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tinin and neuraminidase variants are provided. 
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VN / 1203/2004 wildtype HA: 
CCT CAA AGA GAG AGA AGA AGA AAA AAG AGA GGA TTA TTT 

Pro Glin Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe 

Modified HA: 
CCT CAA AGA GAG ACT CGA GGA TTA TTT 
Pro Glin Arg Glu Thr Arg Gly Leu Phe 

Site of cleavage of into HA1 and HA2 domains. 

Residues that were mutagenized are underlined. 

Fig 1. 
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Virus isolation from swabs 

Mortali Antibody Virus ortality Oropharyngeal Cloacal detected/ 
(dead/total) total 

f if Mean log ad Mean log 1O shedding/ 10 shedding/ ifer 
.." titer (EID) ". (EID) 

1997, 
2003 and 
2OO4 8/8 8/8 X6.3 8/8 >4.5 NA 

H5N1 W. 

1997, 
22nd O/8 O/8 KO.9 O/8 &O.9 O/8 
H5N1 ca. 

Chickens were inoculated intranasally with 106 TCID of virus. 
Fig 2. 
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LD50 in mice 

A/AA/6/60 ca >10 TCIDso 

A/HK/491/97 10 TCIDso 
1997 HSN1/AA ca. >10 TCIDso 

A/HK/213/2003 10' TCIDso 
2003 HSN1/AA ca. >10 TCIDso 

A/Vietnam/1203/2004 10' TCIDs 
2004 HSN1/AA ca. >10 TCIDso 

Fig 3. 
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Average fold 
difference in titer 

Tissue Virus Over 3 days 
LUNGS A/AA/6/60 93 

1997 H5N1 5O1 

2OO3 H5N1 12 

2004 5N1 430 

NASA A/AA/6/60 32 
TURBINATES 1997 H5N1 185 

2OO3 H5N1 Oe 

2004 -5N1 1 OO 

109 TCID of virus was administered intranasally and tissues were harvested on days 
2, 3 or 4 post-infection. Virus titers are expressed as logo TCID/g of tissue. 

Fig. 4. 
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Virus titers in lungs 

S. 2004 Ca 
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4. 3.5 
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O 
2 3 4. 

Days post-infection 
Fig 5. 
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Immunizing eeometric mean serum HAI Ab titers 
virus against indicated virus 

1997 Wi 2OO3 Wi 2004. Wit 

2OO3 Ca 2O 213.6 2O 

2OO3 Wit 2O 394 2O 

An undetectable titer is assigned a value of 20 

Fig 6. 
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Immunizing Geometric mean serum neutralizing Ab 
virus titers against indicated virus 

1997 wit 2OO3 Wit 2OO4. Wit 

2OO3 Co. 1.O 59.2 1.O 

2OO3 W 1.O 93.3 1.O 

An undetectable titer is assigned a value of 10 

Fig 7. 



Patent Application Publication Mar. 20, 2008 Sheet 8 of 31 

H5N1 1997 wt challenge 
1. 

1997 Ca 
2OO3 Ca 
2004 Ca 

Mock 
immunized 

1 2 3 4 5 6 78 9 1 1 1 1 1 1 
2 3 4 5 6 78 

US 2008/0069821 A1 

H5N1 2004 wit challenge 

90 1997 Ca 
8O 2003 Ca 
7O 2004 Ca 

6O 
50 
4O 

Mock 
immunized 

1 2 3 4 5 6 7 8 91 1 1 1 1 1 1 1. 
2 3 4 5 6 78 

Days following administration of challenge virus 

Fig 8. 
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Mean reduction in titer in lungs following 
Heterologous H5N1 challenge Homologous - TA - 

Immunization challenge 1997 wit 2OO3 W 2004. Wit 

1997 ca 2.5 NA 3.O O.7 

2OO3 Co >5.8 2.3 NA 2.9 

2004 ca 2.O 1.4 >5.7 NA 

Fig 9. 
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Mean reduction in titer in NT following 
Heterologous H5N1 challenge Homologous - ' ' ' ' ' ' ' 'Y' - 

Immunization challenge 1997 wt 2003 wit 2004. Wit 
1997 co 4.3 NA > 1.2 2.6 

2OO3 ca. > 1.2 3.7 NA >3.3 

2004 ca. 1.6 4.2 >3.5 NA 

Fig 10. 
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Immunization 

15 
2OO4 Co h 

1G Lungs 2OO3 W Nasal turbinates 
Y 9. 
AS 8 
H 7. 
9. 6. 
S 5. 
as 4. 

3. 
s 2. 

1. 
. 
e O. 

2OO4 W 1997 wt 20O3 wit 2OO4 W 1997 wt 20O3 wit 
y - Challenge N-- 

Homologous Heterologous H5N1 Virus Homologous Heterologous 

Fig 11. 
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ZZZZZ $ 

Nasal turbinates 

S oš od N ºd les së ºs ºj – o 

ChallengeVirus 

Fig 12. 
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15 control 

2004 Ca 
2OO3 W Nasal 

turbinates 
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6 N 
5 N 
4. Š 3 Š 2 Š 
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Day 2 Day 4. Day 2 Day 2 Day 4. Day 2 
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Challenge dose 
Fig 13. 
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CCA AAG AGG AGG AGG AGA 
Pro Lys Arg Arg Arg Arg 

A/Netherland/219/03 Wildtype HA: 
GGC 
Gly 

Modified HAs: 
CCA 
Pro 

CCA 
Pro 

CCA 
Pro 

GGG 
Gly 

ACT 
Thir 

Pro 

Arg 

AGA 
Arg 

AGA 
Arg 

GGC 
Gly 

GGC 
Gly 

GGC 
Gly 

Fig 14. 

Site of cleavage of into 
HA1 and HA2 domains. 
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Geometric mean serum neutralizing Ab titers 
against indicated virus 

A/VN/2004 Ca 

Immunizing virus 

A/HK/2003 a a 19 1056 61 

Fig 15. 
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H6N9 AIDuck 77 Wt 
9 H6N9 ADUCK77 Ca 

8 - H6N1 ATeal.97 Wt 

7 H5N1 ATeal.97 Ca 

6 H6N2 AIMallard 85 Wt 

5 H6N2 AIMallard/85 Ca 

4. 

3 

Nasal Turbinates Lung 

Fig 16. 
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Post Vaccination sera (7 logofft) 
AT Tirer 32 days after dose 1 

6N9 6N. 6N2 1N1 
A/Duck A/Teal A/Wallard A/New Cal 

ca. C 

waiteal 8 190 8 8 es 

antigen Wr A/Wallard | 8 || 8 || 135 | 8 

Fig 17. 
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None 
HSN9 ADuck ca. 

B SH6N1 ATeal ca 

7 Nasal Turbinates EHSN2 A.Mallardca 

wt AIDuck wt ATeal wt AIMallard wt AIDuck wt ATea wt AlMallard 
CHALLENGE VIRUS CHALLENGE VIRUS 

Fig 18.AB 
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Nasal Lungs Brain Olfactory 
Turbinates Bulb 

Fig 19. 
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Virus Dosing schedule Geometric mean neutralizing antibody titers 
achieved at indicated time post-infection 

d O 4 weeks 8 weeks 

d O C10 80 NA 

H7N3 BC 04 Ca 
d O C10 87 403 

d 0 and d 28 a 10 45 470 

d O C10 308 NA 

AckBCICN-604 
d O C10 320 941 

d 0 and d 28 C10 154 1701 

Fig 20. 
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s 5 
> 5 a 
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5 O 8*: 

1 2 3 4 t 8 9 1011121314 -5 -- HTN3 BC 2004AA Ca 
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Fig 21. A-C 
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1 O 

-1 O 
-- HTN3 BC 04AA Ca 

-&- -15 
1 5 20-5 

Days following i.n. inoculation Days following i.n. inoculation 

1 

0 1 2 3 4 

1 O H7N3 BC 2004/AA ca 
-ket L-15 1 5 20-5 

Days following i.n. inoculation 

Fig 21. D-F 
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w 10 5. 10 as 

a 0 : O 1 1 
3 -5 -5 0 1 2 3 4 
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s N 20 U-20 
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Days following i.n. inoculation 

Fig 21. G-l 
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Immunization 

8 L15 

:H7N3 BC 04 Ca X1 

SHTN3 BC 04 Ca X 2 

8:H7N3 Ck/BCICN-604 X 1 

H7N3 ck/BCICN-604 X 2 

ck/BCICN- ck/BCICN- NL/219/03 tk/Eng/63 tk/UTI95 th/WA02 

Challenge virus? Heterologous H7 viruses 

Fig 22.A 

  





Virus 

Fig 23. 
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H9N2 G9 wt AA ca. H9N2 G9 ca PBSL15 H9N2 G9 wit AA ca. H9N2 G9 ca PBSIL15 

IMMUNIZINGVIRUS IMMUNIZINGVIRUS 

Challenge Virus 

is G9 wt " Lower limit of detection study 1 
HK107399 

SG9 wit 
HK2108.2003 

- - - - Lower limit of detection study 2 

Fig 24.AB 
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No. Peak 
Vaccine Virus Titer Shed No. 

8 Culture + (logo.TCID/ Vaccine Virus 
ve N (days) mL) PCR+ (days) 

1. 26 2 (1) 1.O 8 (1.1) 

2 24 O XO.6 2 (1.5) 

* Among those who shed virus 

Fig 25. 
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Mean HI titer, 1/log 
Days 

After Dose 

No. with 
Vaccine Sero- 4-fold 
Dose Status N DO D28 D42 rise % 

1. 26 1.7 2.6 - - 9 31 

2 24 3.1 4.6 4.5 12 5O 

Cumulative 24 22 92 

Fig 26. 
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No. No. 
Vaccine Nasal wash Nasal wash 
Dose N Culture + (days) PCR+ (days) 

1. 21. O 2 (2.O) 

2 18 O 3 (1.0) 

Vaccine virus was not detected by any method in throat Swab 
specimens. 

Fig 27. 
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Mean HI titer, 1/log 
Days after 

dose 

No. with 
Vaccine 4-fold 
Dose N DO D28 rise % 

1. 2O 2.6 2.8 O O 

2 18 2.7 3.1 1. 6 

Cumulative 18 2 11. 

Fig 28. 
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INFLUENZA HEMAGGLUTININ AND 
NEURAMINIDASE VARIANTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit under 35 U.S.C. 
S 119 (e) of U.S. Provisional Application Nos. 60/821,832 
filed Aug. 9, 2006 and 60/942,804, filed Jun. 8, 2007, the 
disclosures of each of which are incorporated herein in their 
entirety for all purposes. 

BACKGROUND OF THE INVENTION 

0002 Vaccines against various and evolving strains of 
influenza are important from a community health stand 
point, as well as commercially, since each year numerous 
individuals are infected with different strains and types of 
influenza virus. Infants, the elderly, those without adequate 
health care and immuno-compromised persons are at special 
risk of death from Such infections. Compounding the prob 
lem of influenza infections is that novel influenza strains 
evolve readily and can spread amongst various species, 
thereby necessitating the continuous production of new 
vaccines. 

0003) Numerous vaccines capable of producing a protec 
tive immune response specific for such different and influ 
enza viruses/virus strains have been produced for over 50 
years and include whole virus vaccines, split virus vaccines, 
Surface antigen vaccines and live attenuated virus vaccines. 
However, while appropriate formulations of any of these 
vaccine types are capable of producing a systemic immune 
response, live attenuated virus vaccines have the advantage 
of also being able to stimulate local mucosal immunity in the 
respiratory tract. Considerable work in the production of 
influenza viruses, and fragments thereof, for production of 
vaccines has been done by the present inventors and co 
workers; see, e.g., U.S. Application Nos. 60/420,708, filed 
Oct. 23, 2002: 60/574,117, filed May 24, 2004; Ser. No. 
10/423,828, filed Apr. 25, 2003; 60/578,962, filed Jun. 12, 
2004; and Ser. No. 10/870,690 filed Jun. 16, 2004, the 
disclosure of which is incorporated by reference herein. 
0004 Because of the continual emergence (or re-emer 
gence) of different influenza strains, new influenza vaccines 
are continually desired. Such vaccines typically are created 
using antigenic moieties of the newly emergent virus strains, 
thus, polypeptides and polynucleotides of novel, newly 
emergent, or newly re-emergent virus strains (especially 
sequences of antigenic genes) are highly desirable. 
0005 The present invention provides new and/or newly 
isolated influenza hemagglutinin and neuraminidase variants 
that are capable of use in production of numerous types of 
vaccines as well as in research, diagnostics, etc. Numerous 
other benefits will become apparent upon review of the 
following. 

SUMMARY OF THE INVENTION 

0006. In some aspects herein, the invention comprises an 
isolated or recombinant polypeptide that is selected from: 
any one of the polypeptides encoded by SEQ ID NO:1 
through SEQID NO:10 or SEQID NO:21 through SEQ ID 
NO:26 or SEQ ID NO:33 through SEQ ID NO:38; any one 
of the polypeptides of SEQ ID NO:11 through SEQ ID 
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NO:20 or SEQ ID NO:27 through SEQ ID NO:32 or SEQ 
ID NO:39 through SEQ ID NO:44; only the open reading 
frame encoding the polypeptides of SEQID NO:11 through 
SEQID NO:20 or SEQ ID NO:27 through SEQID NO:32 
or SEQ ID NO:39 through SEQ ID NO:44; any alternative 
(e.g., the mature form without the signal peptide, or without 
the 5' and 3' sequences outside of the open reading frame, or 
the sequences as expressed on the Surface of a virus (e.g., 
influenza)) form of the polypeptides of SEQID NO:11-20 or 
SEQ ID NO:27-32 or SEQ ID NO:39-44; any polypeptide 
that is encoded by a polynucleotide sequence which hybrid 
izes under highly stringent conditions over Substantially the 
entire length of a polynucleotide sequence of SEQID NO:1 
through SEQID NO:10 or SEQID NO:21 through SEQ ID 
NO:26, SEQID NO:33-38, or SEQID NO:45; any polypep 
tide that is encoded by a polynucleotide sequence which 
hybridizes under highly stringent conditions to a polynucle 
otide sequence of SEQID NO:1 through SEQID NO:10 or 
SEQID NO:21 through SEQ ID NO:26 or SEQID NO:33 
through SEQID NO:38, or SEQID NO:45; and, a fragment 
of any of the above wherein the sequence comprises a 
hemagglutinin or neuraminidase polypeptide, or a fragment 
of a hemagglutinin or neuraminidase polypeptide, preferably 
where the fragments generate an antibody that specifically 
binds a full length polypeptide of the invention. In various 
embodiments, the isolated or recombinant polypeptides of 
the invention are substantially identical to about 300 con 
tiguous amino acid residues of any of the above polypep 
tides. In yet other embodiments, the invention comprises 
isolated or recombinant polypeptides, that comprise an 
amino acid sequence that is substantially identical over at 
least about 350 amino acids; over at least about 400 amino 
acids; over at least about 450 amino acids; over at least about 
500 amino acids; over at least about 520 amino acids; over 
at least about 550 amino acids; over at least about 559 amino 
acids; over at least about 565 amino acids; or over at least 
about 566 amino acids contiguous of any of the above 
polypeptides. In some embodiments, the polypeptide 
sequence (e.g., as listed in “SEQUENCES' herein) com 
prises less than 565, 559, etc. amino acids. In such embodi 
ments, the shorter listed polypeptides optionally comprise 
less than 565, 559, etc. amino acids. In yet other embodi 
ments, the polypeptides of the invention optionally comprise 
fusion proteins, proteins with a leader sequence, a precursor 
polypeptide, proteins with a secretion signal or a localization 
signal, or proteins with an epitope tag, an E-tag, or a His 
epitope tag. In still other embodiments, the invention com 
prises a polypeptide comprising a sequence having at least 
85%, at least 90%, at least 93%, at least 95%, at least 98%, 
at least 98.5%, at least 99%, at least 99.2%, at least 99.4%, 
at least 99.6%, at least 99.8%, or at least 99.9% sequence 
identity to at least one polypeptide listed above. The hemag 
glutinin sequences of the invention can comprise both those 
sequences with unmodified and modified polybasic cleavage 
sites (thereby allowing growth of the viruses in eggs). The 
hemagglutinin polypeptide sequences of SEQ ID NOS:11, 
13, 15, 17, 19, 27, 29, 31, 39, 41, or 43 comprise the 
endogenous amino terminal signal peptide sequences, how 
ever, the hemagglutinin polypeptide sequences of the inven 
tion also include the mature (amino terminal signal peptide 
cleaved) form of the hemagglutinin polypeptides. The cleav 
age sites of any hemagglutinin polypeptide sequence of any 
influenza Strain can be routinely measured or predicted using 
any number of methods in the art. 
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0007. In other aspects, the invention comprises a com 
position with one or more polypeptide listed above, or 
fragments thereof. The invention also includes polypeptides 
that are specifically bound by a polyclonal antisera raised 
against at least 1 antigen that comprises at least one amino 
acid sequence described above, or a fragment thereof. Such 
antibodies specific for the polypeptides described above are 
also features of the invention. The polypeptides of the 
invention are optionally immunogenic. 
0008. The invention also encompasses immunogenic 
compositions comprising an immunologically effective 
amount of one or more of any of the polypeptides described 
above as well as methods for stimulating the immune system 
of an individual to produce a protective immune response 
against influenza virus by administering to the individual an 
immunologically effective amount of any of the above 
polypeptides in a physiologically acceptable carrier. 

0009 Additionally, the invention includes recombinant 
influenza virus that comprises one or more of the polypep 
tides or polynucleotides above, in addition to immunogenic 
compositions comprising an immunologically effective 
amount of such recombinant influenza virus. Methods for 
stimulating the immune system of an individual to produce 
a protective immune response against influenza virus, 
through administering an immunologically effective amount 
of Such recombinant influenza virus in a physiologically 
acceptable carrier are also part of the invention. 
0010. In other aspects, the invention comprises an iso 
lated or recombinant nucleic acid that is selected from: any 
one of the polynucleotide sequences SEQID NO:1 through 
SEQID NO:10 or SEQ ID NO:21 through SEQID NO:26 
or SEQ ID NO:33 through SEQ ID NO:38, or SEQ ID 
NO:45 (or complementary sequences thereof), any one of 
the polynucleotide sequences encoding a polypeptide of 
SEQID NO:11 through SEQID NO:20 or SEQID NO:27 
through SEQID NO:32 or SEQID NO:39 through SEQID 
NO:44 (or complementary polynucleotide sequences 
thereof), a polynucleotide sequence which hybridizes under 
highly stringent conditions over Substantially the entire 
length of any of the above polynucleotide sequences, and a 
polynucleotide sequence comprising all or a fragment of any 
of Such polynucleotide sequences wherein the sequence 
preferably encodes a hemagglutinin or neuraminidase 
polypeptide or a fragment of a hemagglutinin or neuramini 
dase polypeptide. The invention also includes an isolated or 
recombinant nucleic acid that encodes an amino acid 
sequence which is substantially identical over at least about 
300 amino acids of any polypeptide encoded by the above 
nucleic acids, or over at least about 350 amino acids; over 
at least about 400 amino acids; over at least about 450 amino 
acids; over at least about 500 amino acids; over at least about 
502 amino acids; over at least about 550 amino acids; over 
at least about 559 amino acids; over at least about 565 amino 
acids; or over at least about 566 amino acids of any 
polypeptide encoded by the above nucleic acids. Again, in 
situations wherein the amino acid is less than, e.g., 566, 565, 
559, etc. in length (e.g., see, “SEQUENCES) then it should 
be understood that the length is optionally less than 566, 
565, 559, etc. The invention also includes any of the above 
nucleic acids that comprise a polynucleotide encoding a 
hemagglutinin or neuraminidase polypeptide, or one or more 
fragments of one or more hemagglutinin or neuraminidase 
polypeptide. Other aspects of the invention include isolated 
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or recombinant nucleic acids that encode a polypeptide 
(optionally a hemagglutinin or neuraminidase polypeptide) 
whose sequence has at least 98% identity, at least 98.5% 
identity, at least 99% identity, at least 99.2% identity, at least 
99.4% identity, at least 99.6% identity, at least 99.8% 
identity, or at least 99.9% identity to at least one of the above 
described polynucleotides. The invention also includes iso 
lated or recombinant nucleic acids encoding a polypeptide of 
hemagglutinin or neuraminidase produced by mutating or 
recombining one or more above described polynucleotide 
sequences. The polynucleotide sequences of the invention 
can optionally comprise one or more of, e.g., a leader 
sequence, a precursor sequence, or an epitope tag sequence 
or the like, and can optionally encode a fusion protein (e.g., 
with one or more additional nucleic acid sequences). 
0011. In yet other embodiments, the invention comprises 
a composition of matter having two or more above described 
nucleic acids (e.g., a library comprising at least about 2, 5. 
10, 50 or more nucleic acids). Such compositions can 
optionally be produced by cleaving one or more above 
described nucleic acid (e.g., mechanically, chemically, enzy 
matically with a restriction endonuclease/RNAse/DNAse. 
etc.). Other compositions of the invention include, e.g., 
compositions produced by incubating one or more above 
described nucleic acid in the presence of deoxyribonucle 
otide triphosphates and a thermostable nucleic acid poly 
CaS. 

0012. The invention also encompasses cells comprising 
at least one of the above described nucleic acids, or a cleaved 
or amplified fragment or product thereof. Such cells can 
optionally express a polypeptide encoded by Such nucleic 
acid. Other embodiments of the invention include vectors 
(e.g., plasmids, cosmids, phage, viruses, Virus fragments, 
etc.) comprising any of above described nucleic acids. Such 
vectors can optionally comprise an expression vector. Pre 
ferred expression vectors of the invention include, but are 
not limited to, Vectors comprising pol I promoter and 
terminator sequences or vectors using both the pol I and pol 
II promoters “the polI/poliI promoter system (e.g., Zobel et 
al., Nucl. Acids Res. 1993, 21:3607; US20020164770; Neu 
mann et al., Proc. Natl. Acad. Sci. USA 1999, 96: 9345; 
Fodor et al., J. Virol. 1999, 73:9679; and US2003.0035814). 
Cells transduced by such vectors are also within the current 
invention. 

0013 In some embodiments, the invention encompasses 
a virus (e.g., an influenza virus) comprising one or more 
above described nucleic acids (e.g., encoding hemagglutinin 
and/or neuraminidase), or one or more fragments thereof. 
Immunogenic compositions comprising Such virus are also 
part of the current invention. Such viruses can comprises a 
reassortment virus Such as a 6:2 reassortment virus (e.g., 
comprising 6 genes encoding regions from one or more 
donor virus and 2 genes encoding regions from one or more 
above described nucleotide sequence (or one or more frag 
ment thereof) which can optionally comprise hemagglutinin 
and/or neuraminidase). Reassortment viruses (optionally 
live viruses) of the invention can include donor viruses that 
are one or more of e.g., cold-sensitive, cold-adapted, or an 
attenuated. For example, reassortment viruses can comprise 
e.g., A/Ann Arbor/6/60, PR8, etc. Reassortment viruses of 
the invention may alternatively exclude A/Ann Arbor/6/60. 
One preferred embodiment of the invention is a reassortant 
influenza virus, wherein the virus is a 6:2 reassortment 
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influenza virus and comprises 6 gene encoding regions from 
A/Ann Arbor/6/60 and 2 gene encoding regions that encode 
a polypeptide selected from the group consisting of the 
polypeptides of SEQ ID NOS:11-20, SEQ ID NOS:27-32, 
and SEQ ID NOS:39-44. In an alternative embodiment, a 
reassortant influenza virus of the invention includes a 6:2 
reassortment influenza virus, wherein said virus comprises 6 
gene encoding regions from one or more donor viruses other 
than A/Ann Arbor/6/60 and 2 gene encoding regions that 
encode a polypeptide selected from the group consisting of 
the polypeptides of SEQ ID NOS:11-20, SEQ ID NOS:27 
32, and SEQID NOS:39-44. In another alternative embodi 
ment, a reassortant influenza virus of the invention includes 
a 6:2 reassortment influenza virus, wherein said virus com 
prises 6 gene encoding regions from one or more donor 
viruses other than A/Ann Arbor/6/60 and 2 gene encoding 
regions, wherein the 2 gene encoding regions are HA or NA 
polypeptides from any pandemic influenza Strain. Methods 
of producing recombinant influenza virus through culturing 
a host cell harboring an influenza virus in a suitable culture 
medium under conditions permitting expression of nucleic 
acid and, isolating the recombinant influenza virus from one 
or more of the host cell or the medium are also part of the 
invention. 

