192 nt genome length viruses all coriam iasert (e.g.,
AGGGUG in strain ZJ1) in the 5’ (downstream) noncoding region ofNtlgene after
genome position 1647 (Huareg al., 2004; Ujvari, 2006) (Fig 1a), and the 15,198 nt
genome length viruses all contain a 12 nt insert (e.g., ACCCUQELERCIn strain
Alaska 415) in the ORF encoding the P and V proteins after genont&ompdz381
(Czeglediet al., 2006; Liuet al., 2010; Seatt al., 2005) (Fig. 1b). The 12 nt insertion
increases the lengths of the P and V proteins by four amide aathout affecting their
reading frames.

The presence of these inserts in NDV strains varies dependirtigeir natural
history: the 15,186 nt genome length viruses circulated between 1930 anci®@be
15,192 and 15,198 nt genome length viruses emerged after 1960 (Ceegled2006;
Huanget al., 2004; Liuet al., 2010; Seatt al., 2005; Ujvari, 2006). The evolutionary
significance of these inserts is not known. In this study, thextsfiof the 6- and 12-nt
insertions in the N and P genes of NDV, respectively, is etemlugn two viruses,

namely, the mesogenic Beaudette C (BC) and the velogenic Texas GB (GBT
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4.4. Materials and methods
4.4.1 Cellsand viruses:

A chicken embryo fibroblast cell line (DF-1), African green monkeney cell
line (Vero) and a human epidermoid carcinoma cell line (HEp-8jewgrown in
Dulbecco’s minimal essential medium (DMEM) with 10% fetal bosseeum (FBS) and
maintained in DMEM with 2% FBS. The modified vaccinia virus stéankara (MVA)
expressing T7 RNA polymerase was kindly provided by Dr. BernaossMNIH,
Bethesda, MD) and propagated in primary chicken embryo fibrobldsticeDMEM
with 2% FBS. The moderately pathogenic (mesogenic) NDMnstB& and highly
pathogenic (velogenic) NDV strain GBT and its recombinant devesitwere grown in
9-day-old embryonated specific-pathogen-free (SPF) chickers @ggan enhanced
biosafety level 3 (BSL-3+) containment facility certified the USDA following the

guidelines of the IACUC, University of Maryland.

4.4.2 Construction of full length antigenome cDNA clone of NDV strains BC and
GBT:

The construction of the full-length antigenome cDNA of NDV ssaBC and
GBT was done in a low copy number vector containing hepatitis dddtzyme
sequence, pBR322-HDrz. Identical restriction enzyme sites imeogluced in the cDNA
sequences for the plasmid of full length BC (pBC) and GBT (pGBfis was achieved
by analyzing the RE site profile of both the virus antigenometla@d/ector pBR322-
HDrz. The RE sites which were not available in the antigenomettendector were

chosen for designing a linker sequence which would have the nirs#td®En the order
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Ascl, Pacl, Pmel, AsiSI, Agel, SnaBl, BstBI, Mlul and Rsrll. Timlker sequence is 112

nt long with the sequence of 5-ACTTggcgcgccAATACCttaattaaGGATGLjIttaaa

cGGCAgcgatcgcGTTAACaccggtCGGCtacgtaCCAAttcgaaGGCGatifesil Tcggac

CgAATT. The cloning of the linker sequence into pBR322-HDrz usiBgiRes Ascl and

Rsrll to generate pBR322-HDrz-Linker that enabled the sequelttrahg of antigenome

of strains BC and GBT. The primer sets used for the sequemtmhglof N, P, M, F and

HN as segments 1, 2, 3, 4 and 5. The L gene was cloned in threerfitagmamely, 6, 7

and 8. Primers used for the gene-wise cloning of the antigenomeiiof GBT is given

in Table 4.1.

Table4.1. Primers used for the construction of full length cDNA clone of NDV strain

Texas GB (GBT)

Primer Name

Primer sequence

1

rGBT-N (Ascl)
Fwd

rGBT-N (Pacl)
Rev

rGBT-P (Pacl)
Fwd

rGBT-P (Pmel)
Rev

rGBT-M (Pmel)
Fwd

rGBT-M (AsiSI)
Rev

rGBT-F (AsiSl)
Fwd

rGBT-F (Agel)
Rev

rGBT-HN (Agel)
Fwd

rGBT-HN
(SnaBl) Rev
rGBT-L1 (SnaBl)
Fwd

rGBT-L1 (BstBlI)
Rev

rGBT-L2 (BstBlI)
Fwd

rGBT-L2 (Mlul)

5-AGTTGGCGCGCCTAATACGACTCACTATAGGGACCAAAC
AGAGAATCCGTAAGTTACGATAAAAG
5-TCTGCCITAATTAATAGTGAGCCGCATTGTGCCTGTGG
5-TCAGCCTTAATTAAAACAGAGCCGAGGAAATTAGAAAAA
AGTACG
5-CGCGCGSTTTAAACACGGTTGCGCGATCATTTAGTGGG
5-CGCGCGSTTTAAACTAGCTACATTAAGGATTAAGAA
AAAATACG
5-ACGATTGCGATCGCGACAGATTAGTTTTTGGTGTCATG
5-ACGATTGCGATCGCTTACAGTTAGTTTACCTGTCTATC
5-TCTACAACCGGTAGTTTTTTCTAAACTC

5-AAAACT ACCGGTTGTAGATGACCAAAG

5- ATCAGGTACGTACATTTTTTCTTAATCGAGGGACTATTG
5-ATCAGGTACGTAGCAATGAGATACAAGGCAAAACAGC
5-AATCCATTCGAAGAAGTGAGGTAGGCCCATCAAC
5-CACTTCTTCGAATGGATTCACCTAAGACTGATGGACAC

TACAATG
5-GTGTGAACGCGTCATACCTTGCTGGAGCACTCAAATCT
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Rev AACTCTTG

8 rGBT-L3 (Mlul) 5'- GGTATGACGCGTTCACACTAAGTCAGATTCATC
Fwd
rGBT-L3 (Rsrll) 5-GGTCCGGACCGCGAGGAGGTGGAGATGCCATGCCGACCC
Rev ACCA ACAAAGATTTGGTGAATAACAAGAC

Note: The restriction enzyme sites are given in italics and bold.

The platinumPfx PCR was used to amplify the segments and the gel purigchénts
were digested and sequentially cloned into the pBR322-HDrz-Liokgererate the full
length antigemome of strains BC and GBT, pBC and pGBT, respectilgggn cloning
each fragment, the sequence of the fragment was confirmed Ipletely sequencing
the fragment and then next fragment cloning was started. I° tgene a naturally
occurring Rsrll site was modified using an overlap PCR to ernbblesciprocal swap of
each gene separately between the pBC and pGBT. In total 16 nt shegrgeintroduced

in the antigenome of strains BC and GBT to introduce RE sigdaamodify the Rsrll
site in the P gene. Nt changes in the L coding regions were introduced such atway tha
amino acid sequence was not altered. The details of 16 nt charggesred BC and GBT

are given in table 4.2.

Table4.2. The position and identical nucleotide changes introduced into the cDNA

clones of pBC and pGBT

Amino acids
L ocation Nucleotide changes RE sites
unchanged
N gene 5’NCR A(1768)T, C(1769)T, C(1773)T Pacl -
P gene 5’NCR A(3221)G, A(3222)T, T(3227)A Pmel -
M gene 5’NCR T(4452)G, T(4453)C, T(4457)C, AsiSI -
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A(4458)G, T(4459)C

HN-L IGS A(8327)C, G(8330)A SnaBI -
BstBl, Glu (GAG to GAA),
L ORF G(10396)A, A(13537)G
Miul Ala (GCA to GQG5)
P ORF A(13537)G Rsrll Arg (CGto CRA)

4.4.3 Support plasmids construction:

The open reading frame (ORF) of the nucleocapsid protein, phosphoprotein and
large polymerase protein genes of NDV strain GBT were cloned in exgrgdasmid
pGEM7Z(+) to generate support plasmids pN, pP and pL respectively. The piser s

used for the construction of support plasmids is given in table 4.3.

Table 4.3. Primer sequences used for the construction of NDV strain Texas GB support

plasmids.
Primer Name Primer sequence

N orf F(EcoRl) 5-CATAGAATTCATGTCTTCCGTATTTGA
CGAGTACGAACAGCTCC

N orf R(HindlII) 5-GGTCAAGCTTTCAATACCCCCAGTCG
GTGTCGTTATCTTGGGATG

P orf F(EcoRlI) 5-CATAGAATTCATGGCCACCTTTACAGATG
CGGAGATCGACGAGC

P orf R(Hindlll) 5-GGTCAAGCTTTTAGCCATTTAGTGCAA
GGCGCTTGATTTTCCTG
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L1 orf F(Apal) 5-CATAGGGCCCATGGCGAGCTCCGGTC

CTGAAAGGGCAGAGCATCAG

L1 orf R(Aatll) 5-CAACTCGACGTCGGTTCTTGCTCTTCGG
GTCATGATTGCGGTTTGAAG

L2 orf F(Aatll) 5-GAACCGACGTCGAGTTGCAACCTTCATAAC
AACTGACCTGCAAAAG

L2 orf R(Kpnl) 5’-GAAAGGTACCGCAACAGGTGCTTCCCTGA
TACAGCAACTAAATTTAC

L3 orf F(Kpnl) 5-GTTGCGGTACCTTTCGAGCTACTTGGGGT
GGCACCGGAGCTAAGG

L3 orf R(Clal) 5-GGTCATCGATTTAAGAGTCACAGTTACTGT
AATATCCTTTGACTGC

4.4.4Virusrescue system:

A recombinant vaccinia virus-based transfection system was uasedstue
infectious recombinant BC and GBT from their respective cDNA cloBéeefly, HEp-2
cells were transfected using Lipofectamin 2000 with 5 pg cDNoAec along with
support plasmids, 3 pg of pN, 2 pg of pP and 1 pg of pL. Along withahsféction, the
infection of modified recombinant vaccinia virus (MVA/T7) capableoftesizing T7
RNA polymerase was also done. In a parallel transfection, plgsimwlas excluded in
the experiment to serve as a negative control. Two days raftsfection, the supernatant
was injected into the allantoic cavities of 9-day-old embryoneded. The allantoic fluid

of the eggs injected with the transfectant gave a positive hemiagglot (HA) titer of
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2° to 2 HA units. The viruses were passaged three times in 9-dayriidyenated eggs
and genomic RNA was extracted and the presence of the virus isTeahby RT-PCR

and sequencing using virus specific primers.

4.4.5 Construction of rBC and rGBT with 6- and 12-nt inserts:

In the present study, we investigated the functional significance of tisésiby
introducing them separately by reverse genetics into the genofmiego 15,186 nt
genome length viruses representing two different NDV paplestynamely the highly
virulent strain Texas GB (Paldurat al., 2010) and the moderately virulent strain
Beaudette C (Krishnamurthy and Samal, 1998; Krishnamuethat., 2000) (Fig 1b).
Consensus sequences for the 6 and 12 nt inserts were determinednioyg alhe
sequences of the N and P genes of representative 15,192 and 15,198 ntlgagtme
NDV strains, using Clustal W alignment analysis of Mega 4.0nvsoét (Kumaret al.,
2008). This showed that the 6 nt insert had conserved residues at posiBoasd?4 (-
GGG--) (Fig 4.1), while the 12 nt insert was conserved except aiopssl, 6 and 8 (-
CCCU-U-CCCCQC) (Fig 4.2). A 6-nt (AGGGUG) or 12-nt (ACCCUCUOGCC) insert
conforming to the respective consensus sequence was introducedebgpai@ the N
(after nt position 1647) or P (after nt position 2381) genes of sti@ras GB and

Beaudette C.
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Genotype/strain

Mucleocapsid proteingene 5’ non coding region

(MDV classll)
I Ulster €7 [1E20)
II La3ota [1E20)
Braudette C [1€20]
Texas B [1E20]
I1T Mukteswar [1E20]
Iv Hert= 22 [1E20])
v Largo 71 [1E20]
I Fontana [1&20]
VII 2ZJ1 [1E20)
o2 [1E20]
GUANGEIS [1E20)
VIII {H1 [1E20]
I F48E8 [1E20)
XI ME 725 0B [1E20]

Fig 4.1. Nucleotide sequence alignment ofnon coding region (domstream) of NDV
nucleocapsid protein gene. Gaps indicabsence of the insert sequence. Roman letters e
the genotypes of featured class Il NDV strains. NHers in the parentheses indicate th

position of NDV genome.

