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pneumgencephalitis. The importance of the disease is
primarily due to the development of the poultry industry
during the 20th Century into a highly efficient international
industry which is dependent on intensive trade between
15 countries.
It is generally assumed that the first outbreaks of
‘Newcastle disease occurred in 1926 in Java, Indonesia, and in
Newcastle-upon-Tyne, England (Kraneveld, 1926; Doyle, 1927). .
The name Newcastle disease was coined by Doyle as a temporary
20 name to avoid a descriptive name that might be confused with
other diseases. It later became clear that other less severe
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diseases were caused by viruses indistinguishable from NDV.
In the US a relatively mild respiratory disease was termed
avian pneumoencephalitis and was shown to be caused by NDV )
25 (Beach, 1944). Within a few years, numerous NDV isolations
that caused extremely mild or no diéease in chickens were
made around the world. '
. The following methods have been implicated in the spread
of the disease: 1) movement of live birds, feral birds, game
30 Dbirds, racing pigeons and commercial poultry; 2) movement of
people and equipment; 3) movement of poultry products; 4)
airborne spread; 5) contaminated poultry feed; 6)
contaminated water; 7) incémpletely inactivated or
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or for restocklng supplies of game.
15 According to Alexander (1988) three panzootics of
Newcastle disease have occurred since the first recognition
of the disease. The first represented the initial outbreaks
of the disease and appears to have arisen in South-East Asia.
Isolated outbreaks, such as the one in England in 1926, were
20 chance introductions ahead of the mainstream which slowly
moved through Asia to Europe.
A second panzootic appears to have begun in the Middle
East in the late 1960's and reached most countries by 1973
The more rapid spread of the second panzootic was probably
25 caused by the major revolution of the poultry industry with
considerable international trade.
A third panzootic primarily affected domesticated birds °
such as pigeons and doves (Vindevogel and Duchatel, 1988).
The disease apparently arose in the Middle East in the late
30 1970's. By 1981 it had reached Eurcpe and then spread rapidly
to all parts of the world, largely as a result of contact
between birds at races and shows and the international trade
in such birds. '
Nowadays, Newcastle disease is still widespread in many
35 countries of Asia, Africa, the Americas, and Europe. Only the
countries of Oceania appear to be relatively free from the '
disease (Spradbrow, 1988).
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different Seﬂﬁ§¥£or the virus proteins. The RNA genome is approximately
15,200 nt in size and codes for the following gene products
15 (listed from the 3' end to the 5' end of the genomic RNA) :
nucleocapsid protein (NP), phosphoprotein (P), matrix protein
(M), fusion protein (F), hemagglutinin-neuraminidase (HN),
and large polymerasé protein (L) (Chambers et al., 1986).
' " The RNA is complexed with the NP, P and L proteins to
20 form a ribonucleocapsid particle (RNP) that is surrounded by
an envelope that is lined at the inside by the M protein. The
envelope contains the F and HN proteins which are involved in
attachment and penetration of the host cell. '
Replication of NDV is similar to the strategy used by
25 other paramyxovirinae. The initial step is attachment-of the
virus to the host cell receptors, mediated by the HN protein.
Fusion of the viral envelope with the host cell membrane is °
dependent on the action of both the HN and F proteins and
results in the release of the RNP into the cytoplasm where
30 virus replication takes place.

. The viral RNA-dependent RNA polymerase (which is part of
the RNP) produces complementary transcripts that act as
mMRNA's and are used by the cell's translation machinery for
the synthesis of virus proteins. Due to the accumulation of

35 NP proteiﬁ, the RNA polymerase complex switches from
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ant,gen0n1gng&p@hgge@yg§§tory waterfowl, is susceptible to NDV and can
15 be primary infection sources (Kaleta and Baldauf, 1988).
The pathogenicity of NDV strains differs greatly with
the host. The most resistant species appear to be aquatic
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birds while the most susceptible are gregarious birds forming
- temporary of permanent flocks. Chickens are highly

20 susceptible but ducks and geese may be infected and show few
or no clinical signs, even with strains which are lethal for
chickens. |

Newcastle Disease is complicated in that different

isolates and strains of the virus may induce enormous

25 variation in the severity of the disease. Beard and Hanson
(1984) grouped NDV strains and isolates into different
pathotypes that relate to disease signs that may be seen in :
fully susceptible chickens: 1) viscerotropic velogenic NDV,
which produces acute lethal infections in which hemorrhagic

30 lesions are prominent in the gut; and neurotropic velogenic
NDV, which produces high mortality préceded by respiratory
and neurological signs, but no gut lesions; 2) mesogenic NDV,
which produces low mortality, acute respiratory disease and
nervous signs in some birds; 3) lentogenic NDV, which

35 produces mild or inapparant respiratory infections or even
asymptomatic enteric NDV, avirulent viruses that appear to
replicate primarily in the intestinal tract. Some overlap
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During the repllcatlon of NDV it is necessary for the

precursor glycoprotein Fo to be cleaved to F1 and F2 for the
20 progeny virus to be infectious (Rott and Klenk, 1988). This
posttranslational cleavage is mediated by host cell
proteases. If cleavage fails to take place, non-infectious
virus particles are produced and viral replication cannot
proceed. The Fo protein of virulent viruses can be cleaﬁed'by
25 a wide range of protéases, but Fo proteins in viruses of low
virulence are restricted in their sensitivity and théée
viruses can only grow in vivo in certain host cell ﬁypes and ,

in general cannot be grown in vitro.

Lentogenic viruses only replicate in areas with trypsin-
30 1like enzymes such as the reépiratory and intestinal tract,
whereas virulent viruses can replicate in a range of tissues
and organs resulting in fatal systemic infection.
Amino acid sequencing of the Fo precursor has shown that
low-virulence viruses have a single arginine (R) that links
35 the F2 and F1 chains, whereas virulent strains possess
additional basic amino acids forming two pairs such as
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15. fhe initial immune response to infection with NDV is
cell mediated and may be detectable as early as 2-3 days
after infection with live vaccine strains. This presumably
explaihs the early protection against challenge that has been
recorded in vaccinated birds before a measurable antibody

20 responsé is seen (Gough and Alexander, 1873).

At about 1 week after infection, circulating antibodies

‘may protect the host from re-infection. In the early phase
IgM is involved, followed by IgG. Titres and protection peak
after about 3 weeks and gradually decline if there is no

25 boosting. This means that for older birds, re-vaccinations
are necessary.

Only live vaccines administered by the respiratory route ,
stimulate antibody in all mucosal surfaces as well as in
serum. Inactivated vaccine, even when applied via the

30 intramuscular route, does not elicit local resistance in the
respiratory tract, despite high concentrations of serum
antibody.

This stresses the importance of live vaccines capable of
presenting viral antigen to the upper respiratory tract to

35 induce both local and systemic immunity. Small droplets
penetrate into the lower respiratory tract thereby provoking
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mild disease resulted first in the development of the =

mesogenlc live vaccine Roakin (Beaudette et al., 1949) and,
15’ subsequently, in the development of the milder Hltchner Bl

(Hitchner and Johnson, 1948) and LaSota (Goldhaft, 1980)

strains, which are now the most widely used live vaccines.

NDV live vaccines can be divided into two groups,
lentogenic and mesogenic. Mesogenic strains are suitable only

20 for secondary vaccination of birds due to their greater
virulence. The immune response increases as the pathogenicity
of the live vaccine increases. Therefore, to obtain the
desired levei of protection without serious reaction,
currently vaccination programs are used that involve

25 sequential use of progressively more virulent vaccinesj or
live vaccines followed by inactivated vaccines.

On of the main advéntages of live vaccines is that they
may be administered by inexpensive mass application
techniques. A common method of application is via drinking

30 water. However, drinking water application must be carefully
monitored as the virus may be inactivated by excessive heat
and light and by virucidal impurities in the water.

Maés application of live vaccines by sprays and aerosols
is also very popular due to the ease with which large numbers

35 of birds can be vaccinated in a short time. It is important
to achieve the correct particle size by controlling the
conditions under which the particles are generated.
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still be raddvweant.f IBarki¥ated vaccines are administered by injection,
either intramuscularly or subcutaneously. Inactivated

_ vacciiies are expensive to produce and to apply.

15 ' However, inactivated oil-emulsion vaccines are not as
adversely affected by maternal immunity as live vaccines and
they can be used in day-old chicks. Advantages of iﬂaCtivated
vaccines are the low level of adverse reactions in vaccinated
birds, the high level of protective antibodies, and the long

20 duration of protection. None of the above vaccines can
serologically be differentiated from wild-type NDV.

The development of recombinant viral vaccines has been
of interest to the poultry industry for a numbér of years.
The concept is to insert genes of critical immunising

25 epitopes of a disease agent of interest into a nonessential
gene of a vector virus. Vaccination with the recombinant
virus thus results in immunisation against both the vector ’
virus as well as the disease agent* of interest.

Several'types of viruses have been evaluated as

30 potential live viral vaccines for poultry. Two avian viruses
thaq have received most attention are fowlpox virus (FPV) and
herpesvirus of turkeys (HVT)..Fowlpox virus is a DNA virus
that has a large genome and hence is considered to have ample
room to carry foreign genes.

35 When at;enuated, FPV does not cause clinical disease and
is commonly used as a vaccine in chickens. HVT is also a DNA
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relevant NDV epitopes other than those found on the NDV
protein that is expressed by the recombinant vaccine
or are not properly presented to the immune system.

Furthermore, local (mucosal, respiratory or enteric)

20 protection was not effectively induced in birds vaccinated
with the recombinants. This is a serious drawback since
vaccines used for primary vaccination against respiratory
diseases must induce local immunity to prevent infection and
spread of virulent viruses that infect chickens reared ﬁndér

25 field conditions. _

Antibodies against NDV which are capable of protécting
the host can be measured in virus neutralisation tests.
However, since the neutralisation response appeérs to
parallel the haemagglutination inhibition (HI) response, the

30 latter test is frequently used to assess the protective
response, espécially after vaccination.

Antibodies against both the F and HN proteins can
neutralise NDV. However, antibodies against the F protein
appear to induce greater neutralisation than those directed

35 against HN in in vivo and in vitro tests (Meulemans et al.,
1986) .
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index (ICPI) in one-day-old chickens; 3) Intravenous
_ pathogenicity index (IVPI) in 6-week-old birds.
20 These tests suffer from a number of draWbacks;~such as
the availability of animals, poor reproducibility, and the
relatively'long duration of the tests. Last but not least,
these tests do not allow a simple serclogical identification
of poultry vaccinated with a vaccine or infected with a wild-
25 _type strain. -

As an alternative to in vivo tests, the polymerase chain

reaction (PCR) has been successfully used to distinguish :
between virulent and non-virulent i and non-virulent isolates
(Staliber et al., 1995; Kant ét al., 1%997), ho&ever, again

30 serological differentiation is not possible.

The raising of poultry and trade of their products is
now organised on a international basis, frequently under
management of multinational companies. The threét of
Newcastle disease has proven a great restraint on such trade.

35 Successful control of Newcastle disease will only be
‘approached when all countries report outbreaks. However,
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field condineassres are directed at prevention of introduction and
15 spread. Most countries have restrictions on trade in éoultry
products, eggs, and live poultry. Most countries have
established quarantine procedures for importation, especially
for psittacine birds.
Some countries have adopted eradication policies with
20 compulsory slaughter of infected birds, their contacts, and-
products. Others require prophylactic vaccination of birds
even in the absence of outbreaks, while some have a.policy of
ring vaccination around outbreaks to establish a buffer zone.
Clearly, there is a need for better vaccines and for
25 Dbetter diagnostic methbds which can be used to control
Newcastle disease. Due both to large differences in the dose
that is received by individual birds during mass application
of live vaccines and to variation in levels of maternal
immunity in young chickeﬁs, post-vaccination reactions with
30 live vaccines are inevitable. This is one of the main

concerns of farmers in countries where vaccination is
compulsory.
Furthermore, many vaccines are mixtures of sub-
populations. When cloned, these sub-populations may differ
35 significantly from each other in immunogenicity and
pathogenicity (Hanson, 1988).
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Such vaccines, called NDV marker vaccines (and
accompanying diagnostic methods and kits) , which should
15 provide the fullest possible immunological spectre of
antigenically relevant NDV epitopes, and yet should be
serologically distinét from wild-type NDV are not yet
available.

20 The invention provides a method to modify an avian-
paramyxovirus genome by genetic modification, provides
genetically modified avian-paramyxovirus and an avian-
paramyxovirus marker vaccine.

_ ' The advent of modern molecular biological techniques has

25 allowed the genetic modification of many RNA viruses, -
including negative-strand RNA viruses. This technique is
often referred to as "reverse genetics". One first provides a '’
(full-length) cDNA copy of the viral RNA, after which one
transcribes this DNA in susceptible cells to produce

30 infectious RNA which can again replicate to produce
infectious virus particles.

In general, by previous modification of the c¢cDNA with
standard molecular biological techniques, it is possible to
obtain a genetically modified RNA virus. However, -this has

35 never materialised for NDV or othér avian-paramyxoviruses, it

has even not yet been possible to generate minigenome
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only allow the 4$g qhviRRAldd helreWd thptoVi8e@Ndvian-paramyxovirus cDNA

15 at least comprising a nucleic acid sequence corresponding to

the 5'-terminal end of the genome of avian-paramyxovirus
allowing generating an infectious copy of avian-
paramyxovirus, said cDNA preferably comprising a full-length
cDNA. However, the invention also provides cDNA at least

20 comprising a nucleic acid sequence corresponding to the 5'-

 terminal end of the genome of avian-paramyxovirus thereby
allowing generating an replicating avian-paramyxovirus
minigenome. Such minigenomes can advantageously be used to -
transcribe RNA and/or express protein from modified nucleic

25 acid sequences. The invention provides a cDNA according to
the invention at least partly derived from Newcastle Disease
Virus, for example wherein said Newcastle Disease Virus is a |,
lentogenic virus, preferably derived from a vaccine strain,
such as LaSota strain ATCC VR-699. _

30 The invention furthermore provides a cDNA according to
the invention additionally provided with a modification, such
as a deletion, insertion, mutation, reversion, or otherwise
in a nucleic acid. For example a cDNA is provided wherein
said modification comprises a nucleic acid encoding a

35 modified protease cleavage site, for example wherein said
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15 described below. An RNA, and protein derived thereof,
obtained from a cDNA according to the invention is also
provided.

In recent years, a number of non-segmented negative-
strand RNA viruses has been fully characterised and

20 fundamental work on the repllcatlon and expression of thelr
genomes has culminated in the ability to generate infectious
virus entirely by transfecting cells with cloned cDNA of said
virus (reviewed by Conzelmann, 1996).

To date, infectious virus of non-segmented negative-

25 strand RNA viruses has been generated from cloned cDNA of for
example rabies virus (Schnell et al., 1994, Conzelmanﬁ;
EP070208521) . (Schnell et al., 1994; EP0702085Al1), vesicular
stomatitis virus (Lawson et al., 1995; Whelan et al., 1995),
Sendai virus (Garcin et al., 1995), measles virus (Radecke et

30 al., 1995; Schneider et al., 1997; EP0780475A1), human
respiratory syncytial virus (Collins et al., 1995),
rinderpest virus (Baron and Barrett, 19387), and human
parainfluenza virus type 3 (Hoffman and Banerjee, 1997,
Conzelmann; P0702085A1), (Schnell et al., 1994; EP0702085A1).

35 However, all of above infectious copy viruses are
capable of growing both in vivo as well as in vitro in hosts,
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15 vaccine because the thus generated infectious virus is by

‘default too virulent to be used as vaccine; the fact that it
can be generated and replicated after transfection of cDNA on
a cell line reflects its easy cleavability of the Fo protein
into F1 and F2, as discussed above a hallmark of virulence of
20 a NDV. ' _
Using a vaccine strain as parent material for the cDNA
would not solve this problem; a vaccine strain, especially of
a lentogenic type does not contain an easily cleavable Fo
protein, rendering it impossible for first generation virus
25 to continue to replicate. The cell used for transfection will
simply not be susceptible to support one or more rounds of
replication of vaccine-type virus with a non-cleaved Fo )
protein. ' N
The invention now elegantly provides a solution for this
30 problem, and therewith provides infectious copy NDV, for
example for use in a vaccine. _

" The invention provides a method to generate infectious
copy Newcastle Disease Virus comprising transfecting cells,
capable of expressing viral NP, P and L proteins for

35 domplexing with viral RNA with cloned full-length or genomic-
length cDNA of said virus and further comprising incubating
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‘genone and BEYRLAYs MPROCIFERGRH Cor €XP eﬁFﬁP&éﬁgnl eng Such ‘a®

Vi rus. expecfba |mbﬂewemnlhenewpbbspbdel@esganﬁantsafal}xd¢MEmélGﬂMﬂle
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-t erni nal enome of avi an- par amyxovi r us
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m ni genones Cssf%i ”ta%%%uih% %? %@E% %%bgenomlc cDNA's which generate
15  replication competent subgenomic RNA's and which together
express the full complement of avian-paramixovirus. proteins.
Even if the RNA's are packaged separately, the resulting
virus-like particles can be used for successive rounds of
replication by means of co-infection and complementation of
20 gene functions.

In a preferred embodiment, the invention provides a
method wherein said proteolytic activity is derived of an
enzyme, such as a trypsin-like enzyme, or is derived of a
composition comprising said proteolytic activity. In a much

25 preferred embodiment, said growth medium comprises allantoic
fluid comprising proteolytic activity. Cleavage of the Fo
protein is required for the generation of infectious wvirus.
It is possible to generate infectious virus from lentogenic
strain without the addition of exogenous proteolytic

30 activity. By inoculating the supernatant of transfected cells
into the allantoic cavity of embryonated eggs, the
proteolytic activity which is present in the allantoic fluid
is able to cleave the FO protein to generate the fusion-
competent F1-F2 complex. Virions with such an activated F

35 protein are able to infect susceptible cells and replication
in cells which express the desired proteolytic activity
yields infectious progeny. As an alternative to providing the



transcri be RNA and/ or express protein fromnodified nucleic 25 acid

sequences. The invention provides a cDNA according to the invention at
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anot her enpodi gi%ﬂ’ ., the |$/er.]:té§)n5ﬁrovi des, a cDNA according to the-

i nventi on e CFARTHRT AT &h o ]térﬁﬂ‘? D 3, g5n% LAt srecbiies. a
hybri d virsaidr ectiivity. RButtheasnardyyhiti dsheoagibleaito npenearate dase (HN)
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nucl ei ¢ acPRcC9INEN ¥ddi '%yé’r? FefRSidPuyith MgaRs Ho-reatasn @ wieddei n sai d
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bel ow. An @H@eC@Q@an}t %ﬁn%?re'c\ﬁ%% tcréﬁr];%()fwith an NDV helpervirus. An

15 essential requirement for such a helpervirus would be that it
can be selected against, for instance by means of
neutralizing antibodies which eliminate the helpervirus but
which do not react with the lentogenic virus.

Finally, one may construct a stably transfected cell line

20 that expresses one, two, or all of the three essential NDV
proteins, NP, P, and L. Such cell lines require the co-
expression of only a subset of the three essential proteins
or no co-expression at all for supporting generating
infectious copy virus.

25 In a preferred embodiment, the invention provides a
method wherein said cells used for transfecting are derived
of chicken primary or secondary cells or cell-lines. The
description provides for example CER or CEF cells, which, as
most in vitro cells in general, lack the appropriate

30 proteases which are required to cleave the Fo protein of NDV,
for example of strain LaSota. However, cells derived from for
example other birds can also be used.

. The invention further provides a method to generate
.infectious copy Newcastle Disease Virus comprising

35 transfecting cells with cloned full-length or genomic-length

CDNA of said virus as for example identified in figure 3 and



obt ained froma cDNA according-to the invention is al so provi ded.

In recent” years, a nunber of non-segnented negative- strand RNA viruses
has been f WO §9/¢464§ act eri sed and 20 fundanmental work on thePCEMNLIYBId6n and -
expression of their genones has cul maated in the ability to generate

i nfectious virus entirely by transfecting cells with cloned cDNA of
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Sendai virus 1995;

1995 Radecke, &t ve
Schnei der @?térlai189?1VE90$§BQ7§%&? ikﬁ i% p??ggogyesﬁigﬁPtgPCV|rus
(Collins etagity 6898pmbryonateddeggsstSaidusat&aiab fiod &ample, 1997), and

Conzel mannboRBrBIBHE AR VPEERd BPoEPet bl LRYANLoRTTE hE et P Jebris -
However, abr stpepvatanhfderived Evpp ealdseslhreultur%apable of growi ng

both in vivo as I \Y; o] 0
BCT/ NL99/ 00377 ro2! bx3mph8, VEheOakachPst Son descri%es XI%??éééegéor col I s
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. Such possi bi daes not ex or certain not nt ogeni c
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strain is filvddi wasdharvested, analyzed in a haemagglutlnatlon assay, -

and passaged further in eggs.

15 In addition, the invention provides a method further
'~ comprising passaging said infectious copy Newcastle Disease
Virus by harvesting allantoic fluid and re-inoculating
embryonated eggs. _
In a preferred embodiment of the invention, a method is
20 provided wherein said virus is a lentogenic virus, for
example derived from an avirulent field-case of NDV or from a
vaccine strain of NDV, such as the LaSota strain of NDV.
Furthermore, a method is provided to modify an avian-
paramyxovirus genome by means of genetic modification which
25 allows the introduction of one or more mutations, deletions,
and/or insertions or other modifications. For example, method
is provided to attenuate or modify the virulence of avian-
paramyxovirus by modifing cDNA, for example encoding a viral
protein, such as the V protein, and cloning said modified
30 cDNA into full-length'cDNA and generating infectious copy
virus from said full-length cDNA, thereby generating neQ NDV
strains or new attenuated live vaccines with improved
properties.
Apart from attenuation by modification of gene products
35 it is also possible to attenuate avian-paramyxovirus by
modification of nucleotide sequences which are involved in
transcription and/or replication. Such modifications result

A . .



ability to replicate in a w de range of ceII'sJI refl ected by t he fact

that virulent strains can easily replicate in vitro and in vivo,
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rounds of modlfﬁﬁkgrfmmreﬁoaﬁ@mdy@kwage gitd, afuerhereaved Fo
protein nventi on ovbﬁe%a? Ilélgrom ﬂfﬁ}_‘a‘%so‘l: 4 00 for this
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and furthes; SO0 I ¢i R8s | NEtB@did8ion is in general restricted to

15 reduction of virulence, however, it is now also possible to
use a relatively a-virulent strain of NDV and provide the
progeny of such a strain with increased virulence, for
example by providing it with an increased tendency to
replicate in a specified cell-type. It is now thus possible

20 to assign distinct virulence attributes to NDV.

The invention provides a method to antigenically modify
avian paramyxovirus such as a Newcastle Disease Virus,
 comprising modifying cDNA encoding at least a part of a viral
protein harbouring at least one immunodominant epitope,

25 further comprising cloning said cDNA into genomic length cDNA
of Newcastle disease virus and generating infectious copy
Newcastle Disease virus.

For example, the invention provides a method to
(further) modify NDV, for example using a method to produce

30 an infectious copy of NDV (vaccine) which has been provided,
a method to produce a recombinant marker NDV vaccine is
provided, a marker vaccine that contains the fullest possible
or needed immunological spectrum of antigenically relevant
NDV epitopes, and yet is serologically distinct from wild-

35 type NDV because a distinct, serologically relevant epitope
or marker has been removed by recombinant techniques. The
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16 said cells in growth nmedium conprising proteolytic activity
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application of such marker vaccines will lead to the complete
eradication of NDV by a process of intensive screening and

'20 stamping out of infected flocks.

Furthermore, a method is provided to generate an
infectious copy NDV strain which expresses one or more
antigens from other pathogens and which can be used-to
vaccinate against multiple diseases. Such an infectious copy

25 NDV virus for example comprises a heterologous cDNA encoding
a heterologous protein obtained from for example
Avian Influenza (AI) (Haemagglutinim (H5 and H7) and
Neuraminidase), Avian leukosis virus (ALV) (env protein
(gp85)), Chicken anemia virus (CAV) ( VP1+VP2), Marek's

30 disease virus (MDV) (glycoprotein B (gB), gH), Infectious
laringotracheitis virus (ILT) (gB, gH, gD), Infectious bursal
disease virus (IBDV) (VP2 and VP3), Turkey rhinotracheitis
virus (TRT) (fusion (F) protein), Avian paramyxovirus-2,-3,-6
(PMV) (F-protein, Haemagglutinin neuraminidase (HN), or

35 others, Infectious bronchitis virus (IBV) (peplomer protein,
nucleoprotein), Reoviruses (sigma protein}), Adenoviruses
Pneumoviruses, Salmonella enteritidis, Campylobacter



conpet ent

F1-F2 conmplex. Virions with such an activated F 35 protein are
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can bef<aip QU adiflistdréd by mass application methods such
as by drinking water or by spraying or aerosol formation. 4)
The natural route of infection of NDV is by the respiratory
and/or intestinal tract which are also the major natural
routes of infection of many other poultry pathogens. 5) NDV
can induce local immﬁnity despite the presence of circuiating
maternal antibody.

. It has been shown that NDV has potent antineoplastic, as
well as immune-stimulating properties (for a review see
Schirrmacher et al., 1998) [Schirrmacher, V., Ahlert, f.,
Steiner, H.-H., Herold-Mende, C., Gerhards, R. and'Hagmﬁller
E. (1998) Immunization with virus-modified tumor cells.
Seminars in Oncoldgy 25: 677-696]. Although NDV does not seem
to be able to replicate productively in normal human cells, a,
selective NDV-mediated killing of human cancer cells was
noted. After local NDV therapy, viral oncolysis and complete
remissions of human tumor xenografts were observed in nude
mice. This has led to the use of NDV for tumor therapy.
However, a problem is that such application may be restricted
to local treatment. ,

NDV infection induces interferons, chemokines, and other
potentially important gene products, and introduces



25 In a preferred enbodi nent,. the invention provides a met hod
wherein said cells used for transfecting are derived of chicken primry
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appropriate 30 proteases which are required to ¢l eave the Fo protein of
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recovering i nf ectious Lru turi cel and inpcylating s -
mror s al Vb TONPOBPRLLERE (PR SEAPY 1 She evtppiant of tatedtedy o -
enpryonat egeE0gs. afoed inRbeulatiénrofxpapients wtﬂhpﬁT@EﬂDVhamveelfd or
freeze-thawed) cells. oOr _ S ede f sai d
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addition, &heras¥enths PhOE¥rdetion neéd@lit & uihhelie induction of a
"15 cytotoxic T-cell response which results in specific killing
of autologous tumor cells.

The invention provides that the repertoire and amount of
chemokines and immune stimulatory proteins induced by NDV
infection are modulated. The present invention provides a

20 method for generating recombinant NDV that has been modified
to incorporate and express (a) heterologous gene(s). Such
recombinant NDV may be used to modify the repertoire and
amount of immune-stimulatory proteins in infected cells. In
one embodiment, the invention provides a recombinant NDV that

25 incorporates and expresses genes encoding human interﬁerons,
chemokines or other immune stimulatory proteins. Said
recombinant NDV is used for the production of ATV-NDV which
is more potent than conventional ATV-NDV. For example:
cytokines IFN-a, -B, TNF-a, IL-1, IL-6; chemokines RANTES,

30 IP-10; other genes such as HSP, ACTH, endorphin, iNOS,
EPA/TIMP, NF«xB.) The pleiotropic immune-stimulatory
properties of NDV may also be used as an adjuvant for
vaccination of animals and humans against infectious
diseases. In one embodiment of the invention, foreign genes

35 encoding (a) relevant antigen(s) of (an) infectious agent (s)
are introduced in the NDV genome and the simultaneous
expression of the antigen(s) and the immune-stimulatory



conprising passaging said infectious copy Newcastle D sease Virus by
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19 in attpnoﬁééﬂsstralns which express wild type like F proteins whi ch
are cl eavabl e bghy LievLiLg @BEAl BsVhyCadfubaill ot HdEcinar fbnCEE! S and as

a result are noreé inmunogenic assical vaccine strarns. 5 __
In a prefe&ﬁé@aéﬁbéadnbﬁﬂ?nﬁhégﬁhvﬁﬁt%BﬁeﬁFbvpﬁeélﬁeases In one =

embodiment of the invention, heterologous or foreign genes

.

