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METAPNEUMOVIRUS STRAINS AND THEIR USE IN VACCINE FORMULATIONS
AND AS VECTORS FOR EXPRESSION OF ANTIGENIC SEQUENCES AND
METHODS FOR PROPAGATING VIRUS

RELATED APPLICATIONS
This application claims the benefit of priority of U.S. provisional application no.
60/660,735 filed March 10, 2005, the entire disclosure of which is incorporated by reference

herein in its entirety.

1. INTRODUCTION

The invention relates to improved strains of mammalian negative strand RNA virus,
metapneumovirus (MPV), within the sub-family Pneumoviridae, of the family
Paramyxoviridae. The invention further relates to methods for propagating mammalian MPV in
the absence of trypsin. The methods and compositions of the invention can be used for the

preparation of vaccines against, e.g., MPV infections.

2. BACKGROUND OF THE INVENTION
Human metapneumovirus (hMPV) is a recently identified respiratory virus that was
initially isolated from children in the Netherlands experiencing symptoms of acute respiratory
disease with undetermined etiology. hMPV causes respiratory illness ranging from mild upper
respiratory symptoms to severe lower respiratory disease such as bronchiolitis and pneumonia
(Boivin et al, 2002; van den Hoogen et al, 2001, 2003;). Depending on the patient population
sampled, between 5 and 15% of respiratory infections in young children may be attributable to
hMPV infection (Boivin, 2003; Williams et al, 2004; van den Hoogen, 2004b). hMPV is also
associated with 12 to 50% of otitis media in children. (Boivin 2003; Peiris 2003; van den
Hoogen, 2004b). In the Netherlands, 55% of tested individuals were seropositive for htMPV by
age 2 and nearly all individuals 5 years and older were seropositive (van den Hoogen, 2001).
The distribution of h(MPV is worldwide, with reports from Europe, North America, Australia,
Africa, Israel, Japan and Hong Kong (Bastien et al, 2003b; Howe, 2002; Hamelin et al 2004;
—1Jpmaetal 2004; Maggi-et al, 2003; Nissen etal, 2002; Peiris 2003; Peret et al;2002; -
1
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Stockton et al, 2002; Wolf et al 2003). Testing of archived serum samples indicated that
hMPV has been circulating in the population for at least 50 years (van de Hoogen et al, 2001).
One reason why it has only been recently identified is that it grows poorly in cell culture with
minimal cytopathetic effects (Hamelin et al, 2004;van den Hoogen et al 2001).

hMPYV is an enveloped single-stranded negative-sense RNA virus of the Preumovirinae
subfamily in the Paramyxoviridae family that also includes respiratory syncytial virus (RSV),
avian pneumovirus (APV) and pneumovirus of mice (Van den Hoogen et al, 2001). Based on
homology with other pneumoviruses, 8 transcription units have been identified in the following
order: 3’ N-P-M-F-M2-SH-G-L 5’ (Toquin et al, 2003; van den Hoogen 2002). Phylogenetic
analysis divides the hMPYV strains into two genetic clusters, designated subgroups A and B that
are distinct from APV viruses (Bastien et al 2003a and b; Biacchesi et al, 2003; Peret et al 2002
and 2004; van den Hoogen, 2002). Within these subgroups, hMPV can be further subdivided
into Al, A2, B1, and B2 subtypes (van den Hoogen, 2003).

The fusion glycoprotein (F), which is highly conserved between subgroups A and B,
presumably mediates virus penetration and syncytia formation. F proteins of pneumoviruses
such as RSV and APV are synthesized as full-length precursors (Fy) that are subsequently
cleaved at a polybasic furin-like cleavage site to form F; and F,. Cleavage of F exposes a fusion
peptide at the N terminus of F; (Collins 2001; Lamb 1993; Morrison 2003, Russell et al 2001;
White 1990). Unlike RSV and APV, hMPVcontains a putative cleavage site RQS/PR that does
not conform to the furin-like motif (Barr, 1991).

Isolation of hMPV from clinical samples in cell culture has been reported to be trypsin
dependent (Bastien et al 2003a, Biacchesi et al, 2003; Boivin et al, 2002; Skiadopoulos et al,
2004; van den Hoogen et al 2001 and 2004a). Therefore, it was unexpected that two isolates of
hMPV, strains hMPV/NL/1/00 and hMPV/NL/1/99, grew in Vero cells without addition of
trypsin. Equally high titers were achieved in the absence or presence of trypsin.

RT-PCR products of wild type (wf) hMPV/NL/1/00 and wt hMPV/NL/1/99 were
sequenced and it was found that a mutation that encodes the amino acid substitution S101P in
the RQSR motif at the putative cleavage site of F protein, when compared to published
sequences GI:20150834 and GI:50059145. In the results reported here, it is demonstrated that
for both strains hMPV/NL/1/00 and hMPV/NL/1/99, representing A1 and B1 subtypes of
hMPV, respectively, viruses harboring 101P in the RQSR motif at the putative cleavage site of

" the F glycoprotein was able to replicate in Vero cells without exogenously added trypsin. In
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S contrast, hMPV harboring 1018 in the I protein required addition of a protease such as trypsin
8 for viral growth. In this report, in vifro growth properties, cleavage propertics of hMPV F

E glycoprotein variants and syncytia formation of recombinant viruses with amino acid

2 substitutions near the putative cleavage site in the absence and presence of trypsin were
<t evaluated. S101P in hWMPV ¥ was found to be the major genetic determinant that enhanced the
— cleavage ctficicncy of I and incrcased its fusion activity, both of which likely contributed to
o0 effivient Vero cell growth of wi hMPV/NIL/1/00 and wi hMPV/NL/1/99 in the absence of
on wypsin. The bibliography of the cited references is set forth at the end of Section 6.
-
(@\| 3. SUMMARY OF THI INVENTION
S The present invention provides a method for propagating mammalian melapnenrnovirus,
g wherein the method comprises culturing the mammalian metapneumovirus in medium with a
@\

spceific trypsin activity of tess than 20 milliunits per milliliter of medium. In certain aspects,
the mammalian metapneumovirus is human metapnewmovirus. In certain aspeets, no trypsin is
added exogenousty to the mediuim. In certain aspects, no serum is added to the mediwm. In
certain aspects, an ROSR cleavage motif in the cleavage site of the F protein of marmmalian
metapnewmovins comprises at least one amino acid substitution. In certain aspects, the I
protein of mammalian metapneumovirus comprises at least one additional amino acid
substitution relative to SEQ ID NO:314. In certain agpects, the amine acid substitution in the
RQSR cleavage motif is a serine to proline substitution resulting in a ROPR sequence. In
cortain aspects, the additional amino acid substitution in the ¥ protein is at least one of the
following E93K, Q100K, 292K, E93V, 1958, E96K, Q94K, Q94H, 1955, N97K or NO7H. In
certain aspccts; the additional amino acid substitution in the F protein is E93K. In certain
aspects, the additional amino acid substitution stabilizes the aming acid substitution in the
RQSR motif.,
The present invention also provides an isolated human metapneumovirus comprising a
I protein comprising:
a first amino acid substitution of serine to proline in the RQSR cleavage motif;
5 and
a second amino acid substitution of 93K, wherein the 93 numbering of the
second amino acid substitution corresponds to position numbering of residucs
as shown in SEQ ID NO: 314,
wherein the mammalian metapneumovirus is capable of growth in medium with a speeific

10 trypsin activity of less than 200 milliunits per milliliter of medium.

COMS ID No: ARCS-360742 Received by IP Australia: Time (H:m) 15:48 Date (Y-M-d) 2012-03-14
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The present invention also provides an isolated nucleic acid, wherein the isolated
nucleic acid encodes an 14 protein of a human metapneumovirus, wherein the I protein
comprises a STO1P amino acid substitution and a second amino acid substitution E93K,
wherein the 93 numbcring of the second amino acid substitution corresponds to position

5 numbering of residucs as shown in SEQ 11D NO: 314,

14 Mar 2012

In certain embodiments, the invention provides an isolated marnmatiaen
metapneumovirus, wherein the mammalian metapneumovirus is capable of growth in the
absence of trypsin. In certain aspects, the mammalian metapnenmovirus is human
metapneursovirus. In certain aspects, an RQSR cleavage motif in the cleavage site of the F
protein of mammalian metapneumovirns comprises at feast one amino acid substitution. In

certain aspects, the T protein of mammalian metapnewmovirus comprises at least one additional

2006223138

amino acid substitution relative to SEQ 1D NQ:314. In certain aspects, the amino acid

3a
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substitution in the RQSR cleavage motif is a serine to proline substitution resulting in a RQPR
sequence. In certain aspects, the additional amino acid substitution in the F protein is at least
one of the following E93K, Q100K, E92K, E93V, I95S, E96K, Q94K, Q94H, 195S, N97K or
NO97H. In certain aspects, the additional amino acid substitution stabilizes the amino acid
substitution in the RQSR motif. In certain aspects, the additional amino acid substitution in the
F protein is E93K. In certain aspects, the isolated nucleic acid encodes an F protein of a
mammalian metapneumovirus, wherein the F protein comprises the S101P amino acid
substitution and at least one of the following amino acid substitutions E93K, Q100K, E92K,
E93V, 1958, E96K, Q94K, Q94H, 195S, N97K or N97H. In certain aspects, the mammalian
metapneumovirus is human metapneumovirus.

