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1
HUMAN ANTIBODIES TO RESPIRATORY
SYNCYTIAL VIRUS F PROTEIN AND
METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. provisional application Nos. 61/782,215, filed
Mar. 14, 2013 and 61/911,093, filed Dec. 3, 2013, both of
which are herein specifically incorporated by reference in
their entirety.

FIELD OF THE INVENTION

The present invention is related to human antibodies and
antigen-binding fragments of human antibodies that specifi-
cally bind to Respiratory Syncytial Virus F protein (RSV-F),
compositions comprising these antibodies and methods of
using these antibodies.

STATEMENT OF RELATED ART

Respiratory syncytial virus (RSV) is a negative sense,
single stranded RNA virus that is the leading cause of
serious respiratory tract infections in infants and children,
with the primary infection occurring in children from 6
weeks to 2 years of age and uncommonly in the first 4 weeks
of life during nosocomial epidemics (Hall et al., 1979, New
Engl. J. Med. 300:393-396). (Feigen et al., eds., 1987, In:
Textbook of Pediatric Infectious Diseases, W B Saunders,
Philadelphia at pages 1653-1675; New Vaccine Develop-
ment, Establishing Priorities, Vol. 1, 1985, National Acad-
emy Press, Washington D.C. at pages 397-409; Ruuskanen
et al., 1993, Curr. Probl. Pediatr, 23:50-79; Hall et al., 1979,
New Engl. J. Med. 300:393-396). Certain populations of
children are at risk for developing an RSV infection and
these include preterm infants (Hall et al., 1979, New Engl.
J. Med. 300:393-396), children with congenital malforma-
tions of the airway, children with bronchopulmonary dys-
plasia (Groothuis et al., 1988, Pediatrics 82:199-203), chil-
dren with congenital heart disease (MacDonald et al., New
Engl. J. Med. 307:397-400), and children with congenital or
acquired immunodeficiency (Ogra et al., 1988, Pediatr.
Infect. Dis. J. 7:246-249; and Pohl et al., 1992, J. Infect. Dis.
165:166-169), and cystic fibrosis (Abman et al., 1988, J.
Pediatr. 113:826-830).

RSV can infect the adult population as well. In this
population, RSV causes primarily an upper respiratory tract
disease, although elderly patients may be at greater risk for
a serious infection and pneumonia (Evans, A. S., eds., 1989,
Viral Infections of Humans. Epidemiology and Control, 3™
ed., Plenum Medical Book, New York at pages 525-544), as
well as adults who are immunosuppressed, particularly bone
marrow transplant patients (Hertz et al., 1989, Medicine
68:269-281). Other at risk patients include those suffering
from congestive heart failure and those suffering from
chronic obstructive pulmonary disease (ie. COPD). There
have also been reports of epidemics among nursing home
patients and institutionalized young adults (Falsey, A. R.,
1991, Infect. Control Hosp. Epidemiol. 12:602-608; and
Garvie et al., 1980, Br. Med. J. 281:1253-1254).

While treatment options for established RSV disease are
limited, more severe forms of the disease of the lower
respiratory tract often require considerable supportive care,
including administration of humidified oxygen and respira-
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tory assistance (Fields et al., eds, 1990, Fields Virology, 2"/
ed., Vol. 1, Raven Press, New York at pages 1045-1072).

Ribavirin, which is the only drug approved for treatment
of infection, has been shown to be effective in the treatment
of pneumonia and bronchiolitis associated with RSV infec-
tion, and has been shown to modify the course of severe
RSV disease in immunocompetent children (Smith et al.,
1991, New Engl. J. Med. 325:24-29). The use of ribavirin is
limited due to concerns surrounding its potential risk to
pregnant women who may be exposed to the aerosolized
drug while it is being administered in a hospital environ-
ment.

Similarly, while a vaccine may be useful, no commer-
cially available vaccine has been developed to date. Several
vaccine candidates have been abandoned and others are
under development (Murphy et al., 1994, Virus Res. 32:13-
36). The development of a vaccine has proven to be prob-
lematic. In particular, immunization would be required in the
immediate neonatal period since the peak incidence of lower
respiratory tract disease occurs at 2-5 months of age. How-
ever, it is known that the neonatal immune response is
immature at that time. Plus, the infant at that point in time
still has high titers of maternally acquired RSV antibody,
which might reduce vaccine immunogenicity (Murphy et al.,
1988, J. Virol. 62:3907-3910; and Murphy et al, 1991,
Vaccine 9:185-189).

Two glycoproteins, F and G, on the surface of RSV have
been shown to be targets of neutralizing antibodies (Fields
et al., 1990, supra; and Murphy et al., 1994, supra). These
two proteins are also primarily responsible for viral recog-
nition and entry into target cells; G protein binds to a specific
cellular receptor and the F protein promotes fusion of the
virus with the cell. The F protein is also expressed on the
surface of infected cells and is responsible for subsequent
fusion with other cells leading to syncytia formation and cell
to cell virus spread.

Currently, the only approved approach to prophylaxis of
RSV disease is passive immunization. For example, the
humanized antibody, palivizumab (SYNAGIS®), which is
specific for an epitope on the F protein, is approved for
intramuscular administration to pediatric patients for pre-
vention of serious lower respiratory tract disease caused by
RSV at recommended monthly doses of 15 mg/kg of body
weight throughout the RSV season (November through
April in the northern hemisphere). SYNAGIS® is a com-
posite of human (95%) and murine (5%) antibody
sequences. See, Johnson et al., (1997), J. Infect. Diseases
176:1215-1224 and U.S. Pat. No. 5,824,307, the entire
contents of which are incorporated herein by reference.

Although SYNAGIS® has been successfully used for the
prevention of RSV infection in pediatric patients, multiple
intramuscular doses of 15 mg/kg of SYNAGIS® are
required to achieve a prophylactic effect. The necessity for
the administration of multiple intramuscular doses of anti-
body requires repeated visits to the doctor’s office, which is
not only inconvenient for the patient but can also result in
missed doses.

Efforts were made to improve on the therapeutic profile of
an anti-RSV-F antibody, and this lead to the identification
and development of motavizumab, also referred to as
NUMAX™. However, clinical testing revealed that certain
of the patients being administered motavizumab were hav-
ing severe hypersensitivity reactions. Further development
of this humanized anti-RSV-F antibody was then discontin-
ued.

Other antibodies to RSV-F protein have been described
and can be found in U.S. Pat. No. 6,656,467; U.S. Pat. No.
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5,824,307, U.S. Pat. No. 7,786,273; U.S. Pat. No. 7,670,600
U.S. Pat. No. 7,083,784; U.S. Pat. No. 6,818,216; U.S. Pat.
No. 7,700,735; U.S. Pat. No. 7,553,489; U.S. Pat. No.
7,323,172, U.S. Pat. No. 7,229,619; U.S. Pat. No. 7,425,618;
U.S. Pat. No. 7,740,851; U.S. Pat. No. 7,658,921; U.S. Pat.
No. 7,704,505; U.S. Pat. No. 7,635,568; U.S. Pat. No.
6,855,493; U.S. Pat. No. 6,565,849; U .S. Pat. No. 7,582,297,
U.S. Pat. No. 7,208,162; U.S. Pat. No. 7,700,720; U.S. Pat.
No. 6,413,771; US. Pat. No. 5811,524; U.S. Pat. No.
6,537,809; U.S. Pat. No. 5,762,905; U.S. Pat. No. 7,070,786;
U.S. Pat. No. 7,364,742; U.S. Pat. No. 7,879,329; U.S. Pat.
No. 7,488,477, US. Pat. No. 7,867,497; U.S. Pat. No.
5,534,411, U.S. Pat. No. 6,835,372; U.S. Pat. No. 7,482,024,
U.S. Pat. No. 7,691,603; U.S. Pat. No. 8,562,996; U.S. Pat.
No. 8,568,726; US20100015596; W0O2009088159A1. To
date, none other than SYNAGIS® has been approved by a
regulatory agency for use in preventing an RSV infection.

Thus, a need still exists for antibodies that specifically
bind to an RSV antigen, such as RSV-F, which are highly
potent and which produce no adverse effects that would
preclude approval for clinical use.

BRIEF SUMMARY OF THE INVENTION

The invention provides isolated fully human monoclonal
antibodies (mAbs) and antigen-binding fragments thereof
that bind specifically to Respiratory Syncytial Virus F pro-
tein (RSV-F). Given the role that the F protein plays in
fusion of the virus with the cell and in cell to cell transmis-
sion of the virus, the antibodies described herein provide a
method of inhibiting that process and as such, may be used
for preventing infection of a patient exposed to, or at risk for
acquiring an infection with RSV, or for treating and/or
ameliorating one or more symptoms associated with RSV
infection in a patient exposed to, or at risk for acquiring an
infection with RSV, or suffering from infection with RSV.
The antibodies described herein may also be used to prevent
or to treat an RSV infection in a patient who may experience
a more severe form of the RSV infection due to an under-
lying or pre-existing medical condition. A patient who may
benefit from treatment with an antibody of the invention
may be a pre-term infant, a full-term infant born during RSV
season (approximately late fall (November) through early
spring (April)) that is at risk because of other pre-existing or
underlying medical conditions including congenital heart
disease or chronic lung disease, a child greater than one year
of age with or without an underlying medical condition, an
institutionalized or hospitalized patient, or an elderly adult
(65 years of age) with or without an underlying medical
condition, such as congestive heart failure (CHF), or chronic
obstructive pulmonary disease (COPD). A patient who may
benefit from such therapy may suffer from a medical con-
dition resulting from a compromised pulmonary, cardiovas-
cular, neuromuscular, or immune system. For example, the
patient may suffer from an abnormality of the airway. or an
airway malfunction, a chronic lung disease, a chronic or
congenital heart disease, a neuromuscular disease that com-
promises the handling of respiratory secretions, or the
patient may be immunosuppressed due to severe combined
immunodeficiency disease or severe acquired immunodefi-
ciency disease, or from any other underlying infectious
disease or cancerous condition that results in immunosup-
pression, or the patient may be immunosuppressed due to
treatment with an immunosuppressive drug (e.g. any drug
used for treating a transplant patient) or radiation therapy. A
patient who may benefit from the antibodies of the invention
may be a patient that suffers from chronic obstructive
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pulmonary disease (COPD), cystic fibrosis (CF), bron-
chopulmonary dysplasia, congestive heart failure (CHF), or
congenital heart disease.

Because the antibodies of the invention are more effective
at neutralization of RSV compared to known antibodies,
lower doses of the antibodies or antibody fragments could be
used to achieve a greater level of protection against infection
with RSV, and more effective treatment and/or amelioration
of symptoms associated with an RSV infection. Accord-
ingly, the use of lower doses of antibodies or fragments
thereof which immunospecifically bind to RSV-F antigen
may result in fewer or less severe adverse events. Likewise,
the use of more effective neutralizing antibodies may result
in a diminished need for frequent administration of the
antibodies or antibody fragments than previously envisioned
as necessary for the prevention of infection, or for virus
neutralization, or for treatment or amelioration of one or
more symptoms associated with an RSV infection. Symp-
toms of RSV infection may include a bluish skin color due
to lack of oxygen (hypoxia), breathing difficulty (rapid
breathing or shortness of breath), cough, croupy cough
(“seal bark” cough), fever, nasal flaring, nasal congestion
(stuffy nose), apnea, decreased appetite, dehydration, poor
feeding, altered mental status, or wheezing.

Such antibodies may be useful when administered pro-
phylactically (prior to exposure to the virus and infection
with the virus) to lessen the severity, or duration of a primary
infection with RSV, or ameliorate at least one symptom
associated with the infection. The antibodies may be used
alone or in conjunction with a second agent useful for
treating an RSV infection. In certain embodiments, the
antibodies may be given therapeutically (after exposure to
and infection with the virus) either alone, or in conjunction
with a second agent to lessen the severity or duration of the
primary infection, or to ameliorate at least one symptom
associated with the infection. In certain embodiments, the
antibodies may be used prophylactically as stand-alone
therapy to protect patients who are at risk for acquiring an
infection with RSV, such as those described above. Any of
these patient populations may benefit from treatment with
the antibodies of the invention, when given alone or in
conjunction with a second agent, including for example, an
anti-viral therapy, such as ribavirin, or other anti-viral vac-
cines.

The antibodies of the invention can be full-length (for
example, an IgG1 or IgG4 antibody) or may comprise only
an antigen-binding portion (for example, a Fab, F(ab'), or
scFv fragment), and may be modified to affect functionality,
e.g., to eliminate residual effector functions (Reddy et al.,
(2000), J. Immunol. 164:1925-1933).

Accordingly, in a first aspect, the invention provides an
isolated antibody or an antigen-binding fragment thereof
that specifically binds to Respiratory Syncytial Virus F
protein (RSV-F).

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody has one or more of the
following characteristics:

(a) 1s a fully human monoclonal antibody;

(b) interacts with an amino acid sequence comprising
amino acid residues ranging from about position 161 to
about position 188 of SEQ ID NO: 354;

(c) interacts with either the serine at position 173 of SEQ
1D NO: 354, or the threonine at position 174 of SEQ ID



US 9,447,173 B2

5

NO: 354, or both the serine at position 173 of SEQ ID
NO: 354 and the threonine at position 174 of SEQ ID
NO: 354;

(d) is capable of neutralizing respiratory syncytial virus
subtype A and subtype B strains in vitro;

(e) demonstrates the ability to significantly reduce the
nasal and/or lung viral load in vivo in an animal model
of RSV infection; or

() inhibits fusion of the virus to the cell.

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody interacts with an amino acid
sequence comprising amino acid residues ranging from
about position 161 to about position 188 of SEQ ID NO:
354.

In one embodiment, the antibody is a fully human mono-
clonal antibody or an antigen-binding fragment thereof that
specifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody or an antigen-binding frag-
ment thereof interacts with an amino acid sequence com-
prising amino acid residues ranging from about position 161
to about position 188 of SEQ ID NO: 354, and wherein the
antibody neutralizes respiratory syncytial virus subtype A
and/or subtype B strains in vitro and in vivo.

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody or the antigen-binding frag-
ment thereof demonstrates the ability to significantly reduce
the lung viral load in a mouse model of RSV infection when
administered at a dose ranging from about 0.05 mg/kg to
about 0.15 mg/kg.

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody or the antigen-binding frag-
ment thereof demonstrates a 1-2 logs greater reduction of
nasal and/or lung viral titers as compared to palivizumab in
a cotton rat model of RSV infection when administered at a
dose ranging from about 0.62 mg/kg to about 5.0 mg/kg.

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody or the antigen-binding frag-
ment thereof demonstrates an EDg, of about 0.15 mg/kg or
less when administered in a mouse model of RSV subtype
A infection.

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody or the antigen-binding frag-
ment thereof demonstrates an EDg, of about 0.62 mg/kg or
less when administered in a cotton rat model of RSV subtype
A infection.

In one embodiment, the invention provides an isolated
antibody or an antigen-binding fragment thereof that spe-
cifically binds to Respiratory Syncytial Virus F protein
(RSV-F), wherein the antibody or the antigen-binding frag-
ment thereof demonstrates an EDgg of about 2.5 mg/kg or
less when administered in a cotton rat model of RSV subtype
B infection.

In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to Respira-
tory Syncytial Virus F protein (RSV-F), demonstrates an
EDgg that is about 2 to 3 fold lower than the EDy, for
palivizumab or motavizumab.
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In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to Respira-
tory Syncytial Virus F protein (RSV-F), demonstrates a half
maximal inhibitory concentration (ICs,) of about 2 pM to
about 600 pM in a microneutralization assay specific for
RSV subtype A strains of RSV.

In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to Respira-
tory Syncytial Virus F protein (RSV-F), demonstrates a half
maximal inhibitory concentration (ICs,) of about 6 pM to
about 100 pM in a microneutralization assay specific for
RSV subtype B strains of RSV.

In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to RSV-F
protein demonstrates a neutralization potency against one or
more subtype A laboratory strains of RSV that is about a 15
to 17 fold improvement over palivizumab, or demonstrates
a neutralization potency against one or more subtype A
clinical strains of RSV that is about 10 to 22 fold improve-
ment over palivizumab.

In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to Respira-
tory Syncytial Virus F protein (RSV-F), demonstrates a
neutralization potency against one or more subtype B labo-
ratory strains of RSV that is about a 2 to 5 fold improvement
over palivizumab.

In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to Respira-
tory Syncytial Virus F protein (RSV-F), demonstrates a
neutralization potency against one or more subtype A labo-
ratory strains or subtype A clinical strains of RSV that is
about a 0.5 to 2 fold improvement over AM-22.

In one embodiment, the isolated antibody or an antigen-
binding fragment thereof that specifically binds to Respira-
tory Syncytial Virus F protein (RSV-F), demonstrates a
neutralization potency against one or more subtype B labo-
ratory strains of RSV that is about a 2.5 to 17 fold improve-
ment over AM-22.

In one embodiment, the isolated human antibody or an
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), exhibits a
K,, ranging from 1x10~"M to 6x107° M, as measured by
surface plasmon resonance.

In one embodiment, the isolated human antibody or an
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), exhibits a
K,, ranging from 1x10~"M to 9x107°M, as measured by
surface plasmon resonance.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises
the three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) contained within a HCVR amino acid sequence
selected from the group consisting of SEQ ID NOs: 2, 18,
34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194, 210, 226,
242, 258, 274, 290, 306, 322 and 338; and the three light
chain CDRs (LCDRI1, LCDR2 and LCDR3) contained
within a LCVR amino acid sequence selected from the
group consisting of SEQ ID NOs: 10, 26, 42, 58, 74, 90, 106,
122, 138, 154, 170, 186, 202, 218, 234, 250, 266, 282, 298,
314, 330 and 346.

Methods and techniques for identifying CDRs within
HCVR and LCVR amino acid sequences are well known in
the art and can be used to identify CDRs within the specified
HCVR and/or LCVR amino acid sequences disclosed
herein. Exemplary conventions that can be used to identify
the boundaries of CDRs include, e.g., the Kabat definition,



US 9,447,173 B2

7

the Chothia definition, and the AbM definition. In general
terms, the Kabat definition is based on sequence variability,
the Chothia definition is based on the location of the
structural loop regions, and the AbM definition is a com-
promise between the Kabat and Chothia approaches. See,
e.g., Kabat, “Sequences of Proteins of Immunological Inter-
est,” National Institutes of Health, Bethesda, Md. (1991);
Al-Lazikani et al., (1997), J. Mol Biol. 273:927-948; and
Martin et al., (1989), Proc. Natl. Acad. Sci. USA 86:9268-
9272. Public databases are also available for identifying
CDR sequences within an antibody.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises a
heavy chain variable region (HCVR) having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194,
210, 226, 242, 258, 274, 290, 306, 322 and 338.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises a
light chain variable region (LCVR) having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 10, 26, 42, 58, 74, 90, 106, 122, 138, 154, 170, 186,
202, 218, 234, 250, 266, 282, 298, 314, 330 and 346.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises a
heavy chain variable region (HCVR) having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194,
210, 226, 242, 258, 274, 290, 306, 322 and 338; and a light
chain variable region (LCVR) having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 10, 26, 42, 58, 74, 90, 106, 122, 138, 154, 170, 186,
202, 218, 234, 250, 266, 282, 298, 314, 330 and 346.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises
the heavy chain amino acid sequence of SEQ ID NO: 363
and the light chain amino acid sequence of SEQ ID NO: 364.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises a
HCVR/LCVR amino acid sequence pair selected from the
group consisting of SEQ ID NOs: SEQ ID NO: 2/10, 18/26,
34/42, 50758, 66/74, 82/90, 98/106, 114/122, 130/138, 146/
154, 162/170, 178/186, 194/202, 210/218, 226/234, 242/
250, 258/266, 274/282, 290/298, 306/314, 322/330 and
338/346.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises a
HCVR/LCVR amino acid sequence pair selected from the
group consisting of SEQ ID NOs: 274/282 and 338/346.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), comprises:

(a) a HCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8, 24,
40, 56, 72, 88, 104, 120, 136, 152, 168, 184, 200, 216, 232,
248, 264, 280, 296, 312, 328, and 344; and

(b) a LCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 16, 32,
48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240,
256, 272, 288, 304, 320, 336 and 352.
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In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F), further com-
prises:

(c) a HCDR1 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 4, 20,
36, 52, 68, 84, 100, 116, 132, 148, 164, 180, 196, 212, 228,
244, 260, 276, 292, 308, 324 and 340;

(d) a HCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 6, 22,
38, 54, 70, 86, 102, 118, 134, 150, 166, 182, 198, 214, 230,
246, 262, 278, 294, 310, 326 and 342;

(e) a LCDR1 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 12, 28,
44, 60, 76, 92, 108, 124, 140, 156, 172, 188, 204, 220, 236,
252, 268, 284, 300, 316, 332 and 348; and

() a LCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 14, 30,
46, 62, 78, 94, 110, 126, 142, 158, 174, 190, 206, 222, 238,
254, 270, 286, 302, 318, 334 and 350.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F) comprises:

(a) a HCDR1 domain having an amino acid sequence

selected from the group consisting of SEQ ID NOs: 4,
20, 36, 52, 68, 84, 100, 116, 132, 148, 164, 180, 196,
212, 228, 244, 260, 276, 292, 308, 324 and 340;

(b) a HCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 6,
22, 38, 54, 70, 86, 102, 118, 134, 150, 166, 182, 198,
214, 230, 246, 262, 278, 294, 310, 326 and 342;

(c) a HCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8,
24, 40, 56, 72, 88, 104, 120, 136, 152, 168, 184, 200,
216, 232, 248, 264, 280, 296, 312, 328, and 344;

(d) a LCDR1 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 12,
28, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188, 204,
220, 236, 252, 268, 284, 300, 316, 332 and 348;

(e) a LCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 14,
30, 46, 62, 78, 94, 110, 126, 142, 158, 174, 190, 206,
222, 238, 254, 270, 286, 302, 318, 334 and 350; and

() a LCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 16,
32, 48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208,
224, 240, 256, 272, 288, 304, 320, 336 and 352.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F) comprises:

(a) a HCDR1 domain having an amino acid sequence

selected from the group consisting of SEQ ID NOs: 276
and 340;

(b) a HCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 278
and 342;

(c) a HCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 280
and 344;

(d) a LCDR1 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 284
and 348;

(e) a LCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 286
and 350; and
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(D a LCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 288
and 352.

In one embodiment, the isolated human antibody or
antigen binding fragment thereof that specifically binds to
RSV-F comprises the HCDR1, HCDR2 and HCDR3 amino
acid sequences of SEQ ID NOs: 276, 278 and 280, respec-
tively and LCDR1, LCDR2 and LCDR3 amino acid
sequences of SEQ ID NOs: 284, 286 and 288, respectively.

In one embodiment, the isolated human antibody or
antigen binding fragment thereof that specifically binds to
RSV-F comprises the HCDR1, HCDR2 and HCDR3 amino
acid sequences of SEQ ID NOs: 340, 342 and 344, respec-
tively and LCDR1, LCDR2 and LCDR3 amino acid
sequences of SEQ ID NOs: 348, 350 and 352, respectively.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F) competes for
specific binding to RSV-F with an antibody or antigen-
binding fragment comprising heavy and light chain
sequence pairs selected from the group consisting of SEQ ID
NOs: 2/10, 18/26, 34/42, 50/58, 66/74, 82/90, 98/106, 114/
122, 130/138, 146/154, 162/170, 178/186, 194/202, 210/
218, 226/234, 242/250, 258/266, 274/282, 290/298, 306/
314, 322/330 and 338/346.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof, which comprises heavy
and light chain sequence pairs selected from the group
consisting of SEQ ID NOs: 2/10, 18/26, 34/42, 50/58, 66/74,
82/90, 98/106, 114/122, 130/138, 146/154, 162/170, 178/
186, 194/202, 210/218, 226/234, 242/250, 258/266, 274/
282, 290/298, 306/314, 322/330 and 338/346, and which
specifically binds to Respiratory Syncytial Virus F protein
(RSV-F), does not compete for specific binding to RSV-F
with palivizumab, motavizumab, or AM-22.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof that specifically binds to
Respiratory Syncytial Virus F protein (RSV-F) binds the
same epitope on RSV-F that is recognized by an antibody
comprising heavy and light chain sequence pairs selected
from the group consisting of SEQ 1D NOs: 2/10, 18/26,
34/42, 50/58, 66/74, 82/90, 98/106, 114/122, 130/138, 146/
154, 162/170, 178/186, 194/202, 210/218, 226/234, 242/
250, 258/266, 274/282, 290/298, 306/314, 322/330 and
338/346.

In one embodiment, the isolated human antibody or
antigen-binding fragment thereof, which comprises heavy
and light chain sequence pairs selected from the group
consisting of SEQ ID NOs: 2/10, 18/26,34/42, 50/58, 66/74,
82/90, 98/106, 114/122, 130/138, 146/154, 162/170, 178/
186, 194/202, 210/218, 226/234, 242/250, 258/266, 274/
282, 290/298, 306/314, 322/330 and 338/346, and which
specifically binds to Respiratory Syncytial Virus F protein
(RSV-F), does not bind the same epitope on RSV-F as
palivizumab or motavizumab.

In one embodiment, the invention provides a fully human
monoclonal antibody or antigen-binding fragment thereof
that specifically binds to RSV-F, wherein the antibody or
fragment thereof exhibits one or more of the following
characteristics: (i) comprises a HCVR having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194,
210, 226, 242, 258, 274, 290, 306, 322 and 338, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
(i) comprises a LCVR having an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 10, 26,
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42, 58,74, 90, 106, 122, 138, 154, 170, 186, 202, 218, 234,
250, 266, 282, 298, 314, 330 and 346, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; (iii) com-
prises a HCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8, 24,
40, 56, 72, 88, 104, 120, 136, 152, 168, 184, 200, 216, 232,
248, 264, 280, 296, 312, 328, and 344, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; and a LCDR3
domain having an amino acid sequence selected from the
group consisting of SEQ 1D NO: 16, 32, 48, 64, 80, 96, 112,
128, 144, 160, 176, 192, 208, 224, 240, 256, 272, 288, 304,
320,336 and 352, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (iv) comprises a HCDR1 domain
having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 4, 20, 36, 52, 68, 84, 100, 116,
132, 148, 164, 180, 196, 212, 228, 244, 260, 276, 292, 308,
324 and 340, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (v) a HCDR2 domain having an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 6,22, 38, 54, 70, 86, 102, 118, 134, 150, 166,
182, 198, 214, 230, 246, 262, 278, 294, 310, 326 and 342,
or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence
identity; (vi) a LCDR1 domain having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 12, 28, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188,
204, 220, 236, 252, 268, 284, 300, 316, 332 and 348, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
(vii) and a LCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 14, 30,
46, 62, 78, 94, 110, 126, 142, 158, 174, 190, 206, 222, 238,
254, 270, 286, 302, 318, 334 and 350, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; (viii) exhibits
a K, ranging from about 1x10~"M to about 6x107'° M as
measured by surface plasmon resonance; (ix) is capable of
neutralizing respiratory syncytial virus subtype A and/or
subtype B strains in vitro; (x) demonstrates the ability to
significantly reduce the viral load in a mouse model of RSV
infection when administered at a dose ranging from about
0.05 mg/kg to about 0.15 mg/kg; (xi) demonstrates a 1 to 2
logs greater reduction of nasal and/or lung viral titers in a
cotton rat model of RSV infection at a dose ranging from
about 0.62 mg/kg to about 5.0 mg/kg when compared to
palivizumab; (xii) demonstrates an effective dose 99 (EDy)
ranging from about 0.15 mg/kg to about 2.5 mg/kg when
administered in an animal model of RSV infection (e.g. a
mouse model or a cotton rat model); or (xiii) demonstrates
a half maximal inhibitory concentration (IC;) of about 2
pM to about 15 pM in a microneutralization assay specific
for RSV subtype A strains of RSV and a half maximal
inhibitory concentration (ICs,) of about 6 pM to about 100
pM in a microneutralization assay.

In one embodiment, the invention provides a fully human
monoclonal antibody or antigen-binding fragment thereof
that specifically binds to RSV-F, wherein the antibody or
fragment thereof exhibits one or more of the following
characteristics: (i) comprises a HCVR having an amino acid
sequence selected from the group consisting of SEQ 1D
NOs: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194,
210, 226, 242, 258, 274, 290, 306, 322 and 338, or a
substantially similar sequence thereof having at least 90%,
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at least 95%, at least 98% or at least 99% sequence identity;
(ii) comprises a LCVR having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 10, 26,
42, 58,74, 90, 106, 122, 138, 154, 170, 186, 202, 218, 234,
250, 266, 282, 298, 314, 330 and 346, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; (iii) com-
prises a HCDR3 domain having an amino acid sequernce
selected from the group consisting of SEQ ID NOs: 8, 24,
40, 56, 72, 88, 104, 120, 136, 152, 168, 184, 200, 216, 232,
248, 264, 280, 296, 312, 328, and 344, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; and a LCDR3
domain having an amino acid sequence selected from the
group consisting of SEQ 1D NO: 16, 32, 48, 64, 80, 96, 112,
128, 144, 160, 176, 192, 208, 224, 240, 256, 272, 288, 304,
320, 336 and 352, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (iv) comprises a HCDR1 domain
having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 4, 20, 36, 52, 68, 84, 100, 116,
132, 148, 164, 180, 196, 212, 228, 244, 260, 276, 292, 308,
324 and 340, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (v) a HCDR2 domain having an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 6, 22, 38, 54, 70, 86, 102, 118, 134, 150, 166,
182, 198, 214, 230, 246, 262, 278, 294, 310, 326 and 342,
or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence
identity; (vi) a LCDR1 domain having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 12, 28, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188,
204, 220, 236, 252, 268, 284, 300, 316, 332 and 348, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
(vii) and a LCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 14, 30,
46, 62,78, 94, 110, 126, 142, 158, 174, 190, 206, 222, 238,
254, 270, 286, 302, 318, 334 and 350, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; (viii) exhibits
a K, ranging from about 1x107"M to about 6x107° M; (ix)
is capable of neutralizing respiratory syncytial virus subtype
A and/or subtype B strains in vitro; (x) demonstrates the
ability to significantly reduce the viral load in an animal
model of RSV infection (e.g. a mouse model) when admin-
istered at a dose ranging from about 0.05 mg/kg to about
0.15 mg/kg; (x1) demonstrates a 1 to 2 logs greater reduction
of nasal and/or lung viral titers in an animal model of RSV
infection (e.g. a cotton rat model) at a dose ranging from
about 0.62 mg/kg to about 5.0 mg/kg when compared to
palivizumab; (xii) demonstrates an effective dose 99 (EDy,)
ranging from about 0.05 mg/kg to about 2.5 mg/kg when
administered in an animal model of RSV infection (e.g. a
mouse model or a cotton rat model); (xiii) demonstrates an
ED,, that is about 2 to 3 fold lower than the EDg, for
palivizumab or motavizumab; (xiv) demonstrates a neutral-
ization potency against one or more subtype A laboratory
strains of RSV that is about 15 to 17 fold improvement over
palivizumab, or demonstrates a neutralization potency
against one or more subtype A clinical strains of RSV that
is about a 10-22 fold improvement over palivizumab; (xv)
demonstrates a neutralization potency against one or more
subtype B laboratory strains of RSV that is about a 2 to 5
fold improvement over palivizumab; (xvi) demonstrates a
neutralization potency against one or more subtype A labo-
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ratory strains or subtype A clinical strains of RSV that is
about 0.5 to 2 fold improvement over AM-22; (xvii) dem-
onstrates a neutralization potency against one or more
subtype B laboratory strains of RSV that is abouta 2.5 to 17
fold improvement over AM-22.

In one embodiment, the invention provides a fully human
monoclonal antibody or antigen-binding fragment thereof
that specifically binds to RSV-F, wherein the antibody or
fragment thereof exhibits one or more of the following
characteristics: (i) comprises a HCVR having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194,
210, 226, 242, 258, 274, 290, 306, 322 and 338, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
(i) comprises a LCVR having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 10, 26,
42, 58,74, 90, 106, 122, 138, 154, 170, 186, 202, 218, 234,
250, 266, 282, 298, 314, 330 and 346, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; (iii) com-
prises a HCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 8, 24,
40, 56, 72, 88, 104, 120, 136, 152, 168, 184, 200, 216, 232,
248, 264, 280, 296, 312, 328, and 344, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; and a LCDR3
domain having an amino acid sequence selected from the
group consisting of SEQ 1D NO: 16, 32, 48, 64, 80, 96, 112,
128, 144, 160, 176, 192, 208, 224, 240, 256, 272, 288, 304,
320, 336 and 352, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (iv) comprises a HCDR1 domain
having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 4, 20, 36, 52, 68, 84, 100, 116,
132, 148, 164, 180, 196, 212, 228, 244, 260, 276, 292, 308,
324 and 340, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (v) a HCDR2 domain having an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 6, 22, 38, 54, 70, 86, 102, 118, 134, 150, 166,
182, 198, 214, 230, 246, 262, 278, 294, 310, 326 and 342,
or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence
identity; (vi) a LCDR1 domain having an amino acid
sequence selected from the group consisting of SEQ 1D
NOs: 12, 28, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188,
204, 220, 236, 252, 268, 284, 300, 316, 332 and 348, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
(vii) and a LCDR2 domain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 14, 30,
46, 62, 78, 94, 110, 126, 142, 158, 174, 190, 206, 222, 238,
254, 270, 286, 302, 318, 334 and 350, or a substantially
similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; (viii) exhibits
a K, ranging from about 1x10~"M to about 6x107'° M; (ix)
is capable of neutralizing respiratory syncytial virus subtype
A and/or subtype B strains in vitro; (x) demonstrates the
ability to significantly reduce the viral load in an mammal
having an RSV infection; (xi) interacts with an amino acid
sequence comprising amino acid residues ranging from
about position 161 to about position 188 of SEQ ID NO:
354; (xii) interacts with either the serine at position 173 of
SEQ ID NO: 354, or the threonine at position 174 of SEQ
ID NO: 354, or both the serine at position 173 of SEQ ID
NO: 354, and the threonine at position 174 of SEQ ID NO:
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354; (xiii) inhibits fusion of RSV to the host cell; (xiv) does
not cross-compete with palivizumab or AM-22 for binding
to RSV-F.
In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds Respi-
ratory Syncytial Virus F protein (RSV-F), or an antigen-
binding fragment thereof, wherein the antibody or antigen-
binding fragment thereof interacts with an amino acid
sequence comprising amino acid residues ranging from
about position 161 to about position 188 of SEQ ID NO:
354.
In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with at
least one amino acid sequence selected from the group
consisting of SEQ ID NO: 355 and 356.
In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with at
least one amino acid residue within residues 161 through
188 of SEQ ID NO: 354.
In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with at
least one amino acid residue within SEQ ID NO: 355 or SEQ
ID NO:356.
In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with
either the serine at position 173 of SEQ ID NO: 354, or the
threonine at position 174 of SEQ ID NO: 354, or both the
serine at position 173 of SEQ ID NO: 354 and the threonine
at position 174 of SEQ ID NO: 354.
In one embodiment, the invention provides an isolated
human monoclonal antibody or antigen-binding fragment
thereof that specifically binds to Respiratory Syncytial Virus
F protein (RSV-F), wherein the antibody or antigen-binding
fragment thereof interacts with an amino acid sequence
comprising amino acid residues ranging from about position
161 to about position 188 of SEQ ID NO: 354, and wherein
the antibody or antigen-binding fragment thereof comprises
three heavy chain CDRs (HCDR1, HCDR2 and HCDR3)
contained within the heavy chain variable region (HCVR)
amino acid sequence of SEQ ID NO: 274; and three light
chain CDRs (LCDR1, LCDR2 and LCDR3) contained
within the light chain variable region (LCVR) amino acid
sequence of SEQ ID NO: 282.
In one embodiment, the invention provides an isolated
human monoclonal antibody or antigen-binding fragment
thereof that specifically binds to Respiratory Syncytial Virus
F protein (RSV-F), wherein the antibody or antigen-binding
fragment thereof comprises:
(a) aHCDR1 domain comprising the amino acid sequence
of SEQ ID NO: 276;

(b) a HCDR2 domain comprising the amino acid
sequence of SEQ ID NO: 278,

(c) aHCDR3 domain comprising the amino acid sequence
of SEQ ID NO: 280;

(d) aLCDRI1 domain comprising the amino acid sequence
of SEQ ID NO: 284,

(e) a LCDR2 domain comprising the amino acid sequence

of SEQ ID NO: 286; and
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(H a LCDR3 domain comprising the amino acid sequence
of SEQ ID NO: 288.

In one embodiment, the invention provides an isolated
human monoclonal antibody, or an antigen-binding frag-
ment thereof, that binds specifically to RSV-F, wherein the
antibody comprises the three HCDRs contained within the
heavy chain variable region (HCVR) amino acid sequence
of SEQ ID NO: 274; and the three light chain CDRs
(LCDRI1, LCDR2 and LCDR3) contained within the light
chain variable region (LCVR) amino acid sequence of SEQ
ID NO: 282 and wherein the antibody or antigen-binding
fragment thereof interacts with at least one amino acid
sequence selected from the group consisting of SEQ ID NO:
355 and 356.

In one embodiment, the invention provides an isolated
human monoclonal antibody, or an antigen-binding frag-
ment thereof, that binds specifically to RSV-F, wherein the
antibody comprises the three HCDRs contained within the
heavy chain variable region (HCVR) amino acid sequence
of SEQ ID NO: 274; and the three light chain CDRs
(LCDRI1, LCDR2 and LCDR3) contained within the light
chain variable region (LCVR) amino acid sequence of SEQ
ID NO: 282 and wherein the antibody or antigen-binding
fragment thereof interacts with at least one amino acid
residue within residues 161 through 188 of SEQ ID NO:
354.

In one embodiment, the invention provides an isolated
human monoclonal antibody, or an antigen-binding frag-
ment thereof, that binds specifically to RSV-F, wherein the
antibody comprises the three HCDRs contained within the
heavy chain variable region (HCVR) amino acid sequence
of SEQ ID NO: 274; and the three light chain CDRs
(LCDRI1, LCDR2 and LCDR3) contained within the light
chain variable region (LCVR) amino acid sequence of SEQ
ID NO: 282 and wherein the antibody or antigen-binding
fragment thereof interacts with at least one amino acid
residue within SEQ ID NO: 355 or SEQ ID NO:356.

In one embodiment, the invention provides an isolated
human monoclonal antibody, or an antigen-binding frag-
ment thereof, that binds specifically to RSV-F, wherein the
antibody comprises the three HCDRs contained within the
heavy chain variable region (HCVR) amino acid sequence
of SEQ ID NO: 274; and the three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained within the light
chain variable region (LCVR) amino acid sequence of SEQ
ID NO: 282, wherein the antibody or antigen-binding frag-
ment thereof interacts with either the serine at position 173
of SEQ ID NO: 354, or the threonine at position 174 of SEQ
ID NO: 354, or both the serine at position 173 of SEQ ID
NO: 354 and the threonine at position 174 of SEQ ID NO:
354.

In one embodiment, the invention provides an isolated
human antibody, or an antigen-binding fragment thereof that
does not cross-compete for binding to RSV-F with palivi-
zumab, or motavizumab.

In one embodiment, the invention provides an isolated
human antibody, or an antigen-binding fragment thereof that
does not cross-compete for binding to RSV-F with AM-22.

In one embodiment, the invention provides an isolated
human antibody, or an antigen-binding fragment thereof that
does not bind the same epitope on RSV-F as palivizumab.

In one embodiment, the invention provides an isolated
human antibody, or an antigen-binding fragment thereof that
does not bind the same epitope on RSV-F as motavizumab.

In one embodiment, the invention provides an isolated
human monoclonal antibody, or an antigen-binding frag-
ment thereof that does not bind to an epitope on RSV-F
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ranging from about amino acid residue 255 to about amino
acid residue 276 of SEQ ID NO: 354.

In one embodiment, the isolated human monoclonal anti-
body, or an antigen-binding fragment thereof does not bind
to the same epitope on RSV-F as palivizumab, wherein the
epitope ranges from about amino acid residue 255 to about
amino acid residue 276 of SEQ ID NO: 354.

In a second aspect, the invention provides nucleic acid
molecules encoding antibodies or fragments thereof that
specifically bind to RSV-F. Recombinant expression vectors
carrying the nucleic acids of the invention, and host cells
into which such vectors have been introduced, are also
encompassed by the invention, as are methods of producing
the antibodies by culturing the host cells under conditions
permitting production of the antibodies, and recovering the
antibodies produced.

In one embodiment, the invention provides an antibody or
fragment thereof comprising a HCVR encoded by a nucleic
acid sequence selected from the group consisting of SEQ ID
NO: 1, 17, 33, 49, 65, 81, 97, 113, 129, 145, 161, 177, 193,
209, 225, 241, 257, 273, 289, 305, 321, and 337 or a
substantially identical sequence having at least 90%, at least
95%, at least 98%, or at least 99% homology thereof.

In one embodiment, the HCVR is encoded by a nucleic
acid sequence selected from the group consisting of SEQ ID
NO: 273 and 337.

In one embodiment, the antibody or fragment thereof
further comprises a LCVR encoded by a nucleic acid
sequence selected from the group consisting of SEQ ID NO:
9,25, 41, 57,73, 89, 105, 121, 137, 153, 169, 185, 201, 217,
233,249, 265,281,297,313,329, and 345, or a substantially
identical sequence having at least 90%, at least 95%, at least
98%, or at least 99% homology thereof.

In one embodiment, the LCVR is encoded by a nucleic
acid sequence selected from the group consisting of SEQ ID
NO: 281 and 345,

In one embodiment, the invention also provides an anti-
body or antigen-binding fragment of an antibody comprising
a HCDR3 domain encoded by a nucleotide sequence
selected from the group consisting of SEQ ID NO: 7, 23, 39,
55,71, 87,103, 119, 135, 151, 167, 183, 199, 215, 231, 247,
263, 279, 295, 311, 327, and 343 or a substantially similar
sequence thereof having at least 90%, at least 95%, at least
98% or at least 99% sequence identity; and a LCDR3
domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 15, 31, 47, 63, 79, 95, 111,
127, 143, 159, 175, 191, 207, 223, 239, 255, 271, 287, 303,
319, 335, and 351, or a substantially similar sequence
thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity.