15 ‘encoding (a) relevant antigen(s} of (an) infectious agent (s)
are introduced in the NDV genome and the simultaneous
expression of the antigen(s) and the immune-stimulatory
proteins by infected cells may induce a potent immune
response against the infectious agent. In another embodiment

20 of the invention, the immune-stimulating properties of NDV
are further enhanced by using NDV recombinants that
simultaneaously express antigens and specific immune-
stimulatory proteins. In a preferred embodiment, the
invention is used to generate an AIDS (acquired immune-.

25 'def1c1ency syndrome) vaccine by using NDV recombinants that
express relevant antigens of human immune- deficiency virus
(HIV), either alone or in combination with immune-stimulatory ,
proteins.

Also, a method is provided to generate a conditional

30 lethal NDV deletion mutant which. can be used as self-
restricted non-transmissible (carrier)vaccine. An NDV
deletion mutant was generated which is unable to express the
matrix (M) protein which is involved in budding of NDV at the
inner cell membrane. The invention provides for example a

35 phenotypiéally complemented NDV strain that is unable to
express the M protein which is still able to infect cells and
spread by means of cell-to-cell transmission. However, the



met hod to attenuate or nodify the vi rul'ence of an avi an par amyxovi r us
such as a Newcastl e Di sease Virus, conprising nodi fyi ng a protease

cl eavage sMQ9MEM45% viral protein by modi fyi ng cDNA encBETAGIYMSE .

cl eavage site, further 10 conprising cP8ning said cDNA into genomic |ength
cDNA of e. wcas}t | e di.sease virus_and [al Infectious co
Newcast | e ‘%?rs%%% ’v’r”f%sls ﬁﬁbi e%?/a%%n%}f?a% :gnf' t:eé(%%pggo%eny OBrBPgase
cl éavage s¢cbxq>1anéﬂne:.£gocel—lbs prohis rrsbcbwsdewhalstPImnotym.sahky Virus.
Attenuatlon | r r [ n _
however, i%° élé% & ﬁb%sgé%%tf{)ﬁ%ﬁea&és égﬂlt&? f{l% %/##%I %%il strain
of NDV andr@sbmcleed hﬁaCCln9$ ogbhghoare u%mahl%ttr%rﬁ*pwa ingpetbed

vi rul egce, o Ifn?:[ronmeﬁt}‘a”ﬁﬁ@hba H&ﬂytﬂéﬂﬂniésﬂbié‘ PoéKé eashbihesdensy to
replicate 1n cell-t |l s now thus possi bl e to assign

di stinct VROSE e-h'éﬁoﬁﬁ?ﬂ- b%ﬂl\é%nF%gﬁlmf live vaccingfy i hv@nt |%1218bFBVYdes a

met hod to @ithOehtcabky Imebiyant advaniadge pof dey/Kbed rescsiséspsice., .
Newcast| e Di sease Virus, conprising nodi fying cDNA encoding at |east a
part of a SRT&YY- protein harbouring at | east one i nmunodonm nant ’
epi tope, 25 furhéeinvenpiosipyovides Wewcast O sense jéhons bEngth cDNA

f Ne |
of St.L.t?rgiﬁga&grﬂré&stﬁéﬁe&fneféf'%Qath;?}'g emlf}sﬁsﬁ@y%%s r 26 ple

Disease viT F| to
(further) ewattivanben iprepRryonatedi egos %tq‘m"‘?ﬂ)"’rﬁ% be, ghat is
i nfecti ousgeppyreqf £DEN iﬁﬂs@tﬂ@&sv@bﬁﬂ Visud st b e by a me€hs®t hod to
produce a recona Qaﬁy gﬁ er_NDV, vaccine is provi ded, a marker vaccige
t hat cont aPRSVtHEAt e ﬁ%gg?ﬁf% or needed i mmunol ogi cal spectrum of
anti geni cal | y rebevexéample, RNDW Egrpntpesde@mhqtethas bemo|mod LBl ed fhstinct
from 851 £ Pec AV, bec s efeficd | {¢fac ﬁ#}é@zéﬂ@i’é‘m epi tope’
er % Be&h Terove eco |nant te ues. e

or
: D:.sease Virus whlc is attenuated, modi ied in virulence,

antigenically modified, expressing a heterologous antigen or
are non-transmissible, or combinations thereof.
Herewith the invention provides NDV wvaccines,

20 characterised for example by carrying distinct wvirulence
attributes or distinct antigenic characterispics, be it for
marker vaccine purposes and/or for expressing heterologous
antigens derived from other pathogens, be it in transmissible
and/or non-transmissible form.

25 Such a vaccine can be a killed or a live vaccine.
Preferably, such a vaccine is a live vaccine, however; killed
vaccines as provided by the invention are beneficial under
those circumstances where a live vaccine is not or only
little applicable, for example because of trade restrictions

30 or other conditions set by disease controlling authorities.

The invention herewith also provides a diagnostic
method, and corresponding test kit, to detect antibodies
againsﬁ said serologically relevant immunodominant epitope or
marker, therewith providing methods and means to execute a

35 method for control and/or eradication of NDV and/or other
poultry diseases in poultry. The invention provides new and
effective vaccines which can be serologically discriminated
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20 o nvent i onﬁér ovides a nethod to nodify the antigenic nake-up of
avi an par am¥ such as NDV, thus al ng ng the gener RETDRIAP03ZT g a
| ive NDV mar ker vacci ne which can be erol ogi cal | y di stingui shed from

d t
Mvent o rel dasldiitabe W Moves, vansufedy RN e ere oy
has been noaililiesd NRV marmmqnnﬁﬁ.cmmmh@ fullest ghosailléiN
pr ot €i n- wi mrrﬁ%o%maeln%aé&lﬁn RO¢ tarpélg!{ﬁ %ﬁ{;}%ﬁé’ Mm an avi an-

10 paranyXOV|rus or exanpl e t protein
serves as &Pi&omesyi @nd Hetkare (ﬁeﬁcﬁég#ﬁ YdiﬂsStln‘:feoﬁ)‘SPﬂ\IDlﬁ-b@Tmet hus

obt ai nesl oum%yserpgqyﬁxg: i;%lng dié&i&éﬁ:&f HhethGd Hhd Ak HEY XOVi rus

to other cells tissues hese, d mar ker strains as
provi ded by the%%f IN¥RAREDh BETGAS & d‘éﬁ'é?%@ AT HEhIRG ch are an

i nval uabl eutnalcdzmmﬁmidﬂs)rcwadmmaaﬁfvm&natéﬂ)mIaﬁ|NDV fvéé@%{fé_
around t he r C N
mar ker vacca:é%ré)g(avn\inﬁu %J‘Gi{&-{%) & ‘ﬁéern:?'éi 3 é]ftemé aé}lﬁﬁlasdl c'%toﬁ tr{ea%f O%ﬂ/'biﬂg
process of tN@leeWW@IsmnﬁF%hdvm as ammmi}md afesagestiied | ocks.
Fur t hef §or § en ofairiRd NDV-RAERE IR dta-86d gt Ca;%s@l%é\'w

strai n which expresses one or nore ant i ogens and
whi ch can S8"Rd&y-sch as, gexumy é’lﬁj’glnﬁg%qui e d‘-llé-’éfﬁs)es‘-rosu@a

i nfecti ous ammlzand\naéuemﬂny iex yHilE SHPld 1ee drdfedicd @Fous CDNA

encodi ng het.er ol ot ei.n bt ai ned fr f.or _exanpl e Avian
I nfluenza ERFt b(’%‘ ﬁ d 37 %m migant, FEHEPRSPT Avi an =
| eukosi s vmaarke(mle@r(emeqom @aid wll(dgm)e) oxChinmogii faeenNDW buts rndtAVY) (

VP1+VPRZg ; ngv%c& edla'i%'i% VI b El)l#ln}ﬁ%%r otein B (gB), gH),

I nf ect1 ous | ar i ngot r achei t| gH, gD), Infectious
bur sal di sedde JRvERtIoBDPromite s, ad mebpd whereins BRid: pathibodies

are directed against the HN or F protein of NDV, for example
a hybrid protein as described in the experimental pért as
this description.The invention provides for example a

20 diagnostic method wherein said animal is selected from the
group composed of poultry, preferably of chickens.

The invention also provides a diagnostic kit for use in
a method to serologically distinguish between animals.

In one embodiment of the invention, a simple and rapid

25 haemagglutination-inhibition (HI) test is used to distinguish
between vaccinated animals and infected animals. Animals
vaccinated with a marker vaccine in which the complete
globular head of HN of NDV has been replaced with the
corresponding part of HN of another serotype will not induce

30 antibodies to HN of NDV and therefore will not inhibit
haemagglutination of erythocytes by NDV virions.

By using marker vaccine virions in the HI test,
antibodies against the hybrid HN protein is detected and may
used as a measure for the efficacy of vaccinatien. As an

35 alternative, an ELISA that detects antibodies against the F

protein of NDV is used to measure the efficacy of
vaccination.



virus (TRT) (fusion (F) protein), Avian paramyxovirus-2,-3,-6 (PW)
(F-protein, Haemaggl utinin neuramn nidase (HN), or 35 others, Infectious
bronchitis wgdsgsedsBY) (pepl oner protein, ‘nucl eopr ot ei n) PCTANDLW0ETeS
(sigma protein), Adenoviruses Pneuno®pr uses, Sal rmnel la enteritidis,
Campyl obact er WO 99/ 66045
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wat er 30 byCaBraYYRPLIFOURLY bl 0 eﬂar €T YRCTHERT ST IIRE Bt
infecti on ofhivedrise MM pheteinponby ooy whenamdfew epdtespes adf tHNcof WRDEHh

are al so the ma ng&gral routes of infection of many other poultry
pat hogens. h&P% an induce local imunity despite the presence of ———
circul ati ng © ‘Taeeinventhonpbgyfurther explaingd ndiheeypeximent®y has

potent antigeppl éfttﬁlsaaescr:r.ﬁ@i&n agid HeGner ShifAnQti g DivaeEisges (for a
revi ew see
15° thereto.

EXPERIMENTAL PART
20 MATERIALS AND METHODS

Standard cloning procedures were carried out according
to Sambrook et al. (1989) unless stated otherwise. All
constructions involving DNA fragments which were generéted'by

25 means of the polymerase chain reaction (PCR) were verified by
sequence analysis. In the primer sequences given below, the
underlined nucleotides correspond to NDV sequences and the
position within the NDV genome is indicated. The nucleotide
sequence of restriction sites which were used for cloning are

30 indicated in boldface.

Cells and viruses

CER cells (Smith et al., 1976) were grown in GMEM/EMEM
35 (1:1) containing 5% foetal calf serum and 2% of an antibiotic
mix that contained 1000 U/ml Penicillin, 1000 ug/ml
Streptamycin, 20 ug/ml Fungizone, 500 pg/ml Polymixin B, and



Schirrmacher et al., 1998) [Schirrmacher, V., Ahlert, T., 25 Steiner,

H -H , Herold-Mende, C, Cerhards, R and Hagnuller E. (1998)

| nruni zat i owowdsodsi r us- nodi fi ed tunmor cells. Sem nar s i RCUNLSY/08PT7 25:
677-696]. Al though NDV does not seem 42D be able to replicate
productively in normal human cells, a sel ective NDV-nedi ated killing of

human canceiocag)mlwHanadfiyciat eQT35f ted lsodMoshbVichertippl.vi aal7gnaHy,Si s

nd I di d
and oM 1 oga) GERh75k8N, 0 MU UTBpIMSROBGAGBolBke Rlsgved 11 nude
pr obl em i S Tachneliogieppl(cestnon Réy-83536st r p@pﬁa‘letarVocpmmsm I‘Qﬁ’lt
35 DkaefSBHHQW bﬁgb@%ﬁehﬂhefuﬁEﬁﬂg% %@Q”ﬁhﬁnQQ afRdbabhac “uf%6045

potenti al | gn roducts, and i ntroduces
PCT/ NL9® OOQM$ cells ( t:.n and Ordahl, 1991) werg,grown ﬁPeMéﬁaoﬁﬁShum

| mune- st i ”Hhﬁb%meai:aaeh&ws 1i0n%0 thyosee bhosphate TBrothoNa Ot FIds fREN
used for the produ§&| on of autol ogous turmor cell vaccines consisting of -

fresh operaglvén§ Prgfs™X- that have been infected with NDV. This type
of vaccine is 5 ND¥ btdaint GiaSgtas wasnobtedaeidnExrbNpVAFCCATETNDVVR - 699)

Sch he NPY- I db
éaﬁn;rr??;dﬁgglgﬁswkagﬁagrevents g?ﬁ |V|S|gﬁBngtga E@ﬁgreBEE?%%I a Fomsy
repl i catd onsohrked Wnthh@heyF@pB§§#F§ﬂ°Pnﬁ@étGéonlngc@fl§DNﬁ$t§he virus
i nocul ati ony, 9& Qg%ba@t i,uwfaeaﬁs %-e‘é %hhaslef ﬁnsqﬁecwﬁeécw ;ﬂi?%n

NDV- i nduced ¢ I'nes.  Some se

he X
recept or thEFlwaﬁY'ﬁPéFﬁﬁp flﬁgﬁpﬂé§§sfﬁsﬁpgan39 g?éﬁc?&@eGhﬁhtlgens S
in conpl ex %.E.-hsrmjaar titraltiedt of0CESt celllist yutenpkaxinl GMEM/EREMeqUl:@3 at —

the cell . 3¥LiaS08g EY $oUh" AdhiORLERY! b8 LAckBELREURLLONSY @
15 allantoic fluid, 30 mM MgCl,, 200 ug/ml DEAE-dextran (Sigma)
and 0.8% agar Nobel (Difco). Virus from the third round of

plagque purification (designated clone E13-1) was grown in
embryonated eggs and four days after inoculation the

20 allantoic fluid was harvested and stored in aliquots at -
70°C. The fowlpox recombinant virus fpEFLT7pol (Britton et
al., 1996; hereafter called FPV-T7), which expresses T7 RNA
polymerase, was a kind gift of Dr. Michael Skinner and was
grown on QT35 cells. '

25 | |
Isolation of viral RNA

All manipulations were carried out in RNase-free
glassware or plastics and all solutions were made up with
30 RNase-free water which was treated with 1% diethyl-
pyrocarbonate (DEPC) and sterilized by autoclaving.
Virus was pelleted from allantoic fluid by centrifugation at
21,000 rpm for 70 min in a Beckman SW40 rotor at 4°C. The
pellet was resuspended in homogenization buffer (50 mM Tris- .
35 HCl pH 7.5, 50 mM NaCl, 5 mM EDTA, 0.5% SDS) and treated with
Proteinase K (200 pug/ml) for 90 min at 37°C during constant
agitation. The lysate was extracted two times with an equal



15 cytotoxic T-cell response which results in specific killing of

aut ol ogous tunor cells. The invention provides that the repertoire
and anount WP 99/66045henoki nes and i nmune stinul atory pr ot ei nspamdusRdsRy. NDV
infection are nodul ated. The present invggtion pr ovides a 20 nethod for
generating reconbi nant NDV that has been nodified to incorporate and

express (A WOGIMEnGE/ERIbroBYER (1:1f OR"Y! DaRha NN LY, B yzed to
modi fy-the rntae{tOI e and |mmne stinu atory pro%el n&%in

infected ceéf ume f %6’8? 'Flﬁ% Yixaht R ‘ﬁl%vpmn-nltetedbl nant
"NDV that 25frémcehe iqicss Was&pbﬁSBlﬁé wml&ﬁl(?@ﬂlmgl he & BEmé pr%fr Mrons,

chenoki nes th or te reconbi nant NDV'
i s "used forl\?ﬁ%g p?e%d%n?u o# g”‘(f%ﬂ\‘?’ 66? ?é‘%?]e ptReRresipitate
convent Bona&asxml\l‘.ekcte‘@rb}excauptmfugatnynplwa:ﬁsed Fdhee withrios TNF- a,
IL-1, IL-6; 3 1Sy as_HSP, ACTH,
endorphi n,. ﬁ%{% %‘W@dl\ﬁg télzg ﬁ#el o ropl ¢ r§r%:'h QLS rﬁﬁ" at or
properties SHONBV may al so be used as an adj uvant for vacci nation o
“animal s and humans agai nst infectious di seases. In one enbodi nent of

t he i nvention forelzgan enes 35 encoding (a) relevant antigen(s) of (an)
infectiousgﬁﬁﬁﬁﬁgﬁ—-——ééﬁ%gg#ﬂ¥oduced in the NDV genome and the

si mul t aneous ~ expression of the antigen(s) and the imune-stimulatory
WD 99/ 66045 ; NL99/.00377

23 . proteins 1by e ce"fq)s Ry "}Hﬁﬁ?cé"l&hp&%yn{lﬁ RFimer day sonse
agai nst t heralamsedfbouie? adergnd |incuhatiest forhd® mem at 700fC.t FoumyaNtgoON,

the | mune-gs{ imIifsas M IS ndiVpr o BBV 5% L P41 Sa3 Foa by =
usi ng NDV recqﬁblnagts th? g S|nultanea£hsly éxpres&“g geﬁ 3ﬁﬁ specific
i mune- GibcoBRL/Life Technologies), 2 gl 0.1M DTT and 2 pl
15 10mM dNTP's (2.5 mM each) was added and the mixture was
- incubated for 2 min at 42°C. Reverse transcription was
performed in a final volume of 20 ul by the addition of 200
Units of reverse transcriptase (Superscript II; GibcoBRL/Life
Technologies) followed by incubation for 60 min at 42°C.

20
Polymerase Chain Reaction (PCR)

All PCR reactions which were used to determine the 3!

and 5' end of the NDV genome (see below) were carried oﬁt by

25 using Taqg DNA Polymerase (Perkin Elmer). For the cloning of
individual NDV genes or large subgenomic CcDNA's, either the’
proofreading DNA polymerase Pwo, or mixtures of Tag and Pwo °
(Expand High Fidelity Kit or Expand Long Template Kit) were
used according to the instructions of the supplier

30 (Boehringer Mannheim). All samples were incubated for 2 min
at 94°C before the start of the indicated number of PCR
cycles. After the indicated number of PCR cycles, the samples
were incubated at-the elongation temperature for at least 3x
the Quration of the elongation time of the PCR cycle. PCR

35 fragments were purified directly by using the High Pure PCR
Product Purification Kit (Boehringer Mannheim) or after



stinmulatory proteins. In a preferred enbodi nent, the i nvention is used

to generate an AIDS (acquired immune- defici ency syndrone) .vaccine by

usi ng NDV regmeéidant s t hat express rel evant anti gens .of PGRNGIP/00377 .

i mune-deficiency virus 10 (H V), eithe29alone or in conbination with

| mune-stinul atory pr ot ei ns. NDV are al so used as an adj uvant

for VaCCI nagaamscr geleledtmephonesisukayhsisdgd tdie iQifasotl hiexttiaetbas. | n

one g g%fn ) @’sée’i‘x‘(ﬁ@l‘l‘iﬁ’aé‘ﬁe%rdyl%'%yortﬂé)r&{%lﬂ{ﬁffs .
relev t

encodi ng (a antigen(s) n) i nfectious agent are
introduced in the NDV genome and the simultaneous expression of the
ant i gen(s) saftiellee iafiAINRsiy | mul at ory proteins by infected cells may

i nduce a potent 1 nmune response agai nst the infectious agent. In

anot her® enbodi nent 20 of the invention, the inmune-stinulati ng properties

of N:I)V arF st iwqtmms:emhﬂw dwen:gmﬂad ibyc argiirgardlse tHRISM Ready

SI mul t anea A at.o

rotei no.  RERCEISHERR HE WAty die SUHcing i PRl b
an Al DS (aEa}merréd mmon mxmmeﬁuﬁnw)swaMmmm@mpmmmwv
reconbi nanb% tl'i?abar au@amrﬁ%%trl@r@varot S iagenny opf, RuRR 'W@ef%&a ency

virus , e|tC§ .alone or .in _conbination wi't h i mmune- st ml
ol

prot ei ¥ m:Ln at 604 4900 Fhggmocy J&er ﬁ@%mw'orﬁle 30
| et hal NDVréalketion mmttames/\dwaﬁaa mdi@m&t@dams:ﬁ fethanol esiardlfé&%nce

Gener at o0 WAL 708 GHIATE Yo SERMARELcRiL 1 15yl mER RReRES dRe iy 15

i nvol ved i Blimeadi mgpdothelPedatforh@ min |a|un¢9|4°Celblefnmebban.ag Ilmadem/eﬂi Eey
provi des fﬂbp‘ﬂ%ﬁpllﬁ P,%’ie“ghg@gtﬂ,p kﬁtﬁ%”@'eﬁliﬁé?ﬁc NDV strain that is
e

unable to expr ess M protein IS st abl'e to infect cells an
spreadtdy neans of cell-to-cell transm ssion. However, the

The nucleotide sequences of the primers which were used to

sequence the complete genome of NDV strain LaSota were either

derived from published sequences or from sequences

established during this sequencing project. The primers are
20 shown in Table 1. '

Cloning and sequencing of the 3' and 5' termini of the genome
of NDV strain lLaSota

25 ‘The nucleotide sequence of the 3' and 5' termini_of the
NDV genome were determined by using RACE procedures (rapid
amplification of cDNA ends). NDV RNA was used in a reverse ,
transcription reaction in a final volume of 20 ul by using
primer p360 (5'-GGCGATGTAATCAGCCTAGTGCTT-3'; nt 14756-14779)

30 which was derived from the published sequence of the L-gene
of NDV (Yusoff et al., 1987). The single-stranded cDNA (2.5
ul of the RT mixture) was added to 8 pmol anchorprimer ALG3
(5'-CACGAATTCACTATCGATTCTGGATCCTTC-3') and ligated overnight
at room temperature in 20 ul of a reaction mixture containing

35 50 mM Tris-HC1, pH 8.0, 10 mM MgCl,, 10 pg/ml BSA, 25% PEG, 1
mM HCC, 20 uM ATP and 10 units of T4 RNA ligase (New England
Biolabs) as described by Tessier et al. (1986). One ul of the

e

i

d
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24 - mutant virus is unable to generate infectious progeny on non--
conpl enent imQ 98médds. Thi s shows that phenotypically C onEcIVRALORU3 XDV
del etion nutants can be used as safe sel §g restricted vacci nes which
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vacci neo pummamwmamrlmmmmmmgm@smd @W’IS deri ved
from ot her I |l e
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Pref er abl y ané, &ix PCFRAMZGIn&ere éqwc\%slc&%éeq%w&%r, hej puedeotideaccines_
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where a |ive vaccine s, nhot or anl ttlea for arrple

because of Fuqleqtids sgauence éf &hﬁe 'c GRS éaggfh‘ﬁ?e& YaL&vo

control$i ndndieidenderitesnethods. In Wedhiody dnt pmnmleer AlGBhwaksdipgatedies a

di agnosticype VelhRfl o Mhe Yik2aPRRA B WBIhgkirk rRIR Ye5EEL aatibodies
described by Schiitze et al. (1995). The reaction mixture
(final volume 10 pl) contained 2.5 ug NDV RNA, 100 pmol ALG3,
1 pl 10x T4 RNA ligase buffer (500mM Tris-HCl, pH 7.8, 100 mM

20 MgCl,, 100 mM DTT, 10 mM ATP), 1 ul DMSO, 1 pl 10 uM

hexamine-cobaltchloride, 1 pl RNasin (Promega) and 10 units
of T4 RNA ligase (New England Biolabs). The mixture was
incubated overnight at room temperature and 5 #l of the

ligation reaction was used as template in a reverse

25 transcription reaction by using ALG4 as primer. One ul of the
RT-reaction was used in a PCR reaction by using primers ALG4
and p376 (5'-GAGCCTTAAGGAGCTGCTCGTACTGATC- 3'; nt 13 7-164) - s
which was derived from the published sequence of the 3'end of
NDV (Ishida et al., 1986). The PCR conditions were as

30 described above for the 5' RACE. In method iI, the 3' and 5
ends of the viral NDV RNA were ligated to each other by using
T4 ﬁNA.ligase using the same conditions as described above
for method I. Five ¢l of the ligation mixture was used as
template in a reverse transcription reaction by using primer

35 p360. One pl of the RT-reaction was used in a PCR reaction by
using primers p375 and p376 and PCR conditions described
above for the 5' RACE. The PCR products were treated with



agai nst said serologically rel evant immunodom nant epitope or mar ker,
therewi th providing nethods and neans to execute a 35 nethod for control
and/ or er adwoeiéstdsof NDV and/ or ot her poul try di seases P@T/PLOIM03Y7.. The
i nvention provides new and ef fecti ve3¥acci nes” which can be

serol ogical ly discrimnated WO 99/ 66045 . .

PCT/ NL99/ 0§3enow DNA poiymer,ase I to creagce %Qun%§nds arﬁ 0%?‘?%? i r uses
and ol d-t ypReVASQcIdSs siBec bfnplasadd pEEM4Z (Rxinega)ND\Temrkulependents,
provi de the.fullest, i ey lcal r | t L geni y
rel evant N5‘?7°ges 3& %’Zns?leg:r?gdygt ar ecgsg%o og‘ﬂ cally f(?'ll'ps?‘ltenlce‘jét1 é%"r‘#ﬁéé&

wi | d-type tb HBYelrmiamepthienquadeshisle isaguanghed itherd hend 08 khes.

The invent lbgﬂoﬂlreo\éifd%ﬁ)\ﬁ SN rfdfiotd Stingui shing - unvacci nated ani mal s

or ani nal s®vaccinated with a NDV vacci ne " according to the invention
fromanimals infected with wld- type NDV or vaccinated with an

unnodi f i ed cEReIeR/LG i o0 it MDYt ne strain conprising taking

a | east one sanpl e (such as serum blood, eggs or eye fluid) fromsaid.
animal and determniing in said sanple the presence of ant i bodi es

di rect ed agai nsia dow-oopyedomibeantt Episapption vegtnk Was qomsstseaicted sai d

MventT8n, By UATRY il ceiad byl dhd A A a8 AT bodi es
are direct basdigainepd igen .HRP1ast ) ROk, 5 wits (digestad MidipIRVull andythe d
protein as Dﬁﬁsggia?%deﬁ ddift M8 FHYE Aeplaldation orildiins LHRF NPT i On. The
i nvention provides for exanple a 20 di agnost.i ¢ tbfd. m&z‘[}gl ) said ani nal —
i s sel ect edanAgHiifs resisARGS &ﬁ?ﬁoé’?(fg&fs"&(iﬂetrg'y, ?ﬁ‘use RAGeRy) RN S
The i nvent 1Qjyatlesd oy G B4V I IA@RISIT Exdigmelmy (the Af1IT satreetwansl toO
serol O.Tc.lé Calthlied Ibitdnr?:glﬂys rﬁ&%&%@n@% WAS plymerase I) from

transcription vector 2.0 (a generous gift of Dr. Andrew Ball;
Pattnaik et al., 1992). From the resulting plasmid an Xbal-
Nhel fragment was deleted to eliminate as much unique
restriction sites as possible. The resulting plasmid was

20 designated pOLTVS (Fig. 1). Trahscription'vector pPOLTVS
contains the T7 DNA dependent RNA polymerase promoter
followed by unique Stul and Smal restriction sites, the
autocatalytic ribozyme from hepatitis delta virus (HDV) and
the transcription termination signal from bacteriophagé T7 .-

25 DNA fragments cloned between the Stul and Smal restriction
sites can be transcribed either in vitro or in_vivo by using
T7 RNA polymerase. After transcription, the 5' end of the
resulting transcripts contains two G residues encoded by the ’
plasmid. Due to the autocatalytic action of the HDV ribozyme,

30 the 3' end of the transcripts corresponds to the exact
terminal nucleotide of the cloned DNA fragment (Pattnaik et

al.; 1992).