In certain embodiments, the invention provides a method for identifying an F protein of a
mammalian metapneumovirus that supports stable growth of the mammalian metapneumovirus
in the absence of trypsin, the method comprising: (a) growing the mammalian metapneumovirus
in the absence of trypsin for at least two passages, wherein the mammalian metapneumovirus
comprises a RQPR motif in the cleavage site of the F protein; and (b) measuring syncytia
formation; wherein increased syncytia formation relative to syncytia formation by a mammalian
metapneumovirus prior to step (a) indicates that the F protein of the mammalian
metapneumovirus has acquired an additional amino acid substitution that supports stable growth
of the mammalian metapneumovirus in the absence of trypsin. In certain aspects, the
mammalian metapneumovirus is human metapneumovirus. In certain aspects, the mammalian

~metapneumovirus catries the S101P mutation.

In certain embodiments, the invention provides a method for identifying an F protein of a
mammalian metapneumovirus that supports stable growth of the mammalian metapneumovirus
in the absence of trypsin, the method comprising: (a) growing the mammalian
metapneumovirus in the absence of trypsin for at least two passages, wherein the mammalian
metapneumovirus comprises a RQPR motif in the cleavage site of the F protein; and (b)

measuring F protein cleavage; wherein increased F protein cleavage relative to F protein
cleavage by mammalian metapneumovirus prior to step (a) indicates that the F protein of the
mammalian metapneumovirus has acquired an additional amino acid substitution that supports
stable growth of the mammalian metapneumovirus in the absence of trypsin. In certain aspects,

the mammalian metapneumovirus is human metapneumovirus. In certain aspects, the

*‘""“"’"'mammal‘ian’metapneumovirus carriesthe STOTP mutation, —~ """~ "7 = oo T o e
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In certain embodiments, the invention provides a method for identifying an F
protein mutant of a mammalian metapneumovirus that enhances trypsin-independent cleavage of
the F protein, wherein the F protein comprises a RQPR motif in the cleavage site, said method
comprising: (a) growing the mammalian metapneumovirus in the absence of trypsin for at least
two passages; and (b) determining the cleave efficiency of the F protein, wherein increased
cleavage efficiency of the F protein indicates that the F protein has acquired a mutation that
enhances trypsin-independent cleavage of the F protein. In certain aspects, the mammalian
metapneumovirus is human metapneumovirus. In certain aspects, the mammalian
metapneumovirus carries the S101P mutation.

In certain embodiments, the invention provides a method for identifying a protease that
catalyzes the cleavage of an F protein of mammalian metapneumovirus, wherein the F protein
comprises a RQPR motif in the cleavage site, said method comprising: (a) contacting the F
protein with a test protease; and (b) determining whether cleavage of the F protein has occurred;
wherein the occurrence of cleavage of the F protein indicates that the protease catalyzes the
cleavage of the F protein. In certain aspects, the mammalian metapneumovirus is human
metapneumovirus. In certain aspects, the mammalian metapneumovirus carries the S101P

mutation.

3.1 CONVENTIONS AND ABBREVIATIONS

cDNA complementary DNA
L large protein
M matrix protein (lines inside of envelope)
F fusion glycoprotein
HN hemagglutinin-neuraminidase glycoprotein
N, NP or NC nucleoprotein (associated with RNA and required for
. polymerase activity)
P phosphoprotein
MOI multiplicity of infection
NA neuraminidase (envelope glycoprotein)
PIV parainfluenza virus
hPIV human parainfluenza virus
hPIV3 human parainfluenza virus type 3
_APV/AMPV  recombinant APV with h(MPV sequences

5
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hMPV/APV recombinant hMPV with APV sequences
Mammalian MPV ~ mammalian metapneumovirus
nt nucleotide
RNP ribonucleoprotein
rRNP recombinant RNP
VRNA genomic virus RNA
cRNA antigenomic virus RNA
hMPV human metapneumovirus
APV avian pneumovirus
MVA modified vaccinia virus Ankara
FACS Fluorescence Activated Cell Sorter
CPE cytopathic effects
Position 1 Position of the first gene of the viral genome to be
transcribed
Position 2 Position between the first and the second open reading

frame of the native viral genome, or alternatively, the
position of the second gene of the viral genome to be
transcribed

Position 3 Position between the second and the third open reading
frame of the native viral genome, or alternatively, the
position of the third gene of the viral genome to be
transcribed.

Position 4 Position between the third and the fourth open reading
frame of the native viral genome, or alternatively, the
position of the fourth gene of the viral genome to be
transcribed. :

Position 5 Position between the fourth and the fifth open reading
frame of the native viral genome, or alternatively, the
position of the fifth gene of the viral genome to be
transcribed.

Position 6 Position between the fifth and the sixth open reading frame
of the native viral genome, or alternatively, the position of
the sixth gene of the viral genome to be transcribed.

Ab antibody

dpi days post-infection

F fusion

HAI hemagglutination-inhibition
~HN ~ hemagglutinin-neuraminidase

6
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hpi hours post-infection

MOI multiplicity of infection

POI point of infection

bPIV-3 bovine parainfluenza virus type 3)
hPIV-3 human parainfluenza virus type 3
RSV respiratory syncytial virus

SFM serum-free medium

TCIDs 50% tissue culture infective dose

4. DESCRIPTION OF THE FIGURES

Figure 1: Titers and Plaques of 4 subtypes of hMPV. Subconfluent monolayers of Vero
cells were inoculated with each of the indicated biologically derived viruses at a MOI of 0.1
PFU/cell and +/- 0.2 ug/ml TPCK trypsin. The cells and supernatant were collected 6 days post
inoculation, frozen at —70C and titered in Vero cells by plaque assay. Infected cell monolayers
were grown under 1% methylcellulose, fixed in methanol 6 days post inoculation and
immunostained with ferret anti-hMPV polyclonal Ab, followed by horse-radish peroxidase-
conjugated anti-ferret Ab. Plaques were visualized with 3-amino-9-ethylcarbazole (AEC) and
photographed using a Nikon eclipse TE2000-U microscope. Titers are expressed as log 1o
PFU/ml.

Figure 2: Comparison of growth properties of rhMPV/NL/1/00/101P and
rhMPV/NL/1/00/101S, representative of subtype Al. (A) Plaques produced by
rhMPV/NL/1/00/101P and rhMPV/NL/1/00/101S grown in Vero cells +/- 0.2 ug/ml trypsin and
immunostained 6 days post inoculation with ferret anti-hMPV polyclonal Ab followed by horse
radish peroxidase-conjugated anti-ferret Ab and color was developed by addition of 3-amino-9-
ethylcarbazole (AEC) chromogen (Dako). (B) 6-day growth curves of Vero cells infected with
either rhMPV/NL/1/00/101P (open squares) or thMPV/NL/1/00/101S (closed triangles). In the
graph on the left, 0.2 ug/ml trypsin was added during virus propagation and during plaque assay
in Vero cells. In the middle graph, no trypsin was used. In the graph on the right, no trypsin was
used during virus propagation, but 0.2 ug/ml trypsin was added during the plaque assay
procedure. Titers were determined by plaque assay as described in materials and methods. (C)

Vero cell monolayers were inoculated with either rhMPV/NL/1/00/101P or

T T "thMPV/NL/1/007101S +/- 0:2 ug/ml trypsin. “Infected cell monolayerswere fixedin3%

7
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paraformaldehyde and immunostained with hamster Mab 121-1017-133 directed to h\MPV F
followed by FITC-conjugated anti-hamster Ab to visualize surface expression of hMPV F with a
Nikon TE2000-U microscope. (D) Western blot of Vero cell monolayers infected with either
rhMPV/NL/1/00/101P or rhMPV/NL/1/00/101S with +/- 0.2 ug/ml trypsin as described in
materials and methods. Virus samples were separated on a 12% SDS-PAGE gel, transferred to a
PVDF membrane, immunoblotted with hamster Mab 121-1017-133 directed to h\MPV F
followed by HRP-conjugated anti-hamster Ab, treated with electrochemoluminescence solution
and exposed to film. The numbers at left are molecular mass of markers in kilodaltons. The
arrows at right indicate positions of two bands corresponding to the predicted sizes of full-length
hMPV F (Fo) and cleavage fragment hMPV F,.

Figure 3: Expression of h(MPV F vectored in b/h PIV3 as detected by Western blot.
Subconfluent monolayers of Vero cells were inoculated with wt h(MPV/NL/1/00, b/h
PIV3/hMPV F/101P, 'or b/h PIV3/hMPV F/101S with +/- trypsin as described in the text.
Western blot analysis using Mab 121-1017-133 directed to hMPV F was done as described in
materials and methods. Numbers at left are the molecular mass of the markers in kilodaltons.
The arrows at right indicate positions of two bands corresponding to the predicted sizes of full-
length hMPV F (Fy) and cleavage fragment hMPV F;.

Figure 4: Chromatograms of nucleotide sequences derived from recombinant, variant and
wild type hMPYV viruses. RT-PCR was done as described in material and methods. The
chromatograms shown extend from nucleotides 3348 to 3373. The codons corresponding to the
predicted amino acids 93 (rectangles), 100 (ovals) and 101 (underlined) of F glycoprotein are
indicated. An asterisk indicates either a mutation or polymorphism.