Genotype/Strain
I Tl=ter &7
II  LaSota
_ Braundette O
" Texa= &5
SIIT Mukteswar
o | IV Herts 33
= | Largo 71
% VI Fontana
VII Il
VIII gHEl
IX  F48EB
KI WS 725 08
DE-B46 /BE
E Ala=ka 415
m| 310
E XDV OE- 04E
A | e
= | ZT 10-03
D-AH 10-DZ
Fig 4.2.

Phosphoprotein genecoding region

(2260 ) EECEC MCICICRS CEIK - --- - --- - FICCIRCRC JICCE CoG CoRaee:
(2360 ) EECHCAC BCCIUBCRS GCOle - -~ - --- - FBC MICAG B CoG Cas CoACTNG
(2360 ) EEICCE CCHICRS CEIK - --- -~ ----- HCC MICRC I CoC Cc CCRCC
(2260 ) OGS BOCHIICRS CECIK - --- - ----- HCC MICC I CCE Cc CCRCCII
(2360 ) EESHCAG BCCCBCIAGCOHY - --- - --- - BBGBCCAG B 065 Cae AGRCCIC

iz3e0 ) CllCEEE:BcC il soc @ - - - - --- -- - --[iscIoC s [c s Ces cofioclicls
.E::;EEJI:.'.:G'EGI:E-EEEF- === ------ -- GGG 00 &5 QT CEE a5 SEHOCHICS
(2366 INCEIEC BCCIICHS SOGRC- - - - - - - -- - - - GRSC B0 o0 IIACE CoC CERCCICe
izaee) [cclBes Boccllcls coslic- -- - -- - -- - - - iR cloc se cCoE CAC cohCCl

(2266 ) EECEIRGE BOCMIICERCCCE- -- - --- -- - -- HioG oec [T 050 CHE CaRCCHlee
(2266 ) EIBSICHC BOCBCBCE o[- -- - --- --- -- [icc PoC R [IC 05 Coc CaRocichE
(2366 ) ClllcHEC BEC 8e- --- --- - - - -- fecdioc coorficcal-lccEooichs

(2360 peceijec Jeccafieetcas oo caeaeciea canie oos oG caReTlielc
12360 CCeagEACIeCCoReee che JCRCC I SCe e icaJeTA Cos CoieC CER TR
(zas1) ceceilliclicecliceccos BeRcccliiseecccliolicec cos oolicco calicelicle
(2361 ceceliiciecceficecces IeRCClcseeeealiceBecAG Cos oliccc caReelicle
(2360 OCcaQEACICCCoPoeE o2: JeRCC R SCC e icaeT A Cos CoIo0C CRCT R
(2361 oCeaEEACjIeCeoeer oS Bs o CRACC o icaJer o 0o CoiCG CERCTRecs
(260 BeBcllic feceofioce o MNce cleicecee licaBorc coc caionc celieelicle

Nucleotidesequence alignment of coding region of NDV phospbigin gene. Gag
indicate absence of the -h2 insert sequenc&koman letters denotes the genotypes of fea
class I NDV strains. Numbers in the parenthesdiate the nt position of NDV genor
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4.4.6 Construction of BC minigenome system:

BC minigenome CAT reporter assay was developed to determirefféioe of 12
nt (4 aa) insert sequence in the P protein. The reporter chlorarophacetyl transferase
(CAT) open reading frame was combined with the 5 and 3’ empiesees of BC
genome using overlap PCR. BC 5’-genome end of 265 nt, that included 1ldenttred
151 nt of terminal part of L gene containing 5’UTR and last 4@f moding region. BC
3’-genome end of 221 nt, that included leader and complete N gene 3'UiERy,Bhree
PCR products were generated using the primer sets given indtalbech PCR product
had 15 nt overlap sequence with the other product and all three fragnezatgined
using two rounds of overlap PCR reaction. The orientation of the {r&ikef ORF and

the leader was maintained in reverse.

Table4.4. Primers used for BC minignome construction

Primer Name Primersfor BC minigenome

BC-MG trailer F 5-AGTTGGCGCGCCTAATACGACTCACTATAGGG
ACCAAACAAAGATTTGGTGAATAACAA

BC-MG trailer R 5-GGCAATGCAGTCAAAGGATAT

BC-MG CAT gene F 5-TTTGACTGCATTGCTTACGCCCCGCCCTGCCACTCATCG
5-AAGCCTTCTGCCAACATGGAGAAAAAAAT

BC-MG CAT gene R
CACTGGATATA

BC-MG leader F 5-GTTGGCAGAAGGCTTTCTCGA
5-GGTCCGGACCGCGAGGAGGTGGAGATGCCATGCCG

BC-MG leader R
ACCCACCAAACAGAGAATCCGTAA
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Primer sequences of BC support plasmids for minigenome

BC-NP Hindlll F  5-GCTGAQAGCTTATGTCTTCCGTATTTGACGAG
BC-NP EcoRIR  5-GACGTGAATTCTCAATACCCCCAGTCGGTGTC
BC-P Hindll F  5-GCTGAQRAGCTTATGGCCACCTTTACAGATGCG
BC-P EcoRIR 5-GACGTGAATTCTTAGCCATTTAGTGCAAGGCG
BC-L1 Nhel F 5-ATCTTAGCTAGCATGGCGAGCTCCGGTCCTGAA
BC-L1 Nhel R 5-CTCATCGCTAGCATACTCTTGGTCAACGATATG
BC-L2 Nhel F 5-GAGTATGCTAGCGATGAGTCAACTGTCTTTTAA

BC-L2 Notl R 5-ATCTTAGCGGCCGCTTAAGAGTCACAGTTACTGTAATATC

4.4.7 Virus growth kinetics and plague mor phology:

The growth kinetics of rBC and rGBT and their mutant virusesevdetermined
under multiple-cycle growth conditions in DF-1 cells. The virus waxulated at a
multiplicity of infection (MOI) of 0.01 into DF-1 cells grown in DMEwith 10% FBS
at 37°C. The supernatant was collected at 8-h intervals untip&4tmfection (p.i.). The
virus content in the samples was quantitated by Tissue cultueetive dose 50
(TCID50) in DF-1 cells using the method of Reed and Muench (1938). Plasa \&as
performed to determine the plaque morphology. Briefly, supernatantctedliéom
virus-inoculated samples earlier, were serially diluted, andul@® each serial dilution
was added per well of confluent DF-1 cells in 12-well pladdter 60 min of adsorption,
cells were overlaid with DMEM (containing 2% FBS and 0.81% medfiyllose) and
then incubated at 37°C for 4 days. The cells were then fixed witiuddsnethanol and

stained with 1% crystal violet for plagues.
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4.4.8 Pathogenicity studiesin chickens:

To test the pathogenicity of the recovered viruses in vivo, amcerebral
pathogenicity index (ICPI) test was performed according to stdngaocedures
(Alexander, 1989). For ICPI, Todilution of 2 HA units of each virus/chicken was
inoculated intracerebrally into groups of 10 one-day-old SPF chicks. Inoculats
performed with a 27-gauge needle attached to a 1-ml steppegesgispenser that was
set to dispense 0.05 ml of inoculum per inoculation. The birds were inedtubst
inserting the needle up to the hub into the right or left rear gotadfahe cranium. The
birds were observed for clinical signs and mortality once et for 8 days. ICPI
values were calculated as described by Alexander, 1989. Briefl\airthe were scored
daily: O if normal, 1 if sick, and 2 if dead. The ICPI value was the mean scadoegeer
observation. Highly virulent (velogenic) viruses give values approachjngvirulent

(lentogenic) viruses give values close to 0.

4.4.9 Pathogenicity in 2-week-old chickens, virustitration:
Groups of 8 two-week-old SPF chickens were inoculated with 0.2 tlPdPFU

of each virus by the oculonasal route. The birds were observed atallyscored for
clinical signs for 14 DPI. Three birds from each group were aitbd at 3 DPI and
lung, trachea, spleen, brain and intestine were collected. For itnatgom, the tissue
samples were homogenized, and the supernatant was serially dildteded to infect
DF-1 cells, with duplicate wells per dilution. Infected wells evetentified by HA assay

of the supernatant, and the TGHQ of tissue was calculated using the method of Reed

and Muench (1938).
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4.4.10 Scoring analysis of clinical signsand mortality:

The remaining 10 chickens in each virus group were observed for ckigoal of
disease until 14 days post infection (DPI). The chickens in each ghugp was
clinically scored; 0 for normal, 1 for sick, 2 for paralysis/thihg/wing drop, 3 for
prostration, and 4 for death, with scores taken daily until 14 DirRieAn score per virus
group per day was generated for comparison. The mortality pateesrolbserved daily

for the entire 14 days to generate the survival pattern of chickens among thg ainps.

4.5 Results
4.5.1 Virus construction and recovery:

The recombinant viruses were rescued using recombinant MVA-T7eresc
procedure as described in materials and methods section 4.4.4 amdiesiG&BT and
rBC for the parental viruses, rGBT-N6 and rBC-N6 for the 15,198enbme length
mutant viruses, and rGBT-P12 and rBC-P12 for the 15,198 nt genome lengtiit muta
viruses (Fig 4.3). The parental recombinant and genome length mutasésviwere
serially passaged 5 times in 9-day-old embryonated chickena@ggS times in chicken
embryo fibroblast DF-1 cells and the stability of the creagéstriction enzyme sites and
insert sequences were confirmed by sequence analysis. Alliinfe virus research was
performed in a USDA approved enhanced biosafety level 3 (B$LeBmitainment
facility. It should be also noted that this study reports itisé fescue of a highly virulent

NDV strain of U.S. origin (strain Texas GB).
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Fig 4.3. Gene map and cloning strategy for -length cDNAs of NDV strains GBT (rGBT) at
BC (rBC). The top diagram shows the gene map. lceTaraie the leader and trailer sequen:
respectively. The second diagram shows the sequaogittons of restriction enzyme (RE) ¢
used in the cloning (exceAgel site, which occurred naturally in both strains,adher RE site
were introduced by makinidentical nt changes in both strains). The last diamrams show th
sequences and positions of the 6 nt and 12 nttsngemr GBT and rBC to generate genc
lengths of 15,192 nt (rGBN6 and rBC-N6) and 15,198 nt (rGBAt2 and rB-P12).

4.5.2 Multicycle growth kinetics and plaque mor phology:

The multicycle growth kinetics and plaque morphglagf the genome lengl
mutant viruses were evaluatin vitro in DF-1 cells using standard procedures (Yan
Samal, 2008). The biological and rmbinant versions of the parental GBT str
(WtGBT and rGBT, respectively) had similar growtatierns and plaque morpholog
(data not shown). Compared with the parental vBus8B1-N6 and rGB™-P12 showed
similar titers in DF1 cells throughout the crse of 64 h pdsinfection (Fig4.4).

Similarly, rBC groupmutantviruses also showed similar growth patteampared to that

of the parental recombinantut the growth kinetics of these viruswas much lower
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than those of rGBT viruses. The peak virus titers of rBC viruses areund 32 h but in

rGBT viruses it was around 24 h (Fig 4.4).

=
o

9
E 8
S 7 ——rBC
S & —8—rBC-N6
= rBC-P12
B S —=rGBT
= 4 rGBT-N6
2 rGBT-P12
2 37
2
s 2

1

0

8 16 24 32 40 48 56 64

Time post infection (h)

Fig 4.4. Multicycle growth kinetics in DF-1 cells of biological and setbinant GBT and BC in
parallel with their genome length mutants. Cells werectefi at a multiplicity of infection of
0.01, supernatant samples were collected at 8 h intervals unt@sgt imfection, and virus titers
were determined by TCID50 calculations as following the method of Reed aewicki (1938).