I n one enbodi nent of the invention, a S|nple and rapid 25
haenagglutlnatlon inhibition (H) test is used to distinguish - between
vacci nat ed vemprgdoss and i nfected ani mals. Animals vacci nalcgaiwolobs7a

mar ker vaccine in which the conplete 3yl obul ar head of HN of NDV has
been replaced with the correspondi ng part of HN of another serotype

wi |-l not induce 30 antibodies.to HN of NDV and therefore will not inhibit
haemaggl uti nati on of* erythocytes by NDV virions. By using marker’
vacci ne viconssruotiba bff nome aplabmfides agai nst the hybrid HN
protein is detected and may used as a neasure for the efficacy of
vacci nation. As an 35 alternative, an ELISA that detects antibodi es agai nst
the F protein of NDV is used to neasure the efficacy of

vacci ngion. 9

PCT/ NL39/ 00377 In ordervgb kahdfe the requlremenE% for rep11c351oP Fﬂ&n
the H testraRsCriPGACRaALHNDYs eﬁl{lbgenomﬁeple@ﬁmhésmerﬁr genatyucted

?ntl bodi elswﬁﬂéhnééntﬁllﬁédl\ﬂie Fheand santégRiniD BEgUSRE bR RPYh a test'is
or exanp

hat is .expressed.b I nant DNA technlques -
o o n R Rt B TrReTEPAnIRRE oF B R eP 1% R EL R sepes (Rag-al'so be
used In tm)s DKAefnagmentancerrequndnngonalthmtlbodméssagaeﬂminamnserved
epi t o e r etin
antlbo es E b Sﬁ?%ggn?e?% %gﬁgg g?q@%1vaCCI gfedagﬁ?ﬁaﬁganhgwﬁLISA
tests 10 E@h Eﬂ%ﬁm%ﬁg%ﬁsﬂ§°b§Yh§%d 15 see %%f%%&cva%Qlﬁ%00®ht50ﬂ€,aand
chineric H\ ps&tead ppby) Oandhesing f gﬁﬁ@id@pﬁnﬁlﬁﬂl o

repl aced. The invention. is t her eﬁplalned I n %Eg experlnental“““
RACE fragments as templates see
. The 3* region (nt 1-119) was generated by using primers 3UIT
15 (5" -ACCAAACAGAGAATCCGTGAGTTACGA-3', nt 1-27) and SEAP3 (5'-

ATCGATACTGGTCAGCATGCTIGGCAGAAGGCTTTCTCG-3', nt 102-119). The

5' region (nt 14973-15186) was generated by using primers
SEAPS (5'-GCATGCTGACCAGTATCGATATTACAGTAACTGTGACT-3', nt

14973-14990) and SNDV (5'-ACCAARCAAAGATTTGGTGAATGACGA-3', nt
20 15158-15186). The two DNA fragments were joined in an overlap

PCR (the overlap is shown in italics in the primer sequences ’
shown above) by using primers 3UIT and 5NDV. The resulting
DNA fragment, which is a fusion of the 3! and 5' end of NDV
separated by 20 nucleotides, was phosphorylated by treatment

25 with T4 polynucleotide kinase and cloned in both orientations
in transcription plasmid pOLTVS (Fig. 1)} which was cleaved
with Stul and Smal and dephosphorylated with calf intestinal
phosphatase (Boehringer Mannheim). Finally, the SEAP-gene
(encoding secreted alkaline phosphatase) was recovered from

30 plasmid pSEAP-Basic (Clontech) by digestion with SphI and
Clal, and cloned between the SphI and Clal sites between the
3' and 5' ends of NDV. The result1ng plasmids were designated
POLTV535 and pOLTV553, respectively. In vivo or in vitro
transcription using T7 RNA polymerase of plasmid pOLTVS35

35 gives rise to antigenomic RNA ([+]-RNA), whereas



part of this description without Iimting the invention 15 thereto.

EXPERI MENTAL PART 20 MATERI ALS AND METHODS - Standard cl oni ng
procedur es WOO&66M45ri ed out according to Sanbrook et al .PCIVSB®)Y00STH €SS
stated otherw se. All constructions izavol ving DNA fragnents which were
generated by 25 neans of the polynerase chain reaction (PCR) were verified
by . sequarats anptysons . of nplasmpdi pOLTESSBegiess0rvea b8l §éhokhi® RNA
underl i ned Q%&" | des correspond to NDV sequences and the . .position

w thin the 3@‘%)% is indicated. The nucl eotide sequence of’
restricti orPkasesdstpRETVe3 ENAdstd fNE ahdnpOLTUS®3B0 tondiNBawegei n

bol df ace. I Vi ) _ ER ge Smth et al.,

1976) mre%?%%a%a,é%émgﬁs fi}i)c%%%%%'f‘%l ng O/é) #?)%%8‘%?@8??198&%%(1

2% of ah arftheiGlak-site hegatedtbebweennthe 1888Ptyehe PFendcthei B! 2Ad0of

[err]lg/mM  Npv St rSOLPY S Nand OpbBTVEes M rEXPEEELRE1y O P8ebeFE L/

Pol ym xin B,. and POLTPSS and POBTYSSS T respates y>Rebkig?’ 3) . mhe

PCT/ NL99/ odgktgonucleotides used were: NO, 5'-CGCGAGCTCG-3'; N1, 5'- ~.
CGCGAGSCTCG-3'; N2, 5'-CGCGAGCGCTCG-3'; N3, 5'-CGCGAGCWGCTCG -
3'; N4, 5'—CGCGAGCATGCTCG-3'; N5, 5'-CGCGAGCASTGCTCG-3' (W =

10 Aor T; S =Cor G).

Modification of the T7 promoter in plasmids pOLTV535 and

pOLTVS553 T

15 : To generate in vitro or in vivo transcripté containing
the authentic 5' and 3' terminal ends of NDV, the T7 promoter
in plasmids pOLTV535 and pOLTV553 was modified such that
transcription would start at the first nucleotide of the 3'
or 5' terminal end of NDV. .

20 Primers were designed which contained, 1) a BglI-restriction
site, 2) the sequence of the T7 promoter (shown in italics)
which was modified such that the two G residues at the end of
the T7 promoter were replaced by an A residue, and 3) the 3!

25 (nt 1-21) or 5' end. (nt 15164-15186) of NDV. Primers BGL3F2
(5'-GATATGGCCATTCAGGCTTAATACGACTCACTATAACCAAACAGAGAATCCGTGAG-

3') and SEAP3 (see above) were used to generate a DNA J

fragment containing the modified T7 promoter and the entire
3' end of NDV up to the start of the SEAP gene in pOLTV53S5.

30 Similarly, a DNA fragment was geénerated that containing the
modified T7 promoter and the entire 5' end of NDV up to the
end of the SEAP gene in pOLTV553 by using primers BGLSF2 (5'-
GATATGGCCATTCAGGCTTAATACGACTCACTATAACCAAACAAAGATTTGGTGAATG-
3') and SEAPS. The resulting fragments were digested with

35 BglI and SphI (3' end) or BglI and Clal (5' end),
respectively, and used to replace the Bgll-Sphl fragment in



27 10 ng/ M Kananycin. QI35 cells (Mscovici et al., 1977; Cho,

1982) were grown in medi um supplied by G bcoBRL/Life Technol ogi es
(cat.no. 04WwoOdgedss proprietary conposition of Fort DodgerTaipphoesrent ed
with 5% FCS and 2% antibiotic mx. 5 Qvgells (Antin and Ordahl, 1991)
were grown in ML99. nedi um suppl emented with 10 % tryptose phosphate
broth, 10% p6Eresds, or2¥henBglileCilalnfragment in pDYVSEREai THeaSota was

bt ai ned f A c:c VR- 69 two t

enbr yonat edZEBHLETa SHASHH Ao "eEP. PP RACHALR Y ROLAGIGE: B3 BOLINTEA oni ng

of CDNA, theenpecslvelyvxai’halsaq.ds p@LWﬂéaNByankir Qemwamwmhemeaque .
ificat en

Phet  °ui r BeBlraced HyTipke FRTE) Bomblehient sy, ot gbipubl gt fae

cont ai nifg 5%’1‘-6@@%%‘3‘31’%’@@ zb/a-aﬁt ps' a‘t)u dnnthe Salssikel tcadl ui d,

30 mM MyCl [BEE e%oQﬂee@EiA@/-?en@Eéﬁdthbr 8N eRAIE®) NDV iANHoRTY 30, nd\bbe'

(Difeo). rus fromthe thir nd of : pl ague purifi.Cation
(de5|gnatedP@P@W@sélsrfFRﬁﬁ§ﬁX enbryonated eggs and four days *
after inoculation the 20 aIIant0|c fI uid was harvested and stored in

aliquots at - _10L.err] G _ gx rgg EE B_$nt virus fpEFLT7pol
(Brittoh et Const 93g .? '3 2 3 7), which expresses T7 RNA
pol ynerease, was a kind gift of Dr. Mchael Skinner and was . grown on

Qr35 cells. 25 ]_al |da?cQBe6fSE¥&br athNénstFug.tthsbﬁhogﬁﬂgpgh[asm%'}s Ver e

carried out in | asswar e or I ons were

made up wit F183 m&%nft—r e‘@l\ﬁ&t‘ &l tRnWas %é@et pPeunEq by #Eing, Hlenpw DNA
pyrocarbonab@lyaﬁEﬁbeaﬂﬁ Yomtialindiag bheastaplgehedfrom pYEéMid“@%Eﬂ@l|eted“

fron1a||ant%|%lLL%Hq ﬂ%ec%st5 E%%atlgﬂeakhoI and Smal sites of the
15 eukaryotic expression vector pCIneo (Promega). The latter
plasmid contains the human cytomegalovirus (hCMV) promoter in
addition to the bacteriophage T7 promoter. In order to

examine and quantitate SEAP expression by transcripts
generated from the T7 promoter only, another plasmid was

20 constructed which lacked the hCMV promoter. To this end thé
hCMV promoter was deleted from pCInec by partial digestion
with HindIII followed by complete digestion with BglII. The
DNA fragment (nt 756-5469 according to numbering of Clontech)
from which the hCMV promoter was deleted was isolated,

25 treated with T4 DNA polymerxase to generate blunt ends and
recircularized by using T4 DNA ligase. The resulting plasmid
was designated pCIneoD. Finally, the SEAP gene was recovered ,
from pSEAP-Bacis as an Mlul-Accl fragment and cloned in
pCIneoD between the MluIl and Clal sites. The resulting

30 plasmid was designated pCIneoD SEAP.

Transfections

Cells were seeded in 24-well culture dishes, grown
35 overnlght to 60-80% confluency, and infected at a m.o.i. of 1
with FPV-T7 for 1h at 37°C. The cells were transfected with
0,5 pug minigenome plasmid DNA by using 3 pul of LipofectAMINE



21,000 rpmfor 70 min in a Beckman SWO rotor -at 4[err]C. The pel | et
was resuspended i n honpgeni zati on buffer (50 mM Tris- 35 HCqupH 7. 5 50 nivi

- Nad, 5 mVWEPPA66MIS 504 SDS) and treat ed \g/l Prot ei nase
[err] g/m) for 90 min at 37[err]C during éonstant agitation. The
L@?hﬁgwé raCtﬁ\&jeutt V\%stslen%ia\fl h a3" d%%gﬁjlbed by nge s\G‘Bp%\}(ﬁ%‘ngo f

phenol / chl o(rcithdBRﬂ/ﬂif@I-'l'écMmalmlgm)e vaftennincubationl foul 4he of

chl orof orm [ d ol t p y -
Che nadr 1 ol 1) OE Y8R foRsl SLifF ke 3H75é3ﬂ§%d@§mgu9 2eDBEEReR v
et hanol . Thafieatediwitke NBV Mt%}élY&%W%ylé%HF?f%atl%GO@vasﬂéé dace

wi th 70f,/c per %@ge)'fofefﬂswngeﬂ .bNiveber, sar@rslc@f@dm{!nfétﬁéat STﬁte

-70[err verse trans

was ni xed #narwhgm ana%fa?)P?-ﬁ%?eéng%‘li repgﬁ?%‘ﬁreb%fl“ﬁ ‘f%r??‘f‘l"\ﬁﬁ |WE EJHE"Lg)
for 10 mn #iq AferedLls Foete [ furthesl incubste®labudTeC. (250nM Tris- HCh, pH

8.3, 375 mM KC1, | o

[err]l oO. 1@%’1"%@"?‘?@??'}"%’1% ‘iﬁmd'%%é g% iﬁ%/l eac%lfmﬁ'gig'd}dsd and

"the mxt uraii/:mes and hinbeceed feitlk FPW-AT7 a&[@e$¢nb$év@b@wet rghecceplison

was rforrre | f 0 ?ggﬁl | f 20

Units EJP re“{/e g? r%%%%%lfp aseo%g%egs%%‘gé%{ii%@% % 1a°Bng, 6%

- Technol ogi g&g p@:mm b9 - 2 kG RETREOP AN oon%r#supqlzte%%}@ 9y pCIneo

Pol yner ase {haidy ReacitRer (PGR of LipofectAMINE or 9 ul of FuGene's
(Bbéhringer Mannheim). In order to generate infectious virus, <“==
the minigenome plasmid was replaced by a transcription

15 plasmid that contained the full-length NDV cDNA.

Quantitation of SEAP activity

The amount of SEAP which was secreted into the medium of
20 transfected cells was measured in disposable 96-well plates
by using the Phospha-Light " Chemiluminescent Reporter Assay
for Secreted Alkaline Phosphatasé kit essentially as -
described by the supplier (Tropix). Chemi luminescense was
quantitated by using a liquid scintillation counter (Wallac
25 1450 microbeta PLUS) .

Cloning and segquencing of cDNA's spanning the entire genome
of NDV strain LaSota.

30 To clone and sequence the entire genome of NDV strain
LaSota, large subgenomic cDNA clones were generated by means
of RT-PCR and cloned in pGEM-T. First strand cDNA synthesis
was pefformed by using primer 3UIT as described above, and 1
pl of the RTreaction was used in a PCR reaction by using the

35 Expand Long Template PCR kit (Boehringer Mannheim). The PCR
consisted of 5 cycles of 10 sec at 94°C, 30 sec at 58°C, and
6 min at 68°C, followed by 10 cycles of 10 sec at 94°C, 30



Al I PCR reactions which were used to determ ne the 3 and 5' end of the
NDV genone (see below) were carried out by 25 using Tag DNA Pol yner ase
(Perkin El n¥@)9%/6604F t he cl oni ng of i 2% vi dual NDV genes ROT/NES99O377 .
subgenom ¢ cDNA's, either the pr oof r eadi ng DNA pol ynerase Pwo, or

m xtuces of _Taq_an ngd, H.ghFi del | if,or and .Long .,
Tenpl ate Kif§CwR egBEEPu%%%'égégﬁdg%gb?octhgsiﬁé¥?€b%P8n§E§ggﬁ 00y f3Meer
30 (Boehriagessttnwasi pcrehasedahyl 28 secepencopaled The PCRi fragmedits
94[-err] C.bef a L di d o] . l es. After
t he i ndi ca{evé%ﬁu%g‘grrlé%f ilécg; %%g?egp ?ﬁgﬁgaﬁggggéﬁm img%%ﬂgugég ed at the
el ongat i on eeagetially agrdefrikedibyxthe supplieraf PEAmegal heLébatdani on
time of gt henPeRi£¥6! Rer€RraBfothadnents pRES1pUsStEaed dbrAckky by using

. the H gh Pure PCR Product , P rifigatlon KL L (Boehrlnger Mannheim) or -
after (Stratagene) goH¥g independent RT-PCR reactions (A and B) were

PCT/ NL99/ 00gd¥formed and each yielded a similar sef9%f cDNAU8L8HEs. The
gel el ectrophoresi s. usin e @ I IO it i agen) oS
essentialIynggfﬁ%€%$¥b%ﬁ&%gn%%eogtggéi%?@égﬁgﬁié g%%ﬁeﬁt%nﬁég#?gis 5 - .
Al | sequencdsteeminedt ey mising biDVisspgeifitc PRrBheRealfable ReaahdobyDye '
Deoxy g | £n0RYOPEL NindL b PoRkEr FBLY Lon m xtures
(5'[er}%I) ﬁgéﬁégﬁ%gected- o 25 gycles of I?%%gé a%%?i$?2g§%on (10 sec
at 94[ err] @ucleekide seAwense oLnkhe Acandi B series «oF |cdonesa GeneAnp2400
t hernocycl eremSihEsguanibiquities were resolvgd by sequencing relevant
regions of a third independent series of cDNA's (C series). =
The nucleotide sequence of NDV strain LaSota is shown in

15 ' Fig.3.

Construction of a full length genomic cDNA clone of NDV.

The full-length NDV cDNA was assembled in transcription

20 plasmid pOLTV5 by using pOLTV535 as the starting plasmid. fhe
DNA fragments were joined at overlaps by using common
restriction enzymes as detailed in Fig. 4B. In a series of
cloning steps, a plasmid (designated p535-DI) was constructed
containing nucleotides 1-3521 and 12355-15186 separated by -a

25 ClalI-site that was generated by joining the ClaI-sites at
position 3521 and 12355. In another series of clonin§ steps,
a plasmid (designated pGEM-B) was constructed which contained
part of the NDV genome including nucleotides 3521-12355
(ClalI-fragment). To facilitate cloning, the latter ClaI-

30 fragment was tagged with the chléramphenicol resistance (Cm)
gene from plasmid pACYC184 (Chang and Cohen, 1978). To this
end the Cm-gene was recovered from pACYClB4 by means of PCR
by using primers CAT-F (5' ' _
GCGTACGTCTAGACTGGTGTCCCTGTTGATACCGG-3') and CAT-R (5°'-

35 GCTCTAGACGTACGACCCTGCCCTGAACCGACG-3'). The PCR was carried
out with Pwo DNA polymerase and consisted of 30 cycles of 30
sec at 94°C, 45 sec at 60°C, and 60 sec at 72°C. The
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DNA fragments containing ‘each of the NDV LaSota genes

were generated by means of RT-PCR and cloned in pCIneo.

After cloning, all fragments were sequenced by using primers

flanking the inserts and by gene-specific primers.
NP-gene: Primer 386 (5'-GAGQAATCGAAGTCGTACGGGTAGAAGGTG—3', nt
40-69) was used for reverse transcription. Primers 365 (5'-

GTGTGAATTCCGAGTGCGAGCCCGAAG-3'; nt 77-94) and 892 (5'-
TTGCATGCCTGCAGGTCAGTACCCCCAGTC-3'; nt 1577-1593) were used

for PCR by using Pwo DNA polymerase. The following PCR

profile (30 cyles) was used; 30 sec at 95°C, 40 sec at 65°C,

and 45 sec at 72°C. The resulting DNA fragment was digeéted

with EcoRI and cloned in pCInec between the EcoRI and Smal

sites. Expression of NP was verified in an immunoperoxidase

monolayer assay (IPMA) as described by Peeters et al (1992)
1983).

by using monoclonal antibody 38 (Russell et al.,

P-gene: Primer pri (5'-CAAAGAATTCAGAAAAAAGTACGGGTAGAA-3'; nt

1794-1814) was used for reverse transcription. Primers pRT1
and p2 (5'-GCAGTCTAGATTAGCCATTCACTGCAAGGCGC-3'; nt 3053-3071)
were_used-for PCR by using Pwo DNA polymerase. The following
PCR profile (30 cyles) was used; 30 sec at 95 °C, 40 sec at
65°C, and 60 sec at 72°C. The resulting DNA fragment was
digested with EcoRI and Xbal and cloned in pCIneo between the
EcoRI and Xbal sites. Expression of P was verlfled in an IPMA
1983).

by using monoclonal antlbody 688 (Russell et al.



30 ligation reaction was used as terrpl ate in a PCR reaction by
using prinmers p375 (5, - CAATGAATTCAAAGGATATTACAGTAACT- 3" ; nt '
14964- 14983Y048Ha6045 4 (5' - GAAGGATCCAGAATCGATAG 3') . The HGIVNE99/0p377 e r
is conplenentary to anchorprinmer ALG. T PCR 5 conditions (40 cycles)

were as follows: 1 mn at 94[err]C, 1 mn at 55[err]C, and 2 mn at
72[err] C. MhgeRER Brauert 3URET d 5)oACCAAACAGAGAATCECRGAGTIACEAAC;omt 1~
pBluescripsy) - ok (Lehl heraratdree tidngeaipeiSA93hoifelsr RAVEWL! L, 1 he
purified PCRE ucts were treated with” Kl enow ererase I to
O eat o' bl (FECTECTBAGBCAGECECCRANTIRERCAA Ay | b8 P26Br 33688 SEVAN
(Pronega) . (FhirteetctrdeRCAGeTTATTPeeTAARNGERITCES G hBt bBsBSK389) SX

pGEMAZ)_ - wer uen o deter he _nuc quence of e 5
end of %t he ﬁ%ao ?’ 8RlDi? sPFéPﬁnkggo}%Pang Lh#? gﬁﬁ@ﬂ'éﬁi’ gétsea?}@né’émof t he
3' end wascdnsésnededfb;wt wyclBs olﬁdepeséenatrreshads:sol segeaBog8s5kC, Painter

~ALG3 I d 4_RNA,|
as Wagescr |% %Osgcﬁﬂ ?glg?wgﬁ b§1§§5§y¥q‘% %?énu g? i 8ngathlf‘|gﬁ‘aF
vol ume 10 {:eme]ay §§ﬂ€aWﬁ§dlzc§eF§¢ §oNDRORBRC pPeD pycleAl THe 1 [err]l

10x T4 %ma%egngufmr £BGRABM Twhs- Hebaral ifn #20DRA! 881y NICLES £L 100

ercl err
" hexanilif- cEFaRtE hg’aaPPEleeng ['e%?smswﬁti"%ﬁ%gainﬁnﬁlqﬂeﬁnitlsPCIneof T4
RNA | i gasebétieseinghansh8IokalsPmaTheitest urzxp@éss:.onlaﬁubﬁéeﬂ pyetaight

oL 1oom {SRgr LU GACLT L Ehinchy! Ueine abldgibah 'SHLOR, VEG, USe as

tenplate ifa I eve anscription

One [err] 1(Rissedl et &Y. ed883bn was used in a PCR reaction by using ==
primers Alffgene . 2pgiRe¥ 6309 LIRS ARS nt 137-164)
whi ch was der?r\llg r:cL)m t he published sequence(%%r thﬁgg%%e NDV

(1shi d& ettWSCE%B}°nThBrPW%O‘RV$F h2'were as 30 described above for
the 5' RAGECGHGECTREOSATTCTGENECENCRITES 3" ; n@mmgm i N RNA wer e

| igated to,gpc M%Jga sing the sanme conditions
as descri b& a%%%@&-@i—’%%#&ﬁ@ il et rit %J% ) iBRS JHFeR XERW e
was used @BCR bytesphatehe nExpand ditgh tPidekitpthion usagy ithe by usi ng
primer conditions described above for the M-gene. The resulting DNA

20 fragment was treated with T4 DNA polymerase to create blunt
ends, digested with Nhel, and cloned in pCIneo between the
NheIl and Smal sites. Expression of the F protein was verified
in an IPMA by using monoclonal antibody 8E12A8C3 (ID-DLO,
department of Avian Virology). ,

25 HN-gene: Primer 3UIT was used for reverse transcription.
Primers NDVSHN (5'-GTAGGCTAGCAAGAGAGGCCGCCCCTCAAT-3! ; nt
6335-6354) and NDV3HN (5'CGAGCCCGGGCCGGCATTCGGTTTCGATTCTTG-3 "
nt 8205-8227) were used for PCR by using the Expand High

.
’ k]

Fidelity kit using the conditions described above for the M-
30 gene. The resulting DNA fragment was treated with T4 DNA
polymerase to create blunt ends and after digestion with Xmarl
it was cloned in pCIneoc between the blunted (Klenow DNA
polymerase) Nhel site and the Xmal site. Expression of the HN
- protein was verified in an IPMA by using monoclonal antibody
35 86 (Russell et al., 1983).
L-gene: The L-gene was recovered from cDNA clone pGEM-L7a
- (Figure 4A) by digestion with SacII and Sall. Before



35 p360. One [err]l of the RT-reaction was used in a PCR reacti-on by

using primers p375 and p376 and PCR conditions described above for the
5' RACE. ThwoPome#soducts were treated W|th : WO 99PEEHDLE9/00377 .
PCT/ NL99/ 00377 31 Kl enow DNA

| [, t t [ t f
Dl aim . pCNEEAH ISR SR i %%ﬁ B At #HURE i¥hod | and 6

from net hod;ﬁéa)tmte wiErhieTe INA poltymetes e i Tiee t¥esulicimyt fosguentewas of

the 3 end Glrdie 5 SEHRIE Wleh LU AT At cnow GRASLEIGILENSE)

transcripti OW- COpY- NU on VEC
const r.uct edVHeX SJgteusamg thesFall poke. (Tlll%l $ b unicransta ¥egipnas t he

basi ¢ rgp e edil %%’P%{&ﬂ@& A e st el m&%ﬁméo&m $Hene 1

f ragnen Inin cation or|g|n and Kanapycin-re rstance

gene was | simitained iz Oy 1EEARS (ATH codons | wat el vighin E&%@?ﬁ??eAfl N
fragment (thamfddiresdt ee:!ﬁa&eéé.orﬂ&dﬁ theint, lbyowmg ThereofordA al yewr ase

) from trans tlon vecto ner.ous Andr ew BaII N
Pat t nai k etPlgsmi 9}% %e‘f ‘%?ﬁ%‘p‘f%%rﬁ %%Iwas MiRFELR -
f.ragment wamdlelretwiticlo tEHle rsem:ui &TOwds uehapgped to r ARR(S rb;ctmmnswﬁs as
possi b Ii;t% ﬁﬁ?‘! gj[?%t ™6 (Fig. 1).

Tr anscﬁ‘ﬁptl ec oééﬂ]%_%/sség df cont al nslgflfllh %@épée/ndent RNA

pol-yner ase WMMM ¥t r8332083%41 es,
the and 3LE(B) 5'-GTGAATCTAGAATGCCGGATCCGTA! TGC-3'; nt 8847-

8570) were used in a PCR reaction using plasmid pGEM-L7a =

(Fig."4) as a template. The PCR was carried out by using Pwo .

15 DNA polymerase and consisted of 30 cycles of 30 sec at 94°C,
45 sec at 60°C, and 60 sec at 72°C. The resulting DNA
fragment was digested with EcoRI and XbaIl and cloned in
pCIneoc between the EcoRI and Xbal sites, generating plasmid
pCIneoL(N) . Subsequently, the BsiWI-Sall fragment from pGEM-

20 L7a, which contains the remaining part of the L—gene'(nt
8852-15046), was cloned in pCIneolL(N) between the BsiWI and
Sall sites, generating plasmid pClIneoL({c). Since antibodies
against the L-protein are not available, expression of L
could not be checked by immunochemistry.

25

‘Introduction of a genetic tag in the F-gene.