0014. In other embodiments herein, the invention com 
prises immunogenic compositions having an immunologi 
cally effective amount of any of the above described recom 
binant influenza virus. Other embodiments include methods 
for stimulating the immune system of an individual to 
produce a protective immune response against influenza 
virus by administering to the individual an immunologically 
effective amount of any of the recombinant influenza virus 
described above (optionally in a physiologically effective 
carrier). 
0015. Other aspects of the invention include methods of 
producing an isolated or recombinant polypeptide by cul 
turing any host cell above, in a Suitable culture medium 
under conditions permitting expression of nucleic acid and, 
isolating the polypeptide from one or more of the host cells 
or the medium in which is the cells are grown. 
0016. Immunogenic compositions are also features of the 
invention. For example, immunogenic compositions com 
prising one or more of any of the polypeptides and/or nucleic 
acids described above and, optionally, an excipient Such as 
a pharmaceutically acceptable excipient or one or more 
pharmaceutically acceptable administration component. 
Immunogenic compositions of the invention can also com 
prise any one or more above described virus as well (e.g., 
along with one or more pharmaceutically acceptable admin 
istration component). 
0017 Methods of producing immunogenic responses in a 
Subject through administration of an effective amount of any 
of the above viruses (or immunogenic compositions) to a 
subject are also within the current invention. Additionally, 
methods of prophylactic or therapeutic treatment of a viral 
infection (e.g., viral influenza) in a Subject through admin 
istration of any one or more above described virus (or 
immunogenic compositions) in an amount effective to pro 
duce an immunogenic response against the viral infection 
are also part of the current invention. Subjects for such 
treatment can include mammals (e.g., humans). Such meth 
ods can also comprise in vivo administration to the Subject 
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as well as in vitro or ex vivo administration to one or more 
cells of the Subject. Additionally, Such methods can also 
comprise administration of a composition of the virus and a 
pharmaceutically acceptable excipient that are administered 
to the Subject in an amount effect to prophylactically or 
therapeutically treat the viral infection. 
0018. In other aspects the invention includes composi 
tions of matter comprising nucleic acid sequences encoding 
hemagglutinin and/or neuraminidase polypeptides of one or 
more pandemic influenza strain and nucleic acid sequences 
encoding one or more polypeptide of A/Ann Arbor/6/60. 
Additionally, the invention includes compositions of matter 
comprising nucleic acid sequences encoding hemagglutinin 
and/or neuraminidase polypeptides of one or more pandemic 
influenza strain and nucleic acid sequences encoding one or 
more polypeptide of PR8 or A/Ann Arbor/6/60. Such 
sequences can include those listed in the “SEQUENCES 
herein. Additionally, preferred embodiments of the inven 
tion include compositions of matter comprising sequences 
encoding hemagglutinin and/or neuraminidase of one or 
more pandemic influenza strain and nucleic acid sequences 
encoding a selected backbone strain in a 6:2 reassortment. 
Such compositions preferably include sequences encoding 
the hemagglutinin and neuraminidase selected from the 
“SEQUENCES' herein and a backbone strain, wherein the 
backbone strain is PR8 or A/Ann Arbor/6/60. The invention 
also includes such compositions as described above wherein 
the hemagglutinin comprises a modified polybasic cleavage 
site. The invention also includes live attenuated influenza 
vaccine comprising Such above compositions. 
0019. These and other objects and features of the inven 
tion will become more fully apparent when the following 
detailed description is read in conjunction with the accom 
panying figures and appendix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1: Shows modifications engineered into the 
HA gene of VN/1203/2004 to remove the polybasic cleav 
age site. 
0021 FIG. 2: Displays results showing that intranasally 
administered H5N1 careassortant viruses do not replicate in 
chickens. 

0022 FIG. 3: Illustrates that the H5N1/AA ca vaccine 
candidates are not lethal to mice. 

0023 FIG. 4: Illustrates that the 1997 and 2004 H5N1 ca 
reassortant viruses are restricted in replication in mice. 
0024 FIG. 5: Illustrates that the reassortant H5N1/AAca 
influenza viruses are restricted in replication in lungs of 
mice. 

0.025 FIG. 6: Shows the serum HAI Ab titers elicited in 
mice following a single in. dose of vaccine. 
0026 FIG. 7: Shows serum neutralizing Ab titers elicited 
in mice following a single in. dose of vaccine. 
0027 FIG. 8: Illustrates that H5N1 ca reassortant viruses 
protect mice from lethal challenges with 50, 500 or 5000 
LD of wild-type H5N1 viruses. 
0028 FIG. 9: Illustrates the efficacy of protection from 
pulmonary replication of homologous and heterologous 
H5N1 challenge viruses in mice. 
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0029 FIG. 10: Illustrates the efficacy of protection from 
replication of homologous and heterologous H5N1 chal 
lenge viruses in the upper respiratory tract of mice. 
0030 FIG. 11: Illustrates the efficacy of protection con 
ferred by 2004 H5N1 ca vaccine against high dose 
(105TCIDs) challenge with homologous or heterologous 
H5N1 wt viruses in mice. 

0031 FIG. 12: Illustrates the efficacy of protection con 
ferred by 1997 and 2003 H5N1 ca vaccines against high 
dose (10 TCIDs) challenges with homologous or heterolo 
gous H5N1 wild-type viruses in mice. 
0032 FIG. 13: Illustrates the efficacy of protection con 
ferred by 2004 H5N1 ca vaccine against low or high doses 
of homologous H5N1 wild-type virus challenges in mice. 
0033 FIG. 14: Shows modifications that can be engi 
neered into the HA gene of A/Netherland/219/03 HA to 
remove the polybasic cleavage site. 
0034 FIG. 15: H5N1 ca vaccines elicit serum neutraliz 
ing antibody titers in mice. Sera were collected before 
(prebleed) and 28 days following each dose of vaccine; an 
undetectable titer is assigned a value of 10. 
0035 FIG. 16: H6 ca viruses are attenuated in ferrets. 
*EIDs/g for lungs; PFU/g for nasal turbinates. 10 TCIDso 
inoculated intranasally, tissues were harvested on day 3 
post-infection. 
0036 FIG. 17: Immunogenicity of H6 ca vaccines in 

ferrets. 

0037 FIGS. 18(a) and 18(b): Efficacy of H6 ca vaccines 
in ferrets. Virus titer was measured in (a) lungs and (b) nasal 
turbinates. Vaccine: 1 dose of 7 logo PFU. Challenge: 7 
log., PFU; 3 days post-challenge. 
0038 FIG. 19: H7N3 BC 04 ca is attenuated in ferrets. 
Inoculum: 107 TCIDso in 0.5 mL intranasally. Tissues were 
harvested on day 3 post-infection. 
0039 FIG. 20: H7N3 BC 2004 ca is immunogenic in 
mice. a. Reciprocal geometric mean of serum neutralizing 
antibody titers against ck/BC/CN-6/04 wt.b: p-0.05 (Mann 
Whitney U-test) compared to neutralization titers at 28 days 
post-infection. 

0040 FIG. 21(a)-21(i): H7N3 BC 04 ca is efficacious 
against lethal challenge with H7 viruses in mice. Efficacy 
against a lethal challenge of 50 LDs A/ck/BC/CN-7/04: 
four weeks following immunization with a single dose (a), 
eight weeks following immunization with a single dose (b). 
or eight weeks following immunization with 2 doses (2 
doses administered at 4 weeks apart) (c). Efficacy against a 
lethal challenge of 50 LDs A/NL/219/03: four weeks fol 
lowing immunization with a single dose (d), eight weeks 
following immunization with a single dose (e), or eight 
weeks following immunization with 2 doses (2 doses admin 
istered at 4 weeks apart) (f). Efficacy against a lethal 
challenge of 50 LDs A/tk/Eng/63: four weeks following 
immunization with a single dose (g), eight weeks following 
immunization with a single dose (h), or eight weeks follow 
ing immunization with 2 doses (2 doses administered at 4 
weeks apart) (i). 
0041 FIGS. 22(a) and (b): H7N3 BC 04 ca vaccine is 
efficacious in mice. Virus titer was measured at 8 weeks in 
(a) nasal turbinates and (b) lungs. 
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0.042 FIGS. 23(a) and (b): H9N2 G9/AAca is attenuated 
in ferrets. Virus titer was measured in (a) nasal turbinates 
and (b) lungs. 
0.043 FIGS. 24(a) and (b): Efficacy of the H9N2 ca 
vaccine in mice. 

0044 FIG. 25: Replication of H9N2 G9/AA ca is highly 
restricted in healthy adults. 
004.5 FIG. 26: HI antibody responses to 107." TCIDs of 
H9N2 G9/AA ca in healthy adults. 
0046 FIG. 27: Replication of H5N1 VN2004 A/AA cais 
highly restricted in healthy adults. 
0047 FIG. 28: HI antibody responses to 107 TCIDs of 
VN2004 A/AA ca in healthy adults. 

DETAILED DESCRIPTION 

0048. The present invention includes polypeptide and 
polynucleotide sequences of influenza hemagglutinin and 
neuraminidase as well as vectors, compositions and the like 
comprising Such sequences and methods of their use. Addi 
tional features of the invention are described in more detail 
herein. 

Definitions 

0049. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. The following definitions Supplement 
those in the art and are directed to the current application and 
are not necessarily to be imputed to any related or unrelated 
case, e.g., to any commonly owned patent or application. 
Although any methods and materials similar or equivalent to 
those described herein can be used in the practice for testing 
of the present invention, the preferred materials and methods 
are described herein. Accordingly, the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting. 
0050. As used in this specification and the appended 
claims, the singular forms “a,'an' and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, reference to “a virus' includes a plurality of 
viruses; reference to a "host cell' includes mixtures of host 
cells, and the like. 
0051. An "amino acid sequence' is a polymer of amino 
acid residues (a protein, polypeptide, etc.) or a character 
string representing an amino acid polymer, depending on 
COInteXt. 

0.052 The terms “nucleic acid,”“polynucleotide,”“poly 
nucleotide sequence' and “nucleic acid sequence” refer to 
single-stranded or double-stranded deoxyribonucleotide or 
ribonucleotide polymers, chimeras or analogues thereof, or 
a character string representing Such, depending on context. 
As used herein, the term optionally includes polymers of 
analogs of naturally occurring nucleotides having the essen 
tial nature of natural nucleotides in that they hybridize to 
single-stranded nucleic acids in a manner similar to naturally 
occurring nucleotides (e.g., peptide nucleic acids). Unless 
otherwise indicated, a particular nucleic acid sequence of 
this invention optionally encompasses complementary 
sequences in addition to the sequence explicitly indicated. 



US 2008/006982 1 A1 

From any specified polynucleotide sequence, either the 
given nucleic acid or the complementary polynucleotide 
sequence (e.g., the complementary nucleic acid) can be 
determined. 

0053) The term “nucleic acid” or “polynucleotide' also 
encompasses any physical string of monomer units that can 
be corresponded to a string of nucleotides, including a 
polymer of nucleotides (e.g., a typical DNA or RNA poly 
mer), PNAS, modified oligonucleotides (e.g., oligonucle 
otides comprising bases that are not typical to biological 
RNA or DNA in solution, such as 2'-O-methylated oligo 
nucleotides), and the like. A nucleic acid can be e.g., 
single-stranded or double-stranded. 
0054. A “subsequence' is any portion of an entire 
sequence, up to and including the complete sequence. Typi 
cally, a Subsequence comprises less than the full-length 
sequence. A “unique Subsequence' is a Subsequence that is 
not found in any previously determined influenza polynucle 
otide or polypeptide sequence. 
0055. The term “variant” with respect to a polypeptide 
refers to an amino acid sequence that is altered by one or 
more amino acids with respect to a reference sequence. The 
variant can have “conservative' changes, wherein a Substi 
tuted amino acid has similar structural or chemical proper 
ties, e.g., replacement of leucine with isoleucine. Alterna 
tively, a variant can have “nonconservative changes, e.g., 
replacement of a glycine with a tryptophan. Analogous 
minor variation can also include amino acid deletion or 
insertion, or both. Guidance in determining which amino 
acid residues can be substituted, inserted, or deleted without 
eliminating biological or immunological activity can be 
found using computer programs well known in the art, for 
example, DNASTAR software. Examples of conservative 
substitutions are also described herein. 

0056. The term “gene' is used broadly to refer to any 
nucleic acid associated with a biological function. Thus, 
genes include coding sequences and/or the regulatory 
sequences required for their expression. The term 'gene’ 
applies to a specific genomic sequence, as well as to a cDNA 
or an mRNA encoded by that genomic sequence. 
0057 Genes also include non-expressed nucleic acid 
segments that, for example, form recognition sequences for 
other proteins. Non-expressed regulatory sequences include 
“promoters' and "enhancers,” to which regulatory proteins 
Such as transcription factors bind, resulting in transcription 
of adjacent or nearby sequences. A “tissue specific' pro 
moter or enhancer is one that regulates transcription in a 
specific tissue type or cell type, or types. 
0.058 “Expression of a gene' or “expression of a nucleic 
acid means transcription of DNA into RNA (optionally 
including modification of the RNA, e.g., splicing), transla 
tion of RNA into a polypeptide (possibly including subse 
quent modification of the polypeptide, e.g., post-transla 
tional modification), or both transcription and translation, as 
indicated by the context. 
0059) An “open reading frame” or “ORF is a possible 
translational reading frame of DNA or RNA (e.g., of a gene), 
which is capable of being translated into a polypeptide. That 
is, the reading frame is not interrupted by stop codons. 
However, it should be noted that the term ORF does not 
necessarily indicate that the polynucleotide is, in fact, trans 
lated into a polypeptide. 
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0060. The term “vector” refers to the means by which a 
nucleic acid can be propagated and/or transferred between 
organisms, cells, or cellular components. Vectors include 
plasmids, viruses, bacteriophages, pro-Viruses, phagemids, 
transposons, artificial chromosomes, and the like, that rep 
licate autonomously or can integrate into a chromosome of 
a host cell. A vector can also be a naked RNA polynucle 
otide, a naked DNA polynucleotide, a polynucleotide com 
posed of both DNA and RNA within the same strand, a 
poly-lysine-conjugated DNA or RNA, a peptide-conjugated 
DNA or RNA, a liposome-conjugated DNA, or the like, that 
is not autonomously replicating. In many, but not all, com 
mon embodiments, the vectors of the present invention are 
plasmids. 
0061 An "expression vector” is a vector, such as a 
plasmid that is capable of promoting expression, as well as 
replication of a nucleic acid incorporated therein. Typically, 
the nucleic acid to be expressed is “operably linked to a 
promoter and/or enhancer, and is Subject to transcription 
regulatory control by the promoter and/or enhancer. 
0062. A “bi-directional expression vector is character 
ized by two alternative promoters oriented in the opposite 
direction relative to a nucleic acid situated between the two 
promoters, such that expression can be initiated in both 
orientations resulting in, e.g., transcription of both plus (+) 
or sense strand, and negative (-) or antisense Strand RNAS. 
0063 A “polypeptide' is a polymer comprising two or 
more amino acid residues (e.g., a peptide or a protein). The 
polymer can optionally comprise modifications such as 
glycosylation or the like. The amino acid residues of the 
polypeptide can be natural or non-natural and can be unsub 
stituted, unmodified, substituted or modified. 
0064. In the context of the invention, the term "isolated 
refers to a biological material. Such as a virus, a nucleic acid 
or a protein, which is Substantially free from components 
that normally accompany or interact with it in its naturally 
occurring environment. The isolated biological material 
optionally comprises additional material not found with the 
biological material in its natural environment, e.g., a cell or 
wild-type virus. For example, if the material is in its natural 
environment, such as a cell, the material can have been 
placed at a location in the cell (e.g., genome or genetic 
element) not native to such material found in that environ 
ment. For example, a naturally occurring nucleic acid (e.g., 
a coding sequence, a promoter, an enhancer, etc.) becomes 
isolated if it is introduced by non-naturally occurring means 
to a locus of the genome (e.g., a vector, Such as a plasmid or 
virus vector, or amplicon) not native to that nucleic acid. 
Such nucleic acids are also referred to as "heterologous' 
nucleic acids. An isolated virus, for example, is in an 
environment (e.g., a cell culture system, or purified from cell 
culture) other than the native environment of wild-type virus 
(e.g., the nasopharynx of an infected individual). 
0065. The term “chimeric' or “chimera,” when referring 
to a virus, indicates that the virus includes genetic and/or 
polypeptide components derived from more than one paren 
tal viral strain or source. Similarly, the term "chimeric' or 
"chimera,” when referring to a viral protein, indicates that 
the protein includes polypeptide components (i.e., amino 
acid Subsequences) derived from more than one parental 
viral strain or source. 

0066. The term “recombinant indicates that the material 
(e.g., a nucleic acid or protein) has been artificially or 
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synthetically (non-naturally) altered by human intervention. 
The alteration can be performed on the material within, or 
removed from, its natural environment or state. Specifically, 
e.g., an influenza virus is recombinant when it is produced 
by the expression of a recombinant nucleic acid. For 
example, a “recombinant nucleic acid is one that is made by 
recombining nucleic acids, e.g., during cloning, DNA shuf 
fling or other procedures, or by chemical or other mutagen 
esis; a “recombinant polypeptide' or “recombinant protein’ 
is a polypeptide or protein which is produced by expression 
of a recombinant nucleic acid; and a “recombinant virus'. 
e.g., a recombinant influenza virus, is produced by the 
expression of a recombinant nucleic acid. 
0067. The term “reassortant, when referring to a virus, 
indicates that the virus includes genetic and/or polypeptide 
components derived from more than one parental viral strain 
or source. For example, a 7:1 reassortant includes 7 viral 
genomic segments (or gene segments) derived from a first 
parental virus, and a single complementary viral genomic 
segment, e.g., encoding a hemagglutinin or neuraminidase 
of the invention. A 6:2 reassortant includes 6 genomic 
segments, most commonly the 6 internal genes from a first 
parental virus, and two complementary segments, e.g., 
hemagglutinin and neuraminidase, from a different parental 
W1US. 

0068 The term “introduced when referring to a heter 
ologous or isolated nucleic acid refers to the incorporation of 
a nucleic acid into a eukaryotic or prokaryotic cell where the 
nucleic acid can be incorporated into the genome of the cell 
(e.g., chromosome, plasmid, plastid or mitochondrial DNA), 
converted into an autonomous replicon, or transiently 
expressed (e.g., transfected mRNA). The term includes such 
methods as “infection,”“transfection,”“transformation' and 
“transduction.” In the context of the invention a variety of 
methods can be employed to introduce nucleic acids into 
cells, including electroporation, calcium phosphate precipi 
tation, lipid mediated transfection (lipofection), etc. 
0069. The term “host cell' means a cell that contains a 
heterologous nucleic acid, such as a vector, and Supports the 
replication and/or expression of the nucleic acid. Host cells 
can be prokaryotic cells such as E. coli, or eukaryotic cells 
Such as yeast, insect, amphibian, avian or mammalian cells, 
including human cells. Exemplary host cells can include, 
e.g., Vero (African green monkey kidney) cells, BHK (baby 
hamster kidney) cells, primary chick kidney (PCK) cells, 
Madin-Darby Canine Kidney (MDCK) cells, Madin-Darby 
Bovine Kidney (MDBK) cells, 293 cells (e.g., 293T cells), 
and COS cells (e.g., COS1, COS7 cells), etc. 
0070 An “immunologically effective amount of influ 
enza virus is an amount Sufficient to enhance an individuals 
(e.g., a humans) own immune response against a Subse 
quent exposure to influenza virus. Levels of induced immu 
nity can be monitored, e.g., by measuring amounts of 
neutralizing secretory and/or serum antibodies, e.g., by 
plaque neutralization, complement fixation, enzyme-linked 
immunosorbent, or microneutralization assay. 
0071. A "protective immune response' against influenza 
virus refers to an immune response exhibited by an indi 
vidual (e.g., a human) that is protective against disease when 
the individual is subsequently exposed to and/or infected 
with Such influenza virus. In some instances, the influenza 
virus (e.g., naturally circulating) can still cause infection, but 
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it cannot cause a serious infection. Typically, the protective 
immune response results in detectable levels of host engen 
dered serum and secretory antibodies that are capable of 
neutralizing virus of the same strain and/or subgroup (and 
possibly also of a different, non-vaccine Strain and/or Sub 
group) in vitro and in vivo. 
0072. As used herein, an “antibody' is a protein com 
prising one or more polypeptides Substantially or partially 
encoded by immunoglobulin genes or fragments of immu 
noglobulin genes. The recognized immunoglobulin genes 
include the kappa, lambda, alpha, gamma, delta, epsilon and 
mu constant region genes, as well as myriad immunoglo 
bulin variable region genes. Light chains are classified as 
either kappa or lambda. Heavy chains are classified as 
gamma, mu, alpha, delta, or epsilon, which in turn define the 
immunoglobulin classes, IgG, IgM, IgA, Ig|D and IgE, 
respectively. A typical immunoglobulin (antibody) structural 
unit comprises a tetramer. Each tetramer is composed of two 
identical pairs of polypeptide chains, each pair having one 
“light” (about 25 kD) and one “heavy” chain (about 50-70 
kD). The N-terminus of each chain defines a variable region 
of about 100 to 110 or more amino acids primarily respon 
sible for antigen recognition. The terms variable light chain 
(VL) and variable heavy chain (VH) refer to these light and 
heavy chains respectively. Antibodies exist as intact immu 
noglobulins or as a number of well-characterized fragments 
produced by digestion with various peptidases. Thus, for 
example, pepsin digests an antibody below the disulfide 
linkages in the hinge region to produce F(ab)'2, a dimer of 
Fab which itself is a light chain joined to VH-CH1 by a 
disulfide bond. The F(ab)'2 may be reduced under mild 
conditions to break the disulfide linkage in the hinge region 
thereby converting the (Fab')2 dimer into a Fab' monomer. 
The Fab' monomer is essentially a Fab with part of the hinge 
region (see, Fundamental Immunology, W. E. Paul, ed., 
Raven Press, N.Y. (1999), for a more detailed description of 
other antibody fragments). While various antibody frag 
ments are defined in terms of the digestion of an intact 
antibody, one of skill will appreciate that such Fab' frag 
ments may be synthesized de novo either chemically or by 
utilizing recombinant DNA methodology. Thus, the term 
antibody, as used herein, includes antibodies or fragments 
either produced by the modification of whole antibodies or 
synthesized de novo using recombinant DNA methodolo 
gies. Antibodies include, e.g., polyclonal antibodies, mono 
clonal antibodies, multiple or single chain antibodies, 
including single chain Fv (sEv or schv) antibodies in which 
a variable heavy and a variable light chain are joined 
together (directly or through a peptide linker) to form a 
continuous polypeptide, and humanized or chimeric anti 
bodies. 

Influenza Virus 

0073. The polypeptides and polynucleotides of the inven 
tion, e.g., SEQID NO:1-45, are variants of influenza HA and 
NA sequences. In general, influenza viruses are made up of 
an internal ribonucleoprotein core containing a segmented 
single-stranded RNA genome and an outer lipoprotein enve 
lope lined by a matrix protein. The genome of influenza 
viruses is composed of eight segments of linear (-) strand 
ribonucleic acid (RNA), encoding the immunogenic hemag 
glutinin (HA) and neuraminidase (NA) proteins, and six 
internal core polypeptides: the nucleocapsid nucleoprotein 
(NP); matrix proteins (M); non-structural proteins (NS); and 
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3 RNA polymerase (PA, PB1, PB2) proteins. During repli 
cation, the genomic viral RNA is transcribed into (+) strand 
messenger RNA and (-) strand genomic cFNA in the 
nucleus of the host cell. Each of the eight genomic segments 
is packaged into ribonucleoprotein complexes that contain, 
in addition to the RNA, NP and a polymerase complex (PB1, 
PB2, and PA). 
0074) Influenza is commonly grouped into influenza A 
and influenza B categories. Influenza A and influenza B 
viruses each contain eight segments of single stranded RNA 
with negative polarity. The influenza A genome encodes 
eleven polypeptides. Segments 1-3 encode three polypep 
tides, making up a RNA-dependent RNA polymerase. Seg 
ment 1 encodes the polymerase complex protein PB2. The 
remaining polymerase proteins PB1 and PA are encoded by 
segment 2 and segment 3, respectively. In addition, segment 
1 of some influenza strains encodes a small protein, PB1-F2, 
produced from an alternative reading frame within the PB1 
coding region. Segment 4 encodes the hemagglutinin (HA) 
Surface glycoprotein involved in cell attachment and entry 
during infection. Segment 5 encodes the nucleocapsid nucle 
oprotein (NP) polypeptide, the major structural component 
associated with viral RNA. Segment 6 encodes a neuramini 
dase (NA) envelope glycoprotein. Segment 7 encodes two 
matrix proteins, designated M1 and M2, which are translated 
from differentially spliced mRNAs. Segment 8 encodes NS1 
and NS2, two nonstructural proteins, which are translated 
from alternatively spliced mRNA variants. The eight 
genome segments of influenza B encode 11 proteins. The 
three largest genes code for components of the RNA poly 
merase, PB1, PB2 and PA. Segment 4 encodes the HA 
protein. Segment 5 encodes NP. Segment 6 encodes the NA 
protein and the NB protein. Both proteins, NB and NA, are 
translated from overlapping reading frames of a bicistronic 
mRNA. Segment 7 of influenza B also encodes two proteins: 
M1 and BM2. The smallest segment encodes two products: 
NS1 is translated from the full length RNA, while NS2 is 
translated from a spliced mRNA variant. 
Influenza Virus Vaccines 

0075. The sequences, compositions and methods herein 
are primarily, but not solely, concerned with production of 
influenza viruses for vaccines. Historically, influenza virus 
vaccines have primarily been produced in embryonated hen 
eggs using strains of virus selected or based on empirical 
predictions of relevant strains. More recently, reassortant 
viruses have been produced that incorporate selected hemag 
glutinin and/or neuraminidase antigens in the context of an 
approved attenuated, temperature sensitive master strain. 
Following culture of the virus through multiple passages in 
hen eggs, influenza viruses are recovered and, optionally, 
inactivated, e.g., using formaldehyde and/or B-propiolactone 
(or alternatively used in live attenuated vaccines). Thus, it 
will be appreciated that HA and NA sequences (e.g., SEQID 
NO:1-45) are quite useful in constructing influenza vac 
cines. The current invention includes viruses/vaccines com 
prising HA and/or NA sequences of pandemic influenza 
strains (including wherein the HA sequences comprise 
modified polybasic cleavage sites Such as the modifications 
described herein); and including wherein the viruses/vac 
cines comprise a ca backbone such as A/AA/6/60 or the 
backbone of PR8. 