The plaque size of the viruses was compared by measurirdjatmeters of 20
randomly picked plaques (Fig 4.5). The mean plaque diameters (in miBE afroup of
viruses were smaller compared to the rGBT viruses: 0.82+1.766.1 and 1.878.15
for rBC, rBC-N6 and rBC-P12, respectively; 2.82%6, 2.916.19 and 2.878.17 for
rGBT, rGBT-N6, and rGBT-P12, respectively (Fig 4.5). The plagaessindicates no
significant differences among the mutant viruses and theirecgsp parental

recombinant viruses.
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Fig 4.5. Plaque morphology rBC parental and mutant viruses of strain GBT and B&eNhe
larger plaque size of GBT viruscompared to BC viruses with their mutants virudee aimilar
to the recombinant parental virus plaq

4.5.3 Nucleocapsid protein expression and virus spread:

To determine the influence of 6 nt expression ipritein expression and viri
growth we performedavestern blot analysis for N protein expression #ogcytometry
analysis to determineepcentage infected cells 24 h post infectio 0.01 moi of rBC
group virusesN protein expression as the function of bandnsity ratio recorded fc
rBC, rBC-N6 and rBAP12 were 1.0, 0.98! and 0.9699, respectively (F4.6a) from
DF-1 cell lysates, 24 h post infection of 0.01 mowvotises. N protein peptide antibo
was used to detect th¢ proteinbandin the western blot. Protein concentration in
DF-1 cell lysate was determined usiCoomassie Plus (Bradford) protein asseagent
kit (Thermo Scientificand 10ug of protein content of the lysate was loaded cheaell
for running the SDRAGE In flowcytometry analysis, #3%, 40.6% and 42.4%
infected cells were recorded for rBC, -N6 and rBC-P12 virugroups when the DF-1

cells wereprocessed after 24post infection. The multiplicity 08.01 moiof viruses was
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used for infectionHN monoclonal antibody was usas the primary antibody to dct
the virus infected cellsn flowcytometry (Fig 4.6). All the three grous of viruses
showed a 40-42% range infection,indicating that thdoreign nt insertion did not affe

the virus replication.

a)
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Fig 4.6. Nucleocapsid protein expression andquantitative ratio measured in ImageJ progt
10 pg of protein each lane, measured using Commddes (Bradford) Protein as: (upper
panel, a). (Lower panedb) Flowcytometry analysis of virus growth using NIAN monoclona
antibody to quantitate infted DF4 cells after 24 h of 0.01 moi virus infection. E&rtage o
cells of rBC groups is scored 100 and -N6 and rBCP12 are calculated with respect to r

group.
4.5.4 BC minigenome CAT reporter assay:

BC minigenome assay was used to determine ffect of 12 nt (4 aa) inse
sequence in th® proteil. The reporter chloramphenicol acetyl transfer&s&T) ORF
was combined with the 5’ and 3’ end sequences oigenome using overlap PCR. I
5’-genome end of 265 nincluded 114 nt trailer and 151 nt ®rminal part of L gen

containing 5’UTR and la 42 nt of coding region. BC 3jenome end of 221 nt, includ
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leader and complete N gene 3'UTR. The minigenome amplicon was cloredween

Ascl and Rsrll sites in the pBR322-HDrz vector under the promdtdr7o(Fig 7a).
Expression plasmids of BC N, P, L and P with 12 nt also were clogmatagely in
pPCDNA3.1(+) expression vector. 0.8 pg of minigenome plasmid and 0.8 pgddd Ng

of P and 0.5 pg of L plasmids were transfected using Lipofecta200@ reagent on to a
80% monolayer of 293T cells in 12 well cell culture plate, mediachasged after 3 h,

and incubated for 48 h and samples for CAT-ELISA were processenwiiad the
manufacturer’s protocol. The minigenome with N, P and L recorded a value of 2.412 and
with N, P4 (P12 in gene) and L recorded an OD value of 2.462 at 405 nm (Fig 4.7.b). The
BC minigenome with N and P and with N and P4 (P4 denotes P protaid &a insert)
were kept as controls which recorded 00.186 and 0.158, respectivelysubigissts that
there is no significant difference in the expression of rep@Q#er enzyme between wild

type P protein and P protein with 4 aa insert using the minigenome system.

4.5.5. Mean death time (MDT) and Intracerebral inoculation index (1CPI):

To determine the effect of the 6 nt and 12 nt inserts on the vimulggDV, the
parental and mutant viruses were evaluated for mean death tiD€) (M 9-day-old
embryonated chicken eggs and for intracerebral pathogenicity ildEX) (n 1-day-old
chicks (Alexander, 1989). The MDT and ICPI values of wild type awbmbinant
viruses of strains Texas GB and Beaudette C were sinmtiicating that the presence of
the insert sequences in the recombinant viruses did not detectdbly tlair

pathogenicity. All four genome length mutant viruses (rGBT-N6, r&GB2; rBC-NG,
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and rBCP12) had MDT values similar to those of their respe parental biological ar

recombinant virusefTrable 4.Y).
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Fig 4.7. BC minigenome CAT reporter ass:@) Minigenome map of NDV strain Beaudette
(a). Arabic numerals indicate number of nucleotidsidues and thesum is1146 nt, which is
multiple of six. Reverse dott-arrow represents the orientation of the cloned %
chloramphenicol acetyl transferg(CAT) open reading frame and 3'BC sequences. Higrsdo
hepatitis delta ribozyme sequence. b) BC minigenenxpessing CAT enzyme quantitated
CAT-ELISA. Support plasmid L free controls (N+P and MyRnd treatment groups (N+P:
and N+P4+L).
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Table 4.5. Pathogenicit§of genome length mutant NDV strains Texas GB and

Beaudette C

Virus MDT (h)° ICPI scoré
WtGBT 48 1.90
rGBT 47 1.88
rGBT-N6 46 1.90
rGBT-P12 47 1.86
wtBC 60 1.60
rBC 59 1.58
rBC-N6 58 1.54
rBC-P12 61 1.52

®The virulence of the parental and mutant Texas GB (GBT) and BeaGd@t) viruses
was evaluated by mean embryo death time (MDT) in 9-day-old chicken engmgos
intracerebral pathogenicity index (ICPI) in 1-day-old chicks. The valgetha means of
three independent experiments.

PPathotype definitions by MDT: >90 h, lentogenic; 60 to 90 h, mesogenic; <60 h,
velogenic.

“Pathotype definitions by ICPI: velogenic strains approach the maxsoare of 2.00,
whereas lentogenic strains give values close to 0.

In the ICPI test, highly virulent strains characteristicakve values approaching
2.0. The ICPI values of wtGBT, rGBT, rGBT-N6 and rGBT-P12 were 1.9, 1.88,and
1.86, respectively (Table 4.5). Similarly, the ICPI values of tBBC, rBC-N6 and
rBC-P12 were 1.60, 1.58, 1.54 and 1.52 respectively (Table 4.5). These irediohte
that the 6 andl2 nt insert mutant behaved in a similar wayigitlgl attenuated

compared to the parental recombinant viruses.

4.5.6 Virusreplication and pathogenesisin two-week-old chickens:
To study the pathogenesis of these viruses under conditions modelingl natur
infection, groups of eight two-week-old chickens were infectethbyoculonasal route

with 200 pL of PBS containing 1.0xPPFU of each recombinant virus per bird. Three
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days later, 3 birds from each group were sacrificed and viass in the trachea, lungs,

spleen, intestine and brain were determined (Fig 4.8).
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Fig 4.8. Replication and pathogenesis of genome length mutants of NBVissBBT and BC in
2-week-old chickens following oculonasal inoculation. Virus tiiarthe trachea, lungs, spleen,
intestine and brain of 3 chickens from each indicated virus groupyoB8 gast infection. The
chickens in each group are numbered 1-3.

Chickens infected with rGBT, rGBT-N6, or rGBT-P12 had high viruggita all five

organs compared to the rBC, rBC-N6 and rBC-P12 (Fig 4.8).

4.5.7 Clinical disease scoring and mortality pattern in two-week-old chickens:

The remaining 5 chickens in each virus group were observed faratlsigns of
disease until 14 days post infection (DPI). In the rGBT, rGBT-N6r&BT-P12 groups,
mild clinical signs were first observed on 3 DPI and the chickemne severely paralytic
on 4 DPI. All five chickens died on day 5 in rGBT, rGBT-N6 and rGBI2 groups (Fig

4.9).
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Fig 4.9. Percent survival curve based on 5 chickens in each virus groupthdotl 5 chickens
in the rGBT, rGBT-N6 and rGBT-P12 groups died on day 5. In contrad, clickens in the
rBC, rBC-N6 and rBC-P12 groups survived till day 14, while 1 chictlied on day 10 in rBC

group.

In the case of the BC virus groups, all of the chickens survivedl4hday
experiment except for 1 chicken in the rBC group that died on dayhEcHickens in
the BC virus groups were clinically scored O for normal, 1 for si2k,for
paralysis/twitching/wing drop, 3 for prostration, and 4 for death, vathes taken daily
until 14 DPI. A mean score per virus group per day was generatedrfgrarison (Fig
4.10).

Chickens in the rBC group first showed clinical signs on 6 DPI, lwimcreased
in severity till 11 DPI and then decreased during recovery. InBRegroup, chickens
were severely sick, with scores substantially exceedingthbshe rBC-N6 and rBC-

P12. One chicken died on 10 DPI, as noted, while the others began to recover 12 DPI.
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Fig 4.10. Clinical scoring of chickens from day 6 through day 14 after ocslinafection with
rBC and rGBT with their N6 and P12 viruses. Chickens (5 birdgpmrp) were scored as 0,
normal; 1, sick; 2, paralysis/twitching/wing drop; 3, prostratiord 4, death. The mean scores
per group per day are shown.

4.6 Discussion

Newcastle disease virus (NDV) is an important disease inrgoiilhe presence
of numerous genotypes with varying virulence phenotypes raises tk@oguef the
importance of the naturally occurring nt insertions in the genom¥'. INI3 three genome
categories, namely, 15,186, 15,192 and 15,198 nt. The increase in the nt lemgttigave
to the 6-nt and 12-nt inserts that occur naturally in, respegtitteé 5° (downstream)
non-coding region of the N gene and in the coding sequence for the P and V proteins. The
6 nt insert in the 5’ noncoding region of the N gene of strains GBB&ncksulted in a

similar growth characteristics and viral titers in DF-1llsseds well as similar plaque
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sizes.In vivo, the 6 nt insert in the N gene and the 12 nt insert in P geneag&veiated
with slightly decreased virulence. In 1-day old chicks, both theTr@id rBC viruses
showed increased virulence compared to their mutant viruses.

The origin of these inserts in nature is unknown, although they appéav¢o
been introduced after 1960 and then maintained with some sequencewvdGaegledi
et al., 2006; Huangt al., 2004; Liuet al., 2010; Seatt al., 2005; Ujvari, 2006). Possible
mechanisms of introduction include polymerase stuttering and RNA becaton. Each
insert conforms to the “rule of six” (Calain and Roux, 1993; Kolakoéslay., 1998).

In the case of the 12 nt insert in coding sequence for the P gmdt&ins, the
addition of 4 amino acids in the middle of the P and V proteins had no rstidistdfect
on CAT expression indicating that the 4 aa insert “WETG” did rfecathe function of
the P protein. The maintenance of these inserts in nature sudigedtely have adaptive
value. One more possibility is that, the reduced replication antente of these insert
mutants in DF-1 cells and in natural host chickens, implies thag thies inserts are
foreign and is not related to replication and virulence of rBC and rGBT.