In one embodiment, the invention provides an antibody or
fragment thereof further comprising a HCDR1 domain
encoded by a nucleotide sequence selected from the group
consisting of SEQ IDNO: 3,19, 35, 51, 67, 83, 99, 115, 131,
147,163, 179, 195, 211, 227, 243, 259, 275, 291, 307, 323,
and 339, or a substantially similar sequence thereof having
at least 90%, at least 95%, at least 98% or at least 99%
sequence identity; a HCDR2 domain encoded by a nucleo-
tide sequence selected from the group consisting of SEQ ID
NO: 5,21, 37, 53, 69, 85, 101, 117, 133, 149, 165, 181, 197,
213, 229, 245, 261, 277, 293, 309, 325, and 341, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
a LCDR!1 domain encoded by a nucleotide sequence
selected from the group consisting of SEQ ID NO: 11, 27,
43, 59,75, 91, 107, 123, 139, 155, 171, 187, 203, 219, 235,
251, 267, 283, 299, 315, 331, and 347, or a substantially
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similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; and a LCDR2
domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 13, 29, 45, 61, 77, 93, 109,
125, 141, 157, 173, 189, 205, 221, 237, 253, 269, 285, 301,
317, 333, and 349, or a substantially similar sequence
thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity.

In a third aspect, the invention features a human antibody
or antigen-binding fragment specific for RSV-F comprising
a HCVR encoded by nucleotide sequence segments derived
from V,, Dy and ], germline sequences, and a LCVR
encoded by nucleotide sequence segments derived from V.
and J, germline sequences.

The invention encompasses antibodies having a modified
glycosylation pattern. In some applications, modification to
remove undesirable glycosylation sites may be useful, or
e.g., removal of a fucose moiety to increase antibody depen-
dent cellular cytotoxicity (ADCC) function (see Shield et al.
(2002) IBC 277:26733). In other applications, modification
of galactosylation can be made in order to modify comple-
ment dependent cytotoxicity (CDC).

In a fourth aspect, the invention provides a pharmaceu-
tical composition comprising at least one isolated fully
human monoclonal antibody or antigen-binding fragment
thereof that binds to RSV-F and a pharmaceutically accept-
able carrier or diluent. In one embodiment, the invention
provides a pharmaceutical composition comprising two
fully human monoclonal antibodies or antigen-binding frag-
ments thereof, which either bind to the same epitope or bind
to two different epitopes on RSV-F and a pharmaceutically
acceptable carrier or diluent. It is to be understood that any
combination of antibodies as described herein may be used
in a pharmaceutical composition to achieve the desired
results in the patient population in need of such therapy. For
example, two antibodies that recognize and/or bind RSV-F
may be used in a composition. Alternatively, two antibodies,
one that recognizes and/or binds RSV-F and a second
antibody that binds to another antigen on RSV (e.g. RSV-G)
may be used in a composition. In one embodiment, two
antibodies, one that recognizes and/or binds RSV-F and a
second antibody that binds to a metapneumovirus antigen
may be used in a composition. Alternatively, two or more
antibodies may be used in a composition, one that recog-
nizes and/or binds to RSV-F, one that binds to a metapneu-
movirus antigen and one that binds to an influenza virus
antigen or to any other virus that causes respiratory diseases.

In one embodiment, the pharmaceutical composition
comprises an antibody that binds RSV-F and has a HCVR/
LCVR amino acid sequence pair selected from the group
consisting of SEQ ID NOs: 274/282 and 338/346.

In one embodiment, the pharmaceutical composition
comprises an antibody that binds RSV-F and has a HCVR/
LCVR amino acid sequence pair consisting of SEQ ID NOs:
274/282.

In one embodiment, the pharmaceutical composition
comprises an antibody that binds RSV-F and has a HCVR/
LCVR amino acid sequence pair consisting of SEQ 1D NOs:
338/346.

In one embodiment, the pharmaceutical composition
comprises at least one antibody that binds RSV-F, wherein
the antibody comprises the three heavy chain complemen-
tarity determining regions (HCDR1, HCDR2 and HCDR3)
contained within any one of the heavy chain variable region
(HCVR) amino acid sequences selected from the group
consisting of SEQ ID NOs: 274 and 338; and the three light
chain complementarity determining regions (LCDRI,
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LCDR2 and LCDR3) contained within any one of the light
chain variable region (LCVR) amino acid sequences
selected from the group consisting of SEQ ID NOs: 282 and
346.

In one embodiment, the antibodies of the invention, or
compositions containing one or more antibodies of the
invention may be used to neutralize RSV from any subtype
A or subtype B strain of RSV.

In one embodiment, the invention features a composition,
which is a combination of an antibody or antigen-binding
fragment of an antibody of the invention, and a second
therapeutic agent.

The second therapeutic agent may be a small molecule
drug, a protein/polypeptide, an antibody, a nucleic acid
molecule, such as an anti-sense molecule, or a siRNA. The
second therapeutic agent may be synthetic or naturally
derived.

The second therapeutic agent may be any agent that is
advantageously combined with the antibody or fragment
thereof of the invention, for example, an antiviral agent (e.g.
ribavirin), a vaccine specific for RSV, or a vaccine specific
for influenza virus, or a vaccine specific for metapneumo-
virus (MPV), an siRNA specific for an RSV antigen, an
sIRNA specific for an influenza virus antigen, an siRNA
specific for a metapneumovirus (MPV) antigen, a second
antibody specific for an RSV antigen, or a metapneumovirus
(MPV) antigen, or an influenza antigen, an anti-IL4R anti-
body, an anti-RSV-G antibody or a NSAID. In certain
embodiments, the second therapeutic agent may be an agent
that helps to counteract or reduce any possible side effect(s)
associated with the antibody or antigen-binding fragment of
an antibody of the invention, if such side effect(s) should
occur.

It will also be appreciated that the antibodies and phar-
maceutically acceptable compositions of the present inven-
tion can be employed in combination therapies, that is, the
antibodies and pharmaceutically acceptable compositions
can be administered concurrently with, prior to, or subse-
quent to, one or more other desired therapeutics or medical
procedures. The particular combination of therapies (thera-
peutics or procedures) to employ in a combination regimen
will take into account compatibility of the desired therapeu-
tics and/or procedures and the desired therapeutic effect to
be achieved. It will also be appreciated that the therapies
employed may achieve a desired effect for the same disorder
(for example, an antibody may be administered concurrently
with another agent used to treat the same disorder), or they
may achieve different effects (e.g., control of any adverse
effects). As used herein, additional therapeutic agents that
are normally administered to treat or prevent a particular
disease, or condition, are appropriate for the disease, or
condition, being treated.

When multiple therapeutics are co-administered, dosages
may be adjusted accordingly, as is recognized in the perti-
nent att.

A fifth aspect of the invention provides a method for
preventing infection with respiratory syncytial virus in a
patient in need thereof, or for treating a patient suffering
from an infection with RSV, or for ameliorating at least one
symptom or complication associated with the RSV infec-
tion, the method comprising administering one or more
antibodies or antigen-binding fragments thereof as described
herein, or a pharmaceutical composition comprising one or
more antibodies of the invention or fragments thereof, as
described herein, to a patient in need thereof, such that the
RSV infection is prevented, or at least one symptom or
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complication associated with the infection is ameliorated,
alleviated or reduced in severity and/or duration.

In a related embodiment, the invention provides a phar-
maceutical composition comprising one or more antibodies
of the invention, alone or in combination with a second
therapeutic agent, for use in preventing a respiratory syn-
cytial virus (RSV) infection in a patient in need thereof, or
for treating a patient suffering from an RSV infection, or for
ameliorating at least one symptom or complication associ-
ated with the infection, wherein the infection is either
prevented, or at least one symptom or complication associ-
ated with the infection is prevented, ameliorated, or lessened
in severity and/or duration.

In one embodiment, the invention provides a pharmaceu-
tical composition comprising one or more antibodies of the
invention, alone or in combination with a second therapeutic
agent in the manufacture of a medicament for preventing a
respiratory syncytial virus (RSV) infection in a patient in
need thereof, or for treating a patient suffering from an RSV
infection, or for ameliorating at least one symptom or
complication associated with the infection, wherein the
infection is either prevented, or at least one symptom or
complication associated with the infection is prevented,
ameliorated, or lessened in severity and/or duration.

In one embodiment, a patient in need of treatment with an
antibody of the invention, or an antigen-binding fragment
thereof is a patient who may experience a more severe form
of the RSV infection due to an underlying or pre-existing
medical condition. In one embodiment, the method provides
for preventing the development of infection with RSV in a
patient at risk thereof, the method comprising administering
to the patient an effective amount of an antibody or an
antigen-binding fragment thereof that binds to the F protein
of RSV, or a pharmaceutical composition comprising an
effective amount of an antibody or an antigen-binding
fragment thereof that binds to the F protein of RSV such that
the infection is either prevented, ameliorated, or lessened in
severity and/or duration, or at least one symptom or com-
plication associated with the infection is prevented, or
ameliorated, or lessened in severity or duration. In one
embodiment, the administering of the isolated human RSV-F
antibody or an antigen-binding fragment thereof results in
prevention of recurrent wheezing in the patient. In one
embodiment, the administering of the isolated human RSV-F
antibody or an antigen-binding fragment thereof results in
prevention of RSV-associated asthma in a child. In one
embodiment, the administering of the isolated human RSV-F
antibody or an antigen-binding fragment thereof results in
prevention of an RSV infection caused by a subtype A or a
subtype B respiratory syncytial virus.

In one embodiment, the at least one symptom or compli-
cation associated with the RSV infection that may be treated
with an antibody of the invention, or an antigen-binding
fragment thereof, may be selected from the group consisting
of hypoxia, a bluish skin color due to lack of oxygen,
breathing difficulty (e.g., rapid breathing or shortness of
breath), cough, croupy cough (“‘seal bark” cough), fever,
nasal flaring, stuffy nose, wheezing, pneumonia, apnea,
dehydration, poor feeding, altered mental status, decreased
appetite, or bronchiolitis.

In one embodiment, the patient at risk of developing an
RSV infection, who may benefit from treatment with the
antibodies of the invention, or with a composition compris-
ing one or more antibodies of the invention, may be selected
from the group consisting of a pre-term infant, a full term
infant who is compromised due to some other underlying
medical condition and/or is exposed during the peak season
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for RSV, a child greater than or equal to one year of age with
or without an underlying medical condition (e.g. congenital
heart disease, chronic lung disease, cystic fibrosis, immu-
nodeficiency, a neuromuscular disorder), an institutionalized
or hospitalized patient, an elderly patient 65 years of age)
with or without an underlying medical condition such as
congestive heart failure or chronic obstructive pulmonary
disease), a patient who is immunocompromised due to
underlying illness or due to administration of immunosup-
pressive therapeutics, a patient who has some underlying
medical condition that may pre-dispose them to acquiring an
RSV infection, for example, chronic obstructive pulmonary
disease (COPD), congestive heart failure, cystic fibrosis,
bronchopulmonary dysplasia, airway malfunction, chronic
lung disease, a cancer patient, or a transplant patient who is
on immunosuppressive therapy.

In one embodiment, a patient who is a candidate for
therapy with an antibody of the invention may suffer from a
condition resulting from a compromised pulmonary, cardio-
vascular, neuromuscular, or immune system. The condition
may be selected from the group consisting of an abnormality
of the airway, a chronic lung disease, a chronic heart disease,
a neuromuscular disease that compromises the handling of
respiratory secretions and immunosuppression. The chronic
lung disease may be chronic obstructive pulmonary disease
(COPD), cystic fibrosis, or bronchopulmonary dysplasia.
The chronic heart disease may be congestive heart failure
(CHF), or congenital heart disease. The neuromuscular
disease or condition may be a neurodegenerative disease, or
an inability to handle and/or eliminate respiratory secretions
due to an injury or accident to the nervous system, e.g. a
stroke, or a spinal cord injury. The immunosuppression may
be the result of severe combined immunodeficiency or
severe acquired immunodeficiency, or may be a result of any
other infectious disease or cancerous condition that leads to
immunosuppression, or is a result of treatment with immu-
nosuppressant drug therapy or radiation therapy.

In one embodiment, the antibody is administered prophy-
lactically (administered prior to development of the infec-
tion) to a patient at risk for developing an RSV infection, or
at risk for developing at least one symptom or complication
associated with the RSV infection. The patients who are
candidates for treatment with the antibodies of the invention
may be administered the compositions comprising one or
more antibodies by any route of delivery suitable for admin-
istration, including but not limited to intravenous injection,
intramuscular injection, or subcutaneous injection.

In one embodiment, the antibody is administered thera-
peutically (administered after the development of the infec-
tion) to a patient to ameliorate or reduce the severity and/or
duration of at least one symptom or complication associated
with the RSV infection.

In one embodiment, the antibodies of the invention may
be administered to the patient in combination with one or
more therapeutic agents useful for treating a RSV infection.
The one or more therapeutic agents may be selected from the
group consisting of an antiviral agent; a vaccine specific for
RSV, a vaccine specific for influenza virus, or a vaccine
specific for metapneumovirus (MPV); an siRNA specific for
an RSV antigen or a metapneumovirus (MPV) antigen; a
second antibody specific for an RSV antigen or a metap-
neumovirus (MPV) antigen; an anti-IL4R antibody, an anti-
body specific for an influenza virus antigen, an anti-RSV-G
antibody and a NSAID.

A sixth aspect of the invention provides an immunogenic
composition, or a vaccine, that when administered to an
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individual, preferably a human, induces an immune response
in such individual to a Respiratory Syncytial Virus (RSV)
antigen.

In one embodiment, the immunogenic composition, or
vaccine, comprises an RSV antigen, for example, an RSV-F
protein, polypeptide, or an immunogenic fragment thereof,
or an epitope contained within and/or obtained from an
antigen of the RSV-F polypeptide or a fragment thereof,
and/or comprises DNA and/or RNA which encodes and
expresses an epitope from an antigen of the RSV-F poly-
peptide, or ather polypeptides of the invention.

In one embodiment of the invention, the immunogenic
composition, or vaccine, may comprise the RSV-F protein as
shown in SEQ ID NO: 354. In one embodiment of the
invention, the immunogenic composition, or vaccine, may
comprise a RSV-F polypeptide fragment comprising resi-
dues 161 through 188 of SEQ ID NO: 354. In one embodi-
ment of the invention, the immunogenic composition, or
vaccine, may comprise one or more amino acid residues
contained within SEQ ID NO: 355 and/or SEQ ID NO: 356.
In one embodiment of the invention, the immunogenic
composition, or vaccine, may comprise SEQ ID NO: 355
and/or SEQ 1D NO: 356.

In a related aspect, the invention provides a method for
inducing an immune response in an individual, particularly
a mammal, preferably humans, by administering to an
individual an immunogenic composition, or a vaccine, com-
prising a RSV-F protein, or an immunogenic fragment
thereof, or a RSV-F antigen or an immunogenic fragment
thereof comprising one or more epitopes contained within
the RSV-F antigen or fragment thereof, adequate to produce
an antibody and/or a T cell immune response to protect the
individual from infection, particularly infection with Respi-
ratory Syncytial Virus (RSV).

In one embodiment, methods are provided for using the
immunogenic compositions, or vaccines of the invention for
inducing an immune response that results in inhibiting, or
slowing the progression of cell to cell viral spread. Methods
are also provided for ameliorating at least one symptom
associated with RSV infection by administering an immu-
nogenic composition, or a vaccine, comprising at least one
RSV-F antigen, or one or more epitopes contained within the
RSV-F antigen, which when administered will induce an
immune response in the individual.

For example, in one embodiment the invention provides
a method of inducing an immune response in an individual
comprising delivering to the individual an immunogenic
composition, or vaccine comprising, an RSV-F antigen (e.g.
the amino acid sequence shown in SEQ ID NO: 354), or an
antigenic fragment thereof, (e.g. a polypeptide comprising
residues 161 through 188 of SEQ ID NO: 354), or a nucleic
acid vector comprising a nucleotide sequence to direct
expression of such viral polypeptide, or a fragment or a
variant thereof, in vivo in order to induce an immune
response.

In one embodiment of the invention, the polypeptide to be
used in an immunogenic composition or in a vaccine for
inducing an immune response in an individual comprises
residues 161 through 188 of SEQ ID NO: 354. In one
embodiment of the invention, the polypeptide to be used in
an immunogenic composition or in a vaccine for inducing an
immune response in an individual comprises one or more
amino acid residues contained within SEQ ID NO: 355
and/or SEQ ID NO: 356. In one embodiment of the inven-
tion, the polypeptide to be used in an immunogenic com-
position or in a vaccine for inducing an immune response in
an individual comprises SEQ ID NO: 355 and/or SEQ ID
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NO: 356. In one embodiment of the invention, the immu-
nogenic composition, or vaccine, may elicit an antibody
response or a T cell response specific for the RSV-F antigen
of RSV, wherein the antibodies generated interact with either
the serine at position 173 of SEQ ID NO: 354, or the
threonine at position 354, or both the serine at position 173
of SEQ ID NO: 354 and the threonine at position 174 of SEQ
ID NO: 354.

In certain embodiments of the invention, the immuno-
genic composition, or vaccine may comprise an immuno-
genic polypeptide and/or polynucleotide of the invention, or
a combination thereof, together with a suitable carrier/
excipient, such as a pharmaceutically acceptable carrier/
excipient. The immunogenic composition, or vaccine of the
invention may also include adjuvants for enhancing the
immunogenicity of the formulation.

In certain embodiments, it is advantageous for the RSV-F
antigens or fragments thereof to be formulated into immu-
nogenic compositions, or vaccines that comprise immuno-
genic, preferably immunologically effective, amounts of
additional antigens to elicit immunity to other pathogens,
preferably viruses and/or bacteria. Such additional antigens
may include an influenza virus antigen, an antigen from
metapneumovirus or from a coronavirus, an antigen from
Haemophilus influenzae, Streptococcus preumonia, or Bor-
detella pertussis. Other RSV antigens may be included in the
immunogenic compositions, or vaccines, such as the RSV-G
glycoprotein, or immunogenic fragments thereof, the HN
protein, or derivatives thereof.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. A schematic diagram of the RSV-F protein.
FIGS. 2A and 2B. Demonstrates that HIH3592P3 blocks
viral entry by inhibiting fusion of virus and cell membranes.

DETAILED DESCRIPTION

Before the present methods are described, it is to be
understood that this invention is not limited to particular
methods, and experimental conditions described, as such
methods and conditions may vary. It is also to be understood
that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended
to be limiting, since the scope of the present invention will
be limited only by the appended claims.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. As used herein, the term “about,” when
used in reference to a particular recited numerical value,
means that the value may vary from the recited value by no
more than 1%. For example, as used herein, the expression
“about 100” includes 99 and 101 and all values in between
(e.g., 99.1, 99.2, 99.3, 99.4, etc.).

Although any methods and materials similar or equivalent
to those described herein can be used in the practice or
testing of the present invention, preferred methods and
materials are now described. All publications mentioned
herein are incorporated herein by reference in their entirety.

DEFINITIONS

“Respiratory Syncytial Virus-F protein”, also referred to
as “RSV-F” is a type [ transmembrane surface protein, which
has an N terminal cleaved signal peptide and a membrane
anchor near the C terminus (Collins, P. L. et al., (1984),
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PNAS (USA) 81:7683-7687). The RSV-F protein is synthe-
sized as an inactive 67 KDa precursor denoted as FO (Calder,
L. I; et al., Virology (2000), 271, 122-131. The FO protein
is activated proteolytically in the Golgi complex by a
furin-like protease at two sites, yielding two disulfide linked
polypeptides, F2 and Fl, from the N and C terminal,
respectively. There is a 27 amino acid peptide released
called “pep27”. There are furin cleavage sites (FCS) on
either side of the pep27 (Collins, P. L.; Mottet, G. (1991), J.
Gen. Virol., 72: 3095-3101; Sugrue, R. J, et al. (2001), J.
Gen. Virol., 82, 1375-1386). The F2 subunit consists of the
Heptad repeat C(HRC), while the F1 contains the fusion
polypeptide (FP), heptad repeat A (HRA), domain I, domain
11, heptad repeat B (HRB), transmembrane (TM) and cyto-
plasmic domain (CP) (See Sun, Z. et al. Viruses (2013),
5:211-225). The RSV-F protein plays a role in fusion of the
virus particle to the cell membrane, and is expressed on the
surface of infected cells, thus playing a role in cell to cell
transmission of the virus and syncytia formation. The amino
acid sequence of the RSV-F protein is provided in GenBank
as accession number AAX23994 and is also referred to
herein as SEQ ID NO: 354.

A genetically engineered construct of the RSV-F protein
1s shown herein as having the amino acid sequence of SEQ
ID NO: 353.

The term “laboratory strain” as used herein refers to a
strain of RSV (subtype A or B) that has been passaged
extensively in in vitro cell culture. A “laboratory strain” can
acquire adaptive mutations that may affect their biological
properties. A “clinical strain” as used herein refers to an
RSV isolate (subtype A or B), which is obtained from an
infected individual and which has been isolated and grown
in tissue culture at low passage.

The term “effective dose 99” or “EDy,” refers to the
dosage of an agent that produces a desired effect of 99%
reduction of viral forming plaques relative to the isotype
(negative) control. In the present invention, the EDyq refers
to the dosage of the anti-RSV-F antibodies that will neu-
tralize the virus infection (ie.g. reduce 99% of viral load) in
vivo, as described in Example 5.

The term “IC50” refers to the “half maximal inhibitory
concentration”, which value measures the effectiveness of
compound (e.g. anti-RSV-F antibody) inhibition towards a
biological or biochemical utility. This quantitative measure
indicates the quantity required for a particular inhibitor to
inhibit a given biological process by half.

“Palivizumab”, also referred to as “SYNAGIS®”, is a
humanized anti-RSV-F antibody with heavy and light chain
variable domains having the amino acid sequences as set
forth in U.S. Pat. No. 7,635,568 and U.S. Pat. No. 5,824,307
(also shown herein as SEQ ID NO: 361 for the heavy chain
of the antibody and SEQ ID NO: 362 for the light chain of
the antibody). This antibody, which immunospecifically
binds to the RSV-F protein, is currently FDA-approved for
the passive immunoprophylaxis of serious RSV disease in
high-risk children and is administered intramuscularly at
recommended monthly doses of 15 mg/kg of body weight
throughout the RSV season (November through April in the
northern hemisphere). SYNAGIS® is composed of 95%
human and 5% murine antibody sequences. See also John-
son et al., (1997), I. Infect. Diseases 176:1215-1224.

“Motavizumab”, also referred to as “NUMAX™”, is an
enhanced potency RSV-F-specific humanized monoclonal
antibody derived by in vitro affinity maturation of the
complementarity-determining regions of the heavy and light
chains of palivizumab. For reference purposes, the amino
acid sequence of the NUMAX™ antibody is disclosed in
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U.S. Patent Publication 2003/0091584 and in U.S. Pat. No.
6,818,216 and in Wu et al., (2005) I. Mol. Bio. 350(1):126-
144 and in Wu, et al. (2007) J. Mol. Biol. 368:652-665. It is
also shown herein as SEQ ID NO: 359 for the heavy chain
and as SEQ ID NO: 360 for the light chain of the antibody.

As used herein, the terms “treat,” “treatment” and “treat-
ing” refer to the reduction or amelioration of the progres-
sion, severity, and/or duration of an upper and/or lower
respiratory tract RSV infection, otitis media, or a symptom
or respiratory condition related thereto (such as asthma,
wheezing, or a combination thereof) resulting from the
administration of one or more therapies (including, but not
limited to, the administration of one or more prophylactic or
therapeutic agents). In specific embodiments, such terms
refer to the reduction or inhibition of the replication of RSV,
the inhibition or reduction in the spread of RSV to other
tissues or subjects (e.g., the spread to the lower respiratory
tract), the inhibition or reduction of infection of a cell with
a RSV, or the amelioration of one or more symptoms
associated with an upper and/or lower respiratory tract RSV
infection or otitis media.

As used herein, the terms “prevent,” “preventing,” and
“prevention” refer to the prevention or inhibition of the
development or onset of an upper and/or lower respiratory
tract RSV infection, otitis media or a respiratory condition
related thereto in a subject, the prevention or inhibition of
the progression of an upper respiratory tract RSV infection
to a lower respiratory tract RSV infection, otitis media or a
respiratory condition related thereto resulting from the
administration of a therapy (e.g., a prophylactic or thera-
peutic agent), the prevention of a symptom of an upper
and/or lower tract RSV infection, otitis media or a respira-
tory condition related thereto, or the administration of a
combination of therapies (e.g., a combination of prophylac-
tic or therapeutic agents).

The term “antibody™, as used herein, is intended to refer
to immunoglobulin molecules comprised of four polypep-
tide chains, two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds (i.e., “full antibody mol-
ecules”), as well as multimers thereof (e.g. [gM) or antigen-
binding fragments thereof. Each heavy chain is comprised of
a heavy chain variable region (“HCVR” or “V;;”) and a
heavy chain constant region (comprised of domains C,1,
Cp2 and C,,3). Each light chain is comprised of a light chain
variable region (“LCVR or “V;”) and a light chain constant
region (C;). The V; and V; regions can be further subdi-
vided into regions of hypervariability, termed complemen-
tarity determining regions (CDR), interspersed with regions
that are more conserved, termed framework regions (FR).
Each V,; and V, is composed of three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the
following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4. In certain embodiments of the invention, the FRs of the
antibody (or antigen binding fragment thereof) may be
identical to the human germline sequences, or may be
naturally or artificially modified. An amino acid consensus
sequence may be defined based on a side-by-side analysis of
two or more CDRs.

Substitution of one or more CDR residues or omission of
one or more CDRs is also possible. Antibodies have been
described in the scientific literature in which one or two
CDRs can be dispensed with for binding. Padlan et al. (1995
FASERB J. 9:133-139) analyzed the contact regions between
antibodies and their antigens, based on published crystal
structures, and concluded that only about one fifth to one
third of CDR residues actually contact the antigen. Padlan
also found many antibodies in which one or two CDRs had
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no amino acids in contact with an antigen (see also, Vajdos
et al. 2002 J Mol Biol 320:415-428).

CDR residues not contacting antigen can be identified
based on previous studies (for example residues H60-H65 in
CDRH2 are often not required), from regions of Kabat
CDRs lying outside Chothia CDRs, by molecular modeling
and/or empirically. If a CDR or residue(s) thereof is omitted,
it is usually substituted with an amino acid occupying the
corresponding position in another human antibody sequence
or a consensus of such sequences. Positions for substitution
within CDRs and amino acids to substitute can also be
selected empirically. Empirical substitutions can be conser-
vative or non-conservative substitutions.

The fully human monoclonal antibodies disclosed herein
may comprise one or more amino acid substitutions, inser-
tions and/or deletions in the framework and/or CDR regions
of the heavy and light chain variable domains as compared
to the corresponding germline sequences. Such mutations
can be readily ascertained by comparing the amino acid
sequences disclosed herein to germline sequences available
from, for example, public antibody sequence databases. The
present invention includes antibodies, and antigen-binding
fragments thereof, which are derived from any of the amino
acid sequences disclosed herein, wherein one or more amino
acids within one or more framework and/or CDR regions are
mutated to the corresponding residue(s) of the germline
sequence from which the antibody was derived, or to the
corresponding residue(s) of another human germline
sequence, or to a conservative amino acid substitution of the
corresponding germline residue(s) (such sequence changes
are referred to herein collectively as “germline mutations”).
A person of ordinary skill in the art, starting with the heavy
and light chain variable region sequences disclosed herein,
can easily produce numerous antibodies and antigen-binding
fragments which comprise one or more individual germline
mutations or combinations thereof. In certain embodiments,
all of the framework and/or CDR residues within the V;
and/or V; domains are mutated back to the residues found in
the original germline sequence from which the antibody was
derived. In other embodiments, only certain residues are
mutated back to the original germline sequence, e.g., only
the mutated residues found within the first 8 amino acids of
FR1 or within the last 8 amino acids of FR4, or only the
mutated residues found within CDR1, CDR2 or CDR3. In
other embodiments, one or more of the framework and/or
CDR residue(s) are mutated to the corresponding residue(s)
of a different germline sequence (i.e., a germline sequence
that is different from the germline sequence from which the
antibody was originally derived). Furthermore, the antibod-
ies of the present invention may contain any combination of
two or more germline mutations within the framework
and/or CDR regions, e.g., wherein certain individual resi-
dues are mutated to the corresponding residue of a particular
germline sequence while certain other residues that differ
from the original germline sequence are maintained or are
mutated to the corresponding residue of a different germline
sequence. Once obtained, antibodies and antigen-binding
fragments that contain one or more germline mutations can
be easily tested for one or more desired property such as,
improved binding specificity, increased binding affinity,
improved or enhanced antagonistic or agonistic biological
properties (as the case may be), reduced immunogenicity,
etc. Antibodies and antigen-binding fragments obtained in
this general manner are encompassed within the present
invention.

The present invention also includes fully monoclonal
antibodies comprising variants of any of the HCVR, LCVR,
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and/or CDR amino acid sequences disclosed herein having
one or more conservative substitutions. For example, the
present invention includes antibodies having HCVR, LCVR,
and/or CDR amino acid sequences with, e.g., 10 or fewer, 8
or fewer, 6 or fewer, 4 or fewer, etc. conservative amino acid
substitutions relative to any of the HCVR, LCVR, and/or
CDR amino acid sequences disclosed herein.

The term “human antibody”, as used herein, is intended to
include antibodies having variable and constant regions
derived from human germline immunoglobulin sequences.
The human mAbs of the invention may include amino acid
residues not encoded by human germline immunoglobulin
sequences (e.g., mutations introduced by random or site-
specific mutagenesis in vitro or by somatic mutation in
vivo), for example in the CDRs and in particular CDR3.
However, the term “human antibody™, as used herein, is not
intended to include mAbs in which CDR sequences derived
from the germline of another mammalian species (e.g.,
mouse), have been grafted onto human FR sequences.

The term “recombinant” generally refers to any protein,
polypeptide, or cell expressing a gene of interest that is
produced by genetic engineering methods. The term
“recombinant” as used with respect to a protein or polypep-
tide, means a polypeptide produced by expression of a
recombinant polynucleotide. The proteins used in the immu-
nogenic compositions of the invention may be isolated from
a natural source or produced by genetic engineering meth-
ods.

The antibodies of the invention may, in some embodi-
ments, be recombinant human antibodies. The term “recom-
binant human antibody”, as used herein, is intended to
include all human antibodies that are prepared, expressed,
created or isolated by recombinant means, such as antibod-
ies expressed using a recombinant expression vector trans-
fected into a host cell (described further below), antibodies
isolated from a recombinant, combinatorial human antibody
library (described further below), antibodies isolated from
an animal (e.g., a mouse) that is transgenic for human
immunoglobulin genes (see e.g., Taylor et al. (1992) Nucl.
Acids Res. 20:6287-6295) or antibodies prepared,
expressed, created or isolated by any other means that
involves splicing of human immunoglobulin gene sequences
to other DNA sequences. Such recombinant human antibod-
ies have variable and constant regions derived from human
germline immunoglobulin sequences. In certain embodi-
ments, however, such recombinant human antibodies are
subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic
mutagenesis) and thus the amino acid sequences of the V;
and V, regions of the recombinant antibodies are sequences
that, while derived from and related to human germline V,,
and V; sequences, may not naturally exist within the human
antibody germline repertoire in vivo.

The term “specifically binds,” or “binds specifically to”,
or the like, means that an antibody or antigen-binding
fragment thereof forms a complex with an antigen that is
relatively stable under physiologic conditions. Specific bind-
ing can be characterized by an equilibrium dissociation
constant of at least about 1x1075 M or less (e.g., a smaller
K, denotes a tighter binding). Methods for determining
whether two molecules specifically bind are well known in
the art and include, for example, equilibrium dialysis, sur-
face plasmon resonance, and the like. As described herein,
antibodies have been identified by surface plasmon reso-
nance, e.g., BIACORE™, which bind specifically to RSV-F.
Moreover, multi-specific antibodies that bind to RSV-F
protein and one or more additional antigens or a bi-specific
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that binds to two different regions of RSV-F are nonetheless
considered antibodies that “specifically bind”, as used
herein.

The term “high affinity” antibody refers to those mAbs
having a binding affinity to RSV-F, expressed as K,,, of at
least 10~ M; more preferably 107'°M, more preferably
107"'M, more preferably 107'*M as measured by surface
plasmon resonance, e.g., BIACORE™ or solution-affinity
ELISA.

By the term “slow off rate”, “Koff” or “kd” is meant an
antibody that dissociates from RSV-F, with a rate constant of
1x1073 s7* or less, preferably 1x10™*%" or less, as deter-
mined by surface plasmon resonance, e.g., BIACORE™,

The terms “antigen-binding portion” of an antibody,
“antigen-binding fragment” of an antibody, and the like, as
used herein, include any naturally occurring, enzymatically
obtainable, synthetic, or genetically engineered polypeptide
or glycoprotein that specifically binds an antigen to form a
complex. The terms “antigen-binding portion” of an anti-
body, or “antibody fragment”, as used herein, refers to one
or more fragments of an antibody that retains the ability to
bind to RSV-F.

The specific embodiments, antibody or antibody frag-
ments of the invention may be conjugated to a therapeutic
moiety (“immunoconjugate”), such as an antibiotic, a sec-
ond anti-RSV-7 antibody, a vaccine, or a toxoid, or any other
therapeutic moiety useful for treating a RSV infection.

An “isolated antibody”, as used herein, is intended to refer
to an antibody that is substantially free of other antibodies
(Abs) having different antigenic specificities (e.g., an iso-
lated antibody that specifically binds RSV-F, or a fragment
thereof, is substantially free of Abs that specifically bind
antigens other than RSV-F.

A “blocking antibody” or a “neutralizing antibody”, as
used herein (or an “antibody that neutralizes RSV-F activ-
ity™), is intended to refer to an antibody whose binding to
RSV-F results in inhibition of at least one biological activity
of RSV-F. For example, an antibody of the invention may aid
in blocking the fusion of RSV to a host cell, or prevent
syncytia formation, or prevent the primary disease caused by
RSV. Alternatively, an antibody of the invention may dem-
onstrate the ability to ameliorate at least one symptom of the
RSV infection. This inhibition of the biological activity of
RSV-F can be assessed by measuring one or more indicators
of RSV-F biological activity by one or more of several
standard in vitro assays (such as a neutralization assay, as
described herein) or in vivo assays known in the art (for
example, animal models to look at protection from challenge
with RSV following administration of one or more of the
antibodies described herein).

The term “surface plasmon resonance”, as used herein,
refers to an optical phenomenon that allows for the analysis
of real-time biomolecular interactions by detection of altera-
tions in protein concentrations within a biosensor matrix, for
example using the BIACORE™ system (Pharmacia Biosen-
sor AB, Uppsala, Sweden and Piscataway, N.1.).

The term “K,,”, as used herein, is intended to refer to the
equilibrium dissociation constant of a particular antibody-
antigen interaction.

The term “epitope” refers to an antigenic determinant that
interacts with a specific antigen binding site in the variable
region of an antibody molecule known as a paratope. A
single antigen may have more than one epitope. Thus,
different antibodies may bind to different areas on an antigen
and may have different biological effects. The term
“epitope” also refers to a site on an antigen to which B
and/or T cells respond. It also refers to a region of an antigen
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that is bound by an antibody. Epitopes may be defined as
structural or functional. Functional epitopes are generally a
subset of the structural epitopes and have those residues that
directly contribute to the affinity of the interaction. Epitopes
may also be conformational, that is, composed of non-linear
amino acids. In certain embodiments, epitopes may include
determinants that are chemically active surface groupings of
molecules such as amino acids, sugar side chains, phospho-
ryl groups, or sulfonyl groups, and, in certain embodiments,
may have specific three-dimensional structural characteris-
tics, and/or specific charge characteristics.

The term “substantial identity” or “substantially identi-
cal,” when referring to a nucleic acid or fragment thereof,
indicates that, when optimally aligned with appropriate
nucleotide insertions or deletions with another nucleic acid
(or its complementary strand), there is nucleotide sequence
identity in at least about 90%, and more preferably at least
about 95%, 96%, 97%, 98% or 99% of the nucleotide bases,
as measured by any well-known algorithm of sequence
identity, such as FASTA, BLAST or GAP, as discussed
below. A nucleic acid molecule having substantial identity to
a reference nucleic acid molecule may, in certain instances,
encode a polypeptide having the same or substantially
similar amino acid sequence as the polypeptide encoded by
the reference nucleic acid molecule.

As applied to polypeptides, the term “substantial similar-
ity” or “substantially similar” means that two peptide
sequences, when optimally aligned, such as by the programs
GAP or BESTFIT using default gap weights, share at least
90% sequence identity, even more preferably at least 95%,
98% or 99% sequence identity. Preferably, residue positions,
which are not identical, differ by conservative amino acid
substitutions. A “conservative amino acid substitution” is
one in which an amino acid residue is substituted by another
amino acid residue having a side chain (R group) with
similar chemical properties (e.g., charge or hydrophobicity).
In general, a conservative amino acid substitution will not
substantially change the functional properties of a protein. In
cases where two or more amino acid sequences differ from
each other by conservative substitutions, the percent or
degree of similarity may be adjusted upwards to correct for
the conservative nature of the substitution. Means for mak-
ing this adjustment are well known to those of skill in the art.
See, e.g., Pearson (1994) Methods Mol. Biol. 24: 307-331,
which is herein incorporated by reference. Examples of
groups of amino acids that have side chains with similar
chemical properties include 1) aliphatic side chains: glycine,
alanine, valine, leucine and isoleucine; 2) aliphatic-hydroxyl
side chains: serine and threonine; 3) amide-containing side
chains: asparagine and glutamine; 4) aromatic side chains:
phenylalanine, tyrosine, and tryptophan, 5) basic side
chains: lysine, arginine, and histidine; 6) acidic side chains:
aspartate and glutamate, and 7) sulfur-containing side
chains: cysteine and methionine. Preferred conservative
amino acids substitution groups are: valine-leucine-isoleu-
cine, phenylalanine-tyrosine, lysine-arginine, alanine-va-
line, glutamate-aspartate, and asparagine-glutamine. Alter-
natively, a conservative replacement is any change having a
positive value in the PAM250 log-likelihood matrix dis-
closed in Gonnet et al. (1992) Science 256: 1443 45, herein
incorporated by reference. A “moderately conservative”
replacement is any change having a nonnegative value in the
PAM250 log-likelihood matrix.

Sequence similarity for polypeptides is typically mea-
sured using sequence analysis software. Protein analysis
software matches similar sequences using measures of simi-
larity assigned to various substitutions, deletions and other
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modifications, including conservative amino acid substitu-
tions. For instance, GCG software contains programs such
as GAP and BESTFIT which can be used with default
parameters to determine sequence homology or sequence
identity between closely related polypeptides, such as
homologous polypeptides from different species of organ-
isms or between a wild type protein and a mutein thereof.
See, e.g., GCG Version 6.1. Polypeptide sequences also can
be compared using FASTA with default or recommended
parameters; a program in GCG Version 6.1. FASTA (e.g.,
FASTA2 and FASTA3) provides alignments and percent
sequence identity of the regions of the best overlap between
the query and search sequences (Pearson (2000) supra).
Another preferred algorithm when comparing a sequence of
the invention to a database containing a large number of
sequences from different organisms is the computer program
BLAST, especially BLASTP or TBLASTN, using default
parameters. See, e.g., Altschul et al. (1990) J. Mol. Biol.
215: 403 410 and (1997) Nucleic Acids Res. 25:3389 402,
each of which is herein incorporated by reference.

In specific embodiments, the antibody or antibody frag-
ment for use in the method of the invention may be mono-
specific, bi-specific, or multi-specific. Multi-specific anti-
bodies may be specific for different epitopes of one target
polypeptide or may contain antigen-binding domains spe-
cific for epitopes of more than one target polypeptide. An
exemplary bi-specific antibody format that can be used in
the context of the present invention involves the use of a first
immunoglobulin (Ig) C.3 domain and a second Ig C,3
domain, wherein the first and second Ig C,,3 domains differ
from one another by at least one amino acid, and wherein at
least one amino acid difference reduces binding of the
bi-specific antibody to Protein A as compared to a bi-specific
antibody lacking the amino acid difference. In one embodi-
ment, the first Ig C,;3 domain binds Protein A and the second
Ig C,,3 domain contains a mutation that reduces or abolishes
Protein A binding such as an H95R modification (by IMGT
exon numbering; H435R by EU numbering). The second
C 3 may further comprise an Y96F modification (by IMGT;
Y436F by EU). Further modifications that may be found
within the second C,3 include: D16E, L18M, N44S, K52N,
V57M, and V821 (by IMGT; D356E, L358M, N384S,
K392N, V397M, and V4221 by EU) in the case of IgG!
mAbs; N44S, K52N, and V821 (IMGT; N384S, K392N, and
V4221 by EU) in the case of IgG2 mAbs; and Q15R, N44S,
KS52N, V57M, R69K, E79Q, and V82I (by IMGT,; Q355R,
N384S, K392N, V397M, R409K, F419Q, and V4221 by
EU) in the case of IgG4 mAbs. Variations on the bi-specific
antibody format described above are contemplated within
the scope of the present invention.

By the phrase “therapeutically effective amount™ is meant
an amount that produces the desired effect for which it is
administered. The exact amount will depend on the purpose
of the treatment, and will be ascertainable by one skilled in
the art using known techniques (see, for example, Lloyd
(1999) The Art, Science and Technology of Pharmaceutical
Compounding).

An “immunogenic composition” relates to a composition
containing an antigen/immunogen, e.g. a microorganism,
such as a virus or a bacterium, or a component thereof, a
protein, a polypeptide, a fragment of a protein or polypep-
tide, a whole cell inactivated, subunit or attenuated virus, or
a polysaccharide, or combination thereof, administered to
stimulate the recipient’s humoral and/or cellular immune
systems to one or more of the antigens/immunogens present
in the immunogenic composition. The immunogenic com-
positions of the present invention can be used to treat a
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human susceptible to RSV infection, by means of adminis-
tering the immunogenic compositions via a systemic route.
These administrations can include injection via the intra-
muscular (i.m.), intradermal (i.d.), intranasal or inhalation
route, or subcutaneous (s.c.) routes; application by a patch or
other transdermal delivery device. In one embodiment, the
immunogenic composition may be used in the manufacture
of a vaccine or in the elicitation of polyclonal or monoclonal
antibodies that could be used to passively protect or treat a
mammal.

The terms “vaccine” or “vaccine composition”, which are
used interchangeably, refer to a composition comprising at
least one immunogenic composition that induces an immune
response in an animal.

In one embodiment of the invention, the protein of interest
comprises an antigen. The terms “antigen,” “immunogen,”
“antigenic,” “immunogenic,” “antigenically active,” and
“immunologically active” when made in reference to a
molecule, refer to any substance that is capable of inducing
a specific humoral and/or cell-mediated immune response.
In one embodiment, the antigen comprises an epitope, as
defined above.