0.076 Attempts at producing recombinant and reassortant 
vaccines in cell culture have been hampered by the inability 

Mar. 20, 2008 

of some of the strains approved for vaccine production to 
grow efficiently under standard cell culture conditions. 
However, prior work by the inventors and their coworkers 
provided a vector system, and methods for producing 
recombinant and reassortant viruses in culture, thus, making 
it possible to rapidly produce vaccines corresponding to one 
or many selected antigenic strains of virus, e.g., either A or 
B Strains, various Subtypes or Substrains, etc., e.g., compris 
ing the HA and/or NA sequences herein. See, Multi-Plasmid 
System for the production of Influenza virus, U.S. Applica 
tion No. 60/420,708, filed Oct. 23, 2002, U.S. application 
Ser. No. 10/423,828, filed Apr. 25, 2003 and U.S. Applica 
tion 60/574,117 filed May 24, 2004. Typically, the cultures 
are maintained in a system, Such as a cell culture incubator, 
under controlled humidity and CO, at constant temperature 
using a temperature regulator, Such as a thermostat to insure 
that the temperature does not exceed 35° C. Reassortant 
influenza viruses can be readily obtained by introducing a 
Subset of vectors corresponding to genomic segments of a 
master influenza virus, in combination with complementary 
segments derived from Strains of interest (e.g., HA and/or 
NA antigenic variants herein). Typically, the master strains 
are selected on the basis of desirable properties relevant to 
vaccine administration. For example, for vaccine produc 
tion, e.g., for production of a live attenuated vaccine, the 
master donor virus strain may be selected for an attenuated 
phenotype, cold adaptation and/or temperature sensitivity. 
As explained elsewhere herein and, e.g., in U.S. patent 
application Ser. No. 10/423,828, etc., various embodiments 
of the invention utilize A/Ann Arbor (AA)/6/60 influenza 
strain as a “backbone' upon which to add HA and/or NA 
genes (e.g., such as those sequences listed herein, etc.) to 
create desired reassortant viruses. Thus, for example, in a 
6:2 reassortant, 2 genes (i.e., NA and HA) would be from the 
influenza Strain(s) against which an immunogenic reaction is 
desired, while the other 6 genes would be from the Ann 
Arbor strain, or other backbone strain, etc. The Ann Arbor 
virus is useful for its cold adapted, attenuated, temperature 
sensitive attributes. Of course, it will be appreciated that the 
HA and NA sequences herein are capable of reassortment 
with a number of other virus genes or virus types (e.g., a 
number of different “backbones' such as PR8, etc., contain 
ing the other influenza genes present in a reassortant, 
namely, the non-HA and non-NA genes 

0077. Various embodiments herein can comprise live 
attenuated vaccines, having the HA and/or NA sequences 
herein, for pandemic influenza. Such vaccines typically 
comprise, e.g., the HA and/or NA sequences of SEQ ID 
NO:11-20, 27-32, or 39-44, or their corresponding encoding 
nucleotides of SEQ ID NO:1-10, 21-26, 33-38, or 45. One 
problem arising from growth of vaccine virus strains (e.g., 
reassortants) in eggs is that avian strains (which can be 
involved in pandemics) can kill the eggs in which the 
vaccines are to be produced and are, thus, hard to manipu 
late, produce, etc. through use of traditional (non-plasmid 
rescue) reassortant production. Such avian strains are of 
interest since evidence indicates they can result in influenza 
in humans and possible pandemics. Thus, use of plasmid 
rescue systems to create?manipulate influenza reassortants 
with pandemic strains such as various avian sequences (e.g., 
the HA and NA sequences herein) are quite desirable and are 
features of the invention. It will be appreciated, however, 
that the current sequences are also capable of use with 
non-plasmid or traditional systems. 
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0078 Aquatic birds (among others) can be infected by 
influenza A viruses of 15 hemagglutinin (HA) and 9 
neuraminidase (NA) subtypes. Such birds can serve as a 
reservoir from which novel influenza subtypes can be intro 
duced into human populations and cause pandemics. The 
observation that avian H7N7 influenza A viruses infected 
humans in The Netherlands in 2003 and avian H5N1 and 
H9N2 viruses infected humans in Hong Kong and China 
earlier, raise concerns that these (and other) Subtypes have 
the potential to cause pandemics. Thus, vaccines are needed 
to prevent human infections with avian influenza A viruses. 
Live, attenuated influenza A virus vaccines against human 
influenza viruses were recently licensed in the United States. 
See above. Such vaccines are reassortant H1N1 and H3N2 
viruses in which the internal protein genes of A/Ann Arbor 
(AA)/6/60 (H2N2) cold adapted (ca) virus confer the cold 
adapted, attenuation and temperature sensitive phenotypes 
of the AA ca virus on the reassortant viruses (i.e., the ones 
having the hemagglutinin and neuraminidase genes from the 
non-Ann Arbor Strain). Classical genetic reassortment and 
plasmid-based reverse genetics techniques have been 
applied to generate reassortant viruses that contain the 
hemagglutinin and neuraminidase genes from avian influ 
enza A viruses (H4-H 14 Subtypes) and six internal gene 
segments from the AA cavirus. Such reassortant viruses are 
features of the invention. See the HA and NA gene 
sequences below. These viruses bear biological properties 
that are desirable in candidate vaccines because the pheno 
types associated with the AA ca virus are present in the 
reassortant viruses. The generation and evaluation of these 
reassortant viruses as seed viruses for vaccines are important 
steps in pandemic preparedness. It is contemplated that 
clinical trials can establish the safety, infectivity and immu 
nogenicity of Such live attenuated pandemic vaccines. Other 
embodiments of the invention include reassortant viruses 
(e.g., those used in vaccines) comprising pandemic antigenic 
genes HA and/or NA from, e.g., avian, porcine, etc., pan 
demic virus strains in addition to those listed herein, to 
produce pandemic vaccines which are created through plas 
mid-rescue reassortment (e.g., reassortment with A/Ann 
Arbor 6/60 (i.e., A/AA/6/60), PR8, etc. Methods of con 
struction and use of Such viruses and vaccines are also 
included. "Pandemic virus strains' as used herein is defined 
as an influenza strain A virus Subtype that it is not circulating 
in the human population, that is declared to be a pandemic 
strain by the Centers for Disease Control or the World Health 
Organization or generally acknowledged as Such within the 
Scientific community. 

0079. In various embodiments herein, the antigenic 
sequences (e.g., the HA sequences) as well as viruses and 
vaccines from Such viruses comprise modified polybasic 
cleavage sites. Some highly pathogenic avian pandemic 
influenza strains comprise multiple basic amino acid cleav 
age sites within hemagglutinin sequences. See, e.g., Li et al., 
J. of Infectious Diseases, 179:1132-8, 1999. Such cleavage 
sites, in typical embodiments herein, are, e.g., modified or 
altered in their sequences in comparison to the wild-type 
sequences from which the current sequences are derived 
(e.g., to disable the cleavage or reduce the cleavage there, 
etc.). Such modifications/alterations can be different in dif 
ferent strains due to the various sequences of the cleavage 
sites in the wild-type sequences. For example, 4 polybasic 
residues (RRKK) at 326-329 of mature H5 are typically 
removed in sequences herein (as compared to wt). See 
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“SEQUENCES.” In various embodiments, the polybasic 
cleavage sites can be modified in a number of ways (all of 
which are contained within the invention). For example, the 
polybasic cleavage site can be removed one amino acid at a 
time (e.g., one R removed, two Rs removed, RRK removed, 
or RRKK removed). Additionally, the amino acid residue 
directly upstream of the cleavage site can also be removed 
or altered (e.g., from an R to a T, etc.); also, the nucleotides 
encoding the amino acid residue directly after the cleavage 
site can also be modified. See, e.g., FIG. 1 for an illustration 
of cleavage site modification. In addition, hemagglutinin 
polypeptide sequences of influenza virus comprise amino 
terminal signal peptide sequences, thus, the hemagglutinin 
polypeptide sequences of the invention include both the 
mature (amino terminal signal peptide cleaved) form of the 
hemagglutinin polypeptides and the pre-cleaved form of 
hemagglutinin. The cleavage sites of any hemagglutinin 
polypeptide sequence of any influenza Strain can be rou 
tinely measured or predicted using any number of methods 
in the art. 

0080. The terms “temperature sensitive,”“cold adapted” 
and "attenuated as applied to viruses (typically used as 
vaccines or for vaccine production) which optionally 
encompass the current sequences, are well known in the art. 
For example, the term “temperature sensitive” (ts) indicates, 
e.g., that the virus exhibits a 100 fold or greater reduction in 
titer at 39°C. relative to 33°C. for influenza Astrains, or that 
the virus exhibits a 100 fold or greater reduction in titer at 
37° C. relative to 33° C. for influenza B strains. The term 
“cold adapted (ca) indicates that the virus exhibits growth 
at 25°C. within 100 fold of its growth at 33° C., while the 
term “attenuated (att) indicates that the virus replicates in 
the upper airways of ferrets but is not detectable in their lung 
tissues, and does not cause influenza-like illness in the 
animal. It will be understood that viruses with intermediate 
phenotypes, i.e., viruses exhibiting titer reductions less than 
100 fold at 39°C. (for Astrain viruses) or 37° C. (for B strain 
viruses), or exhibiting growth at 25°C. that is more than 100 
fold than its growth at 33°C. (e.g., within 200 fold, 500 fold, 
1000 fold, 10,000 fold less), and/or exhibit reduced growth 
in the lungs relative to growth in the upper airways of ferrets 
(i.e., partially attenuated) and/or reduced influenza like 
illness in the animal, are also useful viruses and can be used 
in conjunction with the HA and NA sequences herein. 

0081 Again, the HA and NA sequences of the current 
invention are optionally utilized in the production of or in 
reassortment vaccines (and/or in other ts, cs, ca, and/or att 
viruses and vaccines). However, it should be noted that the 
HA and NA sequences, etc. of the invention are not limited 
to specific vaccine compositions or production methods, and 
can, thus, be utilized in Substantially any vaccine type or 
vaccine production method which utilizes strain specific HA 
and NA antigens (e.g., any of SEQID NO:11-20, 27-32, or 
39-44 or the corresponding nucleotides encoding the specific 
HA and NA antigens, e.g., SEQ ID NO:1-10, 21-26, 33-38, 
or 45). 
FLUMISTTM 

0082. As mentioned previously, numerous examples and 
types of influenza vaccine exist. An exemplary influenza 
vaccine is FluMistTM which is a live, attenuated vaccine that 
protects children and adults from influenza illness (Belshe et 
al. (1998) The efficacy of live attenuated, cold-adapted, 
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trivalent, intranasal influenza virus vaccine in children N. 
EnglJ Med 338:1405-12: Nichol et al. (1999) Effectiveness 
of live, attenuated intranasal influenza virus vaccine in 
healthy, working adults: a randomized controlled trial 
JAMA 282:137-44). In typical, and preferred, embodiments, 
the methods and compositions of the current invention are 
preferably adapted to/used with production of FluMistTM 
vaccine. However, it will be appreciated by those skilled in 
the art that the sequences, methods, compositions, etc. 
herein are also adaptable to production of similar or even 
different viral vaccines. 

0083) FluMistTM vaccine strains contain, e.g., HA and NA 
gene segments derived from the strains (e.g., wild-type 
strains) to which the vaccine is addressed along with six 
gene segments, PB1, PB2, PA, NP, M and NS, from a 
common master donor virus (MDV). The HA sequences 
herein, thus, are part of various FluMistTM formulations. The 
MDV for influenza A strains of FluMistTM (MDV-A), was 
created by serial passage of the wild-type A/Ann Arbor/6/60 
(A/AA/6/60) strain in primary chicken kidney tissue culture 
at successively lower temperatures (Maassab (1967) Adap 
tation and growth characteristics of influenza virus at 25 
degrees C. Nature 213:612-4). MDV-A replicates efficiently 
at 25°C. (ca, cold adapted), but its growth is restricted at 38 
and 39° C. (ts, temperature sensitive). Additionally, this 
virus does not replicate in the lungs of infected ferrets (att, 
attenuation). The ts phenotype is believed to contribute to 
the attenuation of the vaccine in humans by restricting its 
replication in all but the coolest regions of the respiratory 
tract. The stability of this property has been demonstrated in 
animal models and clinical studies. In contrast to the ts 
phenotype of influenza strains created by chemical mutagen 
esis, the ts property of MDV-A does not revert following 
passage through infected hamsters or in shed isolates from 
children (for a recent review, see Murphy & Coelingh (2002) 
Principles underlying the development and use of live 
attenuated cold-adapted influenza A and B virus vaccines 
Viral Immunol 15:295-323). 
0084 Clinical studies in over 20,000 adults and children 
involving 12 separate 6:2 reassortant strains have shown that 
these vaccines are attenuated, safe and efficacious (Belshe et 
al. (1998) The efficacy of live attenuated, cold-adapted, 
trivalent, intranasal influenza virus vaccine in children N. 
Engl J Med 338: 1405-12: Boyce et al. (2000) Safety and 
immunogenicity of adjuvanted and unadjuvanted subunit 
influenza vaccines administered intranasally to healthy 
adults Vaccine 19:217-26; Edwards et al. (1994) A random 
ized controlled trial of cold adapted and inactivated vac 
cines for the prevention of influenza A disease J Infect Dis 
169:68-76: Nichol et al. (1999) Effectiveness of live, attenu 
ated intranasal influenza virus vaccine in healthy, working 
adults: a randomized controlled trial JAMA 282: 137–44). 
Reassortants carrying the six internal genes of MDV-A and 
the two HA and NA gene segments of a wild-type virus (i.e., 
a 6:2 reassortant) consistently maintain ca, tS and att phe 
notypes (Maassab et al. (1982) Evaluation of a cold-recom 
binant influenza virus vaccine in ferrets J. Infect. Dis. 
146:780-900). 
0085 Production of such reassorted virus using B strains 
of influenza is more difficult, however, recent work (see, 
e.g., Multi-Plasmid System for the Production of Influenza 
Virus, U.S. Application No. 60/420,708, filed Oct. 23, 2002, 
U.S. application Ser. No. 10/423,828, filed Apr. 25, 2003, 
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and U.S. Application No. 60/574,117, filed May 24, 2004) 
has shown an eight plasmid system for the generation of 
influenza B virus entirely from cloned cDNA. Methods for 
the production of attenuated live influenza A and B virus 
Suitable for vaccine formulations, such as live virus vaccine 
formulations useful for intranasal administration were also 
shown. 

0086) The system and methods described previously are 
useful for the rapid production in cell culture of recombinant 
and reassortant influenza A and B viruses, including viruses 
Suitable for use as vaccines, including live attenuated vac 
cines, such as vaccines Suitable for intranasal administration. 
The sequences (e.g., nucleotide sequences SEQID NO:1-10, 
21-26, 33-38, or 45 and the corresponding amino acids 
encoded by the nucleotide sequences in SEQID NO:11-20, 
27-32, or 39-44), methods, etc. of the current invention, are 
optionally used in conjunction with, or in combination with, 
Such previous work involving, e.g., reasserted influenza 
viruses for vaccine production to produce viruses for vac 
C1GS. 

Methods and Compositions for Prophylactic Administration 
of Vaccines 

0087 As stated above, alternatively, or in addition to, use 
in production of FluMistTM vaccine, the current invention 
can be used in other vaccine formulations. In general, 
recombinant and reassortant viruses of the invention (e.g., 
those comprising polynucleotides of SEQ ID NO:1-10, 21. 
23-26, 33-38, or 45 or polypeptides of SEQID NO:11-20, 
27-32, or 39-44, or fragments thereof) can be administered 
prophylactically in an immunologically effective amount 
and in an appropriate carrier or excipient to stimulate an 
immune response specific for one or more strains of influ 
enza virus as determined by the HA and/or NA sequence. 
Typically, the carrier or excipient is a pharmaceutically 
acceptable carrier or excipient, such as sterile water, aqueous 
saline Solution, aqueous buffered saline Solutions, aqueous 
dextrose solutions, aqueous glycerol Solutions, ethanol, or 
combinations thereof. The preparation of Such solutions 
insuring sterility, pH, isotonicity, and Stability is effected 
according to protocols established in the art. Generally, a 
carrier or excipient is selected to minimize allergic and other 
undesirable effects, and to suit the particular route of admin 
istration, e.g., Subcutaneous, intramuscular, intranasal, etc. 
0088 A related aspect of the invention provides methods 
for stimulating the immune system of an individual to 
produce a protective immune response against influenza 
virus. In the methods, an immunologically effective amount 
of a recombinant influenza virus (e.g., comprising an HA 
and/or NA molecule of the invention), an immunologically 
effective amount of a polypeptide of the invention, and/or an 
immunologically effective amount of a nucleic acid of the 
invention is administered to the individual in a physiologi 
cally acceptable carrier. 

0089 Generally, the influenza viruses of the invention are 
administered in a quantity Sufficient to stimulate an immune 
response specific for one or more strains of influenza virus 
(i.e., against the HA and/or NA strains of the invention). 
Preferably, administration of the influenza viruses elicits a 
protective immune response to Such strains. Dosages and 
methods for eliciting a protective immune response against 
one or more influenza Strains are known to those of skill in 
the art. See, e.g., U.S. Pat. No. 5,922,326; Wright et al., 
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Infect. Immun. 37:397-400 (1982); Kim et al., Pediatrics 
52:56-63 (1973); and Wright et al., J. Pediatr. 88:931-936 
(1976). For example, influenza viruses are provided in the 
range of about 1-1000 HIDs (human infectious dose), i.e., 
about 10-10 pfu (plaque forming units) per dose admin 
istered. Typically, the dose will be adjusted within this range 
based on, e.g., age, physical condition, body weight, sex, 
diet, time of administration, and other clinical factors. The 
prophylactic vaccine formulation is systemically adminis 
tered, e.g., by Subcutaneous or intramuscular injection using 
a needle and Syringe, or a needle-less injection device. 
Alternatively, the vaccine formulation is administered intra 
nasally, either by drops, large particle aerosol (greater than 
about 10 microns), or spray into the upper respiratory tract. 
While any of the above routes of delivery results in a 
protective systemic immune response, intranasal adminis 
tration confers the added benefit of eliciting mucosal immu 
nity at the site of entry of the influenza virus. For intranasal 
administration, attenuated live virus vaccines are often pre 
ferred, e.g., an attenuated, cold adapted and/or temperature 
sensitive recombinant or reassortant influenza virus. See 
above. While stimulation of a protective immune response 
with a single dose is preferred, additional dosages can be 
administered, by the same or different route, to achieve the 
desired prophylactic effect. 
0090 Typically, the attenuated recombinant influenza of 
this invention as used in a vaccine is Sufficiently attenuated 
Such that symptoms of infection, or at least symptoms of 
serious infection, will not occur in most individuals immu 
nized (or otherwise infected) with the attenuated influenza 
virus. In some instances, the attenuated influenza virus can 
still be capable of producing symptoms of mild illness (e.g., 
mild upper respiratory illness) and/or of dissemination to 
unvaccinated individuals. However, its virulence is suffi 
ciently abrogated Such that severe lower respiratory tract 
infections do not occur in the vaccinated or incidental host. 

0.091 Alternatively, an immune response can be stimu 
lated by ex vivo or in vivo targeting of dendritic cells with 
influenza viruses comprising the sequences herein. For 
example, proliferating dendritic cells are exposed to viruses 
in a sufficient amount and for a sufficient period of time to 
permit capture of the influenza antigens by the dendritic 
cells. The cells are then transferred into a subject to be 
vaccinated by standard intravenous transplantation methods. 
0092. While stimulation of a protective immune response 
with a single dose is preferred, additional dosages can be 
administered, by the same or different route, to achieve the 
desired prophylactic effect. In neonates and infants, for 
example, multiple administrations may be required to elicit 
Sufficient levels of immunity. Administration can continue at 
intervals throughout childhood, as necessary to maintain 
Sufficient levels of protection against wild-type influenza 
infection. Similarly, adults who are particularly susceptible 
to repeated or serious influenza infection, such as, for 
example, health care workers, day care workers, family 
members of young children, the elderly, and individuals with 
compromised cardiopulmonary function may require mul 
tiple immunizations to establish and/or maintain protective 
immune responses. Levels of induced immunity can be 
monitored, for example, by measuring amounts of neutral 
izing secretory and serum antibodies, and dosages adjusted 
or vaccinations repeated as necessary to elicit and maintain 
desired levels of protection. 
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0093 Optionally, the formulation for prophylactic 
administration of the influenza viruses also contains one or 
more adjuvants for enhancing the immune response to the 
influenza antigens. Suitable adjuvants include: complete 
Freund's adjuvant, incomplete Freund's adjuvant, Saponin, 
mineral gels such as aluminum hydroxide, Surface active 
Substances such as lysolecithin, pluronic polyols, polyan 
ions, peptides, oil or hydrocarbon emulsions, bacille Cal 
mette-Guerin (BCG), Corynebacterium parvum, and the 
synthetic adjuvant QS-21. 
0094. If desired, prophylactic vaccine administration of 
influenza viruses can be performed in conjunction with 
administration of one or more immunostimulatory mol 
ecules. Immunostimulatory molecules include various 
cytokines, lymphokines and chemokines with immuno 
stimulatory, immunopotentiating, and pro-inflammatory 
activities, such as interleukins (e.g., IL-1, IL-2, IL-3, IL-4, 
IL-12, IL-13); growth factors (e.g., granulocyte-macrophage 
(GM)-colony stimulating factor (CSF)); and other immuno 
stimulatory molecules, such as macrophage inflammatory 
factor, Flt3 ligand, B7.1: B7.2, etc. The immunostimulatory 
molecules can be administered in the same formulation as 
the influenza viruses, or can be administered separately. 
Either the protein (e.g., an HA and/or NA polypeptide of the 
invention, e.g., any of SEQID NO:11-20, 27-32, or 39-44) 
or an expression vector comprising a nucleic acid (e.g., any 
of SEQ ID NO:1-10, 21-26, 33-38, or 45) encoding the 
protein can be administered to produce an immunostimula 
tory effect. 
0.095 The above described methods are useful for thera 
peutically and/or prophylactically treating a disease or dis 
order, typically influenza, by introducing a vector of the 
invention comprising a heterologous polynucleotide encod 
ing a therapeutically or prophylactically effective HA and/or 
NA polypeptide (or peptide) or HA and/or NARNA (e.g., an 
antisense RNA or ribozyme) into a population of target cells 
in vitro, ex vivo or in vivo. Typically, the polynucleotide 
encoding the polypeptide (or peptide), or RNA, of interest is 
operably linked to appropriate regulatory sequences as 
described above in the sections entitled “Expression Vec 
tors' and “Additional Expression Elements. Optionally, 
more than one heterologous coding sequence is incorporated 
into a single vector or virus. For example, in addition to a 
polynucleotide encoding a therapeutically or prophylacti 
cally active HA and/or NA polypeptide or RNA, the vector 
can also include additional therapeutic or prophylactic 
polypeptides, e.g., antigens, co-stimulatory molecules, 
cytokines, antibodies, etc., and/or markers, and the like. 
0096 Although vaccination of an individual with an 
attenuated influenza virus of a particular strain of a particu 
lar subgroup can induce cross-protection against influenza 
virus of different strains and/or Subgroups, cross-protection 
can be enhanced, if desired, by vaccinating the individual 
with attenuated influenza virus from at least two strains, e.g., 
each of which represents a different subgroup. Additionally, 
vaccine combinations can optionally include mixes of pan 
demic vaccines (e.g., those against pandemic influenza 
strains such as various avian strains, see, e.g., the sequences 
herein, or other pandemic strains) and non-pandemic strains. 
Vaccine mixtures (or multiple vaccinations) can comprise 
components from human strains and/or non-human influ 
enza Strains (e.g., avian and human, etc.). Similarly, the 
attenuated influenza virus vaccines of this invention can 
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optionally be combined with vaccines that induce protective 
immune responses against other infectious agents. 
Polynucleotides of the Invention 
0097. It is well known in the art that the HA and NA 
polynucleotide segments of influenza viruses comprise both 
a coding region (encoding the ORF) and noncoding regions 
(NCRs), both 5' and 3' of the HA and NA coding sequence. 
An example of these NCRs are shown in SEQ ID NOS: 1-9 
(outside of the ORFs). It is also known that primers can be 
made to these NCRs to facilitate amplification of the entire 
HA and NA segments of influenza virus. (see, e.g., Hoff 
mann et al. Arch Virol. 2001 December; 146(12):2275-89). 
Further, it is known that the NCRs of the HA and NA of 
influenza may increase the efficiency of achieving reassor 
tants. Therefore, the polynucleotide sequences of these 
NCRS (including fragments and variants (e.g., at least about 
60%, or at least 70%, or at least 80%, or at least 90%, or at 
least about 91% or at least about 92%, or at least about 93%, 
or at least about 94%, or at least about 95%, or at least about 
96%, or at least about 97%, or at least about 98%, or at least 
about 98.5%, or at least about 98.7%, or at least about 99%, 
or at least about 99.1%, or at least about 99.2%, or at least 
about 99.3%, or at least about 99.4%, or at least about 
99.5%, or at least about 99.6% or at least about 99.7%, or at 
least about 99.8%, or at least about 99.9% identity) thereof) 
are within the scope of this invention. When amplifying the 
HA and NA segments of any pandemic strain, one could 
make and use polynucleotide primers to bind conserved 
(e.g., among related strains) regions of the HA and NA 
NCRs for amplification (e.g., by RT-PCR). In one embodi 
ment, HA and NA polynucleotides of the invention include 
both the NCR and ORF of the HA and NA sequences 
(including fragments and variants (e.g., at least about 60%. 
or at least 70%, or at least 80%, or at least 90%, or at least 
about 91% or at least about 92%, or at least about 93%, or 
at least about 94%, or at least about 95%, or at least about 
96%, or at least about 97%, or at least about 98%, or at least 
about 98.5%, or at least about 98.7%, or at least about 99%, 
or at least about 99.1%, or at least about 99.2%, or at least 
about 99.3%, or at least about 99.4%, or at least about 
99.5%, or at least about 99.6% or at least about 99.7%, or at 
least about 99.8%, or at least about 99.9%) thereof) of 
pandemic virus strains. In alternative embodiments, the HA 
and NA polynucleotides of the invention exclude the NCR, 
but include the ORF (including fragments and variants (e.g., 
at least about 60%, or at least 70%, or at least 80%, or at least 
90%, or at least about 91% or at least about 92%, or at least 
about 93%, or at least about 94%, or at least about 95%, or 
at least about 96%, or at least about 97%, or at least about 
98%, or at least about 98.5%, or at least about 98.7%, or at 
least about 99%, or at least about 99.1%, or at least about 
99.2%, or at least about 99.3%, or at least about 99.4%, or 
at least about 99.5%, or at least about 99.6% or at least about 
99.7%, or at least about 99.8%, or at least about 99.9% 
thereof)) of the HA and NA sequences of pandemic virus 
strains (e.g., SEQ ID NOS:1-9). 
0098. The HA and NA polynucleotides of the invention, 

e.g., SEQID NO:1 through SEQID NO:10, SEQID NO:21 
through SEQ ID NO:26, SEQ ID NO:33 through SEQ ID 
NO:38, SEQID NO:45, and fragments thereof, are option 
ally used in a number of different capacities alternative to, 
or in addition to, the vaccines described above. Other 
exemplary uses are described herein for illustrative purpose 
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and not as limitations on the actual range of uses. Different 
methods of construction, purification, and characterization 
of the nucleotide sequences of the invention are also 
described herein. In some embodiments, nucleic acids 
including one or more polynucleotide sequence of the inven 
tion are favorably used as probes for the detection of 
corresponding or related nucleic acids in a variety of con 
texts, such as in nucleic hybridization experiments, e.g., to 
find and/or characterize homologous influenza variants (e.g., 
homologues to the sequences herein, etc.) infecting other 
species or in different influenza outbreaks, etc. The probes 
can be either DNA or RNA molecules, such as restriction 
fragments of genomic or cloned DNA, cDNAs, PCR ampli 
fication products, transcripts, and oligonucleotides, and can 
vary in length from oligonucleotides as short as about 10 
nucleotides in length to full length sequences or cDNAs in 
excess of 1 kb or more. For example, in some embodiments, 
a probe of the invention includes a polynucleotide sequence 
or subsequence selected, e.g., from among SEQ ID NO:1 
through SEQ ID NO:10, SEQ ID NO:21 through SEQ ID 
NO:26, SEQ ID NO:33 through SEQ ID NO:38, SEQ ID 
NO:45, or sequences complementary thereto. Alternatively, 
polynucleotide sequences that are variants of one of the 
above-designated sequences are used as probes. Most typi 
cally, such variants include one or a few conservative 
nucleotide variations. For example, pairs (or sets) of oligo 
nucleotides can be selected, in which the two (or more) 
polynucleotide sequences are conservative variations of 
each other, wherein one polynucleotide sequence corre 
sponds identically to a first variant or and the other(s) 
corresponds identically to additional variants. Such pairs of 
oligonucleotide probes are particularly useful, e.g., for spe 
cific hybridization experiments to detect polymorphic nucle 
otides or to, e.g., detect homologous influenza HA and NA 
Variants, e.g., homologous to the current HA and NA 
sequences, infecting other species or present in different 
(e.g., either temporally and/or geographically different) 
influenza outbreaks. In other applications, probes are 
Selected that are more divergent, that is probes that are at 
least about 91% (or about 92%, about 93%, about 94%, 
about 95%, about 96%, about 97%, about 98%, about 
98.5%, about 98.7%, about 99%, about 99.1%, about 99.2%, 
about 99.3%, about 99.4%, about 99.5%, or about 99.6% or 
more about 99.7%, about 99.8%, about 99.9% or more) 
identical are selected. 