Figure 5: Relative cleavage efficiencies of hMPYV F protein as detected by Western blot.
Vero cells were inoculated with the indicated hMPV virus either +/- 0.2 ug/ml trypsin, at a MOI
of 0.1 PFU/cell. The viruses were: thMPV/NL/1/00/101S (lanes 1, 6, 13 and 18),
rhMPV/NL/1/00/101P (lanes 2 and 7, 11 and 16), vbMPV/93K/101P (lanes 3 and 8),
vhMPV/100K/101P (lanes 4 and 9), wt hAMPV/NL/1/00 (lanes 5, 10,15 and 20),
thMPV/93K/101P (lanes 12 and 17), or thMPV/93K/1018S (lanes 14 and 19). Note that wt
hMPV/NL/1/00 is a mixture of hMPV with E93K and hMPV with Q100K as described in the
text. 6 days post inoculation, cells and supernatants were collected, frozen at ~70°C, thawed and
separated on a 12% SDS-PAGE gel. Proteins were transferred to a PVDF membrane and
“probed with Mab-122-1017-133.directed to hMPV F. Numbers at left are molecular mass of

8
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markers in kilodaltons. Arrows at right indicate two bands corresponding to the predicted sizes
of full-length hMPV F (F() and cleavage fragment hMPV F;. The hMPV F amino acids in
positions 93, 100 and 101 of each virus are indicated for each lane above the blot. The presence
or absence of trypsin is indicated below the blot.

Figure 6: Multicycle growth curves of recombinant, variant and wild type hMPYV viruses
containing 101P in the F protein. Subconfluent monolayers of Vero cells were inoculated at a
MOI of 0.1 PFU/cell without trypsin. Cells and supernatants were collected over 6 days at 24 h
intervals. The titers of the collected viruses were determined by plaque assay.

Figure 7: Relative fusion efficiencies of Vero cell monolayers infected with hMPV viruses.
Confluent monolayers of Vero cells were inoculated with the indicated hMPV viruses at MOI of
3 PFU/cell +/- 0.2 ug/ml TPCK trypsin and grown under medium containing 1% methyl
cellulose. The monolayers were fixed in methanol at 48 h. The nuclei were visualized by
incubation with Heochst stain and imaged by a DAPI lens on a Nikon eclipse TE2000-U
fluorescence microscope. The photos shown are representative of one field of view from one of
three independent experiments. Aggregated nuclei of fused cells and single nuclei of unfused
cells were counted in 10 fields of view and the percentage of fused cells was graphed. The data
shown is from one of three experiments.

Figure 8: Comparison of growth properties of w¢t hMPV/1/99/101P and rhMPV/1/99/101S,
representative of subtype B1. (A) Plaques produced by wt hMPV/NL/1/99/101P or
rhMPV/NL/99/1018, each +/- 0.2 ug/ml trypsin in Vero cells immunostained 6 days post
inoculation. (B) 6-day growth curves of Vero cells infected with either wt hMPV/NL/1/99/101P
(open squares) or thMPV/NL/1/99/101S (closed triangles). In the graph on the left, 0.2 ug/ml
trypsin was added during virus propagation and plaquing. In the middle graph, no trypsin was
used. In the graph on the right, no trypsin was used during virus propagation, but 0.2 ug/ml
trypsin was added during the plaquing procedure. Titers were determined by plaque assay as
described in materials and methods. (C) Vero cell monolayers were inoculated with either wt
hMPV/NL/1/99/101P or thMPV/NL/1/99/101S +/- 0.2 ug/ml trypsin. Infected cell monolayers
were fixed in 3% paraformaldehyde and immunostained with hamster Mab 121-1017-133
directed to hMPV F followed by FITC-conjugated anti-hamster Ab to visualize surface
expression of hMPV F with a Nikon TE2000-U microscope. (D) Western blot of Vero cell
monolayers infected with either wt hMPV/NL/1/99/101P or thMPV/NL/1/99/101S +/- 0.2

“ug/ml trypsin-as described in material and methods. Virus samples were separated on'a 12%

9
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SDS-PAGE gel, transferred to a PVDF membrane, immunoblotted with hamster Mab 121-1017-
133 directed to hMPV F, followed by HRP-conjugated anti-hamster Ab, treated with
electrochemoluminescence solution and exposed to film. Numbers at left are molecular mass of
markers in kilodaltons. The arrows at right indicate positions of two bands corresponding to the
predicted sizes of full-length hMPV F (Fy) and cleavage fragment hMPV F;.

Figure 9: hMPV genome analysis: PCR fragments of hMPV genomic sequence relative to the
hMPYV genomic organization are shown. The position of mutations are shown underneath the
vertical bars indicating the PCR fragments.

Figure 10: Restriction maps of hMPV isolate 00-1 (A1) and hMPV isolate 99-1 (B1).
Restriction sites in the respective isolates are indicated underneath the diagram showing the
genomic organization of h(MPV. The scale on top of the diagram indicates the position in the
hMPV genome in kb.

5. DETAILED DESCRIPTION OF THE INVENTION
METAPNEUMOVIRUS STRAINS

The present invention provides isolated mammalian metapneumovirus strains that can be

propagated in the absence of trypsin. In certain embodiments, the invention provides a
recombinant mammalian, e.g., human, metapneumovirus that has been engineered to be able to
propagate in the absence of trypsin. Without being bound by theory, the mammalian
metapneumovirus strains of the invention can be propagated in the absence of trypsin because
the F protein is cleaved trypsin-independently. In certain specific embodiments, the mammalian
metapneumovirus is a human metapneumovirus. In certain aspects, the mammalian
metapneumovirus is a recombinant metapneumovirus. In certain specific embodiments, the
mammalian metapneumovirus is a recombinant human metapneumovirus (thMPV).

In certain embodiments, the invention provides mammalian metapneumovirus strains
that can be propagated without exogenously added trypsin. In certain embodiments, the
invention provides mammalian metapneumovirus strains that can be propagated at trypsin
concentrations which would result in a specific trypsin activity of less than 40 milliunits per
milliliter of medium, less than 35 milliunits per milliliter of medium, less than 30 milliunits per

milliliter of medium, less than 25 milliunits per milliliter of medium, less than 20 milliunits per

g@!ljli@@y__gf medium, less than 15 milliunits per milliliter of medium, less than 10 milliunits per
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milliliter of medium, less than 5 milliunits per milliliter of medium, less than 2 milliunits per
milliliter of medium, less than 1 milliunit per milliliter of medium, or less than 0.5 milliunits per
milliliter of medium. In certain embodiments, the invention provides mammalian
metapneumovirus strains that can be propagated at trypsin concentrations in the medium at less
than 0.1 microgram of trypsin per milliliter of medium, at less than 0.05 microgram of trypsin
per milliliter of medium; at less than 0.01 microgram of trypsin per milliliter of medium; at less
than 0.005 microgram of trypsin per milliliter of medium,; at less than 0.001 microgram of
trypsin per milliliter of medium; or at less than 0.0005 microgram of trypsin per milliliter of
medium.

In certain embodiments of the invention one or more amino acid(s) in the RQSR motif in
the cleavage site of the F protein is substituted or deleted. In certain embodiments, the serine of
the RQSR motif in the cleavage site of the F protein in a mammalian metapneumovirus of the
invention is substituted with a different amino acid. In more specific embodiments, the serine in
the RQSR motif in the cleavage site of the F protein is substituted with a proline resulting in an
RQPR motif. In order to reduce the likelihood of reversion to the wild-type genotype, an amino
acid substitution can be engineered by introducing at least 2 nucleotide exchanges in the codon
that encodes the amino acid.

In an illustrative example, the F protein has the amino acid sequence of SEQ ID NO: 314
(amino acid sequence of the F protein of human metapneumovirus strain NL/1/00) and the
serine at amino acid position 101 is replaced by a proline to obtain a mammalian
metapneumovirus that can be propagated trypsin-independently. The skilled artisan knows how
to identify the homologous amino acid positions in the F protein of a different strain of
mammalian metapneumovirus by aligning the amino sequences of the F protein of the different
strain with, e.g., the amino acid sequence of SEQ ID NO:314. For example, SEQ ID NO:314 is
aligned with the amino acid sequence of the F protein of another human metapneumovirus
strain, the RQSR sequence of SEQ ID NO:314 (amino acid positions 99 to 102) is located and
the corresponding amino acids in the F protein of a different strain of mammalian
metapneumovirus are identified.

In certain embodiments of the invention, the F protein comprises one or more additional
mutations ("second site mutations"), such as amino acid substitutions, additions, or deletions,
relative to SEQ ID NO:314 in addition to the substitution of the serine in the RQSR motif of the
~——~cleavage site in the F protein.~Without being bound by theory, such a second site mutation™ — -
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stabilizes the substitution of the serine in the RQSR motif of the cleavage site in the F protein
such that any further mutations in the F protein of the mammalian metapneumovirus strain occur
less frequently than in the mammalian metapneumovirus strain without the second site mutation
when grown in the absence of trypsin. Further, without being bound by theory, such second site
mutations enhance the trypsin independent cleavage of the F protein. In certain embodiments, a
mammalian metapneumovirus strain of the invention that carries a second site mutation can go
through at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, or at least 25 passages in the absence of trypsin
without acquiring any spontaneous mutations in the F protein in addition to the substitution of
the serine in the RQSR motif of the cleavage site in the F protein.

In certain embodiments of the invention, a second site mutation is in a gene different
from the F gene. Without being bound by theory, cleavage of the F protein is dependent from
the molecular context of the F protein such that alterations in proteins that affect, e.g., the
folding of the F protein or the orientation of the F protein in the viral particle can also affect the
cleavage of the F protein.

In certain embodiments, the second site mutation is in the vicinity of the RQPR motif in
the cleavage site of the F protein. In certain embodiments, the second site mutation is within 20
amino acids, within 15 amino acids, within 10 amino acids, or within 5 amino acid amino-
terminal from the RQPR motif. In certain embodiments, the second site mutation is within 20
amino acids, within 15 amino acids, within 10 amino acids, or within 5 amino acid carboxy-
terminal from the RQPR motif.