“Immunologically protective amount”, as used herein, is
an amount of an antigen effective to induce an immunogenic
response in the recipient that is adequate to prevent or
ameliorate signs or symptoms of disease, including adverse
health effects or complications thereof. Either humoral
immunity or cell-mediated immunity or both can be
induced. The immunogenic response of an animal to a
composition can be evaluated, e.g. indirectly through mea-
surement of antibody titers, lymphocyte proliferation assays,
or directly through monitoring signs and symptoms after
challenge with the microorganism. The protective immunity
conferred by an immunogenic composition or vaccine can
be evaluated by measuring, e.g. reduction of shed of chal-
lenge organisms, reduction in clinical signs such as mortal-
ity, morbidity, temperature, and overall physical condition,
health and performance of the subject. The immune response
can comprise, without limitation, induction of cellular and/
or humoral immunity. The amount of a composition or
vaccine that is therapeutically effective can vary, depending
on the particular organism used, or the condition of the
animal being treated or vaccinated.

“Immune response”, or “immunological response” as
used herein, in a subject refers to the development of a
humoral immune response, a cellular-immune response, or a
humoral and a cellular immune response to an antigen/
immunogen. A “humoral immune response” refers to one
that is at least in part mediated by antibodies. A “cellular
immune response” is one mediated by T-lymphocytes or
other white blood cells or both, and includes the production
of cytokines, chemokines and similar molecules produced
by activated T-cells, white blood cells, or both. Immune
responses can be determined using standard immunoassays
and neutralization assays, which are known in the art.
“Immunogenicity”, as used herein, refers to the capability of
a protein or polypeptide to elicit an immune response
directed specifically against a bacteria or virus that causes
the identified disease.

General Description

Respiratory syncytial virus (RSV) is a negative sense,
single stranded RNA virus that is the leading cause of
serious respiratory tract infections in infants and children,
with the primary infection occurring in children from 6
weeks to 2 years of age and uncommonly in the first 4 weeks
of life during nosocomial epidemics (Hall et al., 1979, New
Engl. J. Med. 300:393-396). (Feigen et al., eds., 1987, In:
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Textbook of Pediatric Infectious Diseases, W B Saunders,
Philadelphia at pages 1653-1675; New Vaccine Develop-
ment, Hstablishing Priorities, Vol. 1, 1985, National Acad-
emy Press, Washington D.C. at pages 397-409; Ruuskanen
etal., 1993, Curr. Probl. Pediatr, 23:50-79; Hall et al., 1979,
New Engl. J. Med. 300:393-396). Certain populations of
children are at risk for developing an RSV infection and
these include preterm infants (Hall et al., 1979, New Engl.
J. Med. 300:393-396), children with congenital malforma-
tions of the airway, children with bronchopulmonary dys-
plasia (Groothuis et al., 1988, Pediatrics 8§2:199-203), chil-
dren with congenital heart disease (MacDonald et al., New
Engl. J. Med. 307:397-400), and children with congenital or
acquired immunodeficiency (Ogra et al.,, 1988, Pediatr.
Infect. Dis. J. 7:246-249; and Pohl et al., 1992, I. Infect. Dis.
165:166-169), and cystic fibrosis (Abman et al., 1988, I.
Pediatr. 113:826-830).

RSV can infect the adult population as well. In this
population, RSV causes primarily an upper respiratory tract
disease, although elderly patients may be at greater risk for
a serious infection and pneumonia (Evans, A. S., eds., 1989,
Viral Infections of Humans. Epidemiology and Control, 377
ed., Plenum Medical Book, New York at pages 525-544), as
well as adults who are immunosuppressed, particularly bone
marrow transplant patients (Hertz et al., 1989, Medicine
68:269-281). Other at risk patients include those suffering
from congestive heart failure and those suffering from
chronic obstructive pulmonary disease (ie. COPD). There
have also been reports of epidemics among nursing home
patients and institutionalized young adults (Falsey, A. R.,
1991, Infect. Control Hosp. Epidemiol. 12:602-608; and
Garvie et al., 1980, Br. Med. J. 281:1253-1254).

While treatment options for established RSV disease are
limited, more severe forms of the disease of the lower
respiratory tract often require considerable supportive care,
including administration of humidified oxygen and respira-
tory assistance (Fields et al., eds, 1990, Fields Virology, 27
ed., Vol. 1, Raven Press, New York at pages 1045-1072).

Ribavirin, which is the only drug approved for treatment
of infection, has been shown to be effective in the treatment
of pneumonia and bronchiolitis associated with RSV infec-
tion, and has been shown to modify the course of severe
RSV disease in immunocompetent children (Smith et al.,
1991, New Engl. J. Med. 325:24-29). However, the use of
ribavirin is limited due to concerns surrounding its potential
risk to pregnant women who may be exposed to the aero-
solized drug while it is being administered in a hospital
environment. Its use is also limited due to its relatively high
cost.

Other peptide inhibitors of RSV infection have been
identified, which inhibit viral growth in vitro, but have failed
when tested in vivo, most likely due to lack of oral avail-
ability and a relatively low half life in circulation (Lambert,
D. M., etal. (1996), PNAS (USA) 93:2186-2191; Magro, M.
etal., (2010), J. Virol. 84:7970-7982; Park, M. et al. (2011),
Anal. Biochem. 409:195-201).

Other small molecule inhibitors of RSV infection have
also been identified, but have been discontinued for various
reasons, some of which may be due to toxic side effects
(Wyde, P. R. et al. (1998), Antiviral Res. 38:31-42;
Nikitenko, A. A. et al. (2001), Bioorg Med Chem Lett
11:1041-1044; Douglas, J. L., et al. (2003), I. Virol 77:5054-
5064; Bonfanti, J. F. et al, (2008), J. Med Chem 51:875-
896).

Similarly, while a vaccine may be useful, no commer-
cially available vaccine has been developed to date. Several
vaccine candidates have been abandoned and others are
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under development (Murphy et al., 1994, Virus Res. 32:13-
36). The development of a vaccine has proven to be prob-
lematic. In particular, immunization would be required in the
immediate neonatal period since the peak incidence of lower
respiratory tract disease occurs at 2-5 months of age. How-
ever, it 1s known that the neonatal immune response is
immature at that time. Plus, the infant at that point in time
still has high titers of maternally acquired RSV antibody,
which might reduce vaccine immunogenicity (Murphy et al.,
1988, J. Virol. 62:3907-3910; and Murphy et al., 1991,
Vaccine 9:185-189).

Currently, passive immunization appears to be the only
approved approach to prophylaxis of RSV disease. Initial
evidence that suggested a protective role for IgG was
obtained from studies demonstrating maternal antibody in
ferrets (Prince, G. A., Ph.D. diss., University of California,
Los Angeles, 1975) and humans (Lambrecht et al, 1976, I.
Infect. Dis. 134:211-217; and Glezen et al., 1981, J. Pediatr.
98:708-715).

Hemming et al. (Morel) et al., eds., 1986, Clinical Use of
Intravenous Immunoglobulins, Academic Press, London at
pages 285-294) recognized the possible utility of RSV
antibody in treatment or prevention of RSV infection during
studies involving the pharmacokinetics of an intravenous
immune globulin (IVIG) in newborns suspected of having
neonatal sepsis. This same group of investigators then
examined the ability of hyperimmune serum or immune
globulin, enriched for RSV neutralizing antibody, to protect
cotton rats and primates against RSV infection (Prince et al.,
1985, Virus Res. 3:193-206; Prince et al., 1990, J. Virol.
64:3091-3092; Hemming et al., 1985, I. Infect. Dis. 152:
1083-1087; Prince et al., 1983, Infect. Immun. 42:81-87;
and Prince et al., 1985, J. Virol. 55:517-520). Results of
these studies suggested that RSV neutralizing antibody
given prophylactically inhibited respiratory tract replication
of RSV in cotton rats. When given therapeutically, RSV
antibody reduced pulmonary viral replication both in cotton
rats and in a nonhuman primate model.

More recent studies have concentrated on the role of two
glycoproteins, designated F and G, which are found on the
surface of RSV, as targets of neutralizing antibodies, due to
the role of these glycoproteins in viral attachment and fusion
with the host cell (Fields et al., 1990, supra; and Murphy et
al., 1994, supra). The G protein binds to a specific cellular
receptor and the F protein promotes fusion of the virus with
the cell. The F protein is also expressed on the surface of
infected cells and is responsible for subsequent fusion with
other cells leading to syncytia formation. Thus, antibodies to
the F protein may directly neutralize virus, or block fusion
of the virus with the cell, or prevent cell to cell spread by
preventing syncytia formation.

The first humanized antibody approved for use in pedi-
atric patients for prevention of serious lower respiratory tract
disease caused by RSV was palivizumab (SYNAGIS®),
which immunospecifically binds to the F protein and is
administered intramuscularly at recommended monthly
doses of 15 mg/kg of body weight throughout the RSV
season (November through April in the northern hemi-
sphere). SYNAGIS® is composed of 95% human and 5%
murine antibody sequences. See, Johnson et al., 1997, I.
Infect. Diseases 176:1215-1224 and U.S. Pat. No. 5,824,
307, the entire contents of which are incorporated herein by
reference.

While SYNAGIS® has been successfully used for the
prevention of RSV infection in pediatric patients, the need
for multiple visits to the doctor’s office for multiple intra-
muscular doses of 15 mg/kg of SYNAGIS® was not only
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inconvenient for the patient but could also result in missed
doses. Thus, there was a need for development of antibodies
that retained the immunospecificity for the RSV antigen, but
which were more potent, with an improved pharmacokinetic
profile, and thus have an overall improved therapeutic
profile. Such an antibody is described in U.S. Patent Pub-
lication 2003/0091584 and is known as motavizumab (NU-
MAX™). Although NUMAX™ has improved binding char-
acteristics that may overcome the higher dosing
requirements described above for SYNAGIS®, it also had a
3 to 5 fold increase in the frequency and severity of
hypersensitivity reactions compared to SYNAGIS®.
NUMAX™ was then withdrawn from future development.

Accordingly, there is still a need for effective therapies
against RSV infections, and in particular, there is a need to
identify a more potent antibody for preventing and treating
RSV infections, but without the adverse side effects asso-
ciated with those described above. The antibodies described
herein, while exhibiting a lower binding affinity for RSV-F
(i.e. the antibodies of the present invention do not bind as
tightly to RSV-F as palivizumab) than that described for
palivizumab or motavizumab appears to exhibit better neu-
tralization capabilities and addresses those needs.

In certain embodiments, the antibodies of the invention
are obtained from mice immunized with a primary immu-
nogen, such as a whole RSV particle, either live, attenuated,
or inactivated, or with a recombinant form of the virus, or
with a purified F protein (See GenBank accession number
AAX23994.1 (SEQ ID NO: 354)), or a recombinantly
produced F protein (See SEQ ID NO: 353), followed by
immunization with a secondary immunogen (whole virus, or
purified F protein), or with an immunogenically active
fragment of the F protein.

The immunogen may be DNA encoding the F protein or
an active fragment thereof.

The immunogen may be derived from the N-terminal or
C-terminal domain of either the 67 KDa precursor (FO), or
from either of the two fragments generated from the pre-
cursor by a furin-like protease yielding two disulfide linked
polypeptides, designated as F2 and F1, from the N and C
terminal, respectively. The fragment may be derived from
any of the known regions of RSV-F protein (See Sun, Z. et
al. (2013), Viruses 5:211-225).

The full-length amino acid sequence of RSV-F is shown
as SEQ ID NO: 354 and is also shown in GenBank accession
number AAX23994.1.

A genetic construct containing the F protein of RSV is
shown as SEQ ID NO: 353.

In certain embodiments, antibodies that bind specifically
to RSV-F may be prepared using fragments of the above-
noted regions, or peptides that extend beyond the designated
regions by about 5 to about 20 amino acid residues from
either, or both, the N or C terminal ends of the regions
described herein. In certain embodiments, any combination
of the above-noted regions or fragments thereof may be used
in the preparation of RSV-F specific antibodies. In certain
embodiments, any one or more of the above-noted regions
of RSV-F, or fragments thereof may be used for preparing
monospecific, bispecific, or multispecific antibodies.
Antigen-Binding Fragments of Antibodies

Unless specifically indicated otherwise, the term “anti-
body,” as used herein, shall be understood to encompass
antibody molecules comprising two immunoglobulin heavy
chains and two immunoglobulin light chains (i.e., “full
antibody molecules”) as well as antigen-binding fragments
thereof. The terms “antigen-binding portion” of an antibody,
“antigen-binding fragment” of an antibody, and the like, as
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used herein, include any naturally occurring, enzymatically
obtainable, synthetic, or genetically engineered polypeptide
or glycoprotein that specifically binds an antigen to form a
complex. The terms “antigen-binding portion” of an anti-
body, or “antibody fragment”, as used herein, refers to one
or more fragments of an antibody that retain the ability to
specifically bind to RSV-F. An antibody fragment may
include a Fab fragment, a F(ab'), fragment, a Fv fragment,
adAb fragment, a fragment containing a CDR, or an isolated
CDR. Antigen-binding fragments of an antibody may be
derived, e.g., from full antibody molecules using any suit-
able standard techniques such as proteolytic digestion or
recombinant genetic engineering techniques involving the
manipulation and expression of DNA encoding antibody
variable and (optionally) constant domains. Such DNA is
known and/or is readily available from, e.g., commercial
sources, DNA libraries (including, e.g., phage-antibody
libraries), or can be synthesized. The DNA may be
sequenced and manipulated chemically or by using molecu-
lar biology techniques, for example, to arrange one or more
variable and/or constant domains into a suitable configura-
tion, or to introduce codons, create cysteine residues,
modify, add or delete amino acids, etc.

Non-limiting examples of antigen-binding fragments
include: (1) Fab fragments; (ii) F(ab')2 fragments; (iii) Fd
fragments; (iv) Fv fragments; (v) single-chain Fv (scFv)
molecules; (vi) dAb fragments; and (vii) minimal recogni-
tion units consisting of the amino acid residues that mimic
the hypervariable region of an antibody (e.g., an isolated
complementarity determining region (CDR) such as a CDR3
peptide), or a constrained FR3-CDR3-FR4 peptide. Other
engineered molecules, such as domain-specific antibodies,
single domain antibodies, domain-deleted antibodies, chi-
meric antibodies, CDR-grafted antibodies, diabodies, tria-
bodies, tetrabodies, minibodies, nanobodies (e.g. monova-
lent nanobodies, bivalent nanobodies, etc.), small modular
immunopharmaceuticals (SMIPs), and shark variable
[gNAR domains, are also encompassed within the expres-
sion “antigen-binding fragment,” as used herein.

An antigen-binding fragment of an antibody will typically
comprise at least one variable domain. The variable domain
may be of any size or amino acid composition and will
generally comprise at least one CDR, which is adjacent to or
in frame with one or more framework sequences. In antigen-
binding fragments having a V; domain associated with a V,
domain, the V, and V; domains may be situated relative to
one another in any suitable arrangement. For example, the
variable region may be dimeric and contain V-V, V-V,
or V,-V; dimers. Alternatively, the antigen-binding frag-
ment of an antibody may contain a monomeric V, or V,
domain.

In certain embodiments, an antigen-binding fragment of
an antibody may contain at least one variable domain
covalently linked to at least one constant domain. Non-
limiting, exemplary configurations of variable and constant
domains that may be found within an antigen-binding frag-
ment of an antibody of the present invention include: (i)
VirCyl; (i) V- Cp2; (i) V-Cp3; (iv) V-Cpl -Cpi2; (V)
Vi Cul-C2-C3, (vi) V4-Cpry2-Cp3; (vil) Vu-Cps (viil)
V-Cyls (iX) V;-C2; (X) V;-Cp3; (xi) V-Ch1-Cp2; (xii)
V-Chul-C2-Cp3; (xiil) V,-Cp2-Cp3; and (xiv) V;-C;. In
any configuration of variable and constant domains, includ-
ing any of the exemplary configurations listed above, the
variable and constant domains may be either directly linked
to one another or may be linked by a full or partial hinge or
linker region. A hinge region may consist of at least 2 (e.g.,
5, 10, 15, 20, 40, 60 or more) amino acids, which result in
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a flexible or semi-flexible linkage between adjacent variable
and/or constant domains in a single polypeptide molecule.
Moreover, an antigen-binding fragment of an antibody of the
present invention may comprise a homo-dimer or hetero-
dimer (or other multimer) of any of the variable and constant
domain configurations listed above in non-covalent associa-
tion with one another and/or with one or more monomeric
V or V; domain (e.g., by disulfide bond(s)).

As with full antibody molecules, antigen-binding frag-
ments may be mono-specific or multi-specific (e.g., bi-
specific). A multi-specific antigen-binding fragment of an
antibody will typically comprise at least two different vari-
able domains, wherein each variable domain is capable of
specifically binding to a separate antigen or to a different
epitope on the same antigen. Any multi-specific antibody
format, including the exemplary bi-specific antibody for-
mats disclosed herein, may be adapted for use in the context
of an antigen-binding fragment of an antibody of the present
invention using routine techniques available in the art.
Preparation of Human Antibodies

Methods for generating human antibodies in transgenic
mice are known in the art. Any such known methods can be
used in the context of the present invention to make human
antibodies that specifically bind to RSV-F.

Using VELOCIMMUNER: technology (see, for example,
US. Pat. No. 6,596,541, Regeneron Pharmaceuticals,
VELOCIMMUNE®) or any other known method for gen-
erating monoclonal antibodies, high affinity chimeric anti-
bodies to RSV-F are initially isolated having a human
variable region and a mouse constant region. The
VELOCIMMUNE® technology involves generation of a
transgenic mouse having a genome comprising human
heavy and light chain variable regions operably linked to
endogenous mouse constant region loci such that the mouse
produces an antibody comprising a human variable region
and a mouse constant region in response to antigenic stimu-
lation. The DNA encoding the variable regions of the heavy
and light chains of the antibody are isolated and operably
linked to DNA encoding the human heavy and light chain
constant regions. The DNA is then expressed in a cell
capable of expressing the fully human antibody.

Generally, a VELOCIMMUNE® mouse is challenged
with the antigen of interest, and lymphatic cells (such as
B-cells) are recovered from the mice that express antibodies.
The lymphatic cells may be fused with a myeloma cell line
to prepare immortal hybridoma cell lines, and such
hybridoma cell lines are screened and selected to identify
hybridoma cell lines that produce antibodies specific to the
antigen of interest. DNA encoding the variable regions of the
heavy chain and light chain may be isolated and linked to
desirable isotypic constant regions of the heavy chain and
light chain. Such an antibody protein may be produced in a
cell, such as a CHO cell. Alternatively, DNA encoding the
antigen-specific chimeric antibodies or the variable domains
of the light and heavy chains may be isolated directly from
antigen-specific lymphocytes.

Initially, high affinity chimeric antibodies are isolated
having a human variable region and a mouse constant
region. As in the experimental section below, the antibodies
are characterized and selected for desirable characteristics,
including affinity, selectivity, epitope, etc. The mouse con-
stant regions are replaced with a desired human constant
region to generate the fully human antibody of the invention,
for example wild-type or modified IgG1 or IgG4. While the
constant region selected may vary according to specific use,
high affinity antigen-binding and target specificity charac-
teristics reside in the variable region.
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In certain embodiments, the antibodies of the instant
invention possess affinities (K,,) ranging from about 1.0x
1077 M to about 1.0x10"*M, when measured by binding to
antigen either immobilized on solid phase or in solution
phase. In certain embodiments, the antibodies of the inven-
tion possess affinities (K,) ranging from about 1x10~7 M to
about 6x107'°M, when measured by binding to antigen
either immobilized on solid phase or in solution phase. In
certain embodiments, the antibodies of the invention possess
affinities (K,,) ranging from about 1x10~7 M to about
9x107*°M, when measured by binding to antigen either
immobilized on solid phase or in solution phase. The mouse
constant regions are replaced with desired human constant
regions to generate the fully human antibodies of the inven-
tion. While the constant region selected may vary according
to specific use, high affinity antigen-binding and target
specificity characteristics reside in the variable region. Sur-
prisingly, certain antibodies of the present invention, while
demonstrating lower aflinities than motavizumab, are more
potent in terms of virus neutralization.

Bioequivalents

The anti-RSV-F antibodies and antibody fragments of the
present invention encompass proteins having amino acid
sequences that vary from those of the described antibodies,
but that retain the ability to bind RSV-F. Such variant
antibodies and antibody fragments comprise one or more
additions, deletions, or substitutions of amino acids when
compared to parent sequence, but exhibit biological activity
that is essentially equivalent to that of the described anti-
bodies. Likewise, the antibody-encoding DNA sequences of
the present invention encompass sequences that comprise
one or more additions, deletions, or substitutions of nucleo-
tides when compared to the disclosed sequence, but that
encode an antibody or antibody fragment that is essentially
bioequivalent to an antibody or antibody fragment of the
invention.

Two antigen-binding proteins, or antibodies, are consid-
ered bioequivalent if, for example, they are pharmaceutical
equivalents or pharmaceutical alternatives whose rate and
extent of absorption do not show a significant difference
when administered at the same molar dose under similar
experimental conditions, either single does or multiple dose.
Some antibodies will be considered equivalents or pharma-
ceutical alternatives if they are equivalent in the extent of
their absorption but not in their rate of absorption and yet
may be considered bioequivalent because such differences in
the rate of absorption are intentional and are reflected in the
labeling, are not essential to the attainment of effective body
drug concentrations on, e.g., chronic use, and are considered
medically insignificant for the particular drug product stud-
ied.

In one embodiment, two antigen-binding proteins are
bioequivalent if there are no clinically meaningful differ-
ences in their safety, purity, and potency.

In one embodiment, two antigen-binding proteins are
bioequivalent if a patient can be switched one or more times
between the reference product and the biological product
without an expected increase in the risk of adverse effects,
including a clinically significant change in immunogenicity,
or diminished effectiveness, as compared to continued
therapy without such switching.

In one embodiment, two antigen-binding proteins are
bioequivalent if they both act by a common mechanism or
mechanisms of action for the condition or conditions of use,
to the extent that such mechanisms are known.

Bioequivalence may be demonstrated by in vivo and/or in
vitro methods. Bioequivalence measures include, e.g., (a) an
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in vivo test in humans or other mammals, in which the
concentration of the antibody or its metabolites is measured
in blood, plasma, serum, or other biological fluid as a
function of time; (b) an in vitro test that has been correlated
with and is reasonably predictive of human in vivo bioavail-
ability data; (¢) an in vivo test in humans or other mammals
in which the appropriate acute pharmacological effect of the
antibody (or its target) is measured as a function of time; and
(d) in a well-controlled clinical trial that establishes safety,
efficacy, or bioavailability or bioequivalence of an antibody.

Bioequivalent variants of the antibodies of the invention
may be constructed by, for example, making various sub-
stitutions of residues or sequences or deleting terminal or
internal residues or sequences not needed for biological
activity. For example, cysteine residues not essential for
biological activity can be deleted or replaced with other
amino acids to prevent formation of unnecessary or incorrect
intramolecular disulfide bridges upon renaturation. In other
contexts, bioequivalent antibodies may include antibody
variants comprising amino acid changes, which modify the
glycosylation characteristics of the antibodies, e.g., muta-
tions that eliminate or remove glycosylation.

Biological Characteristics of the Antibodies

In general, the antibodies of the present invention may
function by binding to RSV-F and in so doing act to block
the fusion of the viral membrane with the host cell mem-
brane. The antibodies of the present invention may also
function by binding to RSV-F and in so doing block the cell
to cell spread of the virus and block syncytia formation
associated with RSV infection of cells.

In certain embodiments, the antibodies of the present
invention may function by blocking or inhibiting RSV
fusion to the cell membrane by binding to any other region
or fragment of the full length native F protein, the amino
acid sequence of which is shown in SEQ ID NQO: 354, also
shown as Gen Bank accession number AAX23994.1. The
antibodies may also bind to any region which is found in
SEQ ID NO: 353, or to a fragment found within SEQ ID
NO: 353.

In one embodiment, the invention provides a fully human
monoclonal antibody or antigen-binding fragment thereof
that binds to the F protein of RSV subtype A or B, wherein
the antibody or fragment thereof exhibits one or more of the
following characteristics: (a) is a fully human monoclonal
antibody; (b) exhibits a K, ranging from about 1x10~7 M to
about 6x107'°M; (c) is capable of neutralizing respiratory
syncytial virus subtype A and subtype B strains in vitro; (d)
demonstrates the ability to significantly reduce the viral load
in an animal model of RSV infection (e) demonstrates a 1-2
logs greater reduction of nasal and/or lung viral titers when
compared to palivizumab; (f) demonstrates an effective dose
99 (EDs,) of about 0.15 mg/kg or less when administered
subcutaneously in a mouse model of RSV subtype A infec-
tion, or an EDg, of about 0.62 mg/kg or less when admin-
istered in a cotton rat model of RSV subtype A infection, or
an ED,, of about 2.5 mg/kg or less when administered in a
cotton rat model of RSV subtype B infection; (g) demon-
strates an EDy,, that is about 2 to 3 fold lower than the ED,,
for palivizumab or motavizumab; (h) demonstrates a neu-
tralization potency against one or more subtype A laboratory
strains of RSV that is about 15 to 17 fold improvement over
palivizumab, or demonstrates a neutralization potency
against one or more subtype A clinical strains of RSV that
is about 10 to 22 fold improvement over palivizumab; (i)
demonstrates a neutralization potency against a subtype B
laboratory strain of RSV that is about a 2 to 5 fold improve-
ment over palivizumab (j) demonstrates a neutralization
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potency against a subtype A laboratory strain or clinical
strain of RSV that is about a 0.5 to 2 fold improvement over
AM-22; (k) demonstrates a neutralization potency against
one or more subtype B laboratory strains of RSV that is
about a 2.5 to 17 fold improvement over AM-22; (1) com-
prises a HCVR having an amino acid sequence selected
from the group consisting of SEQ ID NO: 2, 18, 34, 50, 66,
82, 98, 114, 130, 146, 162, 178, 194, 210, 226, 242, 258,
274, 290, 306, 322 and 338, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least
98% or at least 99% sequence identity; (m) comprises a
LCVR having an amino acid sequence selected from the
group consisting of SEQ ID NO: 10, 26, 42, 58, 74, 90, 106,
122, 138, 154, 170, 186, 202, 218, 234, 250, 266, 282, 298,
314, 330 and 346, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; (n) comprises a HCDR3 domain
having an amino acid sequence selected from the group
consisting of SEQ ID NO: 8, 24, 40, 56, 72, 88, 104, 120,
136, 152, 168, 184, 200, 216, 232, 248, 264, 280, 296, 312,
328, and 344, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity and a LCDR3 domain having an
amino acid sequence selected from the group consisting of
SEQID NO: 16, 32, 48, 64, 80, 96, 112, 128, 144, 160, 176,
192, 208, 224, 240, 256, 272, 288, 304, 320, 336 and 352,
or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence
identity; (0) comprises a HCDR1 domain having an amino
acid sequence selected from the group consisting of SEQ ID
NO: 4, 20, 36, 52, 68, 84, 100, 116, 132, 148, 164, 180, 196,
212, 228, 244, 260, 276, 292, 308, 324 and 340, or a
substantially similar sequence thereof having at least 90%,
at least 95%, at least 98% or at least 99% sequence identity;
a HCDR2 domain having an amino acid sequence selected
from the group consisting of SEQ ID NO: 6, 22, 38, 54, 70,
86, 102, 118, 134, 150, 166, 182, 198, 214, 230, 246, 262,
278, 294, 310, 326 and 342, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least
98% or at least 99% sequence identity; a LCDR1 domain
having an amino acid sequence selected from the group
consisting of SEQ ID NO: 12, 28, 44, 60, 76, 92, 108, 124,
140, 156, 172, 188, 204, 220, 236, 252, 268, 284, 300, 316,
332 and 348, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; and a LCDR2 domain having an
amino acid sequence selected from the group consisting of
SEQ ID NO: 14, 30, 46, 62, 78, 94, 110, 126, 142, 158, 174,
190, 206, 222, 238, 254, 270, 286, 302, 318, 334 and 350,
or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence
identity; (p) interacts with an amino acid sequence compris-
ing residues ranging from about position 161 to about
position 188 of SEQ ID NO: 354; (q) interacts with either
the serine at position 173 of SEQ ID NO: 354, or the
threonine at position 174 of SEQ ID NO: 354, or both the
serine at position 173 of SEQ ID NO: 354 and the threonine
at position 174 of SEQ ID NO: 354; (r) does not cross-
compete for binding to RSV-F protein with palivizumab or
motavizumab; (s) inhibits fusion of the virus to the cell.
Certain anti-RSV-F antibodies of the present invention are
able to bind to the F protein of RSV and neutralize the
infectivity of both subtypes A and B of RSV as determined
by in vitro assays. The ability of the antibodies of the
invention to bind to and neutralize the infectivity of the
subtypes of RSV may be measured using any standard
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method known to those skilled in the art, including binding
assays, or neutralization assays, or in vivo protection assays,
as described herein.

Non-limiting, exemplary in vitro and in vivo assays for
measuring binding activity and in vitro neutralization and in
vivo efficacy are illustrated in Examples 3, 4, 5, 7, 8. 9, 10,
11 and 12 herein. In Example 3, the binding affinities and
kinetic constants of human anti-RSV-F antibodies were
determined by surface plasmon resonance and the measure-
ments were conducted on a Biacore 4000 or T200 instru-
ment. In Example 4, the potency of the antibodies was tested
in a RSV micro-neutralization assay. Example 5 demon-
strates the ability of the antibodies of the invention to
neutralize an RSV infection in vivo in two different animal
models. Examples 7 and 8 demonstrate the interaction of the
antibodies of the invention with particular binding sites on
RSV-F protein. Examples 9 and 10 demonstrate the neutral-
ization capabilities of the antibodies with several laboratory
and clinical strains of RSV subtypes A and B. Example 11
demonstrates the ability of the antibodies of the invention to
inhibit fusion of the virus to cells. Example 12 demonstrates
the cross-competition of various antibodies for binding to
RSV-F.

Epitope Mapping and Related Technologies

Various techniques known to persons of ordinary skill in
the art can be used to determine whether an antibody
“interacts with one or more amino acids” within a polypep-
tide or protein. Exemplary techniques include, for example,
a routine cross-blocking assay such as that described Anti-
bodies, Harlow and Lane (Cold Spring Harbor Press, Cold
Spring Harb., N.Y.) can be performed. Other methods
include alanine scanning mutational analysis, peptide blot
analysis (Reineke (2004) Methods Mol Biol 248:443-63),
peptide cleavage analysis crystallographic studies and NMR
analysis. In addition, methods such as epitope excision,
epitope extraction and chemical modification of antigens can
be employed (Tomer (2000) Protein Science 9: 487-496).
Another method that can be used to identify the amino acids
within a polypeptide with which an antibody interacts is
hydrogen/deuterium exchange detected by mass spectrom-
etry. In general terms, the hydrogen/deuterium exchange
method involves deuterium-labeling the protein of interest,
followed by binding the antibody to the deuterium-labeled
protein. Next, the protein/antibody complex is transferred to
water and exchangeable protons within amino acids that are
protected by the antibody complex undergo deuterium-to-
hydrogen back-exchange at a slower rate than exchangeable
protons within amino acids that are not part of the interface.
As a result, amino acids that form part of the protein/
antibody interface may retain deuterium and therefore
exhibit relatively higher mass compared to amino acids not
included in the interface. After dissociation of the antibody,
the target protein is subjected to protease cleavage and mass
spectrometry analysis, thereby revealing the deuterium-
labeled residues that correspond to the specific amino acids
with which the antibody interacts. See, e.g., Ehring (1999)
Analytical Biochemistry 267(2):252-259; Engen and Smith
(2001) Anal. Chem. 73:256 A-265A.

The term “epitope” refers to a site on an antigen to which
B and/or T cells respond. B-cell epitopes can be formed both
from contiguous amino acids or noncontiguous amino acids
juxtaposed by tertiary folding of a protein. Epitopes formed
from contiguous amino acids are typically retained on
exposure to denaturing solvents, whereas epitopes formed
by tertiary folding are typically lost on treatment with
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denaturing solvents. An epitope typically includes at least 3,
and more usually, at least 5 or 8-10 amino acids in a unique
spatial conformation.

Modification-Assisted Profiling (MAP), also known as
Antigen Structure-based Antibody Profiling (ASAP) is a
method that categorizes large numbers of monoclonal anti-
bodies (mAbs) directed against the same antigen according
to the similarities of the binding profile of each antibody to
chemically or enzymatically modified antigen surfaces (US
2004/0101920, herein specifically incorporated by reference
in its entirety). Each category may reflect a unique epitope
either distinctly different from or partially overlapping with
epitope represented by another category. This technology
allows rapid filtering of genetically identical antibodies,
such that characterization can be focused on genetically
distinet antibodies. When applied to hybridoma screening,
MAP may facilitate identification of rare hybridoma clones
that produce mAbs having the desired characteristics. MAP
may be used to sort the antibodies of the invention into
groups of antibodies binding different epitopes.

In certain embodiments, the antibodies or antigen-binding
fragments of the invention interact with an amino acid
sequence comprising amino acid residues ranging from
about position 161 to about position 188 of SEQ ID NO:
354. In certain embodiments, the antibodies of the invention
may interact with amino acid residues that extend beyond
the region identified above by about 5 to 10 amino acid
residues, or by about 10 to 15 amino acid residues, or by
about 15 to 20 amino acid residues towards either the amino
terminal or the carboxy terminal of the RSV-F protein.

In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with at
least one amino acid sequence selected from the group
consisting of SEQ ID NO: 355 and 356.

In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with at
least one amino acid residue within residues 161 through
188 of SEQ ID NO: 354.

In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with at
least one amino acid residue within SEQ ID NO: 355 or SEQ
ID NO:356.

In one embodiment, the invention provides an isolated
human monoclonal antibody that specifically binds RSV-F,
or an antigen-binding fragment thereof, wherein the anti-
body or antigen-binding fragment thereof interacts with
either the serine at position 173 of SEQ ID NO: 354, or the
threonine at position 174 of SEQ ID NO: 354, or both the
serine at position 173 of SEQ ID NO: 354 and the threonine
at position 174 of SEQ ID NO: 354.

The present invention includes anti-RSV-F antibodies that
bind to the same epitope as any of the specific exemplary
antibodies described herein in Table 1. Likewise, the present
invention also includes anti-RSV-F antibodies that compete
for binding to RSV-F fragment with any of the specific
exemplary antibodies described herein in Table 1.

In certain embodiments, the antibodies of the present
invention do not cross-compete for binding to RSV-F with
palivizumab, motavizumab, or AM-22.
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In certain embodiments, the antibodies of the present
invention do not bind to the same epitope on RSV-F protein
as palivizumab or motavizumab.

In certain embodiments, the antibodies of the present
invention do not bind to an epitope on RSV-F ranging from
amino acid residue 255 to amino acid residue 276 of SEQ ID
NO: 354.

One can easily determine whether an antibody binds to
the same epitope as, or competes for binding with, a refer-
ence anti-RSV-F antibody by using routine methods known
in the art. For example, to determine if a test antibody binds
to the same epitope as a reference RSV-F antibody of the
invention, the reference antibody is allowed to bind to a
RSV-F protein or peptide under saturating conditions. Next,
the ability of a test antibody to bind to the RSV-F molecule
is assessed. If the test antibody is able to bind to RSV-F
following saturation binding with the reference anti-RSV-F
antibody, it can be concluded that the test antibody binds to
a different epitope than the reference anti-RSV-F antibody.
On the other hand, if the test antibody is not able to bind to
the RSV-F molecule following saturation binding with the
reference anti-RSV-F antibody, then the test antibody may
bind to the same epitope as the epitope bound by the
reference anti-RSV-F antibody of the invention.

To determine if an antibody competes for binding with a
reference anti-RSV-F antibody, the above-described binding
methodology is performed in two orientations: In a first
orientation, the reference antibody is allowed to bind to a
RSV-F molecule under saturating conditions followed by
assessment of binding of the test antibody to the RSV-F
molecule. In a second orientation, the test antibody is
allowed to bind to a RSV-F molecule under saturating
conditions followed by assessment of binding of the refer-
ence antibody to the RSV-F molecule. If] in both orienta-
tions, only the first (saturating) antibody is capable of
binding to the RSV-F molecule, then it is concluded that the
test antibody and the reference antibody compete for binding
to RSV-F. As will be appreciated by a person of ordinary
skill in the art, an antibody that competes for binding with
a reference antibody may not necessarily bind to the iden-
tical epitope as the reference antibody, but may sterically
block binding of the reference antibody by binding an
overlapping or adjacent epitope.

Two antibodies bind to the same or overlapping epitope if
each competitively inhibits (blocks) binding of the other to
the antigen. That is, a 1-, 5-, 10-, 20- or 100-fold excess of
one antibody inhibits binding of the other by at least 50% but
preferably 75%, 90% or even 99% as measured in a com-
petitive binding assay (see, e.g., Junghans et al., Cancer Res.
1990 50:1495-1502). Alternatively, two antibodies have the
same epitope if essentially all amino acid mutations in the
antigen that reduce or eliminate binding of one antibody
reduce or eliminate binding of the other. Two antibodies
have overlapping epitopes if some amino acid mutations that
reduce or eliminate binding of one antibody reduce or
eliminate binding of the other.

Additional routine experimentation (e.g., peptide muta-
tion and binding analyses) can then be carried out to confirm
whether the observed lack of binding of the test antibody is
in fact due to binding to the same epitope as the reference
antibody or if steric blocking (or another phenomenon) is
responsible for the lack of observed binding. Experiments of
this sort can be performed using ELISA, RIA, surface
plasmon resonance, flow cytometry or any other quantitative
or qualitative antibody-binding assay available in the art.
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Immunoconjugates

The invention encompasses a human RSV-F monoclonal
antibody conjugated to a therapeutic moiety (“immunocon-
jugate”), such as an agent that is capable of reducing the
severity of primary infection with RSV, or to ameliorate at
least one symptom associated with RSV infection, including
coughing, fever, pneumonia, or the severity thereof. Such an
agent may be a second different antibody to RSV-F, or a
vaccine. The type of therapeutic moiety that may be conju-
gated to the anti-RSV-F antibody and will take into account
the condition to be treated and the desired therapeutic effect
to be achieved. Alternatively, if the desired therapeutic effect
is to treat the sequelae or symptoms associated with RSV
infection, or any other condition resulting from such infec-
tion, such as, but not limited to, pneumonia, it may be
advantageous to conjugate an agent appropriate to treat the
sequelae or symptoms of the condition, or to alleviate any
side effects of the antibodies of the invention. Examples of
suitable agents for forming immunoconjugates are known in
the art, see for example, WO 05/103081.

Multi-Specific Antibodies

The antibodies of the present invention may be mono-
specific, bi-specific, or multi-specific. Multi-specific anti-
bodies may be specific for different epitopes of one target
polypeptide or may contain antigen-binding domains spe-
cific for more than one target polypeptide. See, e.g., Tutt et
al., 1991, J. Immunol. 147:60-69; Kufer et al., 2004, Trends
Biotechnol. 22:238-244. The antibodies of the present
invention can be linked to or co-expressed with another
functional molecule, e.g., another peptide or protein. For
example, an antibody or fragment thereof can be function-
ally linked (e.g., by chemical coupling, genetic fusion,
noncovalent association or otherwise) to one or more other
molecular entities, such as another antibody or antibody
fragment to produce a bi-specific or a multi-specific anti-
body with a second binding specificity.

An exemplary bi-specific antibody format that can be
used in the context of the present invention involves the use
of a first immunoglobulin (Ig) C,; domain and a second Ig
C,y5 domain, wherein the first and second Ig C,,; domains
differ from one another by at least one amino acid, and
wherein at least one amino acid difference reduces binding
of the bi-specific antibody to Protein A as compared to a
bi-specific antibody lacking the amino acid difference. In
one embodiment, the first Ig C,,; domain binds Protein A and
the second Ig C,; domain contains a mutation that reduces
or abolishes Protein A binding such as an H95R modification
(by IMGT exon numbering; H435R by EU numbering). The
second Cp; may further comprise a Y96F modification (by
IMGT; Y436F by EU). Further modifications that may be
found within the second Cy; include: D16E, L18M, N44S,
K52N, V57M, and V821 (by IMGT; D356E, L358M,
N3848, K392N, V397M, and V4221 by EU) in the case of
[gG1 antibodies; N44S, K52N, and V821 (IMGT; N3848S,
K392N, and V4221 by EU) in the case of IgG2 antibodies;
and QI5R, N44S, K52N, V57M, R69K, E79Q, and V821 (by
IMGT; Q355R, N384S, K392N, V397M, R409K, E419Q,
and V4221 by EU) in the case of IgG4 antibodies. Variations
on the bi-specific antibody format described above are
contemplated within the scope of the present invention.
Therapeutic Administration and Formulations

The invention provides therapeutic compositions com-
prising the anti-RSV-F antibodies or antigen-binding frag-
ments thereof of the present invention. The administration of
therapeutic compositions in accordance with the invention
will be administered with suitable carriers, excipients, and
other agents that are incorporated into formulations to
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provide improved transfer, delivery, tolerance, and the like.
A nmultitude of appropriate formulations can be found in the
formulary known to all pharmaceutical chemists: Reming-
ton’s Pharmaceutical Sciences, Mack Publishing Company,
Easton, Pa. These formulations include, for example, pow-
ders, pastes, ointments, jellies, waxes, oils, lipids, lipid
(cationic or anionic) containing vesicles (such as LIPOFEC-
TIN™) DNA conjugates, anhydrous absorption pastes, oil-
in-water and water-in-oil emulsions, emulsions carbowax
(polyethylene glycols of various molecular weights), semi-
solid gels, and semi-solid mixtures containing carbowax.
See also Powell et al. “Compendium of excipients for
parenteral formulations” PDA (1998) J Pharm Sci Technol
52:238-311.

The dose of each of the antibodies of the invention may
vary depending upon the age and the size of a subject to be
administered, target disease, conditions, route of adminis-
tration, and the like. When the antibodies of the present
invention are used for treating a RSV infection in a patient,
or for treating one or more symptoms associated with a RSV
infection, such as the cough or pneumonia associated with a
RSV infection in a patient, or for lessening the severity of
the disease, it is advantageous to administer each of the
antibodies of the present invention intravenously or subcu-
taneously normally at a single dose of about 0.01 to about 30
mg/kg body weight, more preferably about 0.1 to about 20
mg/kg body weight, or about 0.1 to about 15 mg/kg body
weight, or about 0.02 to about 7 mg/kg body weight, about
0.03 to about 5 mg/kg body weight, or about 0.05 to about
3 mg/kg body weight, or about 1 mg/kg body weight, or
about 3.0 mg/kg body weight, or about 10 mg/kg body
weight, or about 20 mg/kg body weight. Multiple doses may
be administered as necessary. Depending on the severity of
the condition, the frequency and the duration of the treat-
ment can be adjusted. In certain embodiments, the antibod-
ies or antigen-binding fragments thereof of the invention can
be administered as an initial dose of at least about 0.1 mg to
about 800 mg, about 1 to about 600 mg, about 5 to about 300
mg, or about 10 to about 150 mg, to about 100 mg, or to
about 50 mg. In certain embodiments, the initial dose may
be followed by administration of a second or a plurality of
subsequent doses of the antibodies or antigen-binding frag-
ments thereof in an amount that can be approximately the
same or less than that of the initial dose, wherein the
subsequent doses are separated by at least 1 day to 3 days;
at least one week, at least 2 weeks; at least 3 weeks; at least
4 weeks; at least 5 weeks; at least 6 weeks; at least 7 weeks;
at least 8 weeks; at least 9 weeks; at least 10 weeks; at least
12 weeks; or at least 14 weeks.