The virus strains which contain these inserts differ greatintimdentities of
viruses with the genome size of 15,186 nt. BC and GBT share 99.1% at the genome level.
The nt identities of BC and GBT with other NDV strains in class |l ggrest are I-Ulster
(90.4, 90.7), Il (BC and GBT are this genotype)-LaSota (97.0, 97.5), IlI-dwikie
(87.9, 88.1) and IV-Herts 33(88.0, 88.3). BC and GBT share nt % identitied\\y/
class Il strains that rose lately and possess the additional &engenotype V-Largo
(85.4, 85.6), VI-Fontana (85.5, 85.7), VII-ZJ1 (83.4, 83.6), VIII-QH1 (84.5, 84.6), IX-

FA8ES8 (87.9, 88.1), XI-MG 725 08 (82.6, 82.8). And BC and GBT share nt % identities
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of class | viruses, Alaska 415 (72.6, 72.6) and JS10 (72.5, 72.5). These genome nt
identities indicate that NDV class Il, genotype Il virusd® IBC and GBT are very
distantly related with the class | viruses with 72 % nt. Compaatdn class |l viruses,

BC and GBT are closely related to genotypes |, Ill, \M8&97%, these strains are of
genome length 15,186 nt, like that of BC and GBT. The Class |l NDidtgpes V, VI,

VII, VIII and XI expect for genotype 1X (88%), share a very loange of 82-85 % nt
identity and also the fact that these strains are isolaved fiosts like, chickens, geese,
parrots, pigeons and/or mixed species, indicate the possibilityhihairuses with these
inserts could have evolved independently. In future, deletion studies invdiharg and

12 nt inserts from their native viruses of longer genome lengths sbattimore light on

their importance.
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Chapter 5

5.1 Title
The role of envelope associated protein genes in Newcastle diseasarularee

and pathogenesis

5.2 Abstract

Newcastle disease virus (NDV) is the most important disebpeultry worldwide.
To study the virulence of NDV envelope associated protein genes neeiprocally
exchanged between a highly virulent strain Texas GB (GBT) anddenately virulent
strain Beaudette C (BC), both strains have identical F proteavage site sequence
12RRQKR|F"" and are phylogenetically closely related. The F geneB¥ (creased
replication, plaque size and fusogenicity of the recombinant BC (vBG@3 in vitro. It
increased the virulence of rBC from 1.61 to 1.88 in intracerebral patlotgandex in
one-day-old chicks and resulted in the mortality of two-week-old engkrom 0% to
100% indicating that the fusion protein gene is the major determinavitubénce in

NDV.

5.3 Introduction

Newcastle disease (ND) is the most important poultry diseatiee world and
accounts for huge economic losses (Alexander, 2000; Samal, 201Xgaddwive agent
Newcastle disease virus (NDV) can infect a majority of dkan species in the class

Aves resulting in isolation of numerous virus strains across domestid, bivds and
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waterfowl worldwide. NDV strains show a spectrum of virulencestatically, NDV is
considered as primarily a disease of chickens and based on thacgrutechickens, it
has been grouped into lentogenic, mesogenic and velogenic straiesergjny, low-,
moderate- and high-virulence strains, respectively (Alexander, 1989).206logenic
viruses establish a systemic infection leading to a respiradod/ enteric disease
(viscerotropism) or neurological disease (neurotropism).

NDV is a large pleomorphic enveloped virus containing single-stchnégative-
sense RNA genome. NDV belongs to the gerwslavirus under the subfamily
Paramyxovirinae in the familyParamyxoviridae (Mayo, 2002; Lamb and Parks, 2007).
There are at least three genome size categories idéntiie have nucleotide (nt) lengths
of 15,186, 15,192 and 15,198 nt (Krishnamurthy and Samal, 1998; Romer oberdorfer,
1999; Huanget al., 2004; Milleret al., 2010; Czegledét al., 2006;Ujvari, 2006). The
genome contains six genes flanked by extra-genic sequences deguireplication in
the order of 3’'leader-N-P-M-F-HN-L-5'trailer. The genssde for Nucleocapsid protein
(N), phosphoprotein (P), matrix protein (M), fusion protein (F), hemsigih-
neuraminidase protein (HN) and large polymerase protein (L&ne gan also code for
an additional protein called V protein using a co-transcriptionalharéesm known as
RNA editing (Lieet al., 2010; Seadt al., 2005; Czegledst al, 2006).

Determination of the virulence factors for NDV is very importsinte there are
numerous viruses isolated around the world that vary greatly in virulsié virulence
determinants are multigenic but multibasic amino acids in therfystein cleavage site
is considered as the most important factor for virulence (Hwrg., 2004). The

presence of a multibasic furin protease cleavage site helps the %0 spread
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systemically and cause disease. The viruses that have monolesiage site get
restricted to upper respiratory tract and intestine wheredheye cleavage activated by
exogenous trypsin-like proteases. But this is true only with \grugth a same natural
host. Modification of cleavage site sequences from other aviampeoairuses does not
increase their virulence in chickens. HN protein is responsibldéoattachment to host
cells and that determines tropism of the virus. V protein is knowpetavolved in
antagonizing antiviral defense by binding to and targeting STAJY Jproteasomal
degradation. Large polymerase (L) protein is the driving force bdhandcription and
replication that determines virus growth and spread (Rout and S2008l, Dortmangt
all., 2010).

In this study, we determine the role of membrane associatedrpgatees, M, F
and HN of NDV in pathogenesis and virulence. Two chicken origin vinvgasdentical
F protein cleavage site sequences, but differing in pathotypespbamegenerated using
reverse genetics; NDV strains Beaudette C (BC), a madgnatulent virus and Texas
GB (GBT), a highly virulent virus with pronounced neurotic clinicajns. BC is
associated with clinical illness in young chickens and not usdatgl but GBT is
associated with 100% mortality and is used as a standard clealleag in the US. Both
these viruses belong to the genotype Il of class || NDVr&ridiat have identical genome
length of 15,186 nt. The reciprocal exchange of membrane assopiateih genes
between strains BC and GBT and natural infection in their naturalchakens would

give a better understanding of the virulence determinant of NDV.
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5.4. Materials and methods
5.4.1 Cellsand viruses.

A chicken embryo fibroblast cell line (DF1), African green meykidney cell
line (Vero) and a human epidermoid carcinoma cell line (HEp-8jewgrown in
Dulbecco’s minimal essential medium (DMEM) with 10% fetal bossaeum (FBS) and
maintained in DMEM with 2% FBS. The modified vaccinia virus stéankara (MVA)
expressing T7 RNA polymerase was kindly provided by Dr. Beridods (NIH,
Bethesda, MD) and propagated in primary chicken embryo fibrobldsticeDMEM
with 2% FBS. The moderately pathogenic (mesogenic) NDMnstB& and highly
pathogenic (velogenic) NDV strain GBT and its recombinant derivatiere grown in
9-day-old embryonated specific-pathogen-free (SPF) chickers @ggan enhanced
biosafety level 3 (BSL-3+) containment facility certified the USDA following the

guidelines of the IACUC, University of Maryland.

5.4.2 Plasmid construction, transfection, virus rescue and sequence analysis:

The construction of plasmid pBC and pGBT, carrying the fulflerantigenome
cDNA of NDV strains BC and GBT using identical restrictienzymes has been
described in material and methods section of chapter 4. In thenpstsdy, M, F and
HN genes were reciprocally swapped between the pBC and pGBJ RE& sites, Pmel
and Asisl, AsiSI and Agel and Agel and SnaBl, respectively. PCR psodti®/, F and
HN genes were generated uskiy polymerase and used for cloning into the full length
cDNA. Lipofectamine 2000 reagent was used for transfecting HEpH2 with the

respective full length cDNA clone with three support plasnmasle of N, P and L
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proteins of NDV strain GBT in pGEM-7Z(+). MVA-T7 used dsetsource of T7
polymerase. The plasmid constructs were screened for the appgogene-swaps by
sequencing using gene specific primers. The recovered gene-awapt miruses were
subjected to five passages in 9-day-old SPF chicken embryos. Frdifththgassage,
total RNA was isolated using RNeasy RNA purification kit (Iragien). Gene specific
primers were used to confirm the entire sequence of the genbeafidnking regions of

the backbone to confirm the gene swap virus.

5.4.3 Virus growth kinetics and plague mor phology:

The growth kinetics of rBC and rGBT and their mutant virusesevdetermined
under multiple-cycle growth conditions in DF-1 cells. The virus waxulated at a
multiplicity of infection (MOI) of 0.01 into DF-1 cells grown in DMEwith 10% FBS
at 37°C. The supernatant was collected at 8-h intervals untip&4tmfection (p.i.). The
virus content in the samples was quantitated by Tissue cultfeetive dose 50
(TCID50) in DF-1 cells using the method of Reed and Muench (1938). Plasan &as
performed to determine the plague morphology, briefly, supernatantscted! from
virus-inoculated samples earlier, were serially diluted, andul@® each serial dilution
was added per well of confluent DF-1 cells in 12-well pladdter 60 min of adsorption,
cells were overlaid with DMEM (containing 2% FBS and 0.81% medfiyllose) and
then incubated at 37°C for 4 days. The cells were then fixed witiuddsnethanol and

stained with 1% crystal violet for plagues.
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5.4.5 Fusion index assay:

The fusogenic abilities of the recombinant viruses were exanaia@escribed by
Kohn. Virus was inoculated into confluent f&6lls/ml) Vero cells in 6-well plates at an
MOI of 0.1. Cells were maintained in 2% DMEM at 37°C under 5% COZ6Ah post
infection, the medium was removed and cells were fixed with metifar 20 min at
room temperature. Cells were stained with hematoxylin-edsem@ 3). Fusion was
guantitated by expressing the fusion index as the ratio of tHentotder of nuclei to the
number of cells in which these nuclei were observed (i.e., the medrenofmuclei per
cell). The fusion index values of all viruses were expresseéragntages of these values

for the parental recombinant viruses rBC and rGBT, which were considered to be 100%.

5.4.6 Pathogenicity studiesin chickens:

To test the pathogenicity of the recovered virugesvivo, an intracerebral
pathogenicity index (ICPI) test was performed according to stdngaocedures
(Alexander, 1989). For ICPI, Todilution of 2 HA units of each virus/chicken was
inoculated intracerebrally into groups of 10 one-day-old SPF chicks. Inoculats
performed with a 27-gauge needle attached to a 1-ml steppegesgispenser that was
set to dispense 0.05 ml of inoculum per inoculation. The birds were inedtubst
inserting the needle up to the hub into the right or left rear gotadfahe cranium. The
birds were observed for clinical signs and mortality once et for 8 days. ICPI
values were calculated as described by Alexander (1989). Biiedl\hirds were scored

daily: O if normal, 1 if sick, and 2 if dead. The ICPI value was the mean scorgdgpeb
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observation. Highly virulent (velogenic) viruses give values approackjnavirulent

(lentogenic) viruses give values close to 0.

5.4.7 Pathogenicity in 2-week-old chickens, virustitration, histopathology:

Groups of 12 two-week-old SPF chickens were inoculated with 0.2 mP&TRIO
of each virus by the oculonasal route. The birds were observed atallyscored for
clinical signs for 14 DPI. Two birds from each group were euthar8zB&I| and lung,
trachea, spleen, brain and intestine were collected in two aréspart was used virus
titration and other part was fixed in 10% buffered formalin fotopiathology. For virus
titration, the tissue samples were homogenized, and the supemataserially diluted
and used to infect DF-1 cells, with duplicate wells per dilution.ctef® wells were
identified by HA assay of the supernatant, and the TCID50/g afetisss calculated
using the method of Reed and Muench (1938). For histopathology, tissue samples
collected on 3 DPI were fixed in 10% neutral buffered formalin. fbted tissues were
sectioned and stained with Hematoxylin and Eosin (H&E) (HistoseryGermantown,
MD, US). The histopathology of the tissue sections were evaluated bertified
veterinary pathologist, Dr. Heather Shive PhD, DACVP, for mffaation scores and

photomicrographs of specific lesions.

5.4.8 Scoring analysis of clinical signsand mortality:
The remaining 10 chickens in each virus group were observed for ckigoal of
disease until 14 days post infection (DPI). The chickens in each ghugp was

clinically scored; 0 for normal, 1 for sick, 2 for paralysis/titg/wing drop, 3 for
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prostration, and 4 for death, with scores taken daily until 14 DPle&nnscore per virus
group per day was generated for comparison. The mortality patgesrobserved daily

for the entire 14 days to generate the survival pattern of chickens among thggroinps.