To show unambiguously that infectious wvirus can be
generated from cloned full-length cDNA, a genetic tag was
30 introduced in the F gene by means of PCR mutagenesis. To this
end, the F-gene was cloned by uéing two overlappiné PCR
fraéments. The first PCR fragment was generated by using
priﬁers NDVSF (see above) and primer FS5R (5'-
AAAGCGCCGCTGTCTCCTCCCTCCAGATGTAGTCAC-3; nt 4859-4894) . The

35 residues shown in bold are changes which were introduced in
the primer in order to change the amino acid sequence of the



aut.ocatal ytic ribozyme from hepatitis delta virus (HDV) and t he
transcription termnation signal from bacteriophage T7. 25 DNA fragnents

cl oned bet We@P9/660¢5 St ul and Smal restriction sites can PreTNIIME37Y hed
either in vitro or in vivo by using 477 RNA pol ynerase. After
transcription, the 5 end of the resulting transcripts contains two G

‘resi dues @rakRelylic eleavage sshvel beiween Fhandtfr afndyt thancofonhef the .
HDV ri bozyiy isotdiestrammnd(GirodR }r@ﬁseéuméc@fre%@oaéﬁ éﬁswe exact

term nal nucl eotide of the clpne fra ment (Pattnaik ., 1992).
VWO 99/ 6604:51eavage site for virulent NDV ralns F()BB??The

32 . hﬁlﬂﬁid UBER Omﬁ!nmmlwogﬁx@iﬁéﬂcby using prlmei:é‘ psfeg SNE{)/
exam ne t o ;ra scriptikon o

m ni ge oneé%z{ - Gete CCAr r}"ne{]é'? 4911} hang
termnal rpgenes dcT@GTCGAW- fhet é2pkagsgspl! NDV

genes (Fi orre din o the 3° and 5 .term nal
r egi oﬁg‘%qu%\yﬁﬁer%eﬁéﬁfg?% '%gl é?'é %@W%&ﬁ@gwsmtm
.28| yner a;se:i(fi}s opprackes Iaf sE® saec%tie;gc'; :ﬂD sar &t 535)‘[@; rgd- 2ndin al%ACE
sec a
fragment s 'gzgicfeerrp@at es (see ab‘g&\’/ ;é c""‘EI‘)lf?egq‘if'[Hreg{ ea’gfiﬂgﬁsvx%g"wn .
gener 3Ped By it rinmtihe Ryimes sq@enEEAAMGIEAGMITECC GG H@nd’ |, nt
1-27) and sgR\BY (sing primers NDV5F and IV09 and by using the same PCR

conditions. The resulting fragment, which contains the entire
ORf of the F gene and which encodes a virulent consensus
cleavidge site, was digested with NheI and SalI and cloned in

15” pCIneo between the NheI and Sall sites, yielding pCIneoF™t.
The StuIl-NotI fragment (nt 4646-4952) from pCIneoF™ was used
to replace the corresponding fragment in plasmid p535-S which
had been constructed by inserting the ClaI-ScaIl {(nt 3521-
10311) from pGEM-B in p535-DI between the ClalI and Scal sites

20 (see Fig. 4C). The resulting plasmid was designated p535-
S[F™c]. A PCR fragment containing the Cm-resistance gene
from pACYC184 (see above) was cloned as an Xbal fragment into
the unique Xbal site (position 6172 in the NDV sequence) of
plasmid p535-S[F"™c], yielding plasmid p535-S[F*c]Cm.

25 Subsequently, the Cm-tagged Apal-Spel fragment (nt 2285-8094)
of this plasmid was used to replace the corresponding
fragment of the full-length cDNA clone pNDFL+. Finally, the .,
Cm-gene was removed from this plasmid by digestion with XbalI
followed by recircularization using T4 DNA ligase. The

30 resulting plasmid, which contains the genetically tagged
full-length NDV cDNA, was designated pNDFL+ [F*].



ATCGATACTGGTCAGCATGCTGGCAGAAGCCTTTCTCG 3 , nt 102-119). The 5' region

(nt 14973- 15186% was generated by using priners SEAPS (5' -
GCATGCTGACHHS TATTACAGTAACTGTGACT- 3', nt ~  14973- 14FTYNEMABRDY
(5' - ACCAAACAAAGATTTGGTGAATGACGA- 3', nt 20t 15158-15186). The two DNA

fragnents were joined in an overlap PCR (the overlap is shown in
Ftalics in the priner sequences shown above) by using priners 3U T and
5NDV. The resultlng DNA fragnent which is a fu3|on of the 3' and 5
end of NDW& abpg &d Sley : S3 8 eshdbatatexpresd r eat nent
25 with T%4 angaughegbvdgsé!%se and cloned in both orientations in
transcriptton prasma p Ig. 1) which was cl eaved with Stul and
Smal and dephosphorylated with calf intestinal phosphatase (Boehri nger
- Mannheig) . Finabligsmide §E$Be@mm cxn(ewqo@'cm plorthedIFkalddi®ieor™,

phosphat-ase vva rec ered m SEAP— Ba5| c ‘:%ﬁ ech) by

di gestion ﬁ% HF° dwere 5@3%§ﬁpt oﬁ?& E@Fﬁggnoﬁhé ¥ and d al -

sites betmeeansﬁermed &blﬂndlﬁesem&atobxﬁﬁﬁssThheses@kbt&gnplasn1ds weres |
desi gnat ed, ln_vitro

transori ptiaRivEahaTye AR By katdre ERRRERKE by, Lu taaTs MIzE 26 1o

antlgenon1eeﬁﬂhd(ﬁm]ﬁRﬂﬂ)Cuﬁﬁ@#@aglshes and woc p@sd49vernlght to give

PCT/ N'—g?/ 0Q3éénfiuency of 60 8()-: The cells were %%ansfec‘i:éan%'i:hptz' 8@ of
pl asm pO_TV553 gi, ves r| genom RNA) . Pl asm

pOLTV535NOPE oPL REME A DY 9 §2. {8 R/gr leo%L ﬁgﬁl&FeénﬁyOPﬁé-Meﬂ ng
sel f - conpl ggBehaty1dlyi gendelsmbéasbyntha shpplialk- SGibcbarayed feet ween the

SEAP- gene nd th nd n V535_an TV553 re pectlvely*"
(see Fig. goglegéllégﬁuclégg' h u%% SWer&s %ﬁgp 3'; NI,

5 - CEEEE@SGE@@-QereNEeeﬁedC@@GmQEEmTcﬁiBureNG;SBEBCEﬁEﬂEﬁMﬁﬁTCG
15 containing 500 ug/ml of G418 (Boehringer Mannheim)'. Every 3
days the medium was replaced by fresh medium containing
increasing (in steps of 100 ug/ml) amounts of G418 until a
concentration of 800 pug/ml was reached. Cells were kept in

medium containing 800 ug/ml G418 and three weeks after

2b transfection individual colonies were picked and transferred
to 96-well culture dishes. The cloned cell lines were
examined for the expression of the respective NDV gene by
using an IPMA as described above for transient expression
studies.

25 Cell lines that cohstitutively expressed NP, P, M or ¥ could
be identified and isolated. We were unable, however, to
generate cell lines that expressed the HN protein. Perhaps ’
constitutive expression of HN- is toxic to the cells.

30

Generation of stably transformed cell lines that express T7
RNA polymerase

The gene encoding T7 RNA polymerase was recovered from
35 plasmid pRT7NT (René van Gennip, ID-DLO, Department of
“Mammalian Virology) by digestion with EcoRI and SalI. The



3'; M, 5 -CCCGAGCATCCTCG 3'; N5, 5'-CCCGAGCASTCCTCG3' (W= 10 Aor T; S
= C or §. Modi fication of the T7 pronoter in plasnids pO.TV535 and
pCLTV553 WG 99/66045 TO generate in vitro -or in vivo transcrPETANLOY003AT Ni ng
the authentic 5 and 3' term nal ends ofa2\DV, the T7 pronoter in

pl asm ds pOLTV535 and pCOLTV553 was nodified such that transcription
woul d Starfe@ﬁlthﬁgffragmentleontdénsfthheTz RNA poidy@ierasengeae end of

NDV. 20 P ' B
Site, 2) t1CRteacRER AR i 60L 008" 81D BrohbeBy ToLhe) B Eadiinr
modi fi ed swas chanedhentmbaémiésPGGEGOQtb?ﬁﬁeéﬁdtbﬁ ECORFhén¢739ﬂanter

| 3 d (nt
mere repl ag ge y N%Qnéraﬁihgumasﬁgd bckﬁeoim BYashill pcZhkod’ lackad (n

- GATAT ecmmmm eédxmmmgﬁeﬂ@ﬂeee@&ﬁleaﬂse) with

SEAP3 (seeygbevedllBwedubgdphetgalecedeavagbNiith StadgmEillsagt dnniche the
nmodi fied T/ pronoter, and ' he .st

t he SEAP gﬁﬁéckﬁ ﬁ@é?vgéghhgégﬁé%aﬁpérP?ngefﬁﬁgf?ggngﬁglﬁggiagﬁé gﬁ@@ Fhat‘

cont ai ni ngpbyyheising TadbDNAedliFaspr oFbecbaandovhrusnseqguescesnwere NDV up'to

AT ATCoOCAT TR T RR A pER RS e bk R B aHouS Q%GLI-‘%%?@-EE%( P

SEAPS L0TheEobdawerBy T4 gRAL §°M@raﬁge§reatmp{lh 89 QBQPFaEﬂdbS}mr- (3'
end) or %hd@”gnﬁl%Ecﬁ5cu§3§izaton rengegbbutt¥ngaplasmed wasrepl ace the

Bgl 1 - Sph églggggeh pCIneo007. Expression of T7 RNA polymerase was

verified by co-tranfection of cells with pCIneo007 and

pPRhOX. The latter'plasid contains the E2 protein of

15 class{éal swine fever virus cloned behind a T7 promoter and
containing an internal ribosome entry site (René van Gennip,
personal communicatibn). Expression of E2 was determined in
an IPMA by using monoclonal antibody V4 (Wensvoort et al.,
1986) . Stably transformed CER cell lines expressing T7 RNA

20 polymerase were generated and isolated as described above
except that 10 cm culture dishes were used and the cells were
transfected with 5 ug of pCIneo007 DNA and 25 ul of
LipofectAmine. To examine individual cell lines for the
expression T7 RNA polymerase, they were transfected wiﬁh

25 plasmid pPRhO1 and -expression of E2 (which is dependent on T7
RNA polymerase) was determined in an IPMA by using monoclonal
antibody V4. Several cell lines which expressed T7 RNA
polymerase were identified. One cell line, designated CER-C9,
was used for subsequent experiments.

30

Cloning and expression of HN-genes and hybrid-HN genes

Primer 3UIT was used to synthesize single-stranded cDNA
of NDV and avian paramyxovirus serotype-2 and -4 (APMV2 and
35 APMV4) as decribed above. All subsequent PCR reactions were
performed by using 25 cyles of 15 sec at 94°C, 30 sec at 55°C
and 2 min at 72°C.
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34 pOLTV535, or the Bgll-Cal fragnent in pO.TV553. The resul ting
ptasm ds wewe wsseagnat ed pOLTV735 and pC]_TV753 respect i RETNLIWATI ds
pOLTV735N3 and pOLTV753N3 were gener gt,ed by i Nserti ng a

sel f-conpl ementary ol i gotucleotide 5 (5" - GOWCECTCG-3'; W= Aor 1)

in'the d ah, S| teené%c_%ﬁ%%mg lg{;%]y@ﬁrb;r hey, SEAR- §ERE @f‘%ﬁﬁ@z%?ﬁnd of NDV in
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nerase. | ccn arning. t ? ]g:f_ce from Jasm &&SEAP-

Kl enow-DNA™
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EXpresssoneﬁanéé @QOofFtneeum)geﬁheofanpnvz (Genmanh1dceésbabns t he

human cyt-onegal o )G\/kq ter n o] bact er hage
Tg prom%tern Vlé:ggoég hg ﬁﬁea‘lﬁadﬁﬂgnﬁggﬁéé %EA%’ %P'éggf%nl 5 . °
transcri pt 5APMV4 gnansrneedvé emb:hemé'anproﬁoﬁ’ék b}’il\jsllamop.hemepbaima was 20 .
construct ed Q

PESTAGHM RAGETAG -ﬁhjsaﬁ@dxﬁbé (5! o
pr onot er grgestion H| ndIII
f ol | owed b;Am@ﬂ:@G GGGEAACTR ACAY AGTRL) whueiNAww'agﬁ@mvedt from
756-5449 a délsé?uéﬂcQUHPeﬁhégl-n@f g:enascmm (éém&fﬂal &Bcésslbgw
pr onot er d ed was, i

th T4 merase to
gener at e blmﬁﬁb%ﬁd’%lﬁ%“ TP%&?%‘&%E?’??eBS%y %\nﬂﬁmﬁ ‘ﬁ\ﬁﬂ%&;é@@?e he

resul ting plabtheér dirveslgesigafiter pibobobingi hal b§EMihe, SkAPhgEBEREAS |
ot apd ARTL R < ERE, 1 PP ALl PR Lol
deS|gnated $Knﬂsotmﬁﬁm@esult1ng plasmids were de51gnated pCIneoHNz and
15 pCIneoHN4, respectively.
Hybrids between the HN-gene of NDV strain LaSota and the HN-
genes of APMV2 and -4 were constructed by means dﬁ overlap
PCR as follows. The N-terminal part (aa 1-141) of the HN-gene
of NDV strain LaSota was amplified with Pwo DNA polymerase by
20 using primers IVO1B (5'—QZAQGAATTCAAQAQAQQQQQQQQ;IQAAE-3'; nt
6325-6354) and IV10 (5'-AATGAGTICTTTGCCTATCCCCCC-3'; nt 6811-
6834) . The C-terminal part of the HN-gene of APMV2 (aa 142-
580) was amplified with Pwo DNA polymerase by using primers
IV11B (5'-GGGGGGATAGGCAAAGAACTCATTCAAGGAGATGCATCTGCAGGC-31)
25 and IV0S5. The resuiting PCR fragments were joined in an
overlap PCR (overlap shown in italics) by using primers IVO1R
and IV05 and by using the Expand High Fidelity enzyme mix.
The resulting PCR fragmént was digested (either directly or
after subcloning in pGEM-T) with EcoRI and Xmal and cloned in
30 pCIneo between the EcoRI and Xmal sites. The resulting
plasmid which contains a hybrid HN—gehe consisting of aa 1-
141 of NDV and aa 142-580 of APMV2 was designated
pCIneoHN1/2*'.
The C-terminal part of the HN-gene of APMV4 (aa 143- 569) was
35 amplified by using primers IV14B (5'-
GGGGGGATAGGCAAAGAACTCATTGTAGATGATCCATCTGCAGGCCTAAATTTCC-3 )



Transfections : Cells were seeded in 24-well culture dishes, grown
35 overnight to 60-80% confluency, and infected at a mo.i. of 1 " wWth

FPV-T7 for &bggkﬁoig[err] C. The cells were transfected with pcradLdobesr] g
m ni genome plasm d DNA by using 3 [err]l4#f Lipofect AM NE WO
99/ 66045 PCT/ NL99/ 00377

35 . andnept[iVNBm eBrs‘.smfmlgn;em's wass Jioiiiped wyitih&heyphitesminal part

(G bcoBRL/ L 8|f| g}.‘geﬁgg%ee”%%)t A C ﬁé RERANLI % ey o%rlafp FFR e 'ds%)na)/r

16H (QWb ¢ s were _either ected wWith N
(Dut'ch w rmmenssdﬁ@tl@ @nd 10808 Theo reEadibings PCRe Exggments yasin at a

m 0| . d o éfdef Tellt;He{F bt 1 or ;ﬁe{iﬁ@hﬂbﬂdﬁm sm# Ema}mndu%ht .
repl ace of conple i u e.cells were cubat e
at 37[€Pr] écoRI apsk "g'ﬁ"f%insm 3 &A\Aﬁ*ﬁ 13l ture
di shes a][\d ﬁn@(‘jxec‘stle:%sém téﬂhd:E‘ésTﬂtamgiqﬂmsnmﬂvﬂh@Iecoﬁtam |las HiyBox s rHN -
co-transfected wit g .
pCl neoNP, @29 &%sd%qée(ﬂj a%adr%qlﬁkeWp?{aeoa?% or éprI rFeglﬁNJ
usi ng eit hawass dearigated [HGiofeniyiv or 9 [err]l of FuGene"6 -
(Boehr | nger MN) +d oo %J.Ab AR AREHED Ubole Uhybrid e

ace

-m ni genome 5’Iasm sre atranscrlptlon 5 plasm'd that

cont ai hed M%MSH%WWWW ich congigted of &% &-%ém%éﬁ‘@.wi
aa 144-580 of APMV2, or aa 1-143 of NDV and aa 145-569 of

APMV4. For these constructions PCR fragments were obtained by
using the following pairs of primers; NDV aa 1-143, primer -
IVO1B--and IV13 (5'-ATCTACAATGAGTTCTTTGCCTATC-3'; nt 681l6-

15 6840) , APMV2 aa 144—58Q, primer IV14B (5'-
GGGGGGATAGGCAAAGAACTCATTGTAGATGATGCATCTGCAGGCCTAAATTTCC-3")
and iVOS- APMV4 aa 145-569, primer IV1iSB (5'-
GGGGGGATAGGCAAAGAACTCATTGTAGATCAAACAGCTGACTACACAGCAG 3') and

IV0o8. The PCR fragments were digested (elther directly or

20 after subcloning in pGEM-T) with EcoRI and Xmal and-cloned in
pCIneo between the EcoRI and Xmal sites. The resulting
plasmids were designated pCIneol/2'** and pCIneol/4’¢, '
respectively. To examine expression of the HN proteins,. CER
cells or QMS cells were infected with FPV-T7 for 1h at a -

25 m.o.i. of 1, transfected with plasmids pCIneoHN, pCInecHN2,
pCInecHN4, pCIneoHN1/2!, pClneoHN1/2’*’, pCIneoHN1/4'*’ and
pCInecHN1/4**, and 24h after transfection the monolayers were *
overlayed with a 1% suspension of chicken erythrocytes in PBS
for 45 mih at roomtemperature. Subsequently, the monolayers

30 were carefully washed three times with PBS and adhesion of
erythrocytes to transfected cells was examined
microscopically. To examine induction of cell fusion after
co-expression of the HN and F protein, CER cells or QM5 cells
were co-transfected with pCIneoF™ together with either

35 pCInec-HN1, pCnecHN2, pCIneoHN4, pCIneoHN1/2'!,



The amount of SEAP which was secreted into the nmediumof 20 transfected
cell's was neasured in disposable 96-well plates by using the

Phospha- Li gM© 99/6%0d5ri | unmi nescent Reporter Assay for Secr RCINEIMABTINE
Phosphat ase kit essentially as . descr4bed by the supplier (Tropix).
Chem | um nescense was uantltateﬁ by using a li |g scintillation
counter (\VefiaecHy1/425e EPSBHF&/ pPLUST pCInecEN B NG Aetequenci ng of

cDNA' s Spamﬂbaaai;h%ne o Q ¢3MRays, QheNa\én&uragdeid-aféQfea wasrﬁia with T0

clone and se uence t en NDV straln ot a,
subgenoni cPB 1& ﬁBPaFE& °%Htﬁ§ﬁ'§ (F%ihﬁ&ﬁpln

pGEM T. Fi&ﬁtwate&nd anNA exantiined mlcroswmplpaﬂﬂgrned by using priner 3UT
as descri bed above, and 1 [err]] of the RTreaction was used in a PCR
reacti oh by u3|ng t he 35 Expand Long Tenplate PCR kit (Boehrlnger

Mannhei n') Rof hvbridsHN ge¢nef - v g e ON ] :
at 58[err]C, and 6 mn at 68[err]C fol | owed by 10 cycl es of 10 sec at
94[err] C, 30 WD 99/ 66045 .
PCT/ NL99/ 00377 A synthetig: lipker.| designated FNaR2, 68’F§r Apeertgdnhi ch the

el ongati onpktWBen that n@&&erahhcspe& ls&EéQa&Edp@EMZQ' 12¢oRRy aQYQJPﬁusEB@ PCR
fragnments Yerg cl gned .in pgﬁgE 8 b& b@ggé&&%&%ﬁgﬁgnln% _
essent*%]l? igoguclepkidsy &u §| %5 it Ped wer e
t r anf or mredahdt ENE2b0! (5 ' SOTAGTARCREGITAACTCTAGAATATGC-31) . A synthetic -
linker, designated HN14, was inserted between the NotI and
Spel sites of pGEM-T by using oligonucleotides HN14a (5'- =
GGCCGCATATTCTAGAGTTAACGA-3') and HN1l4b (5'-
15 CTAGTCGTTAACTCTAGAATATGC-3'). The resulting plasmids were
designated pGEM-HN12 and pGEM-HN14, respectively. These
plamids were digested with NotI and XbaIl and used to clone
the NotI-Spel fragment (nt 3390-7488) from plasmid p535-
S[F**c}Cm. The resulting plasmids were designated pGEM-
20 HN1/2NS and pGEM-HN1/4NS, respectively. The HN genes of these
plasmids were replaced by the hybrid BN genes from plasmids
pCIneoHN1/2'*® and pCIneoHN1/4'*’, respectively (see section:

(%1882

Cloning and expression of HN-genes and hybrid-HN genes). Ta
" this end, pCIneoHN1/2'* and pCIneocHN1/4'*’ were digested.with

25 ©Nhel and Smal and.the resulting fragments (containing the
hybrid HN1/2'** and hybrid HN1/4*® genes) were cloned between
the Nhel and Hpal site of plasmids pGEM-HN1/2NS and pGEM-
HN1/4NS, resulting in pGEM+HN12 and pGEM+HN14, respectively.
The latter plasmids were used to introduce the hybrid HN

30 genes into the full length genomic cDNA clone of NDV. To this
end, plasmids pGEM+HN12 and pGEM+HN14 were digested with NotI
and-SpeI and the fragment containing either the HN12 or HN14
gene was used to replace the corresponding fragment of
pNDFL+, yielding pNDFL+HN1/2'** Cm and pNDFL+HN1/4* Cm,

35 respectively. The Cm-gene was removed from these plasmids by
digestion with Xbal followed by recircularization using T4
DNA ligase. In order to comply with the "rule-of-gix", a



(Stratagene). Two i ndependent RT-PCR reactions (A and B) were
performed and each yielded a simlar set of cDNA clones. The ' ~

nucl eoti de WOMISAE of the subgenomi c cDNA cl ones was dRCENDIVmBa7HY
usi ng NDV-specific priners (Table 1) and4by 10 priners flanking the
inserts. After conparsjon of the nucl eoti de sequence of the A and B

series of dizker was insantfhdnidiths (uue ek sitebtbeseenci ng
relevant  plaishid by fudiddi Sel f mendiiic oy |0 ndiNb s dds S 1Ry
The nucl eotj de qe%ﬁﬁﬁﬁ? 0 V. strain LaSota i's shown in 15 “Fig.3.
Constructi &% oP'a G %én’cﬁn e i ngerked rinymiasmid The
ful | -1 engt pNEBL+ERINY 2745 azss dinked H3 (52 CTAGUGAGTWILTOT-aS )i Qa2OLTV5 by
usi'ng pOLTV535 as the starting plasm d. The DNA fragnments were joi ned
at overTaps by using.conmon " restriction enzynmes as detailed in Fig. 4B.
In a seri ednslerted cirorpNRFIstBf/4'Y , plydediddngdpliagmitisd p535-Dl) was

const ruct ey t A aen n ' 24 1 = epar at ed by
a 25 dal Pt %%ﬁms@%e)néggte Mg]}&oﬂl??ng (?ﬁg, C%ggg %%?%ggéﬁ s
position 3521 and 12355. In another series of cloning steps, - a plasmd

(desi gnat e@%ﬂi@ié@ﬁ%ﬂ@ﬁgﬂﬁ% %&@ﬁrﬂrﬁit‘lﬁd}m grl&rgiipfog ftﬁ)ﬂ%\’a |
genone; | ncl udi ng nucl eoti des 3521-1 al-fragnent). To rtate
cl oni nt; t %3t ter dal- 30 fragnent was tagged with the Chl oranpheni col
resi stance (Cnm .gene from plasm d pACYC184 (Chang and Cohen, 1978). To

ot ng pri s SPRRIETOSIA R L AR e AR R e e AR R g
CAT-R (51- izs theCcHET RosteiAcoiCBDVCEhasPtastbancts3 recogngd zRGRbya Mabaatieed
out Wi th PuypoRNA eR0laINE" 298 63N MetQRkianke @05 130 i!?g??_rﬁés?’gliminﬁﬁ:%dat

94[err1§, 45 sec .at .60 e&rhri]sc’se%rﬁ%n%% (;,\’ct%t 7o[err

by replacin e corresponding sequence of
the HN proteins of either APMV-2 (NRTDIQQTI ) or APMV-4
(PDPLQDQIL) . To this end, plasmid pCIneoHN (see section:
Cloning and expression of individual NDV genes) was used as
template to create oﬁerlapping PCR fragments. For the APMV-2

20 sequence the first PCR fragment was generated by using
primers IVO1 (5! -GTAGACGCGTAAGAGAGGCCGCCCCTCAAT-3 ') and
primer 3HN2 (5' GATAGTTTGCTGTATATCAGTCCGATTGCATGTGTCATTGTATC-
GCTTGTATATCAC-3') . The second PCR was generated by using the
primers 5HN2 (5'-AATCGGACTGATATACAGCAAACTATCATGGCCAAGTCTT-

25 CGTATAAGCCTGGAGCC-3') and NDV3-HN (5! —CGAGCCCGGGCCGGC_ATT¥
CGGTTTGATTCTTG- 3'). The resulting fragments were combined
and used as template for a third PCR by using the primers
IV01B (5'-GTAGGAATTCAAGAGAGGCCGCCCCTCAAT-3') and primer NDV3-
HN. For the APMV-4 sequence the first PCR fragment was

30 generated by using primers IV0l and primer 3HN4 (5' TAAGATC-
TGATCTTGCAGCGGGTCAGGGCATGTGTCATTGTATCGCTTGTATATCAC-3") . The
second PCR was generated by using the primers S5HN4 (S5'-CCTGA-
CCGCTGCAAGATCAGATCTTAATGGCCAAGTCTTCGTATAAGCCTGGAGCC-3') and

| NDV3-HN. The resulting fragments were combined and used as

35 template for a third PCR by using the primers IV01B and NDV3-

HN. Primers 3HN2 / S5HN2 and 3HN4/5HN4 are partly

3
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37 rresulting PCR fragnent was digested with BsiW and cloned in
the uni que B4 W66845% ¢ of pGEM B, yiel ding pGEM B(CAT). The PCT@ILAP/00377
fragment from pGEM B(CAT) was cloned in t4e unique d al site of

p535-Dl, yielding pNDFL(CAT). Finally, the Cmgene 5 was renoved fromthis
pl.asmi'd by dompiementaryhapdi wpntainf sheo@eaesycr 6Pdgst tox she HN2

t ransf or mat é%%é@fxcg Sﬁh’I‘DibC@W and %ﬁgﬁa se‘&m@n@sqbbpm@pgﬂgm d was

desi gnat ed L+ an ont ai_ns e .entite NDV cQNA gcraynce cl oned

bet ween ther¢$Pe°t1HP8¥Dt3 e RERt ﬁ‘?aﬂﬁ‘a‘%soéfffﬁepﬁﬁ' PrRf hSHRG | L

%)&A ]E)O_TVS ;Expand €bag Tend ﬁtex pmst P ien (En‘oelmdngedumbnuﬁﬁlg@ neThe PCR 4 b
- fragnent s cont aini ch. o e asS g ene e y

nmeans of Rﬁ?ﬁﬁlsgﬁa‘ 8II%gn X p€Fn 5NQ¥ 8¢ tsg‘r §§| %%c §F‘| %fcgﬁj’rfiéam’ts

were sequenmed Ay 68i n¢,pfoddowed byf llanzlmqig tolfe4| miar 68 26d MThe PCR

gene-speci f
(5'- GAGCAAT%%E%A&&&%T&%%% §F Eh@co@igd 8?“35% use eg fo lonreever se
transcriptibatwpennthe BeoNIsand)BsudbETeALERCOEAGPEERRGHNCEGERG 3' : nt