In certain more specific embodiments, the second site mutation is at an amino acid
position of the F protein that corresponds to amino acid position 92, 93, 94, 95, 96, 97, or 100 of
SEQ ID NO:314. In certain, even more specific embodiments, the additional mutation can be
E93K, Q100K, E92K, E93V, 195S, E96K, Q94K, Q94H, 195S, N97K or N97H, wherein the first
letter refers to the amino acid in SEQ ID NO:314, the number refers to the amino acid position,
and the second letter refers to the amino acid that replaces the amino acid of SEQ ID NO:314 at
the respective position.

In certain embodiments, a metapneumovirus of the invention has the RQPR motif, e.g.,
by carrying the S101P mutation, and a second site mutation. In a specific, illustrative
embodiment, the invention provides a recombinant human metapneumovirus that comprises an

F protein, wherein the F protein comprises the E93K and S101P amino acid substitutions.
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In certain embodiments, the mutations in the F protein of the viruses of the invention do
not result in a change in host specificity of the mammalian metapneumovirus. In certain
embodiments, the mutations in the F protein of the viruses of the invention do not result in a
change in host cell specificity of the mammalian metapneumovirus.

The mammalian metapneumovirus strains of the invention are useful, e.g., for the
development of live attenuated virus vaccines.

In certain embodiments, two or three mutations are introduced into one codon to effect
the amino acid substitution. Without being bound by theory, having more than one mutation in
one codon will reduce the reversion rate to the wild type genotype.

The metapneumovirus strains of the invention can be geneticall modified to encode a
heterologous sequence. In certain embodiments, the metapneumovirus strains fo the invention
can be modified to encode an antigenic peptide, polypeptide or protein. Such modified
metapneumoviruses can be used in vaccines as further described hereinbelow. The
metapneumovirus strains of the invention can further be geneticall modified to be attenuated in a

specific host (see hereinbelow; see section 5.7).

METHODS OF PROPAGATING

The present invention provides methods for propagating mammalian metapneumovirus

in the absence of trypsin. In certain embodiments, the mammalian metapneumovirus is a
recombinant mammalian, e.g., human, metapneumovirus that has been engineered to be able to
propagate in the absence of trypsin. Without being bound by theory, mammalian
metapneumovirus strains can be propagated in the absence of trypsin if their F protein is cleaved
trypsin independently. In certain more specific embodiments, the mammalian metapneumovirus
is a human metapneumovirus. In certain aspects, the mammalian metapneumovirus is a
recombinant metapneumovirus. In certain specific embodiments, the mammalian
metapneumovirus is a recombinant human metapneumovirus (rhMPV).

In certain embodiments, the invention provides methods for propagating mammalian
metapneumovirus without exogenously adding trypsin to the medium. In certain embodiments,
the invention provides methods for propagating mammalian metapneumovirus strains that can
be propagated at trypsin concentrations which would result in a specific trypsin activity of less
than 40 milliunits per milliliter of medium, less than 35 milliunits per milliliter of medium, less

—~~than 30 milliunits per milliliter of medium, less than 25 milliunits per milliliter of medium, less -
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than 20 milliunits per milliliter of medium, less than 15 milliunits per milliliter of medium, less
than 10 milliunits per milliliter of medium, less than 5 milliunits per milliliter of medium, less
than 2 milliunits per milliliter of medium, less than 1 milliunit per milliliter of medium, or less
than 0.5 milliunits per milliliter of medium. In certain embodiments, the invention provides
methods for propagating mammalian metapneumovirus at trypsin concentrations in the medium
at less than 0.1 microgram of trypsin per milliliter of medium, at less than 0.05 microgram of
trypsin per milliliter of medium; at less than 0.01 microgram of trypsin per milliliter of medium;
at less than 0.005 microgram of trypsin per milliliter of medium; at less than 0.001 microgram of
trypsin per milliliter of medium; or at less than 0.0005 microgram of trypsin per milliliter of
medium. In certain other embodiments, trypsin is inactivated with an inhibitor of trypsin
activity.

In certain embodiments of the invention one or more amino acid(s) in the RQSR motif in
the cleavage site of the F protein is substituted or deleted. In certain embodiments, the serine of
the RQSR motif in the cleavage site of the F protein of the mammalian metapneumovirus that is
propagated using the methods of the invention is substituted with a different amino acid to
confer trypsin-independent growth on the metapneumovirus. In more specific embodiments, the
serine in the RQSR motif in the cleavage site of the F protein of the mammalian
metapneumovirus that is propagated using the methods of the invention is substituted with a
proline.

In an illustrative example, the F protein of the mammalian metapneumovirus that is
propagated using the methods of the invention has the amino acid sequence of SEQ ID NO: 314
and the serine at amino acid position 101 is replaced by a proline. The skilled artisan knows
how to identify the homologous amino acid positions in the F protein of a different strain of
mammalian metapneumovirus by aligning the amino sequences of the F protein of the different
strain with, e.g., the amino acid sequence of SEQ ID NO:314.

In certain embodiments of the invention, the F protein of the mammalian
metapneumovirus that is propagated using the methods of the invention comprises one or more
mutations ("second site mutations"), such as amino acid substitutions, additions, or deletions,
relative to SEQ ID NO:314 in addition to the substitution of the serine in the RQSR motif of the
cleavage site in the F protein, e.g., the RQPR motif. Without being bound by theory, such a

second site mutation stabilizes the substitution of the serine in the RQSR motif of the cleavage

~-siteinr the F-protein such thatany further mutations in the F-protein-of the-mammalian -~
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metapneumovirus strain occur less frequently than in the mammalian metapneumovirus strain
without the second site mutation when the virus is grown in the absence of trypsin. In certain
embodiments, a mammalian metapneumovirus strain with such a second site mutation and the
substitution of the serine in the RQSR motif of the cleavage site in the F protein can go through
atleast2,3,4,5,6,7, 8,9, 10, 15, 20, or at least 25 passages in the absence of trypsin without
acquiring any spontaneous mutations in the F protein.

In certain embodiments, the second site mutation is in the vicinity of the RQPR motif in
the cleavage site of the F protein. In certain embodiments, the second site mutation is within 20
amino acids, within 15 amino acids, within 10 amino acids, or within 5 amino acid amino-
terminal from the RQPR motif. In certain embodiments, the second site mutation is within 20
amino acids, within 15 amino acids, within 10 amino acids, or within 5 amino acid carboxy-
terminal from the RQPR motif.

In certain more specific embodiments, the second site mutation is at an amino acid
position of the F protein that corresponds to amino acid position 92, 93, 94, 95, 96, 97, or 100 of
SEQ ID NO:314. In certain, even more specific embodiments, the second site mutation can be
E93K, Q100K, E92K, E93V, 195S, E96K, Q94K, Q94H, I95S, N97K or N97H, wherein the first
letter refers to the amino acid in SEQ ID NO:314, the number refers to the amino acid position,
and the second letter refers to the amino acid that replaces the amino acid of SEQ ID NO:314 at
the respective position.

In certain embodiments of the invention, a second site mutation is in a gene different
from the F gene. Without being bound by theory, cleavage of the F protein is dependent from
the molecular context of the F protein such that alterations in proteins that affect, e.g., the
folding of the F protein or the orientation of the F protein in the viral particle can also affect the
cleavage of the F protein.

In a specific, illustrative embodiment, the invention provides a method for propagating a
recombinant human metapneumovirus that comprises an F protein, wherein the F protein
comprises the E93K and S101P amino acid substitutions in the absence of trypsin.

In certain embodiments, the invention provides methods for propagating a mammalian
metapneumovirus without the addition of serum to the medium. For a more detailed description
of growing infected cells in the absence of serum, see the section 5.6.

Illustrative cell lines that can be used with the methods of the invention include, but are

- -not limited to, Vero cells and LLC-MK2 Rhesus Monkey Kidney. BHK cells can be used for
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the rescue of the mammalian metapneumovirus if recombinant virus is used with the methods of
the invention.

In certain embodiments, the mutations in the F protein of the viruses that can be used
with the methods of the invention do not result in a change in host specificity of the mammalian
metapneumovirus. In certain embodiments, the mutations in the F protein of the viruses that can
be used with the methods of the invention do not result in a change in host cell specificity of the
mammalian metapneumovirus.

SCREENING ASSAYS

The invention also provides methods for identifying second site mutations of trypsin-
independent cleavage of the mammalian metapneumoviral F protein with the RQPR motif in the
cleavage site. In certain embodiments, the invention provides screening methods for the
identification of enhancers of the trypsin-independent cleavage of the mammalian
metapneumoviral F protein with the RQPR motif in the cleavage site. Without being bound by
any particular mechanism or theory, such second site mutations of trypsin-independent cleavage
of the mammalian metapneumoviral F protein with the RQPR motif, e.g., enhancers, stabilize
the viral genome such that growth in the absence of trypsin does not result in the accumulation
of spontaneous additional mutations in the F gene. In certain embodiments, such second site
modifiers are in the F gene. In certain other embodiments, such second site modifiers are in
other genes of the mammalian metapneumovirus.

Mutations can be introduced into the F gene of the mammalian metapneumovirus by any
method known to the skilled artisan. Mutations can be introduced by, e.g., random mutagenesis
of the DNA and use of reverse genetics to rescue viral particles with the mutations; site-directed
mutagenesis of the DNA and use of reverse genetics to rescue viral particles with the mutations;
or growth of the virus under selective pressure, i.e., in the absence of trypsin.