5.5 Reaults
5.5.1 Recovery of infectiousM, F, HN gene-swap virusesof rBC and rGBT:

Forty eight hours after the transfection, cell culture supernatastcollected to
inoculate 9-day-old embryonated chicken eggs. After 2 days, the r@plisatoin was
detected by HA assay. The recombinant viruses yielded HA betwveen 2and 2. The
support plasmids, pN, pP and pL from GBT were used for the rescak wfuses.
Subsequent passages in eggs, the virus yield was abdti 2inits consistently and
plaque assay was performed. The infective allantoic fluids Wi#1 PFU/mL were used
as a preliminary viral stock. Part of this material wasdu® isolate viral genomic RNA,
which was subjected to RT-PCR and complete gene sequencing. Insth@pFmutant
viruses, both F and HN gene sequences were confirmed, showing thecifirecal

gene-swap viruses were stable without any adventitious mutations (Fig 5.1).
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Fig 5.1. Gene map and cloning strategy for M, F and HN gémeteeen NDV strains BC at
GBT. The top diagram shows the gene map of rBCr&@RIT and the restriction enzyme si
available for cloning of M (Pme | and AsiSl), F(&siand Agel) and HN (Agel and Snat
genes. Last 10 gene magisow reciprocal exchan of M, F, HN, FHN and MFHN between tl
rBC and rGBT

5.5.2 Growth kinetics and plaque mor phology of recombinant viruses:

The growth pattern of rBC and rGEand their mutanviruses were determined
DF-1 cells at a moi of 0.01. Between the parentalsas,) rGBT showed early initiatic
of cytopathic effects dpe) and higher growth than rBC. rBGBT(FHN) showed
increased growth comparec, rBC-GBT(F). At 24 h post infectiorBC-GBT(F) and
rBC-GBT(FHN) recorded 7.8x." and 8.56x1® TCID50/mL, whereas rBC record
below 6.7x16 TCID50/mL and rBCGBT(MFHN) showed reduced growth kinet
compared to rBASBT(F) and rB(-GBT(FHN) throughout 64 h post infection. rG-
BC(F), rGBT-BC(FHN),rGBT-(MFHN) showed lower titers compared to rGBT (Fig,:

5.3).
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Fig 5.2. Multicycle growth kinetics in DF-1 cells of recombinant BQttwthe GBT envelope
protein gene-swap mutants. Cells were infected at a mullyptitinfection of 0.01, supernatant
samples were collected at 8 h intervals until 64 h posttiofe and virus titers were determined
by TCID50 calculation using the method of Reed and Muench (1938).

Plaque sizes of rBC group viruses were 1(®&B6, 1.546.12, 2.086.18, 1.716.13,
1.8540.13and 2.328.32 mm in diameter for rBC, rBC-GBT(M), rBC-GBT(F), rBC-
GBT(HN), rBC-GBT(FHN) and rBC-GBT(MFHN). rGBT group of virusescorded
2.0640.14, 1.736.07, 1.956.08, 2.286.25, 1.676.05 and 1.770.07 mm in diameter
for rGBT, rGBT-BC(M), rGBT-BC(F), rGBT-BC(HN), rGBT-BC{N) and rGBT-
BC(MFHN), respectively, indicating that the presence of GBIl the BC backbone

increased the plaque size and also showed increase in the virub gnostics in DF-1

cells (Fig 5.4).
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Fig 5.3. Multicycle growth kinetics in D-1 cells of recombinant GBT with the BC envelc
protein gene-swamutants. Cells were infected at a multiplicityifection of 0.01, supernata
samples were collected at 8 h intervals until G¥bst infection, and virus titers were determi
by TCID50 calculation usinthe method of Reed and Muench (1938).
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Fig 5.4. Plague morphology of parental and mutant virusest@in GBT and BC. Note tt
larger plague size of rGBT compared to rBC. The -GBT(F), rBCGBT(FHN), rBC-
GBT(MFHN) were larger than rBC. rGI viruses with BC-Fshowed reduction in size compal
to the parental recombinavirus plaques.
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5.5.4 Thefusion index:

Cell to cell fusion activity of the recombinant viruses wereetéson the
monolayer of verocells with 0.1 moi of virus infection. The fusion indecalsulated by
scoring the percentages of nuclei in syncytia to the total nucleieshuthen the fusion
index of rBC was scored 100%, the rBC-GBT(M), rBC-GBT(F) and -(=&T (HN),
rBC-GBT(FHN) and rBC-GBT(MFHN) were recorded 83%, 412%, 156%, 4a8%
614%, respectively (Fig 5.5a). In the rGBT group of viruses, when r@83 scored
100%, the rGBT-BC(M), rGBT-BC(F), rGBT-BC(HN), rGBT-BC(FHN)rGBT-
BC(MFHN) were 98%, 17%, 95%, 13% and 10%, respectively (Fig 5.5i8.rBC-
GBT(F) showed increased fusion index compared to rBC and rGBT)B&(Gwed
reduced fusion index compared to rGBT.

While rGBT showed higher fusion index and was similar with rG&JI(M) and
rGBT-BC(HN) but differed greatly with rGBT combinations withgéne of BC. This
indicates that GBT-F is more fusogenic and retained its fusogeniben swapped with
rBC. The rBC-GBT(F) showed increased fusion index compared toamLrGBT-
BC(F) showed reduced fusion index compared to rGBT. While rGBT showgbebr
fusion index and was similar with rGBT-BC(M) and rGBT-BC(HMN)t differed greatly
with rGBT combinations with F gene of BC. This indicates that GBT-F is moogdumsc

and retained its fusogenicity when swapped with rBC.
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Fig 5.5. Comparison of the fusogenicities of rBC with envelope protein ger@B®f(a) and
rGBT with the envelope protein genes of BC (b). Vero cells weretedegith the indicated
viruses at an MOI of 0.1, fixed at 36 h p.i., and stained with Hematoxylin-EosinuSibe fndex
was calculated as the ratio of the total number of nuclei in multinumdarto the total number
of nuclei in the field. Data represent the means of the results fromitltlependent experiments.
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5.5.5 Intracerebral pathogenicity index (1CPI):

Intracerebral inoculation of the rBC and rGBT with their respectnutant
viruses were performed on one-day-old SPF chicks to assess ulenadr. After eight
days of observation, the ICPI score was determined. ICPI value819f1.58, 1.88, 1.71,
1.8 and 1.82 were scored for rBC, rBC-GBT(M), rBC-GBT(F) and-E&T(HN), rBC-
GBT(FHN) and rBC-GBT(MFHN), respectively (Table 1). THePI values of 1.91,
1.85, 1.62, 1.88, 1.78 and 1.75 were recorded for rGBT, rGBT-BC(M), rGBT-BC(F),
rGBT-BC(HN), rGBT-BC(FHN) and rGBT-BC(MFHN), respeatly (Table 5.1). This
indicates that rBC with GBT-F increased the virulence of tinesvirom 1.61 to 1.88.
Similarly, rGBT with BC-F reduced its ICPI score from 1.911t62. Whereas, M and

HN genes did not alter the pathotype of the virus mutants.

Table5b.1. ICPI values of recombinant viruses

Viruses ICPI valug
rBC 1.61
rBC-GBT(M) 1.58
rBC-GBT(F) 1.88
rBC-GBT(HN) 1.71
rBC-GBT(FHN) 1.80
BC-GBT(MFHN)  1.82
rGBT 1.91
rGBT-BC(M) 1.85
rGBT-BC(F) 1.62
rGBT-BC(HN) 1.88
rGBT-BC(FHN) 1.78

IGBT-BC(MFHN)  1.75

®Pathotype definitions by ICPI: velogenic strains approach the maxsoare of
2.00,whereas lentogenic strains give values close to 0.
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5.5.6 Virusreplication and pathogenicity in two-week-old chickens:

To study the pathogenesis of rBC and rGBT with their mutant vird2egroups
of 12 two-week-old chickens were infected with each virus via ocuddmagte. The 12
virus groups were six rBC group viruses (rBC, rBC-GBT(M), rBBI@F), rBC-
GBT(HN), rBC-GBT(FHN) and rBC-GBT(MFHN) and another six rGBroup viruses
(rGBT, rGBT-BC(M), rGBT-BC(F), rGBT-BC(HN), rGBT-BC(FN) and rGBT-
BC(MFHN). After 3 days post infection, two chickens were ifiaed from each group
and tissue samples were collected from trachea, lung, spleestinat and brain. The
tissue samples were divided into two parts: 1) for virus titimna and 2) for
histopathology. In rBC group, the tissue titers were higher in@BJ(F) and rBC-
GBT(FHN) compared to other virus mutants (Fig 6a). In rGBT gyrdahe virus titers
were lower in rGBT-BC(F), rGBT-BC(FHN) and rGBT-BC(MR) compared to other
mutant viruses (Fig 5.6b).

The clinical signs were recorded for rBC and rGBT and theiantutiruses (Fig
5.7a). The rBC group showed that rBC-GBT(FHN) was most viruleaghieg the
maximum score of 4 in 6 days followed by rBC-GBT(F) which showead dll birds died
on day 9. Interestingly, rBC-GBT(MFHN) showed reduced clinicates@and mortality
compared to the above two viruses. rBC showed moderate clinicalwshereas rBC-
GBT(M) and rBC-GBT(HN) chickens did not show any clinicalnsigafter day 6. The
same pattern was reflected in the mortality pattern of these chickgrs 7B).

In rGBT virus group, rGBT-BC(F) and rGBT-BC(FHN) recorded lolwical
score. Interestingly, in rGBT-BC(MFHN) group, all chickens deedday 6. In GBT-

BC(F) all chickens survived until 14 days. However, the chickens were veryGBK-

78



M Trachea
© HLung

m Spleen
. M Intestine
- M Brain

Virus titer (log 10 TCID50/g of tissue)

rBC rBC-GBT(M) | rBC-GBT(F) | rBC-GBT(HN) |rBC-GBT(FHN) rBC-
GBT(MFHN)

Virus group (2 chickens each group)

b)

M Trachea
MW Lung

1 Spleen
M Intestine

M Brain

Virus titer (Log10 TCID50/g of tissue)

rGBT rGBT-BC(M) | rGBT-BC(F) | rGBT-BC(HN) | rGBT-BC(FHN) rGBT-
BC(MFHN)

Virus group (2 chickens each group)

Fig 5.6. Virus titers in organs of 2-week-old chickens infected with @6Gup (a) and rGBT

group (b) viruses following oculonasal inoculation. Virus titersthe trachea, lungs, spleen,
intestine and brain of 2 chickens from each indicated virus grougapr8 post infection. The

chickens in each group are numbered 1-2.
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Fig 5.7. Clinical scoring (a) and survival curve (b) of chickens inféstéth rBC mutant viruses.
Note that clinical scores of rBC-GBT(M) and rBC-GBT(HNgne lower than that of rBC; rBC-
GBT(FHN) and rBC-GBT(F) showed greater scores than rBa{&®BHN). Scoring of chickens
(10 birds per group) was based on the clinical signs tha s@red as 0, normal; 1, sick; 2,
paralysis/twitching/wing drop; 3, prostration; and 4, death. The mean scogepeper day are
shown.
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Fig 5.8. Clinical scoring (a) and survival curve (b) of chickenfedted with rGBT mutant
viruses. Note that rGBT-BC(F) showed the lowest scores fellocBT-BC(FHN). Scoring of
chickens (10 birds per group) was based on the clinical digihsvere scored as 0, normal; 1,
sick; 2, paralysis/twitching/wing drop; 3, prostration; and 4, death. The mesas g®r group per
day are shown.
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BC(FHN) had higher scores compared to rGBT. The rGBT withBCHN and MFHN)
showed similar scores compared to rGBT. The mortality patemso reflected the

clinical score pattern (Fig 5.8).

5.5.6 Histopathology descriptions:

Overall, inflammatory lesions in the tissue sections of sanmgéscted from
chickens were subacute in nature. Lesions in the lung and tracheaxilyrimcluded
lymphocytic inflammation with variable epithelial hyperplasia the parabronchial

epithelium and attenuation of the tracheal mucosa. Trachea cross secB@naofd rBC-

GBT(F) is given in fig 5.9.