77-94) and §82uﬁ.§m8Rpla§iE§@éTQ€§£G§é %&%@@ﬁé@ﬁﬁﬁm«z&b and’ CI%QSQB)

wer e used nmerase, The follow n
brof | 64 30PEFREeTNG ENte) d robReLEival oS EARreethoeSRr=gpLaY &
~and 45 sec ghdid&tedhehaesthei mpdDEdetl aynprotednsdivgeat edri'Ecthyt h EcoRl
tas ver! 11 cB PReRNeR AN, GERBTPAEEES to" RBsoPasa, surEabl amnifagRY d2eM pog
by Peeters haembdébﬁbzyon stifdiesi ngimgnobliickehn QNYtb§G9YBSS(RUsseII et ==
al ., 1983) Furthermore, MAb 6D4 which is directed against a linear
15 epitope of HN of NDV and which consists of (or at least
includes, amino acids 346-354) did not react with the
modified HN proteins.
Plasmids pCIneoHN1 (HN2e) and pCIneocHN1 (HN4e) were digested
with NarI and Spel and the fragments containing the modified
20 HN genes were cloned between the NarI and Spel sites of pGEM-
HN1/2NS and pGEM-HN1/4NS, respectively. The resulting
plasmids, designated pGEM-HN1 (HN2e) and pGEM-HN1 (HN4e), were
digested with NotI and Spel, and used to replace the NotI-
Spel fragmént in pNDFL+. The resulting plasmids were '
25 = designated pNDFL-HN(HN2e)Cm and pNDFL-EN (HN4e)Cm,
respectively. The Cm-gene was removed from these plasﬁids by .
digestion with Xbal followed by religation. The resulting
plasmids were designated pNDFL-HN{HN2e) and pNDFL-HN (HN4e),

respectively.
30

RESULTS

Nucleotide sequence of the 3' and 5' terminal ends of the

genome of NDV strain LaSota
35

The sequence of a putative 3' end of the NDV genome has
been published (Ishida et al., 1986) albeit from another NDV



P-gene: Prinmer pRT1 (5' - CAAAGAATTCAGAAAAAAGTACGGGTAGAA- 3" ; nt 30
1794-1814) was used for reverse transcription. Primers pRTI ‘and p2 (5
- GCAGTCTAGAWO@EAIST CACTGCAAGGCEC- 3'; nt 3053-3071) wer ecrma®oHea77 PCR
by using Pwo DNA pol ynerase. The fol |l ow ngg PCR profile (30 cyles) was
used; 30 sec at 95 [err]C, 40 sec at 65[err] C, and 60 sec at 72[err]C
The rcfsul tlbaﬁramﬁ f(m@rrertmam%lh% oéx@x%eleaedzemt I‘(IE%IRIa)andMQf&Pf ad £1 oned
in pClneo GO n al _site ession Qo was

ver| f1ed i n a4oTmave B TIGRes A A5ORSRS B (Boay BB5Y ANRA | ot al.
1983).. relativié@y9 =¥ mon-coding region behind the L-gene of NDV

30T (5 - ACLRERACRERRAGSERCRor FRIGKSY . 28, shown biigin, P RRQIEET

transcripti did Rotminevges whes' full te@m@n@@T ¢oeBAGrEctbeANiraicagnes: ;
Nt 3268- 3283} jhd xdélﬁ&‘é@/'n 1@%551%&@@%@@@%@@?&5&@&%@4@@?‘9 Jpy Nt

4368-4389) were used t he and H_gh Fid |ty klt - The
PCR condibet &d @Indl(? cﬁﬂ@‘sm@fl f@lésseé’% F@E‘PI"@ °§8

and §8FRNAaRr1@$iS@§ 1541 £#iQl Immdamtialcmmlrm A «rlepwieaeﬂl@lagand)n
tinme at rr ncrease Qr o resy

f ragnment Wag #@ﬁé‘?%% @f“%\lﬂnﬁlo@r}@?‘ggg?v(ﬂ %3’9%&(32'?‘ B8 3t & r‘?g?

di gest etio wi gendraite andullledendth NOVhedNA whichicen bec used t@ngeﬁaa:late
sites. Expressi-2lsis | a B¥E&§
nmonocl onal aﬁ?%bo&d% i EE@ i gf g?%eYQE %bﬁ@th@s Qckﬁgﬁl ringr 3UT
(see above) LR2§) usé& Fd% 13535PPEH§GF|ﬁPléHCIPﬂFn§P§ Reygects'3.! —
ACEEECTAGCGQ£5:§H3H§§IE§5E@§4%1raﬂt9456&345@§hréﬁdrHDV35 determined the

(5 - NjNIUEGMA 3 6 re_used,.for PCR by
usi ng the. gggﬂ%E;F?QHchﬁsPﬁg%Pﬁ %hemg' a6 Shas of the
15 genomlc RNA of NDV strain LaSota by using 3' and 5' RACE
procedures (rapid amplification of cDNA ends). The 5' end was

recovered by means of PCR after ligation of a single-stranded
anchorprimer (ALG3) to single—étranded cDNA which was
generated by reverse transcription of the 5' end of the

20 genomic RNA. By using a primer (ALG4) that is complementary
to the anchorprimer and an NDV-specific primer, PCR products
were generated which .contained the 5*' end. '
To clone the 3' end of NDV, the single-stranded achorprimer.
ALG3 was ligated to the 3' end of viral RNA by using T4 RNA

25 ligase and amplified by means of PCR by using primer ALG4 and
an NDV-specific primer (method I). Alternatively, the 3' and
5' ends of the NDV RNA were ligated to each other by using T4,
RNA ligase and the resulting concatenated RNA was used for
RT-PCR by using NDV-specific primers that flanked the ~

30 ligation point (method II). The 3' and 5' RACE products were
cloned in T-vector pBluescriptII-TSK (Ichihara and Kurosawa,
1995) or in pGEM4Z and several independent clones were
isolated and sequenced. The results are compiled in Table 2.
To enable the direct comparison of the 3' and 5' terminal

35 ends, the sequences are shown in the form of DNA and the 3°
end of the genomic strand is represented as the 5' end of the
antigenomic strand. At the genomic RNA level the sequence of



condi ti ons described above for the Mgene. The resulting DNA 20 fragnent

was treated with T4 DNA pol ynerase to create bl unt ends, di,gested W th
Nhel, and cY8A¥E8%%% pClneo between the Nhel and Smal si tBST/NESSMOETs| on
of the F protein was verified in an fBVA by usi ng nonocl onal anti body

8E12A8C3 (| ) e t ' I ne. Priger

S0 T s USRE For S TR0t B h e RCEIAS, iead Tnonbéiibnce! bE°
(5"~ GTAGGCEMECAAGARREOGSRICONTUAGNARCAAMECA-5 ' 63Be 635ayengel dDVEhR BS
'CIJKXIIIX%%;&E%%A %%?g TEALT F 3, 27 S CR by
usi ng the an &g 'J %ﬂ-ldgg%ékﬂle fs%lg t he g%nd‘%?%%ﬁe%%#ﬁ%ﬁgabdve
for the M <I£.N12}érﬂ3?rﬂ?fé PEuf Ishidonet fahgnehi80hs Howayes. /FRe T4 DNA

pol ymer gse delnfeiad b thé $Ndsndnséhehd®r A€ eedV OSt ¥a i DE®dta cohtalls
cloned in pC t he. bl upt ed ( Kl enow. DNA %ﬁgl nmer a site

ne<f bet vveeg e) . Nhel

and the xiA? G4UTIORALRNCHETIER N COMPRT LR (¥ F PR PRGN | PVA
by using nusfiemesd afitthedy-géne 86f (NS setrath BeauddidSl)C (Yusdffieee: The
L- gene was _r-.ecov. fr | pne pGEM L7a (Figure 4A) by digestieon .
wi h Sacrs . 6D LPAGRE 61 Pne PN R s
PCT/ NL99/ 00377 : 39 di gestion with '

Sal |, the Sachls Sid foNasE TEe B Aieiines by MERIgBANiMigh T4 DNA
pol ymerase.” 1 resulrting 1ragnment was croned tn pClneo between the
bl unted (Kl enow DNA' pol yner ase) Nhel site and the Sall site. The 5

untransl ated regt®nidtehrinearhétited i @0OtAid Bd dritis AJIC NDwrdeodon of
TG codons, whi ch .m'%ht interfere
TIEnPER

t he L-gene contaj ned 2 opt-of-frane
Wi th corr ecTamSIHRA G GFeR FECTE i (i, C ATt e Oy (ke
construct eccomsthicted hehich stondi® et of Ssher' end of NDV (nt 1-119),
15 a reporter gene encoding secreted alkaline phosphatase
(SEAP), and the 5' end of NDV (nt 14973-15186) (Fig. 2).

These minigenomes were cloned in both orientations in

S e .

transcription vector pOLTVS, generating plasmids pOLTVS535 and
" pOLTVS5S3, respectively (for details of the construction see
20 Materials and Methods). Plasmid pOLTVS (Fig. 1) contains the
T7 RNA polymerase promoter followed by unique Stul and Smal
restriction sites, the autocatalytic ribozyme from hepatitis
delta virus (HDV) and the transcription termination signal .
from bacteriophage T7 (Pattnaik et al., 1992). In vivo or in
25 vitro transcription using T7 RNA polymerase of plasmid
pPOLTV535 gives rise to antigenomic RNA (or [+]-RNA), whereas
transcription of plasmid pOLTV553 gives rise to genomic RNA
(or [-]1-RNA) (Fig. 5).
To examine whether the minigenome RNA's generated by plasmids
30 pOLTVS35 and pOLTV553 could be replicated and expressed by
using NDV as helpervirus, we used CER cells which expressed

L]

T7 'RNA polymerase either constitutively (CER-C9 cells, see
Materiéls and Methods), or after infection with fowlpox '
recombinant fpEFLT7pol (Britton et al., 1995; hereafter

35 called FPV-T7) that expresses T7 RNA polymerase. CER-C9 cells -
and FPV-T7 infected CER cells were transfected with the
minigenome plasmids pOLTV535 or pOLTVS553 and after incubation



and in which the second ATG was changed to AAG by neans of 10 PCR

nmut agenesi s, as follows. Priners 5LE(E) 5'- :

CAAT GGAAT TCNRASEAMEACAGCT CAAGGT AAATAATACGGG: 3' ; nt 8332- 8374I)CT/NL99md77
3LE(B) 5'- GTGAATCTAGAATGCCGGATCCGTACGAATE0- 3'; nt 8847- 8870) were used
in a PCR reaction using plasmd pGEM L7a (Fig.4) as a tenplate. The PCR
"~ was carri e€aut3lbyatusiTg Rhe telbHAwesey edther dndfected sticdh (bm\B(fd:ycl es

' h
Tesulting o o ¢k uninfOesel MofiuElnaler il it Keddh bt ton ¢
pCl neo bet e FRMIES (WK L3RR XEegm sth%@e%@#er@ml raRpgaYedi for SE@EI neoL(N).

Subsequent laae $VEcyPsi Hhe Stbiul ¢ RGiRShed 'O ke 2Dilridns W1 Gha ns the
rermai hi ng of )tBhe Le eneué %852 15046), was clsoned C%fg

art
bet ween> thg‘@v}‘ n FRV-T7 nfected gells whigh Wers MW%%L‘&‘W S| nce
ant i bodi es pOLTwEBES NSThideis - mwtﬂi‘pﬁ&ﬁ@tsﬁv& |l cdgi fssiwy oF L

£2g it he MV drei e rdied 'FRREENGE Sittacmonis 1L R Eh O 4 %@m s
can be kger@wlmkfemm&mrmdifwhichergtéff:tﬁ@ntéhg&ﬁnslatagdvm Bli)eh -
i ntroduced t he
::?gtrageu\?v:s }%:t%oénr(}fr? gﬁfs}?némf% overp% éa&:%n%?m?’ra fent a§15ﬁ1e os? PCR
fragmehP V\éyg""e%em‘&%/e&P ymerasg genez:ﬁqerﬁerzenm e ow)clamqmlm |
FSR (5' -  corAAEELAKESTGH W@ﬁox‘d@r 43 %e4894) . The 35

o dar § 0 RS el AL Y ot oFidre 5+ 18 BOEh wpam oGs
PCT/ NL99/ 0(3itrease in SEAP expression could be observed in NDV infected —
~ cells’in comparison to non-infected cells. On the contrary,
15 SEAP—expféssion in NDV infected cells was consistently
approximately two times lower than in uninfected cells
(results not shown). For pOLTVS35-transfected cells this may
be explained by the already very high level of SEAP
expression by transcripts generated by T7 RNA polymerase.
20 However, in pOLTVS553-tranfected cells, where efficient
expression of SEAP is dependent on the conversion of genomic
[-]-RNA into antigenomic {+]-RNA or mRNA by the viral
polymerase complex, we would have expected an increase in
SEAP expression after NDV infection.

25 We could think of two reasons why the minigenomes could not
‘be expressed and replicated by NDV. First, the size of the
minigenome RNA's does not conform to the so-called "rule-of-
six" (Calain and Roux, 1993; Kolakofsky et al., 1998).

k]

According to this rule, paramyxovirus genomes are only

30 replicated efficiently when they are a multiple 6 nt in
length. Second, the two extra G residues which are present at
the 5' end of the minigenome RNA's might interfere with
correct replication and/or transcription by the viral
polymerase complex. To find out whether replication of the

35 genomes was dependent on the rule-of-six, we inserted a
series of short self-complementary oligonucleotides which
increased 1 nt in size in the unique ClaI-site in plasmids



40 proteol ytic cleavage site between F1 and F2 fromthat of the

NDV LaSot a ' GGRQGR [err] L) to that of the consensus ge
site for w%%eéﬁa“ DV strains (GRRQRR [err] F). The secongvﬁeﬁw
fragrrent was generated by using priners §8F (5 - 5 GGATTTAGGCGCCATTATTGG

-3'"; nt 4875-4911) and | VO9 (5' - CTCTGTCGACACAGACTACCAGA CTTTCAC-3'; nt
6246 6266) pOLTVS’BBeaBGRpMﬂ'ViSéBf diftied \R)th'&ﬁomlmngmlmnmm consi st ed

of 25 cycl C 5 rr t
2] err] C. 'ef’ﬁge{rv\véég\i@rl appl ng%ggQ fragrrent S ?:oﬁe&%\;e ap 'S %.h[)gv\%%lofrom :
italics inlt ke br nteansefbaredorawane jofi then sheudse @eRerateer by using

primers -N ?ﬁ'ﬁl%%dm\éo%m[‘%ﬁ)ew%diﬁéﬁ% mtBCEule dfmyi:& } Ol‘}fe The '

resul ting nt, which contains the entire of_the' F cﬁ
which dhcoRdasmias wexa ussk & franst er,qteé-‘xﬁ&g&e&ltse °M§Vor“‘g

N_he: dand S@Ek—@.l?d 1aneds me%rmmabdwwam tﬂe&dﬂﬂt&h simiv46 eglglzﬁh?t tmly -
yi el di ng pCl,neo rr nent - (nt rom ™

pCl neoF[ er [qefsé’k)LTVS?’tsyg §€M§J§3@g£§8ng g S:r Sadhent TP asm d -
p535-S whi SEAP adtddrittae mfiteys DI tiexf dut dianse Mhen d emigs hClad t&ml (nt 3521- -
10311) fro B3 el nee 4,06 [ A (see

Fig. 40). %{BESXL %“tl ng pléagmtér%rﬁas desi z(agte ea§§§§ﬁaldss Hf} c] A PCR
fragmel® cpelamenege weremasdsauwiahed tee 5n+2f r&#’GRCY@PB@"(ts"@s Gbove)

was ﬁ' ORE)?/ z%%l%é@%réf A ERM | t it Ehe : 5 it fgeldJ@fq%&eXham?detzﬁm{dalcrmw&,n 6172
in the sequenc 0 asmi err ing plasm

p535- S [ F[ &he 5) éi?@%ﬁem%"p"ﬁﬁé’ %E‘r[e[ & &j ?‘esﬁé"% f’ﬁ’%‘fﬁ‘?ﬁ‘é’fﬁe(nt_g__
22a5- 8094) whlcrpflst mc&:aﬂﬁ et wsen thed aurhesytliacas 't bhadc6r'r esEndifhghe =

f ragment O](ch';[nthe ful I -I 1@%1%'&9& @glg:lt;&) Frh'i%' Ic% rsﬁgce 1,,bls(:r;;‘_ﬂ%ene was

renoved fr pasmd gestion with
recircubar mumreméqmg:cmwumgammmos@ Pﬂ-§§mlfi|5n@nplwél§-rﬂl‘d thehi ch

contains t a]q%ﬁllﬁaary drageesds T7 Rl YoaaRabBVwabNohavedlesd dialted
prFL+[ F[ elr'{:‘;‘ﬁ1

e first nucleotide which was incorporated into RNA was the

first nucleotide of the 3' or 5' end of NDV (see Materials

aﬁd Methods). Transfection of these plasmids indicated that

20 only minigenome RNA's generated by plasmids pOLTV735N3 and
'pOLTV753N3 are replicated by helpervirus (results not shown).
These findings again indicate that replication of NDV is
strictly dependent on the rule-of-six. Furthermore, these
findings indicate.that the presence of two extra G residues

25 at the 5'-end of the minigenome RNA's does not interfere with
correct replication. Similar results have been obtained with
minigenome plasmids (or DI plasmids) from other
paramyxoviridae (Pattnaik et al., 1992; Harty and Palese,
1995).

30

Packaging of NDV minigenomes by helgefvirus

To determine whether minigenome RNA's could be pac'kaged
by NDV helpervirus, the medium of the transfected cells was
35 transferred to fresh monolayers and after 1h of adsorbtion,
the monolayers were washed three times with PBS and further
incubated in complete medium. After 24h of incubation, the
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41 Generation of stably transfor med cell lines that express '
i ndi vi dual RRP¥SKEs 5 Pl asmi ds neoNP, pCl neoP, pEFRABRP/O0377
- pCl neoF, pClneoF[err], and pCl neoHN were used for the generation of

t abl | t el
Thatvi dual | SR aCE T in, i el GAB' ERSLIRAT EE Seluice chowed |
cmcul ture uhsneemdalcrtwemeafa@mrmw palyi d&8 fellé @eﬁﬂmém%/ hﬁen

60-80% Theppebkaadeien iR it ‘Ez‘o’ih %e[lirsr ]l:‘i':ansfe‘@:ftela.I @ﬁ.@}ﬂ
using 12 [err]I of LipofectAn ne_and Cﬁ? e &&ll S descrlbed
by the suppMiBigeaosEoBREaNId POLTVESS ol(("}gpéﬁ s, $NBIRE e | s were
trypsi nlgedlaa(icatesdldhﬂu mﬁg@&ngemﬁ mawb@mdlda@ed dintlee DV nedi UM
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15" To determine whether the minigenome RNA's could also be
replicated by plasmids encoding the essential NP, P, and L
proteins, we performed co-transfection experiments in cells
infected with FPV-T7. Cells were transfected with a
combination of plasmids consisting of the minigenome plasmid

20 and plasmids pCIneoNP, -P, and -L(c), respectively. As a
negative control, pCIneoL(c), which encodes the essential L
protein, was replaced by the vector plasmid pCIneo. The
results (Table 5) indicated that indeed plasmids encoding NP,
P, and L are able to replicate minigenome RNA's. The results

25 furthermore show that, similar to minigenome replication by
helpervirus, alsolreplication by the NP, P, and L proteins is
dependent on the rule-of-six.

Nucleotide sequence of the complete genome of NDV strain
30 LaSota

Sub-genomic cDNA fragments spanning the entire NDV
genome were constructed by means of RT-PCR (Fig. 4). To keep
the number of PCR errors to a minimum, a proofreading enzyme-

35 mix (Expand Long Template; Boehringer Mannheim) was used in
combination with a limited number of PCR cycles (15 cycles).
Primer 3UIT which is complementary to the 3' end of NDV RNA



30 Generation of stably transfornmed cell lines that express T7 RNA
pol yner ase The gene encodi ng T7 RNA pol ynerase was _recovered
ffom 35 pl a?ﬁ?"ﬁ%ﬁm (Rene van Gennip, | D-DLO, Departnent BFT’NL”’“”-"”
Manmal i an Vi rol ogy) by digestion with EcAR and Sall. The WO

99/ 66045 PCT/,NL99/ 00377
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cont ai Ni ng ‘an | nt er na SONMe entry ene  varn
connunlcaIrRWHJeﬁ&pFEQQIinbf Egmawnamsnambdgnmmles were resolved by

sequencing the relevant regions of the third set of cDNA
clones. The genome of NDV strain LaSota consists of 15186 nt =
(Fig.-3), which makes it the smallest of all paramyxovirus
~ 15 genomes from which the entire sequence has been established
to date (Kolakofsky et al., 1998).

Construction of a full-length NDV cDNA clone in transcription
plasmid pOLTVS

20
To construct a full-length cDNA clone of NDV strain

LaSota, overlapping cDNA clones spanning the entire NDV
genome were joined at shared restriction sites accordlng to

, the strategy shown in Fig. 4. The entire NDV cDNA was

25 assembled in the minigenome plasmid pOLTVS35 (see bove) which
is derived from transcription plasmid pOLTVS. ) -
As can be seen in Fig. 4B, the last step in the assembly of
the complete NDV cDNA was the cloning of an approximately 8.8
kb ClaI (nt 3521-12355) fragment from pGEM-B into p535-DI

30 which contained the NDVsequences flanking the Clal site at
either side (i.e., nt 1-3521 and 12355-15186, respectively).
This step proved to be quite difficult since we repeatedly
failed in generating the correct clones. Therefore, the Clal
fragment of pGEM-B was tagged with the chloramphenicol-

35 resistance (Cm) gene from plasmid pACYC184. The Clal fragment
harboring the Cm-gene was isolated and cloned in the ClaI-
site of p535-DI and transformants were selected for
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GAT CCCCGGG IRt IS o Ades ignatgd @NMEve- derived from5 the

sequence of the HN gene of APW2 (GenBank accession nunber D14030). The
entire coding-region of _the H :
Gé%eré%ion of {hfegtgﬁguﬁﬁg from full-length cDNA e
15 To generate infectious NDV entirely from cloned cDNA,

plasmid pNDFL+ was used in co-transfection experiments with
pCIneoNP, -P, and -L(c), as described_abové for the
minigenome plasmids.‘Transfection of CER and CEF cells was
monitored by using minigenome plasmid pOLTVS53N3 and by

20 .measuring SEAP expression. As a negative control, pCIneoL(c)
was replaced by pCIneo. After co-transfection, the cells were
incubated for 3 to 6 days in medium containing 5% allantoic
fluid. The addition of allantoic fluid is neccessary because
CER or CEF cells lack the appropriate proteases which are

25 required to cleave the F protein of NDV strain LaSota.
Cleavage of the F protein is absolutely required for cell-to-
cell spread and for the generation of infectious virus. After
3 days of incubation, we performed an immunological staining ,
of the fixed monolayers by using a monoclonal antibody

30 against the F protein. The results showed that cells that
were stained with the antibody were only present in
monolayers which had been co-transfected with pNDFL(+),
pCIneoﬁP, -pP, and L({c). These results indicated that genome
replication and expression was occuring in these cells. No

35 staining cells were observed when pCIneoL(c) was replaced by
pCInec in the co-transfection experiments.



APW4 was recovered by neans of PCR by using priners |V06

(5 - GEEEE%AWEQ;@EE@&EEHGEEE%A&EWAGC—3 yand ‘1 V08 (5'-
ATTGOCOGGGGEGT AACT AATCAGGATCTCAG 3' ) whis® were derived fron 10 CEha " -
sequence of the HN\-gene of APW4 (GenBank accession nunber D14031). The
resul ting 'Pé:RrécegaentLafwsteouSgefs-lrm. the( supkenatiangc ofy toarsffarted

subcl oni noekR RN Iverl! isEaaRkcted a&%oxmte and anle@aed d SI&% ngp between

t he EcoRl and e resulting asm ds were ated
pCl neoH\2 embrysnagefneggru, Fruspdayis, daker theH?B rascdS \ﬁééﬁ-q I'MRSN- gene

of NDV strain LaSota and the HN- genes of APW2 and -4 were constructed
by means of overl a CR as foII N-term nal part 1-141) of
t he FmﬁbenéarveSGFaND9n§EVEF BBt aﬁﬁ?qg LAPRLACR ARSBYs pol yner ase
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part of {hECERLABAIEE ABRNT Fas 11 EsBrtut, 14aEhEed, cagl Eul MW O

| V14B X%' - strain which was revovered from the inoculated eggs showed

GOCCEGATACEHRAAAGHACTEAEE T FLAPAL SAE HEAS LT FENSEd 866d TdEkadn) The virus
which was recovered from the inoculated eggs was designated
NDFL to disﬁinguish it from the original LaSota strain.

20 Generation of genetically modified NDV from full-length cDNA

To show unambiguously that the co-transfection system
could be used to recover infectious virus from cloned full-
length NDV cDNA, a genetic tag was introduced in plasmia

25 pNDFL(+). To this end, the amino acid segquence of the
protease cleavage site in the Fo protein was changed from
that of the LaSota strain (GGRQGR | L) to the consensus
sequence of virulent NDV strains (GRRQRR | F) by means of PCR:®
mutagenesis (for details see Materials and Methods) . The
30 resulting plasmid, pNDFL+[F*], was used to generate virus by
using the co-transfection system described above. Infectious
virus, designated NDFL[F™], was recovered from the
allantoic fluid of embryonated eggs which had been inoculated
with the medium of co-transfected CEF cells. In an HI test,
35 all MAb's including 7D4, which is specific for the LaSota
- strain,; showed the same reactivity Qith the newly generated

virus as with the original LaSota strain. The nucleotide

-
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velogenic (virulent) NDV strain offered the unique

20 oppertunity to test this assumption. Therefore, we determined
the intracerebral pathogenicity index (ICPI) of the newly
generated virus NDFL[F"] and compared it with that of strain
NDFL and of the original LaSota strain (clone E13-1). The
results showed that the ICPI of strain MDFLI[F*] was 1.3

25 which is far abeve_the value for strains NDFL (ICPI=0.0) and
clone E13-1 (ICPI=0.3). These results show that, as~eipected,
the virulence of NDV is largely determined by the amino acid

3

sequence of the protease cleavage site of the Fo protein.

30 Introduction of serological marker

* The envelope glycoproteins F and HN of NDV are the most
immunoéenic proteins of the virus. After infection, both the

F and HN protein elicit a strong neutralizing antibody

35 1response. The induction of such a neutralizing antibody

response is the basis of successful vaccination by non-
virulent NDV strains (such as the widely used LaSota strain).
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In order to develop an NDV marker vaccine, the virus has to

15 be geﬁetically modified such that one or several
immunodominant epitopes of one of the (major) antigens are
either deleted or modified. Deletion of part(s) of an
essential protein may lead to the loss of the biological
function of that protein. Therefore, we chose to modify one .

20 of the immunodominant envelope proteins of NDV in such a way.
that the biological function of the protein was retained )
whereas the antibody repertoire against the modified protein
differed from that against the original protein. For reasons
specified below, we chose for one embodiment of the inﬁention

25 to modify the HN protein of NDV. Infection of NDV is
initiated by fusion of the virion envelope with the piasma
membrane of the host cell. For this process, both the F
protein and the HN protein are required. It has been shown
that the F and HN proteins physically interact and that this

30 interaction is required for membrane fusion (Deng et al.,
1995) . Furthermore, it has been shown that the interaction is
type specific, i.e., the F and HN proteins must be derived
from the same virus in order to shown fusion activity. The
interacting domain of the HN protein of NDV has been

35 localized to the so-called stalk- or stem-region of the
protein, comprising the first 92 amino acid residues of the
ectodomain of the HN protein (Deng et al., 1995). Hybrid HN
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the two essential requirements of a marker vaccine, i.e., =

protection against disease and serological differentiation.