Suitable second site mutations can be selected at different levels. In certain
embodiments, DNA encoding the F protein is mutagenized, the F protein is expressed and tested
for its ability to be cleaved trypsin independently (illustrative assays are described hereinbelow).
Increase in trypsin independent cleavage indicates that the second site mutation is an enhancer
of trypsin independent cleavage of the F protein. In other embodiments, DNA encoding the F
gene is mutagenized, virus is rescued using reverse genetics, and the virus is tested for enhanced
trypsin-independent F protein cleavage or increased syncytia formation. In even other
~embodiments; the virus is'grownin the absence of trypsin; i.e:, under selective pressure;and -
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subsequently tested for the effect of any second site mutations, such as enhanced trypsin-
independent F protein cleavage or increased syncytia formation.

Once mutants carrying second site modifiers in the F gene are selected, the F gene can be
sequenced. Subsequently, the mutation can be introduced into a well-characterized strain, such
as, but not limited to, rhMPV/NL/1/00/101P, to validate the effect of the second site mutation
and to generate a viral strain that is suitable for vaccine production.

To identify a protease that cleaves the metapneumoviral F protein with the RQPR motif
any method known to the skilled artisan can be employed to detect and quantify protease
activity. In certain embodiments, detectably labeled F protein with the RQPR motif in the
cleavage site is immobilized on a solid support such that cleavage of the F protein would result
in loss of the label (i.e., the label is distal from the immobilization site relative to the cleavage
site). Accordingly, protease activity can be detected and quantified by virtue of a decrease in
detectable label. In other embodiments, the release of the detectably labeled amino acids or
peptides of the polypeptide into the reaction buffer is measured. In certain other embodiments,
FRET or fluorescence polarization is used to detect and quantify a protease reaction. In an
illustrative example, the F protein is fluorescently labeled at the end not attached to the solid
support. Upon incubation with the test protease, the fluorescent label is lost upon proteolysis,
such that a decrease in fluorescence indicates the presence of protease activity capable of
cleaving the F protein with the RQPR motif. In certain embodiments, the solid support is a
bead.

The F protéin can be detectably labeled by any method known to the skilled artisan. In
certain embodiments, the protein or polypeptide is radioactively labeled. In certain
embodiments, the protein or polypeptide is attached to the surface of the solid support on one
end and is detectably labeled on the other end. The decrease of detectable label on the surface
of the solid support is a measure for the activity of the protease activity.

Classes of proteases that can be used as test proteases include, but are not limited to,
Bromelain, Cathepsins, Chymotrypsin, Collagenase, Elastase, Kallikrein, Papain, Pepsin,
Plasmin, Renin, Streptokinase, Subtilisin, Thermolysin, Thrombin, Trypsin, and Urokinase. Ina

specific embodiments, the protease is Tryptase Clara or a homolog thereof.

17



WO 2006/099
360 PCT/US2006/009010

51 MAMMALIAN METAPNEUMOVIRUS
STRUCTURAL CHARACTERISTICS OF A MAMMALIAN
METAPNEUMOVIRUS

The invention provides a mammalian MPV. The mammalian MPV is a negative-sense
single stranded RNA virus belonging to the sub-family Prneumovirinae of the family
Paramyxoviridae. Moreover, the mammalian MPYV is identifiable as phylogenetically
corresponding to the genus Metapneumovirus, wherein the mammalian MPV is phylogenetically
more closely related to a virus isolate deposited as I-2614 with CNCM, Paris (SEQ ID NO:19)
than to turkey rhinotracheitis virus, the etiological agent of avian rhinotracheitis. A virus is
identifiable as phylogenetically corresponding to the genus Metapneumovirus by, e.g., obtaining
nucleic acid sequence information of the virus and testing it in phylogenetic analyses. Any
technique known to the skilled artisan can be used to determine phylogenetic relationships
between strains of viruses. For exemplary methods see section 5.9. Other techniques are
disclosed in International Patent Application PCT/NL02/00040, published as WO 02/057302,
which is incorporated by reference in its entirety herein. In particular, PCT/NL02/00040
discloses nucleic acid sequences that are suitable for phylogenetic analysis at page 12, line 27 to
page 19, line 29, which are incorporated by reference herein. A virus can further be identified as
a mammalian MPV on the basis of sequence similarity as described in more detail below.

In addition to phylogenetic relatedness and sequence similarity of a virus to a
mammalian MPV as disclosed herein, the similarity of the genomic organization of a virus to the
genomic organization of a mammalian MPV disclosed herein can also be used to identify the
virus as a mammalian MPV. For a representative genomic organization of a mammalian MPV
see Figure 9. In certain embodiments, the genomic organization of a mammalian MPV is
different from the genomic organization of pneumoviruses within the sub-family Prneumovirinae
of the family Paramyxoviridae. The classification of the two genera, metapneumovirus and
pneumovirus, is based primarily on their gene constellation; metapneumoviruses generally lack
non-structural proteins such as NS1 or NS2 (see also Randhawa et al., 1997, J. Virol.
71:9849-9854) and the gene order is different from that of pneumoviruses (RSV:
‘3-NS1-NS2-N-P-M-SH-G-F-M2-L-5’, APV: ‘3-N-P-M-F-M2-SH-G-L-5") (Lung, et al., 1992,
J. Gen. Virol. 73:1709-17 15; Yu, et al., 1992, Virology 186:426-434; Randhawa, et al., 1997, J.

Virol. 71:9849-9854).
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Further, a mammalian MPV of the invention can be identified by its immunological
properties. In certain embodiments, specific anti-sera can be raised against mammalian MPV
that can neutralize mammalian MPV. Monoclonal and polyclonal antibodies can be raised
against MPV that can also neutralize mammalian MPV. (See, PCT WO 02/057302 at pages ___
to __, which is incorporated by reference herein.

The mammalian MPV of the invention is further characterized by its ability to infect a
mammalian host, i.e., a mammalian cultured cell or a mammal. Unlike APV, mammalian MPV
does not replicate or replicates only at low levels in chickens and turkeys. Mammalian MPV
replicates, however, in mammalian hosts, such as cynomolgous macaques. In certain, more
specific, embodiments, a mammalian MPV is further characterized by its ability to replicate in a
mammalian host. In certain, more specific embodiments, a mammalian MPV is further
characterized by its ability to cause the mammalian host to express proteins encoded by the
genome of the mammalian MPV. In even more specific embodiments, the viral proteins
expressed by the mammalian MPV are inserted into the cytoplasmic membranes of the
mammalian host. In certain embodiments, the mammalian MPV of the invention can infect a
mammalian host and cause the mammalian host to produce new infectious viral particles of the
mammalian MPV. For a more detailed description of the functional characteristics of the
mammalian MPV of the invention, see section 5.1.2.

In certain embodiments, the appearance of a virus in an electron microscope or its
sensitivity to chloroform can be used to identify the virus as a mammalian MPV. The
mammalian MPV of the invention appears in an electron microscope as paramyxovirus-like
particle. Consistently, a mammalian MPV is sensitive to treatment with chloroform; a
mammalian MPV is cultured optimally on tMK cells or cells functionally equivalent thereto and
it is essentially trypsine dependent in most cell cultures. Furthermore, a mammalian MPV has a
typical cytopathic effects (CPE) and lacks haemagglutinating activity against species of red
blood cells. The CPE induced by MPV isolates are similar to the CPE induced by hRSV, with
characteristic syncytia formation followed by rapid internal disruption of the cells and
subsequent detachment from the culture plates. Although most paramyxoviruses have
haemagglutinating activity, most of the pneumoviruses do not (Pringle, C.R. In: The
Paramyxoviruses; (ed. D.W. Kingsbury) 1-39 (Plenum Press, New York, 1991)). A mammalian
MPYV contains a second overlapping ORF (M2-2) in the nucleic acid fragment encoding the M2
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protein. The occurrence of this second overlapping ORF occurs in other pneumoviruses as
shown in Ahmadian et al., 1999, J. Gen. Vir. 80:2011-2016.

In certain embodiments, the invention provides methods to identify a viral isolate as a
mammalian MPV. A test sample can, e.g., be obtained from an animal or human. The sample is
then tested for the presence of a virus of the sub-family Preumovirinae. If a virus of the
sub-family Preumovirinae is present, the virus can be tested for any of the characteristics of a
mammalian MPV as discussed herein, such as, but not limited to, phylogenetic relatedness to a
mammalian MPV, nucleotide sequence identity to a nucleotide sequence of a mammalian MPV,
amino acid sequence identity/homology to a amino acid sequence of a mammalian MPV, and
genomic organization. Furthermore, the virus can be identified as a mammalian MPV by
cross-hybridization experiments using nucleic acid sequences from a MPV isolate, RT-PCR
using primers specific to mammalian MPV, or in classical cross-serology experiments using
antibodies directed against a mammalian MPV isolate. In certain other embodiments, a
mammalian MPV can be identified on the basis of its immunological distinctiveness, as
determined by quantitative neutralization with animal antisera. The antisera can be obtained
from, e.g., ferrets, pigs or macaques that are infected with a mammalian MPV (see, e.g.,
Example 8).

In certain embodiments, the serotype does not cross-react with viruses other than
mammalian MPV. In other embodiments, the serotype shows a homologous-to-heterologous
titer ratio >16 in both directions If neutralization shows a certain degree of cross-reaction
between two viruses in either or both directions (homologous-to-heterologous titer ration of
eight or sixteen), distinctiveness of serotype is assumed if substantial biophysical/biochemical
differences of DNA sequences exist. If neutralization shows a distinct degree of cross-reaction
between two viruses in either or both directions (homologous-to-heterologous titer ratio of
smaller than eight), identity of serotype of the isolates under study is assumed. Isolate I-2614,
herein also known as MPV isolate 00-1, can be used as prototype.