Fig 5.9. Histopathology of 2-week-old chicken trachea. a) control trachea, bnfB&ed and c)
rBC-GBT(F) infected. Note mild inflammation in rBC infected treeclile) and compare with the
moderately inflamed rBC-GBT(F) trachea (c). The tissue sam@es collected at day 3 post
infection.
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Intestinal specimens generally exhibited proliferative and lymphotysic
enteritis, although the severity and distribution of these lesions wate variable. In
general, inflammatory and hyperplastic lesions in the imestivere more pronounced in
specimens from the rBC group. All specimens exhibited significzenttive lymphoid
hyperplasia in the spleen in comparison to the control specimerpHoithhyperplasia
was more pronounced in specimens from the rGBT group, potentially reflesimtigely
greater systemic inflammatory response. Inflammatory lesiortke brain (meningitis
and encephalitis) were most observed in of the specimens fronGBIE group and
several specimens from the rBC group. See table 5.2 for completenasy of
histopathological descriptions, provided by Dr. Heather Shive PhD, anPAc@vtified

pathologist.
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Table5.2: Summary of lesions in lung, trachea, spleen, intestine, and brain in control, rBC, andrdbps

& & &
\3
S & & & & & | & | & | & & | & | S
(e, < < < < < < < < < < < <
s[pD][s | bD[s|[pD[s|[D|[s|[D|s|[D|[s|[pD|]s[p[s[bp[s|[p|[s[D[s|[D][sSs]D
Lung
Bronchial lymphoid aggregates 1 1 0 0 1 1 1 1 0 0 1 1 3 1 1 1 1 2 1 1 1 1 1 2 1 2
Parabronchitis 0 0 2 2| 1/2 2| 1/2 2| 1/2 2| 1/2 2| 1/2 2| 1/2 2| 1/2 2 1] 2 1 2| 1/2 2| 1/2 2
Epithelial hyperplasia 0 0 2 2 2 2 2 2| 2/3 2| 2/3 2| 2/3 2|1/2*| 2* 1 2 1] 2 0 0f 1/2 2| 2*] 2%
Trachea
Tracheitis 0 0 0 0 1 2{1-3 2 1 2{1-3 2 1 2 1 2 1 2 1] 2{1/2 2 3% 2% 1 2
Mucosal attenuation 0 0 2 2 2 2| 2*| 2*| 2/3 2 0 0 2 2| 3% 2*¥| 2*| 2% 1 2 0 0| 2/3 2|1-3 2
Mucosal hyperplasia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 2| 3*| 2% 0 0
Necrotic/apoptotic mucosal cells = - - - = - - + + - + + +
Spleen
Lymphoid hyperplasia o] o 3] 5| 3] s[2/3] s[3/4] 5] 3] 5[3/4] 5] 4] 5] 3/4] 5]3/4] 5] 3] 5]3/4] 5[3/4] 5
Intestine
Lymphohistiocytic enteritis 0 0|2-41]1-3 3 2|1-4|2-4| 2/3 2| 3% 2% 0 0 0 O 2*| 1| 2%| 2%| 3% 1*[1/2*%| 2*|1/2*|1/2*
Mucosal hyperplasia 0 0| 2/3 2| 3/4 2| 2/3 2| 2/3 2| 2/3 2 2 2| 1/2 2| 1/2 2] 1/2 2] 1/2 2 0 0 2 2
Brain
Meningitis 0 0 1* 1*[1/2*] 2% 1 1 0 0 0 0 0 0 2 2 1x] 2% 1*] 2% 0 0f 1/2 2| 3*¥] 2%
Encephalitis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of O 0 0 2*| 1x| 3*| 2%
Severity (S) Distribution (D)
absent 0 absent 0
minimal 1 focal 1
mild 2 multifocal 2
moderate 3 locally extensive 3
marked 4 multifocal and coalescing 4
severe 5 diffuse 5
+, present; —, absent

* indicates that lesion is not present in all specimens (see histologic descriptions)
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5.6 Discussion

The products of Newcastle disease virus envelope associated pyetess;
matrix (M), fusion (F) and hemagglutinin-neuraminidase (HN) pigyortant roles in the
virus replication cycle. The M protein orchestrates morphogeresis the surface
glycoproteins F and HN are responsible for membrane penetration laadtashment,
respectively. During viral infection of the hosts, antibodies agaths surface
glycoproteins confer protection; hence F and HN play a key rolgables$ing infection.
NDV virulence and pathogenesis in natural host chickens haspreeiously studied
with the strains isolated from birds like cockatoo, pigeon and Aahatg (Dortmanst
al., 2009, 2010; Esteveat al., 2007). This study presents a suitable model for the
comparative study of the role of individual envelope associated proteas,g&nce two
virus strains Texas GB and BC are genetically closelye@land their natural host is
chickens. They belong to genotype Il of NDV class Il virusdah wucleotide identity of
99.1% at genome level but differ in their virulence with BC causing 0% mortal@aio
causing 100% mortality. Both these viruses possess identical Fnpctgavage site but
still differ in virulence. Also, these strains have identicah@mne length of 15,186 nt.
These attributes would enable us to discern the roles of individuaigetements of
NDV systematically.

The recombinant viruses of rBC group showed that rBC-GBT(F), rBC-
GBT(FHN) and rBC-GBT(MFHN) showed increased growth compared@, rBC-
GBT(M) and rBC-GBT(HN). The plaque morphology of rBC-GBT(F)CrBBT(FHN)
and rBC-GBT(MFHN) were larger than those of rBC, rBC-GBT@il rBC-GBT(HN),

indicating that GBT(F) played a major role in the increagg@tication and larger plaque
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size. The attenuation of growth and reduction of the plaque sizereeseded in the
rGBT with BC-F gene swap constructs which is in line with faet that major
differences existed in the F gene when compared with M andjé#igs. Fusion index
also served as the indicator that the GBT-F is more fusogedi¢che rBC group having
GBT-F increased the fusogenicity of the mutant viruses.

The pathogenicity of the rBC and rGBT group mutant viruses in op@lda
chicks revealed that the ICPI value of rBC increased from 10611.88 by the
incorporation of GBT-F and similarly, the reverse was also when the BC-F was
introduced to rGBT showed reduction of rGBT value from 1.91 to 1.62. Anidlasim
patterns were noticed with constructs having the F genes. M angkhiés did not alter
the pathotypes of the mutant viruses.

In two-week-old chickens, rBC group of viruses had higher clinical sednes it
had the GBT-F gene and the presence of M and HN genes ofr&Bted the clinical
score with those of rBC indicating their role in the envelope prstgiteractions. NDV
strains GBT and BC have amino acid assignment differences of#in M protein:
M132V, D152N, P16S and A336T; eight aa in F protein: S10P, A11V, S265G, G304E,
T4571, T5101l, A520V and A550T; 11 aa in HN protein: Q7R, V9A, A34V, M35V,
1191V, N228S, V271A, S310G, E332G, L454P and A571V. It would be interesting to
know the importance of these amino acid assignment differences\irviilence. rBC-
GBT(MFHN) showed comparatively reduced virulence than that of-@&BT(F) and
rBC-GBT(FHN), which might be due to the reduced compatibiitythe polymerase
complex proteins interaction with the M proteins. In contrary, rGEXNBFHN) was

highly virulent and it caused 100% mortality that could be partly duesoime
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compatibility of the polymerase complex proteins of GBT with BQoidtein and also
the part of virulence associated with the GBT polymerase cangglees might also play
a key role. In the pathological sections of tissues, it was olusénee the lesions were
subacute in nature and the rGBT group had greater inflammation soongsired to the
rBC group. rGBT showed increased proliferation of lymphocytes itidgcaa more
systemic infection than that of rBC. rBC showed increased inflation in the intestine
compared to the rGBT viruses. The pathological scores of mild toratedaflammation
were recorded throughout but in the rBC group, increase in theatdn of cells and
tissue damage was noticed frequently in the rBC group with the GBT-F gene.

In summary, the present study found that the F gene of the highlgniNDV
strain GBT caused gain in virulence of the moderately virulent Nidin BC in
chickens. The replication, plaque morphology and the fusogenicity indeg also
indicative of the greater role of the NDV F gene in virulence. Wh&oduced in rBC,
GBT-F gene increased virulence of rBC to the original ICPI seb@&BT in one-day-old
chicks. It also increased the virulence or BC to 100% mortalitywio-week-old
chickens. Conversely, replacement of the F gene of GBT with tH&€Calecreased the
virulence of GBT. These results suggest that the F gene igoa dederminant of NDV

virulence.
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Chapter 6:

6.1 Title
The role of polymerase complex protein genes and trailer sequence in Newcas

disease virus virulence and pathogenesis

6.2 Abstract

Newcastle disease is a very important disease in poultry amsksasevere
economic losses worldwide. The causative agent Newcastle eligeas (NDV) has a
spectrum of virulence, causing mild inapparent infection to 100% myrtdlhe
virulence determinants are multigenic. We reciprocally excléripe polymerase
complex associated genes between a highly virulent strain T@BagGBT) and a
moderately virulent strain Beaudette C (BC). The recombinantearshowed that L
gene of strain GBT increased the replication and plaque morpholagg &Cin vitro.
The L protein gene of GBT showed increased virulence over the N, P and ib gertes
in combination. The trailer sequence did not alter the phenotypes oédbmbinant

viruses.

6.3 Introduction

Newcastle disease virus is a very important poultry diseasec#suses huge
economic loss worldwide. There are numerous strains of NDV avatlatdeghout the
world and their virulence ranges from mild inapparent infection G8% mortality

(Alexander, 2003; Samal, 2011). The virulence is considered to be midtiged the
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fusion protein gene is the major virulence determinant of NDV.roles of polymerase
complex protein genes N, P and L and the trailer sequence wereenotlétermined in
virulence and pathogenesis of NDV strains that have chickens as natural hosts.

NDV belongs to the genuavulavirus under the subfamilyaramyxovirinae in
the family Paramyxoviridae (Mayo, 2012; Lamb and Parks, 2007). There are at least
three genome size categories identified that have nucleotideefmd)hs of 15,186,
15,192 and 15,198 nt (Krishnamurthy and Samal, 1998; Czegladi 2006; Ujvariet
al., 2005). The genome contains six genes flanked by extra-genic sequeanaesd for
replication in the order of 3’leader-N-P-M-F-HN-L-5'trailer.h@ genes code for
nucleocapsid protein (N), phosphoprotein (P), matrix protein (M), fusion pr@eg)
hemagglutinin-neuraminidase protein (HN), and large polymerase p(bjel gene can
also code for an additional protein called V protein using a co-tipisnal mechanism
known as RNA editing.

Determination of the virulence factors for NDV is very importsince there are
numerous viruses isolated around the world that vary greatly in virulsimdé virulence
determinants are multigenic but multibasic amino acids in therfystein cleavage site
is considered as the most important factor for virulence. The peesére multibasic
furin protease cleavage site helps the virus to spread syatgnaiod cause disease. The
viruses that have monobasic cleavage site get restricted upplee respiratory tract and
intestine where they can be cleavage activated by exogenous-igpsproteases.
However, this is true only with viruses with the same natural Wdetification of
cleavage site sequences from other avian paramyxoviruses doescrezse their

virulence in chickens. HN protein is responsible for the attachtodmist cells and that
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determines tropism of the virus. V protein is known to be involved in antzigg

antiviral defense by binding to and targeting STAT1 to proteasdewadation. Large
polymerase (L) protein is the driving force behind transcription aptication that
determines virus growth and spread (Rout and Samal, 2008; Dortrehn<2010).

In this study, we determine the role of polymerase complexiprgenes, N, P
and L, and trailer sequence of NDV in pathogenesis and virulencecHigken origin
viruses with identical cleavage site sequences, but differingainotypes, have been
generated using reverse genetics; NDV strains BeauddBC), a moderately virulent
virus and Texas GB (GBT), a highly virulent virus with pronounced negical clinical
signs. BC is associated with clinical illness and not usuatl®y faut GBT is associated
with 100% mortality and is used as a standard challenge virdeitu$. Both these
viruses belong to the genotype Il of class Il NDV strains Haate identical genome
length of 15,186 nt. The reciprocal exchange of polymerase compleciasd protein
genes and trailer sequence between strains BC and GBihaindhatural infection in
their natural host chickens would give a common understanding of theneeule
determinant of NDV. The reciprocal exchange of leader sequem# done as a part of
this work because the NDV strains BC and GBT have identical Eadér sequence at

the 3’end of their genomes.