15._ ﬁ&brid HN genes were constructed which consisted of a
fusion of either aa 1-141 of NDV and aa 142-580 of avian
paramyxovirus type-2 (APMV2) (designated HN1/2'') or aa 1-143
of NDV and aa 144-580 of APMV2 (designated HN1/2*%).
Similary, hybrid HN genes were constructed which consisted

20 either of aa 1-141 of NDV and aa 143-569 of AMPV4
(designated HN1/4') or aa 1-143 of NDV and aa 145-569 of
APMV4 (designated HN1/4'') The hybrid genes were cloned in
the eukaryotic expression Vector pClneo and used in
co-transfection experiments with a plasmid harborihg the

25 NDV F protein. To this end, the F protein was modified such
that the amino acid sequence of the proteolytic cleavage site

- between F2 and F1 was changed from the LaSota sequence to
that of the consensus sequence of virulent NDV strains (F*¢,

see Materials and Methods secﬁion). Co-transfection

30 experiments in CER cells and QM5 cells indicated that both
HN1/2' and HN1/2**® as well as HN1/4**' and HN1/4**® induced
cell fusion when co-expressed with the F* protein. These
results indicated that the complexes between the hybrid HN
proteins and the F protein were biologically active. The

35 hybrid HN proteins HN1/2'® and HN1/4** were used to replace
the original HN gene in the full-length cDNA clone pNDFL+,
yielding pNDFL-HN1/2'® and pNDFL-HN1/4*®. The latter two
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consisted of 30 cycles of 10 sec 94[err]C ~30 sec 58 [err]C and 2
Expression of a heterologous protein from recombinant NDV

To examine whether foreign genes can be inserted into

20 the NDV genome, we constructed a recombinant virus that
carried the SEAP reporter gene. The SEAP gene was derived
from plasmid pOLTV535 and was modified to include the typical
transcriptional stop and start boxes of NDV. A DNA fragment
containing the SEAP gene followed by the transcriptionél stop

25 and start boxes was inserted into the XwnI site (nt 109) in
plasmid pNDFL+[F*]. Infectious virus, designated NDFL-AP,
was generated by means-of the co-transfection system, and the
presence of the SEAP gene was verified by means of RT-PCR. e
Cells infected with strain NDFL-AP expressed very high levels

30 of the SEAP protein. By using the specific activity of the
SEAP protein, we calculated that x% of the proteins expressed
in -cells infected with NDFL-AP consisted of SEAP protein.
These results show that heterologous genes can be expressed
to very high levels from recombinant NDV.

35



mn at 68 [err]C, followed by 1 cycle of 4 mi:n 68 [err]C. The PCR
fragnents were digested with EcoNl and Bsu36l, and cl oned bet ween the
EcoNl and B%¥G6045 t es of pClneoHN. The resul ting. pl asnPEE/NLEP/BO377
desi gnat ed pCl neoHN1(HN2e) and 10 pCInéHHNI(HN4e) respectlvely Tr ansi ent
expressi on studled ) h .
correct|y Senerabion.od 2n. rirs et ; G ECE Pt om
haemadsor btedh iﬁnéles u5|ng chlcken erythrocytes FurthernDre NAb 6D4
which is directed against a |linear epi tope of HN of NDV and whi ch

- consi sts of (or at |east |ncludes am no.aci ds 346-354) did not  react
with the nodinf prdepNter ghxiogate eXpressiois ofCtheoMNPrEiedn ofd NDV,

pCt neokNl (Qst}ﬁprgr@ a%stc@ﬂ_- M gete! b:agaalalaeéasssfl d28esthenl bgmENt

containing t I ed nes meri bet weén the harl and Spel
sites of pENRFL+[F" Nﬂlé:l‘kBBfﬂ?d‘ N§°?Lr3é’§ﬁe5’(y parFiagy digesiiqng
pl asm ds, d@&hgnahacimGEMtHuIz(slzNZehf@a& ae&whuglﬁumn)a Hmaen enal Qﬂ?dhEd
wi th Not | and.used to r [

DL B aohT B BT % Fhe s 2 oGPk HPE  TERAPLLARE RS o and
PNDFL- HN( HNéehEn1r4 DNAréagasE|aaﬂyusiﬂet@ntganefuum Eenvodd .f The t hese

Pl asm gy Deeguyedhde g@agﬂugwg égghﬁggi BiREL %E‘ﬁﬁkf?H Bl sl 11 g
respect i veg9ne39te virgsUPySmeans of éot:pdéré@qﬁéﬁééoaf systew iand 5

term nal ep@anst cbhplements g”EERLMNgglibrEhEtLéﬁﬁkésgéd the NDV Mhe
sequence of a:pytat

3 he NDV ne been publ i shed |
(1shida etpﬁpt31T98g¥ aFHEFFnPS aﬂgtHE?gREECteg monolayers was Bl

passaged three times on CER-M cells and analyzed for the

15 presence of virus. Virus was obtained as evidenced by the
fact that the culture supernatant of the third passage
yielded positive results in hemagglutination (HA) and
hemagglutination-inhibition (HI) tests. The virus was
designated NDFL-AdM. When NDFL-dM was used to infect

20 monolayers of CEF cells, the virus was still able to spread
by cell-to-cell transmission as seen in an IPMA by using a.
monoclonal antibody against the F protein. As expected,
expression of the M protein could not be demonstrated in an
IPMA by using a monoclonal antibodies against the M profein.

25 When the supernatant was used to infect either CEF cells or
CER-M cells, we were unable to show the presence of )
replicating virus in these monolayers by means of IPMA. This
finding indicates that infectious virus could not be
generated in non-complementing CEF cells. This finding was

30 confirmed by the observation that inoculation of embryonated
eggs with supernatant from infected CEF cells did not result
in the generation of progeny virus when tested in HA or HI
tests.

The need for better NDV vaccines, and especially the

35 need for NDV marker vaccines, prompted us to develop a
reverse genetics system which would allow the genetic
modification of NDV. In this document we describe the
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48 strain (D26) than the one used here (LaSota). Yusoff et al.
(1987) haveWousissetted a sequence of the gene and a r el BRCTANEDY0U3AT ge
non-codi ng regi on behind the L-gene of NBV strain Beaudette C. However,
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pri mer 'is conpl enent ary to the anchorprinmer

NDV-spemfRe‘fﬁF%rSeW‘ﬁ RRRX¥QACh, the clpavags e%l“gﬁn‘&lic%t‘ﬁ?ﬂéﬁlFﬁe 5'
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prinmer (netspEtddum AL evizaslemds  lereslsl’ and 5' ends of the NDV RNA

were | Lgated to each other by using T4, RNA | igase and the resulting

concat énated RNA was used for RT- PCR by using NDV-specific priners that

fl anked t hellBiV¥Q gation point (nethod II). The 3' and 5 RACE products
wer e

As already mentioned above, it has been shown that, besides
the cleavébility of the F and HN proteins, other viral

20 factors may contribute to pathogenicity. Alterations in
transcriptidn and translation can modulate growth and cell-
to-cell spread of the virus and/or cytopathogenicity. The
availability of an infectious cDNA of NDV allows for the
systematic modification of sequences which are involved in

25 transcription and replication. This may lead to the design of
new NDV vaccines which sport optimél immunogenicity to
virtually non-existing virulence.

Safety is one of the most important properties of live
vaccines. However, for many live vaccines, including NDV,

30 immunogenicity is often inversely related to virulence.
Therefore, further attenuation of live vaccines without
losing immunogenicity is one of the most desired alterations
for which genetic modification could be used. In this respect
it is worthwhile mentioning that it has been shown that

35 elimination of expressioh of the V proteih of Sendai virus
resulted in a markedly reduced in vivo pathogenicity for mice



cloned in T-vector pBluescriptll-TSK (Ichihara and Kurosawa, 1993) or -
in pGEMAZ and several independent clones were = isolated and sequenced.
The resul t sweres/s6oaspi | ed i n Tabl e 2. To enabl e the direcicRi@aobEon of
the 3' and 5 terminal 35 ends, the sequeaces are shown in the form of DNA
and the 3 - end of the genomic strand is represented as the 5 end of
the =~ antiKphwomrte atrantP97). tSianigenoiic S@dakensiruse NI uElee of
WD 99/ 6604 300
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simlar to éﬁtﬁré&ﬂdﬁ*’@ﬂ the t@rﬁﬁ}d\ﬁélﬁww may PMsdNRDefireiih P (1 shida
et -al ., 1986 r,the 5 sequence of the 5' end showed t-hat NDV strain

LaSot a €ont "T‘F’snua %ﬁ??@%l“ﬁu‘é’r%‘tldes in comparison with the
published ap=544 élflaﬁ%ﬁ'xé- tﬂ?é‘evﬂtul@éétc;@'bﬁ)\BGWQﬁcﬁn CHatisof f1 ot

al ., 1987). "(Figure lication, of m nltgenomes by heI pervirus

To determ MR rtfé H&°‘§l vérrohé ' andgensc W%r‘ﬁ’ of’ NQWncit sthgh i way
replicati onchtd dtfranians | gdn Qe genegAEdBdhiH &can bes GeioloyiReth My ch :

Cocrot od TR cradl WOV casa dergtha [ AEY, o RARRGH, DA 10

14973- 1818®axieyy. vatzc;cmes AN mnvagem:m torle tel @ssesan tihet h

orientati O:Psréﬁlencé r S5V Pid Won) alP@b W e RIASE ds
pOLTV535 a OLTV553, respecti y or detai the construction
see Furthermore, the large- scale appllcatlon of such marker

vaccines may ultimately lead to the complete eradication of
NDV by a process of intensive screening and stamping out of

15 infected flocks. In this document we show that foreign genes
can be inserted into the genome of NDV. These foreign genes
can be expressed to very high levels in infected cells. This
shows that NDV can be used as a vaccine vector for the
expression of antigens from other (poultry) pathogens.

20 Several properties make NDV an ideal vaccine vector.for
‘vaccination against respiratory or intestinal diseases. 1)
NDV can be easily cultured to very high'titres in embryonated
eggs. 2) Mass culture of NDV in embryonated eggs is
relatively cheap. 3) NDV vaccines are relatively stable and

25 can be simply administered by mass application methods such
as addition to drinking water or by spraying or aerosol
formation. 4) The natural route of infection of NDV is by the,
respiratory and/or intestinal tract which are also the major
-natural routes of infection of many other poultry pathogens.

30 5) NDV can induce local immunity despite the presence of
circulating maternal antibody.

-'Finally, we show that viable NDV deletion mutants can be
generated by using trans-complementing cell lines. An NDV
deletion mutant was generated which is unable to express the

35 matrix (M) protein which is involved in budding of NDV at the
inner cell membrane. We show that a phenotypically



20 Materials and Methods). Plasmd pOLTVS (Fig. 1) contains the T7 RNA
pol ymerdse_pronoter followed by unique Stul and Snal Festriction sites,
t*he” aut ocaf’%?%"f‘@“sri bozyne from hepatitis del ta virus (BEVNIZM0YRe
.transcription term nation signal froé® bact eri ophage T7.(Pattnai k et

al., 1992). In vivo or in 25 wvitro transcription using T7 RNA pol ynerase
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f pEFLT7po! NDRY idel@t idn atutant3d mayhdecafdert &35 safld ek IFR\t-eBbritdiad
expresses T7. RNA pol ynerase. CER; cel l RVY-.T7 J.Jf R eells
wer e transf@SCHP t‘%‘:‘t‘ﬂ’e are %%%e%@n@spﬁeggmig‘gog&%ﬁ/ﬂ?l ﬂ"g"%s?, and .
after inculsasicghom non-transa@sgdidg0Amccine combines the most important -
PCT/ NL99/ 0 - 3 . s : : s o1, 7[err]C
the cells \%/e%rzrgang'l %eerOfl AFect e cvcx:nlt esl\'ID\}_'feo'r' .effllc%% yo'r wlleéfl? tl},%] r:ﬁasct?ed.

Appr oxi mat éFportent Advantage;alikddied yaccinesy Ll 8AR/EE- t aken from the

medi um and assayed for SEAP activity. The results showed that SEAP
expression was very 5 high in FPV-T7 infected cells which were transfected
wth pOLTV535. This is not surprising since transcription by T7 RNA
pol ynmer ase generates antigenonmic [+]-RNA which is capped by fow pox
enzynmes and which is efficiently translated by the host cell. In cells
transfected with pOLTV553, transcription 10 by T7 RNA pol ynerase generates
genom c [-]-RNA which nust be



converted into [+]-RNA by hel pervirus in order to be

SEAP protein (cf. Fig. 5. In both cases, no - I ncrease i n SEAP
expressi on wWosos6tas observed in NDV infected cell s'in conpPERLSW3170

non-infected cells. On the contrary, 15 63EAP-expression in NDV infected

cells was consistently approximately two tinmes |ower than in uninfected

translated into

cells (results not shown). For pOLTV535-transfected cells this may

be ‘expl ai negedpynpde al ready very high level of SEAP expressi on by

transcripts generated by T7 RNA polynerase. 20 However, in

pOLTV553-tranfected cells, where efficient expression of SEAP is

dependent ogidhe, conversion of genom c [-]-RNA into antigenom c [ +] - RNA
r 'nRNA_by the viral pol ynmer ase conpl ex, we woul d have expected an
increas@ in SEAP expression after NDV infection. 25 W could-think of

two reasons why Thanstnipeboneeecoot dpOLTVS is he &aﬁ%ﬁf@b%‘ﬂ ¢Rel i cat ed
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the two extra resj dues are esent at of "t he

m ni gedme hajdiace hntoleesd ¥ %"e%‘e Stuprand (Swah | resh it tonl/ sites
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transcrlpts contalns two extra G-residues which are not

encoded by the insert. Due to the action of the ribozyme, the

3' end of the transcripts exactly corresponds to the last
nucleotide of the insert.

Fig. 2.

Structure of the minigenome plasmids pOLTV535 (Fig. 2A)
and pOLTV553 (Fig. 2B). The minigenome plasmids are based on
transcription plasmid pOLTV5 (cf. Fig. 1) and contain the 3'-
region (nt 1-119) and 5'-region (nt 14970-15186) of NDV
strain LaSota flanking the gene encoding secreted alkaline
phosphatase (SEAP). Transcription of pOLTV535 by T7 RNA
polymerase yields antigenomic RNA (or [+] -RNA) whereas
transcription of pOLTV553 yields genomic RNA (or [-]-RNA).
The start (S) and end (E) boxes, which are viral
transcription initiation and termination signals, are
indicated. The start codon of the SEAP gene is underlined.
The sequences of the insertions (NO-N5) in the ClaI-site
which generate minigenome plasmids which each differ 1 nt in

length (pOLTV535N0-N5 and pOLTV553N0-NS, respectively) are
also shown.

3
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(pOLTV535NO to -N5 and pOLTV553N0 to -N5) differ in size from l1to 6 nt
and therefore one of them should generate a . m ni genone RNA whi ch
conf or ns t OWDive/66045¢e- of - si x. The 5 plasnids were used to treCBHNEYVISER
cells or FPV-T7 infected CER-C9 cel | 65as descri bed above. The results
showed that only pl asm ds pOLTV535N3 and pOLTV553N3 gave rise to an
enhanced SEAP activity after NDV infection. The length of the

m ni genome RNA's generated fromthese plasm ds by T7 RNA 10 pol ynerase
wer e cal cul a,t ed to be 6n+2. Since two extra G resi dues are present at
the 5 endF3g-t e ni ni genome RNA'S, these results suggest that only the
size of the RNA sequence which is | ocated between the authentic 3' and

5' ends of the norre RNA' s r.el evant faor | This
vas 15 Sver 11 oA S (HITIERSS 1 S S o MY (g pirdocd
transcri pt iaord stexihucerd mm:;mﬂwm;mevamf cﬂmg@lmndmt The the first
nucl eot i de :_yvaag,] (‘ér?t?t gde_of
the 3" or @%&Wsee ter| t}\}&%ﬁm&u}é ectlon ofv .
t hese pl asiheyn nidt dhed t e 20 dmﬁqﬁmmngérréma fgm o5

pl asm ds pQehhetd sHn in RA{ e’ﬂﬁs et X Qd:é)}bd}@e}iﬁu/é rus
(results not ‘shown These_ f.i ndin g)g;aln | c(leltlé:ethat replication of

NDV- i s10 sacﬂeaq% iR datemm e Y RSEAGAEL0eh de
findings i ndidegenddmt détas psﬁaammap‘pjrng) stiigencmiice DN hicH dgen

5'-end of e n do .t

replicati oﬁ?ril er?"ln:l the ?@Jﬁ%%naveq%e'{éﬁ' i rﬂ'e'bg‘q%ﬁ\gr%e% (pnz%on%é:l%r%s a

pl asmi ds (meaultplesrﬁ%)eﬁm)ome resqiareginbib \Hequess ign melsivandt al .
1992, Harty e@l%r@?‘lﬁsea thlrdlgﬁ'@ edent sé%agfag:'l%e%f NDV m ni genormes by

hel pervi r.us To eterm ne whet her__m ni_genone RNA's coul d be

packagt® The WW%I%N}% Jull dengtd GRNG clppe; PERELd Whd deMWas was
35 transf eigsRahbled rasdn Rl ing rsﬁl;bgfetr@ml:h cONAA@dohklsl QBee Fig.the

monol ayer s 4vyer edlvpfse hed ftrrgme%l{altn%% the c%%sse%ré%sf ui\ﬁ)'i}e sequence at the
following positions (consensus sequence between parentheses):
nt 1755, G (A); nt 3766, A (G); nt 5109, G (A); nt 6999, T
20 (C); nt 7056, G (A); nt 9337, G (A); nt 9486, A (T); nt
10185, T (C); nt 13075, A (G). These differences results in 3
amino acid changes (consencus sequence between parentheses):
F protein, R™ (Q); HN protein 8% (P) L-protein N*** (I).

25 Fig. 4.

(A) Overall strategy used for the assembly of the full-
length NDV cDNA from subgenomic overlapping cDNA clones. The
cDNA was assembled in plasmid pOLTVS535 which already

30 contained the 3' and 5' ends of ‘NDV strain LaSota (cf. Fig.
2) . The resulting plasmid, designated pNDFL+, was used for
the~generation of infectious NDV.

(B) Detailed cloning procedure for the assembly of the full-
length NDV cDNA from subgenomic overlapping cDNA clones. Cm

35 denotes the chloramphenicol-resistance gene which was

temporarily introduced as a phenotypical tag (see text for
details).
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52 SEARW®Ideead Y I N t he nmedi um was neasured. The resul t BCERDRI®00377
that SEAP activity was present only in cells which had been treated
with the nediumfromcells transfected with m ni genone plasmd
pOLTV553N3 (Table 4). This finding 5 indicates that m nigenone RNA s can

be packaged(é)ntlgeé\lg/l?% waﬂgﬁﬁ%ﬁéﬁé@uaﬁ%ﬁ% %%f 3se able to

infect cells ernore [ts

agl |1 S
dependent genejicably credbEiofi BBl nirprgt NPV DM yTlFWA“?g}%%GPE%OM ch
are conpl exesha dbstoe ylﬁ@élé\&l&eama @é%&ié‘ﬁ wéEe 1&@@@&@@@& 1At Ghe

virus-like particles cajio of M ni genongs, b asm ds,
expr essPng K rEeng and wblc}énﬁegu#f' ot e m‘?L Veltd ’9 ‘ggtre?% %'Elﬂﬂe?ﬁéii
the mni ge%@aﬁ@emﬁotﬂhd pd:etoedsbyuc ¢bphvage eshtbg! ¢f ase B Eneoding the
essenti al F P, _and ko géoig we perforned co-transfection
experiments $§€ Cbf¥s for ?% 24 with FPV-T7. -Cel s were transfected with
a conbi nati on of plasm ds consjsting of the m nigenone plasmd 20 and
plasm ds pGh pl\% -P, and -L(c), respectively. As a negative control,
pCl neoL(c), I ch encodes the essential L protein, was replaced by the
vectorlﬁlasnid pCl neo. The results (Table 5) indicated that indeed
plasm ds -encodi nga NRpoLTVS 35 - g@;dlés are able to replicate mni genorre RNA' s.
The results

Transcription by means of T7 RNA polymerase yields

antigenomic RNA (or [+]-RNA) which can be directly translated

15 into SEAP protein by the cell. After infection of cells by
helpervirus (or after co-transfection of plasmids encoding
NP, P, and L), the antigenomic RNA is used by the viral
polymerase complex for the synthesis of genomic RNA (or [-]-
RNA) . The genomic RNA is then used by the viral polymerase

20 complex for the synthesis of both mRNA (by using the specific
transcription start LS] and end {[E] boxes) and antigenomic
RNA.

(B) pOLTV553-series.

25 | i

Transcription by means of T7 RNA polymerase yields

genomic RNA (or [-]-RNA) which cannot be translated into SEAP
protein. After infection of cells by helpervirus (or after
co-transfection of plasmids encoding ﬁ?, P, and L), the

30 genomic RNA is used by the viral polYmerase complex for the
synthesis of both mRNA (by using the specific transcription
start [S) and end [E]} boxes) and antigenomic RNA.



25 furthernore show that, simlar to m nigenonme replication by

hel pervirus, also replication by the NP, P. and L proteins is dependent
on the rul NQY/65p45, Nucl eoti de sequence of the conpl ePETAHANRBTHE NDV
strain 30 LaSota Sub- genoni €7cDNA fragments spanning the entire
NDV . genome were constructed by nmeans of RT-PCR (Fig. 4). To keep

t-he nunbeFiGuUECE® errors to a mnimum a proofreading enzyme- 35 mi x
(Expand Long Tenpl at e; Boehri nger Mannhein) was used in conbi nati on

with a limted nunber of PCR cycles (15.cycles). Primer. 3U T which is
conpl enentary tRoLYFREment IB“P‘Y Fé\ﬁd g_equerlceq/\é 'Qé?wf ends’ of _
PCT/ NL99/ Q87 T.aSota and other paramyxoviruses ar&3Jiven amisseguenter

oo SE, o, ) WSS p ol ey e e T T

i denti error ree I ndepen eactions were
per f or med gatthg)s athitee gmmbertse of thér ekaramjenmnitare gestus ofarsd bigeneei ¢

O Tt ot MR FHP Bl e, R, BT e 1 O
CDNA' s was, il itdd otkdly tifd NU qundmimd Wi tovaire &t hatd (3 dedsiced from
publ i shed "NDV sequences, or by priners derived 10 fromthe NDV sequence
that was RNRed duri ng this sequencing project (Table 1). Remaining
anbi gupt | aWEmew asadtbs disease seignencikRIVZhe humlagy paraieyfilorenzd t he
third set wP{rlstl\E‘; MuV, mumps virus; SV5 and SV41, simmian virus 5 and
41 respectively; SeV, sendai virus;
bPiVB, and hPIV3 bovine and human parainfluenza viris
) respec-_:._tively; CDV, canine distemper virus; MeV measles virus
15 RPV, rinderpest virus. Nucleotide {(nt} sequences of the
entire genomes were obtained as follows (accession no.): NDV'
(AF077761) ; hPIV2(X57559); MuV(AB000388); SV5(AF052755);
SV41(X64275) ; bPIV3(D84095) ; .
hPIV3 (Z11575): CDV(L13194); MeV(X16565); RPV(Z30697).

20



cl ones. The genonme of NDV strain LaSota consists of 15186 nt (Fig.--3),
whi ch nmakes it the smallest of all paranyxovirus 15 genones from which the
entire sequaiocw/dseds been establ i shed to date (Kol akof skypei/nibesooz:P98) .
Construction of a full-length NDV cDNA clggie in transcription pl asm d
pCLTVS 20 To construct a full-length cDNA clone of NDV strain
LaSot a, overl appi ng cDNA cl ones spannlna the‘=ntire NDV genone were
joined at -shared restriction sites acto i g ‘.%) the strategy shown in
Fig. 4. The entire NDV cDNA was 25 assenbled in the m nigenone plasmd
pCOLTV535 (see bove) which is derived fromtranscription plasmd pO.TV5.
As can be seen in Fig. 4B, the last step in the assenbly of t he

conpl ete lelemm@:s Dhd.cl(38i93g Paramyxpypivusmanfegt8ofs. Inkb C al (nt

3521- 12355) o1 £30Te e oL 9BACEN Biiriko MRRarPhndly. B! aﬁgmehaiegrd the

NDVsequences 5; 1- 3521 and
12355- 15186M- Besjedsi vePp) 321 - 34ﬁh|El§e§pe5r§véen9@ Bubddishersi fficult -
since we regeetedhmsterdgﬁlled in generating the correct clones. Therefore,

the Clal frag wa th the chlora henl col- 35 -
resi stance {BffRge e fF891 EE%B# %AE éggl h&SefaFipPRag harboring
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t he protease cleavage site of the Fo protein is a key 15 determi nant for

virulence of different NDV strains. The generation of a genetically
nodi fi ed LaBOBY66Ms ai n in which- the am no aci d sequence pefr/NI¥9/0pIHt case
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virulent NDV field strains. Thus, infections with virul ent 5 field virus

cannot be traced by serol ogi cal nethods. This situation is undesirable
since fiel WQPYE4% nfections are masked by vacci nati on DR
signs which are caused by field stragsns may be overl ooked or are even
attributed to the vacci ne. Since successful differentiation between
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58 proteins consrstrng of aa 1-141 of NDV and aa 141-572 of human
par ai nf | uengg 9oieeps t ype-3 (hPIV3) were shown to retain PCENDH/BTT-vi t y
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t hat of the consensus sequence of virulent NDV strains (Flerr], see
Mat erials and Met hods section). Co-transfection 30 experinents in CER
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To exam ne whet her foreign genes can be inserted into 20 the NDV genone,

we constructed a reconbirnant virus that - carried the SEAP reporter gene.
The SEAP gewe ssmsodger i ved fromplasm d pOLTV535 and was peENLIsRMzI70

i ncl ude the typi cal transcriptional g§op and start boxes of NDV. A DNA

f ragment contai ning the SEAP gene followed by the transcriptional stop
25 and st ¥mbleoles was inserted into the Xl site (nt 109) in pl asm d .
PNDFL+[F[err]]. Infectious virus, designated NDFL-AP, was generat ed by
means .of the co-transfe pr esence of the SEAP gene

was verifi NDFL- AP
expressed b specific
activity o roteins
expressed 8G8OBBPEAP Protein
hese resutigy SRR 5 L R
PCT/ NL99/0§§IZ¢I:+L,;“+ fcr;ziciec'ETGGAGTAGAGTACG 60 ;20;-@2’3@ i on Of|?,m
y?ﬁé?e{gt;b 653?@ expressr% ¢ of NDvlzggéfggﬁge part of the
M gene was HEBEGed by di JesAADCCGAGTCCTCACTGAG F[ err [ 1386tD3®5aA] (nt 3087)
Iﬁ'e' meﬁdlb?’ BLE %3&‘ e e RCTATATEACCA A GGTe CH —Preea—1ss—]' ! ling in

BRT CAAAGAATTCAGAAAAAAGTACGG | 1785-1814

. | GTAGAAG .