Various delivery systems are known and can be used to
administer the pharmaceutical composition of the invention,
e.g., encapsulation in liposomes, microparticles, microcap-
sules, recombinant cells capable of expressing the mutant
viruses, receptor mediated endocytosis (see, e.g., Wu et al.
(1987) J. Biol. Chem. 262:4429-4432). Methods of intro-
duction include, but are not limited to, intradermal, trans-
dermal, intramuscular, intraperitoneal, intravenous, subcu-
taneous, intranasal, epidural and oral routes. The
composition may be administered by any convenient route,
for example by infusion or bolus injection, by absorption
through epithelial or mucocutaneous linings (e.g., oral
mucosa, nasal mucosa, rectal and intestinal mucosa, etc.)
and may be administered together with other biologically
active agents. Administration can be systemic or local. It
may be delivered as an aerosolized formulation (See
US2011/0311515 and US2012/0128669). The delivery of
agents useful for treating respiratory diseases by inhalation
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is becoming more widely accepted (See A. J. Bitonti and J.
A. Dumont, (2006), Adv. Drug Deliv. Rev, 58:1106-1118).
In addition to being effective at treating local pulmonary
disease, such a delivery mechanism may also be useful for
systemic delivery of antibodies (See Maillet et al. (2008),
Pharmaceutical Research, Vol. 25, No. 6, 2008).

The pharmaceutical composition can be also delivered in
a vesicle, in particular a liposome (see, for example, Langer
(1990) Science 249:1527-1533).

In certain situations, the pharmaceutical composition can
be delivered in a controlled release system. In one embodi-
ment, a pump may be used. In another embodiment, poly-
meric materials can be used. In yet another embodiment, a
controlled release system can be placed in proximity of the
composition’s target, thus requiring only a fraction of the
systemic dose.

The injectable preparations may include dosage forms for
intravenous, subcutaneous, intracutaneous and intramuscu-
lar injections, drip infusions, etc. These injectable prepara-
tions may be prepared by methods publicly known. For
example, the injectable preparations may be prepared, e.g.,
by dissolving, suspending or emulsifying the antibody or its
salt described above in a sterile aqueous medium or an oily
medium conventionally used for injections. As the aqueous
medium for injections, there are, for example, physiological
saline, an isotonic solution containing glucose and other
auxiliary agents, etc., which may be used in combination
with an appropriate solubilizing agent such as an alcohol
(e.g., ethanol), a polyalcohol (e.g., propylene glycol, poly-
ethylene glycol), a nonionic surfactant [e.g., polysorbate 80,
HCO-50 (polyoxyethylene (50 mol) adduct of hydrogenated
castor oil)], etc. As the oily medium, there are employed,
e.g., sesame oil, soybean oil, etc., which may be used in
combination with a solubilizing agent such as benzyl ben-
zoate, benzyl alcohol, etc. The injection thus prepared is
preferably filled in an appropriate ampoule.

A pharmaceutical composition of the present invention
can be delivered subcutaneously or intravenously with a
standard needle and syringe. In addition, with respect to
subcutaneous delivery, a pen delivery device readily has
applications in delivering a pharmaceutical composition of
the present invention. Such a pen delivery device can be
reusable or disposable. A reusable pen delivery device
generally utilizes a replaceable cartridge that contains a
pharmaceutical composition. Once all of the pharmaceutical
composition within the cartridge has been administered and
the cartridge is empty, the empty cartridge can readily be
discarded and replaced with a new cartridge that contains the
pharmaceutical composition. The pen delivery device can
then be reused. In a disposable pen delivery device, there is
no replaceable cartridge. Rather, the disposable pen delivery
device comes prefilled with the pharmaceutical composition
held in a reservoir within the device. Once the reservoir is
emptied of the pharmaceutical composition, the entire
device 1s discarded.

Numerous reusable pen and autoinjector delivery devices
have applications in the subcutaneous delivery of a phar-
maceutical composition of the present invention. Examples
include, but certainly are not limited to AUTOPEN™ (Owen
Mumford, Inc., Woodstock, UK), DISETRONIC™ pen
(Disetronic Medical Systems, Burghdorf, Switzerland),
HUMALOG MIX 75/25™ pen, HUMALOG™ pen,
HUMALIN 70/30™ pen (Eli Lilly and Co., Indianapolis,
Ind.), NOVOPEN™ [ IT and 1T (Novo Nordisk, Copenha-
gen, Denmark), NOVOPEN JUNIOR™ (Novo Nordisk,
Copenhagen, Denmark), BD™ pen (Becton Dickinson,
Franklin Lakes, N.J.). OPTIPENT™, OPTIPEN PRO™,
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OPTIPEN STARLET™, and OPTICLIK™ (sanofi-aventis,
Frankfurt, Germany), to name only a few. Examples of
disposable pen delivery devices having applications in sub-
cutaneous delivery of a pharmaceutical composition of the
present invention include, but certainly are not limited to the
SOLOSTAR™ pen (sanofi-aventis), the FLEXPEN™
(Novo Nordisk), and the KWIKPEN™ (Eli Lilly), the
SURECLICK™ Autoinjector (Amgen, Thousands Oaks,
Calif.), the PENLET™ (Haselmeier, Stuttgart, Germany),
the EPIPEN (Dey, L. P.) and the HUMIRA™ Pen (Abbott
Labs, Abbott Park, I11.), to name only a few.

Advantageously, the pharmaceutical compositions for
oral or parenteral use described above are prepared into
dosage forms in a unit dose suited to fit a dose of the active
ingredients. Such dosage forms in a unit dose include, for
example, tablets, pills, capsules, injections (ampoules), sup-
positories, etc. The amount of the aforesaid antibody con-
tained is generally about 5 to about 500 mg per dosage form
in a unit dose; especially in the form of injection, it is
preferred that the aforesaid antibody is contained in about 5
to about 100 mg and in about 10 to about 250 mg for the
other dosage forms.

Administration Regimens

According to certain embodiments of the present inven-
tion, multiple doses of an antibody to RSV-F may be
administered to a subject over a defined time course. The
methods according to this aspect of the invention comprise
sequentially administering to a subject multiple doses of an
antibody to RSV-F. As used herein, “sequentially adminis-
tering” means that each dose of antibody to RSV-F is
administered to the subject at a different point in time, e.g.,
on different days separated by a predetermined interval (e.g.,
hours, days, weeks or months). The present invention
includes methods which comprise sequentially administer-
ing to the patient a single initial dose of an antibody to
RSV-F, followed by one or more secondary doses of the
antibody to RSV-F and optionally followed by one or more
tertiary doses of the antibody to RSV-FE.

The terms “initial dose,” “secondary doses,” and “tertiary
doses,” refer to the temporal sequence of administration of
the antibody to RSV-F. Thus, the “initial dose” is the dose
which is administered at the beginning of the treatment
regimen (also referred to as the “baseline dose”); the “sec-
ondary doses™ are the doses which are administered after the
initial dose; and the “tertiary doses” are the doses which are
administered after the secondary doses. The initial, second-
ary, and tertiary doses may all contain the same amount of
antibody to RSV-F, but generally may differ from one
another in terms of frequency of administration. In certain
embodiments, however, the amount of antibody to RSV-F
contained in the initial, secondary and/or tertiary doses vary
from one another (e.g., adjusted up or down as appropriate)
during the course of treatment. In certain embodiments, two
or more (e.g.. 2, 3, 4, or 5) doses are administered at the
beginning of the treatment regimen as “loading doses”
followed by subsequent doses that are administered on a less
frequent basis (e.g., “maintenance doses”).

In one exemplary embodiment of the present invention,
each secondary and/or tertiary dose is administered 1 to 26
(e.g., 1, 114, 2,255, 3, 35, 4, 415, 5, 514, 6, 614, 7, 74, 8,
814, 9,94, 10, 10%4, 11, 1114, 12, 125, 13, 1315, 14, 1414,
15,15%, 16, 1614, 17,1714, 18, 1815, 19, 1914, 20, 2015, 21,
21Ya, 22, 22V5, 23, 235, 24, 2414, 25, 25Y5, 26, 26Y4, or
more) weeks after the immediately preceding dose. The
phrase “the immediately preceding dose,” as used herein,
means, in a sequence of multiple administrations, the dose of
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antibody to RSV-F which is administered to a patient prior
to the administration of the very next dose in the sequence
with no intervening doses.

The methods according to this aspect of the invention may
comprise administering to a patient any number of second-
ary and/or tertiary doses of an antibody to RSV-F. For
example, in certain embodiments, only a single secondary
dose is administered to the patient. In other embodiments,
two or more (e.g., 2, 3,4, 5, 6, 7,8, or more) secondary doses
are administered to the patient. Likewise, in certain embodi-
ments, only a single tertiary dose is administered to the
patient. In other embodiments, two or more (e.g., 2, 3, 4, 5,
6, 7, 8, or more) tertiary doses are administered to the
patient.

In embodiments involving multiple secondary doses, each
secondary dose may be administered at the same frequency
as the other secondary doses. For example, each secondary
dose may be administered to the patient 1 to 2 weeks after
the immediately preceding dose. Similarly, in embodiments
involving multiple tertiary doses, each tertiary dose may be
administered at the same frequency as the other tertiary
doses. For example, each tertiary dose may be administered
to the patient 2 to 4 weeks after the immediately preceding
dose. Alternatively, the frequency at which the secondary
and/or tertiary doses are administered to a patient can vary
over the course of the treatment regimen. The frequency of
administration may also be adjusted during the course of
treatment by a physician depending on the needs of the
individual patient following clinical examination.
Therapeutic Uses of the Antibodies

Due to their binding to/interaction with, the RSV fusion
protein (RSV-F), the present antibodies are useful for pre-
venting fusion of the virus with the host cell membrane, for
preventing cell to cell virus spread, and for inhibition of
syncytia formation. As such, the antibodies of the present
invention are useful for preventing an infection of a subject
with RSV when administered prophylactically. Alterna-
tively, the antibodies of the present invention may be useful
for ameliorating at least one symptom associated with the
infection, such as coughing, fever, pneumonia, or for less-
ening the severity, duration, and/or frequency of the infec-
tion. The antibodies of the invention are also contemplated
for prophylactic use in patients at risk for developing or
acquiring an RSV infection. These patients include pre-term
infants, full term infants born during RSV season (late fall
to early spring), the elderly (for example, in anyone 65 years
of age or older), or patients immunocompromised due to
illness or treatment with immunosuppressive therapeutics,
or patients who may have an underlying medical condition
that predisposes them to an RSV infection (for example,
cystic fibrosis patients, patients with congestive heart failure
or other cardiac conditions, patients with airway impair-
ment, patients with COPD). It is contemplated that the
antibodies of the invention may be used alone, ot in con-
junction with a second agent, or third agent for treating RSV
infection, or for alleviating at least one symptom or com-
plication associated with the RSV infection, such as the
fever, coughing, bronchiolitis, or pneumonia associated
with, or resulting from such an infection. The second or third
agents may be delivered concurrently with the antibodies of
the invention, or they may be administered separately, either
before or after the antibodies of the invention. The second or
third agent may be an anti-viral such as ribavirin, an NSAID
or other agents to reduce fever or pain, another second but
different antibody that specifically binds RSV-F, an agent
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(e.g. an antibody) that binds to another RSV antigen, such as
RSV-G, a vaccine against RSV, an siRNA specific for an
RSV antigen.

In yet a further embodiment of the invention the present
antibodies are used for the preparation of a pharmaceutical
composition for treating patients suffering from a RSV
infection. In yet another embodiment of the invention the
present antibodies are used for the preparation of a pharma-
ceutical composition for reducing the severity of a primary
infection with RSV, or for reducing the duration of the
infection, or for reducing at least one symptom associated
with the RSV infection. In a further embodiment of the
invention the present antibodies are used as adjunct therapy
with any other agent useful for treating an RSV infection,
including an antiviral, a toxoid, a vaccine, a second RSV-F
antibody, or any other antibody specific for an RSV antigen,
including an RSV-G antibody, or any other palliative therapy
known to those skilled in the art.

Combination Therapies

As noted above, the methods of the present invention,
according to certain embodiments, comprise administering
to the subject one or more additional therapeutic agents in
combination with an antibody to RSV-F. As used herein, the
expression “in combination with” means that the additional
therapeutic agents are administered before, after, or concur-
rent with the pharmaceutical composition comprising the
anti-RSV-F antibody. The term “in combination with” also
includes sequential or concomitant administration of the
anti-RSV-F antibody and a second therapeutic agent.

For example, when administered “before” the pharma-
ceutical composition comprising the anti-RSV-F antibody,
the additional therapeutic agent may be administered about
72 hours, about 60 hours, about 48 hours, about 36 hours,
about 24 hours, about 12 hours, about 10 hours, about 8
hours, about 6 hours, about 4 hours, about 2 hours, about 1
hour, about 30 minutes, about 15 minutes or about 10
minutes prior to the administration of the pharmaceutical
composition comprising the anti-RSV-F antibody. When
administered “after” the pharmaceutical composition com-
prising the anti-RSV-F antibody, the additional therapeutic
agent may be administered about 10 minutes, about 15
minutes, about 30 minutes, about 1 hour, about 2 hours,
about 4 hours, about 6 hours, about 8 hours, about 10 hours,
about 12 hours, about 24 hours, about 36 hours, about 48
hours, about 60 hours or about 72 hours after the adminis-
tration of the pharmaceutical composition comprising the
anti-RSV-F antibodies. Administration “concurrent” or with
the pharmaceutical composition comprising the anti-RSV-F
antibody means that the additional therapeutic agent is
administered to the subject in a separate dosage form within
less than 5 minutes (before, after, or at the same time) of
administration of the pharmaceutical composition compris-
ing the anti-RSV-F antibody, or administered to the subject
as a single combined dosage formulation comprising both
the additional therapeutic agent and the anti-RSV-F anti-
body.

Combination therapies may include an anti-RSV-F anti-
body of the invention and any additional therapeutic agent
that may be advantageously combined with an antibody of
the invention, or with a biologically active fragment of an
antibody of the invention.

For example, a second or third therapeutic agent may be
employed to aid in reducing the viral load in the lungs, such
as an antiviral, for example, ribavirin. The antibodies may
also be used in conjunction with other therapies, as noted
above, including a toxoid, a vaccine specific for RSV, a
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second antibody specific for RSV-F, or an antibody specific
for another RSV antigen, such as RSV-G.
Diagnostic Uses of the Antibodies

The anti-RSV antibodies of the present invention may
also be used to detect and/or measure RSV in a sample, e.g.,
for diagnostic purposes. It is envisioned that confirmation of
an infection thought to be caused by RSV may be made by
measuring the presence of the virus through use of any one
or more of the antibodies of the invention. Exemplary
diagnostic assays for RSV may comprise, e.g., contacting a
sample, obtained from a patient, with an anti-RSV-F anti-
body of the invention, wherein the anti-RSV-F antibody 1s
labeled with a detectable label or reporter molecule or used
as a capture ligand to selectively isolate the virus containing
the F protein from patient samples. Alteratively, an unla-
beled anti-RSV-F antibody can be used in diagnostic appli-
cations in combination with a secondary antibody which is
itself detectably labeled. The detectable label or reporter
molecule can be a radioisotope, such as *H, **C_**P, *S, or
'L, a fluorescent or chemiluminescent moiety such as
fluorescein isothiocyanate, or rhodamine; or an enzyme such
as alkaline phosphatase, f-galactosidase, horseradish per-
oxidase, or luciferase. Specific exemplary assays that can be
used to detect or measure RSV containing the F protein in
a sample include enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), and fluorescence-acti-
vated cell sorting (FACS).

Samples that can be used in RSV diagnostic assays
according to the present invention include any tissue or fluid
sample obtainable from a patient, which contains detectable
quantities of RSV-F protein, or fragments thereof, under
normal or pathological conditions. Generally, levels of
RSV-F in a particular sample obtained from a healthy patient
(e.g., a patient not afflicted with a disease or condition
associated with the presence of RSV-F) will be measured to
initially establish a baseline, or standard, level of the F
protein from RSV. This baseline level of RSV-F can then be
compared against the levels of RSV-F measured in samples
obtained from individuals suspected of having an RSV
infection, or symptoms associated with such infection.
Vaccines and Immunogenic Compositions

One aspect of the invention provides an immunogenic
composition, or a vaccine, that when administered to an
individual, preferably a human, induces an immune response
in such individual to a Respiratory Syncytial Virus (RSV)
antigen, for example, a RSV-F polypeptide, wherein the
composition may comprise a recombinant RSV-F protein, or
a polypeptide fragment of a RSV-F protein, or an epitope
contained within and obtained from an antigen of the RSV-F
polypeptide or a fragment thereof, and/or comprises DNA
and/or RNA which encodes and expresses an epitope from
an antigen of the RSV-F polypeptide, or other polypeptides
of the invention. The immunogenic composition or vaccine
may be used therapeutically or prophylactically and may be
used to elicit antibody immunity and/or cellular immunity,
such as cellular immunity arising from CTL or CD4+ T cells.

In one embodiment of the invention, the immunogenic
composition, or vaccine, may comprise the RSV-F protein as
shown in SEQ ID NO: 354. In one embodiment of the
invention, the immunogenic composition, or vaccine, may
comprise a RSV-F polypeptide fragment comprising resi-
dues 161 through 188 of SEQ ID NO: 354. In one embodi-
ment of the invention, the immunogenic composition, or
vaccine, may comprise one or more amino acid residues
contained within SEQ ID NO: 355 and/or SEQ ID NO: 356.
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In one embodiment of the invention, the immunogenic
composition, or vaccine, may comprise SEQ ID NO: 355
and/or SEQ ID NO: 356.

In a related aspect, the invention provides a method for
inducing an immune response in an individual, particularly
a mammal, preferably humans, by administering to an
individual an immunogenic composition, or a vaccine, com-
prising a RSV-F protein, or an immunogenic fragment
thereof, or a RSV-F antigen or an immunogenic fragment
thereof comprising one or more epitopes contained within
the RSV-F antigen or fragment thereof, adequate to produce
an antibody and/or a T cell immune response to protect the
individual from infection, particularly infection with Respi-
ratory Syncytial Virus (RSV). Also provided are methods of
using the immunogenic compositions, or vaccines of the
invention for inducing an immune response that results in
inhibiting, or slowing the progression of cell to cell viral
spread. Methods are also provided for ameliorating at least
one symptom associated with RSV infection by administer-
ing an immunogenic composition, or a vaccine, comprising
at least one RSV-F antigen, or one or more epitopes con-
tained within the RSV-F antigen, which when administered
will induce an immune response in the individual.

For example, in one embodiment the invention provides
a method of inducing an immune response in an individual
comprising delivering to the individual an immunogenic
composition, or vaccine comprising, an RSV-F antigen (e.g.
the amino acid sequence shown in SEQ ID NO: 354), or an
antigenic fragment thereof, (e.g. a polypeptide comprising
residues 161 through 188 of SEQ ID NO: 354), or a nucleic
acid vector comprising a nucleotide sequence to direct
expression of such viral polypeptide, or a fragment or a
variant thereof, in vivo in order to induce an immune
response.

In one embodiment of the invention, the polypeptide to be
used in an immunogenic composition or in a vaccine for
inducing an immune response in an individual comprises
residues 161 through 188 of SEQ ID NO: 354. In one
embodiment of the invention, the polypeptide to be used in
an immunogenic composition or in a vaccine for inducing an
immune response in an individual comprises one or more
amino acid residues contained within SEQ ID NO: 355
and/or SEQ ID NO: 356. In one embodiment of the inven-
tion, the polypeptide to be used in an immunogenic com-
position or in a vaccine for inducing an immune response in
an individual comprises SEQ ID NO: 355 and/or SEQ ID
NO: 356. In one embodiment of the invention, the immu-
nogenic composition, or vaccine, may elicit an antibody
response specific for the RSV-F antigen of RSV, wherein the
antibodies generated interact with either the serine at posi-
tion 173 of SEQ ID NO: 354, or the threonine at position
354, or both the serine at position 173 of SEQ ID NO: 354
and the threonine at position 174 of SEQ ID NO: 354.

In certain embodiments, it is advantageous for the RSV-F
antigens or fragments thereof to be formulated into immu-
nogenic compositions, or vaccines that comprise immuno-
genic, preferably immunologically effective, amounts of
additional antigens to elicit immunity to other pathogens,
preferably viruses and/or bacteria. Such additional antigens
may include an influenza virus antigen, an antigen from
metapneumovirus or from a coronavirus, an antigen from
Haemophilus influenzae, Streptococcus pneumonia, or Bor-
detella pertussis. Other RSV antigens may be included in the
immunogenic compositions, or vaccines, such as the RSV-G
glycoprotein, or immunogenic fragments thereof, the HN
protein, or derivatives thereof. In certain embodiments,
influenza virus antigens to be included in the immunogenic
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compositions or vaccines of the invention may include
whole, live or inactivated virus, split influenza virus, grown
in eggs or MDCK cells, or Vero cells or whole flu virosomes,
or purified or recombinant proteins thereof, such as HA, NP,
NA, or M proteins, or combinations thereof.

In certain embodiments of the invention, the immuno-
genic compositior, or vaccine formulation may comprise an
immunogenic recombinant polypeptide and/or polynucle-
otide of the invention, or a combination thereof, together
with a suitable carrier/excipient, such as a pharmaceutically
acceptable carrier/excipient. The immunogenic composition
and/or vaccine is preferably administered parenterally,
including, for example, administration that is subcutaneous,
intramuscular, intravenous, or intradermal. Formulations
suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain
anti-oxidants, buffers, bacteriostatic compounds and solutes
which render the formulation isotonic with the bodily fluid,
preferably the blood, of the individual; and aqueous and
non-aqueous sterile suspensions which may include sus-
pending agents or thickening agents. The formulations may
be presented in unit-dose or multi-dose containers, for
example, sealed ampoules and vials and may be stored in a
freeze-dried condition requiring only the addition of the
sterile liquid carrier immediately prior to use.

The immunogenic composition, or vaccine formulation of
the invention may also include adjuvants for enhancing the
immunogenicity of the fornulation. At this time, the only
adjuvant widely used in humans has been alum (aluminum
phosphate or aluminum hydroxide) and calcium phosphate
gels. Freund’s complete adjuvant and other adjuvants used
in research and veterinary applications have toxicities,
which limit their potential use in human vaccines. However,
chemically defined preparations such as oil emulsions and
surfactant based formulations, e.g., MF59 (microfluidized
detergent stabilized oil-in-water emulsion), QS21 (purified
saponin), AS02 [SBAS2] (oil-in-water emulsion+MPL+QS-
21), Montanide ISA-51 and ISA-720 (stabilized water-in-oil
emulsion), are also in development. Furthermore, microbial
derivatives (natural and synthetic), e.g., muramyl dipeptide,
monophosphoryl lipid A (e.g. 3 De-O-acylated monophos-
phoryl lipid A, also known as 3D-MPL, which is manufac-
tured by Ribi Immunochem, Montana), Detox (MPL+M.
Phleicell wall skeleton), AGP [RC-529] (synthetic acylated
monosaccharide), DCChol (lipoidal immunostimulators
able to self organize into liposomes), OM-174 (lipid A
derivative), CpG motifs (synthetic oligonucleotides contain-
ing immunostimulatory CpG motifs), modified LT and CT
(genetically modified bacterial toxins to provide non-toxic
adjuvant effects), and QS21, an Hple purified non-toxic
fraction derived from the bark of Quillaja Saponaria Molina,
have all been in development for human use.

A preferred form of 3 De-O-acylated monophosphoryl
lipid A is disclosed in European Patent 0 689 454 Bl
(SmithKline Beecham Biologicals SA).

Other particulate adjuvants include, e.g., virosomes (uni-
lamellar liposomal vehicles incorporating a viral antigen),
AS04 (|SBAS4] Al salt with MPL), ISCOMS (structured
complex of saponins and lipids), polylactide co-glycolide
(PLG).

Other suitable adjuvants include all acceptable immuno-
stimulatory compounds, such as cytokines, chemokines, or
colony stimulating factors. For example, these may include
the interleukins IL-1, IL-2, 1L-4, IL-7, IL-12, gamma-
interferon, and hGM-CSF.

It is to be understood that the adjuvant and/or immuno-
stimulatory compound to be used will depend on the subject
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to which the vaccine or immunogenic composition will be
administered, the route of injection and the number of
injections to be given.

While the invention has been described with reference to
certain RSV-F polypeptides, it is to be understood that this
covers fragments of the naturally occurring polypeptides,
and similar polypeptides with additions, deletions or sub-
stitutions which do not substantially affect the immunogenic
properties of the recombinant polypeptides or polynucle-
otides.

EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill in the art with a complete disclosure
and description of how to make and use the methods and
compositions of the invention, and are not intended to limit
the scope of what the inventors regard as their invention.
Efforts have been made to ensure accuracy with respect to
numbers used (e.g., amounts, temperature, etc.) but some
experimental errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight,
molecular weight is average molecular weight, temperature
is in degrees Centigrade, and pressure is at or near atmo-
spheric.

FExample 1
Generation of Human Antibodies to RSV-F Protein

An immunogen comprising any one of the following can
be used to generate antibodies to RSV-F protein. In certain
embodiments, the antibodies of the invention are obtained
from mice immunized with a primary immunogen, such as
a whole respiratory syncytial virus isolate, either live,
attenuated or killed/inactivated. The mice may be given one
or more booster shots containing either the same virus
isolate, or they may be boosted with the RSV-F protein
itself. In certain embodiments, the mice are injected with
live virus, followed by boosting with the construct shown as
SEQ ID NO: 353, or with isolated RSV-F protein, obtained
from a virus isolate or prepared recombinantly. (See also
GenBank accession number AAX23994.1)

In certain embodiments, the antibodies of the invention
are obtained from mice immunized with a primary immu-
nogen, such as a biologically active RSV, subtype A or B,
and/or the RSV fusion (F) protein, or an immunogenic
fragment of the RSV fusion (RSV-F) protein, or DNA
encoding the full length protein or the active fragment
thereof. The immunogen may be delivered to the animal via
any route including but not limited to intramuscularly,
subcutaneously, intravenously or intranasally.

In certain embodiments, whole virus, or the RSV-F pro-
tein or fragments thereof may be used for preparing mono-
specific, bispecific, or multispecific antibodies.

The whole virus, or full length proteins, or fragments
thereof, that were used as immunogens, as noted above,
were administered directly, with an adjuvant to stimulate the
immune response, to a VELOCIMMUNE® mouse compris-
ing DNA encoding human Immunoglobulin heavy and
kappa light chain variable regions. The antibody immune
response was monitored by a RSV-F immunoassay. When a
desired immune response was achieved, splenocytes were
harvested and fused with mouse myeloma cells to preserve
their viability and form hybridoma cell lines. The hybridoma
cell lines were screened and selected to identify cell lines
that produce RSV-F-specific antibodies. Using this tech-
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nique, and the various immunogens described above, several
chimeric antibodies (i.e., antibodies possessing human vari-
able domains and mouse constant domains) were obtained;
certain exemplary antibodies generated in this manner were
designated as HIM3621IN, HIM3622N, HIM2634N and
HIM3627N.

Anti-RSV-F antibodies were also isolated directly from
antigen-positive B cells without fusion to myeloma cells, as
described in U.S. 2007/0280945A1, herein specifically
incorporated by reference in its entirety. Using this method,
several fully human anti-RSV-F antibodies (i.e., antibodies
possessing human variable domains and human constant
domains) were obtained; exemplary antibodies generated in
this manner were designated as follows: HIH3564P,
HI1H3565P, HIH3566P, HIH3567P, HIH3581P, HIH3583P,
HI1H3589P, HIH3591P, HIH3592P, HIH3597P, HIH3598P,
HIH3603P,  HI1H3604P,  HIH3605P,  HIH3607P,
H1H3608P2, HIH3592P2 and HIH3592P3.

The biological properties of the exemplary antibodies
generated in accordance with the methods of this Example
are described in detail in the Examples set forth below.

Example 2

Heavy and Light Chain Variable Region Amino
Acid Sequences

Table 1 sets forth the heavy and light chain variable region
amino acid sequence pairs of selected antibodies specific for
RSV-F protein and their corresponding antibody identifiers.
Antibodies are typically referred to herein according to the
following nomenclature: Fc prefix (e.g. “H4H”, “HIM,
“H2M”), followed by a numerical identifier (e.g. “3117” as
shown in Table 1), followed by a “P” or “N” suffix. Thus,
according to this nomenclature, an antibody may be referred
to as, e.g. “H1H3117”. The H4H, HIM, and H2M prefixes
on the antibody designations used herein indicate the par-
ticular Fc region of the antibody. For example, an “H2M”
antibody has a mouse IgG2 Fc, whereas an “H4H” antibody
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has a human 1gG4 Fe. As will be appreciated by a person of
ordinary skill in the art, an HIM or H2M antibody can be
converted to an H4H antibody, and vice versa, but in any
event, the variable domains (including the CDRs), which are
indicated by the numerical identifiers shown in Table 1, will
remain the same. Antibodies having the same numerical
antibody designation, but differing by a letter suffix of N, B
or P refer to antibodies having heavy and light chains with
identical CDR sequences but with sequence variations in
regions that fall outside of the CDR sequences (i.e., in the
framework regions). Thus, N, B and P variants of a particu-
lar antibody have identical CDR sequences within their
heavy and light chain variable regions but differ from one
another within their framework regions.
Antibody Comparators

Anti-RSV-F antibody controls were included in the fol-
lowing Examples for comparative purposes. Isotype
matched negative controls were also used in the Examples.
One anti-RSV-F control antibody is designated herein as
Control I and is a humanized anti-RSV-F antibody with
heavy and light chain variable domain sequences of the
palivizumab (SYNAGIS®) humanized antibody as set forth
in U.S. Pat. No. 7,635,568 and U.S. Pat. No. 5,824,307. The
variable light and heavy chains were expressed with human
kappa and gamma-1 constants, respectively. One anti-
RSV-F antibody is designated herein as Control II and is a
humanized anti-RSV-F antibody variant of palivizumab,
with heavy and light chain variable domain sequences of the
motavizumab (NUMAX™) humanized antibody described
in US2003/0091584 and by Wu et al, (2007), J. Mol. Biol.
368:652-665. The variable light and heavy chains were
expressed with human kappa and gamma-1 constants,
respectively. Another anti-RSV-F antibody is designated as
Control I (also referred to as AM-22) and is described in
U.S. Pat. No. 8,568,726. The amino acid sequence of the
heavy and light chain of AM-22 is shown in SEQ ID NO:
357 (for the heavy chain of the antibody) and SEQ ID NO:
358 (for the light chain of the antibody).

TABLE 1

Antibody SEQ ID NOs:

Designation ~ HCVR HCDR1 HCDR2 HCDR3 LCVR LCDR1 LCDR2 LCDR3
HIH3564P 2 4 6 8 10 12 14 16
HIH3565P 18 20 22 24 26 28 30 32
HIH3566P 34 36 38 40 42 44 46 43
HIH3567P 50 52 54 56 58 60 62 64
HIH3581P 66 68 70 72 74 76 78 80
HIH3583P 82 84 86 88 90 22 94 26
HIH3589P 98 100 102 104 106 108 110 112
HIH3591P 114 116 118 120 122 124 126 128
HI1H3592P 130 132 134 136 138 140 142 144
HIH3597P 146 148 150 152 154 156 158 160
HI1H3598P 162 164 166 168 170 172 174 176
HIH3603P 178 180 182 184 186 188 190 192
H1H3604P 194 196 198 200 202 204 206 208
HIH3605P 210 212 214 216 218 220 222 224
HIH3607P 226 228 230 232 234 236 238 240
HI1H3608P2 242 244 246 248 250 252 254 256
HI1H3592P2 258 260 262 264 266 268 270 272
H1H3592P3 274 276 278 280 282 284 286 288
HIM362IN 290 292 294 296 298 300 302 304
HIM3622N 306 308 310 312 314 316 318 320
HIM2634N 322 324 326 328 330 332 334 336
HIM3627N 338 340 342 344 346 348 350 352
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Example 3

Antibody Binding Affinities and Kinetic Constants
of Human Monoclonal Anti-RSV-F Antibodies as
Determined by Surface Plasmon Resonance

Binding affinities and kinetic constants of human mono-
clonal anti-RSV-F antibodies were determined by surface
plasmon resonance at 25° C. (Tables 2-3). Measurements
were conducted on a Biacore 4000 or T-200 instrument.
Antibodies, expressed with either mouse Fc (AbPID prefix
H1M; H2M) or human [gG1 Fc (AbPID prefix H1H), were
captured onto an anti-mouse or anti-human Fe sensor sur-
face (Mab capture format), and soluble monomeric (RSV-
F.mmh; SEQ ID NO: 353) protein was injected over the
surface. All Biacore binding studies were performed in
HBST running buffer (0.01 M HEPES pH 7.4, 0.15 M NaCl,
3 mM EDTA, 0.005% v/v surfactant P20). Different con-
centrations of RSV-F.mmh prepared in HBST running buffer
were injected over the anti-RSV-F monoclonal antibody
captured surface at a flow rate of 30 pul/min (Biacore 4000)
or at a flow rate of 50 pl/min (Biacore T-200) and the
association of RSV-F.mmh to captured monoclonal antibody
was monitored for 6 min or 3 min respectively. The disso-
ciation of RSV-F.mmh from the monoclonal antibody in
HBST running buffer was monitored for 8-10 min at 25° C.
Kinetic association (k,) and dissociation (k,) rate constants
were determined by processing and fitting the data to a 1:1
binding model using Scrubber 2.0 curve fitting software.
Binding dissociation equilibrium constants (K,) and disso-
ciative half-lives (t/2) were calculated from the kinetic rate
constants as: K, (M)=k/k ; and t, , (min)=(In 2/(60%k ;).

Anti-RSV-F antibodies of the invention displayed a broad
range of affinities for RSV-F.mmh. Control 1, produced
based on the public sequence of palivizumab set forth in
U.S. Pat. No. 7,635,568, and Control II, produced on the
public sequence of motavizumab as described in Wu et al,
(2007), (J. Mol. Biol. 368:652-665) displayed the approxi-
mately ~70-fold difference (control 1; 38 nM vs control II;

0.43 nM) in affinity that has been previously reported.

TABLE 2
Biacore Binding Affinities of Hybridoma mAbs at 25° C.
Binding at 25° C/Mab Capture Format

AbPID k, (1/Ms) k, (Us) Ky (M) tls {min)

H1M3621IN 2.05E+03 2.08E-04 1.01E-09 56

H1M3622N 3.84E+04 9.13E-05 2.38E-09 127

H1M3624N 1.79E+03 1.83E-04 1.02E-09 63

H1M3627N 2.59E+05 5.23E-04 2.02E-09 22
TABLE 3

Biacore binding affinities of human Fc mAbs at 25° C.
Binding at 25° C/Mab Capture Format

AbPID K, (IMs)  k,(Us) Ky (M) % (min)
H1H3564P 310E+03  7.78E-05  2.50E-08 148
HIH3565P 193E+04  5.80E-05  3.01E-09 199
H1H3566P 204E+04  420E-05  2.06E-09 275
HIH3567P 605E+04  2.63E-03  4.34E-08 4
H1H3581P NB NB NB NB
HIH3583P 894E+04  3.08E-03  3.44E-08 4
H1H3589P 377E+04  9.14E-03  243E-07 1
HIH3591P 446E+04  1353B-03  3.42B-08 8
H1H3592P 1.06E+05 4.66E-04 4.39E-09 25
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TABLE 3-continued

Biacore binding affinities of human Fc mAbs at 25° C.
Binding ar 25° C/Mab Capture Format

AbPID k(UMs)  ky(Us) Kp(M)  t¥ (min)
H1H3592P2 9.93E+04 1.46E-03 1.47E-08 8
H1H3592P3 8.86E404  7.47E-04  843E-09 15
H1H3597P NB NB NB NB
H1H3598P NB NB NB NB
H1H3603P 3.00E+03  1.23E-04  4.10E-08 94
H1H3604P 310E403  9.27E-05  3.00E-08 125
H1H3605P 2.80E+03  1.68E-04  5.90E-08 69
H1H3607P 420E+03  148E-04  3.50E-08 7
H1H3608P2 485E+03  2.60B-05  535E-09 445
H1H3627N 256E+05  149E-04  S81E-10 78
Centrol I 6.75E+04  2.576-03  381E-08 4
Control I 1.89E+05  813E-05  4.29E-10 142

NB: No binding observed under the conditions of the experiment

Example 4

Respiratory Syncytial Virus Fusion (RSV-F) Protein
Antibodies Display Potent Neutralization
Capabilities Across RSV Subtype a and Subtype B
Strains

Purified antibodies were tested in a RSV micro-neutral-
ization assay to determine potency. Briefly, 10* HEp-2 cells
cultured in MEM high glucose medium, supplemented with
5% Hyclone FBS, L-glutamine and antibiotics, were seeded
into 96-well clear bottom-black microplates and incubated
for 16-18 hours (37° C., 5% CO,). Next, various concen-
trations of antibodies, starting at 666 nM with subsequent
1:5 dilutions in media, were incubated with the RSV 1540
(A2) strain at an MOI of 0.04 for 2 hours (37 C, 5% CO,).
Virus-free and irrelevant isotype controls were included.

Post incubation, the antibody:virus mixture was added to
the HEp-2 cells and infection was maintained for 3 days. The
degree of infection was determined by fixing cells in 2%
PFA and performing an ELISA with Goat anti-RSV/anti-
Goat HRP antibodies. Luminescence reagents were added to
the wells and signal was detected using a plate reader (Victor
X3, Perkin Elmer). Luminescence values were analyzed by
a three-parameter logistic equation over an [1-point
response curve (GraphPad Prism).

The antibodies of the invention displayed a broad range of
neutralization activities against the RSV A2 (1540) strain
(Table 4-5). Several antibodies displayed lower 1C,, values
then control 1 while only a few exemplary antibodies
H1H3627N, HIH3591P. HI1H3592P and HIH3592P3
showed better neutralization then control II. Select antibod-
ies (HIH3627N, H1H3592P3) were also tested for their
ability to neutralization RSV subtype B strains (Table 6).

This example demonstrates the efficacy of the antibodies
of this invention to neutralize several strains of RSV-F,
across two subtypes, in vitro, with greater potency than
previously demonstrated for established controls.
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Neutralization potency for selected mAbs against RSV A2 (1540)

ICsy [pM] for RSV A2 Neutralization:

AbPID Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Trial 7
HIM362IN 582 180 — — — — —
HIM3622N 320 82 — — — — —
HIM3624N 540 270 92 — — — —
HIM3627N 4 4 5 — — 10 —
H1H3564P >10000 — — — — — —
H1H3565P >10000 — — — — — —
H1H3566P >10000 — — — — — —
H1H3567P — — — 257 — 390 —
H1H3581P >10000 — — — — — —
H1H3583P — — — — 50 — —
H1H3589P — — — — 300 — —
H1H3591P — — — 6 — 8 6
H1H3592P — — — 6 — 5 4
H1H3592P3 10
H1H3597P >10000 — — — — — —
H1H3598P >10000 — — — — — —
H1H3603P >10000 — — — — — —
H1H3604P >10000 — — — — — —
H1H3603P >10000 — — — — — —
H1H3607P >10000 — — — — — —
H1H3608P2 >10000 — — — — — —
H1H3570P >10000 — — — — — —
H1H3627N — — — — — —

Control 1 1820 950 290 330 160 500 250
Control 2 50 30 23 20 12 12 12

TABLE 5 30 injected SC at two doses (0.15 or 0.05 mg/kg) using either

Neutralization potency for selected mAbs against RSV subtype A

Subtype A Neutralization: ICs, & Fold
Improvement Relative to Control 1

RSV-A2 (1540) RSV-Long
Neutral. Neutral.
AbPID IC50 [pM] Fold  1C50 [pM] Fold
HI1H3627N 2.6 138 73 73
H1H3592P3 10 36 135 35
Control T 360 — 336 —
Control 1T 14 25 65 8.2
TABLE 6

Neutralization potency for selected mAbs against RSV subtype B

Subtype B Neutralization: ICso & Fold
Improvement Relative to Control 1

RSV - 1580 RSV-9320
Neutral. Neutral.
AbPID IC30 [pM] Fold 1C50 [pM] Fold
HI1H3627N 6.7 55 1 42
H1H3592P3 31 12 100 4.6
Control 1 375 — 460 —
Control 1T 43 8.7 56 8.2
Example 5

Selected Anti-RSV-F Antibodies Display Potent
Neutralization of RSV Infection in Vivo

A. Mouse Model

The exemplary antibodies HIH3627N and H1H3592P3
were selected for in vivo RSV neutralization studies using
Balb/c mice. Briefly, 7 week old Balb/c mice (n=4-5) were
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H1H3627N, H1H3592P3, control 1, control II or isotype-
matched antibody. The use of carrier antibody (1 mg/kg) was
utilized in all experiments to minimize the loss of anti-
RSV-F antibody.

One day post-injection, mice were challenged intranasally
with 50 ul (10° pfu) of RSV A2 (1540) strain. Four days
post-infection, sera was drawn, mice were sacrificed, and
lungs were extracted and homogenized in 1 mL of PBS
using an OmniGLH homogenizer. Lung homogenates were
centrifuged to remove cellular debris and a portion of
supernatant was used to determine anti-RSV-F mAb con-
centration in the lung. The remaining supernatant was used
to make serial dilutions which were incubated with HEp-2
cells for 2 hours, to allow viral entry. Subsequently, super-
natant was removed and the cells were overlaid with 1%
methylcellulose. Six days later, cells were stained with
crystal violet and plaques were counted and the log, , viral
reduction was calculated relative to isotype control.

Exemplary antibodies HIH3627N and HIH3592P3 were
more efficacious in reducing the viral load in vivo than
control I or control II anti-RSV-F antibodies (Tables 7a-7e).
Specifically, at the 0.15 mg/kg dose, antibodies HIH3627N,
H1H3592P3 and control II all effectively reduced RSV
infection in the lung to near undetectable levels compared to
control I (viral reduction log(10) fold change 22.10). Total
human IgG measurements in the lungs and serum confirmed
that antibody levels were relatively consistent between
groups.