0099) The probes of the invention, e.g., as exemplified by 
sequences derived from the sequences herein, can also be 
used to identify additional useful polynucleotide sequences 
according to procedures routine in the art. In one set of 
embodiments, one or more probes, as described above, are 
utilized to screen libraries of expression products or chro 
mosomal segments (e.g., expression libraries or genomic 
libraries) to identify clones that include sequences identical 
to, or with significant sequence similarity to, e.g., one or 
more probe of the sequences herein, i.e., variants, homo 
logues, etc. It will be understood that in addition to such 
physical methods as library screening, computer assisted 
bioinformatic approaches, e.g. BLAST and other sequence 
homology search algorithms, and the like, can also be used 
for identifying related polynucleotide sequences. Polynucle 
otide sequences identified in this manner are also a feature 
of the invention. 

0100 Oligonucleotide probes are optionally produced via 
a variety of methods well known to those skilled in the art. 
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Most typically, they are produced by well known synthetic 
methods, such as the Solid phase phosphoramidite triester 
method described by Beaucage and Caruthers (1981) Tet 
rahedron Letts 22(20): 1859-1862, e.g., using an automated 
synthesizer, or as described in Needham-Van Devanter et al. 
(1984) NuclAcids Res, 12:6159-6168. Oligonucleotides can 
also be custom made and ordered from a variety of com 
mercial sources known to persons of skill. Purification of 
oligonucleotides, where necessary, is typically performed by 
either native acrylamide gel electrophoresis or by anion 
exchange HPLC as described in Pearson and Regnier (1983) 
J Chrom 255:137-149. The sequence of the synthetic oligo 
nucleotides can be verified using the chemical degradation 
method of Maxam and Gilbert (1980) in Grossman and 
Moldave (eds.) Academic Press, New York, Methods in 
Enzymology 65:499-560. Custom oligos can also easily be 
ordered from a variety of commercial sources known to 
persons of skill. 
0101. In other circumstances, e.g., relating to attributes of 
cells or organisms expressing the polynucleotides and 
polypeptides of the invention (e.g., those harboring virus 
comprising the sequences of the invention), probes that are 
polypeptides, peptides or antibodies are favorably utilized. 
For example, isolated or recombinant polypeptides, 
polypeptide fragments and peptides derived from any of the 
amino acid sequences of the invention (e.g., SEQID NO: 11 
20, SEQID NO: 27-32, SEQID NO:39-44) and/or encoded 
by polynucleotide sequences of the invention, e.g., selected 
from SEQ ID NO:1 through SEQ ID NO:10, SEQ ID NO: 
21 through SEQ ID NO: 26, SEQ ID NO:33 through SEQ 
ID NO:38, and SEQID NO:45 are favorably used to identify 
and isolate antibodies, e.g., from phage display libraries, 
combinatorial libraries, polyclonal Sera, and the like. 
Polypeptide fragments of the inventions include a peptide or 
polypeptide comprising an amino acid sequence of at least 
5 contiguous amino acid residues, or at least 10 contiguous 
amino acid residues, or at least 15 contiguous amino acid 
residues, or at least 20 contiguous amino acid residues, or at 
least 25 contiguous amino acid residues, or at least 40 
contiguous amino acid residues, or at least 50 contiguous 
amino acid residues, or at least 60 contiguous amino resi 
dues, or at least 70 contiguous amino acid residues, or at 
least contiguous 80 amino acid residues, or at least contigu 
ous 90 amino acid residues, or at least contiguous 100 amino 
acid residues, or at least contiguous 125 amino acid residues, 
or at least 150 contiguous amino acid residues, or at least 
contiguous 175 amino acid residues, or at least contiguous 
200 amino acid residues, or at least contiguous 250 amino 
acid residues, or at least contiguous 350, or at least contigu 
ous 400, or at least contiguous 450, or at least contiguous 
500, or at least contiguous 550 amino acid residues of the 
amino acid sequence an HA or NA polypeptide of the 
invention (e.g., SEQ ID NOS:11-20, SEQ ID NOS: 27-32, 
and SEQ ID NOS: 39-44). Polynucleotides encoding said 
polypeptide fragments and antibodies that specifically bind 
said polypeptides are also preferred embodiments of the 
invention. 

0102) Antibodies specific for any polypeptide sequence 
or subsequence, e.g., of SEQ ID NO:11 through SEQ ID 
NO: 20, SEQ ID NO: 27 through SEQ ID NO:32, and/or 
SEQID NO:39 through SEQID NO: 44, and/or encoded by 
polynucleotide sequences of the invention, e.g., selected 
from SEQ ID NO:1 through SEQ ID NO:10, SEQ ID NO: 
21 through SEQ ID NO: 26, SEQ ID NO:33 through SEQ 
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ID NO: 38, and SEQ ID NO:45 are likewise valuable as 
probes for evaluating expression products, e.g., from cells or 
tissues. In addition, antibodies are particularly suitable for 
evaluating expression of proteins comprising amino acid 
Subsequences, e.g., of those given herein, or encoded by 
polynucleotides sequences of the invention, e.g., selected 
from those shown herein, in situ, in a tissue array, in a cell, 
tissue or organism, e.g., an organism infected by an uniden 
tified influenza virus or the like. Antibodies can be directly 
labeled with a detectable reagent, or detected indirectly by 
labeling of a secondary antibody specific for the heavy chain 
constant region (i.e., isotype) of the specific antibody. Addi 
tional details regarding production of specific antibodies are 
provided below. 
0.103 Diagnostic Assays 

0.104) The nucleic acid sequences of the present invention 
can be used in diagnostic assays to detect influenza (and/or 
hemagglutinin and/or neuraminidase) in a sample, to detect 
hemagglutinin-like and/or neuraminidase-like sequences, 
and to detect strain differences in clinical isolates of influ 
enza using either chemically synthesized or recombinant 
polynucleotide fragments, e.g., selected from the sequences 
herein. For example, fragments of the hemagglutinin and/or 
neuraminidase sequences comprising at least between 10 
and 20 nucleotides can be used as primers to amplify nucleic 
acids using polymerase chain reaction (PCR) methods well 
known in the art (e.g., reverse transcription-PCR) and as 
probes in nucleic acid hybridization assays to detect target 
genetic material Such as influenza RNA in clinical speci 
CS. 

0105 The probes of the invention, e.g., as exemplified by 
unique Subsequences selected from those given herein, can 
also be used to identify additional useful polynucleotide 
sequences (such as to characterize additional strains of 
influenza) according to procedures routine in the art. In one 
set of preferred embodiments, one or more probes, as 
described above, are utilized to screen libraries of expression 
products or cloned viral nucleic acids (i.e., expression librar 
ies or genomic libraries) to identify clones that include 
sequences identical to, or with significant sequence identity 
to the sequences herein. In turn, each of these identified 
sequences can be used to make probes, including pairs or 
sets of variant probes as described above. It will be under 
stood that in addition to Such physical methods as library 
screening, computer assisted bioinformatic approaches, e.g., 
BLAST and other sequence homology search algorithms, 
and the like, can also be used for identifying related poly 
nucleotide sequences. 

0106 The probes of the invention are particularly useful 
for detecting the presence and for determining the identity of 
influenza nucleic acids in cells, tissues or other biological 
samples (e.g., a nasal wash or bronchial lavage). For 
example, the probes of the invention are favorably utilized 
to determine whether a biological sample, such as a subject 
(e.g., a human Subject) or model system (Such as a cultured 
cell sample) has been exposed to, or become infected with 
influenza, or particular strain(s) of influenza. Detection of 
hybridization of the selected probe to nucleic acids origi 
nating in (e.g., isolated from) the biological sample or model 
system is indicative of exposure to or infection with the virus 
(or a related virus) from which the probe polynucleotide is 
selected. 
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0107. It will be appreciated that probe design is influ 
enced by the intended application. For example, where 
several allele-specific probe-target interactions are to be 
detected in a single assay, e.g., on a single DNA chip, it is 
desirable to have similar melting temperatures for all of the 
probes. Accordingly, the lengths of the probes are adjusted 
so that the melting temperatures for all of the probes on the 
array are closely similar (it will be appreciated that different 
lengths for different probes may be needed to achieve a 
particular T, where different probes have different GC 
contents). Although melting temperature is a primary con 
sideration in probe design, other factors are optionally used 
to further adjust probe construction, such as selecting 
against primer self-complementarity and the like. 
0108 Vectors, Promoters and Expression Systems 
0109 The present invention includes recombinant con 
structs incorporating one or more of the nucleic acid 
sequences described herein. Such constructs optionally 
include a vector, for example, a plasmid, a cosmid, a phage, 
a virus, a bacterial artificial chromosome (BAC), a yeast 
artificial chromosome (YAC), etc., into which one or more 
of the polynucleotide sequences of the invention, e.g., 
comprising any of SEQ ID NO:1 through SEQ ID NO:10, 
SEQ ID NO:21 through SEQ ID NO:26, SEQ ID NO:33 
through SEQ ID NO:38, SEQ ID NO:45 or a subsequence 
thereof etc., has been inserted, in a forward or reverse 
orientation. For example, the inserted nucleic acid can 
include a viral chromosomal sequence or cDNA including 
all or part of at least one of the polynucleotide sequences of 
the invention. In one embodiment, the construct further 
comprises regulatory sequences, including, for example, a 
promoter, operably linked to the sequence. Large numbers of 
suitable vectors and promoters are known to those of skill in 
the art, and are commercially available. 
0110. The polynucleotides of the present invention can be 
included in any one of a variety of vectors suitable for 
generating sense or antisense RNA, and optionally, polypep 
tide (or peptide) expression products (e.g., a hemagglutinin 
and/or neuraminidase molecule of the invention, or frag 
ments thereof). Such vectors include chromosomal, non 
chromosomal and synthetic DNA sequences, e.g., deriva 
tives of SV40; bacterial plasmids; phage DNA; baculovirus: 
yeast plasmids; vectors derived from combinations of plas 
mids and phage DNA, viral DNA such as vaccinia, aden 
ovirus, fowl pox virus, pseudorabies, adenovirus, adeno 
associated virus, retroviruses and many others (e.g., pCDL). 
Any vector that is capable of introducing genetic material 
into a cell, and, if replication is desired, which is replicable 
in the relevant host can be used. 

0111. In an expression vector, the HA and/or NA poly 
nucleotide sequence of interest is physically arranged in 
proximity and orientation to an appropriate transcription 
control sequence (e.g., promoter, and optionally, one or 
more enhancers) to direct mRNA synthesis. That is, the 
polynucleotide sequence of interest is operably linked to an 
appropriate transcription control sequence. Examples of 
such promoters include: LTR or SV40 promoter, E. colilac 
or trp promoter, phage lambda P. promoter, and other 
promoters known to control expression of genes in prokary 
otic or eukaryotic cells or their viruses. 
0112 A variety of promoters are suitable for use in 
expression vectors for regulating transcription of influenza 
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virus genome segments. In certain embodiments, the 
cytomegalovirus (CMV) DNA dependent RNA Polymerase 
II (Pol II) promoter is utilized. If desired, e.g., for regulating 
conditional expression, other promoters can be substituted 
which induce RNA transcription under the specified condi 
tions, or in the specified tissues or cells. Numerous viral and 
mammalian, e.g., human promoters are available, or can be 
isolated according to the specific application contemplated. 
For example, alternative promoters obtained from the 
genomes of animal and human viruses include Such promot 
ers as the adenovirus (such as Adenovirus 2), papilloma 
virus, hepatitis-B virus, polyoma virus, and Simian Virus 40 
(SV40), and various retroviral promoters. Mammalian pro 
moters include, among many others, the actin promoter, 
immunoglobulin promoters, heat-shock promoters, and the 
like. 

0113 Transcription is optionally increased by including 
an enhancer sequence. Enhancers are typically short, e.g., 
10-500 bp, cis-acting DNA elements that act in concert with 
a promoter to increase transcription. Many enhancer 
sequences have been isolated from mammalian genes 
(hemoglobin, elastase, albumin, alpha-fetoprotein, and insu 
lin), and eukaryotic cell viruses. The enhancer can be spliced 
into the vector at a position 5' or 3' to the heterologous 
coding sequence, but is typically inserted at a site 5' to the 
promoter. Typically, the promoter, and if desired, additional 
transcription enhancing sequences are chosen to optimize 
expression in the host cell type into which the heterologous 
DNA is to be introduced (Scharf et al. (1994) Heat stress 
promoters and transcription factors Results Probl Cell Dif 
fer 20:125-62: Kriegler et al. (1990) Assembly of enhancers, 
promoters, and splice signals to control expression of trans 
ferred genes Methods in Enzymol 185: 512-27). Optionally, 
the amplicon can also contain a ribosome binding site or an 
internal ribosome entry site (IRES) for translation initiation. 
0114. The vectors of the invention also favorably include 
sequences necessary for the termination of transcription and 
for stabilizing the mRNA, such as a polyadenylation site or 
a terminator sequence. Such sequences are commonly avail 
able from the 5' and, occasionally 3', untranslated regions of 
eukaryotic or viral DNAS or cDNAs. In one embodiment, 
the SV40 polyadenylation signal sequences can provide a 
bi-directional polyadenylation site that insulates transcrip 
tion of (+) strand mRNA molecules from the Poll promoter 
initiating replication of the (-) strand viral genome. 
0.115. In addition, as described above, the expression 
vectors optionally include one or more selectable marker 
genes to provide a phenotypic trait for selection of trans 
formed host cells, in addition to genes previously listed, 
markers such as dihydrofolate reductase or neomycin resis 
tance are suitable for selection in eukaryotic cell culture. 
0.116) The vector containing the appropriate nucleic acid 
sequence as described above, as well as an appropriate 
promoter or control sequence, can be employed to transform 
a host cell permitting expression of the protein. While the 
vectors of the invention can be replicated in bacterial cells, 
most frequently it will be desirable to introduce them into 
mammalian cells, e.g., Vero cells, BHK cells, MDCK cell, 
293 cells, COS cells, or the like, for the purpose of expres 
S1O. 

0117. As described elsewhere, the HA and NA sequences 
herein, in various embodiments, can be comprised within 
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plasmids involved in plasmid-rescue reassortment. See, e.g., 
U.S. Application Nos. 60/420,708, filed Oct. 23, 2002: 
60/574,117, filed May 24, 2004; Ser. No. 10/423,828, filed 
Apr. 25, 2003; 60/578,962, filed Jun. 12, 2004; and Ser. No. 
10/870,690 filed Jun. 16, 2004; and US20020164770, which 
are incorporated by reference herein. For example, preferred 
expression vectors of the invention include, but are not 
limited to, vectors comprising pol I promoter and terminator 
sequences or vectors using both the pol I and pol II pro 
moters “the polI/polII promoter system (e.g., Zobel et al., 
Nucl. Acids Res. 1993, 21:3607; US20020164770; Neu 
mann et al., Proc. Natl. Acad. Sci. USA 1999, 96:9345; 
Fodor et al., J. Virol. 1999, 73:9679; and US2003.0035814). 
The reassortants produced can include the HA and NA genes 
arranged with the 6 other influenza genes from the A/Ann 
Arbor/6/60 donor strain (and/or derivatives and modifica 
tions thereof), the PR8 donor strain backbone, the A/Len 
ingrad/17 donor strain backbone, etc. Other backbone strains 
are described, for example, in 2004.0137013 and 
2003.0147916, which are incorporated by reference herein. 

0118. Additional Expression Elements 
0119 Most commonly, the genome segment encoding the 
influenza virus HA and/or NA protein includes any addi 
tional sequences necessary for its expression, including 
translation into a functional viral protein. In other situations, 
a minigene, or other artificial construct encoding the viral 
proteins, e.g., an HA and/or NA protein, can be employed. 
Again, in such case, it is often desirable to include specific 
initiation signals that aid in the efficient translation of the 
heterologous coding sequence. These signals can include, 
e.g., the ATG initiation codon and adjacent sequences. To 
insure translation of the entire insert, the initiation codon is 
inserted in the correct reading frame relative to the viral 
protein. Exogenous transcriptional elements and initiation 
codons can be of various origins, both natural and synthetic. 
The efficiency of expression can be enhanced by the inclu 
sion of enhancers appropriate to the cell system in use. 
0120) If desired, polynucleotide sequences encoding 
additional expressed elements, such as signal sequences, 
secretion or localization sequences, and the like can be 
incorporated into the vector, usually, in-frame with the 
polynucleotide sequence of interest, e.g., to target polypep 
tide expression to a desired cellular compartment, mem 
brane, or organelle, or to direct polypeptide secretion to the 
periplasmic space or into the cell culture media. Such 
sequences are known to those of skill, and include secretion 
leader peptides, organelle targeting sequences (e.g., nuclear 
localization sequences, ER retention signals, mitochondrial 
transit sequences), membrane localization/anchor sequences 
(e.g., stop transfer sequences, GPI anchor sequences), and 
the like. 

0121 Where translation of a polypeptide encoded by a 
nucleic acid sequence of the invention is desired, additional 
translation specific initiation signals can improve the effi 
ciency of translation. These signals can include, e.g., an ATG 
initiation codon and adjacent sequences, an IRES region, 
etc. In some cases, for example, full-length cDNA molecules 
or chromosomal segments including a coding sequence 
incorporating, e.g., a polynucleotide sequence of the inven 
tion (e.g., as in the sequences herein), a translation initiation 
codon and associated sequence elements are inserted into the 
appropriate expression vector simultaneously with the poly 
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nucleotide sequence of interest. In Such cases, additional 
translational control signals frequently are not required. 
However, in cases where only a polypeptide coding 
sequence, or a portion thereof, is inserted, exogenous trans 
lational control signals, including, e.g., an ATG initiation 
codon is often provided for expression of the relevant 
sequence. The initiation codon is put in the correct reading 
frame to ensure transcription of the polynucleotide sequence 
of interest. Exogenous transcriptional elements and initia 
tion codons can be of various origins, both natural and 
synthetic. The efficiency of expression can be enhanced by 
the inclusion of enhancers appropriate to the cell system in 
use (see, e.g., Scharf D. et al. (1994) Results Probl Cell 
Differ 20:125-62: Bittner et al. (1987) Methods in Enzymol 
153:516-544). 
0.122 Production of Recombinant Virus 
0123 Negative strand RNA viruses can be genetically 
engineered and recovered using a recombinant reverse 
genetics approach (see, e.g., U.S. Pat. No. 5,166,057 to 
Palese et al.). Such method was originally applied to engi 
neer influenza viral genomes (Luytjes et al. (1989) Cell 
59:1107-1113: Enami et al. (1990) Proc. Natl. Acad. Sci. 
USA 92: 11563-11567), and has been successfully applied to 
a wide variety of segmented and nonsegmented negative 
strand RNA viruses, e.g., rabies (Schnell et al. (1994) EMBO 
J. 13: 4195-4203); VSV (Lawson et al. (1995) Proc. Natl. 
Acad. Sci. USA 92: 4477-4481); measles virus (Radecke et 
al. (1995) EMBO.J. 14:5773-5784); rinderpest virus (Baron 
& Barrett (1997) J. Virol. 71: 1265-1271); human parain 
fluenza virus (Hoffman & Banerjee (1997) J. Virol. 71: 
3272-3277; Dubinet al. (1997) Virology 235:323-332): SV5 
(He et al. (1997) Virology 237:249-260); canine distemper 
virus (Gassen et al. (2000) J. Virol. 74:10737–44); and 
Sendai virus (Park et al. (1991) Proc. Natl. Acad. Sci. USA 
88: 5537-5541; Kato et al. (1996) Genes to Cells 1:569 
579). Those of skill in the art will be familiar with these and 
similar techniques to produce influenza virus comprising the 
HA and NA sequences of the invention. Recombinant influ 
enza viruses produced according to such methods are also a 
feature of the invention, as are recombinant influenza virus 
comprising one or more nucleic acids and/or polypeptides of 
the invention. 

0.124 Cell Culture and Expression Hosts 
0.125 The present invention also relates to host cells that 
are introduced (transduced, transformed or transfected) with 
vectors of the invention, and the production of polypeptides 
of the invention by recombinant techniques. Host cells are 
genetically engineered (i.e., transduced, transformed or 
transfected) with a vector, Such as an expression vector, of 
this invention. As described above, the vector can be in the 
form of a plasmid, a viral particle, a phage, etc. Examples of 
appropriate expression hosts include: bacterial cells, such as 
E. coli, Streptomyces, and Salmonella typhimurium; fungal 
cells, such as Saccharomyces cerevisiae, Pichia pastoris, 
and Neurospora crassa; or insect cells such as Drosophila 
and Spodoptera frugiperda. 

0.126 Most commonly, mammalian cells are used to 
culture the HA and NA molecules of the invention. Suitable 
host cells for the replication of influenza virus include, e.g., 
Vero cells, BHK cells, MDCK cells, 293 cells and COS 
cells, including 293T cells, COS7 cells or the like. Com 
monly, co-cultures including two of the above cell lines, e.g., 
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MDCK cells and either 293T or COS cells are employed at 
a ratio, e.g., of 1:1, to improve replication efficiency. Typi 
cally, cells are cultured in a standard commercial culture 
medium, such as Dulbecco's modified Eagle's medium 
supplemented with serum (e.g., 10% fetal bovine serum), or 
in serum free medium, under controlled humidity and CO, 
concentration suitable for maintaining neutral buffered pH 
(e.g., at pH between 7.0 and 7.2). Optionally, the medium 
contains antibiotics to prevent bacterial growth, e.g., peni 
cillin, streptomycin, etc., and/or additional nutrients, such as 
L-glutamine, Sodium pyruvate, non-essential amino acids, 
additional Supplements to promote favorable growth char 
acteristics, e.g., trypsin, B-mercaptoethanol, and the like. 
0127. The engineered host cells can be cultured in con 
ventional nutrient media modified as appropriate for acti 
Vating promoters, selecting transformants, or amplifying the 
inserted polynucleotide sequences. The culture conditions, 
Such as temperature, pH and the like, are typically those 
previously used with the particular host cell selected for 
expression, and will be apparent to those skilled in the art 
and in the references cited herein, including, e.g., Freshney 
(1994) Culture of Animal Cells, a Manual of Basic Tech 
nique, 3" edition, Wiley-Liss, New York and the references 
cited therein. Other helpful references include, e.g., Paul 
(1975) Cell and Tissue Culture, 5" ed., Livingston, Edin 
burgh; Adams (1980) Laboratory Techniques in Biochem 
istry and Molecular Biology-Cell Culture for Biochemists, 
Work and Burdon (eds.) Elsevier, Amsterdam. Additional 
details regarding tissue culture procedures of particular 
interest in the production of influenza virus in vitro include, 
e.g., Merten et al. (1996) Production of influenza virus in 
cell cultures for vaccine preparation. in Cohen and Shaf 
ferman (eds.) Novel Strategies in Design and Production of 
Vaccines, which is incorporated herein in its entirety for all 
purposes. Additionally, variations in Such procedures 
adapted to the present invention are readily determined 
through routine experimentation and will be familiar to 
those skilled in the art. 