In certain embodiments, a virus can be identified as a mammalian MPV by means of
sequence homology/identity of the viral proteins or nucleic acids in comparison with the amino
acid sequence and nucleotide sequences of the viral isolates disclosed herein by sequence or
deposit. In particular, a virus is identified as a mammalian MPV when the genome of the virus
contains a nucleic acid sequence that has a percentage nucleic acid identity to a virus isolate
deposited-as1-2614.with CNCM, Paris which is higher than the percentages identified herein for
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the nucleic acids encoding the L protein, the M protein, the N protein, the P protein, or the F
protein as identified herein below in comparison with APV-C (seeTable 1). (See, PCT WO
02/05302, at pp. 12 to 19, which is incorporated by reference herein. Without being bound by
theory, it is generally known that viral species, especially RNA virus species, often constitute a
quasi species wherein the members of a cluster of the viruses display sequence heterogeneity.
Thus, it is expected that each individual isolate may have a somewhat different percentage of
sequence identity when compared to APV-C.

The highest amino sequence identity between the proteins of MPV and any of the known
other viruses of the same family to date is the identity between APV-C and human MPV.
Between human MPV and APV-C, the amino acid sequence identity for the matrix protein is
87%, 88% for the nucleoprotein, 68% for the phosphoprotein, 81% for the fusion protein and
56-64% for parts of the polymerase protein, as can be deduced when comparing the sequences
given in the Sequence Listing, see also Table 1. Viral isolates that contain ORFs that encode
proteins with higher homology compared to these maximum values are considered mammalian
MPVs. It should be noted that, similar to other viruses, a certain degree of variation is found

between different isolated of mammalian MPVs.

Table 1: Amino acid sequence identity between the ORFs of MPV and those of other

paramyxoviruses .
N P M F M2-1 M2-2 L

APV A 69 55 78 67 72 26 64
APV B 69 51 76 67 71 27 2
APV C 88 68 87 81 84 56 2
hRSVA 42 24 38 34 36 18 42
hRSV B 41 23 37 33 35 19 44
bRSV 42 22 38 34 35 13 44
PVM 45 26 37 39 33 12 2
others’ 7-11 49 7-10 10-18 4 4 13-14

Footnotes:

1.No sequence homologies were found with known G and SH proteins and were thus excluded

2. Sequences not available.
3. others: human parainfluenza virus type 2 and 3, Sendai virus, measles virus, nipah virus,
phocine distemper virus, and New Castle Disease virus.
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4. OREF absent in viral genome.

In certain embodiments, the invention provides a mammalian MPV, wherein the amino
acid sequence of the SH protein of the mammalian MPV is at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%,
or at least 99.5% identical to the amino acid sequence of SEQ ID NO:382 (SH protein of isolate
NL/1/00; see Table 14). The isolated negative-sense single stranded RNA metapneumovirus
that comprises the SH protein that is at least 30% identical to SEQ ID NO:382 (SH protein of
isolate NL/1/00; see Table 14) is capable of infecting a mammalian host. In certain
embodiments, the isolated negative-sense single stranded RNA metapneumovirus that comprises
the SH protein that is at least 30% identical to SEQ ID NO:382 (SH protein of isolate NL/1/00;
see Table 14) is capable of replicating in a mammalian host. In certain embodiments, a
mammalian MPV contains a nucleotide sequence that encodes a SH protein that is at least 30%
identical to SEQ ID NO:382 (SH protein of isolate NL/1/00; see Table 14).

In certain embodiments, the invention provides a mammalian MPV, wherein the amino
acid sequence of the G protein of the mammalian MPV is at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 98%, at least 99%, or at least 99.5% identical to the amino acid sequence of SEQ ID
NO:322 (G protein of isolate NL/1/00; see Table 14). The isolated negative-sense single
stranded RNA metapneumovirus that comprises the G protein that is at least 20% identical to
SEQ ID NO:322 (G protein of isolate NL/1/00; see Table 14) is capable of infecting a
mammalian host. In certain embodiments, the isolated negative-sense single stranded RNA
metapneumovirus that comprises the G protein that is at least 20% identical to SEQ ID NO:322
(G protein of isolate NL/1/00; see Table 14) is capable of replicating in a mammalian host. In
certain embodiments, a mammalian MPV contains a nucleotide sequence that encodes a G
protein that is at least 20% identical to SEQ ID NO:322 (G protein of isolate NL/1/00; see Table
14).

In certain embodiments, the invention provides a mammalian MPV, wherein the
amino acid sequence of the L protein of the mammalian MPV is at least 85%, at least 90%, at
- least 95%, at least 98%, at least 99%, or at least 99.5% identical to the amino acid sequence of
~ 777 TSEQIDNO:330 (L protein of isolate NL/17/00; see Table 14).~ The isolated negative-sense —
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single stranded RNA metapneumovirus that comprises the L protein that is at least 85% identical
to SEQ ID NO:330 (L protein of isolate NL/1/00; see Table 14) is capable of infecting a
mammalian host. In certain embodiments, the isolated negative-sense single stranded RNA
metapneumovirus that comprises the L protein that is at least 85% identical to SEQ ID NO:330
(L protein of isolate NL/1/00; see Table 14) is capable of replicating in a mammalian host. In
certain embodiments, a mammalian MPV contains a nucleotide sequence that encodes a L
protein that is at least 20% identical to SEQ ID NO:330 (L protein of isolate NL/1/00; see Table

14).
In certain embodiments, the invention provides a mammalian MPV, wherein the amino

acid sequence of the N protein of the mammalian MPV is at least 90%, at least 95%, or at least
98% identical to the amino acid sequence of SEQ ID NO:366. The isolated negative-sense
single stranded RNA metapneumovirus that comprises the N protein that is at least 90%
identical in amino acid sequence to SEQ ID NO:366 is capable of infecting mammalian host. In
certain embodiments, the isolated negative-sense single stranded RNA metapneumovirus that
comprises the N protein that is 90% identical in amino acid sequence to SEQ ID NO:366 is
capable of replicating in a mammalian host. The amino acid identity is calculated over the
entire length of the N protein. In certain embodiments, a mammalian MPV contains a
nucleotide sequence that encodes a N protein that is at least 90%, at least 95%, or at least 98%
identical to the amino acid sequence of SEQ ID NO:366.

The invention further provides mammalian MPV, wherein the amino acid sequence of
the P protein of the mammalian MPV is at least 70%, at least 80%, at least 90%, at least 95% or
at least 98% identical to the amino acid sequence of SEQ ID NO:374. The mammalian MPV
that comprises the P protein that is at least 70% identical in amino acid sequence to SEQ ID
NO:374 is capable of infecting a mammalian host. In certain embodiments, the mammalian
MPYV that comprises the P protein that is at least 70% identical in amino acid sequence to SEQ
ID NO:374 is capable of replicating in a mammalian host. The amino acid identity is calculated
over the entire length of the P protein. In certain embodiments, a mammalian MPV contains a
nucleotide sequence that encodes a P protein that is at least 70%, at least 80%, at least 90%, at
least 95% or at least 98% identical to the amino acid sequence of SEQ ID NO:374.

The invention further provides, mammalian MPV, wherein the amino acid sequence of
the M protein of the mammalian MPV is at least 90%, at least 95% or at least 98% identical to
the amino acid sequence of SEQ ID NO:358. The mammalian MPV that comprises the M

~—— - protein that is at least 90% identical-in amino-acid sequenceto-SEQ-ID NO:358 is-capable-of - -
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infecting mammalian host. In certain embodiments, the isolated negative-sense single stranded
RNA metapneumovirus that comprises the M protein that is 90% identical in amino acid
sequence to SEQ ID NO:358 is capable of replicating in a mammalian host. The amino acid
identity is calculated over the entire length of the M protein. In certain embodiments, a
mammalian MPV contains a nucleotide sequence that encodes a M protein that is at least 90%,
at least 95% or at least 98% identical to the amino acid sequence of SEQ ID NO:358.

The invention further provides mammalian MPV, wherein the amino acid sequence of
the F protein of the mammalian MPV is at least 85%, at least 90%, at least 95% or at least 98%
identical to the amino acid sequence of SEQ ID NO:314. The mammalian MPV that comprises
the F protein that is at least 85% identical in amino acid sequence to SEQ ID NO:314 is capable
of infecting a mammalian host. In certain embodiments, the isolated negative-sense single
stranded RNA metapneumovirus that comprises the F protein that is 85% identical in amino acid
sequence to SEQ ID NO:314 is capable of replicating in mammalian host. The amino acid
identity is calculated over the entire length of the F protein. In certain embodiments, a
mammalian MPV contains a nucleotide sequence that encodes a F protein that is at least 85%, at
least 90%, at least 95% or at least 98% identical to the amino acid sequence of SEQ ID NO:314.

The invention further provides mammalian MPV, wherein the amino acid sequence of
the M2-1 protein of the mammalian MPV is at least 85%, at least 90%, at least 95% or at least
98% identical to the amino acid sequence of SEQ ID NO:338. The mammalian MPV that
comprises the M2-1 protein that is at least 85% identical in amino acid sequence to SEQ ID
NO:338 is capable of infecting a mammalian host. In certain embodiments, the isolated
negative-sense single stranded RNA metapneumovirus that comprises the M2-1 protein that is
85% identical in amino acid sequence to SEQ ID NO:338 is capable of replicating in a
mammalian host. The amino acid identity is calculated over the entire length of the M2-

1 protein. In certain embodiments, a mammalian MPV contains a nucleotide sequence that
encodes a M2-1 protein that is at least 85%, at least 90%, at least 95% or at least 98% identical
to the amino acid sequence of SEQ ID NO:338.