At a lower administrated dose, greater differentiation in
neutralization efficacy between the three antibodies com-
pared to control I was evident. At 0.05 mg/kg, HIH3592P3
showed the greatest reduction in viral load, with fold
changes ranging from 1.49 to >2.07 logs, compared with
viral load reduction fold changes of 1.08 to 1.36 logs for
H1H3627N and 0.01 to 0.65 logs for control II. Control [ at
this lower dose was only moderately effective with viral load
reduction changes of 0.03 to 1.03 logs.
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The results indicate that both HIH3627N and
H1H3592P3 are potent RSV neutralizing antibodies in vivo,
with the latter showing a trend of being a more effective
neutralizer of RSV infection at lower doses.

w

A dosing range experiment was performed following the
same protocol described above, injecting SC 4 different
doses of control I antibody (0.6, 0.3, 0.15 and 0.05 mg/kg),
and two doses (0.15 and 0.05 mg/kg) of HIH3592P3 and

58

control II. Viral reduction in the lungs was calculated as a
percentage of isotype control (Exp M4, Tables 7d-e).

Exemplary antibody HIH3592P3 was more efficacious in
reducing the viral load in vivo (in mouse) than control I or
control II anti-RSV-F antibodies. In addition, the dose of
control I required to reach a 99% viral reduction in the lungs
was 3-4 fold higher than the dose of HIH3592P3. Tables
7(a-e): RSV viral reduction (log(10)) in mice after admin-
istration of Anti-RSV-F antibodies

TABLE 7a
Exp M1 Dose: 0.15 mg/kg Dose: 0.05 mg/kg
Mice Viral mAb mAb Viral mAb mAb
per Reduction [ng/ml] [ng/ml] Reduction [ng/ml] [ng/ml]
PID group  (logld)  Lungs Serum (logl0)  Lungs Serum
H1H3627N 5 >2.10 35 £18 1041 =212 1.20 Tx4 274 = 38
HIH3592P3 3 >2.10 44 14 1731 £ 770 >2.07 17+4 438 51
Control T 5 102 3311 895 =132 103 9x5  365=111
Control II 5 >2.10 82 24 1948 +429 0.65 T+4  555+80
Isotype Ctrl 5 NA 76 =28 2180 = 197 NA 252 1287 120
TABLE 7b
Exp M2 Dose: 0.15 mg'kg Dose: 0.05 mg/kg
Mice Viral mAb mAb Viral mAb mAb
per  Reduction [ng/ml] [ng/ml] Reduction [ng/ml] [ng/ml]
PID group  (loglD)  Lungs Serum (logl0)  Lungs Serum
H1H3627N 5 >2.51 23 £8 724 = 148 1.08 33 300 = 35
HIH3592P3 5 >251  27+5 1261 =74 1.49 102 333 £55
Control T 5 0.79 9+£2 611£61 0.15 1+1 221 £ 35
Control I 5 231 13+£8 38736 0.01 13 237 £ 22
Isotype Ctrl 5 NA 46 £12 1389 170 NA 15+4 498 + 92
TABLE 7¢
Exp M3 Dose: 0.15 mgkg Dose: 0.05 mg/kg
Mice Viral mAb mAb Viral mAb mAb
per Reduction [ng/ml] [ng/ml] Reduction [ng/ml] [ng/ml]
PID group  (logld)  Lungs Serum (logl0)  Lungs Serum
HIH3627N 4 27 266 1143 =83 1.36 T7=x1 394 = 16
HIH3592P3 4 >283 31 +£12 947 £ 105 1.36 13+4 371 £ 21
Control I 4 100 58 +14 1426 =114 0.03 6+5 442 + 27
Control 11 4 235 20+6 1152 £142 0.54 BDL 373 £ 21
Isotype Ctrl 4 NA 413 808 £52 NA 37£8 326 £ 26
55
TABLE 7d
Exp M4 (EDgy) Dose: 0.6 mg'kg Dose: 0.3 mgkg
Mice Viral mAb [ng/ml] Viral mAb [ng/ml]
PID per group  Reduction (%) Serum Reduction (%) Serum
Control 1 3 >99 8451.9 = 2562 96.9 3129.7 + 403

ND: Not determined
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TABLE 7e
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Exp M4 (EDqo) Dose: 0.15 mg/kg

Dose: 0.05 mg/kg

Mice Viral mAb [ng/ml] Viral mAb [ng/ml]
PID per group  Reduction (%) Serum Reduction (%) Serum
H1H3592P3 5 >99 1578.9 £ 256 90.6 524.0 £ 42
Control 1 5 57.9 1561.2 = 282 24.2 547.5 £ 59
Control I 5 96.7 1566.0 = 354 48.5 465.7 = 85
Isotype Ctrl 5 NA 1406.0 = 196 NA 3753 £ 86

ND: Not determined

B. Cotton Rat Model

The exemplary antibodies HIH3627N and H1H3592P3
were selected for in vivo RSV neutralization studies using
cotton rats. Briefly, 6-8 week old cotton rats (n=5) were
injected IM at two doses (5 or 0.6 mg/kg) using either
HI1H3627N, HIH3592P3, control 1, control 1T or isotype-
matched antibody.

One day post-injection, rats were challenged intranasally
with 100 ul (10° pfu) of RSV A2 strain. Four days post-
infection, sera was drawn, rats were sacrificed, and lung and
nasal tissues were extracted for viral titration. Lung homo-
genates were centrifuged to remove cellular debris and a
portion of supernatant was used to determine anti-RSV-F
mAb concentration in the lung. The remaining supernatant
was used to make serial dilutions, which were incubated
with HEp-2 cells to allow viral entry. Subsequently, super-
natant was removed and the cells were overlaid with 1%
methylcellulose. Six days later, cells were stained and
plaques were counted and the log,, viral reduction was
calculated relative to isotype control.

Exemplary antibody HIH3592P3 was more efficacious in
reducing the viral load in the lungs and nose than control I,
and as efficacious as control II in lungs and better in the
nose. Exemplary antibody HIH3627N was only better than
control 1 and as efficacious as control 11 in the nose (Table
8). Specifically, at the 5 mg/kg dose, antibodies HIH3627N,
H1H3592P3, control I and control IT all effectively reduced
RSV infection in the lung to near undetectable levels com-
pared to isotype control (viral reduction log(10) fold change
=2.33). However, in the nose, greater differentiation in
neutralization efficacy between HIH3627N, H1H3592P3,
control II compared to control I was evident. HIH3592P3
showed the greater reduction in viral load (2.65 logs)
compared to HIH3627N (1.46 logs) or control 11 (1.33 logs).

At a lower administrated dose, greater differentiation in
neutralization efficacy between the three antibodies com-
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pared to control I was evident in the lungs. At 0.6 mg/kg,
H1H3592P3 showed similar reduction in viral load than
control 1T (1.5 logs) and they were both more efficacious than
control [ (0.624 logs). HIH3627N showed less efficacy than
the other three antibodies.

Exemplary anti-RSV-F antibody H1H3592P3 was next
selected for testing its ability to neutralize RSV subtype B in
vivo using the cotton rat model. As with RSV/A, 6- to
8-week old cotton rats (n=4-6/group/experiment) were intra-
muscularly administered either 5 or 0.6 mgkg of
H1H3592P3, Control I or Control II. The next day, animals
were challenged with 10”5 pfu of RSV/B strain 18537. Four
days post-challenge, viral titers in the lungs and nose were
determined along with serum antibody titers. The results
shown in table 9 were data pooled from two independent
experiments.

H1H3592P3 showed efficacy in reducing RSV/B viral
load in lungs at both high and low doses (Table 9). At 5.0
mg/kg, RSV/B viral load in the lungs was reduced by 2.21
logs with HIH3592P3, compared with a reduction of 2.11
logs by Control I and 2.18 logs by Control II. At 0.6 mg/kg,
RSV/B viral load in the lungs was reduced by 1.29 logs with
H1H3592P3, compared with a reduction of 0.75 logs by
Control I and 0.83 logs by Control II.

Overall, HIH3592P3 showed superiority in neutralization
of RSV Subtype B in the lungs over both Control I and II at
0.6 mg/kg. At 5 mg/kg, HIH3592P3 showed comparable
neutralizing ability than Control I and Control II in reducing
viral load in the lungs.

The results indicate that HIH3592P3 is a potent neutral-
izer of RSV subtype strains A and B in vivo in cotton rats,
being a more effective neutralizer of RSV infection at high
doses in the nose and at lower doses in the lungs. The
efficacy at low doses indicates the possibility of a lower dose
regimen in the clinic.

TABLE 8

RSV-A viral reduction (log (10)) in cotton rats after administration of Anti-RSV-F antibodies

Dose: 0.6 mgkg Dose: 5.0 mg/kg

Exp Rl Viral Viral mAb Viral Viral mAb

Rats Reduction Reduction [ng/ml] Reduction Reduction [ng/ml]

per lung nose Serum lung nose Serum

PID group  (logl0) (logl0) Day 4 (logl0) (logl0) Day 4
HIH3627N 5 0.34 022 343 +025 233 1.46 21.52 £ 547
H1H3592P3 5 1.66 0.19 3.49 £ 0.55 2.56 2.66 46.28 = 7.69
Control I 5 0.62 021  3.04+029 237 1.07 39.95 £ 523
Control I 5 1.50 020 426066 235 1.33 24.06 £ 2.96
Isotype Cul 4 NA NA  378+099 NA NA 3043 £ 6.66
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RSV-B viral reduction log (10)} in cotton rats after administration of Anti-RSV-F antibodies

Dose: 0.6 mg/kg

Dose: 3.0 mg/ke

Exp R2 Viral Viral mAb Viral Viral mAb

Rats Reduction Reduction [ng/ml] Reduction Reduction [ng/ml]

per lung nose Serum lung nose Serum

PID group  (logl0) (logl0) Day 4 (log10) {log10) Day 4
HIH3592P3 10 1.29 021 389+099 221 086 4231 +13.5
Control I 11 0.75 0.15 3.87 £0.73 2.11 0.79 35.28 = 11.8
Control II 11 0.83 010 375+049 218 124 27.65+7.49
Isotype Ctrl 10 NA NA 356 £1.17 NA NA 3428 £9.24

15

C. Cotton Rat Model-—Determination of the EDyg of an
Exemplary Antibody H1H3592P3
Dose-ranging studies using the cotton rat were performed

to determine at which dose an exemplary antibody

20

H1H3592P3 would reduce viral load by >99% (i.e. the
ED,,). Cotton rats were prophylactically administered an
IM dose of HIH3592P3 or Control 1 antibody at either 10,
5, 2.5, 1.25 or 0.62 mg/kg. Additionally an isotype control
antibody was dosed in at either 10 or 0.62 mg/kg to bracket ,5
the active agents in this study. Following antibody treat-
ments an intranasal RSV challenge of either subtype A (RSV
A2 strain) or subtype B (RSV B strain 18537) was per-
formed. Four days post-infection, sera was drawn, rats were
sacrificed, and lung tissue was extracted for viral titration. 30
H1H3592P3 at a dose of 0.62 mg/kg achieved >99% viral
load reduction in the lungs as compared to Control 1 which

required a dose of 2.5 mg/kg to reach the same >99% viral
reduction (Table 10). The mean terminal Control 1 concen-
tration (27 pg/ml) at the calculated EDg, correlated well
with previously published work (Scott and Lamb, 1999),
which indicated that a serum palivizumab concentration (i.c.
Control 1) of 30-40 pg/ml,, at the time of RSV infection,
was associated with a 99% reduction in lung viral load. The
mean terminal HIH3592P3 concentration (4.9 pg/mL) cor-
related well with the 4-fold lower dose delivered at its ED,
Results against subtype B challenge were similar (Table 11)
in that an ED,, for HIH3592P3 was achieved at 2.5 mg'kg
while Control 1 required roughly a 4x greater dose (10
mg/kg) to obtain that same >99% viral lung reduction.

In summary these studies support that less frequent dosing
of HIH3592P3 may confer the same level of protection as
the current monthly dosing paradigm used with palivi-

Zumab.

TABLE 10

Determination of the EDgyqg for Anti RSV-F Antibodies After RSV Subtype A Challenge

EDgyq Determination with RSV Subtype A

PID 10 mg'kg 5 mg/kg 25 mgkg 1.25mgkg 0.62 mg/kg
% Viral Lung Reduction
H1H3592P3 >99 >99 >99 >09 >99
Cantrol I >99 >09 >99 98.9 95.9
Isotype Ctrl NA NA NA NA NA
Antibody Serum Concentration (ug/ml)

H1H3592P3 1072 £34 484461 2015+18 105515 49107
Centrol I 89.16 £ 6.5 58.07£63 269333 1272£22 66505
Tsotype Ctrl 90.57 £ 12.6 — — — 539 £05

TABLE 11

Determination of the EDyq for Anti RSV-F Antibodies After RSV Subtype B Challenge

EDgq Determination with RSV Subtype B

PID 10 mg/kg 5 mg/kg 25 mgkg 1.25mgkg 0.62 mg/kg
% Viral Lung Reduction
HI1H3592P3 >99 >99 >99 98.4 96.7
Ceontrol I >99 97.7 98.4 96.3 88.2
Isotype Ctrl NA NA NA NA NA
Antibody Serum Concentration (ug/ml)
HI1H3592P3 98.04 £ 184 50.99=7.8 27.82zx49 1049=x1.7 7£03
Control 1 9889 =109 42.74+£89 2646=+33 1606=+22 758=11
Isotype Ctrl 99.72 £ 174 NA NA NA 53805
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Example 6

Generation of a Bi-Specific Antibody

Various bi-specific antibodies are generated for use in
practicing the methods of the invention. For example,
RSV-F specific antibodies are generated in a bi-specific
format (a “bi-specific”) in which variable regions binding to
distinct domains of the RSV-F protein are linked together to
confer dual-domain specificity within a single binding mol-
ecule. Appropriately designed bi-specifics may enhance
overall virus neutralization efficacy through increasing both
specificity and binding avidity. Variable regions with speci-
ficity for individual domains are paired on a structural
scaffold that allows each region to bind simultaneously to
separate epitopes, or to different regions within one domain.
In one example for a bi-specific, heavy chain variable
regions (V) from a binder with specificity for one domain
are recombined with light chain variable regions (V) from
a series of binders with specificity for a second domain to
identify non-cognate V, partners that can be paired with an
original V; without disrupting the original specificity for
that V. In this way, a single V; segment (e.g., V; 1) can be
combined with two different V,; domains (e.g., V1 and
V2) to generate a bi-specific comprised of two binding
“arms” (V41-V1 and V2-V;1). Use of a single V; seg-
ment reduces the complexity of the system and thereby
simplifies and increases efficiency in cloning, expression,
and purification processes used to generate the bi-specific
(See, for example, US. Ser. No. 13/022,759 and
US201010331527).

Alternatively, antibodies that bind RSV-F and a second
target, such as, but not limited to, for example, a second
different anti-RSV-F antibody, or a toxoid, or a vaccine, may
be prepared in a bi-specific format using techniques
described herein, or other techniques known to those skilled
in the art. Antibody variable regions binding to distinct
regions may be linked together with variable regions that
bind to relevant sites on, for example, a different viral
antigen to confer dual-antigen specificity within a single
binding molecule. Appropriately designed bi-specifics of
this nature serve a dual function. For example, in the case of
a bi-specific antibody that binds ie. RSV-F and RSV-G one
may be able to better neutralize the virus, without the need
for administration of a composition containing two separate
antibodies. Variable regions with specificity for RSV-F, are
combined with a variable region with specificity for RSV-G
and are paired on a structural scaffold that allows each
variable region to bind to the separate antigens.

The bi-specific binders are tested for binding and func-
tional blocking of the target antigens, for example, RSV-F
and RSV-G, in any of the assays described above for
antibodies. For example, standard methods to measure
soluble protein binding are used to assess the bispecific
interaction, such as Biacore, ELISA, size exclusion chro-
matography, multi-angle laser light scattering, direct scan-
ning calorimetry, and other methods. Binding of bi-specific
antibodies to both RSV-F and RSV-G is determined through
use of an ELISA binding assay in which synthetic peptides
representing the different antigens are coated onto the wells
of microtiter plates, and binding of a bi-specific is deter-
mined through use of a secondary detection antibody. Bind-
ing experiments can also be conducted using surface plas-
mon resonance experiments, in which real-time binding
interaction of peptide to antibody is measured by flowing a
peptide or bi-specific across a sensor surface on which
bi-specific or peptide, respectively, is captured. Functional
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in vitro blocking of both RSV-F and RSV-G by a bi-specific
is determined using any bioassay such as the neutralization
assay described herein, or by in vivo protection studies in
appropriate animal models, such as those described herein,
or in an in vive model of lung inflammation.

Example 7

In Vitro Generation of RSV Escape Mutants to
Determine the Binding Epitope of HIH3592P3

Generation of Escape Mutants to HIH3592P3

3x10° Hep-2 cells/well were plated in a 6-well plate for 24
h. Concentrations of HIH3592P3, ranging from 50 ug/mL to
0.016 ug/ml were mixed with RSV subtype A strain 1540 or
RSV subtype B strain 1580 for 1 h at 37° C. After coincu-
bation, the RSV/antibody mixture was added to the previ-
ously seeded HEp-2 cells at a multiplicity of infection
(MOI) of 10 plaque-forming units (pfu)/cell. Cells were
incubated for 6 days, and cytopathic effects were monitored
daily using light microscopy. At day 6, contents of each well
were harvested, adjusted to initial concentration of antibody
and used to infect freshly seeded HEp-2 cells. This serial
passage was repeated until obvious cytopathic effects were
observed at high concentrations of HIH3592P3 (50 ug/mL),
which is approximately 2 logs greater than the IC,, of the
antibody, suggesting the presence of viral mutants. Super-
natants from these wells were confirmed from the presence
of resistant virus via a micro-neutralization assay (described
below) and plaque isolation was performed in 10 cm tissue
culture dishes. 10 individual plaques were expanded in
6-well plates and virus were re-tested for resistance via
microneutralization. Sequencing was then performed on
these viral mutants.
Microneutralization Assay

To confirm whether escape mutants generated under the
pressure of HIH3592P3 were resistant to neutralization, a
microneutralization assay in Hep-2 cells was performed.
Briefly, 10° Hep2 cells cultured in DMEM 1x medium,
supplemented with 5% Hyclone FBS, L-glutamine and
antibiotics, were seeded into 96-well clear bottom-black
microplates and incubated for 16-18 hours (37 C, 5% CO,).

Next, various concentrations of antibodies, starting at 666
nM and diluted 1:5 in media, were incubated for 2 hours (37
C, 5% CO,) with RSV wild-type (subtype A or B) or escape
mutants from both subtype A and B, at an MOI from 0.04 to
0.4. Controls not containing virus or controls containing
virus but no antibodies were included. All dilutions of
antibody were conducted in duplicates. After incubation, the
antibody/virus mixture was added to cells and infection was
allowed for 3 days. Infection was determined by fixing the
cells in 2% PFA and an ELISA with Goat anti-RSV/anti-
Goat HRP antibodies was performed. Luminescence
reagents were added to the wells and signal was detected
using a plate reader (Victor X3, Perkin Elmer). Lumines-
cence values were analyzed by a three-parameter logistic
equation over an 11-point response curve (GraphPad Prism).
Results

Respiratory syncytial virus escape mutants were gener-
ated to map the specific binding region of HIH3592P3 to
RSV-F. Briefly, HEp-2 cells, infected with RSV strains 1540
(subtype A) or 1580 (subtype B) were subjected to
HI1H3592P3 treatment ranging from 50 ug/mL to 0.016
ug/ml. After 6 days, contents from each well were used to
infect freshly seeded HEp-2 cells. This serial passage con-
tinued until cytopathic effects were observed in HEp-2 cells
even in the presence of the highest antibody dose, indicating
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the presence of RSV viral mutants generated under selection
pressure. Overall, viral mutants were isolated from ten
distinct plaques, confirmed for neutralization resistance in
the presence of HIH3592P3 and subsequently sequenced.

Sequence analysis confirmed that escape mutations for
H1H3592P3 were found at amino acid positions 173 and
174 (S173Y and T174K) of RSV-F (SEQ ID NO: 354),
indicating that these amino acids play an important role in
antibody binding and viral neutralization. Prior reports have
determined that the binding epitopes for anti-RSV Control |
and Control II antibodies are located between S255-N276.
The data from these studies suggest a binding site for
H1H3592P3 on RSV-F that plays a major role in viral
neutralization (see table 12) and is distinct from that
required for previously established Control antibodies.

TABLE 12

Neutralization Efficacy of HIH3592P3 and anti-
RSV Control Antibodies on RSV subtype A and
B Strains and Associated Escape Mutant:

H1H3592P3 Control I Control
Virus {IC50, pM) (IC50, pM) I (IC50, pM)
wt subtype A (RSV/A) 177 1140 108
RSV/A S173Y Resistant 1710 170
Wt subtype B (RSV/B) 290 1900 260
RSV/B S173T Resistant 1900 177
RSV/B T174K Resistant 640 108
RSV/B S173T/T174K Resistant 980 218
Example 8

Determination of the Binding Epitope of
H1H3592P3 to RSV-F Using Hydrogen-Deuterium
Exchange & Mass Spectrometry

Hydrogen/Deuterium Exchange (H/D exchange) in com-
bination with peptic digests and mass spectrometry was
conducted to determine the binding epitope of the anti-
RSV-F antibody HIH3592P3 to recombinant RSV-F. Two
H/D exchange formats (described in detail below) were
employed: An ‘on-solution/off-beads’ method in which
RSV-F peptide fragments that are protected by HIH3592P3
from back-exchange retain D,0 and yield higher molecule
weights (m/z values) by mass spectrometry and an ‘on-
beads/off-beads’ control method which establishes the base-
line m/z values for all RSV-F peptides. Subtraction of the
control m/z values from the m/z values obtained using the
‘on-solution/off beads’ method yields certain amino acids
regions that show non-zero delta m/z values i.e residual D,0
that correspond to the binding epitope between HIH3592P3
and RSV-F.

Methods
On Solution/Off Beads Format
In the ‘on-solution/off-beads’ (on-exchange in solution

followed by off-exchange on beads) format, RSV-F.mmh
protein (SEQ ID NO: 353) was deuterated for 5 min or 10
min in PBS buffer prepared with D,0, and then bound to
H1H3592P3 covalently attached to N-hydroxysuccinimide
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(NHS) agarose beads (GE Lifescience) via a 2 min incuba-
tion. The RSV-F/HIH3592P3 bead complex was washed
with PBS buffer (prepared with non-deuterated H,O) and
incubated in PBS buffer for half of the on-exchange time.
After the off-exchange. the bound RSV-F was eluted from
beads with an ice-cold low pH TFA solution. The eluted
RSV-F was then digested with immobilized pepsin (Thermo
Scientific) for 5 min. The resulting peptides were desalted
using ZipTip chromatographic pipette tips and immediately
analyzed by UltrafleXtreme matrix assisted laser desorption
ionization time of flight (MALDI-TOF)-TOF mass spec-
trometry (MS).

On-Beads/Off Beads Format

In the ‘on-beads/off-beads’ (on-exchange on beads fol-
lowed by off-exchange on beads) format, RSV-F.mmh (SEQ
ID NO: 353) was first bound to HIH3592P3 agarose beads
and then incubated for 5 min or 10 min in D,O for
on-exchange. The RSV-F/HIH3592P3 bead complex was
washed with PBS buffer (prepared with non-deuterated
H,O) and incubated in PBS buffer for half of the on-
exchange time. After the off-exchange, the bound RSV-F
was eluted from beads with an ice-cold low pH TFA
solution. The eluted RSV-F was then digested with immo-
bilized pepsin (Thermo Scientific) for 5 min. The resulting
peptides were desalted using ZipTip chromatographic
pipette tips and immediately analyzed by MALDI-TOF-
TOF mass spectrometry. The centroid values or average
mass-to-charge ratios (m/z) of all the detected peptides were
calculated and compared between this and the ‘on-solution/
off-beads” experiment.

Peptide Identification

The identification of the peptides was carried out using
liquid chromatography-Orbitrap Elite (Thermo Scientific).

Results

Table 13 is a detailed comparison of the delta centroid m/z
values for all the RSV-F peptides detected by MALDI-TOF
mass spectrometry following H/D exchange and peptic
digest. Two segments corresponding to amino acids 161-171
(EGEVNKIKSAL, (SEQ ID NO: 355)) and 172-188
(LSTNKAVVSLSNGVSVL, (SEQID NO: 356)) of SEQ ID
NO: 354 had delta centroid values higher than 0.20, a
threshold observed in-house to be considered indicative of
antibody-protein contact and thus an epitope region. It
should also be noted that the peptide signal corresponding to
amino acids 161-171 was not quantified in the 10 min
on-exchange experiment due to low signal to noise. How-
ever, the delta value of 0.88, detected at the 5 min on-
exchange experiment, is far above the 0.2 threshold and can
be attributed to the significant alteration in H/D exchange
rate upon RSV-F binding to HIH3592P3.

Furthermore the peptide segment corresponding to amino
acids 172-188 contains the amino acids of the two RSV
escape mutants (S173Y and T174K; see example 7), which
were resistant to HIH3592P3 treatment, indicating that
these two amino acids play a role in antibody binding and
viral neutralization. Thus the combination of sequencing
escape RSV mutants along with H/D exchange support
amino acids 161-188 of SEQ ID NO: 354 defining at least
in part the binding region in RSV-F for antibody
H1H3592P3.
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TABLE 13
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Centroid (m/z) Values of RSV-F Peptic Peptides After Back-exchange following
deuteration in the Absence (on-solution/off-beads) and Presence (on-beads/

off-beads) of HIH3592P3

Experiment [
5 min on-/2.5 min off-exchange

Experiment II
10 min on-/5 min off-exchange

on-beads/ on-solution/ on-beads/ on-solution/
off beads  off-beads off beads  off-beads

Residues (m/z) (m/z) delta (m/z) (m/z) delta

46-52 791.06 791.10 0.04 791.06 791.15 0.09

48-36 1083.32 1083.37 0.05 1083.32 1083.35 0.03

48-58 1297.42 1297.44 0.02 1297.40 129744 0.04

7992 1665.81 1665.96 0.15 1665.86 1665.89 0.03

94-107 1519.93 1520.00 0.06 1520.01 1520.09 0.07

96-107 1278.64 1278.61 -0.03 1278.61 1278.73 0.12

96-108 1434.61 1434.60 -0.01 1434.50 1434.63 0.13
148-160 1308.97 1309.12 0.16 N.A. N.A. N.A.
161-171 1188.72 1189.60 0.88 N.A. N.A. N.A.
172-188 1689.44 1691.68 224 1689.60 1691.07 147
220-230 1390.02 1390.06 0.04 1389.98 1389.93 -0.05
220-232 1632.30 1632.34 0.04 1632.29 1632.37 0.08
223-230 1048.49 1048.54 0.05 1048.44 1048.55 0.11
223-232 1291.16 1291.21 0.05 1291.12 1291.18 0.07
231-236 760.95 760.95 0.00 761.02 760.95 -0.06
233-240 966.29 966.33 0.04 966.20 966.30 0.09
233-249 1780.20 1780.39 0.19 1780.38 1780.38 0.00
261-277 1977.81 1977.91 0.10 1977.92 1977.80 -0.13
261-279 2205.05 2205.12 0.07 2205.10 2205.20 0.10
278-285 958.20 958.34 0.14 958.15 958.29 0.14
278-286 1121.50 1121.57 0.07 1121.54 1121.59 0.05
278-289 1453.19 1453.16 -0.03 1453.14 1453.08 -0.06
280-286 894.20 894.22 0.02 894.29 894.28 -0.02
280-289 1225.75 1225.80 0.05 1225.79 1225.81 0.02
280-290 1312.70 1312.70 -0.01 1312.86 1312.74 -0.13
457-467 1329.73 1329.82 0.09 1329.73 1329.76 0.03
468-477 1180.57 1180.67 0.10 1180.60 1180.42 -0.18
527-545 2132.30 2132.32 0.02 213239 213238 -0.01
534-545 1318.54 1318.54 0.00 1318.64 1318.50 -0.13
537-545 988.92 988.87 -0.05 988.93 988.84 -0.08
546-357 1528.62 1528.68 0.07 1528.64 1528.64 0.00
No ID 743.16 743.06 -0.10 743.10 742.99 -0.11
No ID 844.01 843.98 -0.03 844.03 843.96 -0.07
No ID 901.26 901.40 0.13 901.36 901.40 0.04
No ID 943.15 943.19 0.04 943.24 943.20 -0.04
No ID 1090.41 1090.45 0.04 109048 1090.51 0.03
No ID 1143.51 1143.61 0.10 1143.53 1143.57 0.04
No ID 1325.52 1325.56 0.04 1325.54 1325.66 0.12
No ID 1353.69 1353.64 -0.06 1353.77 1353.61 -0.16
No ID 1550.39 1550.44 0.05 155045 155040 -0.05
No ID 2074.49 207441 -0.08 207452 207436 -0.15
No ID 2257.71 2257.70 -0.01 2257.89 2257.85 -0.04
No ID 2365.83 2365.72 -0.12 236594 2365.87 -0.07
No ID 2385.18 2385.17 -0.01 2385.23 2385.25 0.02
No ID 2405.22 2405.09 -0.12 2405.17 2405.15 -0.02
No ID 2456.18 2456.24 0.07 2456.14 2456.09 -0.05
No ID 2513.28 2513.26 -0.01 251332 2513.19 -0.14

Example 9 by ATCC at an MOI of 0.042 for 2 hours (37 C, 3% CO,).

Respiratory Syncytial Virus Fusion (RSV-F) Protein
Antibodies Display Potent Neutralization
Capabilities Across RSV Subtype A and B
Laboratory Strains

H1H3592P3 and controls I and II antibodies were tested
in a RSV micro-neutralization assay to determine potency.
Briefly, 10* HEp-2 cells cultured in DMEM 1x medium,
supplemented with 5% Hyclone FBS, L-glutamine and
antibiotics, were seeded into 96-well clear bottom-black
microplates and incubated for 16-18 hours (37° C., 5%
CO,). Next, various concentrations of antibodies, starting at
666 nM with subsequent 1:5 dilutions in media, were
incubated with various RSV subtype A lab strains provided
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Virus-free and irrelevant isotype controls were included.

Post incubation, the antibody:virus mixture was added to
the HEp-2 cells and infection was maintained for 3 days. The
degree of infection was determined by fixing cells in 2%
PFA and performing an ELISA with Goat anti-RSV/anti-
Goat HRP antibodies. Luminescence reagents were added to
the wells and signal was detected using a plate reader (Victor
X3, Perkin Elmer). Luminescence values were analyzed by
a three-parameter logistic equation over an [1-point
response curve (GraphPad Prism).

The antibodies of the invention displayed a broad range of
neutralization activities against the RSV lab strains (Table
14). Antibodies HIH3592P3 and AM22 showed similar
potency than control 11 for RSV subtype A lab strains.
Compared to control I, HIH3592P3 showed 15-17 fold
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more potency (IC50 44-140 pM), while AM22 showed 9-23
fold more potency (IC50 86-91 pM) (Table 14). For subtype
B, antibody H1IH3592P3 showed similar potency than con-
trol 11, but superior than AM22 and control I. Compared to
control I, HIH3592P3 showed 2-5 fold more potency (IC50 °
33-230 pM), while AM22 showed 0.13-2 fold more potency
(IC50 190-2508 pM).

This example demonstrates the efficacy of the antibodies
of this invention to neutralize several lab strains of RSV

70

The antibodies of the invention displayed a broad range of
neutralization activities against the RSV clinical isolates
(Table 15). Antibody H1H3592P3 showed similar potency
to controls I1 and III for most clinical isolates. Compared to
control I, HIH3592P3 showed 10-22 fold more potency
(IC50 34-66 pM) (Table 15).

This example demonstrates the efficacy of the antibodies
of this invention to neutralize several clinical isolates of
RSV, in vitro, with greater potency than previously demon-
strated for established controls.

TABLE 15

RSV-F Antibodies Display Potent Neutralization Capabilities Across RSV Subtype A

clinical isolates

H1H3592P3  Control I Control I Control I1I

MOI IC50 (pM) IC50 (pM) IC50 (pM) ICS0 (pM)  Genbank
A2001/2-20  0.016 43 935 74 72 TX069798.1
A2001/3-12 0.018 66 1259 129 60 TX069799.1
A1997/12-35  0.015 40 478 41 20 TX069800.1
A1998/3-2  0.128 35 344 36 31 TX069801.1
A1998/12-21  0.026 34 580 68 43 TX069802.1
A2000/3-4 0,040 50 899 88 55 TX069803.1

from both subtype A and B, in vitro, with greater potency 23 Example 11

than previously demonstrated for established controls.

TABLE 14
H1H3592P3  Control I Control II  Control III 30
Subtype/strain IC30 (pM)  IC50 (pM) IC50 (pM) IC30 (pM)
A/A2 140 2080 202 91
AfLong 4 752 83 86
B/18537 230 1190 187 660
B/1400 33 113 38 190 35
B/1A2 48 223 40 580
B/9320 151 338 76 2508
Example 10 20
Respiratory Syncytial Virus Fusion (RSV-F) Protein
Antibodies Display Potent Neutralization
Capabilities Across RSV Subtype A Clinical
Isolates 45

HI1H3592P3 and controls I, II and III antibodies were
tested in a RSV micro-neutralization assay to determine
potency. Briefly, 10* HEp-2 cells cultured in DMEM 1x
medium, supplemented with 5% Hyclone FBS, L-glutamine
and antibiotics, were seeded into 96-well clear bottom-black
microplates and incubated for 16-18 hours (37° C., 5%
CO,). Next, various concentrations of antibodies, starting at
666 nM with subsequent 1:5 dilutions in media, were
incubated with various RSV subtype A clinical isolates 55
provided by Dr. Moore (Emory University) at a range of
MOIs from 0.015 to 0.128 for 2 hours (37 C, 5% CO,).
Virus-free and irrelevant isotype controls were included.

Post incubation, the antibody:virus mixture was added to
the HEp-2 cells and infection was maintained for 3 days. The 60
degree of infection was determined by fixing cells in 2%
PFA and performing an ELISA with Goat anti-RSV/anti-
Goat HRP antibodies. Luminescence reagents were added to
the wells and signal was detected using a plate reader (Victor
X3, Perkin Elmer). Luminescence values were analyzed by 65
a three-parameter logistic equation over an 11-point
response curve (GraphPad Prism).

50

H1H3592P3 Blocks Viral Entry by Inhibiting
Fusion of Virus and Cell Membranes

A study was done to determine the mechanism by which
the antibodies of the invention block respiratory syncytial
virus (RSV) infection. One exemplary antibody of the
invention, H1H3592P3, was tested to determine whether it
acted to prevent/inhibit RSV fusion with host cells (FIGS.
2A and 2B). The mechanism of action for control I (the
positive control mAb which is based on the sequence of
palivizumab) was previously described as inhibition of viral
fusion to the host cell (Huang et al., J. of Virol,, (2010),
August 84(16):8132-40). Because RSV-F is involved in both
attachment to the cell via the interaction of the host receptor
nucleolin, and fusion of the viral and plasma membranes,
assays were performed to determine the mechanism of
H1H3592P3.

The attachment assay (FIG. 2A) was performed by incu-
bating RSV (subtype A, strain A2) in the presence of either
H1H3592P3 or the positive control antibody (control 1), then
incubating the mixture with HEp-2 cells at 4° C. for one
hour to allow binding of the virus to the cells. Unbound virus
was washed out, cells were fixed and the percentage of
attached virus was measured by ELISA. Heparin, which
blocks RSV attachment, was used as a control.

Viral fusion was detected by allowing viral attachment at
4° C., washing out unbound virus, then incubating with
H1H3592P3, positive Control [, or an isotype negative
control antibody at 4° C. and moving cells to 37° C. to
promote viral fusion and entry. Viral infection was measured
3 days later by ELISA (FIG. 2B). RLU: Relative Lumines-
cence Units.

HI1H3592P3, like control I, blocks RSV fusion and not the
attachment of RSV to the cell surface, while the isotype
(negative) control mAb had no effect on viral fusion (FIG.
2B). Heparin effectively blocked RSV attachment to cells
(Hallack et al., Virology (2000), 271(2):264-75), whereas
neither antibody inhibited RSV attachment (FIG. 2A).
H1H3592P3 blocked viral fusion in this assay format with
an IC,, of 230 pM, while the positive control mAb (control
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I) blocked viral fusion with an ICs, 1 nM (FIG. 2B). Similar
results were observed with an RSV subtype B strain (data
not shown).

Example 12 5

Octet Cross Competition of Anti-RSV-F Antibodies
for Binding to RSV-F

Binding competition between a panel of anti-RSV-F
mAbs was determined using a real time, label-free bio-layer
interferometry assay on an Octet® HTX biosensor (Pall
ForteBio Corp.). The entire experiment was performed at
25° C. in HBST kinetics buffer (0.01 M HEPES pH74,
0.15M NaCl, 3 mM EDTA, 0.05% v/v Surfactant Tween-20,
0.1 mg/ml. BSA) with the plate shaking at the speed of 1000
rpm. To assess whether two antibodies are able to compete
with one another for binding to their respective epitopes on
the recombinant RSV-F protein expressed with a C-terminal
myc-myc-hexahistidine tag (RSV-F-mmH), around 0.36 nm
of RSV-F-mmH was first captured onto anti-Penta-His anti-
body coated Octet biosensor (Fortebio Inc, Cat#18-5079) by
submerging the biosensors for 3 minutes into wells contain-
ing 10 pg/ml solution of recombinant RSV-F-mmH. The
antigen captured biosensors were then saturated with the
first anti-RSV-F monoclonal antibody (subsequently
referred to as mAb-1) by dipping into wells containing
100-200 ug/mL solution of mAb-1 for 10 minutes. The
biosensors were then subsequently dipped into wells con-
taining 100-200 pg/ml. solution of second anti-RSV-F
monoclonal antibody (subsequently referred to as mAb-2)

10

15

20

25

72

for 5 minutes to check for mAb-2 binding to RSV-F-mmH,
which is pre-bound to mAb-1. The biosensors were washed
in HBST kinetics buffer in between every step of the
experiment. The real-time binding response was monitored
throughout the course of the experiment and the maximum
binding response for all the steps was recorded. The
response of mAb-2 binding to RSV-F-mmH pre-bound with
mAb-1 was measured and competitive/non-competitive
behavior of different anti-RSV-F monoclonal antibodies was
determined.
Results

Sequential binding studies performed on Octet® HTX
demonstrate that none of the anti-RSV-F monoclonal anti-
bodies compete with each other and are able to bind non-
competitively to RSV-F-mmH. As shown in Table 16, dark
grey boxes with black font indicate the binding response for
self-~competition. No competition between antibodies that
suggest a distinct binding epitope is represented as a white
box with black font. Binding of the first anti-RSV-F mono-
clonal antibody (mAb-1) to the anti-His-captured RSV-F-
mmH protein does not prevent the binding of the second
anti-RSV-F monoclonal antibody (mAb-2). For all the anti-
RSV-F monoclonal antibodies in this study, the observed
mAb-2 binding signal was found to be comparable to that
observed in the absence of mAb-1 (No mAb). Moreover, the
observed binding of mAb-2 for all the anti-RSV-F mono-
clonal antibodies was found to be independent of the order
of binding of anti-RSV-F antibody; suggesting that all the
anti-RSV-F antibodies under investigation have distinct
binding epitopes.

TABLE 16

Cross-competition between anti-RSV-F monoclonal antibodies.