0128 Cells for production of influenza virus (e.g., having 
the HA and/or NA sequences of the invention) can be 
cultured in serum-containing or serum free medium. In some 
cases, e.g., for the preparation of purified viruses, it is 
typically desirable to grow the host cells in serum free 
conditions. Cells can be cultured in Small scale, e.g., less 
than 25 ml medium, culture tubes or flasks or in large flasks 
with agitation, in rotator bottles, or on microcarrier beads 
(e.g., DEAE-Dextran microcarrier beads. Such as Dorma 
cell, Pfeifer & Langen; Superbead, Flow Laboratories; sty 
rene copolymer-tri-methylamine beads, such as Hillex, 
SoloHill, Ann Arbor) in flasks, bottles or reactor cultures. 
Microcarrier beads are small spheres (in the range of 100 
200 microns in diameter) that provide a large surface area 
for adherent cell growth per volume of cell culture. For 
example a single liter of medium can include more than 20 
million microcarrier beads providing greater than 8000 
square centimeters of growth Surface. For commercial pro 
duction of viruses, e.g., for vaccine production, it is often 
desirable to culture the cells in a bioreactor or fermenter. 
Bioreactors are available in volumes from under 1 liter to in 
excess of 100 liters, e.g., Cyto3 Bioreactor (Osmonics, 
Minnetonka, Minn.); NBS bioreactors (New Brunswick 
Scientific, Edison, N.J.); laboratory and commercial scale 
bioreactors from B. Braun Biotech International (B. Braun 
Biotech, Melsungen, Germany). 
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0.129 Regardless of the culture volume, in many desired 
aspects of the current invention, it is important that the 
cultures be maintained at an appropriate temperature, to 
insure efficient recovery of recombinant and/or reassortant 
influenza virus using temperature dependent multi plasmid 
systems (see, e.g., Multi-Plasmid System for the Production 
of Influenza Virus, U.S. Application No. 60/420,708, filed 
Oct. 23, 2002, U.S. application Ser. No. 10/423,828, filed 
Apr. 25, 2003, and U.S. Application No. 60/574,117, filed 
May 24, 2004), heating of virus solutions for filtration, etc. 
Typically, a regulator, e.g., a thermostat, or other device for 
sensing and maintaining the temperature of the cell culture 
system and/or other Solution, is employed to insure that the 
temperature is at the correct level during the appropriate 
period (e.g., virus replication, etc.). 
0.130. In some embodiments herein (e.g., wherein reas 
Sorted viruses are to be produced from segments on vectors) 
vectors comprising influenza genome segments are intro 
duced (e.g., transfected) into host cells according to methods 
well known in the art for introducing heterologous nucleic 
acids into eukaryotic cells, including, e.g., calcium phos 
phate co-precipitation, electroporation, microinjection, lipo 
fection, and transfection employing polyamine transfection 
reagents. For example, vectors, e.g., plasmids, can be trans 
fected into host cells, such as COS cells, 293T cells or 
combinations of COS or 293T cells and MDCK cells, using 
the polyamine transfection reagent TransT-LT1 (Mirus) 
according to the manufacturers instructions in order to 
produce reassorted viruses, etc. Thus, in one example, 
approximately 1 ug of each vector is introduced into a 
population of host cells with approximately 2 ul of TranslT 
LT1 diluted in 160 ul medium, preferably serum-free 
medium, in a total volume of 200 ul. The DNA:transfection 
reagent mixtures are incubated at room temperature for 45 
minutes followed by addition of 800 ul of medium. The 
transfection mixture is added to the host cells, and the cells 
are cultured as described via other methods well known to 
those skilled in the art. Accordingly, for the production of 
recombinant or reassortant viruses in cell culture, vectors 
incorporating each of the 8 genome segments, (PB2, PB1, 
PA, NP, M, NS, HA and NA, e.g., of the invention) are 
mixed with approximately 20 ul TransT-LT1 and trans 
fected into host cells. Optionally, serum-containing medium 
is replaced prior to transfection with serum-free medium, 
e.g., Opti-MEMI, and incubated for 4-6 hours. 
0131 Alternatively, electroporation can be employed to 
introduce Such vectors incorporating influenza genome seg 
ments into host cells. For example, plasmid vectors incor 
porating an influenza A or influenza B virus are favorably 
introduced into Vero cells using electroporation according to 
the following procedure. In brief, approximately 5x10° Vero 
cells, e.g., grown in Modified Eagle's Medium (MEM) 
supplemented with 10% Fetal Bovine Serum (FBS) are 
resuspended in 0.4 ml OptiMEM and placed in an electropo 
ration cuvette. Twenty micrograms of DNA in a volume of 
up to 25 ul is added to the cells in the cuvette, which is then 
mixed gently by tapping. Electroporation is performed 
according to the manufacturers instructions (e.g., BioRad 
Gene Pulser II with Capacitance Extender Plus connected) at 
300 volts, 950 microFarads with a time constant of between 
28-33 msec. The cells are remixed by gently tapping and 
approximately 1-2 minutes following electroporation 0.7 ml 
MEM with 10% FBS is added directly to the cuvette. The 
cells are then transferred to two wells of a standard 6 well 
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tissue culture dish containing 2 ml MEM, 10% FBS. The 
cuvette is washed to recover any remaining cells and the 
wash suspension is divided between the two wells. Final 
volume is approximately 3.5 mL. The cells are then incu 
bated under conditions permissive for viral growth, e.g., at 
approximately 33° C. for cold adapted strains. 
0132) In mammalian host cells, a number of expression 
systems, such as viral-based systems, can be utilized. In 
cases where an adenovirus is used as an expression vector, 
a coding sequence is optionally ligated into an adenovirus 
transcription/translation complex consisting of the late pro 
moter and tripartite leader sequence. Insertion in a nones 
sential E1 or E3 region of the viral genome will result in a 
viable virus capable of expressing the polypeptides of inter 
est in infected host cells (Logan and Shenk (1984) Proc Natl 
Acad Sci 81:3655-3659). In addition, transcription enhanc 
ers, such as the rous sarcoma virus (RSV) enhancer, can be 
used to increase expression in mammalian host cells. 
0133) A host cell strain is optionally chosen for its ability 
to modulate the expression of the inserted sequences or to 
process the expressed protein in the desired fashion. Such 
modifications of the protein include, but are not limited to, 
acetylation, carboxylation, glycosylation, phosphorylation, 
lipidation and acylation. Post-translational processing, 
which cleaves a precursor form into a mature form, of the 
protein is sometimes important for correct insertion, folding 
and/or function. Additionally proper location within a host 
cell (e.g., on the cell Surface) is also important. Different 
host cells such as COS, CHO, BHK, MDCK, 293, 293T, 
COS7, etc. have specific cellular machinery and character 
istic mechanisms for Such post-translational activities and 
can be chosen to ensure the correct modification and pro 
cessing of the current introduced, foreign protein. 
0134) For long-term, high-yield production of recombi 
nant proteins encoded by, or having Subsequences encoded 
by, the polynucleotides of the invention, stable expression 
systems are optionally used. For example, cell lines, stably 
expressing a polypeptide of the invention, are transfected 
using expression vectors that contain viral origins of repli 
cation or endogenous expression elements and a selectable 
marker gene. For example, following the introduction of the 
vector, cells are allowed to grow for 1-2 days in an enriched 
media before they are switched to selective media. The 
purpose of the selectable marker is to confer resistance to 
selection, and its presence allows growth and recovery of 
cells that successfully express the introduced sequences. 
Thus, resistant clumps of stably transformed cells, e.g., 
derived from single cell type, can be proliferated using tissue 
culture techniques appropriate to the cell type. 
0135 Host cells transformed with a nucleotide sequence 
encoding a polypeptide of the invention are optionally 
cultured under conditions suitable for the expression and 
recovery of the encoded protein from cell culture. The cells 
expressing said protein can be sorted, isolated and/or puri 
fied. The protein or fragment thereof produced by a recom 
binant cell can be secreted, membrane-bound, or retained 
intracellularly, depending on the sequence (e.g., depending 
upon fusion proteins encoding a membrane retention signal 
or the like) and/or the vector used. 
0136 Expression products corresponding to the nucleic 
acids of the invention can also be produced in non-animal 
cells Such as plants, yeast, fungi, bacteria and the like. In 
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addition to Sambrook, Berger and Ausubel, all infra, details 
regarding cell culture can be found in Payne et al. (1992) 
Plant Cell and Tissue Culture in Liquid Systems John Wiley 
& Sons, Inc. New York, N.Y.: Gamborg and Phillips (eds.) 
(1995) Plant Cell, Tissue and Organ Culture; Fundamental 
Methods Springer Lab Manual, Springer-Verlag (Berlin 
Heidelberg New York) and Atlas and Parks (eds.) The 
Handbook of Microbiological Media (1993) CRC Press, 
Boca Raton, Fla. 
0.137 In bacterial systems, a number of expression vec 
tors can be selected depending upon the use intended for the 
expressed product. For example, when large quantities of a 
polypeptide or fragments thereof are needed for the produc 
tion of antibodies, vectors that direct high-level expression 
of fusion proteins that are readily purified are favorably 
employed. Such vectors include, but are not limited to, 
multifunctional E. coli cloning and expression vectors such 
as BLUESCRIPT (Stratagene), in which the coding 
sequence of interest, e.g., sequences comprising those found 
herein, etc., can be ligated into the vector in-frame with 
sequences for the amino-terminal translation initiating 
methionine and the Subsequent 7 residues of beta-galactosi 
dase producing a catalytically active beta galactosidase 
fusion protein; plN vectors (Van Heeke & Schuster (1989) 
J Biol Chem 264:5503–5509); pET vectors (Novagen, Madi 
son Wis.); and the like. Similarly, in the yeast Saccharomy 
ces cerevisiae a number of vectors containing constitutive or 
inducible promoters such as alpha factor, alcohol oxidase 
and PGH can be used for production of the desired expres 
sion products. For reviews, see Ausubel, infra, and Grant et 
al., (1987); Methods in Enzymology 153:516-544. 
0138 Nucleic Acid Hybridization 
0.139 Comparative hybridization can be used to identify 
nucleic acids (e.g., SEQ ID NO:1-10, SEQ ID NO: 21-26, 
SEQ ID NO:33-38, SEQ ID NO:45) of the invention, 
including conservative variations of nucleic acids of the 
invention. This comparative hybridization method is a pre 
ferred method of distinguishing nucleic acids of the inven 
tion. In addition, target nucleic acids which hybridize to the 
nucleic acids represented by, e.g., those shown herein under 
high, ultra-high and ultra-ultra-high Stringency conditions 
are features of the invention. Examples of Such nucleic acids 
include those with one or a few silent or conservative nucleic 
acid Substitutions as compared to a given nucleic acid 
Sequence. 

0140. A test target nucleic acid is said to specifically 
hybridize to a probe nucleic acid when it hybridizes at least 
one-half as well to the probe as to the perfectly matched 
complementary target, i.e., with a signal to noise ratio at 
least one-half as high as hybridization of the probe and target 
under conditions in which a perfectly matched probe binds 
to a perfectly matched complementary target with a signal to 
noise ratio that is at least about 5x-10x as high as that 
observed for hybridization to any of the unmatched target 
nucleic acids. 

0.141 Nucleic acids “hybridize” when they associate, 
typically in solution. Nucleic acids hybridize due to a variety 
of well-characterized physico-chemical forces, such as 
hydrogen bonding, solvent exclusion, base stacking and the 
like. Numerous protocols for nucleic acid hybridization are 
well known in the art. An extensive guide to the hybridiza 
tion of nucleic acids is found in Tijssen (1993) Laboratory 
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Techniques in Biochemistry and Molecular Biology-Hy 
bridization with Nucleic Acid Probes part I chapter 2, 
"Overview of principles of hybridization and the strategy of 
nucleic acid probe assays.” (Elsevier, New York), as well as 
in Ausubel, Sambrook, and Berger and Kimmel, all below. 
Hames and Higgins (1995) Gene Probes 1 IRL Press at 
Oxford University Press, Oxford, England, (Hames and 
Higgins 1) and Hames and Higgins (1995) Gene Probes 2 
IRL Press at Oxford University Press, Oxford, England 
(Hames and Higgins 2) provide details on the synthesis, 
labeling, detection and quantification of DNA and RNA, 
including oligonucleotides. 

0142. An example of stringent hybridization conditions 
for hybridization of complementary nucleic acids which 
have more than 100 complementary residues on a filter in a 
Southern or northern blot is 50% formalin with 1 mg of 
heparin at 42°C., with the hybridization being carried out 
overnight. An example of stringent wash conditions com 
prises a 0.2xSSC wash at 65° C. for 15 minutes (see, 
Sambrook, infra for a description of SSC buffer and other 
nucleic acid hybridization parameters). Often the high strin 
gency wash is preceded by a low stringency wash to remove 
background probe signal. An example low stringency wash 
is 2xSSC at 40° C. for 15 minutes. In general, a signal to 
noise ratio of 5x (or higher) than that observed for an 
unrelated probe in the particular hybridization assay indi 
cates detection of a specific hybridization. 
0143. After hybridization, unhybridized nucleic acids can 
be removed by a series of washes, the stringency of which 
can be adjusted depending upon the desired results. Low 
Stringency washing conditions (e.g., using higher salt and 
lower temperature) increase sensitivity, but can produce 
nonspecific hybridization signals and high background sig 
nals. Higher stringency conditions (e.g., using lower salt and 
higher temperature that is closer to the T) lower the 
background signal, typically with primarily the specific 
signal remaining. See, also, Rapley, R. and Walker, J. M. 
eds. Molecular Biomethods Handbook (Humana Press, Inc. 
1998). 
0144) “Stringent hybridization wash conditions' in the 
context of nucleic acid hybridization experiments such as 
Southern and northern hybridizations are sequence depen 
dent, and are different under different environmental param 
eters. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993), supra, and in Hames and 
Higgins, 1 and 2. Stringent hybridization and wash condi 
tions can easily be determined empirically for any test 
nucleic acid. For example, in determining highly stringent 
hybridization and wash conditions, the hybridization and 
wash conditions are gradually increased (e.g., by increasing 
temperature, decreasing salt concentration, increasing deter 
gent concentration and/or increasing the concentration of 
organic solvents such as formalin in the hybridization or 
wash), until a selected set of criteria is met. For example, the 
hybridization and wash conditions are gradually increased 
until a probe binds to a perfectly matched complementary 
target with a signal to noise ratio that is at least 5x as high 
as that observed for hybridization of the probe to an 
unmatched target. 

0145. In general, a signal to noise ratio of at least 2x (or 
higher, e.g., at least 5x, 10x, 20x, 50x. 100x, or more) than 
that observed for an unrelated probe in the particular hybrid 
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ization assay indicates detection of a specific hybridization. 
Detection of at least stringent hybridization between two 
sequences in the context of the present invention indicates 
relatively strong structural similarity to, e.g., the nucleic 
acids of the present invention provided in the sequence 
listings herein. 

0146) "Very stringent” conditions are selected to be equal 
to the thermal melting point (T) for a particular probe. The 
T is the temperature (under defined ionic strength and pH) 
at which 50% of the test sequence hybridizes to a perfectly 
matched probe. For the purposes of the present invention, 
generally, "highly stringent hybridization and wash condi 
tions are selected to be about 5° C. lower than the T for the 
specific sequence at a defined ionic strength and pH (as 
noted below, highly stringent conditions can also be referred 
to in comparative terms). Target sequences that are closely 
related or identical to the nucleotide sequence of interest 
(e.g., "probe') can be identified under stringent or highly 
Stringent conditions. Lower stringency conditions are appro 
priate for sequences that are less complementary. 
0147 “Ultra high-stringency” hybridization and wash 
conditions are those in which the stringency of hybridization 
and wash conditions are increased until the signal to noise 
ratio for binding of a probe to a perfectly matched comple 
mentary target nucleic acid is at least 10x as high as that 
observed for hybridization to any unmatched target nucleic 
acids. A target nucleic acid which hybridizes to a probe 
under such conditions, with a signal to noise ratio of at least 
one-half that of the perfectly matched complementary target 
nucleic acid is said to bind to the probe under ultra-high 
Stringency conditions. 
0148). In determining stringent or highly stringent hybrid 
ization (or even more stringent hybridization) and wash 
conditions, the hybridization and wash conditions are gradu 
ally increased (e.g., by increasing temperature, decreasing 
salt concentration, increasing detergent concentration and/or 
increasing the concentration of organic solvents, such as 
formamide, in the hybridization or wash), until a selected set 
of criteria are met. For example, the hybridization and wash 
conditions are gradually increased until a probe comprising 
one or more polynucleotide sequences of the invention, e.g., 
sequences or unique subsequences selected from those given 
herein (e.g., SEQ ID NO:1-10, 21-26, 33-38, SEQ ID 
NO:45) and/or complementary polynucleotide sequences, 
binds to a perfectly matched complementary target (again, a 
nucleic acid comprising one or more nucleic acid sequences 
or subsequences selected from those given herein and/or 
complementary polynucleotide sequences thereof), with a 
signal to noise ratio that is at least 2x (and optionally 5x, 
10x, or 100x or more) as high as that observed for hybrid 
ization of the probe to an unmatched target (e.g., a poly 
nucleotide sequence comprising one or more sequences or 
Subsequences selected from known influenza sequences 
present in public databases such as GenBank at the time of 
filing, and/or complementary polynucleotide sequences 
thereof), as desired. 
0149. Using the polynucleotides of the invention, or 
Subsequences thereof, novel target nucleic acids can be 
obtained; such target nucleic acids are also a feature of the 
invention. For example, such target nucleic acids include 
sequences that hybridize under stringent conditions to a 
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unique oligonucleotide probe corresponding to any of the 
polynucleotides of the invention, e.g., SEQ ID NO:1-10, 
21-26, 33-38, 45). 
0150. Similarly, even higher levels of stringency can be 
determined by gradually increasing the hybridization and/or 
wash conditions of the relevant hybridization assay. For 
example, those in which the stringency of hybridization and 
wash conditions are increased until the signal to noise ratio 
for binding of the probe to the perfectly matched comple 
mentary target nucleic acid is at least 10x, 20x, 50x. 100x. 
or 500x or more as high as that observed for hybridization 
to any unmatched target nucleic acids. The particular signal 
will depend on the label used in the relevant assay, e.g., a 
fluorescent label, a calorimetric label, a radioactive label, or 
the like. A target nucleic acid which hybridizes to a probe 
under Such conditions, with a signal to noise ratio of at least 
one-half that of the perfectly matched complementary target 
nucleic acid is said to bind to the probe under ultra-ultra 
high Stringency conditions and are also features of the 
invention. 

0151. Nucleic acids that do not hybridize to each other 
under stringent conditions are still Substantially identical if 
the polypeptides which they encode are substantially iden 
tical. This occurs, e.g., when a copy of a nucleic acid is 
created using the maximum codon degeneracy permitted by 
the genetic code. 
0152 Cloning, Mutagenesis and Expression of Biomol 
ecules of Interest 

0153 General texts which describe molecular biological 
techniques, which are applicable to the present invention, 
Such as cloning, mutation, cell culture and the like, include 
Berger and Kimmel, Guide to Molecular Cloning Tech 
niques, Methods in Enzymology Volume 152 Academic 
Press, Inc., San Diego, Calif. (Berger); Sambrook et al., 
Molecular Cloning A Laboratory Manual (3rd Ed.), Vol. 
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 2000 (“Sambrook”) and Current Protocols in Molecu 
lar Biology, F. M. Ausubel et al., eds. Current Protocols, a 
joint venture between Greene Publishing Associates, Inc. 
and John Wiley & Sons, Inc., (supplemented through 2002) 
(Ausubel')). These texts describe mutagenesis, the use of 
vectors, promoters and many other relevant topics related to, 
e.g., the generation of HA and/or NA molecules, etc. 
0154 Various types of mutagenesis are optionally used in 
the present invention, e.g., to produce and/or isolate, e.g., 
novel or newly isolated HA and/or NA molecules and/or to 
further modify/mutate the polypeptides (e.g., HA and NA 
molecules as in SEQID NO: 11-20 or 27-32 or 39-44) of the 
invention. They include but are not limited to site-directed, 
random point mutagenesis, homologous recombination 
(DNA shuffling), mutagenesis using uracil containing tem 
plates, oligonucleotide-directed mutagenesis, phospho 
rothioate-modified DNA mutagenesis, mutagenesis using 
gapped duplex DNA or the like. Additional suitable methods 
include point mismatch repair, mutagenesis using repair 
deficient host strains, restriction-selection and restriction 
purification, deletion mutagenesis, mutagenesis by total 
gene synthesis, double-strand break repair, and the like. 
Mutagenesis, e.g., involving chimeric constructs, is also 
included in the present invention. In one embodiment, 
mutagenesis can be guided by known information of the 
naturally occurring molecule or altered or mutated naturally 
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occurring molecule, e.g., sequence, sequence comparisons, 
physical properties, crystal structure or the like. 

0.155 The above texts and examples found herein 
describe these procedures as well as the following publica 
tions (and references cited within): Sieber, et al., Nature 
Biotechnology, 19:456-460 (2001); Ling et al., Approaches 
to DNA mutagenesis: an overview, Anal Biochem 254(2): 
157-178 (1997); Dale et al., Oligonucleotide-directed ran 
dom mutagenesis using the phosphorothioate method, Meth 
ods Mol Biol 57:369-374 (1996); I. A. Lorimer, I. Pastan, 
Nucleic Acids Res 23, 3067-8 (1995): W. P. C. Stemmer, 
Nature 370, 389-91 (1994); Arnold, Protein engineering for 
unusual environments, Current Opinion in Biotechnology 
4:450-455 (1993); Bass et al., Mutant Trip repressors with 
new DNA-binding specificities, Science 242:240-245 
(1988); Fritz et al., Oligonucleotide-directed construction of 
mutations: a gapped duplex DNA procedure without enzy 
matic reactions in vitro, Nucl Acids Res 16: 6987-6999 
(1988); Kramer et al., Improved enzymatic in vitro reactions 
in the gapped duplex DNA approach to Oligonucleotide 
directed construction of mutations, NuclAcids Res 16: 7207 
(1988); Sakamar and Khorana, Total synthesis and expres 
Sion of a gene for the a-subunit of bovine rod Outer segment 
guanine nucleotide-binding protein (transducin), NuclAcids 
Res 14: 6361-6372 (1988); Sayers et al., Y-T Exonucleases 
in phosphorothioate-based Oligonucleotide-directed 
mutagenesis, Nucl Acids Res 16:791-802 (1988); Sayers et 
al., Strand specific cleavage of phosphorothioate-containing 
DNA by reaction with restriction endonucleases in the 
presence of ethidium bromide, (1988) Nucl Acids Res 16: 
803-814; Carter, Improved oligonucleotide-directed 
mutagenesis using M13 vectors, Methods in Enzymol 154: 
382-403 (1987); Kramer & Fritz Oligonucleotide-directed 
construction of mutations via gapped duplex DNA, Methods 
in Enzymol 154:350-367 (1987); Kunkel, The efficiency of 
Oligonucleotide directed mutagenesis, in Nucleic Acids & 
Molecular Biology (Eckstein, F. and Lilley, D. M. J. eds., 
Springer Verlag, Berlin)) (1987); Kunkel et al., Rapid and 
efficient site-specific mutagenesis without phenotypic selec 
tion, Methods in Enzymol 154, 367-382 (1987); Zoller & 
Smith, Oligonucleotide-directed mutagenesis: a simple 
method using two Oligonucleotide primers and a single 
Stranded DNA template, Methods in Enzymol 154:329-350 
(1987); Carter, Site-directed mutagenesis, Biochem J 
237:1-7 (1986); Eghtedarzadeh & Henikoff. Use of oligo 
nucleotides to generate large deletions, Nucl Acids Res 14: 
5115 (1986); Mandecki, Oligonucleotide-directed double 
Strand break repair in plasmids of Escherichia coli: a 
method for site-specific mutagenesis, Proc Natl Acad Sci 
USA, 83:7177-7181 (1986): Nakamaye & Eckstein, Inhibi 
tion of restriction endonuclease Nici I cleavage by phospho 
rothioate groups and its application to Oligonucleotide 
directed mutagenesis, Nucl Acids Res 14:9679–9698 (1986); 
Wells et al., Importance of hydrogen-bond formation in 
stabilizing the transition state of subtilisin, Phil Trans R Soc 
Lond A317:415-423 (1986); Botstein & Shortle, Strategies 
and applications of in vitro mutagenesis, Science 229:1193 
1201 (1985); Carter et al., Improved oligonucleotide site 
directed mutagenesis using M13 vectors, NuclAcids Res 13: 
4431-4443 (1985); Grundström et al., Oligonucleotide-di 
rected mutagenesis by microscale shot-gun gene synthesis, 
Nucl Acids Res 13:3305-3316 (1985); Kunkel, Rapid and 
efficient site-specific mutagenesis without phenotypic selec 
tion, Proc Natl AcadSci USA 82:488-492 (1985); Smith. In 
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vitro mutagenesis, Ann Rev Genet. 19:423-462 (1985); Tay 
lor et al. The use of phosphorothioate-modified DNA in 
restriction enzyme reactions to prepare nicked DNA, Nucl 
Acids Res 13: 8749-8764 (1985); Taylor et al., The rapid 
generation of Oligonucleotide-directed mutations at high 
frequency using phosphorothioate-modified DNA, Nucl 
Acids Res 13: 8765-8787 (1985); Wells et al., Cassette 
mutagenesis: an efficient method for generation of multiple 
mutations at defined sites, Gene 34:315-323 (1985); Kramer 
et al. The gapped duplex DNA approach to Oligonucleotide 
directed mutation construction, Nucl Acids Res 12: 9441 
9456 (1984); Kramer et al., Point Mismatch Repair, Cell 
38:879-887 (1984); Nambiar et al., Total synthesis and 
cloning of a gene coding for the ribonuclease S protein, 
Science 223: 1299-1301 (1984); Zoller & Smith, Oligo 
nucleotide-directed mutagenesis of DNA fragments cloned 
into M13 vectors, Methods in Enzymol 100:468-500 (1983); 
and Zoller & Smith, Oligonucleotide-directed mutagenesis 
using M13-derived vectors: an efficient and general proce 
dure for the production of point mutations in any DNA 
fragment, Nucl Acids Res 10:6487-6500 (1982). Additional 
details on many of the above methods can be found in 
Methods in Enzymol Volume 154, which also describes 
useful controls for trouble-shooting problems with various 
mutagenesis, gene isolation, expression, and other methods. 