The invention further provides mammalian MPV, wherein the amino acid sequence of
the M2-2 protein of the mammalian MPV is at least 60%, at least 70%, at least 80%, at least
90%, at least 95% or at least 98% identical to the amino acid sequence of SEQ ID NO:346 The
isolated mammalian MPV that comprises the M2-2 protein that is at least 60% identical in
~~amino acid sequence to SEQTDNO:346 iscapable of infecting mammalian host. Incertain-
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embodiments, the isolated negative-sense single stranded RNA metapneumovirus that comprises
the M2-2 protein that is 60% identical in amino acid sequence to SEQ ID NO:346 is capable of
replicating in a mammalian host. The amino acid identity is calculated over the entire length of
the M2-2 protein. In certain embodiments, a mammalian MPV contains a nucleotide sequence
that encodes a M2-1 protein that is is at least 60%, at least 70%, at least 80%, at least 90%, at
least 95% or at least 98% identical to the amino acid sequence of SEQ ID NO:346.

In certain embodiments, the invention provides mammalian MPV, wherein the
negative-sense single stranded RNA metapneumovirus encodes at least two proteins, at least
three proteins, at least four proteins, at least five proteins, or six proteins selected from the group
consisting of (i) a N protein with at least 90% amino acid sequence identity to SEQ ID NO:366;
(ii) a P protein with at least 70% amino acid sequence identity to SEQ ID NO:374 (iii) aM
protein with at least 90% amino acid sequence identity to SEQ ID NO:358 (iv) a F protein with
at least 85% amino acid sequence identity to SEQ ID NO:314 (v) a M2-1 protein with at least
85% amino acid sequence identity to SEQ ID NO:338; and (vi) a M2-2 protein with at least 60%
amino acid sequence identity to SEQ ID NO:346.

The invention provides two subgroups of mammalian MPV, subgroup A and subgroup
B. The invention also provides four variants Al, A2, Bl and B2. A mammalian MPV can be
identified as a member of subgroup A if it is phylogenetically closer related to the isolate 00-1
(SEQ ID NO:19) than to the isolate 99-1 (SEQ ID NO:18). A mammalian MPV can be
identified as a member of subgroup B if it is phylogenetically closer related to the isolate 99-1
(SEQ ID NO:18) than to the isolate 00-1 (SEQ ID NO:19). In other embodiments, nucleotide or
amino acid sequence homologies of individual ORFs can be used to classify a mammalian MPV
as belonging to subgroup A or B.

The different isolates of mammalian MPV can be divided into four different variants,
variant A1, variant A2, variant B1 and variant B2. The isolate 00-1 (SEQ ID NO:19) is an
example of the variant A1 of mammalian MPV. The isolate 99-1 (SEQ ID NO:18) is an
example of the variant B1 of mammalian MPV. A mammalian MPV can be grouped into one of
the four variants using a phylogenetic analysis. Thus, a mammalian MPV belongs to a specific
variant if it is phylogenetically closer related to a known member of that variant than it is
phylogenetically related to a member of another variant of mammalian MPV. The sequence of
any ORF and the encoded polypeptide may be used to type a MPV isolate as belonging to a
particular subgroup or variant; including N; P; L; M, SH; G; M2 orF polypeptides: In-a-specific-- -
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embodiment, the classification of a mammalian MPV into a variant is based on the sequence of
the G protein. Without being bound by theory, the G protein sequence is well suited for
phylogenetic analysis because of the high degree of variation among G proteins of the different
variants of mammalian MPV.

In certain embodiments of the invention, sequence homology may be determined by the
ability of two sequences to hybridize under certain conditions, as set forth below. A nucleic acid
which is hybridizable to a nucleic acid of a mammalian MPV, or to its reverse complement, or
to its complement can be used in the methods of the invention to determine their sequence
homology and identities to each other. In certain embodiments, the nucleic acids are hybridized
under conditions of high stringency.

It is well-known to the skilled artisan that hybridization conditions, such as, but not
limited to, temperature, salt concentration, pH, formamide concentration (see, e.g., Sambrook et
al., 1989, Chapters 9 to 11, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, incorporated herein by reference in its
entirety) . In certain embodiments, hybridization is performed in aqueous solution and the ionic
strength of the solution is kept constant while the hybridization temperature is varied dependent
on the degree of sequence homology between the sequences that are to be hybridized. For DNA
sequences that 100% identical to each other and are longer than 200 basebairs, hybridization is
carried out at approximately 15-25°C below the melting temperature (Tm) of the perfect hybrid.
The melting temperature (Tm) can be calculated using the following equation (Bolton and

McCarthy, 1962, Proc. Natl. Acad. Sci. USA 84:1390):
Tm = 81.5°C - 16.6(log10[Na+]) + (%G+C) - 0.63(%formamide) - (600/1)

Wherein (Tm) is the melting temperature, [Na+] is the sodium concentration, G+C is the
Guanine and Cytosine content, and 1 is the length of the hybrid in basepairs. The effect of
mismatches between the sequences can be calculated using the formula by Bonner et al. (Bonner
etal., 1973, J. Mol. Biol. 81:123-135): for every 1% of mismatching of bases in the hybrid, the
melting temperature is reduced by 1-1.5°C. ‘

Thus, by determining the temperature at which two sequences hybridize, one of skill in the art
can estimate how similar a sequence is to a known sequence. This can be done, e.g., by
comparison of the empirically determined hybridization temperature with the hybridization
temperature calculated for the know sequence to hybridize with its perfect match. Through the
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use of the formula by Bonner et al., the relationship between hybridization temperature and per
cent mismatch can be exploited to provide information about sequence similarity.

By way of example and not limitation, procedures using such conditions of high
stringency are as follows. Prehybridization of filters containing DNA is carried out for 8 h to
overnight at 65 C in buffer composed of 6X SSC, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA,
0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 pg/ml denatured salmon sperm DNA. Filters
are hybridized for 48 h at 65 C in prehybridization mixture containing 100 pg/ml denatured
salmon sperm DNA and 5-20 X 106 cpm of 32P-labeled probe. Washing of filters is done at 37
C for 1 h in a solution containing 2X SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA. This is
followed by a wash in 0.1X SSC at 50 C for 45 min before autoradiography. Other conditions
of high stringency which may be used are well known in the art. In other embodiments of the
invention, hybridization is performed under moderate of low stringency conditions, such
conditions are well-known to the skilled artisan (see e.g., Sambrook et al., 1989, Molecular
Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York; see also, Ausubel et al., eds., in the Current Protocols in Molecular Biology
series of laboratory technique manuals, 1987-1997 Current Protocols,© 1994-1997 John Wiley
and Sons, Inc., each of which is incorporated by reference herein in their entirety). An
illustrative low stringency condition is provided by the following system of buffers:
hybridization in a buffer comprising 35% formamide, 5X SSC, 50 mM Tris-HCI (pH 7.5), 5
mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 pg/ml denatured salmon sperm DNA,
and 10% (wt/vol) dextran sulfate for 18-20 hours at 4000C, washing in a buffer consisting of 2X
SSC, 25 mM Tris-HCI (pH 7.4), 5 mM EDTA, and 0.1% SDS for 1.5 hours at 550C, and
washing in a buffer consisting of 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, and 0.1%
SDS for 1.5 hours at 6003C.

In certain embodiments, a mammalian MPV can be classified into one of the variant
using probes that are specific for a specific variant of mammalian MPV. Such probes include
primers for RT-PCR and antibodies. Illustrative methods for identifying a mammalian MPV as
a member of a specific variant are described in section 5.9 below.

In certain embodiments of the invention, the different variants of mammalian MPV can
be distinguished from each other by way of the amino acid sequences of the different viral

__proteins. In other embodiments, the different variants of mammalian MPV can be distinguished
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from each other by way of the nucleotide sequences of the different ORFs encoded by the viral
genome. A variant of mammalian MPV can be, but is not limited to, A1, A2, B1 or B2. The
invention, however, also contemplates isolates of mammalian MPV that are members of another
variant yet to be identified. The invention also contemplates that a virus may have one or more
OREF that are closer related to one variant and one or more ORFs that are closer phylogenetically
related to another variant. Such a virus would be classified into the variant to which the
majority of its ORF's are closer phylogenetically related. Non-coding sequences may also be
used to determine phylogenetic relatedness.

An isolate of mammalian MPV is classified as a variant B1 if it is phylogenetically
closer related to the viral isolate NL/1/99 (SEQ ID NO:18) than it is related to any of the
following other viral isolates: NL/1/00 (SEQ ID NO:19), NL/17/00 (SEQ ID NO:20) and
NL/1/94 (SEQ ID NO:21). One or more of the ORFs of a mammalian MPV can be used to
classify the mammalian MPV into a variant. A mammalian MPV can be classified as an MPV
variant B1, if the amino acid sequence of its G protein is at least 66%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% or at least
99.5% identical to the G protein of a mammalian MPV variant B1 as represented by the
prototype NL/1/99 (SEQ ID NO:324); if the amino acid sequence of its N proteint is at least
98.5% or at least 99% or at least 99.5% identical to the N protein of a mammalian MPV variant
B1 as represented by the prototype NL/1/99 (SEQ ID NO:368); if the amino acid sequence of its
P protein is at least 96%, at least 98%, or at least 99% or at least 99.5% identical to the P protein
of a mammalian MPV variant B1 as represented by the prototype NL/1/99 (SEQ ID NO:376); if
the amino acid sequence of its M protein is identical to the M protein of a mammalian MPV
variant B1 as represented by the prototype NL/1/99 (SEQ ID NO:360); if the amino acid
sequence of its F protein is at least 99% identical to the F protein of a mammalian MPV variant
B1 as represented by the prototype NL/1/99 (SEQ ID NO:316); if the amino acid sequence of its
M2-1 protein is at least 98% or at least 99% or at least 99.5% identical to the M2-1 protein of a
mammalian MPV variant B1 as represented by the prototype NL/1/99 (SEQ ID NO:340); if the
amino acid sequence of its M2-2 protein is at least 99%or at least 99.5% identical to the M2-2
protein of a mammalian MPV variant B1 as represented by the prototype NL/1/99 (SEQ ID
NO:3438); if the amino acid sequence of its SH protein is at least 83%, at least 85%, at least 90%,
at least 95%, at least 98%, or at least 99% or at least 99.5% identical to the SH protein of a
--—~-~mammalian MPV. variant BI as represented by the prototype NL/1/99 (SEQ ID NO:384); and/or
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if the amino acid sequence of its L protein is at least 99% or at least 99.5% identical to the L
protein a mammalian MPV variant B1 as represented by the prototype NL/1/99 (SEQ ID
NO:332).