6.4 Materialsand Methods
6.4.1 Cellsand viruses:
A chicken embryo fibroblast cell line (DF1), African green maonk&lney cell

line (Vero), and a human epidermoid carcinoma cell line (HEp-@)ewgrown in
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Dulbecco’s minimal essential medium (DMEM) with 10% fetal bosseeum (FBS) and
maintained in DMEM with 2% FBS. The modified vaccinia virus stéankara (MVA)
expressing T7 RNA polymerase was kindly provided by Dr. Bdrridoss (NIH,
Bethesda, MD) and propagated in primary chicken embryo fibrobldsticeDMEM
with 2% FBS. The moderately pathogenic (mesogenic) NDV stramuéette C (BC)
and highly pathogenic (velogenic) NDV strain Texas GB (GBT) asmddtombinant
derivatives were grown in 9-day-old embryonated specific-pathogent8PF) chicken
eggs in an enhanced biosafety level 3 (BSL-3+) containmeilityfacertified by the

USDA following the guidelines of the IACUC, University of Maryland.

6.4.2 Plasmid construction, transfection, virus-rescue and sequence analysis.

The construction of full length antigenome cDNA clone of NDV stré@sand
GBT using identical restriction enzymes has been described Mategials and Methods
section of Chapter 4. In the present study, N, P, L genes aled ware reciprocally
swapped between the pBC and pGBT RE #&et andPacl, Pacl andPmel, ShaBl and
Rsrll, respectively. PCR products of N, P and L genes generated Rigipglymerase
was used for cloning. The trailer region was cloned into pBC and p@Big overlap
PCR designed in the L3 fragment of L gene and cloned usingt&&Viul andRsrll.
Lipofectamine 2000 reagent was used for transfecting HEp-2 cells withstiective full
length cDNA clone with three support plasmids made of N, P and kipsobf strain
GBT in pGEM-7Z(+). MVA-T7 used as the source of T7 polymeradee plasmid
constructs were screened for the appropriate gene-swaps by seguesiog gene

specific primers. The recovered gene-swap mutant viruses of BC Bido&ckbones
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were subjected to five passages in 9-day-old SPF chicken embryws. the fifth
passage, total RNA was isolated using RNeasy RNA purificittofinvitrogen). Gene-
specific primers were used to confirm the entire sequence afethe and the flanking

regions of the backbone to confirm the gene swap virus.

6.4.4 Virus growth kinetics and plaque mor phology:

The growth kinetics of rBC and rGBT and their mutant virusesevdetermined
under multiple-cycle growth conditions in DF-1 cells. The virus wagulated at a
multiplicity of infection (MOI) of 0.01 into DF-1 cells grown in DMEwith 10% FBS
at 37°C. The supernatant was collected at 8-h intervals until 64 infexgion (p.i.). The
virus content in the samples was quantitated by tissue cultexive dose 50 (TCID50)
in DF-1 cells using the method of Reed and Muench (1938). Plaque ass@agrormed
to determine the plaque morphology, briefly, supernatants, collected fiirus-
inoculated samples earlier, were serially diluted, and10§f each serial dilution was
added per well of confluent DF-1 cells in 12-well plates. Attdr of adsorption, cells
were overlaid with DMEM (containing 2% FBS and 0.81% methylcelljlase then
incubated at 37°C for 4 days. The cells were then fixed with aksatethanol and

stained with 1% crystal violet for plagues.

6.4.5 Pathogenicity studiesin chickens.
To test the pathogenicity of the recovered viruses in vivo, am@cerebral
pathogenicity index (ICPI) test was performed according to stdngaocedures

(Alexander, 1989). For ICPI, Todilution of 2 HA units of each virus/chicken was
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inoculated intracerebrally into groups of 10 one-day-old SPF chicks. Inoculats
performed with a 27-gauge needle attached to a 1-ml steppegesgispenser that was
set to dispense 0.05 ml of inoculum per inoculation. The birds were iteduby
inserting the needle up to the hub into the right or left rear gotadfahe cranium. The
birds were observed for clinical signs and mortality once et for 8 days. ICPI
values were calculated as described by Alexander (1989). Biiedl\hirds were scored
daily: O if normal, 1 if sick, and 2 if dead. The ICPI value was the mean scoregeebi
observation. Highly virulent (velogenic) viruses give values approachjngvirulent

(lentogenic) viruses give values close to 0.

6.4.6 Pathogenicity in 2-week-old chickens, virustitration:
Groups of 12 two-week-old SPF chickens were inoculated with®2ZXE0 in 0.2

mL of each virus by the oculonasal route. The birds were obsergdaddi scored for
clinical signs for 14 days. Two birds from each group were eutt@a@ZePI| and lung,
trachea, spleen, brain and intestine samples were collectedrdotitration, the tissue
samples were homogenized, and the supernatant was serially diidtesded to infect
DF-1 cells, with duplicate wells per dilution. Infected wells evetentified by HA assay

of the supernatant, and the TG}y was calculated using the method of Reed and

Muench (1938).
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6.5. Results
6.5.1. Recovery of infectiousN, P, L and Trailer swap-virusesof rBC and rGBT:

Forty eight hours aft the transfection, cell culturgupernatant wacollected to
inoculate in 9-dawld embryonated chicken eggs. After 2 ¢, the virus growth wa
detected by HA assay. The recombinant viruses gkl HA titers between® and 2.
The support plasmids, pN, pP and pL from GBT wesedufor the rescue of all viruse
Upon subsequent passages in ethe virus yield was abouf HA units consistently an
plaque assay was done. The infectillantoic fluids with 2-2° PFU/mL were used as a
preliminary viral stock. Part of this material wased to isolate viral genomic RN
which was subjected to I-PCR and complete gene sequencing. The excd segment

was completely sequenced to con that particular genswap construc(Fig 6.1).
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rBC-GET(N)
rBC-GET(F)
rBC-GET(L)
rBC-GET[NFL)
rBC-GBT(Tr}
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rGET-BC[MPL)
rGET-BC(TT)

Fig 6.1. Gene map and cloning strategy N, P, L genesand Trailer sequen between NDV
strains Beaudette C (B@nhdTexas GB (GBT)The top diagram shows the gene map of rBC
rGBT and the restriction enzyme sites available dianing of N(Ascl and Pac), P(Pacl and
Pmel) andL(SnaBl and Rsr) genes. Last 10 gene magsow reciprocal exchan of N, P, L,
NPL and Trailer sequence beeen the rBC and rGBT
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6.5.2 Virus growth kinetics and plaque mor phology:

The growth pattern of rBC and rGBT group viruses were determméaF-1
cells at a moi of 0.01. Between the parental recombinant virus&d, sBowed early
initiation of cpe higher growth compared to rBC. rBC-GBT(L), rB@ GBT(NPL)
have showed higher titers than that of rBC, rBC-GBT(N), rBC-FBTand rBC-

GBT(Tr). rGBT-BC(L) and rGBT-BC(NPL) showed lower titassmpared to rGBT (Fig

6.2, Fig 6.3).
9 .
8 o
)
§ 7 4= rBC
Q 6 - - rBC-GBT(N)
o rBC-GBT(P)
5
=1 =>=rBC-GBT(L)
g 4 —3¥=rBC-GBT(NPL)
o rBC-GBT(Tr)
=
=
"
2
£

8 16 24 32 40 48 56 64

Time post infection (h)

Fig 6.2. Multicycle growth kinetics in DF-1 cells of recombinant Bealétt (rBC) with the
Texas GB (GBT) polymerase complex protein genes and traitereace mutants. Cells were
infected at a multiplicity of infection of 0.01, supernatant samplere collected at 8 h intervals
until 64 h post infection, and virus titers were determined by TCIG8Culation using the
method of Reed and Muench (1938).

The plaque sizes of rBC group viruses, rBC, rBC-GBT(N), rBC-GB,T{BC-GBT(L),
rBC-GBT(NPL) and rBC-GBT(Tr) are 1.78+17, 1.446.09, 1.46.07, 1.436.13,

2.0140.11 and 1.46.18 mm in diameter, respectively. The plaque sizes of rGBT group
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viruses, rGBT, rGBT-BC(N), rGBT-BC(P), rGBT-BC(L), rGBTEENPL) and rGBT-
BC(Tr) are 2.196.1, 1.9996.23, 2.26.12, 1.586.16, 1.346.08 and 2.128.09 mm in
diameter, respectively. rBC with N, P and L genes of GBT showa@atee in the plaque
size compared to GBT L alone, which indicates that optimum intenaist necessary for

the increased size of the plaque (Fig 6.4).

10 »
9 o
-
£ 8 ——rGBT
2 77 —&—rGBT-BC(N)
S 6 rGBT-BC(P)
SR —>é=rGBT-BC(L)
2, ~3¥=rGBT-BC(NPL)
8 rGBT-BC(Tr)
£ 3
[72])
S
£
T
0

8 16 24 32 40 48 56 64

Time post infection (h)

Fig 6.3. Multicycle growth kinetics in DF-1 cells of recombinant TexaB (GBT) with the
Beaudette C (BC) polymerase complex protein genes and tsaiference mutants. Cells were
infected at a multiplicity of infection of 0.01, supernatant samplere collected at 8 h intervals
until 64 h post infection, and virus titers were determined by TCIG8Culation using the
method of Reed and Muench (1938).
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_(BC-GBT(N) BC-GBT(P) ~ rBC-GBT(L)
— P —

__rGET rGBT-BC(N)

Fig 6.4. Plague morphology of parental and mutant viruseNDV strainsBeaudette C (BC)
and Texas GB (GBT)Note the larger plaque size of rGBT comparedtO. The plaque size of
rBC-GBT(NPL) is greater tharBC, rBC. rGBT viruses with BC-lshowed reduction in si:
compared to the parental recombinant virus pla

6.5.3 Intracerebral pathogenicity index (ICPI):

Intracerebral inoculation of the rBC and rGBT witheir respective mutal
viruses were performed on «-day-old SPF chicks to assess thefulence. After eigh
days of observation the ICPI score was determil@&dl values of 1.58, 1.62, 1.60, 1.
1.75 and 1.61 were scored for rBC, -GBT(N), rBC-GBT(P) and rB«-GBT(L), rBC-
GBT(NPL) and rBCGBT(Tr), respectively (Tabl6.1). The ICPI values of 1.91, 1.€
1.90 1.83, 1.78 and 1.90 were recorded for rGBT, r-BC(N), rGBT-BC(P), rGBT-
BC(L), rGBT-BC(NPL) and rGB™-BC(Tr), respectively (Table §). This indicates th:
rBC with GBT+L increased the virulen of the virus from 1.61 to 1.7dut when GB™-N,
P and L combination was swapped it increased tife V@lue to 1.75. Converse rGBT
with BC-L reduced its ICPI score from 1.91 tc83 and when BQN, P and L wert
swapped, the I0Pscore was decreased to 1.78 signifying the coatlain of all three

polymerase complex genes. The Trailer sequencessafapoth rBC and rGBT did ni

97



affect the ICPI scores, suggesting that the Tr sequence pag@dimal role between

rBC an rGBT virulence in the one-day-old chicks (Table 6.1).

Table6.1. ICPI values of recombinant viruses of N, P, L and Trailer swap constructs

Viruses ICPI valu&
rBC 1.58
rBC-GBT(N) 1.62
rBC-GBT(P) 1.60
rBC-GBT(L) 1.71
rBC-GBT(NPL) 1.75
rBC-GBT(Tr) 1.61
rGBT 1.91
rGBT-BC(N) 1.88
rGBT-BC(P) 1.90
rGBT-BC(L) 1.83
rGBT-BC(NPL) 1.78
rGBT-BC(Tr) 1.90

®Pathotype definitions by ICPI: velogenic strains approach the maxsoare of
2.00, whereas lentogenic strains give values close to 0.