0156 Oligonucleotides, e.g., for use in mutagenesis of 
the present invention, e.g., mutating libraries of the HA 
and/or NA molecules of the invention, or altering such, are 
typically synthesized chemically according to the Solid 
phase phosphoramidite triester method described by Beau 
cage and Caruthers, Tetrahedron Letts 22(20): 1859-1862, 
(1981) e.g., using an automated synthesizer, as described in 
Needham-Van Devanter et al., Nucleic Acids Res, 12:6159 
6168 (1984). 

0157. In addition, essentially any nucleic acid can be 
custom or standard ordered from any of a variety of com 
mercial sources, such as The Midland Certified Reagent 
Company (mcrc(aoligos.com). The Great American Gene 
Company (www.genco.com), ExpressGen Inc. (www.ex 
pressgen.com), Operon Technologies Inc. (Alameda, Calif.) 
and many others. Similarly, peptides and antibodies can be 
custom ordered from any of a variety of sources, such as 
PeptidoGenic (available at pkim(accnet.com), HTI Bio 
products, Inc. (www.htibio.com), BMA Biomedicals Ltd. 
(U.K.), Bio. Synthesis, Inc., and many others. 

0158. The present invention also relates to host cells and 
organisms comprising a HA and/or NA molecule or other 
polypeptide and/or nucleic acid of the invention, e.g., SEQ 
ID NOS:1-45. Host cells are genetically engineered (e.g., 
transformed, transduced or transfected) with the vectors of 
this invention, which can be, for example, a cloning vector 
or an expression vector. The vector can be, for example, in 
the form of a plasmid, a bacterium, a virus, a naked 
polynucleotide, or a conjugated polynucleotide. The vectors 
are introduced into cells and/or microorganisms by standard 
methods including electroporation (see, From et al., Proc 
Natl Acad Sci USA 82, 5824 (1985), infection by viral 
vectors, high Velocity ballistic penetration by Small particles 
with the nucleic acid either within the matrix of small beads 
or particles, or on the surface (Klein et al., Nature 327, 70-73 
(1987)). Berger, Sambrook, and Ausubel provide a variety of 
appropriate transformation methods. See, above. 
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0159. Several well-known methods of introducing target 
nucleic acids into bacterial cells are available, any of which 
can be used in the present invention. These include: fusion 
of the recipient cells with bacterial protoplasts containing 
the DNA, electroporation, projectile bombardment, and 
infection with viral vectors, etc. Bacterial cells can be used 
to amplify the number of plasmids containing DNA con 
structs of this invention. The bacteria are grown to log phase 
and the plasmids within the bacteria can be isolated by a 
variety of methods known in the art (see, for instance, 
Sambrook). In addition, a plethora of kits are commercially 
available for the purification of plasmids from bacteria, (see, 
e.g., EasyPrepTM, FlexiPrepTM, both from Pharmacia Bio 
tech: StrataCleanTM, from Stratagene; and, QIAprepTM from 
Qiagen). The isolated and purified plasmids are then further 
manipulated to produce other plasmids, used to transfect 
cells or incorporated into related vectors to infect organisms. 
Typical vectors contain transcription and translation termi 
nators, transcription and translation initiation sequences, and 
promoters useful for regulation of the expression of the 
particular target nucleic acid. The vectors optionally com 
prise generic expression cassettes containing at least one 
independent terminator sequence, sequences permitting rep 
lication of the cassette in eukaryotes, or prokaryotes, or both, 
(e.g., shuttle vectors) and selection markers for both 
prokaryotic and eukaryotic systems. Vectors are suitable for 
replication and integration in prokaryotes, eukaryotes, or 
optionally both. See, Giliman & Smith, Gene 8:81 (1979); 
Roberts, et al., Nature, 328:731 (1987); Schneider, B., et al., 
Protein Expr Purif 6435:10 (1995); Ausubel, Sambrook, 
Berger (all Supra). A catalogue of Bacteria and Bacterioph 
ages useful for cloning is provided, e.g., by the ATCC, e.g., 
The ATCC Catalogue of Bacteria and Bacteriophage (1992) 
Gherna et al. (eds.) published by the ATCC. Additional basic 
procedures for sequencing, cloning and other aspects of 
molecular biology and underlying theoretical considerations 
are also found in Watson et al. (1992) Recombinant DNA 
Second Edition Scientific American Books, NY. See, above. 
Further vectors useful with the sequences herein are illus 
trated above in the section concerning production of influ 
enza virus for vaccines and the references cited therein. 

Polypeptide Production and Recovery 
0.160 Following transduction of a suitable host cell line 
or strain and growth of the host cells to an appropriate cell 
density, the selected promoter is induced by appropriate 
means (e.g., temperature shift or chemical induction) and 
cells are cultured for an additional period. In some embodi 
ments, a secreted polypeptide product, e.g., a HA and/or NA 
polypeptide as in a secreted fusion protein form, etc., is then 
recovered from the culture medium. In other embodiments, 
a virus particle containing a HA and/or a NA polypeptide of 
the invention is produced from the cell. Alternatively, cells 
can be harvested by centrifugation, disrupted by physical or 
chemical means, and the resulting crude extract retained for 
further purification. Eukaryotic or microbial cells employed 
in expression of proteins can be disrupted by any convenient 
method, including freeze-thaw cycling, Sonication, 
mechanical disruption, or use of cell lysing agents, or other 
methods, which are well know to those skilled in the art. 
Additionally, cells expressing a HA and/or a NA polypeptide 
product of the invention can be utilized without separating 
the polypeptide from the cell. In such situations, the 
polypeptide of the invention is optionally expressed on the 
cell Surface and is examined thus (e.g., by having HA and/or 
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NA molecules (or fragments thereof, e.g., comprising fusion 
proteins or the like) on the cell surface bind antibodies, etc. 
Such cells are also features of the invention. 

0161 Expressed polypeptides can be recovered and puri 
fied from recombinant cell cultures by any of a number of 
methods well known in the art, including ammonium Sulfate 
or ethanol precipitation, acid extraction, anion or cation 
exchange chromatography, phosphocellulose chromatogra 
phy, hydrophobic interaction chromatography, affinity chro 
matography (e.g., using any of the tagging Systems known 
to those skilled in the art), hydroxylapatite chromatography, 
and lectin chromatography. Protein refolding steps can be 
used, as desired, in completing configuration of the mature 
protein. Also, high performance liquid chromatography 
(HPLC) can be employed in the final purification steps. In 
addition to the references noted herein, a variety of purifi 
cation methods are well known in the art, including, e.g., 
those set forth in Sandana (1997) Bioseparation of Proteins, 
Academic Press, Inc.; and Bollag et al. (1996) Protein 
Methods, 2" Edition Wiley-Liss, NY; Walker (1996) The 
Protein Protocols Handbook Humana Press, NJ. Harris and 
Angal (1990) Protein Purification Applications: A Practical 
Approach IRL Press at Oxford, Oxford, England; Harris and 
Angal Protein Purification Methods: A Practical Approach 
IRL Press at Oxford, Oxford, England; Scopes (1993) Pro 
tein Purification: Principles and Practice 3" Edition 
Springer Verlag, NY: Janson and Ryden (1998) Protein 
Purification: Principles, High Resolution Methods and 
Applications, Second Edition Wiley-VCH, NY; and Walker 
(1998) Protein Protocols on CD-ROM Humana Press, NJ. 
0162. When the expressed polypeptides of the invention 
are produced in viruses, the viruses are typically recovered 
from the culture medium, in which infected (transfected) 
cells have been grown. Typically, crude medium is clarified 
prior to concentration of influenza viruses. Common meth 
ods include ultrafiltration, adsorption on barium sulfate and 
elution, and centrifugation. For example, crude medium 
from infected cultures can first be clarified by centrifugation 
at, e.g., 1000-2000xg for a time sufficient to remove cell 
debris and other large particulate matter, e.g., between 10 
and 30 minutes. Optionally, the clarified medium superna 
tant is then centrifuged to pellet the influenza viruses, e.g., 
at 15,000xg, for approximately 3-5 hours. Following resus 
pension of the virus pellet in an appropriate buffer, such as 
STE (0.01 M Tris-HCl; 0.15 M NaCl; 0.0001 M EDTA) or 
phosphate buffered saline (PBS) at pH 7.4, the virus is 
concentrated by density gradient centrifugation on Sucrose 
(60%-12%) or potassium tartrate (50%-10%). Either con 
tinuous or step gradients, e.g., a Sucrose gradient between 
12% and 60% in four 12% steps, are suitable. The gradients 
are centrifuged at a speed, and for a time, Sufficient for the 
viruses to concentrate into a visible band for recovery. 
Alternatively, and for most large-scale commercial applica 
tions, virus is elutriated from density gradients using a 
Zonal-centrifuge rotor operating in continuous mode. Addi 
tional details sufficient to guide one of skill through the 
preparation of influenza viruses from tissue culture are 
provided, e.g., in Furminger. Vaccine Production, in Nichol 
son et al. (eds.) Textbook of Influenza pp. 324-332: Merten 
et al. (1996) Production of influenza virus in cell cultures for 
vaccine preparation, in Cohen & Shaferman (eds.) Novel 
Strategies in Design and Production of Vaccines pp. 141 
151, and U.S. Pat. No. 5,690,937. If desired, the recovered 
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viruses can be stored at -80° C. in the presence of sucrose 
phosphate-glutamate (SPG) as a stabilizer 
0.163 Alternatively, cell-free transcription/translation 
systems can be employed to produce polypeptides compris 
ing an amino acid sequence or Subsequence of, e.g., the 
sequences given herein such as SEQID NOS:11-20 or 27-32 
or 39-44, or encoded by the polynucleotide sequences of the 
invention, e.g., SEQID NOS:1-10 or 21-26 or 33-38 or 45. 
A number of suitable in vitro transcription and translation 
systems are commercially available. A general guide to in 
vitro transcription and translation protocols is found in 
Tymms (1995) In vitro Transcription and Translation Pro 
tocols: Methods in Molecular Biology Volume 37, Garland 
Publishing, NY. 
0164. In addition, the polypeptides, or subsequences 
thereof, e.g., Subsequences comprising antigenic peptides, 
can be produced manually or by using an automated system, 
by direct peptide synthesis using Solid-phase techniques 
(see, Stewart et al. (1969) Solid-Phase Peptide Synthesis, 
WH Freeman Co., San Francisco; Merrifield J. (1963) J Am 
Chem Soc 85:2149-2154). Exemplary automated systems 
include the Applied Biosystems 431 A Peptide Synthesizer 
(Perkin Elmer, Foster City, Calif.). If desired, subsequences 
can be chemically synthesized separately, and combined 
using chemical methods to provide full-length polypeptides. 
0.165 Modified Amino Acids 
0166 Expressed polypeptides of the invention can con 
tain one or more modified amino acids. The presence of 
modified amino acids can be advantageous in, for example, 
(a) increasing polypeptide serum half-life, (b) reducing/ 
increasing polypeptide antigenicity, (c) increasing polypep 
tide storage stability, etc. Amino acid(s) are modified, for 
example, co-translationally or post-translationally during 
recombinant production (e.g., N-linked glycosylation at 
N-X-S/T motifs during expression in mammalian cells) or 
modified by synthetic means (e.g., via PEGylation). 
0.167 Non-limiting examples of a modified amino acid 
include a glycosylated amino acid, a sulfated amino acid, a 
premlyated (e.g., farnesylated, geranylgeranylated) amino 
acid, an acetylated amino acid, an acylated amino acid, a 
PEG-ylated amino acid, a biotinylated amino acid, a car 
boxylated amino acid, a phosphorylated amino acid, and the 
like, as well as amino acids modified by conjugation to, e.g., 
lipid moieties or other organic derivatizing agents. Refer 
ences adequate to guide one of skill in the modification of 
amino acids are replete throughout the literature. Example 
protocols are found in Walker (1998) Protein Protocols on 
CD-ROM Human Press, Towata, N.J. 

0168 Fusion Proteins 
0169. The present invention also provides fusion proteins 
comprising fusions of the sequences of the invention (e.g., 
encoding HA and/or NA polypeptides as exampled by SEQ 
ID NOS:11-20, 27-32, and 39-44) or fragments thereof with, 
e.g., immunoglobulins (or portions thereof), sequences 
encoding, e.g., GFP (green fluorescent protein), or other 
similar markers, etc. Nucleotide sequences encoding Such 
fusion proteins are another aspect of the invention. Fusion 
proteins of the invention are optionally used for, e.g., similar 
applications (including, e.g., therapeutic, prophylactic, diag 
nostic, experimental, etc. applications as described herein) 
as the non-fusion proteins of the invention. In addition to 
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fusion with immunoglobulin sequences and marker 
sequences, the proteins of the invention are also optionally 
fused with, e.g., sequences which allow sorting of the fusion 
proteins and/or targeting of the fusion proteins to specific 
cell types, regions, etc. 

0170 Antibodies 
0171 The polypeptides of the invention can be used to 
produce antibodies specific for the polypeptides given herein 
and/or polypeptides encoded by the polynucleotides of the 
invention, e.g., those shown herein, and conservative vari 
ants thereof. Antibodies specific for the above mentioned 
polypeptides are useful, e.g., for diagnostic and therapeutic 
purposes, e.g., related to the activity, distribution, and 
expression of target polypeptides. 

0172 Antibodies specific for the polypeptides of the 
invention can be generated by methods well known in the 
art. Such antibodies can include, but are not limited to, 
polyclonal, monoclonal, chimeric, humanized, single chain, 
Fab fragments and fragments produced by an Fab expression 
library. 

0173 Polypeptides do not require biological activity for 
antibody production (e.g., full length functional hemagglu 
tinin or neuraminidase is not required). However, the 
polypeptide or oligopeptide must be antigenic. Peptides used 
to induce specific antibodies typically have an amino acid 
sequence of at least about 4 amino acids, and often at least 
5 or 10 amino acids. Short stretches of a polypeptide can be 
fused with another protein, such as keyhole limpet hemocya 
nin, and antibody produced against the chimeric molecule. 
0174 Numerous methods for producing polyclonal and 
monoclonal antibodies are known to those of skill in the art, 
and can be adapted to produce antibodies specific for the 
polypeptides of the invention, and/or encoded by the poly 
nucleotide sequences of the invention, etc. See, e.g., Coligan 
(1991) Current Protocols in Immunology Wiley/Greene, 
NY; Paul (ed.) (1998) Fundamental Immunology Fourth 
Edition, Lippincott-Raven, Lippincott Williams & Wilkins: 
Harlow and Lane (1989) Antibodies: A Laboratory Manual 
Cold Spring Harbor Press, NY; Stites et al. (eds.) Basic and 
Clinical Immunology (4th ed.) Lange Medical Publications, 
Los Altos, Calif., and references cited therein; Goding 
(1986) Monoclonal Antibodies. Principles and Practice (2d 
ed.) Academic Press, New York, N.Y.; and Kohler and 
Milstein (1975) Nature 256: 495-497. Other suitable tech 
niques for antibody preparation include selection of libraries 
of recombinant antibodies in phage or similar vectors. See, 
Huse et al. (1989) Science 246: 1275-1281; and Ward, et al. 
(1989) Nature 341: 544-546. Specific monoclonal and poly 
clonal antibodies and antisera will usually bind with a K of 
e.g., at least about 0.1 uM, at least about 0.01 uM or better, 
and, typically and at least about 0.001 uM or better. 
0175 For certain therapeutic applications, humanized 
antibodies are desirable. Detailed methods for preparation of 
chimeric (humanized) antibodies can be found in U.S. Pat. 
No. 5,482,856. Additional details on humanization and other 
antibody production and engineering techniques can be 
found in Borrebaeck (ed.) (1995) Antibody Engineering, 2" 
Edition Freeman and Company, NY (Borrebaeck); McCaf 
ferty et al. (1996) Antibody Engineering, A Practical 
Approach IRL at Oxford Press, Oxford, England (McCaf 
ferty), and Paul (1995) Antibody Engineering Protocols 
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Humana Press, Towata, N.J. (Paul). Additional details 
regarding specific procedures can be found, e.g., in Ostberg 
et al. (1983), Hybridoma 2: 361-367, Ostberg, U.S. Pat. No. 
4,634,664, and Engelman et al., U.S. Pat. No. 4,634,666. 
0176) Defining Polypeptides by Immunoreactivity 
0.177 Because the polypeptides of the invention provide 
a variety of new polypeptide sequences (e.g., comprising 
HA and NA molecules), the polypeptides also provide new 
structural features which can be recognized, e.g., in immu 
nological assays. The generation of antisera which specifi 
cally bind the polypeptides of the invention, as well as the 
polypeptides which are bound by Such antisera, are features 
of the invention. 

0.178 For example, the invention includes polypeptides 
(e.g., HA and NA molecules) that specifically bind to or that 
are specifically immunoreactive with an antibody or antisera 
generated against an immunogen comprising an amino acid 
sequence selected from one or more of the sequences given 
herein (e.g., SEQID NOS:11-20, 27-32, and 39-44), etc. To 
eliminate cross-reactivity with other homologues, the anti 
body or antisera is subtracted with the HA and/or NA 
molecules found in public databases at the time of filing, 
e.g., the “control’ polypeptide(s). Where the other control 
sequences correspond to a nucleic acid, a polypeptide 
encoded by the nucleic acid is generated and used for 
antibody/antisera Subtraction purposes. 
0179. In one typical format, the immunoassay uses a 
polyclonal antiserum which was raised against one or more 
polypeptide comprising one or more of the sequences cor 
responding to the sequences herein (e.g., SEQID NOS: 11 
20, 27-32, and 39-44), etc. or a substantial subsequence 
thereof (i.e., at least about 30% of the full length sequence 
provided). The set of potential polypeptide immunogens 
derived from the present sequences are collectively referred 
to below as “the immunogenic polypeptides. The resulting 
antisera is optionally selected to have low cross-reactivity 
against the control hemagglutinin and/or neuraminidase 
homologues and any Such cross-reactivity is removed, e.g., 
by immunoabsorbtion, with one or more of the control 
hemagglutinin and neuraminidase homologues, prior to use 
of the polyclonal antiserum in the immunoassay. 
0180. In order to produce antisera for use in an immu 
noassay, one or more of the immunogenic polypeptides is 
produced and purified as described herein. For example, 
recombinant protein can be produced in a recombinant cell. 
An inbred strain of mice (used in this assay because results 
are more reproducible due to the virtual genetic identity of 
the mice) is immunized with the immunogenic protein(s) in 
combination with a standard adjuvant, such as Freund's 
adjuvant, and a standard mouse immunization protocol (see, 
e.g., Harlow and Lane (1988) Antibodies, A Laboratory 
Manual, Cold Spring Harbor Publications, New York, for a 
standard description of antibody generation, immunoassay 
formats and conditions that can be used to determine specific 
immunoreactivity). Additional references and discussion of 
antibodies is also found herein and can be applied here to 
defining polypeptides by immunoreactivity. Alternatively, 
one or more synthetic or recombinant polypeptide derived 
from the sequences disclosed herein is conjugated to a 
carrier protein and used as an immunogen. 
0181 Polyclonal sera are collected and titered against the 
immunogenic polypeptide in an immunoassay, for example, 



US 2008/006982 1 A1 

a solid phase immunoassay with one or more of the immu 
nogenic proteins immobilized on a solid Support. Polyclonal 
antisera with a titer of 10° or greater are selected, pooled and 
Subtracted with the control hemagglutinin and/or neuramini 
dase polypeptide(s) to produce Subtracted pooled titered 
polyclonal antisera. 

0182. The subtracted pooled titered polyclonal antisera 
are tested for cross reactivity against the control homo 
logue(s) in a comparative immunoassay. In this comparative 
assay, discriminatory binding conditions are determined for 
the subtracted titered polyclonal antisera which result in at 
least about a 5-10 fold higher signal to noise ratio for 
binding of the titered polyclonal antisera to the immuno 
genic polypeptides as compared to binding to the control 
homologues. That is, the Stringency of the binding reaction 
is adjusted by the addition of non-specific competitors such 
as albumin or non-fat dry milk, and/or by adjusting salt 
conditions, temperature, and/or the like. These binding con 
ditions are used in Subsequent assays for determining 
whether a test polypeptide (a polypeptide being compared to 
the immunogenic polypeptides and/or the control polypep 
tides) is specifically bound by the pooled subtracted poly 
clonal antisera. In particular, test polypeptides which show 
at least a 2-5x higher signal to noise ratio than the control 
receptor homologues under discriminatory binding condi 
tions, and at least about a /2 signal to noise ratio as 
compared to the immunogenic polypeptide(s), shares Sub 
stantial structural similarity with the immunogenic polypep 
tide as compared to the known receptor, etc., and is, there 
fore a polypeptide of the invention. 
0183 In another example, immunoassays in the competi 
tive binding format are used for detection of a test polypep 
tide. For example, as noted, cross-reacting antibodies are 
removed from the pooled antisera mixture by immunoab 
Sorbtion with the control polypeptides. The immunogenic 
polypeptide(s) are then immobilized to a solid support which 
is exposed to the Subtracted pooled antisera. Test proteins 
are added to the assay to compete for binding to the pooled 
subtracted antisera. The ability of the test protein(s) to 
compete for binding to the pooled subtracted antisera as 
compared to the immobilized protein(s) is compared to the 
ability of the immunogenic polypeptide(s) added to the 
assay to compete for binding (the immunogenic polypep 
tides compete effectively with the immobilized immuno 
genic polypeptides for binding to the pooled antisera). The 
percent cross-reactivity for the test proteins is calculated, 
using standard calculations. 
0184 In a parallel assay, the ability of the control pro 
tein(s) to compete for binding to the pooled subtracted 
antisera is optionally determined as compared to the ability 
of the immunogenic polypeptide(s) to compete for binding 
to the antisera. Again, the percent cross-reactivity for the 
control polypeptide(s) is calculated, using standard calcula 
tions. Where the percent cross-reactivity is at least 5-10x as 
high for the test polypeptides as compared to the control 
polypeptide(s) and or where the binding of the test polypep 
tides is approximately in the range of the binding of the 
immunogenic polypeptides, the test polypeptides are said to 
specifically bind the pooled subtracted antisera. 

0185. In general, the immunoabsorbed and pooled anti 
sera can be used in a competitive binding immunoassay as 
described herein to compare any test polypeptide to the 
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immunogenic and/or control polypeptide(s). In order to 
make this comparison, the immunogenic, test and control 
polypeptides are each assayed at a wide range of concen 
trations and the amount of each polypeptide required to 
inhibit 50% of the binding of the subtracted antisera to, e.g., 
an immobilized control, test or immunogenic protein is 
determined using standard techniques. If the amount of the 
test polypeptide required for binding in the competitive 
assay is less than twice the amount of the immunogenic 
polypeptide that is required, then the test polypeptide is said 
to specifically bind to an antibody generated to the immu 
nogenic protein, provided the amount is at least about 5-10x 
as high as for the control polypeptide. 

0186. As an additional determination of specificity, the 
pooled antisera is optionally fully immunosorbed with the 
immunogenic polypeptide(s) (rather than the control 
polypeptide(s)) until little or no binding of the resulting 
immunogenic polypeptide subtracted pooled antisera to the 
immunogenic polypeptide(s) used in the immunosorbtion is 
detectable. This fully immunosorbed antisera is then tested 
for reactivity with the test polypeptide. If little or no 
reactivity is observed (i.e., no more than 2x the signal to 
noise ratio observed for binding of the fully immunosorbed 
antisera to the immunogenic polypeptide), then the test 
polypeptide is specifically bound by the antisera elicited by 
the immunogenic protein. 

Nucleic Acid and Polypeptide Sequence Variants 

0187. As described herein, the invention provides for 
nucleic acid polynucleotide sequences and polypeptide 
amino acid sequences, e.g., hemagglutinin and neuramini 
dase sequences, and, e.g., compositions and methods com 
prising said sequences. Examples of said sequences are 
disclosed herein (e.g., SEQID NOS:1-45). However, one of 
skill in the art will appreciate that the invention is not 
necessarily limited to those sequences disclosed herein and 
that the present invention also provides many related and 
unrelated sequences with the functions described herein, 
e.g., encoding a HA and/or a NA molecule. 