An isolate of mammalian MPV is classified as a variant Al if it is phylogenetically
closer related to the viral isolate NL/1/00 (SEQ ID NO:19) than it is related to any of the
following other viral isolates: NL/1/99 (SEQ ID NO:18), NL/17/00 (SEQ ID NO:20) and
NL/1/94 (SEQ ID NO:21). One or more of the ORFs of a mammalian MPV can be used to
classify the mammalian MPV into a variant. A mammalian MPV can be classified as an MPV
variant A1, if the amino acid sequence of its G protein is at least 66%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% or at
least 99.5% identical to the G protein of a mammalian MPV variant A1l as represented by the
prototype NL/1/00 (SEQ ID NO:322); if the amino acid sequence of its N protein is at least
99.5% identical to the N protein of a mammalian MPV variant Al as represented by the
prototype NL/1/00 (SEQ ID NO:366); if the amino acid sequence of its P protein is at least 96%,
at least 98%, or at least 99% or at least 99.5% identical to the P protein of a mammalian MPV
variant A1 as represented by the prototype NL/1/00 (SEQ ID NO:374); in the amino acid
sequence of its M protein is at least 99% or at least 99.5% identical to the M protein of a
mammalian MPV variant A1 as represented by the prototype NL/1/00 (SEQ ID NO:358); if the
amino acid sequence of its F protein is at least 98% or at least 99% or at least 99.5% identical to
the F protein of a mammalian MPV variant A1 as represented by the prototype NL/1/00 (SEQ
ID NO:314); if the amino acid sequence of its M2-1 protein is at least 99% or at least 99.5%
identical to the M2-1 protein of a mammalian MPV variant A1 as represented by the prototype
NL/1/00 (SEQ ID NO:338); if the amino acid sequence of its M2-2 protein is at least 96% or at
least 99% or at least 99.5% identical to the M2-2 protein of a mammalian MPV variant A1 as
represented by the prototype NL/1/00 (SEQ ID NO:346); if the amino acid sequence of its SH
protein is at least 84%, at least 90%, at least 95%, at least 98%, or at least 99% or at least 99.5%
identical to the SH protein of a mammalian MPV variant A1 as represented by the prototype
NL/1/00 (SEQ ID NO:382); and/or if the amino acid sequence of its L protein is at least 99% or
at least 99.5% identical to the L protein of a virus of a mammalian MPV variant A1l as
represented by the prototype NL/1/00 (SEQ ID NO:330).

An isolate of mammalian MPV is classified as a variant A2 if it is phylogenetically

—-- closerrelated to the-viral isolate- NL/17/00-(SEQ-ID-NO:20) than-it-is related to-any-of the -~ -~
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following other viral isolates: NL/1/99 (SEQ ID NO:18), NL/1/00 (SEQ ID NO:19) and
NL/1/94 (SEQ ID NO:21). One or more of the ORFs of a mammalian MPV can be used to
classify the mammalian MPV into a variant. A mammalian MPV can be classified as an MPV
variant A2, if the amino acid sequence of its G protein is at least 66%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99% or at least
99.5% identical to the G protein of a mammalian MPV variant A2 as represented by the
prototype NL/17/00 (SEQ ID NO:323); if the amino acid sequence of its N protein is at least
99.5% identical to the N protein of a mammalian MPV variant A2 as represented by the
prototype NL/17/00 (SEQ ID NO:367); if the amino acid sequence of its P protein is at least
96%, at least 98%, at least 99% or at least 99.5% identical to the P protein of a mammalian
MPYV variant A2 as represented by the prototype NL/17/00 (SEQ ID NO:375); if the amino acid
sequence of its M protein is at least 99%, or at least 99.5% identical to the M protein of a
mammalian MPV variant A2 as represented by the prototype NL/17/00 (SEQ ID NO:359); if the
amino acid sequence of its F protein is at least 98%, at least 99% or at least 99.5% identical to
the F protein of a mammalian MPV variant A2 as represented by the prototype NL/17/00 (SEQ
ID NO:315); if the amino acid sequence of its M2-1 protein is at least 99%, or at least 99.5%
identical to the M2-1 protein of a mammalian MPV variant A2 as represented by the prototype
NL/17/00 (SEQ ID NO: 339); if the amino acid sequence of its M2-2 protein is at least 96%, at
least 98%, at least 99% or at least 99.5% identical to the M2-2 protein of a mammalian MPV
variant A2 as represented by the prototype NL/17/00 (SEQ ID NO:347); if the amino acid
sequence of its SH protein is at least 84%, at least 85%, at least 90%, at least 95%, at least 98%,
at least 99% or at least 99.5% identical to the SH protein of a mammalian MPV variant A2 as
represented by the prototype NL/17/00 (SEQ ID NO:383); if the amino acid sequence of its L
protein is at least 99% or at least 99.5% identical to the L protein of a mammalian MPV variant
A2 as represented by the prototype NL/17/00 (SEQ ID NO:331).

An isolate of mammalian MPV is classified as a variant B2 if it is phylogenetically
closer related to the viral isolate NL/1/94 (SEQ ID NO:21) than it is related to any of the
following other viral isolates: NL/1/99 (SEQ ID NO:18), NL/1/00 (SEQ ID NO:19) and
NL/17/00 (SEQ ID NO:20). One or more of the ORFs of a mammalian MPV can be used to
classify the mammalian MPV into a variant. A mammalian MPV can be classified as an MPV

variant B2, if the amino acid sequence of its G protein is at least 66%, at least 70%, at least 75%,

——at least 80%; at least 85%, at-least 90%;-at-least-95%;-at-least-98%,-or at least 99% or.atleast .
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99.5% identical to the G protein of a mammalian MPV variant B2 as represented by the
prototype NL/1/94 (SEQ ID NO:325); if the amino acid sequence of its N protein is at least 99%
or at least 99.5% identical to the N protein of a mammalian MPV variant B2 as represented by
the prototype NL/1/94 (SEQ ID NO:369); if the amino acid sequence of its P protein is at least
96%, at least 98%, or at least 99% or at least 99.5% identical to the P protein of a mammalian
MPYV variant B2 as represented by the prototype NL/1/94 (SEQ ID NO:377); if the amino acid
sequence of its M protein is identical to the M protein of a mammalian MPV variant B2 as
represented by the prototype NL/1/94 (SEQ ID NO:361); if the amino acid sequence of its F
protein is at least 99% or at least 99.5% identical to the F protein of a mammalian MPV variant
B2 as represented by the prototype NL/1/94 (SEQ ID NO:317); if the amino acid sequence of
the M2-1 protein is at least 98% or at least 99% or at least 99.5% identical to the M2-1 protein
of a mammalian MPV variant B2 as represented by the prototype NL/1/94 (SEQ ID NO:341); if
the amino acid sequence that is at least 99% or at least 99.5% identical to the M2-2 protein of a
mammalian MPV variant B2 as represented by the prototype NL/1/94 (SEQ ID NO:349); if the
amino acid sequence of its SH protein is at least 84%, at least 85%, at least 90%, at least 95%, at
least 98%, or at least 99% or at least 99.5% identical to the SH protein of a mammalian MPV
variant B2 as represented by the prototype NL/1/94 (SEQ ID NO:385); and/or if the amino acid
sequence of its L protein is at least 99% or at least 99.5% identical to the L protein of a
mammalian MPV variant B2 as represented by the prototype NL/1/94 (SEQ ID NO:333).

In certain embodiments, the percentage of sequence identity is based on an alignment of
the full length proteins. In other embodiments, the percentage of sequence identity is based on
an alignment of contiguous amino acid sequences of the proteins, wherein the amino acid
sequences can be 25 amino acids, 50 amino acids, 75 amino acids, 100 amino acids, 125 amino
acids, 150 amino acids, 175 amino acids, 200 amino acids, 225 amino acids, 250 amino acids,
275 amino acids, 300 amino acids, 325 amino acids, 350 amino acids, 375 amino acids, 400
amino acids, 425 amino acids, 450 amino acids, 475 amino acids, 500 amino acids, 750 amino
acids, 1000 amino acids, 1250 amino acids, 1500 amino acids, 1750 amino acids, 2000 amino

acids or 2250 amino acids in length.

5.2 FUNCTIONAL CHARACTERISTICS OF A MAMMALIAN MPV
In addition to the structural definitions of the mammalian MPV, a mammalian MPV can

also be defined by its functional characteristics. In certain embodiments, the mammalian MPV

__of the invention is capable of infecting a mammalian host. -The mammalian-hoest-canbe a-- - —-
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mammalian cell, tissue, organ or a mammal. In a specific embodiment, the mammalian host is a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>