Amount of
Amount of 100-
10 ug/mL of 200 ug/mL Binding of mAb-2 to the Pre-
RSV _F.mmh  of mAb-1 complex of Captured RSV-F-
Captured + Binding mmH & mAb-1
mAb-1 Std Dev (nm)  Level (nm) 2 3 4
Comparator II 036 £0.01  0.33 £0.01 0.34 044  0.00
(AM-22)
H1H3592P3 036+0.01 035+0.01 2 026 0.30 0.00
Comparator I 039+0.01 045:002 3029 0.23 -0.01
(Palivizumab)
No mAb 036+0.01 -0.01+0.01 4 020 0.17 0.36

SEQUENCE LISTING

«<160> NUMBER OF SEQ ID NOS: 364
«210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 366

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 1
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caggtgcagc tggtgcagtc tggggctgag gtgaagaagc ctgggtcctce ggtgaaggtc 60
tcectgcaagg cttetggagg caccctcagt aataacgett tcagotgggt gegacaggec 120
cctggacaag ggcttgagtyg gttgggaggg ttcaacccga tcetttgatac tgcaaactac 180
gcgcaaaagt tccagggcag aatcacgatce accctggacg catccacggg cacagtctac 240
atggaactga gcagcctgag atctgaggac acgggcgtgt attactgege gggaactggyg 200
gceccattttg agttetgggg ccagggaacce ctggtcacceg tcetectcage ctecaccaag 360
ggceca 366
<210> SEQ ID NO 2
<211> LENGTH: 122
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 2
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys 2Ala Ser Gly Gly Thr Leu Ser Asn Asn
20 25 30
Ala Phe Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Leu
35 40 45
Gly Gly Phe Asn Pro Ile Phe Asp Thr Ala Asn Tyr Ala Gln Lys Phe
50 55 60
Gln Gly Arg Ile Thr Ile Thr Leu Asp Ala Ser Thr Gly Thr Val Tyr
65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Gly Val Tyr Tyr Cys
85 90 95
Ala Gly Thr Gly Ala His Phe Glu Phe Trp Gly Gln Gly Thr Leu Val
100 105 110
Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
115 120
<210> SEQ ID NO 3
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 3
ggaggcaccce tcagtaataa cgcet 24

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT

4

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

4

Gly Gly Thr Leu Ser Asn Asn Ala

1

<210> SEQ ID NO
«211> LENGTH: 24
<212> TYPE: DNA

5

5

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 5

ttcaaccega tetttgatac tgca

<210> SEQ ID NO &

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 6

Phe Asn Pro Ile Phe Asp Thr 2la
1 5

<210> SEQ ID NO 7

<211l> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

gcgggaactyg gggeccattt tgagttce

<210> SEQ ID NO 8

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8
Ala Gly Thr Gly Ala Hisg Phe Glu Phe

1 5

<210> SEQ ID NO 9

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

gacatccaga tgacccagte tccatectee ctgtetgeat
atcacttgcc ggacaagtca gagcattage acctatttaa
ggaaaagcce ctaagttect gatctatget geatccacct
aggttcagty gcagtggatc tcggacagat ttcactctca
gaagattttyg caacttacta ctgtcaacag agtgtcagtg

gggaccaage tggagatcaa a

<210> SEQ ID NO 10

<211> LENGTH: 107

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 10

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
1 5 10

ctgtaggaga cagagtcace
attggtatca gcagaaacca
tacaaagtygg ggtcccatca
ccatcagecag tctgcaacct

tccegtacac ttttggecag

Ser Ala Ser Val Gly
15

24

27

60

120

180

240

300

321
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Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Gln Ser Ile Ser Thr Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Phe Leu Ile
35 40 45

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Arg Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ser Val Ser Val Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 11

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 11

cagagcatta gcacctat

<210> SEQ ID NO 12

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12

Gln Ser Ile Ser Thr Tyr
1 5

<210> SEQ ID NO 13

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

gctgcatee

<210> SEQ ID NO 14

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 14

Ala Ala Ser
1

<210> SEQ ID NO 15

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 15

caacagagty tcagtgtcce gtacact

18

27
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<210> SEQ ID NO 16
<211> LENGTH: 9
<21l2> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
«<400> SEQUENCE: 16
Gln Gln Ser Val Ser Val Pro Tyr Thr

1 5
<210> SEQ ID NO 17
<211> LENGTH: 366
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 17
caggtgcage tggtggagte tgggggagge gtggtccage ctgggaggte cctgagacte 60
tcctgtgcag cgtetggatt caccttcaat agttatggea tgcactgggt cegecagget 120
ccaggcaagg ggctggagtg ggtgacattc atatggtctg atggaagtaa taaatattat 180
ttagactccg tgaagggecg attcaccatc tccagagaca attccaagaa cacactgtat 240
ctgcaaatga acagcctgag agccgaggac acggctgtat attactgtgc gagaagtgga 300
ctagcctcect attattatta cggtatggac gtctggggec aagggaccac ggtcaccgte 360
tcetea 366
<210> SEQ ID NO 18

<211> LENGTH: 122

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 18
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala 2la Ser Gly Phe Thr Phe Asn Ser Tyr

20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45

Thr Phe Ile Trp Ser Asp Gly Ser Asn Lys Tyr Tyr Leu Asp Ser Val

50

Lys Gl
65

Leu Gl

Ala Ar

Gly Gl

<210>
<21l>
«212>
<213>
<220>
<223 >

55 60

v Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
70 75 80

n Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

g Ser Gly Leu Ala Ser Tyr Tyr Tyr Tyr Gly Met Asp Val Trp
100 105 110

n Gly Thr Thr Val Thr Val Ser Ser
115 120

SEQ ID NO 19

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic
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<400> SEQUENCE: 19

ggattcacet tcaatagtta tgge

<210> SEQ ID NO 20

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 20

Gly Phe Thr Phe Asn Ser Tyr Gly
1 5

<210> SEQ ID NO 21

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 21

atatggtctyg atggaagtaa taaa

<210> SEQ ID NO 22

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 22

Ile Trp Ser Asp Gly Ser Asn Lys
1 5

<210> SEQ ID NO 23

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 23

gcgagaagtyg gactagectc ctattattat tacggtatgg acgte

<210> SEQ ID NO 24

<211l> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 24

Ala Arg Ser Gly Leu Ala Ser Tyr Tyr Tyr Tyr Gly Met Asp Val
1 5 10 15

<210> SEQ ID NO 25

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 25

gacatccaga tgacccagtc tccatcctee ctgtetgeat ctgtaggaga cagagtcacce

24

24

45

60
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atcacttgcc gggcaagtca gggcattaga aatgatttag

gggaaagece ctaagegecet gatcetatggt geatccagtt

aggttcageg geagtggate tgggacagaa ttcactctea

gaagattttyg ccacttatte ctgtctacag cataatagtt

gggaccaagg tggaaatcaa a

<210> SEQ ID NO
<211> LENGTH: 10
<212> TYPE: PRT

26

7

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

Asp Ile Gln Met
1

Agp Arg Val Thr
20

Leu Gly Trp Tyr
35

Tyr Gly Ala Ser
50

Ser Gly Ser Gly
65

Glu Asp Phe Ala

Thr Phe Gly Gln
100

<210> SEQ ID NO
<211> LENGTH: 18
<212> TYPE: DNA

26

Thr

5

Ile

Gln

Ser

Thr

Thr

85

Gly

27

Gln

Thr

Gln

Leu

Glu

70

Tyr

Thr

Ser

Cys

Lys

Gln

55

Phe

Ser

Lys

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Ser

Ala

25

Gly

Gly

Leu

Leu

Glu
105

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:
cagggcatta gaaat
<210> SEQ ID NO

«<211> LENGTH: 6
<212> TYPE: PRT

27

gat

28

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

28

Gln Gly Ile Arg Asn Asp

1

<210> SEQ ID NO
<21ll> LENGTH: 9
<212> TYPE: DNA

5

29

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE:

ggtgcatee

29

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

His

Lys

gctggtatca gcagaaacca
tgcaaagtygy ggtecegtea
caatcageag cctgeagect

accegtggac gtteggecaa

Ser Ala Ser Val Gly
15

Gly Ile Arg Asn Asp
30

Pro Lys Arg Leu Ile
45

Ser Arg Phe Ser Gly
60

Ser Ser Leu Gln Pro
80

Asn Ser Tyr Pro Trp
95

120

180

240

300

321

18
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<210> SEQ ID NO 30

<21l> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 30

Gly Ala Ser
1

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 31

ctacagcata atagttaccce gtggacg

«210> SEQ ID NO 32

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 32

Leu Gln His Asn Ser Tyr Pro Trp Thr

1 5

<210> SEQ ID NO 33

<211> LENGTH: 366

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 33

caggtgcage tggtggagtc tgggggaggce gtggtccage ctgggaggtce cctgagacte
tcectgtgecag cgtcecgggatt caccttcagt agttatggeca tgcactgggt cegcecagget
ccaggcaagy gyctyggagty ggtggtattt ctatggtaty atggaagtaa taaacactat
gcagacteeg tgaagggeeyg attcaccate tecagagaca atteccaagaa cacattgtat
ttgcaaatga atagtctgag agccgaggac acggctgtat attactgtge gagaagtgga
ctagcetect attattatta cagtatggac gtetggggec aagggaccac ggtcacegte
tcetea

<210> SEQ ID NO 34

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 34

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala 2la Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

27

60

120

180

240

300

360

366
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35 40 45

Val Phe Leu Trp Tyr Asp Gly Ser Asn Lys His Tyr Ala Asp Ser

50 55 60

Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65 70 75

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr

85 90

95

Ala Arg Ser Gly Leu Ala Ser Tyr Tyr Tyr Tyr Ser Met Asp Val

100 105

Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 35

<21l> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 35

ggattcacct tcagtagtta tgge

<210> SEQ ID NO 36

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 36

Gly Phe Thr Phe Ser Ser Tyr Gly
1 5

<210> SEQ ID NO 37

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 37

ctatggtaty atggaagtaa taaa

<210> SEQ ID NO 38

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 38

Leu Trp Tyr Asp Gly Ser Asn Lys
1 5

<210> SEQ ID NO 39

<21l> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 39

gegagaagtyg gactagecte ctattattat tacagtatgg acgte

80

Cys

Trp

24

24

45
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<210>
<21ll>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 15

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 40

Ala Arg Ser Gly Leu Ala Ser Tyr Tyr Tyr Tyr Ser Met Asp Val

10

15

1 5
<210> SEQ ID NO 41
<211> LENGTH: 321
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 41
gacatccaga tgacccagte tccatcctec
atcacttgcee gggcaagtca gggcattaga
gggaaagcce ctaagegect gatctatggt
aggttcageyg gcagtggate tgggacagaa
gaagattttg caacttattc ctgtctacag
gggaccaagyg tggaaatcaa a

<210> SEQ ID NO 42

<211> LENGT
<21l2> TYPE:

H:
PRT

107

ctgtctgeat ctgtaggaga
aatgatttag cctggtatca
gcatccagtt tacacagtygyg
ttcactctea caatcagcag

cataatagtt acccgtggac

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

«223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

Asp Ile Gln
1

Asp Arg Val

Leu Ala Trp
35

Tyr Gly Ala
Ser Gly Ser
65

Glu Asp Phe

Thr Phe Gly

Met

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

42

Thr

5

Ile

Gln

Ser

Thr

Thr

85

Gly

<210> SEQ ID NO 43

<211l> LENGT
<21l2> TYPE:

H:
DNA

18

Gln

Thr

Gln

Leu

Glu

70

Tyr

Thr

Ser

Cys

Lys

His

55

Phe

Ser

Lys

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Ser Ser Leu Ser Ala Ser
10

Ala Ser Gln Gly Ile Arg
25 30

Gly Lys Ala Pro Lys Arg
45

Gly Val Pro Ser Arg Phe
60

Leu Thr Ile Ser Ser Leu
75

Leu Gln His Asn Ser Tyr
90

Glu Ile Lys
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

43

cagggcatta gaaatgat

cagagtcace
gcagaaacca
ggtcccatca
cetgeagect

gtteggecaa

Val Gly
15

Asn Asp

Leu Ile

Ser Gly

Gln Pro

80

Pro Trp
95

60

120

180

240

300

321

18
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<210> SEQ ID NO 44

<211> LENGTH: 6

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 44

Gln Gly Ile Arg Asn Asp
1 5

<210> SEQ ID NO 45

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 45

ggtgcatec

<210> SEQ ID NO 46

«211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 46

Gly Ala Ser
1

<210> SEQ ID NO 47

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 47

ctacagcata atagttaccc gtggacg

<210> SEQ ID NO 48

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 48

Leu Gln His Asn Ser Tyr Prc Trp Thr

1 5

<210> SEQ ID NO 49

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 49

caggtgcage tggtgcagtc tggggctgag gtgaagaage
tcctgcaagg cttetggata cacccteace ggcetattate

cctggacaag ggcttgagtyg gatgggatgg atcaacccta

gcacagaagt ttcagggcag ggtcaccatyg accagggaca

ctggggccte agtgaaggtce

tacactgggt gcgacaggcec

ccagtggtgg cacaaactat

cgtccatecag tygcagectte

27

60

120

180

240
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-continued

94

atggagctga gtaggctgag atctgacgac acggccgtgt atcactgtge gagagaattt

tggceccacy gtatggacgt ctggggecaa gggaccacyg tcacegtete ctea

<210> SEQ ID NO 50

<211> LENGTH: 118

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 50

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys 2la Ser Gly Tyr Thr Leu Thr Gly Tyr
20 25 30

Tyr Leu His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Thr Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Ala Ala Phe
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr His Cys
85 90 95

Ala Arg Glu Phe Trp Pro His Gly Met Asp Val Trp Gly Gln Gly Thr
100 105 110

Thr Val Thr Val Ser Ser
115

<210> SEQ ID NO 51

«211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 51

ggatacacce tcaccggcota ttat

<210> SEQ ID NO 52

<21l> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 52

Gly Tyr Thr Leu Thr Gly Tyr Tyr
1 5

<210> SEQ ID NO 53

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 53

atcaacccta ccagtggtgg caca

<210> SEQ ID NO 54
<21l> LENGTH: 8

300

354

24

24
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-continued

96

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 54

Ile Asn Pro Thr Ser Gly Gly Thr
1 5

<210> SEQ ID NO 55

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 55

gegagagaat tttggeccea cggtatggace gte

<210> SEQ ID NO 56

«211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 56
Ala Arg Glu Phe Trp Pro His Gly Met

1 5

<210> SEQ ID NO 57

<211> LENGTH: 321

<21l2> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 57

gccatccaga tgacccagte tccatcctee ctg
atcacttgee gggcaagtca ggccattaga aat
gggaaagcce ctaagcetcct gatctatget tca
aggttcageg gcagtggate tggcacagat tte
gaagattttg caacttatta ctgtcttgca gat
gggaccaagg tggaaatcaa a

<210> SEQ ID NO 58

<211l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 58

Ala Ile Gln Met Thr Gln Ser Pro Ser
1 5

Agp Arg Val Thr Ile Thr Cys Arg Ala
20 25

Leu Gly Trp Tyr Gln Gln Lys Pro Gly
35 40

Tyr Ala Ser Ser Ser Leu Gln Ser Gly
50 55

Asp Val
10

tctgcat ctgtaggaga cagagtcacc
gatttag gctggtatca gcagaaacca
tccagtt tacaaagtygg ggtcccttcea
actcteca ccatcageag cctgcagect

tacaaat acacgtggac gttcggccaa

Ser Leu Ser Ala Ser Val Gly
10 15

Ser Gln Ala Ile Arg Asn Asp
30

Lys Ala Pro Lys Leu Leu Ile
45

Val Pro Ser Arg Phe Ser Gly
60

33

60

120

180

240

300

321
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98

Ser Gly Ser Gly Thr Asp Phe Thr Leu
65 70

Glu Asp Phe Ala Thr Tyr Tyr Cys Leu
85

Thr Phe Gly Gln Gly Thr Lys Val Glu
100 105

<210> SEQ ID NO 59

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 59

caggccatta gaaatgat

<210> SEQ ID NO 60

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 60

Gln Ala Ile Arg Asn Asp
1 5

<210> SEQ ID NO 61

<21l> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 61

getteatee

<210> SEQ ID NO 62

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 62

Ala Ser Ser
1

<210> SEQ ID NO 63

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 63
cttgcagatt acaaatacac gtggacg
<210> SEQ ID NO 64

<211> LENGTH: 9
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

Thr Ile Ser Ser Leu Gln Pro
75 80

Ala Asp Tyr Lys Tyr Thr Trp
90 95

Ile Lys

18

27
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-continued

<400> SEQUENCE: 64
Leu Ala Asp Tyr Lys Tyr Thr Trp Thr

1 5
<210> SEQ ID NO 65
<211> LENGTH: 378
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 65
gaggtgcage tggtggagte tgggggaggce ttggtacacc cgggggggtce cctgagacte 60
tcectgtgaag cctetggatt cacacttagec agccatgtca tgagctgggt ccgcecaggtt 120
ccaggcaagg ggctggagtyg ggtctcacgt atcagtggtc ctggtggtag tacaaagtat 180
gcggacteeg tgcagggeceg gttcaccace tccagagaca actccaagaa caccctgtat 240
ctacaaatga acagcctgat agccgaggac teggecgeat attactgtge gaaagggggy 200
ggatatagtg gctacgattg ggacttttat tacggtatgg acgtctgggg ccaagggace 360
acggtcaccg tctectea 378
<210> SEQ ID NO 66
<211> LENGTH: 126
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 66
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Hig Pro Gly Gly

1 5 10 15
Ser Leu Arg Leu Ser Cys Glu Ala Ser Gly Phe Thr Leu Ser Ser His

20 25 30
Val Met Ser Trp Val Arg Gln Val Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ser Arg Ile Ser Gly Pro Gly Gly Ser Thr Lys Tyr Ala Asp Ser Val
50 55 60
Gln Gly Arg Phe Thr Thr Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Ile Zla Glu Asp Ser Ala Ala Tyr Tyr Cys
85 90 95
Ala Lys Gly Gly Gly Tyr Ser Gly Tyr Asp Trp Asp Phe Tyr Tyr Gly
100 105 110
Met Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 67
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 67
ggattcacac ttagcagcca tgtc 24

<210> SEQ ID NO
<211> LENGTH: 8
<21l2> TYPE: PRT

68
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 68

Gly Phe Thr Leu Ser Ser His Val
1 5

<210> SEQ ID NO 69

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 69

atcagtggte ctggtggtag taca 24

<210> SEQ ID NO 70

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 70

Ile Ser Gly Pro Gly Gly Ser Thr
1 5

<210> SEQ ID NO 71

<21l> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 71

gegaaagggy ggggatatag tggetacgat tgggactttt attacggtat ggacgte 57
<210> SEQ ID NO 72

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 72

Ala Lys Gly Gly Gly Tyr Ser Gly Tyr Asp Trp Asp Phe Tyr Tyr Gly
1 5 10 15

Met Asp Val

<210> SEQ ID NO 73

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 73

gacatccaga tgacccagtc tccatcttee gtgtctgeat ctgtaggaga cagagtcacc 60
atcacttgte gggcgagtca gggtattage agetggttag cctggtatca gcagaaacca 120

gggaaagcce ctaagetcct gatctatget geatccagtt tgcaaagtgg ggtcccatca 180

aggttcageg geagtggate tgggacagat ttcactctca ccatcageag cetgeagect 240
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-continued

104

gaagattttyg caacttacta ttgtcaacag actaacagtt tccctctcac ttteggegga

gggaccaaag tggatatcaa a

<210> SEQ ID NO 74

<211l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 74

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys 2Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Asn Ser Phe Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Asp Ile Lys
100 105

<210> SEQ ID NO 75

<211> LENGTH: 18

<21l2> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 75

cagggtatta gcagctgg

<210> SEQ ID NO 76

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 76

Gln Gly Ile Ser Ser Trp
1 5

<210> SEQ ID NO 77

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 77

getgcatea

<210> SEQ ID NO 78

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

300

321

18
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<400> SEQUENCE: 78
Ala Ala Ser

1
<210> SEQ ID NO 79
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 79
caacagacta acagtttcce tctcact 27
<210> SEQ ID NO 80
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 80
Gln Gln Thr Asn Ser Phe Pro Leu Thr

1 5
<210> SEQ ID NO 81
<211> LENGTH: 366
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 81
caggtgcage tggtgcagte tggggctgag gtgaagaagt ctgggtecte ggtgaaggte 60
tcectgcaagg cttetggagg caccttcage agetatgeta tcagetgggt gegacaggcec 120
ccgggacaag ggcttgagtg gatgggaggg atcatcccta tctttggtac aggaaattac 180
gcacagaagt tccagggcag agtcacgatt accacggacg aatccacgag cacagcctat 240
atggagctga gcagcctgag atctgaggac acggccgtgt attattgtge gagagatage 300
agctcgtece cgaggtacta cggtatggac gtcetggggec acgggaccac ggtcaccegte 360
tcetea 366
<210> SEQ ID NO 82
<211> LENGTH: 122
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 82
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Ser Gly Ser

1 5 10 15
Ser Val Lys Val Ser Cys Lys 2Zla Ser Gly Gly Thr Phe Ser Ser Tyr

20 25 30
Ala Ile Ser Trp Val Arg Gln 2Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gly Ile Ile Pro Ile Phe Gly Thr Gly Asn Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Thr Thr Asp Glu Ser Thr Ser Thr Ala Tyr

65 70 75 80
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108

Met Glu Leu Ser Ser Leu Arg Ser Glu
85

Ala Arg Asp Ser Ser Ser Ser Pro Arg
100 105

Gly His Gly Thr Thr Val Thr Val Ser
115 120

<210> SEQ ID NO 83

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 83

ggaggcacet teageageta tget

<210> SEQ ID NO 84

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 84

Gly Gly Thr Phe Ser Ser Tyr 2Ala
1 5

<210> SEQ ID NO 85

<211> LENGTH: 24

<21l2> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 85

atcatcccta tctttggtac agga

<210> SEQ ID NO 8¢

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 86

Ile Ile Pro Ile Phe Gly Thr Gly
1 5

<210> SEQ ID NO 87

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 87

Asp Thr Ala Val Tyr Tyr Cys
90 95

Tyr Tyr Gly Met Asp Val Trp
110

Ser

gegagagata geagetegte cecgaggtac tacggtatgy acgte

<210> SEQ ID NO 88

<211l> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

24

24

45
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ued

110

<400> SEQUENCE:

88

Ala Arg Asp Ser Ser Ser Ser Pro Arg Tyr Tyr Gly Met Asp Val

1

<210> SEQ ID NO
<211> LENGTH: 32
«212> TYPE: DNA

5

89
1

10

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

gaaattgtgt tgacacagtc

ctctectgea gggecagtea

ggoccaggete ccaggeteet

aggttcagty geagtgggte

gaagattttyg caacttatta

89

gggacacgac tggagattaa a

<210> SEQ ID NO
<211> LENGTH: 10
<212> TYPE: PRT

90

7

tccagecace

gagtgttacc

catctatgat

tgggacagac

ttgtcagcag

ctgtetttgt ctccagggga
agctacttag cctggtacca
gtatecaaga gggccactyy
ttecactctea ccatcageag

cgtagcaact ggectoeccac

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

Glu Ile Val Leu
1

Glu Arg Ala Thr
20

Leu Ala Trp Tyr
35

Tyr Asp Val Ser
50

Ser Gly Ser Gly
65

Glu Asp Phe Ala

Thr Phe Gly Gln
100

<210> SEQ ID NO
<211> LENGTH: 18
<212> TYPE: DNA

90

Thr

5

Leu

Gln

Lys

Thr

Thr

85

Gly

91

Gln

Ser

Gln

Arg

Asp

70

Tyr

Thr

Ser

Cys

Lys

Ala

55

Phe

Tyr

Arg

Pro

Arg

Pro

40

Thr

Thr

Cys

Leu

Ala Thr Leu Ser Leu Ser
10

Ala Ser Gln Ser Val Thr
25 30

Gly Gln Ala Pro Arg Leu
45

Gly Ile Pro Ala Arg Phe
60

Leu Thr Ile Ser Ser Leu
75

Gln Gln Arg Ser Asn Trp
90

Glu Ile Lys
105

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

cagagtgtta ccagce

<210> SEQ ID NO

<211> LENGTH: 6
<212> TYPE: PRT

91

tac

92

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

15

aagagccace
acagaaacct
cateccagee
cctagagecet

ctteggecaa

Pro Gly
15

Ser Tyr

Leu Ile

Ser Gly

Glu Pro

80

Pro Pro
95

60

120

180

240

300

321

18
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<400> SEQUENCE: 92

Gln Ser Val Thr Ser Tyr
1 5

<210> SEQ ID NO 93

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 93

gatgtatce

<210> SEQ ID NO 94

<21l> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 94
Asp Val Ser

1

<210> SEQ ID NO 95

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 95

cagcagegta gcaactggece tcccacce

<210> SEQ ID NO 96

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 96

Gln Gln Arg Ser Asn Trp Pro Pro Thr

1 5

<210> SEQ ID NO 97

<211> LENGTH: 375

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 97

gaggtgcage tggtggagte tgggggagge ttggtecage
tcctgtgaag cctcetggatt cacctttagt acctattgga
ccagggaagg ggctagagtg ggtggccaac ataaaacaag
gtggactctg tgaagggccg attcaccgtc tccagagaca
ctgcaaatga acagcctgag agccgaggac acggctctgt

cacagaggga gctactacgg ctactacgac ggtatggacg

gtcacegtet cctea

ctggggggte
tgagttgggt
atggaagtgt
acgccaagaa

atcactgtgce

tctggggeca

cetgagacte

cegecagget

gaaatacttt

ctcectgtat

gagagagagg

agggaccacg

27

60

120

180

240

300

360

375
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<210> SEQ ID NO 98

<21l> LENGTH: 125

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 98

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Glu Ala Ser Gly Phe Thr Phe Ser Thr Tyr
20 25 30

Trp Met Ser Trp Val Arg Gln 2la Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Asn Ile Lys Gln Asp Gly Ser Val Lys Tyr Phe Val Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Val Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Leu Tyr His Cys
85 90 95

Ala Arg Glu Arg His Arg Gly Ser Tyr Tyr Gly Tyr Tyr Asp Gly Met
100 105 110

Agp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 99

<21l> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 99

ggattcacct ttagtaccta ttgy 24

<210> SEQ ID NO 100

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 100

Gly Phe Thr Phe Ser Thr Tyr Trp
1 5

<210> SEQ ID NO 101

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 101

ataaaacaag atggaagtgt gaaa 24

<210> SEQ ID NO 102

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
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116

<400>

SEQUENCE: 102

Ile Lys Gln Asp Gly Ser Val Lys

1

<210>
<21l>
<212>
«213>
<220>
<223>

<400>

5

SEQ ID NO 103

LENGTH: 54

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 103

gcgagagaga ggcacagagg gagctactac ggctactacg acggtatgga cgte

<210>
<21l>
<212>
<213>
<220>
<223>

<400>

1
Asp Va
<210>
<211>
<212>
<213>
<220>
<223>
<400>
gacatc
atcact
gggaaa
aggtte
gaagat
gggace
<210>
<211>
<212>
<213>
<220>
<223>

<400>

Asp Il
1

Asp Ar

Leu As

Tyr Al
50

Ser Gl
65

SEQ ID NO 104

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 104

1

SEQ ID NO 105

LENGTH: 321

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 105

10

caga tgacccagte tccatcctee ctgtetgeat

tgce gggcaagtca aaacattgac atctatttaa

gcee ctaatcteet gatctatget geatccagtt

agtg gcagtggatc tgggacagat ttcactctca

tttg caacttacta ctgtcaacag agttacaata

aagy tygagatcaa a

SEQ ID NO 106

LENGTH: 107

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 106

e Gln Met Thr Gln Ser Pro Ser
5

g Val Thr Ile Thr Cys Arg Ala
20 25

n Trp Tyr Gln Glu Arg Pro Gly
35 40

a Ala Ser Ser Leu Gln Ser Gly
55

v Ser Gly Thr Asp Phe Thr Leu
70

Ser

10

Ser

Lys

Val

Thr

Leu

Gln

Ala

Pro

Ile
75

ctgtaggaga

attggtatca

tgcaaagtygyg

ccatcagtag

cceegtteac

Ser

Asn

Pro

Ser
60

Ser

Ala

Ile

Asn

45

Arg

Ser

Ser

Asp

30

Leu

Phe

Leu

15

cagagtcacce
ggagaggeca
ggtceccatca
tectgcaaccet

ttteggegge

Val

15

Ile

Leu

Ser

Gln

Ala Arg Glu Arg His Arg Gly Ser Tyr Tyr Gly Tyr Tyr Asp Gly Met
5

Gly

Tyr

Ile

Gly

Pro
80

54

60

120

180

240

300

321
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117 118

-continued

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Asn Thr Pro Phe
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 107

<211> LENGTH: 18

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 107

caaaacattg acatctat 18

<210> SEQ ID NO 108

<211> LENGTH: ¢

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 108

Gln Asn Ile Asp Ile Tyr
1 5

<210> SEQ ID NO 109

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 109

gctgeatece 9

<210> SEQ ID NO 110

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 110

Ala Ala Ser
1

<210> SEQ ID NO 111

«211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 111

caacagagtt acaatacccc gttcact 27

<210> SEQ ID NO 112

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 112

Gln Gln Ser Tyr Asn Thr Pro Phe Thr



US 9,447,173 B2

-continued

1 5
<210> SEQ ID NO 113
<211l> LENGTH: 369
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 113
gaagtgcage tggtggagte tgggggagge ttggtacage ctggcaggte cctgagacte 60
tcectgtgecag cctetggatt cacctttgat gattatgcca tgcactgggt ceggcaaact 120
ccagggaagg gcctggagtg gatctcaggt attagttgga gtagtggtac catagtctat 180
gcagactctyg tgaagggccg cttcaccatc tccagagaca acgccaagaa ctecctgtat 240
ctgcaaatga acagtetgag aggtgaggac acggecttgt atcactygtge aaaagatggy 200
tataggtgga agtcctacte gtacggtttg gacgtcetggg gecaagggac cacggtecace 360
gtcteetea 369
<210> SEQ ID NO 114
<211> LENGTH: 123
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 114
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg

1 5 10 15
Ser Leu Arg Leu Ser Cys Ala 2la Ser Gly Phe Thr Phe Asp Asp Tyr

20 25 30
Ala Met His Trp Val Arg Gln Thr Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45
Ser Gly Ile Ser Trp Ser Ser Gly Thr Ile Val Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg Gly Glu Asp Thr Ala Leu Tyr His Cys
85 90 95
Ala Lys Asp Gly Tyr Arg Trp Lys Ser Tyr Ser Tyr Gly Leu Asp Val
100 105 110
Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 115
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 115
ggattcaccet ttgatgatta tgece 24

<210> SEQ ID NO
<211> LENGTH: 8
«212> TYPE: PRT

116

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic



US 9,447,173 B2
121 122

-continued

<400> SEQUENCE: 116

Gly Phe Thr Phe Asp Asp Tyr Ala
1 5

<210> SEQ ID NO 117

<211> LENGTH: 24

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 117

attagttgga gtagtggtac cata 24

<210> SEQ ID NO 118

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 118

Ile Ser Trp Ser Ser Gly Thr Ile
1 5

<210> SEQ ID NO 119

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 119

gcaaaagatg ggtataggtg gaagtcctac tcgtacggtt tggacgte 48

<210> SEQ ID NO 120

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 120

Ala Lys Asp Gly Tyr Arg Trp Lys Ser Tyr Ser Tyr Gly Leu Asp Val
1 5 10 15

<210> SEQ ID NO 121

«211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 121

gaaatagtga tgacgcagtc tccagccace ctctetttgt ctccagggga aagagccacce 60
cteteoctgea ggceccagtea gagtgttate aataacttag cctggtacca geagaaacct 120
ggoccaggete ccagactect catetttggt geatectoca gggecactyy tateccagec 180

agattcagtg gcagtgggtc tgggacagag tttactctca ccatcagcag cctgcagtet 240
gaagattttg cactttatta ctgtcagcag tataataact ggccgctcac ctteggegga 200

gggaccaagyg tggagatcaa a 321



US 9,447,173 B2
123 124

-continued

<210> SEQ ID NO 122

<211> LENGTH: 107

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 122

Glu Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Pro Ser Gln Ser Val Ile Asn Asn
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Phe Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Ser
65 70 75 80

Glu Asp Phe Ala Leu Tyr Tyr Cys Gln Gln Tyr Asn Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 123

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 123

cagagtgtta tcaataac 18

<210> SEQ ID NO 124

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 124

Gln Ser Val Ile Asn Asn
1 5

<210> SEQ ID NO 125

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 125

ggtgcatcce 9

<210> SEQ ID NO 126

<21l> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 126

Gly Ala Ser
1



US 9,447,173 B2
-continued
<210> SEQ ID NO 127
<211> LENGTH: 27
<21l2> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 127
cagcagtata ataactggcc gctcacc 27
<210> SEQ ID NO 128
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 128
Gln Gln Tyr Asn Asn Trp Pro Leu Thr
1 5
<210> SEQ ID NO 129
<211> LENGTH: 369
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 129
gaagtgcagce tggtggagtc tgggggagac ttggtacagce ctggcaggtc cctgagacte 60
tcectgtgtag ccetetggatt cacctttgat gattatgcca tgcactgggt ceggcaaget 120
ccagggaagg gectggagtg ggtctcaggt gttagttgga gtggtagtac cgtaggetat 180
geggactetyg tgaagggeeg attcaccgte tccagagaca acgcccagaa atcectgtat 240
ctacaaatga acagtctgag agctgaggac acggecttgt attactgtgt aaaagacgeg 300
tataaatgga actactacta ctacggtttyg gacgtctggg gccaagggac cacggtcacce 360
gtctecctea 369
<210> SEQ ID NO 130
<211> LENGTH: 123
<21l2> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: Synthetic
«<400> SEQUENCE: 130
Glu Val Gln Leu Val Glu Ser Gly Gly Asp Leu Val Gln Pro Gly Arg
1 5 10 15
Ser Leu Arg Leu Ser Cys Val 2la Ser Gly Phe Thr Phe Asp Asp Tyr
20 25 30
Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ser Gly Val Ser Trp Ser Gly Ser Thr Val Gly Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Val Ser Arg Asp Asn Ala Gln Lys Ser Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg 2la Glu Asp Thr Ala Leu Tyr Tyr Cys
85 90 95
Val Lys Asp Ala Tyr Lys Trp &sn Tyr Tyr Tyr Tyr Gly Leu Asp Val



US 9,447,173 B2

127

128

-continued

100 105
Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210>
<21l>
<212>
«213>
<220>
<223>

SEQ ID NO 131

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic
131

<400> SEQUENCE:

ggattcacct ttgatgatta tgcce

<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 132

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic
<400> SEQUENCE: 132

Gly Phe Thr Phe Asp Asp Tyr Ala
1 5

<210>
<211~
<212>
<213>
<220>
<223 >

SEQ ID NO 133

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 133

gttagttgga gtggtagtac cgta

<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 134

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic
134

<400> SEQUENCE:

Val Ser Trp Ser Gly Ser Thr Val

1 5
<210> SEQ ID NO 135
<211> LENGTH: 48
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 135

gtaaaagacg cgtataaatg gaactactac tactacggtt tggacgte

<210
<2ll>
<212>
<213>
<220>
<223>

SEQ ID NO 136

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 136

Val Lys Asp Ala Tyr Lys Trp 2&sn Tyr Tyr Tyr Tyr Gly
1 5 10

110

24

24

48

Leu Asp Val
15



US 9,447,173 B2

-continued
<210> SEQ ID NO 137
<211> LENGTH: 321
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 137
gaaatagtga tgacgcagtc tccagccacc ctgtctgtgt ctccagggga aagagccacce 60
ctectectgea gggecagtca gactattctc agcaacttag cctggtacct acagaaacct 120
ggccaggcete ccaggetect catctatggt gcatccacca gggccactgg tceteccagece 180
aggttcagtyg gcagtgggtc tgggacagag ttcactctca ccatcagcag cctgcagtet 240
gaagattttg cagtttatta ctgtcagcag tataataact ggcctcteac ttteggcegga 300
gggaccaagyg tggagatcaa a 321
<210> SEQ ID NO 138
<211> LENGTH: 107
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 138
Glu Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Val Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Thr Ile Leu Ser Asn

20 25 30
Leu Ala Trp Tyr Leu Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile

35 40 45
Tyr Gly Ala Ser Thr Arg Ala Thr Gly Leu Pro Ala Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Ser
65 70 75 80
Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Asn Asn Trp Pro Leu
85 20 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

100 105
<210> SEQ ID NO 139
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 139
cagactattc tcagcaac 18

<210> SEQ ID NO
<211> LENGTH: 6
<21l2> TYPE: PRT

<213>

<220> FEATURE:

<223>

<400> SEQUENCE:

140

140

Gln Thr Ile Leu Ser Asn

1

5

ORGANISM: Artificial Sequence

OTHER INFORMATION: Synthetic
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US 9,447,173 B2

-continued

132

<210> SEQ ID NO 141

<21l> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 141

ggtgcatce

<210> SEQ ID NO 142

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 142

Gly Ala Ser
1

«210> SEQ ID NO 143

<211l> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 143

cagcagtata ataactggcc tctcact

<210> SEQ ID NO 144

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 144

Gln Gln Tyr Asn Asn Trp Pro Leu Thr

1 5

<210> SEQ ID NO 145

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 145

gaggtgcage tggtggagtc tgggggagge ttggtacage
tcctgtggag cctetggatt cacctttagyg gactttgaca
ccagggaggy ggctggagtyg ggtctcaggt attggtggta
gcagactceg tgaagggceg gttcaccata tccagggaca
ctgcaaatga geagectgag agecgaggac acggeegttt

tatggtgact ataggaacta ctacggtaty gacgtetyyy

gtctectea

«210> SEQ ID NO 146

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

ctggggggtce

tgaattgggt
gtggtggtaa
attccaaaaa

attactgtgt

gecaagggac

cetgagacte

cegtcagget

cacatattac

cacgctgttt

gaaagatcce

cacggteace

27

60

120

180

240

300

360

369



US 9,447,173 B2

133

-continued

134

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 146

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Gly 2Ala Ser Gly Phe Thr Phe Arg Asp
20 25 30

Asp Met Asn Trp Val Arg Gln 2Ala Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ser Gly Ile Gly Gly Ser Gly Gly 2Asn Thr Tyr Tyr Ala Asp Ser
50 55 60

Lys Gly Arg Phe Thr Ile Ser 2Arg Asp Asn Ser Lys Asn Thr Leu
65 70 75

Leu Gln Met Ser Ser Leu Arg 2Ala Glu Asp Thr Ala Val Tyr Tyr
85 90 95

Val Lys Asp Pro Tyr Gly Asp Tyr Arg Asn Tyr Tyr Gly Met Asp
100 105 110

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 147

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 147

ggattcacct ttagggactt tgac

<210> SEQ ID NO 148

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 148

Gly Phe Thr Phe Arg Asp Phe Asp
1 5

<210> SEQ ID NO 149

«211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 149

attggtggta gtggtggtaa caca

<210> SEQ ID NO 150

<211> LENGTH: 8

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 150

Ile Gly Gly Ser Gly Gly Asn Thr
1 5

Gly

Phe

Val

Val

Phe

80

Cys

Val

24

24
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-continued

136

<210> SEQ ID NO 151

<21l> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 151

gtgaaagatc cctatggtga ctataggaac tactacggta tggacgte

<210> SEQ ID NO 152

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 152

Val Lys Asp Pro Tyr Gly Asp Tyr Arg Asn Tyr Tyr Gly Met Asp Val

1 5

«210> SEQ ID NO 153

<211> LENGTH: 333

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 153

10

gatattgtga tgactcagtc tccactctec ctgccegtea

atcteoctgea ggtctagtea gagectecta catagtaatg

tacctgcaga agcecagggea gtctccacaa ctectgatet

tceggggtee ctgacaggtt caggggcagt ggatcagaca

agcagagtgyg gggctgagga tgttggggtt tattactgea

acctteggee aagggacacg actggagatt aaa

<210> SEQ ID NO 154

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 154

Asp Ile Val Met Thr Gln Ser Pro Leu
1 5

Glu Pro Ala Ser Ile Ser Cys Arg Ser
20 25

Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr
35 40

Pro Gln Leu Leu Ile Tyr Leu Gly Ser
50 55

Asp Arg Phe Arg Gly Ser Gly Ser Asp
65 70

Ser Arg Val Gly Ala Glu Asp Val Gly
85

Leu Gln Thr Ile Thr Phe Gly Gln Gly
100 105

Ser

10

Ser

Leu

Asn

Lys

Val
90

Thr

Leu

Gln

Gln

Arg

Asp

75

Tyr

Arg

ccectggaga
gatacaacta
atttgggtte
aggactttac

tgcaagectet

Pro Val Thr

15

gceggectee
tttggattgg
taatecgggee
actgaaaatc

acaaactatc

Pro Gly
15

Ser Leu Leu His Ser

30

Lys Pro Gly Gln Ser

45

Ala Ser Gly Val Pro

60

Phe Thr Leu Lys Ile

Tyr Cys Met

Leu Glu Ile
110

80

Gln Ala

48

60

120

180

240

300

333



US 9,447,173 B2
137

-continued

138

<210> SEQ ID NO 155

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 155

cagagcctcee tacatagtaa tggatacaac tat

<210> SEQ ID NO 156

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 156

Gln Ser Leu Leu His Ser Asn Gly Tyr Asn Tyr
1 5 10

<210> SEQ ID NO 157

«211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 157

ttgggttet

<210> SEQ ID NO 158

<21ll> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 158

Leu Gly Ser
1

<210> SEQ ID NO 159

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 159

atgcaagcte tacaaactat cacc

<210> SEQ ID NO 160

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 160

Met Gln Ala Leu Gln Thr Ile Thr
1 5

«210> SEQ ID NO 161

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

33

24
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 161

gaggtgcage tggtggagte tgggggagge ttgggacage ctggggggte cctgagacte 60
tcotgtggag cetetggatt catgtttaga aactatgeca tgagttgggt cegecagget 120
ccagggaagy ggctggagtg ggtctcaact attettgata gtggtgataa cacatattac 180
gcagactceg tgaagggceg gttcaccate tccagggaca attccaagaa cacactgtat 240
ctgcaaatga acagcctgag agccgaggac acggcecgttt attactgtge gaaagatcce 300
tatggtgact acagggacta ctacggtatg gacgtctggg gccaagggac cacggtcace 360

gtctecetea 369

<210> SEQ ID NO 162

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 162

Glu Val Gln Leu Val Glu Ser CGly Gly Gly Leu Gly Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Gly 2la Ser Gly Phe Met Phe Arg Asn Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln 2Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Leu Asp Ser Gly Zsp Asn Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser 2Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg 2Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp Pro Tyr Gly Asp Tyr Arg Asp Tyr Tyr Gly Met Asp Val
100 105 110

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 163

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 163

ggattcatgt ttagaaacta tgcc 24

<210> SEQ ID NO 164

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 164

Gly Phe Met Phe Arg Asn Tyr Ala
1 5
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<210> SEQ ID NO 165

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 165

attcttgata gtggtgataa caca 24

<210> SEQ ID NO 166

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 166

Ile Leu Asp Ser Gly Asp Asn Thr
1 5

<210> SEQ ID NO 167

«211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 167

gcgaaagatc cctatggtga ctacagggac tactacggta tggacgte 48

<210> SEQ ID NO 168

<21ll> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 168

Ala Lys Asp Pro Tyr Gly Asp Tyr Arg Asp Tyr Tyr Gly Met Asp Val
1 5 10 15

<210> SEQ ID NO 169

<211> LENGTH: 333

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 169

gatattgtga tgactcagtc tccactctee ctgccegteca cecectggaga gecggectec 60
atctecetgea ggtctagteca gagectcecta catagtaatg gatacaacta tttggattgy 120
tacctgcaga agccagggca dgtctccgecaa ctectgatet atttgggtte taatcgggece 180
tceggggtee ctgacaggtt caggggcagt ggatcaggca aagactttac actgaaaatce 240
agcagagtgg aggctgagga tgttggactt tattactgca tgcaagctct acaaactatce 300
acctteggee aagggacacyg actggagatt aaa 333

<210> SEQ ID NO 170

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
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<400>

Asp Il
1

Glu Pr

Asn Gl

Pro Gl
50

Asp Ar

Ser Ar

Leu Gl

«210>
<21l>
«212>
<213>
<220>
<223>

<400>

cagagc

<210>
<211>
<2l2>
<213
<220>
<223>

<400>

SEQUENCE: 170

e Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

o Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser
20 25 30

v Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

n Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
55 60

g Phe Arg Gly Ser Gly Ser Gly Lys Asp Phe Thr Leu Lys Ile
70 75 80

g Val Glu Ala Glu Asp Val Gly Leu Tyr Tyr Cys Met Gln Ala
85 90 95

n Thr Ile Thr Phe Gly Gln Gly Thr Arg Leu Glu Ile Lys
100 105 110

SEQ ID NO 171

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 171

ctce tacatagtaa tggatacaac tat

SEQ ID NO 172

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 172

Gln Ser Leu Leu His Ser Asn Gly Tyr Asn Tyr

1

<210>
<211l>
<212~
<213>
<220>
<223>

<400>

ttgggt

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

Leu GL
1

<210>
«211>
<212>
<213>
<220>

5 10

SEQ ID NO 173

LENGTH: 9

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 173

tet

SEQ ID NO 174

LENGTH: 3

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 174

v Ser

SEQ ID NO 175

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

33
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 175

atgcaagcte tacaaactat cacc 24
<210> SEQ ID NO 176

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 176

Met Gln Ala Leu Gln Thr Ile Thr

1 5

<210> SEQ ID NO 177

<211> LENGTH: 384

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 177

caggtgcage tgcaggagtc gggceccagga ctggtgaage cttoggagac cctgteccte 60
acctgcactyg tetetggtgg ctecatcagt ggttactact ggacctggat ceggcagece 120
ccagggaagg gactggagtg gattggatat atctattaca gtggggccac caactacaac 180
cceteectea agagtcgagt caccatatca ttagacacgt ccaagaacca gttcetceectg 240
aaactgaget ctgtgacege tgcggacacg gecgtgtatt attgtgegag agatgggaat 200
tacgatattt tgactggtta ttataactac cactattacg gcatggacgt ctggggecaa 360
gggaccacgyg tcaccgtcte ctcea 384
<210> SEQ ID NO 178