0188 One of skill will also appreciate that many variants 
of the disclosed sequences are included in the invention. For 
example, conservative variations of the disclosed sequences 
that yield a functionally identical sequence are included in 
the invention. Variants of the nucleic acid polynucleotide 
sequences, wherein the variants hybridize to at least one 
disclosed sequence, are considered to be included in the 
invention. Unique Subsequences of the sequences disclosed 
herein, as determined by, e.g., standard sequence compari 
son techniques, are also included in the invention. 

0189 Silent Variations 
0190. Due to the degeneracy of the genetic code, any of 
a variety of nucleic acid sequences encoding polypeptides 
and/or viruses of the invention are optionally produced, 
some which can bear lower levels of sequence identity to the 
HA and NA nucleic acid and polypeptide sequences herein. 
The following provides a typical codon table specifying the 
genetic code, found in many biology and biochemistry texts. 
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TABLE 1. 

Codon Table 

Amino acids Codon 

Alanine Ala A. GCA GCC GCG GCU 

Cysteine Cys C UGC UGU 

Aspartic acid Asp D GAC GAU 

Glutamic acid Glu E GAA GAG 

Phenylalanine Phe F UUC UUU 

Glycine Gly G GGA. GGC GGG GGU 

Histidine His H CAC CAU 

Isoleucine Ile I AUA AUC AUU 

Lysine Llys K AAA AAG 

Leucine Leu L UUA UUG. CUA CUC CUG. CUU 

Methionine Met M AUG 

Asparagine ASn N AAC AAU 

Proline Pro P CCA CCC CCG CCU 

Glutamine Glin Q CAA CAG 

Arginine Arg R. AGA AGG CGA CGC CGG CGU 

Serine Ser S AGC AGU UCA, UCC UCG UCU 

Threonine Thir T ACA ACC ACG ACU 

Waline Wall W. GUA GUC GUG GUU 

Tryptophan Trp W UGG 

Tyrosine Tyr Y UAC UAU 

0191 The codon table shows that many amino acids are 
encoded by more than one codon. For example, the codons 
AGA, AGG, CGA, CGC, CGG, and CGU all encode the 
amino acid arginine. Thus, at every position in the nucleic 
acids of the invention where an arginine is specified by a 
codon, the codon can be altered to any of the corresponding 
codons described above without altering the encoded 
polypeptide. It is understood that U in an RNA sequence 
corresponds to T in a DNA sequence. 
0192 Such “silent variations” are one species of “con 
servatively modified variations.” discussed below. One of 
skill will recognize that each codon in a nucleic acid (except 
ATG, which is ordinarily the only codon for methionine, and 
TTG, which is ordinarily the only codon for tryptophan) can 
be modified by standard techniques to encode a functionally 
identical polypeptide. Accordingly, each silent variation of a 
nucleic acid which encodes a polypeptide is implicit in any 
described sequence. The invention, therefore, explicitly pro 
vides each and every possible variation of a nucleic acid 
sequence encoding a polypeptide of the invention that could 
be made by selecting combinations based on possible codon 
choices. These combinations are made in accordance with 
the standard triplet genetic code (e.g., as set forth in Table 1, 
or as is commonly available in the art) as applied to the 
nucleic acid sequence encoding a hemagglutinin or a 
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neuraminidase polypeptide of the invention. All Such varia 
tions of every nucleic acid herein are specifically provided 
and described by consideration of the sequence in combi 
nation with the genetic code. One of skill is fully able to 
make these silent Substitutions using the methods herein. 
0193 Conservative Variations 
0194 Owing to the degeneracy of the genetic code, 
“silent substitutions” (i.e., substitutions in a nucleic acid 
sequence which do not result in an alteration in an encoded 
polypeptide) are an implied feature of every nucleic acid 
sequence of the invention which encodes an amino acid. 
Similarly, “conservative amino acid substitutions.” in one or 
a few amino acids in an amino acid sequence are substituted 
with different amino acids with highly similar properties, are 
also readily identified as being highly similar to a disclosed 
construct such as those herein. Such conservative variations 
of each disclosed sequence are a feature of the present 
invention. 

0.195 “Conservative variations of a particular nucleic 
acid sequence refers to those nucleic acids which encode 
identical or essentially identical amino acid sequences, or, 
where the nucleic acid does not encode an amino acid 
sequence, to essentially identical sequences, see, Table 2 
below. One of skill will recognize that individual substitu 
tions, deletions or additions which alter, add or delete a 
single amino acid or a small percentage of amino acids 
(typically less than 5%, more typically less than 4%. 3%, 2% 
or 1%) in an encoded sequence are “conservatively modified 
variations” where the alterations result in the deletion of an 
amino acid, addition of an amino acid, or Substitution of an 
amino acid with a chemically similar amino acid. Thus, 
“conservative variations of a listed polypeptide sequence of 
the present invention include Substitutions of a small per 
centage, typically less than 5%, more typically less than 4%. 
3%, 2% or 1%, of the amino acids of the polypeptide 
sequence, with a conservatively selected amino acid of the 
same conservative Substitution group. Finally, the addition 
of sequences which do not alter the encoded activity of a 
nucleic acid molecule. Such as the addition of a non 
functional sequence, is a conservative variation of the basic 
nucleic acid. 

TABLE 2 

Conservative Substitution Groups 

1 Alanine (A) Serine (S) Threonine (T) 
2 Aspartic acid (D) Glutamic acid (E) 
3 Asparagine (N) Glutamine (Q) 
4 Arginine (R) Lysine (K) 
5 Isoleucine (I) Leucine (L) Methionine (M) Valine (V) 
6 Phenylalanine (F) Tyrosine (Y) Tryptophan (W) 

0.196 Unique Polypeptide and Polynucleotide Subse 
quences 

0197). In one aspect, the invention provides a nucleic acid 
which comprises a unique Subsequence in a nucleic acid 
selected from the sequence of HA and NA molecules dis 
closed herein, e.g., SEQID NOS:1-10, 21-26,33-38, and 45. 
The unique Subsequence is unique as compared to a nucleic 
acids corresponding to nucleic acids such as, e.g., those 
found in GenBank or other similar public databases at the 
time of filing. Alignment can be performed using, e.g., 
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BLAST set to default parameters. Any unique Subsequence 
is useful, e.g., as a probe to identify the nucleic acids of the 
invention. See, above. 
0198 Similarly, the invention includes a polypeptide 
which comprises a unique Subsequence in a polypeptide 
selected from the sequence of HA and NA molecules dis 
closed herein, e.g., SEQ ID NOS:11-20, 27-32, and 39-44. 
Here, the unique Subsequence is unique as compared to a 
polypeptide corresponding to, e.g., the amino acid corre 
sponding to polynucleotide sequences found in, e.g., Gen 
Bank or other similar public databases at the time offiling. 
0199 The invention also provides for target nucleic acids 
which hybridize under stringent conditions to a unique 
coding oligonucleotide which encodes a unique Subse 
quence in a polypeptide selected from the sequences of HA 
and NA molecules of the invention wherein the unique 
Subsequence is unique as compared to a polypeptide corre 
sponding to any of the control polypeptides (sequences of 
e.g., the nucleic acids corresponding to those found in, e.g., 
GenBank or other similar public databases at the time of 
filing). Unique sequences are determined as noted above. 
0200 Sequence Comparison, Identity, and Homology 
0201 The terms “identical” or percent “identity,” in the 
context of two or more nucleic acid or polypeptide 
sequences, refer to two or more sequences or Subsequences 
that are the same or have a specified percentage of amino 
acid residues or nucleotides that are the same, when com 
pared and aligned for maximum correspondence, as mea 
Sured using one of the sequence comparison algorithms 
described below (or other algorithms available to persons of 
skill) or by visual inspection. 
0202 The phrase “substantially identical,’ in the context 
of two nucleic acids or polypeptides (e.g., DNAS encoding 
a HA or NA molecule, or the amino acid sequence of a HA 
or NA molecule) refers to two or more sequences or sub 
sequences that have at least about 90%, preferably 91%, 
most preferably 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
98.5%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 
99.7%, 99.8%, 99.9% or more nucleotide or amino acid 
residue identity, when compared and aligned for maximum 
correspondence, as measured using a sequence comparison 
algorithm or by visual inspection. Such “substantially iden 
tical sequences are typically considered to be “homolo 
gous,” without reference to actual ancestry. Preferably, “sub 
stantial identity” exists over a region of the amino acid 
sequences that is at least about 200 residues in length, at 
least about 250 residues, at least about 300 residues, 350 
residues, 400 residues, 425 residues, 450 residues, 475 
residues, 480 residues, 490 residues, 495 residues, 499 
residues, 500 residues, 502 residues, 559 residues, 565 
residues, or 566 residues, or over the full length of the two 
sequences to be compared. 
0203 For sequence comparison and homology determi 
nation, typically one sequence acts as a reference sequence 
to which test sequences are compared. When using a 
sequence comparison algorithm, test and reference 
sequences are input into a computer, Subsequence coordi 
nates are designated, if necessary, and sequence algorithm 
program parameters are designated. The sequence compari 
son algorithm then calculates the percent sequence identity 
for the test sequence(s) relative to the reference sequence, 
based on the designated program parameters. 
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0204 Optimal alignment of sequences for comparison 
can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv Appl Math 2:482 (1981), by the 
homology alignment algorithm of Needleman & Wunsch, J 
Mol Biol 48:443 (1970), by the search for similarity method 
of Pearson & Lipman, Proc Natl Acad Sci USA 85:2444 
(1988), by computerized implementations of algorithms 
such as GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr. Madison, Wis., or by visual inspec 
tion (see generally, Ausubel et al., Supra). 
0205 One example of an algorithm that is suitable for 
determining percent sequence identity and sequence simi 
larity is the BLAST algorithm, which is described in Alts 
chul et al., J Mol Biol 215:403-410 (1990). Software for 
performing BLAST analyses is publicly available through 
the National Center for Biotechnology Information 
(www.ncbi.nlm.nih.gov/). This algorithm involves first iden 
tifying high scoring sequence pairs (HSPs) by identifying 
short words of length W in the query sequence, which either 
match or satisfy some positive-valued threshold score T 
when aligned with a word of the same length in a database 
sequence. T is referred to as the neighborhood word score 
threshold (see, Altschul et al., Supra). These initial neigh 
borhood word hits act as seeds for initiating searches to find 
longer HSPs containing them. The word hits are then 
extended in both directions along each sequence for as far as 
the cumulative alignment score can be increased. Cumula 
tive Scores are calculated using, for nucleotide sequences, 
the parameters M (reward score for a pair of matching 
residues; always >0) and N (penalty score for mismatching 
residues; always <0). For amino acid sequences, a scoring 
matrix is used to calculate the cumulative score. Extension 
of the word hits in each direction are halted when: the 
cumulative alignment score falls off by the quantity X from 
its maximum achieved value; the cumulative score goes to 
Zero or below, due to the accumulation of one or more 
negative-scoring residue alignments; or the end of either 
sequence is reached. The BLAST algorithm parameters W. 
T, and X determine the sensitivity and speed of the align 
ment. The BLASTN program (for nucleotide sequences) 
uses as defaults a wordlength (W) of 11, an expectation (E) 
of 10, a cutoff of 100, M=5, N=-4, and a comparison of both 
Strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength (W) of 3, an expectation (E) 
of 10, and the BLOSUM62 scoring matrix (see, Henikoff & 
Henikoff (1989) Proc Natl Acad Sci USA 89:10915). 
0206. In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity between two sequences (see, e.g., Karlin & 
Altschul, Proc Natl Acad Sci USA 90:5873-5787 (1993)). 
One measure of similarity provided by the BLAST algo 
rithm is the smallest sum probability (P(N)), which provides 
an indication of the probability by which a match between 
two nucleotide or amino acid sequences would occur by 
chance. For example, a nucleic acid is considered similar to 
a reference sequence if the Smallest Sum probability in a 
comparison of the test nucleic acid to the reference nucleic 
acid is less than about 0.1, more preferably less than about 
0.01, and most preferably less than about 0.001. 
0207 Another example of a useful sequence alignment 
algorithm is PILEUP, PILEUP creates a multiple sequence 
alignment from a group of related sequences using progres 
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sive, pairwise alignments. It can also plot a tree showing the 
clustering relationships used to create the alignment. 
PILEUP uses a simplification of the progressive alignment 
method of Feng & Doolittle (1987) J. Mol. Evol. 35:351 
360. The method used is similar to the method described by 
Higgins & Sharp (1989) CABIOS 5:151-153. The program 
can align, e.g., up to 300 sequences of a maximum length of 
5,000 letters. The multiple alignment procedure begins with 
the pairwise alignment of the two most similar sequences, 
producing a cluster of two aligned sequences. This cluster 
can then be aligned to the next most related sequence or 
cluster of aligned sequences. Two clusters of sequences can 
be aligned by a simple extension of the pairwise alignment 
of two individual sequences. The final alignment is achieved 
by a series of progressive, pairwise alignments. The program 
can also be used to plot a dendogram or tree representation 
of clustering relationships. The program is run by designat 
ing specific sequences and their amino acid or nucleotide 
coordinates for regions of sequence comparison. 
0208 An additional example of an algorithm that is 
Suitable for multiple DNA, or amino acid, sequence align 
ments is the CLUSTALW program (Thompson, J. D. et al. 
(1994) Nucl. Acids. Res. 22: 4673-4680). CLUSTALW 
performs multiple pairwise comparisons between groups of 
sequences and assembles them into a multiple alignment 
based on homology. Gap open and Gap extension penalties 
can be, e.g., 10 and 0.05 respectively. For amino acid 
alignments, the BLOSUM algorithm can be used as a protein 
weight matrix. See, e.g., Henikoff and Henikoff (1992) Proc. 
Natl. Acad. Sci. USA 89: 10915-10919. 

Digital Systems 
0209 The present invention provides digital systems, 
e.g., computers, computer readable media and integrated 
systems comprising character Strings corresponding to the 
sequence information herein for the nucleic acids and iso 
lated or recombinant polypeptides herein, including, e.g., the 
sequences shown herein, and the various silent Substitutions 
and conservative Substitutions thereof. Integrated systems 
can further include, e.g., gene synthesis equipment for 
making genes corresponding to the character strings. 

0210 Various methods known in the art can be used to 
detect homology or similarity between different character 
strings (see, above), or can be used to perform other desir 
able functions such as to control output files, provide the 
basis for making presentations of information including the 
sequences and the like. Examples include BLAST, discussed 
Supra. Computer systems of the invention can include Such 
programs, e.g., in conjunction with one or more data file or 
database comprising a sequence as noted herein. 
0211 Thus, different types of homology and similarity of 
various stringency and length between various HA or NA 
sequences or fragments, etc. can be detected and recognized 
in the integrated Systems herein. For example, many homol 
ogy determination methods have been designed for com 
parative analysis of sequences of biopolymers, for spell 
checking in word processing, and for data retrieval from 
various databases. With an understanding of double-helix 
pair-wise complement interactions among 4 principal 
nucleobases in natural polynucleotides, models that simulate 
annealing of complementary homologous polynucleotide 
strings can also be used as a foundation of sequence align 
ment or other operations typically performed on the char 

Mar. 20, 2008 

acter Strings corresponding to the sequences herein (e.g., 
word-processing manipulations, construction of figures 
comprising sequence or Subsequence character strings, out 
put tables, etc.). 

0212. Thus, standard desktop applications such as word 
processing software (e.g., Microsoft WordTM or Corel Word 
PerfectTM) and database software (e.g., spreadsheet software 
such as Microsoft ExcelTM, Corel Quattro ProTM, or database 
programs such as Microsoft AccessTM, ParadoxTM, Gene 
WorksTM, or MacVectorTM or other similar programs) can be 
adapted to the present invention by inputting a character 
string corresponding to one or more polynucleotides and 
polypeptides of the invention (either nucleic acids or pro 
teins, or both). For example, a system of the invention can 
include the foregoing software having the appropriate char 
acter string information, e.g., used in conjunction with a user 
interface (e.g., a GUI in a standard operating system such as 
a Windows, Macintosh or LINUX system) to manipulate 
strings of characters corresponding to the sequences herein. 
As noted, specialized alignment programs such as BLAST 
can also be incorporated into the systems of the invention for 
alignment of nucleic acids or proteins (or corresponding 
character strings). 

0213 Systems in the present invention typically include 
a digital computer with data sets entered into the software 
system comprising any of the sequences herein. The com 
puter can be, e.g., a PC (Intel x86 or Pentium chip-compat 
ible DOSTM, OS2TM WINDOWSTM WINDOWSNTTM, 
WINDOWS95TM, WINDOWS2000TM, WINDOWS98TM, 
LINUX based machine, a MACINTOSHTM, Power PC, or a 
UNIX based (e.g., SUNTM work station) machine) or other 
commercially available computer that is known to one of 
skill. Software for aligning or otherwise manipulating 
sequences is available, or can easily be constructed by one 
of skill using a standard programming language Such as 
Visuallbasic, PERL, Fortran, Basic, Java, or the like. 

0214) Any controller or computer optionally includes a 
monitor which is often a cathode ray tube (“CRT) display, 
a flat panel display (e.g., active matrix liquid crystal display, 
liquid crystal display), or others. Computer circuitry is often 
placed in a box which includes numerous integrated circuit 
chips. Such as a microprocessor, memory, interface circuits, 
and others. The box also optionally includes a hard disk 
drive, a floppy disk drive, a high capacity removable drive 
such as a writeable CD-ROM, and other common peripheral 
elements. Inputting devices such as a keyboard or mouse 
optionally provide for input from a user and for user 
selection of sequences to be compared or otherwise manipu 
lated in the relevant computer system. 

0215. The computer typically includes appropriate soft 
ware for receiving user instructions, either in the form of 
user input into a set parameter fields, e.g., in a GUI, or in the 
form of preprogrammed instructions, e.g., preprogrammed 
for a variety of different specific operations. The software 
then converts these instructions to appropriate language for 
instructing the operation, e.g., of appropriate mechanisms or 
transport controllers to carry out the desired operation. The 
Software can also include output elements for controlling 
nucleic acid synthesis (e.g., based upon a sequence or an 
alignment of sequences herein), comparisons of samples for 
differential gene expression, or other operations. 



US 2008/006982 1 A1 

Kits and Reagents 
0216) The present invention is optionally provided to a 
user as a kit. For example, a kit of the invention contains one 
or more nucleic acid, polypeptide, antibody, or cell line 
described herein (e.g., comprising, or with, a HA and/or NA 
molecule of the invention). The kit can contain a diagnostic 
nucleic acid or polypeptide, e.g., antibody, probe set, e.g., as 
a cDNA micro-array packaged in a Suitable container, or 
other nucleic acid such as one or more expression vector. 
The kit can also further comprise, one or more additional 
reagents, e.g., Substrates, labels, primers, for labeling 
expression products, tubes and/or other accessories, reagents 
for collecting samples, buffers, hybridization chambers, 
cover slips, etc. The kit optionally further comprises an 
instruction set or user manual detailing preferred methods of 
using the kit components for discovery or application of 
diagnostic sets, etc. 
0217 When used according to the instructions, the kit 
can be used, e.g., for evaluating a disease state or condition, 
for evaluating effects of a pharmaceutical agent or other 
treatment intervention on progression of a disease state or 
condition in a cell or organism, or for use as a vaccine, etc. 
0218. In an additional aspect, the present invention pro 
vides system kits embodying the methods, composition, 
systems and apparatus herein. System kits of the invention 
optionally comprise one or more of the following: (1) an 
apparatus, system, system component or apparatus compo 
nent; (2) instructions for practicing methods described 
herein, and/or for operating the apparatus or apparatus 
components herein and/or for using the compositions herein. 
In a further aspect, the present invention provides for the use 
of any apparatus, apparatus component, composition or kit 
herein, for the practice of any method or assay herein, and/or 
for the use of any apparatus or kit to practice any assay or 
method herein. 

0219. Additionally, the kits can include one or more 
translation system as noted above (e.g., a cell) with appro 
priate packaging material, containers for holding the com 
ponents of the kit, instructional materials for practicing the 
methods herein and/or the like. Similarly, products of the 
translation systems (e.g., proteins such as HA and/or NA 
molecules) can be provided in kit form, e.g., with containers 
for holding the components of the kit, instructional materials 
for practicing the methods herein and/or the like. 
0220 To facilitate use of the methods and compositions 
of the invention, any of the vaccine components and/or 
compositions, e.g., reasserted virus in allantoic fluid, etc., 
and additional components, such as, buffer, cells, culture 
medium, useful for packaging and infection of influenza 
viruses for experimental or therapeutic vaccine purposes, 
can be packaged in the form of a kit. Typically, the kit 
contains, in addition to the above components, additional 
materials which can include, e.g., instructions for perform 
ing the methods of the invention, packaging material, and a 
container. 

EXAMPLES 

Example 1 
Construction and Analysis of H5N1 ca Viruses and 

Vaccines 

0221 Various sequences herein comprising H5N1 
HA/NA sequences were used to create influenza viruses and 
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vaccines. The HA sequences in Such vaccines were altered 
from wild-type by removal of the polybasic cleavage site 
within the HA. The HA/NA sequences were reasserted (in a 
6:2 reassortment) with ca A/AA/6/60 (a ts, att, ca virus, see 
above). 
0222 Three strains of H5N1 influenza were used in this 
example: A/VN/1203/2004, A/HK/491/1997, and A/HK/ 
213/2003. Such strains are also referred to within this 
example as the '97, '03, and '04 strains based on their year 
designations. The HA sequence homology of these three 
strains is 95-96%. FIG. 1 illustrates modification of the 
polybasic cleavage site of an exemplary HA sequence, the 
04 HA sequences, used to construct the viruses/vaccines. As 
stated previously, various embodiments of the invention 
comprise sequences which have differing regions of the 
polybasic cleavage site removed. See above. 

0223) As stated, the modified H5N1 sequences (i.e., the 
modified 97, '03, and '04 genes) were used to construct 6:2 
reassortant viruses with ca A/AA/6/60. It will be appreci 
ated, and is pointed out elsewhere herein, that other desir 
able backbones could also have been used (e.g., PR8, etc.). 
0224. In the 6:2 reassortants of this example, the HA and 
NA gene sequences were derived from one or more wild 
type parent virus, i.e., the HA and NA gene sequences of the 
03 virus were derived from A/HK/213/2003, the HA and 
NA gene sequences of the '04 virus were derived from A% 
VN/1203/2004, and the HA gene sequence of the 97 virus 
was derived from A/HK/491/1997 while the NA gene 
sequence was derived from A/HK/486/1997. The remaining 
genes of the 6:2 reassortants were characterized by sequence 
analysis as derived from the A/AA/6/60 ca parent virus. The 
reasserted viruses replicated to 8.0-8.5 logo.TCIDs in eggs. 
However, it will be appreciated that other embodiments 
wherein the logo.TCIDs comprises from about 7.0 to about 
9.0, from about 7.5-8.5, or from about 8.0-8.5 are also within 
the scope of the invention. The cleavability of the modified 
HA in the constructed viruses by endogenous proteases was 
restricted in vitro and the viruses were dependent on trypsin 
(e.g., from about 0.1 ug/ml to about 1.0 ug/ml) for growth. 
The constructed viruses were temperature sensitive as 
assayed by an in vitro assay. 

0225. The H5N1 careassortant viruses (having the modi 
fied 97, '03, or 04 HA genes) were not lethal for chickens. 
For example, when 4-week-old SPF white Plymouth Rock 
chickens were inoculated intravenously with a 1:10 dilution 
of stock virus (107 TCIDs/ml) and observed for 10 
days, it was observed that 8 out of 8 chickens died within 1-2 
days when wild-type 97, '03, and 04 H5N1 were used, 
while 0 of 8 chickens died when the H5N1 ca reassortant 
viruses were used. As can be seen in FIG. 2, the intranasally 
administered H5N1 ca reassortant viruses did not replicate 
in chickens. 

0226. The H5N1/AA ca reassortants were also not lethal 
for mice. See FIG. 3, which also shows the TCIDs for the 
H5N1 wild-type strains. FIG. 4 shows that the 1997 and 
2004 H5N1 ca reassortant viruses were restricted in repli 
cation in mice. FIG. 5, shows that the H5N1 ca reassorted 
viruses are restricted in replication in lungs of mice. 
0227. A comparison of the serum HAI antibody titers 
elicited in mice following a single intranasal dose of vaccine 
(2003 ca as compared against 2003 wild-type), is shown in 
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FIG. 6. FIGS. 7 and 15 show similar measurements, but 
using serum neutralizing antibody titers. 
0228 FIG. 8 displays that the H5N1 ca reassortant 
viruses protect mice from lethal challenge with 50, 500, or 
5,000 LDs of wild-type H5N1 virus. FIG. 9 shows the 
efficacy of protection from pulmonary replication of 
homologous and heterologous H5N1 challenge viruses in 
mice. As can be seen, the ca reassortants replicated less well 
than the wild-type viruses did. FIG. 10 shows related data 
using upper respiratory tracts of mice. Those of skill in the 
art will be familiar with homologous and heterologous 
challenges (e.g., testing whether 2003 vaccine protects 
against a 2003 wild-type challenge (homologous) or whether 
a 2003 vaccine protects against a 1997 wild-type challenge 
(heterologous), etc.). 
0229 FIG. 11 shows efficacy of protection conferred by 
2004 H5N1 ca vaccine against high dose (10 TCIDs) 
challenge with homologous or heterologous H5N1 wild 
type viruses in mice. FIG. 12 shows efficacy of protection 
conferred by 1997 and 2003 H5N1 ca vaccines against high 
dose (10 TCIDs) challenge with homologous or heterolo 
gous H5N1 wild-type viruses in mice. FIG. 13 shows 
efficacy of protection conferred by 2004 H5N1 ca vaccine 
against low or high doses of homologous H5N1 wild-type 
virus challenge in mice. FIGS. 11-13 demonstrate that the 
tested vaccines could protect against other related viruses. 
0230. In healthy human adults nasal spray administration 
the '04 vaccine was well tolerated and its replication was 
highly restricted. See FIG. 27 for replication restriction of 
the vaccine in healthy adults. HI antibody responses to 107 
TCIDs of the '04 Vaccine were also observed in some of the 
healthy adults. See FIG. 28. 
0231. The current example demonstrates several points 
concerning exemplary H5N1 careassortant viruses/vaccines 
of the invention. The modified ca reassortant '97, '03, and 
04 viruses were shown to have in vitro ts phenotype, loss 
of pathogenicity in chickens and attenuation in mice. It is 
expected that attenuation is also present in ferrets. Efficacy 
of protection and cross-protection against lethal challenge 
and systemic spread with wild-type viruses in mice was also 
shown. Efficacy of protection and cross-protections against 
replication of wild-type challenge viruses in the respiratory 
tract of mice is also expected. 
0232. It is contemplated to use these (and similar) 
viruses/vaccines to determine whether immunogenicity and 
efficacy is improved following 2 doses of vaccine; to assess 
immunogenicity in non-human primates; to assess attenua 
tion and vaccine efficacy in ferrets; to determine the contri 
bution of humoral and cellular immunity to observed effi 
cacy of the produced vaccines in mice; to determine which 
residues of the 2003 HA contribute to enhanced immuno 
genicity and introduce them into 1997 and 2004 HAs; and to 
determine the effects of deleting the multibasic amino acid 
cleavage site and of the gene constellation. 