6.5.4 Virusreplication and pathogenicity in two-week-old chickens:

To study the pathogenesis of rBC and rGBT with their mutant vird@egroups
of 12 two-week-old chickens were infected with each virus via ocuddmagte. The 12
virus groups were six rBC group viruses (rBC, rBC-GBT(N), rBCI@B, rBC-
GBT(L), rBC-GBT(NPL) and rBC-GBT(Tr) and another six rGBiioup viruses (rGBT,
rGBT-BC(N), rGBT-BC(P), rGBT-BC(L), rGBT-BC(NPL) andsBT-BC(Tr). After 3
days post infection, two chickens were sacrificed from each grodptissue samples
were collected from trachea, lung, spleen, intestine and brawréar titration. In rBC

group, the tissue titers were higher in rBC-GBT(L) and BEBF(NPL) compared to
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other virus mutants (Fig 6.5a). In rGBT group, the virus titers Vesver in rGBT-BC(L)

and rGBT-BC(NPL) compared to other mutant viruses (Fig 6.5b).

L
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" HIntestine
M Brain

Virus titer (Log10 TCID50/g of tissue)

rBC rBC-GBT(N) | rBC-GBT(P) | rBC-GBT(L) rBC- rBC-GBT(Tr)
Viruggroup (2 chifkens each gfoGB)T(NPL)

1 2 1 2 1 2 1 2 1 2 1 2
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=4 5 B Intestine
° .
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rGBT  |rGBT-BC(N) | rGBT-BC(P) | rGBT-BC(L)| rGBT-
BC(NPL)

rGBT-BC(Tr)

Virus group (2 chickens each group)

Fig 6.5. Virus titers in organs of 2-week-old chickens infected with @6Gup (a) and rGBT

group (b) viruses following oculonasal inoculation. Virus titersthe trachea, lungs, spleen,
intestine and brain of 2 chickens from each indicated virus grougapr8 post infection. The

chickens in each group are numbered 1-2.
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The clinical signs were recorded for rBC and rGBT and theiamutiruses (Fig
6.6a). In the rBC group, it was observed that rBC-GBT(L) was thet mirulent,
reaching the maximum score of 2.9 in 12 days, whereas rBCXgAI)(showed a score
of 1.9 on the same day. The reduction in the clinical score in iBCGBT-N, P and L
genes combination suggests that this could be due to interaction ®Bthé&l, P and L
proteins with that of BC-M, F and HN proteins or the interferefcErailer sequence of
the rBC or both. The survival curve also reflected the same trend (Fig 6.6b).

In rGBT group, rGBT, rGBT-BC(N) and rGBT-BC(Tr) reached theximam
score of 4.0 in day 5; rGBT-BC(P) reached the maximum scoday 6, whereas the
rGBT-BC(L) reached the maximum score on day 8 but rGBT-BCJNIRLnot reach the
maximum clinical score till 14 days (Fig 6.7a). This finding sholat the BC-L protein
interacted better with the GBT-N and P proteins compared tdlB€-and L proteins in
the backbone of rGBT which also might suggest the interactions théthenvelope

associated proteins. The survival curve also reflected the same tre®d7{Hig
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Fig 6.6. Clinical scoring (a) and survival curve (b) of chickenfected with recombinant
Beaudette C (BC) mutant viruses. Note that clinical scor8 GfGBT(L) was greater than rBC-
GBT(NPL) and was reflected in the survival curve. Scoringha¢kens (10 birds per group) was
based on the clinical signs that were scored as 0, normasickl,2, paralysis/twitching/wing
drop; 3, prostration; and 4, death. The mean scores per group per day are shown.

101



/S, - -
ie : W‘(
& 3 —4—rGBT
o
] 25 - rGBT-BC(N)
% = rGBT-BC(P)
g 2 —>=rGBT-BC(L)
s 1> =i=rGBT-BC(NPL)
£ 1 4 ~@—rGBT-BC(Tr)
o
0.5
0 " T T T T T T T T |
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Day post infection
b)
110-
100 - FGBT
= 90- -= rGBT-BC(N)
2 gg -+ rGBT-BC(P)
§ 601 -+ rGBT-BC(L)
t 504 -+~ rGBT-BC(NPL)
S 404 +—e -© rGBT-BC(Tr)
o 304
o 204
10-
0

. 1 v L) 1 1 ] ) ] 1
567 8 9101112131415
Days

L
01234

Fig 6.7. Clinical scoring (a) and survival curve (b) and of chickirfiected with recombinant
Beaudette C (BC) mutant viruses. Note that clinical scoreG8TrBC(NPL) was lower than
rGBT-BC(L) and the same observation reflected in the sainaurve. Scoring of chickens (10
birds per group) was based on the clinical signs that were sesréy normal; 1, sick; 2,
paralysis/twitching/wing drop; 3, prostration; and 4, death. The mean scogeeper day are
shown.
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6.6 Discussion

The replication and gene expression in the paramyxoviruses depend on the
polymerase complex associated proteins nucleocapsid (N), phosphop®taimd(large
polymerase protein (L) which are coded by their respective génesand L (Lamb and
Parks, 2007). The N protein binds entirely onto the negative-sense RNA gemam
imparts the status of the genome to functional template focatioin and transcription
(Blumberg and Kolakofsky, 1981; Blumberg al., 1981). N protein also confers
nuclease resistance to the RNA. The P protein, with no known catdiyiction
associates with the N and L proteins and functions as the scaffaieinpin virus
replication and gene expression. The L protein as RNA dependéeit@lymerase
plays a key role in replication and transcription (Kolakosfky amdmBerg, 1882;
Banerjee, 1987; Tordet al., 198§. In this study, the roles of N, P, L and the trailer
sequences were examined for their role in virus growth, pathogearebivirulence. Two
phylogenetically closely related recombinant NDV strainaluiette C (rBC) and Texas
GB(rGBT) were used for the reciprocal exchange of polymecaseplex associated
genes and trailer sequence between them. The two recombinaeswireie created to
have identical restriction enzyme site at identical positiortee genome. The two NDV
strains differ greatly in virulence; BC is a moderately @ntlvirus and GBT is highly
virulent virus that causes 100% mortality.

The growth kinetics of rBC and rGBT differed greatly in DFll; in which
rGBT replicated to high titer at 24 h post infection whereas m&hed the maximum
titer at 32 h and the titers were significantly lower tharr@®BT throughout 64 h. In rBC

group of viruses, rBC-GBT(L) and rBC-GBT(NPL) replicated to mmaxn titer
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compared to rBC, rBC-GBT(N), rBC-GBT(P), rBC-GBT(L) and G#BT(Tr).
Conversely, in rGBT group of viruses, rGBT-BC(L) and rGBT-BC(NBhowed lowest
titers compared to other viruses in the group. The plague sizeCoGHEBT (NPL) was
larger than rBC and other viruses. rGBT-BC(L) and rGBT-BC(N$tHgwed smaller size
plaques compared to rGBT while latter was the smallest. ftlisates that the L gene of
GBT increased the replication of the rBC and the conversebsesved in rGBT with L
gene of BC. There was no effect of trailer sequence obserwadis replication in DF-1
cells.

In one-day-old chicks, the intracerebral pathogenicity valuegased when the
L gene of GBT was introduced into rBC by increasing the 1€hf1.58 to 1.71 and
when N, P and L genes in combination showed increase to 1.75; N and Plgemed s
1.62 and 1.6, respectively, suggesting that the L gene of GBT almeesponsible for
the increase in virulence of rBC. In the rGBT, the introduction ofnegd BC resulted
in lowering of ICPI value from 1.91 to 1.83; N, P and L genes in combination reduced the
ICPI to 1.78, suggesting that L gene of BC played a important roleeitotwvering of
virulence in rGBT. The N, and P genes and the trailer sequencedhbg ICPI values
1.88, 1.90 and 1.90, respectively suggesting that N, P and trailensequid not affect
the virulence of rGBT. Though the L gene played a role in altehagirulence profile
of the parental recombinant viruses, it was not sufficient to e#regvirulence of rBC
and rGBT to their original pathotypes in ICPI scores, suggestiagL gene plays a
minor part in the overall virulence of NDV but it is the impattgene among the

polymerase associated genes in virulence determination.
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In two-week-old chickens, the highest clinical scores werarded for the rGBT
but the rBC group showed sick chickens gradually recovering duringotimse of the
experiment. The rBC group where L gene of GBT was present shagmificant
increase in clinical signs and mortality, increasing the adinscores over the parental
recombinant viruses. The reverse was true in rGBT but thealisigns were far more
severe than the rBC groups. In rBC, when N, P and L genes of @B imtroduced in
combination, it was observed that the clinical signs and mortalitgrpavas less severe
than of L gene. This could be due to the interactions of GBT-N, P gmdteins with
those of BC-M, F and HN proteins; or L protein of GBT might hatklédvantage of
interacting with N and P proteins of BC in which N protein potégtiateracts with the
envelope associated proteins through M protein. Conversely, in rGBTrailne \gith the
combination of BC N, P and L genes showed little decrease in vieutmmpared to the
L gene alone group, with the latter showing increased mortabigually in the course of
the experiment, suggesting that similar protein interactiompassible. However, the N,
and P genes and the trailer sequence of BC did not alter thetype of the rGBT
viruses, suggesting that they might have a minimal role in the virulence.

In summary, among the polymerase complex-associated geneheaurtdhiter
sequence, the L gene of GBT increased the virulence of thent@Caiing its role in
replication, pathogenesis, and virulence in chickens. The N and P gechesager
sequences did not alter the pathotypes of the recombinant BC and @BESyi
indicating their minimal role in the replication, pathogenesis, andevice of NDV. In
the future, the amino acids responsible for the virulence in L prateuld be

characterized.
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Chapter 7:

7.1 Title

Conclusions and Prospects

7.2 Conclusions and Prospects

Newcastle disease virus (NDV) is a very important disedspoultry which
causes significant economic losses worldwide. There are numérains $eing isolated
all over the world across many bird species. NDV, also callevias paramyxovirus 1
(APMV-1), is a member of genuvulavirus in the subfamilyParamyxovirinae under
family Paramyxoviridae. NDV is a large, enveloped virus with a single molecule of
negative stranded RNA as genome. The genome has six genes in th& bedeter-N-
P-M-F-HN-L-5'Trailer. There are at least three genonze siategories present namely,
15,186, 15,192 and 15,198 nucleotides (nt) in length. The larger sizes ohtmeyare
due to the presence of nt insertions of 6-nt and 12-nt in 5 non codingnregi
(downstream) of N gene and ORF of P gene, respectively.

NDV strains display a spectrum of virulent phenotypes startmg friruses that
cause mild and inapparent infection to 100% mortality. Virulence¥ ¢ a multigenic
phenomenon and fusion protein cleavage is one of the major determinants of virmlence. |
this study, the effects of naturally occurring insertions in Nf@viome size and the roles
of membrane associated (M, F and HN) and the polymerase congslesiaded (N, P
and L) protein genes were evaluated. We found that the naturallyriogec insert

sequences on the backbones of rBC and rGBT, attenuated the parers&sd ur both
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cases in replication and pathogenesis. Regarding the NDV genesge ksgée major

determinant of virulence followed by the L gene compared to othersg8ased on the
outcome of this study, three major directions that can be punsubd future, are given
below:

1. Candidate marker insertion sitein the P gene of NDV: It was observed that
the 6- and 12-nt insert sequences were successfully retaitieel genomes of
rBC and rGBT. This provides information that these insertion saesbe
potential insert sites for foreign sequences. The 12-nt isgerin the P gene
ORF can be used as a site for diagnostic markers. This cowdpbeential
site for the insertion of markers that could be useful in diffagng a
vaccine virus strain with that of a field strain.

2. BC minigenome: We established BC minigenome to test the significance and
functionality of the P protein with the four amino acids insertilt was
observed that the P with 4 aa insert functioned quantitatively sitoilthe
parental P protein in the BC minigenome CAT reporter assays Thi
minigenome system can be of use in the future to determine itheaum
regulatory sequences required for replication and transcription ; K2
amino acids important for the functions of N, P and L proteins, in minigenome
replication. The determination of the amino acid residues thasonsible
for the increased minigenome replication would be useful to improve the
efficiency of viral polymerase of potential vaccine virus vecandidates of

closely related avian paramyxoviruses.
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3. F protein asthevirulence determinant in NDV: The reciprocal swapping of
genes between rBC an rGBT revealed that the F protein péayegor role in
the virulence of NDV. In the future, studies can be targeted to erathe
individual domains of the F protein and the amino acid residues that diffe
between the strains BC and GBT to figure out the molecular desanta of F

protein in NDV virulence.
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