P2357+ GGAAACAGTCAGGAAAGACC 2358-2377

P2599+ TAAGTAAAGTTGACTATCAG 2599-2618

P2852+ GGCACTTAATAAACTTTCGC 2852-2871

P3496+ GAATGAAGAAGCCACTGTCG 3496-3515

P3587+ CGGAGATCTTGTTGAGTTGG 3589-3608

P4267+ CATTATCCAAGCAGGTACCC 4270-4299

NDV5-F ACGGGCTAGCGATTCTGGATCCCG 4495-4526

GTTGG

P4731+ (LS) AAGCTCCTCCCGAATCTGCC 4733-4752

P4958+ AGCTCTGATACAAGCCAARC 4960-4979

P5266+ (LS) C?GGTGGGAATATGGATTAC 5267-5286

P5591+ (LS) AGTAACGTTCCCTATGTCCC 5593-5612

P5616+ GTATTTATTCCTGCTTGAGC 5616-5635

P6000 AATACCCTTGATCAGATGAGAGCC | 6166-6190 ,

.| NDVS -HN GTAGGCTAGCAAGAGAGGCCGCCC | 6325-6354..
CTCAAT

P6693+(L) | CATTGTTAAAAACTGAGACC 6695-6714

P7}10+(L) ATCGGAAGTCTTGCAGTGTG 7112-7131

P7501+ (L) TGGTGGGAAACGCATCCAGC 7503-7522

P7900+ (LS) AAGACTTAATCCTACGTCTG 7902-7921

PB590+ AACTCGGAAGGGCAGTACAC 8592-8611

L9000 TTTGTCACTCCTGAACTTGTCATT | 9008-9031

P9353%+ CAATGATATAGCAGAATCCG 9361-5380




Kl enow DNA pol yner ase,

| i gase and used to transformE.
pNDFL+[ F[ erwd belédossvas used to

co-transfection systemin
expressed the NDV M p
was
présence of virus.
cul ture supernatant of th

the fragnent was recicularized by
resulting plasm d, designated
generate virus by means ofpdIinL99/00377 .

coli. The 10

usi

ng T4 DNA

trans- conpyenenti ng CER-M cel I s t hat

r ot ei n.

e third passage

hemaggl ut i ne@32n+( HA) and GCAGAB’I\GG@TGAC’I\GATGG i nhi pPB7an9¢HRIL) tlests. The
virus was ——@m—gﬁa«-ed-lw A-vers— =y t 20
nohol ayers %?3 T cells, fhe VITUS Was. s ‘ﬁ[‘cgbl etp sorzea3 Y by
cell-to-cefP9686ASN SSi on| TCACRCEATATGATEPRBABY usi h§686-970hongcl onal
anti body aBpesabrthe protstroATRseRTART TGS " PDEpILOEzE! fhe M
protein could Aot _be dem)hs racfe I n_an %MA byjusing a nongcl onal ~_
ant i bodi es| By@198# t he M pATRAGRAACCTATERETEAC supel AQBAAt was ysed to
infect either CEF cells o CER-Mcells, we were|ypapbe to show the
presence o | 'Qg virus in these nonolayers by neans ¢f | PMVA.
Thi s fj RUP6BL#ndi cat esT TREECERTEREFBREATRG us colitAERBr be gener at ed
in non-conpl enenting CEF cells. This finding was 30{10epfi rmed By the
observati oh_that inoculathon of enbrvonated eggbwi at ant frlom
infected GEPLERPPS did nomG%%%TACT“rCFP‘F'H%T%enera +5R087 progg¢ny virus
when tested in HA or Hi tests. The need11027better NDV —_—
VaCC| nes, Qf\l :\l | \I trnn 25 _naoad f % BaF kclv- vacod oS- Oert ed us o
to devel op 'l"ever se gg%%@%ﬁ%? Eh woul d igﬁ;%w the ;enetic
modi ficatipn of NDV. In this docunent we describe thkl414
P11798+ TGATACGATAGAACTCGTAG 11800-
11819
L12000 CATATGTCGCCACATGTGAAGGCT |12008-
12031
P12373+ CAACCAGGACATATGATGAG 12375~
12394
P1279%6+ TCGACTGTTCTTACCAACTC 12798-
12817
P12978+ CACACCAACTTGCAGATACG 12578~
. | 12997
P13236+ GAGTATCTACTGTCGGATGC 13238-
13257
P13601+ | ATACTTGTTCAGAGGAATAG 13603- ’
13622
P13943+ GACCTGACCTCAGATAAAGC 13946-
13965
P14002+ TATCATTGCTGCATTGTGAC 14004 -
14023

The supernatant of transfected nonol ayers
paspsigbel 1heeattinved on CER-Mcells and anal yzed for the 15

Virus was obtai ned as evidenced by the
yi el ded positive results in

fact that the



- WO 99/ 66045

generation of infectious

show t hat ¥woaoxkdeg! ence of NDV can be dramatically

only 3 nucl eoti des which

cl eavage site of the F protein

61 - - PCT/ NL99/ 00377
NDV entirely fromcloned full-length

determ ne the 9g

5 In this case the protease cl

CDNA. W

charpgesiNbys/oowdi f yi ng

specificity of the protease

eavage site

-was change@abiemit kdintinued the LaSota strain to that of the consensus

cl eavage site

of virulent NDV strains.
nodi fied NDV strain we deliver the fornal

By generating this g
proof that the cl

enetically
eavability

of the F pEGE@ n 15 the KEECCATSTRATGAGCCTAGTGATTL(14766-0n1y
for virul ¢nce of NDV. Byjlusing the sane revers«lqgggtlcs a
cleavage g$ite can be nodified, ~at.will, to anyjother am no
sequence. | 14812y | ead { &CTAAGGACAFAGETSARGE of a|déBil@s of NI
whi ch di splay a spectrum of virul ence | evels. 1 1N viv
‘al ready ntioned above, it has been shown that. bﬂsiges t
cl eavabi lijty of the F and -HN protelns other viral {20 factors
cont ri but g—topathogenm ity —A-teratTons T trgscrTptTon
transl ati@qn_can nodulatefgrowth and cell- to-cell spread of
and/ or cyq@@A%rogeni ci ty tﬁﬁﬁGACTT§$éﬁﬂ$ETPPﬁy of JR3°nﬂéét|ous
al l ows fongdgg= SYSTENE ) ; TBGRS 9%
in 25 transcription and rpnllraLJan ThIQ mayv _Leadl fo fhp desi
new NDV v4&48REs which s GﬁpgﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁgnlC|t_1@88'131ﬂrt
non- exi st i nce. P36 170D SR
of |live \accines 2\Or m:m\/ Ll V=) \/:.\rml hes includi
i mmunogenil@3329s often iﬁF@Fé@F?Aﬁéﬁg GCvi r ul pAE0-3311y
further atftgggiaid on of [ | CFTCECARTTEANCRAAGATC r0S6Ag-BBBHEN0]
one of thg-npsidesd j | : | |
coul d be P29 this r¢§ GTATCCACT 932-3973
' NDV3-M TCTCCCCGGGGCAGCTTATTTCTT | 4400-4368
AAAAGGAT
P4593- GACAGATGCAACTCAGTACC 4625-4606
P4618- (LS) ATGCAACTCAGTACCAGCGC 4620-4601
P5390- GTAGAGTTACCTGTATACCC 5411-5392
NDV3-F ACTACCCGGGAAACCTTCGTTCCT | 6238-6212
CAT .
P6710- (LS) TCTCAGTTTTTAACAATGCC 6712-6693
-P7093- (LS) GTTGATGGAACGCAGAGTAG 7095-7076
P7522- (LS) CTGCTGGATGCGTTTCCCAC 7524-7505
P367 AGGGACCTCAATACTAGCCAGTTC | 8692-8666
P9905- CTCTATCAAGAGGCGATTAG 9907-9888
P10320- TAAGACAGTACTTTTGCAGG 10322~
' 10303
P10684-~ GATGCAACTGTGTCAACACC 10687~
10706
P11122- AATTGGGCAGGAGTCAGAAC 11124-
11105
P11510- TGCCTCCATGATAGCATGCG 11512-
114593

et er mi nant)

proach, the
acid
\V strains
0 As
e _
may ~
nd
the virus
cDNA of NDV
qre i nvol ved
gn of
ual l'y
properties_
g NDV, 30 —
ref ore,
enicity is

i cation




it

is worthwhil e nentioning that

it has been shown that 35

elimnation of

expression of the V protein of Sendai virus resulted in a markedly
reduced i nWO9%6604% hogenicity for mce .4 WO 99/ 6604 FCT/NLI9/00377 .

- PCT/ NL99/ 00377 ' 62 (Kato et al.,
1997), Sim 0, S E-MLBUS, NDV al so generates a V protein by a
nechanlsn1ﬁﬁg§%éa% gﬁﬁ?i Mgta'lang (Steward et al., 1993). It is
predi ct abl e t hat ellnlnatlon of expression of the V protein of NDV nay
al so resul fpiToas- ) ‘ N @ VO 1195§ETr‘thn1changing
the virul gnce of NDV, we ~hom1that |t i's possi ble % nodi fy |t he
antigenic nake up of NDV fn such a way that strfth€8€an be dener at ed
whi'ch can pPpi3¢io VTGTCATACACTATTATEGCET OMm ofmel-d strdi ns. These,
so call ed, 10 mar ker vacki nes are an inval uabl e togl é% assess {t he -
preval ence| of NDV in comnfrcial flocks around the whA£d 20 Funt her nore,
the | arge-EpaBe4aappl | cat | POARAGAGTACOBTEPACAGACKACC| n8s7aay ul tijmatel y-| ead
to the conplete eradicatiqgggé NDV by a process Q%%i tensi vg screening .
and stanpiphg out of 15 i} %S flocks. In this dogl i we shgw t hat T

forei gn gehps3281-can be | GAGATEGATAGAGCTORCOEGONE Of 1BBO2-These |f orei gn

genes can be expresseld to very high levels in i1%g§hgd cellg. This

shows that{ NDV_can be used as a vaccine vector for e expr essi on of
antigens f|[Bhtd0her (poul fAOGCHATBCHEGECARTCAGever a| 1A168erti es|make NDV an

i deal vacc] ne vector for vacci nation agai nst reppghakory or fi ntestinal

di seases. 1) NDV can pe easily cultured to verylhigh titresfin

enbr yonat efP14528ggs. 2) MASTCRGFARRETGFCRERACh enb} ¥8R3fed eggs is =

relatively

cheap. 3) NDV jpaccines are relatively stpiphsognd
P14687- AGGATCTGTCTCGTGCACTG 14709~
14690
P377 TTTCCTTAAGTTTGGTAATACCTA | 14888-
GGAC ' 14861
P359 CACCAAGTCGACAATTGGCCAGAA | 15046~
AAGGAG 15017
SNDV ACCAAACAAAGATTTGGTGAATGA | 15186-
CGA 15159




25 can be sinply adm ni stered by mass application nethods such as

addition to drinking water or by spraying or aerosol formation. 4) The
nat ural roweomdeodsrf ecti on of NDV is by_the, respi r at or pC¥NLO900377 .
intestinal tract which are also the ngj 8P natural routes of infection
of many other poultry pathogens. 30 5) NDV can induce |ocal inmunity
despite the presence of circulating maternal anti body.

Finally, mksltmvn.t red quende eof\lDl/' cu@t breemninal ends et the ggemomeecdfby
using tra _Jf?)x[el{;?rﬁ% ? i nes. An NDV del eti on nmutant was

gener at ed IS una 0 express the 35 matrix (M protein which is
|nvoI ved |n budd| ng of NDV at the i nner cell nmenbrane. W show that a
phenot. %equencevé&g?l 6684minal end (shown as 5' end of

PCT/ NL 9/ 63 conpl emented NDV strain

that is urﬁ!ﬁ’é@@'&k‘br% gFeamihrotein is still able to infect cells and
spread by neans of cell-to-cell transm ssion. However, the nmutant virus is

unabl e to generate infectious eny on non-conp cells. This *
finding 'sﬁg%%r}‘?‘ﬂaf phenot ypi ca 1‘?/‘9 orrpl enent ed NDVS%%‘F%‘?%n nmut ants may be
used as safe self-restricted vaccines which are unable to spread into the

envi rggment. Such a non-transnggsi bl e vacci ney, A FESAGARTADSt | nport ant
advantage of live vaccines, i.e., efficacy, WI th the m)st | nportant
advant age of killed vaccines, 95e., safety. ACCAARCACAGAR
13 ACCAAACAGAGAATC
21 ACCARACAGAGAATC o
15 method II. clone sequence
26 ACCAAACAGAGAATC
28 ACCAAACAGAGAATC ‘
30 ACCAAACAGAGAATC
20 31 GCCAAACAGAGAATC
32 ACCAAACAGAGAATC
33 ACCAAACAGAGAATC
Consensus ACCAAACAGAGAATC
25
B. Sequence of 5' terminal end (shown as DNA) °
30 pBluescriptII-TSK clones clone sequence
r3101-13 ACCAAACAAAGATTT
r3101-14 ACCAAACABAAGATTT
r3101-15 ACCAAACAAAGATTT
35 r2601-17 ACCAAACAAAGATTT

r2601-18 ACCAAACAAAGATTT



WO 99/ 66045 PCT/ NL99/ 00377

64 LEGENDS Fig.1. b5 ' Transcription vector is a
deri vat i vevO99/66045 transcription vector described by Patlf%ﬁgéq-wal "
(1992). See text for details of théXonstruction. The plasm d contains
the T7 DNA-dependent RNA pol ynerase pronoter (shown in 10 bol df ace)
fol | oned byabheqrecSntinuad)Smal restriction sites and the

aut ocatal ytic ribozyne fromhepatitis delta virus (HDV). DNA fragments

can be cl oned between the Stul _and Snal [ transcri bed.
either in vitro or in vivo byr2601gdfng 17 R%EW%@ The 5' end of
the resulting 15 transcripts contains two extra G residues which are not
encoded by the insert. Due to gﬁ a&ttoi on of W he . 3" end of
the tPanscripts exactly'corre§%'&§ 0 the | as nucl eoti de of the ' '

i nsert. 20 Fig. 2. r2680~24t ur e of MOGARKCARYSGATHIT pl asni ds
pOLTV535 (Fig. 2A) and pOLTVS553 (Fig. 2B). The m ni genonme pl asm ds.are
based on transcription plasmd pOLTV5 (cf. Fig. 1) and contain the 3'--
25 regi opGEMAaZlclodesand 5' - cd@nén (nt 14970- 15186AUSRCRDY strain - 7.
LaSota flanking the gene encodi ng secreted al kal i ne phosphat ase ( SEAP).
Transcription of pO.TV535 by T7 RNA poly Cé?*@ls ti genonm c RNA
(or [ -RNA) whereas tran§'§|1i°}3't'i1(§n of pm 8‘3"1' enonmi ¢ RNA (or
[-] -RNA). - r3101-17 ACCAAACARAGATTT
r3101-18 ACCAAACAAAGATTT _
r3101-19 ACCARACAAAGATTT | =
r3101-22 ACCAAACAAAGATTT
15

Consensus  ACCAAACAAAGATTT



30 The start (S) and end (E) boxes, which are viral transcription
initiation and term nation signals, are i ndi cated. The start codon of

t he SEAP g&@9¥/6s04mder| i ned. The sequences of the inser PCOMIIYOBING) in
the Clal-site whi-ch generate mnini gerfdre pl asni ds which each differ 1 nt
in 35 length (pOLTV535N0-N5 and pOLTV553N0- N5, respectively) are al so
shown. WO 99/ 66045

PCT/ NL99/ 0938Te 3. Minigenome replication by NDV BBlpervirusFig. 3. 5
Nucl eoti de sequence of the genone of NDV strain LaSota ~and deduced
am no acid sequence of the NDV genes. The sequence shown corresponds to
t he anti geRONBEAPt agndvdky i(sps) afhewntiransiiecEion 8f CERe&W eelils t he

f of f b ' [ i LsqtRat of th
consendus. 00 EHECROBTRRTS, B8, BRHYsES Rl el 8 B1pBntl, 1o (Tg 1o

i ndependent sets of overl appi ng subgenom ¢ cDNA" s which span t he
entire NDV,ggBRH®B. Renmai nipgyanbi guities_fyp§obably as argrioresult of RCR
errors)‘me?e resol ved by sequenci ng rel evant regions of a third b
i ndependent set of clones. 15 The sequence of the full '1ength cDNA cl one
PNDFL+ whi gbrars3sNo assenbl edsf som gutr | appi ng. suRgeodbni ¢ cbhNdgcl ones (see
9 oy by o L1t oG he consensys §0V senuence
pOLTV535N2 2.4 _ 6.2 . 0.39
pOETVS35N3 7.6 5.2 1.46
pOLTV535N4 1.8 4.1 0.44 ==
POLTVS35NS 1.5 3.0 0.50
15
pOLTV553N0 5.5 x 103 9.6 x 10° 0.57
pPOLTV553N1 9.6 27.6 0.35
pOLTVS553N2 _ 2.4 3.5 0.68
pOLTV553N3 15.1 9.5 1.59
20 pOLTVS553N4 3.4 7.9 0.43
pPOLTVS553N5 2.9 4.8 0.60
B. SEAP activity (cps) after transfection of FPV-T7 infected
CER cells with the pPOLTVS553 -series of plasmids.
25 o i
Plasmid +NDV _NDV ratio
POLTV553N0 7.2 x 10* 8.3 x 10° 0.86 ,
pOLTV553N1 8.4 12.0 0.70
POLTV553N2 .9 12.6 0.71
30 pOLTVS53N3 27.4 8.6 3.19
pOLTVS553N4 7 10.4 0.93
pOLTV553NS 5 8.1 1.05



nt 1755, G (A); nt 3766, A (Q; nt 5109, G (A); nt 6999, T20 (C) nt

7056, G (A): nt 9337, G (A); nt 9486, A (T); nt 10195, C); nt 13075
A (Q. The O /66948 ences results in 3 ami no acid changeg

sequence between parent heses): F pré&3ein, Rerr] (Q; HN proteln 8200
(P) L-protein N err] (I). 25 Fig. 4. (A) Overall strategy
used for the assenbly of the full- length NDV cDNA from subgenom c
overlapplngagféwgclones The cDNA was assenbled in plasmd pO.TV535
which already 30 contained the 3' and 5 ends of NDV strain LaSota (cf.

Fi g. 2). The resulting plasm d, designated pNDFL+, was used for t he

geﬂerati0nTﬁinéﬂéfcbfOSEANDHCt1V1tyBXcﬁBlahfedrctneaugeptooEdGER ted lishe

bl y b DNA
c ones S CorsER°Eh opRReFRatERY PEnERY AT Lot nE SO SN SRR EL 18 A ARCLAG ©
tenporarlIbeenttndnsﬁdcasdawghhnbh9pp@hTV55§ gevieseqf Pbasmldsdendlls)

WO 99/6604 / 09377 >
een superinfected with NDV (E&d. ﬂgﬁé 9 -
66 1E£t ?eﬁ Ponu g procedure tor the generation o? o
genetically nndlfled full-length NDV cDNA. The nodification consists of ~
3 nucl eoti flgzshagages which were introduced in the 5 F gene and which result
in the nodification of the am no acid sequence of the proteolytic
cleavééb site of the F protein
pOLTV553N0 2.4 x 10°
pOLTVS53N1 6.2
POLTVS53N2 2.0 =
pOLTVS553N3 20.6 '
15 pOLTV553N4 2.0

pOLTV553N5 2.1



‘(see text for details). Fig. 5. 10 (A) pOLTV535-series.

Transcription by neans of T7 RNA pol ynerase vyiel ds antigenom c RNA (or
[ +] - RNA) whivedwesosde directly translated 15 into SEAP prot eiPcTINLIDAGS7TE] | .
After infection of cells by hel pervi B4s (or after co-transfection of
pl asm ds encodi ng NP, P. and L), the antigenomic RNA is used by the
vi ral pol ymerase conpl ex for the synthesis of genomic RNA (or [-]-
RNA). The gﬁggf% RNA is then used by the viral polynmerase 20 conplex for
the synthesis o ot h mRNA ( b¥ glng the specific, ~ %ranscrl |on start
[S] and endSEAP d@RI¥ItAn4CRAL i BERBHI €O-tT ection of gCERFLAEIWEN o5
25 (o tﬁéazenrvsSBoaebxegeaﬁ5pmas§2dEMHnaopyasmaas PCEhEONP, gfnonrc
RNA" trans ed ipto p i N After
|nfect|55 d? §h39ah8?88 F?ﬁ% 68F g¢#3g° 8 Eéﬁ%ﬁ% c%?%ﬁ*S})plasnids
encoding NP, P, and L), the 30 genomic RNA is used by the viral polynerase
conplex for the synthesis of both mMRNA (by using the specific ]
transcription __start [S] and end [E] boxes) and anti genoni ¢ RNA. N
WD 99/ 66045P1asmid NP, PCGYP NLB ok opQ¥e0
~ ratio '
10 _
POLTV553N0 3.1 x 10° 2.7 x 10° 11.7
POLTVS53N1 4.1 ' ' 5.2 7.9
pPOLTV553N2 3.1 3.1 10.0 =
POLTV553N3 35.9 3.6 _ 100.8
15 PpOLTV553N4 1.9 4.6 4.1
0 4.1 2.5

POLTV553N5 1.



67 Fi gure 6. Al'ignment of nucleic acid sequences 5'

term nal" ends of NDV LaSota and ot her paranyxoviruses are given as
sequence 5Weongsssd son of NDV across the four nenbers of theckNusismosmus
genus, three nenbers of the Paranyxoviru85genus, and three menber s of
the Morbillivirus genus. The sequences are presented fromthe L gene

end box to the 5' .end (3 - 5% C m& NDV, new castle disease
virus; hPIV2, human’ parainfl uenza E»€¥%U§‘2 MuV, munps virus; SV5 and

SV41, simman virus 5 and 41 respectively; SeV, sendai virus;

bPI V3, and,hP 0 n?&% ] ai fI ' tlvely, '
CDV, canine dlhs%tie%pgr VI rus; rrc;b%rés esIE v:ésl}s%afé%lnﬂ nde éﬁlc{/l rus.
Nucl eot i deacAg) S@&W@f?@e§°@ﬂ?et5@@ndlngem they Srothermimed @lndalmécth,s

fol l SdeD ,,,],xw: 7 VofeXa \( ABO00388
58/5(2\2/85(2(;1 )?1 .%ﬂ;%i')l aﬂ\lﬂ\gr;z_ bPl %(EDB%Q%'H al hléli\%lg%‘ ?11%‘753) 589
Y,

CDV( |_13194)mf :}Gelgvﬁram’xovms VO 99/ 66045 N
PCT/NLQQ/OQ37Z.cDNA according to claim 1 comprisi®d a full-length cDNA."

REFERENCES

3. A cDNA at least comprising a nucleic acid sequence
corresponding to the 5'-terminal end of the genome of avian-
paramyxovirus allowing generating an replicating avian-
paramyxovirus minigenome. '

10 4.- A cDNA according to claims 1, 2 or 3 at least partly -
derived from Newcastle Disease Virus.
5. A ¢DNA according to claim 4 wherein said Newcastle Diseése
Virus is a lentogenic virus, preferably derived from a
vaccine strain.

15 6. A cDNA according to claim 5 wherein said vaccine strain is
a LaSota strain ATCC VR-699.
7. A cDNA according to anyone of claims 1 to 6 additionally
provided with a modification in a nucleic acid.
8. A cDNA according to claim 7 wherein said modification

20 comprises a nucleic acid encoding a modified protease
cleavage site.
9. A.cDNA according to claim 8 wherein said cleavage site is
a protease cleavage site of the fusion (F) proteinw.-
10. A cDNA according to claim 7 wherein said modification

25 comprises a nucleic acid encoding a hybrid viral protein.
11. A cDNA according to claim 10 wherein said protein is a
hemaglutinin-neuraminidase (HN)- protein.
12. A cDNA according to claim 7 wherein said modification
coﬁprises a deletion in a nucleic acid encoding a viral

30 protein.
13. A cDNA according to claim 12 whereln said viral protein
is a matrix (M) protein.

RO
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paramyxov1rus comprising transfectlng at least one cell with
cDNA according to anyone of claims 1 to 16.

19. A method according to claim 18 wherein said cell is at
15 least capable of expressing viral nucleocapsid (NP), phospo-
(P) or large polymerase (L) protein.
20. A method according to claim 18 or 19 further comprising
allowing cleavage of the fusion protein of said virus.
21. A method according to anyone of claims 18 to 20 further
20 comprising incubating said cell in growth medium comprising
proteolytic activity.
22. A method according to claim 21 wherein said growth
medium comprises allantoic fluid comprising said proteolytic
activity.
25 23. A method according to anybne of claims 18 to 22 wherein
said cell is derived from a chicken cell. '
24. An infectious cdpy avian-paramyxovirus obtainable by a
method according to any one of claims 18 to 23.
25. A vaccine comprising a virus according to claim 24.
30 26. A live vaccine according to claim 25.
27.°A vaccine according to claim 25 or 26 wherein said
infectious copy avian-paramyxovirus is at least partly
derived from a Newcastle Disease Virus (NDV).
28. A method for distinguishing unvaccinated animals or
35 animals vaccinated with a NDV vaccine according to claim 27
from animals infected with wild-type NDV or vaccinated with
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GITAGAGI TACCTGTATACCC 5411- 5392 NDV3-F

ACTACCCGh#zARAECCTd GSTAHE@Re 8@ 38> SXAIGAT GTA AAM GAA GCA ACT TCETAJT PAF79Q-qTE JF6

TCTCAGTTT4EFAACAATECCE D G7X2-B698 P70%3- ELSE T SGTTGATGARACCCAGAGTRG
7095- 7076

P7522- (LS CTGCTGGATGCGTTTCC%@? . 4- P3Q7.: S
AT Fe e g o YRER B GRERE

- 10303

9962
528

10022
548

10082
568

10142
588

10202
608

10262

628

10322
648

10382
668

10442

688

10502
708

10562
728

10622
748

10682
768

10742
788

10802
808

10862
828

GG 10322-

CTT GAG TAC CTT AGA GAT GAC AAT GTG GCA GTA TCA TAC TCG CTC AAG GAG AAG GAA GTG
L E Y L R D D N V A VvV 8 ¥ 8 L K E K E V

ARA GTT AAT GGA CGG ATC TTC GCT AAG CTG ACA AAG ARG TTA AGG AAC TGT CAG GTG ATG
K V N 6 R I F A XK L T XK XK L R N C Q@ V M

GCG GAA GGG ATC CTA GCC GAT CAG ATT GCA CCT TTC TTT CAG GGA AAT GGA GIC ATT CAG
A BE 6 I L A D @ I A P F F Q G N G V I Q@

GAT AGC ATA TCC TTG ACC AAG AGT ATG CTA GCG ATG AGT CAA CTG TCT TTT AAC AGC AAT
D s I s L T K S M L A M S Q0 L S F N S N

AAG AAA CGT ATC ACT GAC TGT AAA GAA AGA GTA TCT TCA AAC CGC AAT CAT GAT CCG AAA
XK X R I T P €C K E R V 8 8 N R N H D P K

AGC AAG AAC CGT CGG AGA GTT GCA ACC TTC ATA ACA ACT GAC CTG CAA ARG TAC TGT CTT
S X N R R R V A~ T F I T T D L Q K Y C L

AAT TGG AGA TAT CAG ACA ATC AAA TTG TTIC GCT CAT GCC ATC AAT CAG TTG ATG GGC CTA
N W R Y ¢ T I X L F A H A I N @ L M G L

CCT CAC TTC TTC GAA TGG ATT CAC CTA AGA CTG ATG GAC ACT ACG ATG TTC GTA GGA GAC
P H F F E W I H L R L M D T T M F V G D

CCT TTC AAT CCT CCA AGT GAC CCT ACT GAC TGT GAC CTC TCA AGA GTC CCT AAT GAT GAC
P F N P P §S D P T D ¢C D L S8 R V P N D D

ATA TAT ATT GTC AGT GOC AGA GGG GGT ATC GAA GGA TTA TGC CAG AAG CTA TGG ACA ATG
I Yy I v § A R 6°6G I E 66 L C © K L W T M

ATC TCA ATT GCT GCA ATC CAA CTIT GCT GCA GCT AGA TCG CAT TGT CGT GIT GCC TGT ATG
I s I A A I Q@ L A A A R S H C R V A C M

GTA CAG GGT GAT AAT CAA GTA ATA éCA GTA ACG AGA GAG GTA AGA TCA GAC GAC TCT CCG
vV ¢ 6 b N Q V I A V T R E V R 8 D D 58 P

GAG ATG GIG TTG ACA CAG TTG CAT CAA GCC AGT GAT AAT TTC TTC AAG GAA TTA ATT CAT
E- ¥ V L T @ L H Q A 5 D N F F K E L I H

GTC AAT CAT TTG ATT GGC CAT AAT TTG AAG GAT CGT GAA ACC ATC AGG TCA GAC ACA TTC
vV N H L I 6 B N L X D R E T I R S8 D T F

TTC ATA TAC AGC AAA CGA ATC TTC A2A GAT GGA GCA ATC CTC AGT CAA GTC CTC AAA AAT
F I Y 8 K R I P K D GG A I L S Q@ V L K N

TCA TCT AAA TTA GTG CTA GTG TCA GGT GAT CTC AGT GAA AAC ACC GTA ATG TCC TGT GCC
S 8 K L VvV L VvV 8§ 6 D L S8 E N T V M s C »a

GGCGATGTAATCAGCCTAGIGCTT  14756-

9901

10021 -

547

10081
567

10141
587

10201
607

10261
627

10321
647

jo3sl
667

10441
687

10501
707

10561

727

10621
747

10681
767

10741
787

10801
807

10861
827

10821 .