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 178

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly Ser Ile Ser Gly Tyr
20 25 30

Tyr Trp Thr Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45

Gly Tyr Ile Tyr Tyr Ser Gly Rla Thr Asn Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Val Thr Ile Ser Leu Asp Thr Ser Lys Asn Gln Phe Ser Leu
65 70 75 80

Lys Leu Ser Ser Val Thr Ala 2la Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Asp Gly Asn Tyr Asp Ile Leu Thr Gly Tyr Tyr Asn Tyr His Tyr
100 105 110

Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 179
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<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 179

ggtggeteca tcagtggtta ctac

<210> SEQ ID NO 180

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 180

Gly Gly Ser Ile Ser Gly Tyr Tyr
1 5

<210> SEQ ID NO 181

<211l> LENGTH: 21

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 181

atctattaca gtggggccac ¢

<210> SEQ ID NO 182

<211> LENGTH: 7

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 182

Ile Tyr Tyr Ser Gly Ala Thr
1 5

<210> SEQ ID NO 183

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 183

gocgagagatyg ggaattacga tattttgact ggttattata actaccacta ttacggcatg
gacgte

<210> SEQ ID NO 184

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 184

Ala Arg Asp Gly Asn Tyr Asp Ile Leu Thr Gly Tyr Tyr Asn Tyr His
1 5 10 15

Tyr Tyr Gly Met Asp Val
20

24

21

60

66



US 9,447,173 B2

-continued
<210> SEQ ID NO 185
<211> LENGTH: 321
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 185
gacatccaga tgacccagte tccatcctea ctgtctgeat ctgtaggaga cagagtcace 60
atcacttgtc gggcgagtca ggacattggt aattatttag cctggtttca gcagaaacca 120
gggaaagccce ctgagtcect gatctatget gcatccattt tacaaagtgg ggtcccatca 180
aagttcagceg gcagtggatc tgggacagat ttcactctca ccatcagcag cctgcagect 240
gaagattttg caacttatta ctgccaacag tataatactt tcccgtggac gtteggccaa 300
gggaccaagy tggaaatcaa a 321
<210> SEQ ID NO 186
<211> LENGTH: 107
«212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 186
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys 2Arg Ala Ser Gln Asp Ile Gly Asn Tyr

20 25 30
Leu Ala Trp Phe Gln Gln Lys Pro Gly Lys Ala Pro Glu Ser Leu Ile

35 40 45
Tyr Ala Ala Ser Ile Leu Gln Ser Gly Val Pro Ser Lys Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Thr Phe Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys

100 105
<210> SEQ ID NO 187
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 187
caggacattyg gtaattat 18
<210> SEQ ID NO 188
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 188

Gln Asp Ile Gly Asn Tyr

1

<210>

5

SEQ ID NO 189
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<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 189

gctgecatee

<210> SEQ ID NO 190

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 190

Ala Ala Ser
1

<210> SEQ ID NO 191

<211l> LENGTH: 27

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 191

caacagtata atactttcec gtggacg

<210> SEQ ID NO 192

<211> LENGTH: 9

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 192
Gln Gln Tyr Asn Thr Phe Pro Trp Thr

1 5

<210> SEQ ID NO 193

<211> LENGTH: 366

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 193

caggtgcage tggtggagte tgggggagge ttggtcaage
tcctgtgcag cctetggatt caccttcagt gactactaca
ccagggaggy ggctggagtg ggtttcatac attagtgata
gcagactetyg tgaggggceg attcaccate tccagggaca
ctgcaaatga acaacctgag agccgaggac acggccgtat
gatggggaaa tggaactacyg tttetttgac tactggggee

tceetea

<210> SEQ ID NO 194

<211l> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

ctggagggte

tgacctggat

ctggcagtca

acgccaaaaa

attactgtgce

agggaaccet

cetgaggete

cegtcagget

cttatactac

ctcactgtat

gcgagatcag

ggtcacegte

27

60

120

180

240

300

360

366
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<400> SEQUENCE: 194

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala 2Zla Ser Gly Phe Thr Phe Ser Asp Tyr
20 25 30

Tyr Met Thr Trp Ile Arg Gln 2la Pro Gly Arg Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Asp Thr Gly Ser His Leu Tyr Tyr Ala Asp Ser Val
50 55 50

Arg Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

Leu Gln Met Asn Asn Leu Arg 2la Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Gln Asp Gly Glu Met Glu Leu Arg Phe Phe Asp Tyr Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 195

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 195

ggattcacct tcagtgacta ctac

<210> SEQ ID NO 196

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 196

Gly Phe Thr Phe Ser Asp Tyr Tyr
1 5

<210> SEQ ID NO 197

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 197

attagtgata ctggcagtca ctta

<210> SEQ ID NO 198

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 198

Ile Ser Asp Thr Gly Ser His Leu
1 5

<210> SEQ ID NO 199

24

24
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<211> LENGTH: 45
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

199

gcgegagate aggatgggga aatggaacta cgtttetttg actac

<210> SEQ ID NO
<211> LENGTH: 15
<212> TYPE: PRT

200

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

1

«210> SEQ ID NO
<211> LENGTH: 32
«212> TYPE: DNA

200

201
1

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

gaaatagtgt tgacgcagtc

ctctectgea gggecagtea

ggccaggete ccaggetecet

aggttcagty geagtgggte

gaagattttyg cagtttatta

201

gggaccaagg tggagatcaa a

<210> SEQ ID NO
<211> LENGTH: 10
<212> TYPE: PRT

202

7

tccagecact

gagtattaac

catetttgat

tgggacagac

ctgtcageag

10

ctgtetttgt

aactacttag

gcatccaaca

ttcactectea

cgtaccaact

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

Glu Ile Val Leu
1

Glu Arg Gly Thr
20

Leu Ala Trp Tyr
35

Phe Asp Ala Ser
50

Ser Gly Ser Gly
65

Glu Asp Phe Ala

Thr Phe Gly Gly
100

<210> SEQ ID NO
<21l> LENGTH: 18

202

Thr

5

Leu

Gln

Asn

Thr

Val
85

Gly

203

Gln

Ser

Gln

Arg

Asp

70

Tyr

Thr

Ser

Cys

Lys

Ala

55

Phe

Tyr

Lys

Pro

Arg

Pro

40

Thr

Thr

Cys

Val

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Thr

10

Ser

Gln

Ile

Thr

Gln

920

Ile

Leu

Gln

Ala

Pro

Ile
75

Arg

Lys

Ala Arg Asp Gln Asp Gly Glu Met Glu Leu Arg Phe Phe Asp Tyr
5

ctccagggga
cctggtacca
gggccactgg
ccatcagcag

ggcegeteac

Ser Leu Ser

15

aagaggcacce
gcagaaacct
cateccagee
aatagagcct

ttteggegga

Pro Gly
15

Ser Ile Asn Asn Tyr

30

Pro Arg Leu Leu Ile

45

Ala Arg Phe

60

Ser Arg Ile

Thr Asn Trp

Ser Gly
Glu Pro
80

Pro Leu
95

45

60

120

180

240

300

321
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 203

cagagtatta acaactac

<210> SEQ ID NO 204

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 204

Gln Ser Ile Asn Asn Tyr
1 5

<210> SEQ ID NO 205

«211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 205

gatgcatce

<210> SEQ ID NO 206

<21l> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 206

Asp Ala Ser
1

<210> SEQ ID NO 207

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 207

cagcagcgta ccaactggec gctcact

<210> SEQ ID NO 208

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 208

Gln Gln Arg Thr Asn Trp Preo Leu Thr
1 5

<210> SEQ ID NO 209

<211> LENGTH: 381

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

18

27
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<400> SEQUENCE: 209
caggtygcage tygcaggagte gggeccagga ctggtgaage ctteggagace cetgteccete 60
acctgcactyg tetetggtgg cttecatcagt aattactact ggagetggat ceggeagece 120
ccagggaagg gactggagtyg gattggatat atctattata gtgggagcac caagtacaac 180
cceteectea agagtegagt caccatatca gtagacacgt ccaagaacca gttcteectg 240
aagctgagct ctgtgagege tgcggacacg gecgtgtatt actgtgcgag agatggggtt 200
gtagcagcag ctggtccccee ttaccactac cactacggtt tggacgtctg gggccaaggg 360
accacggtca ccgtctecte a 381
<210> SEQ ID NO 210
<21l> LENGTH: 127
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 210
Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15
Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly Phe Ile Ser Asn Tyr
20 25 30
Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45
Gly Tyr Ile Tyr Tyr Ser Gly Ser Thr Lys Tyr Asn Pro Ser Leu Lys
50 55 60
Ser Arg Val Thr Ile Ser Val Zsp Thr Ser Lys Asn Gln Phe Ser Leu
65 70 75 80
Lys Leu Ser Ser Val Ser Ala 2Zla Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95
Arg Asp Gly Val Val Ala Ala Ala Gly Pro Pro Tyr His Tyr His Tyr
100 105 110
Gly Leu Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125
<210> SEQ ID NO 211
<211l> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 211
ggtggcttca tcagtaatta ctac 24

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT

212

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

212

Gly Gly Phe Ile Ser Asn Tyr Tyr

1

<210> SEQ ID NO
<21l> LENGTH: 21

5

213
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 213

atctattata gtgggageac ¢

<210> SEQ ID NO 214

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 214

Ile Tyr Tyr Ser Gly Ser Thr
1 5

<210> SEQ ID NO 215

«211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 215

gcgagagatg gggttgtage agcagctggt cccccttacc actaccacta cggtttggac
gtc

<210> SEQ ID NO 216

<21l> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 216

Ala Arg Asp Gly Val Val Ala Ala Ala Gly Pro Pro Tyr His Tyr His
1 5 10 15

Tyr Gly Leu Asp Val
20

<210> SEQ ID NO 217

<211> LENGTH: 339

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 217

gacatcgtga tgacccagtce tccagactce ctggetgtgt ctetgggega gagggecacce
atcaactgca agtccagcca gaatctttta tacacctcca gcaataagaa ctecttaget
tggtaccagc agaaaccagg acagcctcct gagetgetca tttactggge atctaccegg
gaatcegggyg teectgaceg attcagtgge agegggtetg ggacagattt cattetcace

atcagcagee tygcaggetga agatgtggea gtttattact gteagcaata ttatagtagt

ccgtggacgt teggecaagg gaccaaggtg gaaatcaaa

«210> SEQ ID NO 218

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

21

60

63

60

120

180

240

300

33¢
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163

-continued

164

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 218

Agp Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu
1 5 10 15

Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln Asn Leu Leu Tyr
20 25 30

Ser Ser Asn Lys Asn Ser Leu 2la Trp Tyr Gln Gln Lys Pro Gly
35 40 45

Pro Pro Glu Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly
50 55 60

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ile Leu
65 70 75

Ile Ser Ser Leu Gln Ala Glu 2Asp Val Ala Val Tyr Tyr Cys Gln
85 90 95

Tyr Tyr Ser Ser Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu
100 105 110

Lys

<210> SEQ ID NO 219

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 219

cagaatcttt tatacacctce cagcaataag aactcce

«210> SEQ ID NO 220

<211l> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 220

Gln Asn Leu Leu Tyr Thr Ser Ser Asn Lys Asn Ser
1 5 10

<210> SEQ ID NO 221

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 221

tgggcatct

<210> SEQ ID NO 222

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 222

Trp Ala Ser
1

Gly

Thr

Gln

Val

Thr

80

Gln

Ile

36
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-continued

<210> SEQ ID NO 223

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 223

cagcaatatt atagtagtcc gtggacg 27

<210> SEQ ID NO 224

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 224
Gln Gln Tyr Tyr Ser Ser Pro Trp Thr

1 5

<210> SEQ ID NO 225

«211> LENGTH: 372

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 225
caggtgcagce tggtggagtc tgggggagge ttggtcaage ctggagggte cctgagacte 60
tcctgtgeayg cctcetggatt caccttcagt gactactaca tgacctggat cegecaggtt 120

ccagggaagy gactggagtg ggtttcatat atcagtagta ctgggaataa cagatattac 180

ggagactctg tgaagggcceg attcgccatc tcaagggaca acgccaagaa cttactgttt 240
ctgcaaatga acagcctgaa agccgaggac acggccgttt attactgtgce aagagagaat 300
aattggaatc cttacttctt ctactatggt atggacgtct ggggccaagg gaccacggte 360
accgtetecet ca 372

<210> SEQ ID NO 226

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 226

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Zla Ser Gly Phe Thr Phe Ser Asp Tyr
20 25 30

Tyr Met Thr Trp Ile Arg Gln Val Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Thr Gly 2Zsn Asn Arg Tyr Tyr Gly Asp Ser Val
50 55 60

Lys Gly Arg Phe Ala Ile Ser Aryg Asp Asn Ala Lys Asn Leu Leu Phe
65 70 75 80

Leu Gln Met Asn Ser Leu Lys Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Glu Asn Asn Trp Asn Pro Tyr Phe Phe Tyr Tyr Gly Met Asp
100 105 110
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-continued

Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 227

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 227

ggattcacct tcagtgacta ctac 24

<210> SEQ ID NO 228

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 228

Gly Phe Thr Phe Ser Asp Tyr Tyr
1 5

<210> SEQ ID NO 229

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 229

atcagtagta ctgggaataa caga 24

«210> SEQ ID NO 230

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 230

Ile Ser Ser Thr Gly Asn Asn Arg
1 5

<210> SEQ ID NO 231

<211l> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 231

gcaagagaga ataattggaa tccttacttc ttctactatg gtatggacgt c¢ 51
<210> SEQ ID NO 232

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 232

Ala Arg Glu Asn Asn Trp Asn Pro Tyr Phe Phe Tyr Tyr Gly Met Asp
1 5 10 15

Val
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-continued
<210> SEQ ID NO 233
<211> LENGTH: 321
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 233
gacatccaga tgacccagtc tccatcttee gtgtctgcat ctgtaggaga cagagtcacce 60
atcacttgtc gggcgagtca gggtattage atctggttag cctggtatca gcagaaacca 120
gggaaagcce ctaaactect gatctctget gegtccactt tgcaaagtgg ggteccatca 180
aggttcagceg gcagtggatc tgggacagat ttcactctca ccatcagcag cctgcagect 240
gaagattttg caacttacta ttgtcaacag gctaacagtt tcccgttgac gtteggecaa 300
gggaccaagyg tggaaatcaa a 321
<210> SEQ ID NO 234
<211> LENGTH: 107
«212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 234
Agp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly
1 5 10 15

Agp Arg Val Thr Ile Thr Cys Arg 2Ala Ser Gln Gly Ile Ser Ile Trp

20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

35 40 45
Ser Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ala Asn Ser Phe Pro Leu
85 20 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys

100 105
<210> SEQ ID NO 235
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 235
cagggtatta gcatctgg 18
<210> SEQ ID NO 236
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 236

Gln Gly Ile Ser Ile Trp

1

5
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-continued

172

<210> SEQ ID NO 237

<21l> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 237

getgegtee

<210> SEQ ID NO 238

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 238

Ala Ala Ser
1

«210> SEQ ID NO 239

<211l> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 239

caacaggcta acagtttcec gttgacg

<210> SEQ ID NO 240

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 240

Gln Gln Ala Asn Ser Phe Pro Leu Thr
1 5

<210> SEQ ID NO 241

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 241

caggtgcage tggtggagte tgggggagge gtggtccage
tcctgtgeag cgtctggatt caccttcagt agctatggea
ccaggcaagyg ggctggagtyg ggtggcagtt atatattatg
gtagactceg tgaagggceg attcaccatc tccagagaca
ctgcaaatga acagectgag agecgaggac acggetgtgt

tggaactect ttgactattyg gggecagygge accetggtea

<210> SEQ ID NO 242

<211l> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

ctgggaggtce

tgcactgggt

aaggaagtaa

attccaaaaa

attactgtge

cegtetecte

cetgagacte
cegecagget
tgattactat

cacgctatat

gagaagggac

27

60

120

180

240

300

351
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-continued

174

<400> SEQUENCE: 242

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala 2Zla Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Tyr Tyr Glu Gly Ser Asn Asp Tyr Tyr Val Asp Ser Val
50 55 50

Lys Gly Arg Phe Thr Ile Ser 2rg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg 2la Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Arg Asp Trp Asn Ser Phe Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr Val Ser Ser
115

<210> SEQ ID NO 243

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 243

ggattcacct tcagtageta tgge

<210> SEQ ID NO 244

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 244

Gly Phe Thr Phe Ser Ser Tyr Gly
1 5

<210> SEQ ID NO 245

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 245

atatattatyg aaggaagtaa tgat

<210> SEQ ID NO 246

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 246

Ile Tyr Tyr Glu Gly Ser Asn Asp
1 5

<210> SEQ ID NO 247

24

24
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-continued

176

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 247

gcgagaaggg actggaactce ctttgactat

<210> SEQ ID NO 248

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 248
Ala Arg Arg Asp Trp Asn Ser Phe Asp Tyr

1 5 10

<210> SEQ ID NO 249

<211> LENGTH: 336

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 249

gatattgtga tgactcagtc tccactctec ctgteccegteca ceccectggaga geceggectee
atctecectgea ggtceccagtca gaacctecta aatagaaatg gattcaacta tttggattgg
tatttgcaga agecagggea gtcetccacag ctectgatet atttgggtte taategggee
tcecggggtee ctgacaggtt cagtggcagt ggatcaggea cagattttac actgaaaatce
agcagagtgg aggttgagga tgttggggtt tattattgea tgcaagetat acaaactccg
tacacttttg gccaggggac caagctggag atcaaa

<210> SEQ ID NO 250

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 250

Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Ser Val Thr Pro Gly
1 5 10 15

Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Asn Leu Leu Asn Arg
20 25 30

Asn Gly Phe Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Gln Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Val Glu Asp Val Gly Val Tyr Tyr Cys Met Gln Ala
85 90 95

Ile Gln Thr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys

100 105 110

<210> SEQ ID NO 251
<21l> LENGTH: 33

30

60

120

180

240

300

336
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178

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 251

cagaacctec taaatagaaa tggattcaac tat

<210> SEQ ID NO 252

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 252

Gln Asn Leu Leu Asn Arg Asn Gly Phe Asn Tyr
1 5 10

<210> SEQ ID NO 253

«211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 253

ttgggttet

<210> SEQ ID NO 254

<21l> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 254

Leu Gly Ser
1

<210> SEQ ID NO 255

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 255

atgcaagcta tacaaactcc gtacact

<210> SEQ ID NO 256

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 256

Met Gln Ala Ile Gln Thr Pre Tyr Thr
1 5

<210> SEQ ID NO 257

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

33

27
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<400> SEQUENCE: 257
gaagtgcage tggtggagte tgggggagac ttggtacage ctggeaggte cetgagacte 60
tecectgtgtag cetetggatt cacctttgat gattatgeca tgeactgggt ceggcaaget 120
ccagggaagg gectggagtyg ggtctcaggt gttagttgga gtggtagtac cgtaggetat 180
gcggactetg tgaagggeceg attcaccgte tccagagaca acgeccagaa atcectgtat 240
ctacaaatga acagtctgag agctgaggac acggccttgt attactgtgt aaaagacgcg 200
tataaataca actactacta ctacggtttg gacgtctggg gccaagggac cacggtcacc 360
gtctcetea 369
<210> SEQ ID NO 258
<21l> LENGTH: 123
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 258
Glu Val Gln Leu Val Glu Ser Gly Gly Asp Leu Val Gln Pro Gly Arg
1 5 10 15
Ser Leu Arg Leu Ser Cys Val Ala Ser Gly Phe Thr Phe Asp Asp Tyr
20 25 30
Ala Met His Trp Val Arg Gln 2Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ser Gly Val Ser Trp Ser Gly Ser Thr Val Gly Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Val Ser Arg Asp Asn Ala Gln Lys Ser Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg 2Zla Glu Asp Thr Ala Leu Tyr Tyr Cys
85 90 95
Val Lys Asp Ala Tyr Lys Tyr Asn Tyr Tyr Tyr Tyr Gly Leu Asp Val
100 105 110
Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120
<210> SEQ ID NO 259
<211l> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 259
ggattcacct ttgatgatta tgcc 24

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT

260

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

260

Gly Phe Thr Phe Asp Asp Tyr Ala

1

<210> SEQ ID NO
<21l> LENGTH: 24

5

261
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 261

gttagttgga gtggtagtac cgta 24

<210> SEQ ID NO 262

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 262

Val Ser Trp Ser Gly Ser Thr Val
1 5

<210> SEQ ID NO 263

«211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 263

gtaaaagacg cgtataaata caactactac tactacggtt tggacgte 48

<210> SEQ ID NO 264

<21l> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 264

Val Lys Asp Ala Tyr Lys Tyr Asn Tyr Tyr Tyr Tyr Gly Leu Asp Val
1 5 10 15

<210> SEQ ID NO 265

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 265

gaaatagtga tgacgcagtc tccagccacc ctgtctgtgt ctccagggga aagagecace 60
ctcteoetgea gggecagtca gactattete agcaacttag cctggtacct acagaaacct 120
ggccaggete ccaggetect catctatggt gcatccacca gggccactgg tceteccagee 180
aggttcagtg gcagtgggtc tgggacagag ttcactctca ccatcagcag cctgcagtct 240
gaagattttg cagtttatta ctgtcagcag tataataact ggcctctcac ttteggcgga 300
gggaccaagyg tggagatcaa a 321

<210> SEQ ID NO 266

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 266
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-continued

184

Glu Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Val Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Thr Ile Leu Ser Asn
20 25 30

Leu Ala Trp Tyr Leu Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Gly Ala Ser Thr Arg Ala Thr Gly Leu Pro Ala Arg Phe Ser Gly

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Ser
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Asn Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 267

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 267

cagactattce tcagcaac

<210> SEQ ID NO 268

<211> LENGTH: 6

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 268

Gln Thr Ile Leu Ser Asn
1 5

<210> SEQ ID NO 269

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 269

ggtgcatce

<210> SEQ ID NO 270

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 270

Gly Ala Ser
1

<210> SEQ ID NO 271

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

18
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-continued

<400> SEQUENCE: 271

cagcagtata ataactggece tctcact 27

<210> SEQ ID NO 272

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 272
Gln Gln Tyr Asn Asn Trp Pro Leu Thr

1 5

<210> SEQ ID NO 273

<21l> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 273
gaagtgcage tggtggagtce tgggggagac ttggtacage ctggcaggte cctgagacte 60
tcctgtgtag cctetggatt cacctttgat gattatgcca tgcactgggt ceggcaaget 120

ccagggaagg gectggagtg ggtctcaggt gttagttgga gtggtagtac cgtaggetat 180

gcggactcetyg tgaagggecg attcaccgte teccagagaca acgcccagaa atccctgtat 240
ctacaaatga acagtctgag agctgaggac acggccttgt attactgtgt aaaagacgcg 300
tataaattca actactacta ctacggtttyg gacgtetggy gecaagggac cacggteace 360
gtctectea 369

<210> SEQ ID NO 274

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 274

Glu Val Gln Leu Val Glu Ser Gly Gly Asp Leu Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Val Zla Ser Gly Phe Thr Phe Asp Asp Tyr
20 25 30

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Gly Val Ser Trp Ser Gly Ser Thr Val Gly Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Val Ser Arg Asp Asn Ala Gln Lys Ser Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg 2la Glu Asp Thr Ala Leu Tyr Tyr Cys
85 90 95

Val Lys Asp Ala Tyr Lys Phe 2&sn Tyr Tyr Tyr Tyr Gly Leu Asp Val
100 105 110

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 275
<211> LENGTH: 24
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 275

ggattcacct ttgatgatta tgcc 24

«210> SEQ ID NO 276

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 276

Gly Phe Thr Phe Asp Asp Tyr Ala
1 5

<210> SEQ ID NO 277

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 277

gttagttgga gtggtagtac cgta 24

<210> SEQ ID NO 278

<211> LENGTH: 8

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 278

Val Ser Trp Ser Gly Ser Thr Val
1 5

<210> SEQ ID NO 279

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 279

gtaaaagacg cgtataaatt caactactac tactacggtt tggacgte 48

<210> SEQ ID NO 280

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 280

Val Lys Asp Ala Tyr Lys Phe 2sn Tyr Tyr Tyr Tyr Gly Leu Asp Val
1 5 10 15

<210> SEQ ID NO 281

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
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-continued

<400> SEQUENCE: 281

gaaatagtga tgacgcagtc tccagecace ctgtcetgtgt ctccagggga aagagecace 60
ctctectgea gggecagtea gactattete agcaacttag cctggtacet acagaaacct 120
ggccaggete ccaggetect catctatggt gcatccacca gggccactgg tceteccagee 180
aggttcagtg gcagtgggtce tgggacagag ttcactctca ccatcagcag cctgcagtct 240
gaagattttg cagtttatta ctgtcagcag tataataact ggcctctcac ttteggcgga 300
gggaccaagyg tggagatcaa a 321

<210> SEQ ID NO 282

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 282

Glu Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Val Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Thr Ile Leu Ser Asn
20 25 30

Leu Ala Trp Tyr Leu Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Gly Ala Ser Thr Arg Ala Thr Gly Leu Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Ser
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Asn Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 283

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 283

cagactattc tcagcaac 18

<210> SEQ ID NO 284

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 284

Gln Thr Ile Leu Ser Asn
1 5

<210> SEQ ID NO 285

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 285
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192

ggtgcatcc 9

<210> SEQ ID NO 286

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 286

Gly Ala Ser
1

<210> SEQ ID NO 287

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 287

cagcagtata ataactggee tctcact 27
<210> SEQ ID NO 288

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 288

Gln Gln Tyr Asn Asn Trp Pro Leu Thr

1 5

<210> SEQ ID NO 289

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 289

caggtgcagc tggagcagte tggggctgayg gtgaagaage ctggggecte agtgaggate 60
tcctgtaagy cttetggega caccttcace ggctactata taaactgggt gegecaggece 120
cctggacaag ggcttgagtg gatgggatgg atcaatacta acagtggtgg cacatacttt 180
tcacagaaat ttcaggtcag ggtcatcctg accagggaca cgtccatcaa cacagcctac 240
atggagttga gcaggctgag atctgacgac acggccgttt attactgtgc gagaatgttt 300

tacgatattt tgactaattc tgatattttt gatatttggg gccaagggac aatggtcace 360

gtctcttca 369

<210> SEQ ID NO 290

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 290

Gln Val Gln Leu Glu Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Arg Ile Ser Cys Lys 2Zla Ser Gly Asp Thr Phe Thr Gly Tyr
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20 25 30

Tyr Ile Asn Trp Val Arg Gln 2la Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Thr Asn Ser Gly Gly Thr Tyr Phe Ser Gln Lys Phe
50 55 60

Gln Val Arg Val Ile Leu Thr Arg Asp Thr Ser Ile Asn Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Met Phe Tyr Asp Ile Leu Thr Asn Ser Asp Ile Phe Asp Ile
100 105 110

Trp Gly Gln Gly Thr Met Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 291

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 291

ggcgacacct tcaccggceta ctat

<210> SEQ ID NO 292

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 292

Gly Asp Thr Phe Thr Gly Tyr Tyr
1 5

<210> SEQ ID NO 293

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 293

atcaatacta acagtggtgg caca

<210> SEQ ID NO 294

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 294

Ile Asn Thr Asn Ser Gly Gly Thr
1 5

<210» SEQ ID NO 295

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 295

24

24
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gcgagaatgt tttacgatat tttgactaat tctgatattt ttgatatt

<210> SEQ ID NO 296

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 296

Ala Arg Met Phe Tyr Asp Ile Leu Thr Asn Ser Asp Ile Phe Asp Ile
1 5 10 15

<210> SEQ ID NO 297

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 297

gacatccaga tgacccagte tccatcctec ctgtetgeat ctgtaggaga cagagtcace
atcacttgcc gggcaagtca ggacataaga aatgatttag gctggtatca gcagaaacca
gggaaagcce ctaagtgcct gatctatggt gcatccagtt tgcaaagtgg ggtcccatca
aggttcagcg gcagtggatc tgggacagaa ttcactctca caatcagcag cctgcagect
gaagattttg caacttatta ctgtctacaa cataaaaatt acatgtacac ttttggccag
gggaccaagt tggagatcaa a

<210> SEQ ID NO 298

<211l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 298

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg Asn Asp
20 25 30

Leu Gly Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Cys Leu Ile

Tyr Gly Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Lys Asn Tyr Met Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 299

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 299

48

60

120

180

240

300

321
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caggacataa gaaatgat

<210> SEQ ID NO 300

<21ll> LENGTH: ¢

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 300

Gln Asp Ile Arg Asn Asp
1 5

<210> SEQ ID NO 301

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 301

ggtgcatce

<210> SEQ ID NO 302

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 302

Gly Ala Ser
1

«210> SEQ ID NO 303

<211l> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 303

ctacaacata aaaattacat gtacact

<210> SEQ ID NO 304

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 304

Leu Gln His Lys Asn Tyr Met Tyr Thr
1 5

<210> SEQ ID NO 305

<211> LENGTH: 345

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 305

caggtgcage tacagcagtg gggegcagga ctgttgaage cttoggagac cetgteccte

acctgegety tetatggtgg gtecctcagt gattactact ggagetggat cegecagece

18

27

60

120
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ccagggaagy ggctggagtyg gattggggaa atcaatcata gtggagacac caactacgac 180
cegtcectca agagtegact caccatctcea gtagacacgt ccaagaacca gttetecetg 240
aagctgaact ctgtgaccge cgcggacacyg getgtgtatt actgtgegag cetgtattte 300

aatttttgga tgtggggtcg aggagccctg gtcaccgtet cctcea 345

«210> SEQ ID NO 306

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 306

Gln Val Gln Leu Gln Gln Trp Gly Ala Gly Leu Leu Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Tyr Gly Gly Ser Leu Ser Asp Tyr
20 25 30

Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45

Gly Glu Ile Asn His Ser Gly Asp Thr Asn Tyr Asp Pro Ser Leu Lys
50 55 60

Ser Arg Leu Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu
65 70 75 80

Lys Leu Asn Ser Val Thr Ala 2la Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Ser Leu Tyr Phe Asn Phe Trp Met Trp Gly Arg Gly Ala Leu Val Thr
100 105 110

Val Ser Ser
115

<210> SEQ ID NO 307

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 307

ggtgggtcecee tecagtgatta ctac 24

<210> SEQ ID NO 308

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 308

Gly Gly Ser Leu Ser Asp Tyr Tyr
1 5

<210> SEQ ID NO 309

<21l> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 309

atcaatcata gtggagacac ¢ 21
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<210> SEQ ID NO 310

<21l> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 310

Ile Asn His Ser Gly Asp Thr
1 5

<210> SEQ ID NO 311

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 311

gcgagectgt atttcaattt ttggatg

«210> SEQ ID NO 312

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 312
Ala Ser Leu Tyr Phe Asn Phe Trp Met

1 5

<210> SEQ ID NO 313

<211> LENGTH: 336

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 313

gatattgtga tgacccagac tccactctec tcacctgtceca ttecttggaca geeggectee
atctecectgea ggtctagteca aagcctegta tacagtgatg gaaacaccta cttgagttgg
ctteageaga gygecaggeca gectecaaga ctectaattt ataagattte taaceggtte
tetggggtee cagacagatt cagtggecagt gggacaggga cagatttcac actgaaaatce
agcagggtgg aagetgagga tgtcggaatt tattactgea tgcaaactac acaatttecg
ctecacttteg geggagggac caaggtggag atcaaa

<210> SEQ ID NO 314

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 314

Agp Ile Val Met Thr Gln Thr Pro Leu Ser Ser Pro Val Ile Leu Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Val Tyr Ser
20 25 30

Asp Gly Asn Thr Tyr Leu Ser Trp Leu Gln Gln Arg Pro Gly Gln Pro
35 40 45

27

60

120

180

240

300

336
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Pro Arg Leu Leu Ile Tyr Lys Ile Ser Asn Arg
50 55

Agp Arg Phe Ser Gly Ser Gly Thr Gly Thr Asp
65 70 75

Ser Arg Val Glu Ala Glu Asp Val Gly Ile Tyr
85 90

Thr Gln Phe Pro Leu Thr Phe Gly Gly Gly Thr
100 105

<210> SEQ ID NO 315

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 315

caaagcceteg tatacagtga tggasacace tac

<210> SEQ ID NO 316

«211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 316

Gln Ser Leu Val Tyr Ser Asp Gly Asn Thr Tyr
1 5 10

<210> SEQ ID NO 317

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 317

aagatttet

<210> SEQ ID NO 318

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 318

Lys Ile Ser
1

<210> SEQ ID NO 319

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 319
atgcaaacta cacaatttcc gctcact
<210> SEQ ID NO 320

<211> LENGTH: 9

<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

Phe Ser Gly Val
60

Phe Thr Leu Lys
Tyr Cys Met Gln
95

Lys Val Glu Ile
110

Pro
Ile
80

Thr

Lys

33

27
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 320
Met Gln Thr Thr Gln Phe Pro Leu Thr

1 5

«210> SEQ ID NO 321

<211> LENGTH: 369

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 321

caggtgcagt tggagcaatc tggggctgag gtgaagaagc ctgggacctc agtgaggatce 60
tectgcaagy cttetggega catcetteace ggetactata tgaactygggt gegecaggee 120
cctggacaag ggcttgagty gatgggatgg atcaatacta acagtggtgg cacatacttt 180
tcacagagat ttcagggcag ggtcaccctg accagggaca cgtccatcag aacagectac 240
atggagttga gcaggctgag atctgacgac acggccgttt attactgtge gagaatgttt 200
tacgatattt tgactggttc tgatgttttt gatatttggg gccaagggac aatggtcacc 360
gtctcttca 369
<210> SEQ ID NO 322

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 322

Gln Val Gln Leu Glu Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Thr
1 5 10 15

Ser Val Arg Ile Ser Cys Lys Ala Ser Gly Asp Ile Phe Thr Gly Tyr
20 25 30

Tyr Met Asn Trp Val Arg Gln 2la Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Thr Asn Ser Gly Gly Thr Tyr Phe Ser Gln Arg Phe
50 55 60

Gln Gly Arg Val Thr Leu Thr Arg Asp Thr Ser Ile Arg Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Met Phe Tyr Asp Ile Leu Thr Gly Ser Asp Val Phe Asp Ile
100 105 110

Trp Gly Gln Gly Thr Met Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 323

<211> LENGTH: 24

<21l2> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 323

ggcgacatct tcaccggeta ctat 24
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<210> SEQ ID NO 324

<211> LENGTH: 8

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 324

Gly Asp Ile Phe Thr Gly Tyr Tyr
1 5

<210> SEQ ID NO 325

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 325

atcaatacta acagtggtgg caca 24

<210> SEQ ID NO 326

«211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 326

Ile Asn Thr Asn Ser Gly Gly Thr
1 5

<210> SEQ ID NO 327

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 327

gcgagaatgt tttacgatat tttgactggt tctgatgttt ttgatatt 48

<210> SEQ ID NO 328

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 328

Ala Arg Met Phe Tyr Asp Ile Leu Thr Gly Ser Asp Val Phe Asp Ile
1 5 10 15

<210> SEQ ID NO 329

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 329

gacatccaga tgacccagtce tceccatcctec ctgtectgecat ctgttggaga cagagtcacce 60
atcacttgce gggcaagtca ggacataaga aatgatttag getggtatca ccagaaacca 120
gggaaagcce ctaagtgect gatctatggt gcatccagtt tgcaaagtgg ggtceccatet 180

aggttcagey gcagtggate tgggacagaa ttcactctca caatcagcag cetgcagect 240
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gaagattttg caacttatta ctgtctacaa cataaaaatt acatgtacac ttttggccag 300

gggaccaagt tggagatcaa a 321

<210> SEQ ID NO 330

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 330

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Agsp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg Asn Asp
20 25 30

Leu Gly Trp Tyr His Gln Lys Pro Gly Lys Ala Pro Lys Cys Leu Ile

Tyr Gly Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Lys Asn Tyr Met Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 331

<21l> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 331

caggacataa gaaatgat 18

<210> SEQ ID NO 332

<211> LENGTH: ¢

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 332

Gln Asp Ile Arg Asn Asp
1 5

<210> SEQ ID NO 333

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 333

ggtgcatcc 9

<210> SEQ ID NO 334

«211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:



US 9,447,173 B2
211 212

-continued

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 334

Gly Ala Ser
1

<210> SEQ ID NO 335

«211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 335

ctacaacata aaaattacat gtacact 27

<210> SEQ ID NO 336

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 336

Leu Gln His Lys Asn Tyr Met Tyr Thr
1 5

<210> SEQ ID NO 337

<211> LENGTH: 384

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 337

gaggtgcage tggtggagte tgggggagge ttggtacage ctggagggtce cetgagacte 60
tcctgtgeag cetetggatt caccatcagt aattatgaaa tgaactgggt cegtcagget 120
ccagggaagg ggctggagtg ggtttcatac attagtacta gtggtattac catatactac 180
gcagactctyg tgcagggccg attcaccatc tccagagaca atgccaagaa ctcactgtat 240

ctgcaattga acagecctgag agccgaggac acggctgttt attactgtge geggggatat 300
tgtacaaatyg gtgtatgeta tecccattac tactactecey atatggacgt ctggggecaa 360
gggaccacgg tcaccgtete ctea 384
<210> SEQ ID NO 338

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 338

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala 2la Ser Gly Phe Thr Ile Ser Asn Tyr
20 25 30

Glu Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Thr Ser Gly Ile Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Gln Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
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213

-continued

214

65 70 75 80

Leu Gln Leu Asn Ser Leu Arg 2la Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Tyr Cys Thr Asn Gly Val Cys Tyr Pro His Tyr Tyr Tyr
100 105 110

Ser Asp Met Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 339

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 339

ggattcacca tcagtaatta tgaa

<210> SEQ ID NO 340

<211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 340

Gly Phe Thr Ile Ser Asn Tyr Glu
1 5

<210> SEQ ID NO 341

<21ll> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 341

attagtacta gtggtattac cata

<210> SEQ ID NO 342

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 342

Ile Ser Thr Ser Gly Ile Thr Ile
1 5

<210> SEQ ID NO 343

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 343

gocgeggggat attgtacaaa tggtgtatge tatccccatt actactacte cgatatggac
gtc

<210> SEQ ID NO 344

<211> LENGTH: 21
<212» TYPE: PRT

24

24

60

63
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-continued

216

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

344

Ala Arg Gly Tyr Cys Thr Asn Gly Val Cys Tyr Pro His Tyr Tyr Tyr

1

5

Ser Asp Met Asp Val

20

<210> SEQ ID NO 345

<211> LENGT
<212> TYPE:

H:
DNA

321

10

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

gacatccaga tgacccagte

atcacttgce

gggaatgece

aggttcagty

gaagattttyg

gggaccaagg

gggcaagtca

ctaaactcct

gcagtggatce

caacttacta

345

tggaaatcaa a

<210> SEQ ID NO 346

<21l> LENGT
<212> TYPE:

H:
PRT

107

tcecatectee

gaccattage

gatctattet

tgggacagat

ctgtcaacag

ctgtetgeat
acctatttaa
acatccagtt
ttcactctea

agttacagta

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

Asp Ile Gln
1

Asp Arg Leu
Leu Asn Trp
35

Tyr Ser Thr
50

Ser Gly Ser
65

Glu Asp Phe

Thr Phe Gly

Met

Thr

20

Phe

Ser

Ala

Gln
100

346

Thr

5

Ile

Gln

Ser

Thr

Thr

85

Gly

<210> SEQ ID NO 347

<211> LENGT:
<212> TYPE:

H:
DNA

18

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

Pro

Arg

Val

40

Ser

Thr

Cys

Val

Ser Ser Leu
10

Ala Ser Gln
25

Gly Asn Ala

Gly Val Pro

Leu Thr Ile

75

Gln Gln Ser
90

Glu Ile Lys
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE:

347

cagaccatta gcacctat

<210> SEQ ID NO 348

15

ctgtaggaga cagactcace
attggtttca gcagaaagta
tgcaaagtgyg ggtcccagca
ccatcagecag tctgcaacct

gtceteegac gtteggecaa

Ser Ala Ser Val Gly
15

Thr Ile Ser Thr Tyr
30

Pro Lys Leu Leu Ile
45

Ala Arg Phe Ser Gly
60

Ser Ser Leu Gln Pro
80

Tyr Ser Ser Pro Pro
95

60

120

180

240

300

321

18
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-continued

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 348

Gln Thr Ile Ser Thr Tyr
1 5

<210> SEQ ID NO 349

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 349

tctacatce 9

<210> SEQ ID NO 350

<211> LENGTH: 3

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 350

Ser Thr Ser
1

<210> SEQ ID NO 351

<21l> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 351

caacagagtt acagtagtcc tccgacg 27

<210> SEQ ID NO 352

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 352

Gln Gln Ser Tyr Ser Ser Pro Pro Thr
1 5

<210> SEQ ID NO 353

<211> LENGTH: 560

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 353

Met His Arg Pro Arg Arg Arg Gly Thr Arg Pro Pro Pro Leu Ala Leu
1 5 10 15

Leu Ala Ala Leu Leu Leu Ala 2Zla Arg Gly Ala Asp Ala Asn Ile Thr
20 25 30

Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu
35 40 45
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219