847

e
el



P10684-

10706
11105
11493

Tabl e,

11886
12700
13143
13283
14144
14505
14690
14861

- GATGCAACTGTGTCAACACC 10687-
P11122- " AATTGGGCAGGAGTCAGAAC 11124- _
P11WM@99/66045 TGCCT CCATGAI% 11512- PCT/NL99/00377 .
MD 99/ 66045 PCT/ NL99/ 0077
1 conti nued P11903- ATTGCTTGEAAGATGEAACC . 11905-
P12717- TGTCATACACTATTATGGCG 12719-
Pfgg13 conﬂrmediAGT ACCGTGTACAGACAGC 13172- ATAACC
GACATGATAGAGCTCACCTG 10981
e 1 o RO e e T
P1A4®Y. A 8 GErcXochastT
P%gfzﬂrn;\mm 1B Sa Tac Trr lekd @Or eac TTC TCC ATC ACC 11041
P3%y . n vITHRCCLUTAAGIJTGGTRAATACGFAF 14888 E F s I T @GAC
P359 CACCAAGTCGACAATTGGCCAGAA 15046- :
11042 AAC AAT TCG CAC COCC GAT CTT AAT CAG TCG TGG ATT GAG GAC ATC TCT TTT GTG CAC TCA 11101
@88 N N S H P D L N @ S w I E D I S F V H s 907~
111102 TAT GIT CTG ACT CCT GCC CAA TTA GGG GGA CTG AGT AAC CTT CAA TAC TCA AGG CTC TAC 11161
%8Y Vv L T P A Q@ L 6 6 L S N L Q@ Y S R L Y 927
11162 ACT AGA AAT ATC GGT GAC CCG GGG ACT ACT GCT TTT GCA GAG ATC AAG CGA CTA GAA GCA 11221
28T R N I G D P G T T A F A E I X R L E A 947
11222 GTG GGA TTA CTG AGT CCT AAC ATT ATG ACT AAT ATC TTA ACT AGG CCG CCT GGG AAT GGA 11281
948V @ L L § P N I M T N I L T R P P G N G 967 .
11282 GAT TGG GCC AGT CTG TGC AAC GAC CCA TAC TCT TTC AAT TTT GAG ACT GTT GCA AGC CCA 11341
"9 D W A S L C N D P Y S F N F E T V A S P 987
11342 AAT ATT GTT CTT AAG ARA CAT ACG CAA AGA GIC CTA TTT GAA ACT TGT TCA AAT CCC TTA 11401
988 N I V.- L K K H T Q R v L F E T (o] S N P L 1007
11402mmmmmmmmmmmmmmmmmmmmm 11461
0084 S 6 VvV H T E D N E A E E K A L A E F L 1027
11462 CTT AAT CAA GAG GTG ATT CAT CCC CGC GIT GCG CAT GCC ATC ATG GAG GCA AGC TCT GTA 11521
1026L N Q E V I H.P R V A H A I M E A S S V 1047
11522 GGT AGG AGA AAG CAA ATT CAA GGG CTT GTT GAC ACA ACA AAC ACC GTA ATT AAG ATT GCG 11581
10486 R R K @ I © 6 L Vv b T T N T V I K I A 1067
11582 CTT ACT AGG AGG CCA TTA GGC ATC AAG AGG CTG ATG CGG ATA GTC AAT TAT TCT AGC ATG 11641
1068L. T R R P L 6 I K R L M R I V N Y S8 S M 1087
11642 CAT GCA ATG CTG TTT AGA GAC GAT GIT TTT TCC TCC AGT AGA TCC AAC CAC CCC TTA GTC ‘11701
088 A M L F R D D V F S S S R S N H P 'L V 1107
11702 TCT TCT AAT ATG TGT TCT CTG ACA CTG GCA GAC TAT GCA CGG AAT AGA AGC TGG TCA CCT 11761
1108 S S N M (o4 s L T L A D Y A R N R S w S P 11272
11762 TTG ACG GGA GGC AGG AAA ATA CTG GGT GTA TCT AAT CCT GAT ACG ATA GAA CTC GTA GAG 11821
1128, T 6 6 R K I L €6 V § N P D T I E L V E 1147
11822 GGT GAG ATT CTT AGT GTA AGC GGA GGG TGT ACA AGA TGT GAC AGC GGA GAT GAA CAA TTT 11881
11486 _E I L § V § 6 6 € T R € D S G D E Q F 1167
11882 ACT TGG TTC CAT CTT CCA AGC AAT ATA GAA TTG ACC GAT GAC ACC AGC AAG AAT CCT CCG 11941
71168 T W F H L P S N I E L T D D T S K N P P 1187
11942 ATG AGG GTA CCA TAT CTC GGG TCA AAG ACA CAG GAG AGG AGA GCT GCC TCA CTT GCA AAA 12001
1188 M R V P Y L G S K T 0 E R R A A S§ L A K 1207
12002 ATA GCT CAT ATG TCG CCA CAT GTA AAG GCT GCC CTA AGG GCA TCA TCC GIG TTG ATC TGG 12061
1208 I A H M s P B v K A A L R A s S v L I w 1227
12062 GCT TAT GGG GAT AAT GAA GTA AAT TGG ACT GCT GCT CTT ACG ATT GCA AAA TCT CGG TGT 12121
1226A Y G D N E V N W T A A L T I A K S R C 1247

i
'



AAGGAG 15017 SNDV ACCAAACAAAGATTTGGT GAATGA
15186- CGA 15159 WO

09/ 66045 WO 99/66045 80 PCT/ NL99/ 0037 7pcr/NLoonosfab! €
2. Sequence of 3' and 5 tern1na|1636225f t he genone of NDV strain La
Sota .5 A Sequence of 3" termnal end (shown as 5 end of antigenom c
DNA strand) nmet hod | . cl one sequence 10

ACCAAA C

28

Cq

ACCAAACAGHZAATGeA CTA GAT GAT GGT ATA ACT CAG ATG ACA TIC ACC CCT GCA TCT CTC TAC AGG TGT

1268 H

12242
1288

12302
1308

CAC
H
AGG
R
12362 TIT
1328 F
12422 AGT
1348 8
GAA
B
GAC
D

12482
1368

12542
1388

12602 ccc
1408 P

12662 GTG
1428 v

12722 aAcc
1448 T

12782 Gca
1468 A

12842 GAC
1488 D

12802 anc
1508 N

12962 GTC
1528 v

13022 cTA
1548 L -

13082 CTG
1568 L

13142 CGG
1588 R

13202 GeC
1608 G

R L p D 66 I T Q M.T F T P A S L Y R ¢

CTT ACA TIC ACA TAT CCA ATG ATT CTC AAA GGC TGT TCA CTG AAG ARG GAG TCA AAG
L T F T ¥ P M I L K 66 € s L X K E 8§ K

GGA ATG TGG TTT ACC AAC AGA GTC ATG CTC TTG GGT TTA TCT CTA ATC GAA TCG ATC
G M W F T N R V M L L 66 L 8 L I E s I

CCA ATG ACA ACA ACC AGG ACA TAT GAT GAG ATC ACA CTG CAC CTA CAT AGT AAA TIT
P M T T T R T ¥ D E I T L E L H S8 K F

TGC TGT ATC AGA GAA GCA CCT GTT GCG GTT CCT TTC GAG CTA CTT GGG GIG GTA CCG
¢ € I R E A P VvV A VvV P F E L L 66 V V P

CTG AGG ACA GTG ACC TCA AAT AAG TTT ATG TAT GAT CCT AGC CCT GTA TCG GAG GGA
L R T v T S N XK F M Y D P S P V S E G

TTT GCG AGA CTT GAC TTA GCT ATC TIC AAG AGT TAT GAG CTT AAT CTG GAG TCA TAT
F A R L D L A I F K § Y E L N L E § Y

ACG ATA GAG CTA ATG AAC ATT CTT TCA ATA TCC AGC GGG AAG TTG ATT GGC CAG TCT
T I E L M ¥ I L s I 8 8 6 K L I G6 Q@ S

GIT TCT TAT GAT GAA GAT ACC TCC ATA AAG AAT GAC GCC ATA ATA GIG TAT GAC AAT
v & ¥ b E D T S8 I K N D A I I v Y D N

CGA AAT TGG ATC AGT GAA GCT CAG AAT TCA GAT GTG GTC CGC CTA TTT GAA TAT GCA
R N wW I s E A @ N S D V V R L F E Y A

CTT GAA GTG CTC CTC GAC TGT TCT TAC CAA CTC TAT TAC CTG AGA GTA AGA GGC CTA
L E VvV L L b ¢ s Y Q L Y Y L R V R &G L

AAT ATT GTC TTA TAT ATG GGT GAT TTA TAC AAG AAT ATG CCA GGA ATT CTA CTT TCC
N I Vv L Y M ¢ b L Y K N M P G I L L s

ATT GCA GCT ACA ATA TCT CAT CCC GTC ATT CAT TCA AGG TTA CAT GCA GTG GGC CTG
I A A T I 8 H P VvV I H S8 R L H A V 6 L
AAC CAT GAC GGA TCA CAC CAA CTT GCA GAT ACG GAT TTT ATC GAA ATG TCT GCA ARA
N H D 6 8§ H 9 L A D T D F I E M S A K

TTA GTA TCT TGC ACC CGA CGT GTG ATC TCC GGC TTA TAT TCA GGA AAT AAG TAT GAT
L v 5§ ¢ T R R VvV I 8§ 6 L Y 8§ 6 N K Y D

CTG TTC CCA TCT GIC TTA GAT GAT AAC CTG AAT GAG ARG ATG CTT CAG CTG ATA TCC
L F'P 8 V L D D N L N E K M L © L I s

TTA TGC TGT CTG TAC ACG GTA CTC TTT GCT ACA ACA AGA GAA ATC CCG AAA ATA AGA
L ¢ ¢ L ¥ T V L F A T T R E I P K I R

TTA ACT GCA GAA GAG ARA TGT TCA ATA CTC ACT GAG TAT TTA CTG TCG GAT GCT GTG
L T A E E K C s I L T E Y L L S D A V

ACCAAACAGAGAATC

2L onodis ws ARG o cééﬁggm%g b cccw

SEQUEeNCEy58x v
- ACCAAACAGAGAATC

12181
1267

12241
1287

12301

1307

12361
1327

12421
1347

12481
1367

12541
1387

12601
1407

12661
1427

12721
1447

12781
1467

12841
1487

12501 -

1507

12964
1527

13021
1547

13082
1567

13141
1587

13201

1607

13261
1627

T

i



20 g 31
32 ACCAAACAGAGAATC
- ACCAAACAGAGNIF 99/66045

B. Sequence of 5' ternminal end (shquff22 DNA)
sequence

cl ones, cl one
ACCAAACAAAGATTT

o
2L, Fig, Acerioed T

WO 99/ 66Q4d82 Aaa CCA TTA CTT AGC CCC GAT CAA GTG AGC

81 (1&Blxe 2 cé&nt knud)P
ACCAAACAAAGATTT

13322 CCA GCT AAT CTG TAC TAC ATG TCT CGG AAG

1648 P A N L Y Y

13382 AGG GAT ACT ATC CTG GCG TTG TIG TTC CCC

1668 R D T I L A

13442 CAA GAT ATT GGT GCT CGA GTG AAA GAT CCA

1688Q D I G A R

13502 GAG TTA GAT TTG AGT GCT CCA GCA AGG TAT

1708 E L D L S A

13562 GAA CTC ACA TCT CCA AAT CCG GAG GAA GAC

172BE L T S P N

13622 GGG ACT GCA TCT TCC TCT TGG TAT AAG GCA

17486 T A S S S
13682 TGT

1768c A R H G N,
13742 CTC

1788L E L H V P
13802 AAC

1808 N P P O R H
13862 AGG

1832BR N L © A E
13922 TGG

188w R E N T E
13982 TCT

1868S A V P Y R

_'14042 TCC AAT CAA AGC TTA CTA GAT CAA CTA GCT

188 s N Q0 S L L

14102
%08 v R E G G V

14162

1928 L. L. M N L F

14222 GCA TGT CGA GGA GAT ATG GAG TGT TAC CTG

1948 A C R G D M

14282 ACA TTIT GTA CAT GAG GTG GTG AGG ATG GCA

1968

]

F VvV H E V

14342 TTG TCT AAA TCA GAT GAG ATC ACA CTG ACC
T

.1988L S K S D E

14402 ACA GAC ATC CTA TCC AGT CCT TTA CCA AGA
20086T D I L S §.

D

M

L

Q Vv

s

L

R

F

VvV K D

P

W

s

H

F

v

E

S

D

\Y

a

E

\Y

I

P

S

K

P

P

A R Y

E

Y

L

E

G

T

s

\Y

Q

I

P

c

E

K

Y

T

P

c

D

s

L

I

c

Y

D

A

GCA AGA CRAT G2~ AAC TCC TTA TAC TTA

L

GAA CTG CAT GTA CCA CAT GAA ACT ATC

I

CCC CCG CAA CGA CAT TTC GGG CCG ACC

T

AAT CTA CAG GOG GAG GTA ACA TGC AAA

K

AGA GAA AAT ACA GAG GAA AGT GAC CTG

L

GCA GTG CCC TAC AGA' TCT GTA TCA TIG

L

A

GTA AGG GAG GGC GGG GTA GTA ATC ATC AaA

K

CTA CTC ATG AAC TTG TTT GCT CCG TGT TCC

s

L

R M A

L

L

P

T

R

GCCAAACAGAGAATC

33
Consensus

r3101-13

r3101- 14

r2601-17

r2601-18

TCT ATC ATG RTTYCKI280 AT BM7ACA TIC
S I M S P MEE1-39 T F

AGC CTC AAT TTG ATC AGG GAA AGG GAG GAC

S L N L I R E R E D

CAA GAG CCA TTA TTA GAG TTC CCT TCT GIG
Q E P L L E F P S V
TTC
F

ACC CGA CAA CCT GOG GCA TTIT TIG CAA
T

R Q P A A F L

'Ua 0

GAC GCA TTC ACA CTT AGT CAG ATT CAT
D A F T L .8 © I H

TAC TTA GTA CGA TAC TTG TTC AGA GGG ATA
¥y L Vv R Y L F R

TCT CAT CTC CTT TCT GTA CCC GAG
S H L L S VvV P E
A E 6 8 G A I M

TAT TAC AAT ACG CTC TTT TCA AAT
Yy ¥ N T L F S N

= E o g b E -

G
GTA
Vv

GCT GAA GGG AGC GGA GCC ATC ATG AGT
s
GAG
E

CCA ACT CAG TTT TTG AAT TCG GIT GTT TAT
P T Q ¥ L N S V V Y

GAT GGA TTT GTC CAA GAG TTC CGT CCA TTA
D ¢ F VvV Q E F R P

ACC TCA GAT AAA GCA GTG GGG TAT ATT
T S D K a VvV G Y

) E e

CTG CAT TGT GAC ATT GAA ATT CCT C
L H ¢ »p I E I P

"8

ATC AAT TTA TCT CIG ATT GCC ATG
L 5 L I A M

0

TAT GCA ATG GGA TAC TAC
Y A M 6 Y ¥

3 E < % H
] E o g =
i

L ]
5

Y I L 8 N

GTA TTT GTC ATG GGT TAC CTG GGC
v F

Lo
3

vV M 6 Y L €

AAR ACT CTG GTG CAG CGG CAC GGT
K T L

i

vV Q¢ R H G

AGG TTA TTC ACC TCA CAG CGG CAG

I
CCa
P
car
H
T
F
GGA TAT ATT CTC TCT AAT GGT
G G
GGG
G
ACG
T
CcGT
R L F T 8 @ R 0 R

“ 3

TTA ATA AAG TAC TTG AGG AAG AAT ATT
L I XK Y L R K N I

v e

ACCAAACAAAGATTT

ACCAAACAAAGATTT

. ACCRADNINBOITIC 25
30 pBluescriptll-TSK

13321 °

- 1647

13381
1667

13341
1687~

13501
1707

13561
1727

13621
1747

13681
1767

13741
1787

13801
1807

13861
1827

13921
1847

13981
1867

14041
1887

14191
1907

14161
1927

14221
1547

14281
1967

14341
1987

14401
2007

1446]
2027



5 r2601- 20 AACAAGGTGAAGATA

r2601- 21 ACCAAACAAAGATTT pGEMAZ- cl ones cl one

sequence WO 99/66045 [3101-16 ACCAAACA&&@AR /00

r3101- 17 ACCAAACAAAGATTT  15/22 r3101- Bhios77

ACCAAACAAAGATTT r3101-19 ACCAAACAAAGATTT

r3101 22 ACCAAACAAAGATTT 15 Consensus
WO 99/ 66045

e Nngl%aa 'continued Tabl e 3.

M ni geng lLic DV REL | &8 b ohC PR
a&?’{/SES}%%?:s oﬁ;lr&gl\\%:;lsmG%9 23%1\ pézcsm d;[’l‘ﬂt;iﬁ?a Cﬁ%g rﬁil Y 2°4N?';v

rati o 14s22 A@QC'E\&B%BAACATAACTCAGHA@A& &ﬁ[mrmmmmmm@ﬁemﬂ 14581
0.49 2086S T L A N I T @ I T Q@ I I A S H I D T 2067

14582A’1’COGGTCTGI'GATATATA’I’GGAAGCTGAG'GGTGATC'ICGCI'GACACAGTATI'I‘CTA'I‘I'I' 14641
20686 R S Vv I Y M- E A-E G D L A D T V F L F 2087

14642 ACC CCT TAC AAT CTC TCT ACT GAC GGG AAA AAG AGG ACA TCA CTT ATA CAG TGC ACG AGA 14701
2088 T P Y N L €& T D 6 K K R T & L I Q € T R 2107

14702CAGA'ICCTAGAGG'ITACAATACTAGGTC‘ITAGAGTCGAAAATCTCAATAMATAGGCGAT 14761
2108 I L ¢ VvV T I L 6 L R V E N L N K I G D 2127

14762 ATA ATC AGC CTA GTG CTT AAA GGC ATG ATC TCC ATG GAG GAC CTT ATC CCA CTA AGG ACA 14821  wem
2128 I I $§ L VvV L XK 6 M I S M E D L I P L R T 2147

14822 TAC TTG AAG CAT AGT ACC TGC CCT AAA TAT TTG AAG GCT GTC CTA GGT ATT ACC AAA CTC 14881
2148Y L. X H § T C P X Y L K a VvV L 6 I T K L 2167

14882 AAA GAA ATG TIT ACA GAC ACT TCT GTA TTG TAC TTG ACT CGT GCT CAA CAA AAA TTC TAC 14941
266K E- M F T D T S V L Y L T R A Q Q K F ¥ 2187

14942 ATG AAA ACT ATA GGC AAT GCA GTC AAA GGA TAT TAC AGT AAC TGT GAC TCT TAA cgaaaatc 15003
2188 ¥ X T I G N A V K G Y Y S8 N C D =8 * 2205

15004 acatattaataggctccttttttggocaattgtattettgttgatttaatcatattatgttagaaaaaagttgaaccctg 15083
15084 actccttaggactcgaattcgaactcaaataaatgtcttaaaaaaaggttgcgcacaattattcttgagtgtagtctcgt 15163

15164 cattcaccaaatctttgtttggt _ 15186



10 pOLTV535N1 ' 5.9 12.1 0. 49

pOLTV535N2 ' 2.4 : 6.2 0. 39 pOLTV535N3
7.6 WO 997668452 1. 46 pOLTV535N4 PCImM1.99/00377 .
4.1 0. 44 poLTVS35Ns 16/22 1.5 3.0
0.50 15 pOLTV553N0 5.5 x 10[err] 9.6 x 10[err]
0.57 pOLTV553N1 9.6 27.6 0. 35 _
pOLTV553N2 2.4 3.5 0.68 pPOLTV553N3
15.1 9.5 1.59 20 pOLTV553N4 3.4
7.9 0. 43 pC]_TV553N5 2.9 4.8
0. 60 B. SEAP acti vi t&( after transfection of FPV- T7 infected
CER cel.ls with t B® paRvss 3 d .,
+NDV 3 . e -S' 7.2
10[ err] @3 X 10[err\] () g6 pOLMRRE 15000 3 4
12.0 _ 0.70 ~ -pOLTV553N2 : 8.9 12. 6 -
0.71 30 pO_TVS553N3 4 ﬂlo%ZLﬁ)a 8.6 3.19
pOLTV553N4 9.7 v 10. 4 _ 0.93 pOLTV553N5
8.5 Xt (105) clal 3521) 1. 05 WO 99/ 66045
PCT/ NL99/ 00377y 83 Tabl e 4.
" i L. clone L2Ia
' | Spel (3094)
| |
| | ; i clone L30a
: ' | BsiWI (8852)
i
l | : ; L. clone L7a
: : I AvrlI (14863)
o :
1 I =T AJIL clone L4b
|
| : U | Bsu361 (15087)
b 11
: ' Lo -t
! Lo 1
! | 1 t
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Transfer of SEAP activity (cpé) after treatment of CER cells 5 with the

supernatant of FPV-T7 infected CER cells which had

with the pQedYbesaseri es of plasm ds and

been transfected
whi ch had been mgmf@qt ed

with NDV (see Table 3). Pl aa%éo pOLTV553N0

10[ err] pOLTV553N1 : - pOLTV553N2 2.0
pOLTV553N3 20.6 15 pOLTV553M4 2.0 pOLTV553N5

2.1 WO 99/ 660 48nstruction of genome-length cDNA clones of

PCT/ NL99/ 00377 NDV "LaSota” E13-1 in pOLTV535 84 Tabl e 5.
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10 pOLTV553NO ' 3. 10[ err] 2.7 x 10[err]

1 x
11.7 pCOLTV553N1 4.1 5.2 7.9
pOLTV553N2 WO 99/66045 -3 1 18/22 3.1 : 10POT/NL99/00377 .
pOLTV553N3 35.9 3.6 100. 8 15
pOLTV553N4 1.9 4.6 4.1
pCLTV553N5 1.0 4.1 2.5 WO
99/ 66045 PCT/ NL99/ 00377
85 CLAI M5 1. Avi an-paramyxovirus
cDNA at | east conprising a nucleic aci d sequence corresponding to the’
5 -termnal end of the genone of avi an-paranyxovirus all ow ng
generating an i nfectious copy of avian-paranyxovirus. 5 2. A cDNA
according to claim21 conprising a full-1length cDNA 3. A cDNA at |east

conprising a nucleic acid sequence waCOrresponding to the 5 -termnal end
of the genonme of avi an-cewn EPEFEHAORUS—aH-OWENg generating an . .
replicating avian- par anyxovi rus mni genone. 10 4. A cDNA accordi ng to
claims 1, 2 or 3 at | ezstmpemrtjepenm | dorived from Newcastle Di sease Virus.
5. A CDNA according to claim4 wheré&yn sald Newcastl e D sease Virus is
a lentogenic virus, prefe[ablyswderived froma yaccine strain. 15 6. A
cDNA according to claim Sgb said vaccin® strpin is . a LaSota
strain ATCC VR 698 = & 1 ofte of clains 1 to 6
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provided with a nodification in a nucleic acid. 8. A cDNA according to
claim7 wherein said nodification.20 conprises a nucl-eic acid encoding a
nmodi fi ed prYyOaN6e45 cl eavage sit 9. A cDNA accor di nepdaniGdombitr 8
wherein said cleavage site is ialrzzease cl eavage site of the fusion

(F) protein. 10. A cDNA according to claim7 wherein said nodification
25 conprises a nucleic acid encoding a hybrid viral protein. - 11. A cDNA .
according to claim I0 wherei ff"S&itr setster A0y 5 ‘

hemagl uti ni n- neur am ni dase (HN) protein. 12. A cDNA according to claim

7 wherein said nodification nprisesid deletion in a nucleic acid -
encoding a viral 30 pggh@-t‘hd—-%% ding to claim12 wherein
said viral protein guodss ol mdb prot ein. WO 99/ 66045

PCT/ NL99/ 00377 = Clal @s2innss) sl (1439 8 6 14. A cDNA

according to anyone of clains 1 to 13 additi onal |y provided with a

nucl ei ¢ aci d .encoding an h - 15. A cDNA according
to claimil1l4 wher eiRssSBire v oM a poultry pathogen. ~ -
16. A cDNA according to cI aim 14 or 15 % dd|t| onaIIy provi ded wth a .
nucl ei ¢ aci d encodi NG s»afuidiidufsadirUf at ory protein or part thereof.

17. An RNA obtained froma cDNA accondPHy*t®8“&hyone of clainms 10 1 to 16.
18. A nethod for generating infectio copy avifhs,- ~ paranyxovirus

conprising transfecti n= :I eistmoneln.ael I I Wi tlh.m
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CDNA according to anyone of clainms 1 to 16. 19. A nethod according to
claim 18 wherein said cell is at 15 |east capable of expressing viral
nucl eocaps WP {H§6045 phospo- (P) or large polymerase (L) [BCENIONI0377 . 20.
A met hod according to claim18 or %@ gz/t her conpri sing al | owi ng
cl eavage of the fusion protein of i rus. 21. A nethod according to
anyone of clainms 18 to 20 further conprising incubating said cell in
growt h medi um conpri si ng prot eoI ytic activity. 22. A net hod
according to claim21 wherein said growh medi um conprises allantoic
fluid conprising said proteol m CEV 3-5acti vity. 25 23. A method according .
to_anyone of clains 18 to 22 JT § said cell is derived froma
chi cken cell. 24. An‘infectious copy avi an-paramnyxovirus obtai nabl e by
a nmet hod according to any one of clains 18 to 23. 25. A vaccine
conprising._a viruys accor di ngs RPC| a| m 24 30 6. Al acci ne according
to claim3g 3 et e—teee -\'\\\\\\ erein said
i nfectiou py @ | o paranyxowrus S af Ieas partly derived froma .
Newcast| e Di sease Virus (NDV). 28. A nethod for distinguishing -
unvaccinated animals or 35 anfnals vacci nat ed with a NDV vacci ne according
to claim 27 fromaninmals i fec[t7elgNXA 51 etype NDV or vaccinated with
WD 99/ 66045 polyibred PCT/ NL99/ 00377
87 an unnodi fi ed nmesogeni §¥ or | entogenic NDV strain conprising
taking a | east one sanple fromsaid aninmal and determ ning in sai d
sanpl e the presence of anti bS#HAPS directed agai nst an

I ! —p= ‘antigenomic RNA ==

Helpervirué orNP,P,andL

- 1 SEAP Y genomic RNA

Helpervirus or NP, P, and L.

-SEAP

Fig. 5A



I rmunodom nant epitope or marker expressed by said wld type 5 or
unnodi fied NDV but not by said vacci ne. 29. A nethod according to clai

m

28 wherei n swbd9meisbodi es are directed agai nst the HN orpd/Risms/ Of .
NDV. 30. A method according to 242228 or 29 wherein said ani nal
Is selected fromthe group conposed of poultry, preferably of 10 chickens.
31. A diagnostic kit for use in a nethod according to any one of clains
28 to 30. '
pOLTV553
T7 ' ' o HDV
.s H ’ JVHS . S _lE RN
T7 RNA polymerase

—p» genomic RNA
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(57) Abstract

The invention relates to the process for generating infectious Newcastle disease virus (NDV) entirely from cloned full-length cDNA
and to the use of vaccines and diagnostic assays generated with and derived from said process. The process offers the possibility to modify

the NDV genome by means of genetic modification and allows the

introduction of mutations, deletions, and/or insertions. The process

can be used to modify the virulence of NDV, thereby generating new attenuated live vaccines with enhanced properties. The process can
be used to modify the antigenic make-up of NDV thus allowing the generation of live NDV marker vaccines which can be serologlcally

distinguished from NDV field strains.