-continued

220

Gln

Glu

Thr

Ile

Glu
225

Gln

Tyr

Gln

305

Thr

Phe

Cys

385

Val

Gly

Gly

Ala

50

Asn

Ile

Leu

Leu

Val

130

Gly

His

Asn

Lys

Val

210

Phe

Val

Ser

Lys

Ser

290

Leu

Ser

Thr

Phe

Cys

370

Asn

Lys

Ser

Ile

Val
450

Leu

Ile

Asn

Leu

Pro

115

Thr

Val

Leu

Lys

Val

195

Asn

Gln

Asn

Glu

Lys

275

Ile

Pro

Pro

Arg

Phe

355

Asp

Val

Thr

Cys

Ile
435

Asp

Arg

Lys

Gln

Met

100

Arg

Leu

Gly

Glu

Ala

180

Leu

Lys

Gln

Ala

Leu

260

Leu

Met

Leu

Leu

Thr

340

Pro

Thr

Asp

Asp

Tyr

420

Lys

Thr

Thr

Glu

Glu

85

Gln

Phe

Ser

Gly

165

Val

Asp

Gln

Lys

Gly

245

Leu

Met

Ser

Tyr

Cys

325

Asp

Gln

Met

Ile

Val

405

Gly

Thr

Val

Gly

Asn

70

Leu

Ser

Met

Lys

Ala

150

Glu

Val

Leu

Ser

Asn

230

Val

Ser

Ser

Ile

Gly

310

Thr

Arg

Ala

Asn

Phe

390

Ser

Lys

Phe

Ser

Trp Tyr Thr Ser Val Ile Thr Ile Glu
55 60

Lys Cys Asn Gly Thr Asp Ala Lys Val
75

Asp Lys Tyr Lys Asn Ala Val Thr Glu
90 95

Thr Thr Ala Ala Asn Asn Arg Ala Arg
105 110

Asn Tyr Thr Leu Asn Asn Thr Lys Lys
120 125

Lys Arg Lys Arg Arg Phe Leu Gly Phe
135 140

Ile 2la Ser Gly Ile Ala Val Ser Lys
155

Val 2Zsn Lys Ile Lys Ser Ala Leu Leu
170 175

Ser Leu Ser Asn Gly Val Ser Val Leu
185 190

Lys Asn Tyr Ile Asp Lys Gln Leu Leu
200 205

Cys Arg Ile Ser Asn Ile Glu Thr Val
215 220

Asn 2rg Leu Leu Glu Ile Thr Arg Glu
235

Thr Thr Pro Val Ser Thr Tyr Met Leu
250 255

Leu Ile Asn Asp Met Pro Ile Thr Asn
265 270

Asn 2sn Val Gln Ile Val Arg Gln Gln
280 285

Ile Lys Glu Glu Val Leu Ala Tyr Val
295 300

Val Ile Asp Thr Pro Cys Trp Lys Leu
315

Thr Asn Thr Lys Glu Gly Ser Asn Ile
330 335

Gly Trp Tyr Cys Asp Asn Ala Gly Ser
345 350

Glu Thr Cys Lys Val Gln Ser Asn Arg
360 365

Ser Leu Thr Leu Pro Ser Glu Val Asn
375 380

Asn Pro Lys Tyr Asp Cys Lys Ile Met
395

Ser Ser Val Ile Thr Ser Leu Gly Ala
410 415

Thr Lys Cys Thr Ala Ser Asn Lys Asn
425 430

Ser Asn Gly Cys Asp Tyr Val Ser Asn
440 445

Val Gly Asn Thr Leu Tyr Tyr Val Asn
455 460

Leu

Lys

80

Leu

Arg

Thr

Leu

Val

160

Ser

Thr

Pro

Ile

Phe

240

Thr

Asp

Ser

Val

His

320

Cys

Val

Val

Leu

Thr

400

Ile

Arg

Lys

Lys
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222

Gln
465
Tyr

Gln

Asp

Glu
545

<210>
<211l>
<212>
<213>
<220>
«223>

Glu

Asp

Val

Glu

Ile

530

Gln

Gly

Pro

Asn

Leu

515

Thr

Lys

Lys

Leu

Glu

500

Leu

Thr

Leu

«<400> SEQUENCE:

Met Glu Leu Pro

1

Ala

Tyr

Arg

Lys

65

Gln

Arg

Leu

Gly

145

Glu

Ala

Leu

Lys

Gln

225

Ala

Val

Gln

Thr

50

Glu

Glu

Gln

Phe

Ser

130

Ser

Gly

Val

Asp

Gln
210
Lys

Gly

Leu

Thr

ser

35

Gly

Asn

Leu

Ser

Met

115

Lys

Ala

Glu

Val

Leu

195

Ser

Asn

Val

Ser

Phe

20

Thr

Trp

Lys

Asp

Thr

100

Asn

Lys

Ile

Val

Ser
180

Cys

Asn

Thr

Leu
260

Ser

Val

485

Lys

His

Glu

Ile

SEQ ID NO 354
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic

574

354

Ile

5

Cys

Cys

Tyr

Cys

Lys

85

Thr

Tyr

Arg

Ala

Asn

165

Leu

Asn

Arg

Arg

Thr

245

Ile

Leu

470

Phe

Ile

His

Gln

Ser
550

Leu

Phe

Ser

Thr

Asn

70

Tyr

Ala

Thr

Lys

Ser

150

Lys

Ser

Tyr

Ile

Leu
230

Pro

Asn

Tyr

Pro

Asn

Val

Lys

535

Glu

Lys

Ala

Ala

Ser

55

Gly

Lys

Ala

Leu

Arg

135

Gly

Ile

Asn

Ile

Ser

215

Leu

Val

Asp

Val

Ser

Gln

Asn

520

Leu

Glu

2la

Ser

Val

40

Val

Thr

Asn

Asn

Asn

120

Arg

Ile

Lys

Gly

Asp

200

Asn

Glu

Ser

Met

Lys

Asp

Ser

505

Ala

Ile

Asp

Asn

Ser

25

Ser

Ile

Asp

Ala

Asn

105

Asn

Phe

Ala

Ser

Val

185

Lys

Ile

Ile

Thr

Pro
265

Gly

Glu

490

Leu

Gly

Ser

Leu

Ala

10

Gln

Lys

Thr

Ala

Val

90

Arg

Thr

Leu

Val

Ala

170

Ser

Gln

Glu

Thr

Tyr

250

Ile

Glu

475

Phe

Ala

Lys

Glu

His
555

Ile

Asn

Gly

Ile

Lys

75

Thr

Ala

Lys

Gly

Ser

155

Leu

Val

Leu

Thr

Arg

235

Met

Thr

Pro Ile Ile Asn Phe

Asp

Phe

Ser

Glu

540

His

Thr

Ile

Tyr

Glu

60

Val

Glu

Arg

Lys

Phe

140

Lys

Leu

Leu

Leu

Val

220

Glu

Leu

Asn

Ala

Ile

Thr

525

Asp

His

Thr

Thr

Leu

45

Leu

Lys

Leu

Arg

Thr

125

Leu

Val

Ser

Thr

Pro

205

Ile

Phe

Thr

Asp

Ser

Arg

510

Thr

Leu

His

Ile

Glu

30

ser

Ser

Leu

Gln

Glu

110

Asn

Leu

Leu

Thr

Ser

190

Ile

Glu

Ser

Asn

Gln
270

Ile
495

Asn

His

Leu

15

Glu

Ala

Asn

Ile

Leu

95

Leu

Val

His

Asn
175

Val

Phe

Val

Ser
255

480

Ser

Ser

Ile

His
560

Ala

Phe

Leu

Ile

Asn

80

Leu

Pro

Thr

Val

Leu

160

Lys

Val

Asn

Gln

Asn

240

Glu

Lys
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224

Leu Met Ser Asn Asn Val Gln Ile Val

275 280

Met Ser Ile Ile Lys Glu Glu Val Leu
290 295

Leu Tyr Gly Val Ile Asp Thr Pro Cys

305

310

Leu Cys Thr Thr Asn Thr Lys Glu Gly

325

Thr Asp Arg Gly Trp Tyr Cys Asp Asn

340 345

Pro Gln Ala Glu Thr Cys Lys Val Gln

355 360

Thr Met Asn Ser Leu Thr Leu Pro Ser
370 375

Asp Ile Phe Asn Pro Lys Tyr Asp Cys

385

390

Agp Val Ser Ser Ser Val Ile Thr Ser

405

Tyr Gly Lys Thr Lys Cys Thr Zla Ser

420 425

Lys Thr Phe Ser Asn Gly Cys Asp Tyr

435 440

Thr Val Ser Val Gly Asn Thr Leu Tyr
450 455

Lys Ser Leu Tyr Val Lys Gly Glu Pro

465

470

Leu Val Phe Pro Ser Asp Glu Phe Asp

485

Glu Lys Ile Asn Gln Ser Leu Ala Phe

500 505

Leu His His Val Asn Ala Gly Lys Ser

515 520

Thr Ile Ile Ile Val Ile Ile Val Ile
530 535

Gly Leu Leu Leu Tyr Cys Lys Ala Arg

545

550

Lys Asp Gln Leu Ser Gly Ile Asn Asn

«210>
<21l>
<212>
<213>
<220>
<223>

<400>

565

SEQ ID NO 355

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 355

Glu Gly Glu Val Asn Lys Ile Lys Ser

1

<210>
<211>
<212>
<213>
«220>
<223>

<400>

5

SEQ ID NO 356

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 356

Arg

Ala

Trp

Ser

330

Ala

Ser

Glu

Lys

Leu

410

Asn

Val

Tyr

Ile

Ala

490

Ile

Thr

Leu

Ser

Ile
570

Ala
10

Gln

Tyr

Lys

315

Asn

Gly

Asn

Val

Ile

395

Gly

Lys

Ser

Val

Ile

475

Ser

Arg

Thr

Leu

Thr

555

Ala

Leu

Gln

Val

300

Leu

Ile

Ser

Arg

Asn

380

Met

Ala

Asn

Asn

Asn

460

Asn

Ile

Lys

Asn

Ser

540

Pro

Phe

Ser

285

Val

His

Cys

Val

Val

365

Leu

Thr

Ile

Arg

Lys

445

Lys

Phe

Ser

Ser

Ile

525

Leu

Val

Ser

Tyr

Gln

Thr

Leu

Ser

350

Phe

Cys

Ser

Val

Gly

430

Gly

Gln

Tyr

Gln

Asp

510

Met

Ile

Thr

Asn

Ser

Leu

Ser

Thr

335

Phe

Asn

Ser

415

Ile

Val

Glu

Asp

Val

495

Glu

Ile

Ala

Leu

Ile

Pro

Pro

320

Arg

Phe

Asp

Val

Thr

400

Cys

Ile

Asp

Gly

Pro

480

Asn

Leu

Thr

Val

ser
560



225

US 9,447,173 B2

-continued
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Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val Ser Val

1

Leu

<210>
<21l>
«212>
<213>
<220>
<223>

<400>

AM22 HC

SEQUENCE :

Gln Val Gln Leu

1

Thr

Ser

Gly

Gln

65

Met

Gly

Tyr

Gly

Gly

145

Val

Phe

Val

Val

Lys

225

Leu

Thr

Val

Val

Ser
305

Leu

Val

Ile

Gly

His

Glu

Thr

Trp

Pro

130

Thr

Thr

Pro

Thr

Asn

210

Ser

Leu

Leu

Ser

Glu
290

Thr

Asn

Lys

His

35

Tyr

Arg

Leu

Leu

Gly

115

Ser

Ala

Val

Ala

Val

195

His

Cys

Gly

Met

His
275
Val

Tyr

Gly

Val
20
Trp

Glu

Leu

Gly

100

Gln

Val

Ala

Ser

Val

180

Pro

Ile

260

Glu

His

Arg

Lys

5

SEQ ID NO 357
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic

454

Ser

Val

Gly

Thr

Arg

85

Val

Gly

Phe

Leu

Trp

165

Leu

Ser

Pro

Lys

245

Ser

Asp

Asn

Val

Glu
325

Gln

Cys

Arg

Glu

Val

70

Leu

Thr

Thr

Pro

Gly

150

Asn

Gln

Ser

Ser

Thr

230

Ser

Arg

Pro

Ala

Val
310

Tyr

Ser

Lys

Gln

Val

55

Ile

Thr

Val

Leu

Leu

135

Cys

Ser

Ser

Ser

Asn

215

His

Val

Thr

Glu

Lys
295

Ser

Lys

Gly

Ile

Ala

40

Asp

2la

Ser

Thr

Val

120

2la

Leu

Gly

Ser

Leu

200

Thr

Thr

Phe

Pro

Val
280
Thr

Val

Cys

2la

Ser

25

Pro

Glu

Asp

Asp

Glu

105

Thr

Pro

Val

Ala

Gly

185

Gly

Lys

Cys

Leu

Glu

265

Lys

Lys

Leu

Lys

10

Glu

10

Gly

Gly

Ile

Thr

Asp

90

Ala

Val

Ser

Lys

Leu

170

Leu

Thr

Val

Pro

Phe

250

Val

Phe

Pro

Thr

Val
330

Val

His

Lys

Phe

Ala

75

Thr

Gly

Ser

Ser

Asp

155

Thr

Tyr

Gln

Asp

Pro

235

Pro

Thr

Asn

Arg

Val
315

Ser

Lys

Thr

Gly

Tyr

60

Thr

Ala

Leu

Ser

Lys

140

Tyr

Ser

Ser

Thr

Lys

220

Cys

Pro

Cys

Trp

Glu

300

Leu

Asn

Lys

Leu

Leu

45

Ala

Asp

Val

Gly

Ala

125

Ser

Phe

Gly

Leu

Tyr

205

Lys

Pro

Lys

Val

Tyr
285
Glu

His

Lys

Pro

Ile

30

Glu

Gln

Thr

Tyr

Ile

110

Ser

Thr

Pro

Val

Ser

190

Ile

Val

Ala

Pro

Val

270

Val

Gln

Gln

Ala

15

Trp

Lys

Val

Phe

95

Asp

Thr

Ser

Glu

His

175

Ser

Glu

Pro

Lys

255

Val

Asp

Tyr

Asp

Leu
335

Ala

Leu

Met

Phe

Tyr

80

Cys

Asp

Lys

Gly

Pro

160

Thr

Val

Asn

Pro

Glu

240

Asp

Asp

Gly

Asn

Trp
320

Pro
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Ala

Gln

Ala

385

Thr

Ser

«210>
<21l>
<212>
<213>
<220>
<223>

Pro

Gln

Val

370

Val

Pro

Thr

Val

Leu
450

Ile

Val

355

Ser

Glu

Pro

Val

Met

435

Ser

Glu

340

Tyr

Leu

Trp

Val

Asp

420

His

Pro

AM22 LC

<400> SEQUENCE:

Glu Ile Val Leu

1

Glu

Ile

Gly

65

Phe

Ala

Gly

Ala

145

Gln

Ser

Tyr

Arg

Leu

Phe

50

Ser

Glu

Thr

Pro

Thr

130

Lys

Glu

Ser

Ala

Phe
210

Ala

Ala

35

Gly

Gly

Asp

Phe

Ser

115

Ala

Val

Ser

Thr

Cys
195

Asn

Thr

20

Trp

Ala

Ser

Phe

Gly

100

Val

Ser

Gln

Val

Leu
180

Glu

Arg

Lys

Thr

Thr

Glu

Leu

405

Lys

Glu

Gly

SEQ ID NO 358
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic

215

358

Thr

5

Leu

Tyr

Ser

Gly

Ala

85

Pro

Phe

Val

Trp

Thr
165
Thr

Val

Gly

Thr

Leu

Cys

Ser

390

Asp

Ser

Ala

Lys

Gln

Ser

Gln

Ser

Thr

70

Val

Gly

Ile

Val

Lys

150

Glu

Leu

Thr

Glu

Ile

Pro

Leu

375

Asn

Ser

Arg

Leu

Ser

Cys

Gln

Arg

55

Asp

Tyr

Thr

Phe

Cys

135

Val

Gln

Ser

His

Cys
215

Ser

Pro

360

Val

Gly

Asp

Trp

His
440

Pro

Arg

Lys

40

2la

Phe

Tyr

Lys

Pro

120

Leu

Asp

Asp

Lys

Gln
200

Lys

345

Ser

Lys

Gln

Gly

Gln

425

Asn

Gly

Ala

25

Pro

Thr

Thr

Cys

Val

105

Pro

Leu

Asn

Ser

Ala
185

Gly

Ala

Arg

Gly

Pro

Ser

410

Gln

His

Thr

10

Ser

Gly

Gly

Leu

Leu

90

Asp

Ser

Asn

Ala
Lys
170

Asp

Leu

Lys

Asp

Phe

Glu

395

Phe

Gly

Tyr

Leu

Gln

Gln

Ile

Thr

75

Ser

Phe

Asp

Asn

Leu
155
Asp

Tyr

Ser

Gly Gln Pro Arg

Glu

Tyr

380

Asn

Phe

Asn

Thr

Ser

Ile

Ala

Pro

60

Ile

Ser

Lys

Glu

Phe

140

Gln

Ser

Glu

Ser

Leu

365

Pro

Asn

Leu

Val

Gln
445

Leu

Val

Pro

45

Val

Asn

Asp

Arg

Gln

125

Tyr

Ser

Thr

Lys

Pro
205

350

Thr

Ser

Tyr

Tyr

Phe

430

Lys

Ser

Ser

30

Arg

Arg

Gly

ser

Thr

110

Leu

Pro

Gly

Tyr

His

190

Val

Lys

Asp

Ser
415

Ser

Ser

Pro

15

Arg

Leu

Phe

Leu

ser

95

Val

Arg

Asn

Ser

175

Thr

Glu

Asn

Ile

Thr

400

Lys

Cys

Leu

Gly

Asn

Leu

Ser

Ala

80

Ile

Ala

Ser

Glu

Ser

160

Leu

Val

Lys
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-continued

<210> SEQ ID NO 359

<211> LENGTH: 450

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
Motavizumab HC

<400> SEQUENCE: 359

Gln Val Thr Leu Arg Glu Ser Gly Pro Ala Leu Val Lys Pro Thr Gln
1 5 10 15

Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Ser Thr Ala
20 25 30

Gly Met Ser Val Gly Trp Ile Arg Gln Pro Pro Gly Lys Ala Leu Glu
35 40 45

Trp Leu Ala Asp Ile Trp Trp Asp Asp Lys Lys His Tyr Asn Pro Ser
50 55 60

Leu Lys Asp Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln Val
65 70 75 80

Val Leu Lys Val Thr Asn Met Asp Pro Ala Asp Thr Ala Thr Tyr Tyr
85 90 95

Cys Ala Arg Asp Met Ile Phe 2Asn Phe Tyr Phe Asp Val Trp Gly Gln
100 105 110

Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
165 170 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 185 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
210 215 220

Lys Thr Hig Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
225 230 235 240

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
245 250 255

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu
260 265 270

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
275 280 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg
290 295 300

Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
305 310 315 320

Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu
325 330 335

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
340 345 350

Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu
355 360 365
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232

Thr

Glu

385

Leu

Lys

Glu

Gly

<210>
<211l>
<212>
<213>
<220>
«223>

Cys

370

Ser

Asp

Ser

Ala

Lys
450

Leu

Asn

Ser

Arg

Leu
435

Val

Lys

Gly

Gly Gln Pro

Asp

Trp
420

His

Gly
405

390

Ser

Phe
375

Glu

Phe

Gln Gln Gly

Asn

SEQ ID NO 360
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic

213

His

Motavizumab LC

<400> SEQUENCE:

Asp Ile Gln Met

1

Asp

Asp
Gly
65

Asp

Phe

Ala

Val
145

Thr

Cys

<210>
<21l>
<212>
«213>
<220>
<223>

Arg

Trp

Thr

50

Ser

Phe

Gly

Val

Ser

130

Gln

Val

Leu

Glu

Arg
210

Val

Tyr

35

Ser

Gly

Ala

Gly

Phe

115

Val

Trp

Thr

Thr

Val
195

Gly

Thr
20

Gln

Thr

Thr

Gly

100

Ile

Val

Glu
Leu
180

Thr

Glu

360

Thr

5

Ile

Gln

Leu

Glu

Tyr

85

Thr

Phe

Cys

Val

Gln

165

Ser

His

Cys

SEQ ID NO 361
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic

450

Gln

Thr

Lys

Ala

Phe

70

Tyr

Lys

Pro

Leu

Asp

150

Asp

Lys

Gln

Palivizumab HC

Tyr

Ser

Cys

Pro

Ser

55

Thr

Cys

Val

Pro

Leu

135

Asn

Ser

Ala

Gly

Tyr

Asn

Phe

Asn

Thr
440

Pro

Ser

Gly

40

Gly

Leu

Phe

Glu

Ser

120

Asn

2la

Lys

Asp

Leu
200

Pro

Asn

Leu

Val

425

Gln

Ser

Ala

25

Lys

Val

Thr

Gln

Ile

105

Asp

Asn

Leu

Asp

Tyr

185

Ser

Ser

Tyr

Tyr

410

Phe

Lys

Thr

10

Ser

Ala

Pro

Ile

Gly

90

Lys

Glu

Phe

Gln

Ser

170

Glu

Ser

Asp

Lys

395

Ser

Ser

Ser

Leu

Ser

Pro

Ser

Ser

75

Ser

Arg

Gln

Tyr

Ser

155

Thr

Lys

Pro

Ile

380

Thr

Lys

Cys

Leu

Ser

Arg

Lys

Arg

60

Ser

Gly

Thr

Leu

Pro

140

Gly

Tyr

His

Val

Ala Val Glu Trp

Thr

Leu

Ser

Ser
445

Ala

Val

Leu

45

Phe

Leu

Tyr

Val

Lys

125

Arg

Asn

Ser

Lys

Thr
205

Pro

Thr

Val

430

Leu

Ser

Gly

30

Leu

Ser

Gln

Pro

Ala

110

Ser

Glu

Ser

Leu

Val

190

Lys

Pro
Val
415

Met

Ser

Val
15

Tyr

Ile

Pro
Phe
95

Ala

Ala

Gln

Ser

175

Ser

Val
400
Asp

His

Pro

Gly

Met

Tyr

Ser

Asp

80

Thr

Pro

Thr

Lys

Glu

160

Ser

Ala

Phe
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-continued

234

<400> SEQUENCE:

Gln Val Thr Leu

1

Thr

Gly

Trp

65

Val

Cys

Gly

Phe

145

Trp

Ser

Lys

225

Ser

Asp

Val

305

Glu

Lys

Thr

Thr

Glu

385

Leu

Leu

Met

Leu

50

Lys

Leu

Ala

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

Val

Tyr

Thr

Leu

Cys
370

Ser

Asp

Thr

Ser

35

Ala

Ser

Lys

Arg

Thr

115

Leu

Cys

Ser

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Ser

Lys

Ile

Pro

355

Leu

Asn

Ser

Leu

20

Val

Asp

Arg

Val

Ser

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Thr

Val

Cys

Ser
340

Pro

Val

Asp

361

Arg

Thr

Gly

Ile

Leu

Thr

85

Met

Thr

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gln

Gly

Glu

Cys

Trp

Trp

Thr

70

Asn

Ile

Val

Ser

Lys

150

Leu

Leu

Thr

Val

Pro

230

Phe

Val

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro
390

Ser

Ser Gly Pro Ala Leu Val Lys Pro Thr
10 15

Thr Phe Ser Gly Phe Ser Leu Ser Thr
25 30

Ile 2Arg Gln Pro Pro Gly Lys Ala Leu
40 45

Trp Asp Asp Lys Lys Asp Tyr Asn Pro
55 60

Ile Ser Lys Asp Thr Ser Lys Asn Gln
75

Met Asp Pro Ala Asp Thr Ala Thr Tyr
90 95

Thr Asn Trp Tyr Phe Asp Val Trp Gly
105 110

Ser Ser Ala Ser Thr Lys Gly Pro Ser
120 125

Ser Lys Ser Thr Ser Gly Gly Thr Ala
135 140

Asp Tyr Phe Pro Glu Pro Val Thr Val
155

Thr Ser Gly Val His Thr Phe Pro Ala
170 175

Tyr Ser Leu Ser Ser Val Val Thr Val
185 190

Gln Thr Tyr Ile Cys Asn Val Asn His
200 205

Asp Lys Lys Val Glu Pro Lys Ser Cys
215 220

Pro Cys Pro Ala Pro Glu Leu Leu Gly
235

Pro Pro Lys Pro Lys Asp Thr Leu Met
250 255

Thr Cys Val Val Val Asp Val Ser His
265 270

Asn Trp Tyr Val Asp Gly Val Glu Val
280 285

Arg Glu Glu Gln Tyr Asn Ser Thr Tyr
295 300

Val Leu His Gln Asp Trp Leu Asn Gly
315

Ser Asn Lys Ala Leu Pro Ala Pro Ile
330 335

Lys Gly Gln Pro Arg Glu Pro Gln Val
345 350

Asp Glu Leu Thr Lys Asn Gln Val Ser
360 355

Phe Tyr Pro Ser Asp Ile Ala Val Glu
375 380

Glu 2sn Asn Tyr Lys Thr Thr Pro Pro
395

Phe Phe Leu Tyr Ser Lys Leu Thr Val

Gln

Ser

Glu

Ser

Val

80

Tyr

Ala

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Glu

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400

Asp
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405

410

415

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His

420

425

430

Glu Ala Leu His Asn Hisg Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro

Gly

435

Lys
450

<210> SEQ ID NO
<211> LENGTH: 213
<212> TYPE: PRT

<213>

<220> FEATURE:

<223>

362

Palivizumab LC

<400> SEQUENCE:

Asp
1

Asp
Gly
65

Asp

Phe

Ala

Val
145

Thr

Cys

Ile Gln Met
Arg Val Thr
20

Trp Tyr Gln
35

Thr Ser Lys
50

Ser Gly Thr

Phe Ala Thr

Gly Gly Gly

100

Val Phe Ile
115

Ser Val Vval
130

Gln Trp Lys

Val Thr Glu

Leu Thr Leu

180

Glu Val Thr
195

Arg Gly Glu
210

<210> SEQ ID NO
<211> LENGTH: 453
<212> TYPE: PRT

<213>

<220> FEATURE:

<223>

<400> SEQUENCE:

362

Thr

5

Ile

Gln

Leu

Glu

Tyr

85

Thr

Phe

Cys

Val

Gln

165

Ser

His

Cys

363

363

Gln

Thr

Lys

Ala

Phe

70

Tyr

Lys

Pro

Leu

Asp

150

Asp

Lys

Gln

Ser

Cys

Pro

Ser

55

Thr

Cys

Leu

Pro

Leu

135

Asn

Ser

Ala

Gly

440

Pro

Lys

Gly

40

Gly

Leu

Phe

Glu

Ser

120

Asn

2la

Lys

Asp

Leu
200

ORGANISM: Artificial Sequence

OTHER INFORMATION: Synthetic

Ser

Cys

25

Lys

Val

Thr

Gln

Ile

105

Asp

Asn

Leu

Asp

Tyr

185

Ser

ORGANISM: Artificial Sequence

OTHER INFORMATION: Synthetic

Thr

10

Gln

Ala

Pro

Ile

Gly

90

Lys

Glu

Phe

Gln

Ser

170

Glu

Ser

Leu

Leu

Pro

Ser

Ser

75

Ser

Arg

Gln

Tyr

Ser

155

Thr

Lys

Pro

Ser

Ser

Lys

Arg

60

Ser

Gly

Thr

Leu

Pro

140

Gly

Tyr

His

Val

445

Ala

Val

Leu

45

Phe

Leu

Tyr

Val

Lys

125

Arg

Asn

Ser

Lys

Thr
205

Ser

Gly

30

Leu

Ser

Gln

Pro

Ala

110

Ser

Glu

ser

Leu

Val

190

Lys

Val
15

Tyr

Ile

Pro
Phe
95

Ala

Ala

Gln

Ser

175

Ser

Gly

Met

Tyr

Ser

Asp

80

Thr

Pro

Thr

Lys

Glu

160

Ser

Ala

Phe

Glu Val Gln Leu Val Glu Ser Gly Gly Asp Leu Val Gln Pro Gly Arg

1

5

10

15

Ser Leu Arg Leu Ser Cys Val Zla Ser Gly Phe Thr Phe Asp Asp Tyr

20

25

30
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-continued

238

Ala

Lys

65

Leu

Val

Trp

Pro

Thr

145

Thr

Thr

Asn

Ser

225

Leu

Glu

Thr
305

Gln

Val

Val

385

Pro

Thr

Val

Met

Gly

50

Gly

Gln

Lys

Gly

Ser

130

Ala

Val

Ala

Val

His

210

Cys

Gly

Met

His

Val

290

Tyr

Gly

Ile

Val

Ser

370

Glu

Pro

Val

Met

His

35

Val

Arg

Met

Asp

Gln

115

Val

Ala

Ser

Val

Pro

195

Lys

Asp

Gly

Ile

Glu

275

His

Arg

Lys

Glu

Tyr

355

Leu

Trp

Val

Asp

His
435

Trp

Ser

Phe

Asn

Ala

100

Gly

Phe

Leu

Trp

Leu

180

Ser

Pro

Lys

Pro

Ser

260

Asp

Asn

Val

Glu

Lys

340

Thr

Thr

Glu

Leu

Lys

420

Glu

Val

Trp

Thr

Ser

85

Tyr

Thr

Pro

Gly

Asn

165

Gln

Ser

Ser

Thr

Ser

245

Arg

Pro

Ala

Val

Tyr

325

Thr

Leu

Cys

Ser

Asp
405

Ser

Ala

Arg

Ser

Val

70

Leu

Lys

Thr

Leu

Cys

150

Ser

Ser

Ser

Asn

His

230

Val

Thr

Glu

Lys

Ser

310

Lys

Ile

Pro

Leu

Asn

390

Ser

Arg

Leu

Gln 2Ala Pro Gly Lys Gly Leu Glu Trp
40 45

Gly Ser Thr Val Gly Tyr Ala Asp Ser
55 60

Ser Arg Asp Asn Ala Gln Lys Ser Leu
75

Arg Ala Glu Asp Thr Ala Leu Tyr Tyr
90 95

Phe Asn Tyr Tyr Tyr Tyr Gly Leu Asp
105 110

Val Thr Val Ser Ser Ala Ser Thr Lys
120 125

Ala Pro Ser Ser Lys Ser Thr Ser Gly
135 140

Leu Val Lys Asp Tyr Phe Pro Glu Pro
155

Gly 2Ala Leu Thr Ser Gly Val His Thr
170 175

Ser Gly Leu Tyr Ser Leu Ser Ser Val
185 190

Leu Gly Thr Gln Thr Tyr Ile Cys Asn
200 205

Thr Lys Val Asp Lys Lys Val Glu Pro
215 220

Thr Cys Pro Pro Cys Pro Ala Pro Glu
235

Phe Leu Phe Pro Pro Lys Pro Lys Asp
250 255

Pro Glu Val Thr Cys Val Val Val Asp
265 270

Val Lys Phe Asn Trp Tyr Val Asp Gly
280 285

Thr Lys Pro Arg Glu Glu Gln Tyr Asn
295 300

Val Leu Thr Val Leu His Gln Asp Trp
315

Cys Lys Val Ser Asn Lys Ala Leu Pro
330 335

Ser Lys Ala Lys Gly Gln Pro Arg Glu
345 350

Pro Ser Arg Asp Glu Leu Thr Lys Asn
360 365

Val Lys Gly Phe Tyr Pro Ser Asp Ile
375 380

Gly Gln Pro Glu Asn Asn Tyr Lys Thr
395

Agp Gly Ser Phe Phe Leu Tyr Ser Lys
410 415

Trp Gln Gln Gly Asn Val Phe Ser Cys
425 430

His Asn His Tyr Thr Gln Lys Ser Leu
440 445

Val

Val

Tyr

80

Cys

Val

Gly

Gly

Val

160

Phe

Val

Val

Lys

Leu

240

Thr

Val

Val

Ser

Leu

320

Ala

Pro

Gln

Ala

Thr

400

Leu

Ser

Ser
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-continued

Leu Ser Pro Gly Lys
450

<210> SEQ ID NO 364

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 364

Glu Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Val Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Thr Ile Leu Ser Asn
20 25 30

Leu Ala Trp Tyr Leu Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
Tyr Gly Ala Ser Thr Arg Ala Thr Gly Leu Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Ser
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Asn Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp 2Zsn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys

210
What is claimed is: 20, 36, 52, 68, 84, 100, 116, 132, 148, 164, 180, 196,
1. An isolated human antibody or antigen-binding frag- 5 212, 228, 244, 260, 276, 292, 308, 324 and 340,

ment thereof that binds specifically to RSV-E, wherein the (b) a HCDR2 domain having an amino acid sequence

antibody or antigen-binding fragment comprises three heavy selected from the group consisting of SEQ ID NOs: 6,

chain complementarity determining regions (CDRs) 22, 38, 54, 70, 86, 102, 118, 134, 150, 166, 182, 198,

(HCDR1, HCDR2 and HCDR3) contained within any one of 214, 230, 246, 262, 278, 294, 310, 326 and 342,

the heavy chain variable region (HCVR) amino acid (c) a HCDR3 domain having an amino acid sequence

sequences selected from the group consisting of SEQ ID 35 selected from the group consisting of SEQ ID NOs: 8,

NO: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162, 178, 194, 24, 40, 56, 72, 88, 104, 120, 136, 152, 168, 184, 200,

210, 226, 242, 258, 274, 290, 306, 322 and 338; and 216, 232, 248, 264, 280, 296, 312, 328, and 344,

comprises three light chain CDRs (LCDR1, LCDR2 and (d) a LCDR1 domain having an amino acid sequence

LCDR3) contained within any one of the light chain variable selected from the group consisting of SEQ ID NOs: 12,

region (LCVR) amino acid sequences selected from the 6o 28, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188, 204,

group consisting of SEQ ID NOs: 10, 26, 42, 58, 74, 90, 106, 220, 236, 252, 268, 284, 300, 316, 332 and 348;

122, 138, 154, 170, 186, 202, 218, 234, 250, 266, 282, 298, (e) a LCDR2 domain having an amino acid sequence

314, 330 and 346. selected from the group consisting of SEQ ID NOs: 14,
2. The isolated human antibody or antigen-binding frag- 30, 46, 62, 78, 94, 110, 126, 142, 158, 174, 190, 206,

ment of claim 1, comprising: 65 222, 238, 254, 270, 286, 302, 318, 334 and 350; and
(a) a HCDR1 domain having an amino acid sequence (H a LCDR3 domain having an amino acid sequence

selected from the group consisting of SEQ ID NOs: 4, selected from the group consisting of SEQ ID NOs: 16,
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32, 48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208,
224, 240, 256, 272, 288, 304, 320, 336 and 352.

3. An isolated antibody or antigen-binding fragment
thereof that competes for specific binding to RSV-F with an
antibody or antigen-binding fragment comprising heavy and
light chain sequence pairs selected from the group consisting
of SEQ ID NOs: 2/10, 18/26, 34/42, 50/58, 66/74, 82/90,
98/106, 114/122, 130/138, 146/154, 162/170, 178/186, 194/
202, 210/218, 226/234, 242/250, 258/266, 274/282, 290/
298, 306/314, 322/330 and 338/346, wherein the antibody
that competes for specific binding to RSV-F interacts with an
epitope comprising an amino acid sequence ranging from
about position 161 to about position 188 of SEQ ID NO:354,
or interacts with the serine at position 173 of SEQ ID NO:
354, and/or the threonine at position 174 of SEQ ID NO:
354.

4. An isolated antibody or antigen-binding fragment
thereof that binds the same epitope on RSV-F that is
recognized by an antibody comprising heavy and light chain
sequence pairs selected from the group consisting of SEQ ID
NOs: 2/10, 18/26, 34/42, 50/58, 66/74, 82/90, 98/1006, 114/
122, 130/138, 146/154, 162/170, 178/186, 194/202, 210/
218, 226/234, 242/250, 258/266, 274/282, 290/298, 306/
314,322/330 and 338/346, wherein the epitope comprises an
amino acid sequence ranging from about position 161 to
about position 188 of SEQ ID NO:354.

5. The isolated antibody of claim 1, wherein the antibody
does not cross-compete for binding to RSV-F with palivi-
zumab, or AM-22.

6. The isolated human antibody of claim 1, wherein the
antibody does not bind to an epitope on RSV-F ranging from
amino acid residue 255 to amino acid residue 276 of SEQ ID
NO: 354.

7. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody is a human recom-
binant monoclonal antibody.

8. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody or antigen-binding
fragment thereof interacts with an amino acid sequence
comprising amino acid residues ranging from about position
161 to about position 188 of SEQ ID NO: 354.

9. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody or antigen-binding
fragment thereof interacts with either the serine at position
173 of SEQ ID NO: 354, or the threonine at position 174 of
SEQ ID NO: 354, or both the serine at position 173 of SEQ
ID NO: 354 and the threonine at position 174 of SEQ 1D
NO: 354.

10. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody or antigen-binding
fragment comprises a heavy chain variable region (HCVR)
amino acid sequence selected from the group consisting of
SEQ ID NO: 2, 18, 34, 50, 66, 82, 98, 114, 130, 146, 162,
178, 194, 210, 226, 242, 258, 274, 290, 306, 322 and 338.

11. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody or antigen-binding
fragment comprises a light chain variable region (LCVR)
amino acid sequence selected from the group consisting of
SEQID NOs: 10, 26, 42, 58, 74, 90, 106, 122, 138, 154, 170,
186, 202, 218, 234, 250, 266, 282, 298, 314, 330 and 346.

12. The isolated antibody or antigen-binding fragment of
claim 1, comprising a HCVR/LCVR amino acid sequence
pair selected from the group consisting of SEQ ID NOs:
2/10, 18/26, 34/42, 50/58, 66/74, 82/90, 98/106, 114/122,
1307138, 146/154, 162/170, 178/186, 194/202, 210/218,
226/234, 242/250, 258/266, 274/282, 290/298, 306/314,
322/330 and 338/346.
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13. The isolated antibody or antigen-binding fragment of
claim 12, comprising a HCVR/LCVR amino acid sequence
pair selected from the group consisting of SEQ ID NOs:
274/282 and 338/346.

14. The isolated antibody or antigen-binding fragment of
claim 13, comprising the HCVR/LCVR amino acid
sequence pair of SEQ 1D NOs: 274/282.

15. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates the ability to signifi-
cantly reduce the lung viral load in a mouse model of RSV
infection when administered at a dose ranging from about
0.05 mg/kg to about 0.15 mg/kg.

16. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates a 1-2 logs greater
reduction of nasal and/or lung viral titers as compared to
palivizumab in a cotton rat model of RSV infection when
administered at a dose ranging from about 0.62 mg/kg to
about 5.0 mg/kg.

17. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates an EDg, of about
0.15 mg/kg or less when administered in a mouse model of
RSV subtype A infection.

18. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates an ED,, of about
0.62 mg/kg or less when administered in a cotton rat model
of RSV subtype A infection.

19. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates an ED,,, of about 2.5
mg/kg or less when administered in a cotton rat model of
RSV subtype B infection.

20. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates an EDg, that is about
2 to 3 fold lower than the EDy, for palivizumab or motavi-
zumab.

21. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates a neutralization
potency against one or more subtype A laboratory strains of
RSV that is about a 15 to 17 fold improvement over
palivizumab, or demonstrates a neutralization potency
against one or more subtype A clinical strains of RSV that
is about 10 to 22 fold improvement over palivizumab.

22. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates a neutralization
potency against one or more subtype B laboratory strains of
RSV that is about a 2 to 5 fold improvement over palivi-
zumab.

23. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates a neutralization
potency against one or more subtype A laboratory strains or
subtype A clinical strains of RSV that is about a 0.5 to 2 fold
improvement over AM-22.

24. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or the antigen-
binding fragment thereof demonstrates a neutralization
potency against one or more subtype B laboratory strains of
RSV thatis abouta 2.5 to 17 fold improvement over AM-22.

25. The isolated antibody or an antigen-binding fragment
thereof of claim 1, wherein the antibody or antigen-binding
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fragment thereof binds specifically to RSV-F with a K,
ranging from 1.0x10~"M to 6.0x107'° M, as measured by
surface plasmon resonance.

26. The isolated antibody or antigen-binding fragment
thereof of claim 1, wherein the antibody or antigen-binding
fragment thereof has one or more of the following charac-
teristics:

(a) is capable of neutralizing respiratory syncytial virus

subtype A and subtype B strains in vitro;

(b) demonstrates the ability to significantly reduce the
nasal and/or lung viral load in vivo in an animal model
of RSV infection;

(c) interacts with at least one amino acid residue within
SEQ ID NO: 355 or 356; or

(d) inhibits fusion of the virus to the cell.

27. An isolated nucleic acid molecule encoding an anti-
body or antigen-binding fragment of claim 1.

28. An expression vector comprising the nucleic acid
molecule of claim 27.

29. A host cell comprising the expression vector of claim
28.

30. A method for preventing or treating a respiratory
syncytial virus (RSV) infection, or at least one symptom
associated with the RSV infection, the method comprising
administering an antibody or antigen-binding fragment of
claim 1, or a composition comprising an antibody or anti-
gen-binding fragment of claim 1, to a patient in need thereof,
such that the RSV infection is prevented, or at least one
symptom associated with the infection is alleviated or
reduced in number or severity.

31. The method of claim 30, wherein the administering
results in prevention of recurrent wheezing in the patient.

32. The method of claim 30, wherein the administering
results in prevention of RSV-associated asthma in a child.

33. The method of claim 30, wherein the RSV infection
is caused by a subtype A or a subtype B respiratory syncytial
virus.

34. The method of claim 30, wherein the patient in need
thereof is a patient at high risk of acquiring an RSV
infection, or a patient who may experience a more severe
form of the RSV infection due to an underlying or pre-
existing medical condition.

35. The method of claim 34, wherein the patient is a
pre-term infant, a full term infant, a child greater than or
equal to one year of age with or without an underlying
medical condition (e.g. congenital heart disease, chronic
lung disease, cystic fibrosis, imnunodeficiency, a neuromus-
cular disorder), an institutionalized or hospitalized patient,
or an elderly adult (greater than 65 years of age) with or
without an underlying medical condition such as congestive
heart failure or chronic obstructive pulmonary disease).
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36. The method of claim 34, wherein the patient suffers
from a condition resulting from a compromised pulmonary,
cardiovascular, neuromuscular, or immune system.

37. The method of claim 36, wherein the condition is
selected from the group consisting of an abnormality of the
airway, a chronic lung disease, a chronic heart disease, a
neuromuscular disease that compromises the handling of
respiratory secretions and immunosuppression.

38. The method of claim 37, wherein the chronic lung
disease is chronic obstructive pulmonary disease (COPD),
cystic fibrosis, or bronchopulmonary dysplasia.

39. The method of claim 37, wherein the chronic heart
disease is congestive heart failure (CHF), or congenital heart
disease.

40. The method of claim 37, wherein the immunosup-
pression is a result of severe combined immunodeficiency or
severe acquired immunodeficiency, or is a result of any other
infectious disease or cancerous condition that leads to
immunosuppression, or is a result of treatment with immu-
nosuppressant drug therapy or radiation therapy.

41. The method of claim 30, wherein the at least one
symptom is selected from the group consisting of fever,
nasal congestion, cough, decreased appetite, hypoxia,
breathing difficulties (rapid breathing or shortness of
breath), wheezing, apnea, dehydration, poor feeding and
altered mental status.

42. The method of claim 30, wherein the patient in need
thereof is administered the antibody or antigen-binding
fragment thereof prophylactically, or therapeutically.

43. The method of claim 30, wherein the antibody or
antigen-binding fragment thereof is administered via a route
selected from the group consisting of intravenously, intra-
muscularly, and subcutaneously.

44. The method of claim 30, wherein the antibody or
antigen-binding fragment is administered to the patient in
combination with a second therapeutic agent.

45. The method of claim 44, wherein the second thera-
peutic agent is selected from the group consisting of an
antiviral agent; a vaccine specific for RSV, a vaccine specific
for influenza virus, or a vaccine specific for metapneumo-
virus (MPV); an siRNA specific for an RSV antigen or a
metapneumovirus (MPV) antigen; a second antibody spe-
cific for an RSV antigen or a metapneumovirus (MPV)
antigen; an anti-IL4R antibody, an antibody specific for an
influenza virus antigen, an anti-RSV-G antibody and a
NSAID.

46. A pharmaceutical composition comprising any one or
more of the isolated antibodies or antigen binding fragments
thereof of claim 1 and a pharmaceutically acceptable carrier.
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