Example 2 

Construction and Analysis of H6 ca Viruses and 
Vaccines 

0233. A set of three recombinant influenza viruses and 
vaccines comprising H6 HA sequences were prepared: (a) 
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A/Duck, which comprised the H6 HA and N9 NA of 
A/DuckT7; (b) A/Teal, which comprised the H6 HA and N1 
NA of A/Teal97; and (c) A/Mallard, which comprised the H6 
HA and N2 NA of A/Mallard85. The six internal genome 
segments of each recombinant virus were those of ca A/AA/ 
6/60. 

0234 Each of the A/Duck, A/Teal, and A/Mallard recom 
binant viruses was attenuated in nasal turbinates and lungs 
of ferrets. Ferrets were intranasally inoculated with 107 
TCIDso recombinant (ca; see paragraph immediately above) 
or wild-type (wt) H6 influenza virus. Nasal turbinate and 
lung tissue was harvested from the ferrets three days post 
infection for examination. FIG. 16 shows that the nasal 
turbinate and lung tissue of ferrets inoculated with recom 
binant virus (ca) exhibited lower virus titers than did the 
nasal turbinate and lung tissue of ferrets inoculated with the 
respective counterpart wt virus. 

0235. Each of the A/Duck, A/Teal, and A/Mallard recom 
binant (ca) viruses was also immunogenic in the ferrets. See 
FIG. 17. 

0236 FIG. 18 shows the efficacy of protection conferred 
by the A/Duck, A/Teal, and A/Mallard vaccines. Ferrets 
were vaccinated with a single dose of 7 logo PFU recom 
binant A/Duck, A Teal, or A/Mallard vaccine. The ferrets 
were then challenged with 7 logo PFU wt A/Duck, A/Teal, 
or A/Mallard virus. Three days post challenge lungs and 
nasal turbinates of the ferrets were harvested and virus titer 
in the tissues was determined. 

0237 FIG. 18 shows efficacy of protection conferred by 
the recombinant (ca) H6 vaccines against homologous and 
heterologous wild-type H6 viruses in ferrets. 

Example 3 

Construction and Analysis of an H7N3 BC 04 ca, 
Virus and Vaccine 

0238 A further recombinant influenza virus and vaccine 
was prepared using the HA H7 and NAN3 sequences of 
A/ck/BC/CN-6/04 (BC 04 ca). These HA and NA sequences 
were combined with the six internal genome segments of ca 
A/AA/6/60. 

0239). The BC 04 cavaccine was attenuated in the ferrets. 
Ferrets were intranasally inoculated with 107 TCIDso vac 
cine in 0.5 mL. Three days following inoculation, ferret 
nasal turbinates, lungs, brain, and olfactory bulb were har 
vested. Virus titer in each of these tissues was diminished in 
ferrets inoculated with the vaccine virus relative to ferrets 
inoculated with wt viruses A/BC/CN-6/04 or A/BC/CN-77 
O4. See FIG. 19. 

0240 The BC 04 ca vaccine was immunogenic in mice. 
In mice receiving the BC 04 ca vaccine, neutralizing anti 
bodies were detected at 4 weeks and these titers rose over 8 
weeks. A second dose of vaccine boosted antibody titer but 
final titer achieved was similar to that following a single 
dose. See FIG. 20. 

0241 FIGS. 21 and 22 show the efficacy of protection 
conferred by the BC 04 ca vaccine against both homologous 
and heterologous H7 wt viruses. For FIG. 21, mice were 
intranasally inoculated with 1 dose vaccine four weeks 
before challenge, 1 dose vaccine 8 weeks before challenge, 
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or 2 doses vaccine (administered 4 weeks apart) before 
lethal challenge with 50 LDso homologous (A/ck/BC/CN 
7/04) and heterologous (A/NL/219/03 or A/tk/Eng/63) H7 
wt viruses. Weight change of the mice following lethal 
challenged was monitored each day for fourteen days, to 
monitor morbidity associated with the wt influenza virus 
challenge. 
0242 For each of the mice lethally challenged with the 
homologous A/ck/BC/CN-7/04 virus little or no weight 
change was observed regardless of whether 1 dose of 
vaccine was administered 4 weeks prior to challenge (a), 1 
dose of vaccine was administered 8 weeks prior to challenge 
(b) or 2 doses of vaccine were administered prior to chal 
lenge (c). Likewise, little to no weight loss occurred fol 
lowing challenge of the mice with either heterologous 
influenza virus, A/NL/2109/03 (d, e, f) or A/tk/Eng/63 (g, h, 
i). Again, the lack of weight loss was observed regardless of 
whether 1 dose of vaccine was administered 4 weeks prior 
to challenge (d org), 1 dose of vaccine was administered 8 
weeks prior to challenge (e., or h), or 2 doses of vaccine were 
administered prior to challenge (for i). 
0243 FIG.22 provides further evidence of the efficacy of 
the H7N3 BC 04 ca vaccine. In both nasal turbinates (a) and 
lungs (b) of mice receiving the H7N3 BC 04 ca vaccine, 
protection was observed against challenge using ck/BC/CN 
6/04 (H7N3), ck/BC/CN-7/04 (H7N3), NL/219/03 (H7N7), 
tk/Eng/63 (H7N3), tk/UT/95 (H7N3), and tk/VA/02 (H7N2) 
viruses. 

Example 4 

Construction and Analysis of an H9N2 G9/AA ca, 
Virus and Vaccine 

0244. A further recombinant influenza virus and vaccine 
was prepared using the HA H9 and NAN2 sequences of 
A/ck/Hong Kong/G9/97 (G.9/AA ca). These HA and NA 
sequences were combined with the six internal genome 
segments of ca A/AA/6/60. 
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0245. The H9N2 G9/AAca vaccine was attenuated in the 
ferrets. See FIG. 23, which shows reduced virus titers in 
nasal turbinates (a) and lungs (b) of ferrets following admin 
istration of the H9N2 G9/AA ca virus relative to the H9N2 
G9 wt virus. 

0246 FIG. 24 provides evidence of the efficacy of the 
H9N2 G9 ca vaccine in mice. In the mice receiving the 
H9N2 G9 ca vaccine, protection was observed against 
challenge using H9N2 G9 wt and A/HK/1073/99 viruses. 
0247 The H9N2 G9/AA ca vaccine was also well toler 
ated in healthy adults in a clinical trial setting. Healthy 
adults were administered the H9N2 G9/AA ca vaccine by 
nose drop. In the healthy adults, the H9N2 G9/AA ca 
vaccine was highly restricted in replication. See FIG. 25. 
Furthermore, administration of 107. TCIDs of H9N2 
G9/AA ca vaccine induced 24-fold increases in HI titer in 
92% of healthy volunteers. See FIG. 26. 
0248 While the foregoing invention has been described 
in some detail for purposes of clarity and understanding, it 
will be clear to one skilled in the art from a reading of this 
disclosure that various changes in form and detail can be 
made without departing from the true scope of the invention. 
For example, all the techniques and apparatus described 
above may be used in various combinations. All publica 
tions, patents, patent applications, or other documents cited 
in this application are incorporated by reference in their 
entirety for all purposes to the same extent as if each 
individual publication, patent, patent application, or other 
document were individually indicated to be incorporated by 
reference for all purposes. In particular, U.S. provisional 
application Nos. 60/821,832 filed Aug. 9, 2006 and 60/942, 
804, filed Jun. 8, 2007, are incorporated herein in their 
entirety for all purposes. 

SPECIFIC EMBODIMENTS 

0249 Additional embodiments of the present invention 
are presented in Table 3 and 4. 

TABLE 3 

Specific embodiments 

1 An isolated polypeptide, wherein said polypeptide is selected from the group consisting 
of: 
a) a polypeptide encoded by a polynucleotide sequence as shown in any one of SEQ ID 
NOS: 21-26 or 33-38 or 45; 
b) a polypeptide as shown in any one of SEQ ID NOS: 27-32 or 39-44: 
c) the mature form of the polypeptide as shown in any one of SEQ ID NOS: 27-32 or 39-44: 
d) a polypeptide encoded by a polynucleotide sequence which hybridizes under highly 
stringent conditions to a polynucleotide sequence encoding (a) (b) or (c); and 
e) a polypeptide having at least 90% sequence identity to the polypeptide of (b). 

2 An immunogenic composition comprising an immunologically effective amount of at 
least one polypeptide of embodiment 1. 

3 An isolated antibody that specifically binds the polypeptide of embodiment 1. 
4. A method for stimulating the immune system of an individual to produce a protective 

immune response against influenza virus, the method comprising administering to the 
individual an immunologically effective amount of the polypeptide of embodiment 1 in a 
physiologically acceptable carrier. 

5 A recombinant influenza virus comprising the polypeptide of embodiment 1. 
6 An immunogenic composition comprising an immunologically effective amount of the 

recombinant influenza virus of embodiment 5. 
7 Amethod for stimulating the immune system of an individual to produce a protective 

immune response against influenza virus, the method comprising administering to the 
individual an immunologically effective amount of the recombinant influenza virus of 
embodiment 5 in a physiologically acceptable carrier. 
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TABLE 3-continued 

Specific embodiments 

An isolated nucleic acid, wherein said nucleic acid is selected from the group consisting 
of: 
a) a polynucleotide sequence as shown in any one of SEQ ID NOS: 21-26 or 33-38 or 45, 
or a complementary sequence thereof; 
b) a polynucleotide sequence encoding a polypeptide as shown in any one of SEQ ID 
NOS: 27-32 or 39-44, or a complementary polynucleotide sequence thereof; 
c) a polynucleotide sequence which hybridizes under highly stringent conditions over 
Substantially the entire length of polynucleotide sequence (a); and 
d) a polynucleotide sequence having at least 98% sequence identity to the polynucleotide 
sequence of (a). 
An immunogenic composition comprising at least one of the nucleic acids of 
embodiment 8. 
A cell comprising at least one nucleic acid of embodiment 8. 
A vector comprising the nucleic acid of embodiment 8. 
The vector of embodiment 12, wherein the vector is a plasmid, a cosmid, a phage, a 
virus, or a fragment of a virus. 
The vector of embodiment 12, wherein the vector is an expression vector. 
A cell comprising the vector of embodiment 13. 
An influenza virus comprising one or more nucleic acids of embodiment 8. 
The virus of embodiment 15, wherein the virus is a reassortment virus. 
A 6:2 reassortment influenza virus, wherein said virus comprises 6 gene encoding 
regions from A Ann Arbor, 6.60 and 2 gene encoding regions that encode polypeptides 
selected from the group consisting of the polypeptides of SEQ ID NOS: 27-32, and 39-44. 
A method of producing a recombinant influenza virus, the method comprising: culturing 
the cell of embodiment 14 in a suitable culture medium under conditions permitting 
expression of nucleic acid; and, isolating the recombinant influenza virus from a cell 
population comprising said cell or the medium. 
An immunogenic composition comprising an immunologically effective amount of the 
recombinant influenza virus of embodiment 17. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to the 
individual an immunologically effective amount of the recombinant influenza virus of 
embodiment 17 in a physiologically effective carrier. 
A method of producing an isolated or recombinant polypeptide, the method comprising: 
culturing the host cell of embodiment 10 in a Suitable culture medium under conditions 
permitting expression of said nucleic acid; and, isolating the polypeptide from one or 
more of the host cells or the medium. 
A method of prophylactic or therapeutic treatment of a viral infection in a Subject, the 
method comprising: administering to the Subject, a virus of embodiment 17 in an 
amount effective to produce an immunogenic response against the viral infection. 
The method of embodiment 22, wherein the subject is a human. 
The immunogenic composition of embodiment 19, wherein the hemagglutinin comprises 
a modified polybasic cleavage site. 
A live attenuated influenza vaccine comprising the composition of embodiment 19. 
A split virus or killed virus vaccine comprising the composition of embodiment 19. 
A live attenuated influenza vaccine comprising the composition of embodiment 24. 
A split virus or killed virus vaccine comprising the composition of embodiment 24. 
A method for producing influenza viruses in cell culture, the method comprising: 
i) introducing into a population of host cells, which population of host cells is capable of 
Supporting replication of influenza virus, a plurality of vectors comprising nucleic acid 
encoding at least 6 internal genome segments of a first influenza strain, wherein the first 
influenza strain is Af Ann Arbor 660; and, at least one genome segment encoding an 
immunogenic influenza surface antigen of a second influenza strain, wherein said second 
strain is a pandemic influenza strain, 
ii) culturing the population of host cells at a temperature less than or equal to 35° C.; and, 
iii) recovering a plurality of influenza viruses. 
The method of embodiment 29, wherein the plurality of vectors comprise at least one 
isolated nucleic acid, wherein said nucleic acid is selected from the group consisting of: 
a) a polynucleotide sequence of one of SEQ ID NOS: 21-26 or 33-38, or 45, or a 
complementary sequence thereof; 
b) a polynucleotide sequence encoding a polypeptide of one of SEQ ID NOS: 27-32 or 
39-44, or a complementary polynucleotide sequence thereof; 
c) a polynucleotide sequence which hybridizes under highly stringent conditions over 
Substantially the entire length of polynucleotide sequence (a); and 
d) a polynucleotide sequence having at least 98% sequence identity to the polynucleotide 
sequence of (a). 
An immunogenic composition comprising an immunologically effective amount of the 
influenza virus of embodiment 29. 
An immunogenic composition comprising an immunologically effective amount of the 
influenza virus of embodiment 30. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to the 
individual an immunologically effective amount of the influenza virus of embodiment 29 
in a physiologically effective carrier. 
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35 

36 

37 

38 

30 

TABLE 3-continued 

Specific embodiments 

A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to the 
individual an immunologically effective amount of the influenza virus of embodiment 30 
in a physiologically effective carrier. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to the 
individual the immunogenic composition of embodiment 31. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to the 
individual the immunogenic composition of embodiment 32. 
A live attenuated influenza vaccine comprising the immunogenic composition of 
embodiment 31. 
A split virus or killed virus vaccine comprising the immunogenic composition of 
embodiment 32. 

0250) 

TABLE 4 

Specific embodiments. 

1 An isolated polypeptide, wherein said polypeptide is selected from the group 

3 

10 
11 
12 

13 
14 
15 
16 

consisting of: 
a) a polypeptide comprising the amino acid sequence encoded by the nucleotide 
sequence as shown in any one of SEQ ID NOS: 21-26 or 33-38 or 45; 
b) a polypeptide comprising the amino acid sequence as shown in any one of SEQ ID 
NOS: 27-32 or 39-44: 
c) the mature form of a polypeptide comprising the amino acid sequence as shown in 
any one of SEQ ID NOS: 27-32 or 39-44: 
d) a polypeptide comprising an amino acid sequence encoded by a polynucleotide 
which hybridizes under highly stringent conditions to a polynucleotide comprising a 
nucleotide sequence encoding (a) (b) or (c); and 
e) a polypeptide comprising an amino acid sequence having at least 90% sequence 
identity to the polypeptide of (b). 
An immunogenic composition comprising an immunologically effective amount of at 
least one polypeptide of embodiment 1. 
An isolated antibody that specifically binds the polypeptide of embodiment 1. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
the individual an immunologically effective amount of the polypeptide of 
embodiment 1 in a physiologically acceptable carrier. 
A recombinant influenza virus comprising the polypeptide of embodiment 1. 
An immunogenic composition comprising an immunologically effective amount of 
the recombinant influenza virus of embodiment 5. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
the individual an immunologically effective amount of the recombinant influenza 
virus of embodiment 5 in a physiologically acceptable carrier. 
An isolated polynucleotide, wherein said polynucleotide is selected from the group 
consisting of: 
a) a polynucleotide comprising the nucleotide sequence as shown in any one of SEQ 
ID NOS: 21-26 or 33-38 or 45, or a complementary sequence thereof; 
b) a polynucleotide comprising a nucleotide sequence encoding a polypeptide 
comprising the amino acid sequence as shown in any one of SEQ ID NOS: 27-32 or 
39-44, or a complementary nucleotide sequence thereof; 
c) a polynucleotide which hybridizes under highly stringent conditions over 
substantially the entire length of the polynucleotide of (a); and 
d) a polynucleotide comprising a nucleotide sequence having at least 98% sequence 
identity to the polynucleotide of (a). 
An immunogenic composition comprising at least one polynucleotide of embodiment 
8. 
A cell comprising at least one polynucleotide of embodiment 8. 
A vector comprising the polynucleotide of embodiment 8. 
The vector of embodiment 11, wherein the vector is a plasmid, a cosmid, a phage, a 
virus, or a fragment of a virus. 
The vector of embodiment 12, wherein the vector is an expression vector. 
A cell comprising the vector of embodiment 13. 
An influenza virus comprising one or more polynucleotides of embodiment 8. 
The virus of embodiment 15, wherein the virus is a reassortant virus. 
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17 

18 

19 

21 

22 

23 
24 

25 
26 
27 
28 
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

31 

TABLE 4-continued 

Specific embodiments. 

A 6:2 reassortant influenza virus, wherein said virus comprises 6 internal genome 
segments from A Ann Arbor/660 and 2 genome segments that encode an HA andfor 
a NA polypeptide selected from the group consisting of: the polypeptides of SEQ ID 
NOS: 27-32, and 39-44. 
A method of producing a reassortant influenza virus, the method comprising: 
culturing the cell of embodiment 14 in a Suitable culture medium under conditions 
permitting expression of said polynucleotide; and, isolating the reassortant influenza 
virus from a cell population comprising said cell or the medium. 
An immunogenic composition comprising an immunologically effective amount of 
the reassortant influenza virus of embodiment 17. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
the individual an immunologically effective amount of the reassortant influenza virus 
of embodiment 17 in a physiologically effective carrier. 
A method of producing an isolated or recombinant polypeptide, the method 
comprising: culturing the cell of embodiment 10 in a suitable culture medium under 
conditions permitting expression of said polynucleotide; and, isolating the 
polypeptide from the cell or the medium. 
A method of prophylactic or therapeutic treatment of a viral infection in a Subject, 
the method comprising: administering to the Subject, the virus of embodiment 17 in 
an amount effective to produce an immunogenic response against the viral infection. 
The method of embodiment 22, wherein the subject is a human. 
The immunogenic composition of embodiment 19, wherein the hemagglutinin 
comprises a modified polybasic cleavage site. 
A live attenuated influenza vaccine comprising the composition of embodiment 19. 
A split virus or killed virus vaccine comprising the composition of embodiment 19. 
A live attenuated influenza vaccine comprising the composition of embodiment 24. 
A split virus or killed virus vaccine comprising the composition of embodiment 24. 
A method for producing an influenza virus in cell culture, the method comprising: 
i) introducing into a population of host cells, which population of host cells is 
capable of Supporting replication of influenza virus, a plurality of vectors comprising 
nucleotide sequences corresponding to at least 6 internal genome segments of A/Ann 
Arbor 660; and, at least one genome segment comprising a polynucleotide encoding 
an HA and/or a NA polypeptide selected from the group consisting of the 
polypeptides of SEQ ID NOS: 27-32, and 39-44, 
ii) culturing the population of host cells at a temperature less than or equal to 35° C.; 
and, 
iii) recovering an influenza virus. 
The method of embodiment 29, wherein the polynucleotide encoding the HA and/or 
NA polypeptide is selected from the group consisting of: 
a) a polynucleotide comprising the nucleotide sequence of any one of SEQ ID 
NOS: 21, 23-26 or 33-38, or 45, or a complementary nucleotide sequence thereof; 
b) a polynucleotide comprising a nucleotide sequence encoding a polypeptide 
comprising the amino acid sequence as shown in any one of SEQ ID NOS: 27-32 or 
39-44, or a complementary nucleotide sequence thereof; 
c) a polynucleotide which hybridizes under highly stringent conditions over 
substantially the entire length of the polynucleotide of (a); and 
) a polynucleotide comprising a nucleotide sequence having at least 98% 

sequence identity to the polynucleotide of (a). 
An immunogenic composition comprising an immunologically effective amount of 
he influenza virus produced by the method of embodiment 29. 
An immunogenic composition comprising an immunologically effective amount of 
he influenza virus produced by the method of embodiment 30. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual an immunologically effective amount of the influenza virus produced 
by the method of embodiment 29 in a physiologically effective carrier. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual an immunologically effective amount of the influenza virus produced 
by the method of embodiment 30 in a physiologically effective carrier. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual the immunogenic composition of embodiment 31. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual the immunogenic composition of embodiment 32. 
A live attenuated influenza vaccine comprising the immunogenic composition of 
embodiment 31. 
A split virus or killed virus vaccine comprising the immunogenic composition of 
embodiment 32. 
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TABLE 4-continued 

Specific embodiments. 

39 A 6:2 reassortant influenza virus, wherein said virus comprises 6 internal genome 
segments from one or more donor viruses other than A/Ann Arborf6760 and 2 
genome segments that encode an HA and/or a NA polypeptide selected from the 
group consisting of the polypeptides of SEQ ID NOS: 27-32, and 39-44. 

40 The 6:2 reassortant influenza virus of embodiment 39, wherein said donor virus 
comprises one or more of the following phenotypes: temperature-sensitive, cold 
adaped, or attenuated. 

41 The 6:2 reassortant influenza virus of embodiment 39, wherein said donor virus is 
PR8. 

42 The 6:2 reassortant influenza virus of embodiment 39, wherein said donor virus is 
A Leningrad 17. 

43 An immunogenic composition comprising an immunologically effective amount o 
he reassortant influenza virus of embodiment 39. 

44 An immunogenic composition comprising an immunologically effective amount o 
he reassortant influenza virus of embodiment 40. 

45 An immunogenic composition comprising an immunologically effective amount o 
he reassortant influenza virus of embodiment 41. 

46 An immunogenic composition comprising an immunologically effective amount o 
he reassortant influenza virus of embodiment 42. 

47 A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual an immunologically effective amount of the reassortant influenza virus 
of embodiment 39 in a physiologically effective carrier. 

48. A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual an immunologically effective amount of the reassortant influenza virus 
of embodiment 40 in a physiologically effective carrier. 

49 Amethod for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual an immunologically effective amount of the reassortant influenza virus 
of embodiment 41 in a physiologically effective carrier. 

50 A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
he individual an immunologically effective amount of the reassortant influenza virus 
of embodiment 42 in a physiologically effective carrier. 

51 A method of prophylactic or therapeutic treatment of a viral infection in a Subject, 
he method comprising: administering to the Subject, the virus of embodiment 39 in 
an amount effective to produce an immunogenic response against the viral infection. 

52 Amethod of prophylactic or therapeutic treatment of a viral infection in a Subject, 
he method comprising: administering to the Subject, the virus of embodiment 41 in 
an amount effective to produce an immunogenic response against the viral infection. 

53 A method of prophylactic or therapeutic treatment of a viral infection in a subject, 
he method comprising: administering to the Subject, the virus of embodiment 42 in 
an amount effective to produce an immunogenic response against the viral infection. 

54 The method of embodiment 51, wherein said virus is killed or inactivated. 
55 The method of embodiment 52, wherein said virus is killed or inactivated. 
56 The method of embodiment 53, wherein said virus is killed or inactivated. 
57 The immunogenic composition of embodiment 43, wherein the hemagglutinin 

comprises a modified polybasic cleavage site. 
58 The immunogenic composition of embodiment 44, wherein the hemagglutinin 

comprises a modified polybasic cleavage site. 
59 The immunogenic composition of embodiment 45, wherein the hemagglutinin 

comprises a modified polybasic cleavage site 
60 The immunogenic composition of embodiment 46, wherein the hemagglutinin 

comprises a modified polybasic cleavage site. 
61 The method of embodiment 47, wherein the subject is a human. 
62 The method of embodiment 48, wherein the subject is a human. 
63 The method of embodiment 49, wherein the subject is a human. 
64 A live attenuated influenza vaccine comprising the composition of embodiment 45. 
65 A live attenuated influenza vaccine comprising the composition of embodiment 46. 
66 A method for producing an influenza virus in cell culture, the method comprising: 

i) introducing into a population of host cells, which population of host cells is 
capable of Supporting replication of influenza virus, a plurality of vectors comprising 
nucleotide sequences corresponding to: 
(a) at least 6 internal genome segments of a first influenza strain, wherein the 
first influenza strain is not A Ann Arborf 6/60; and, at least one genome segment 
encoding an HA or an NA polypeptide selected from the group consisting of: the 
polypeptides of SEQ ID NOS: 27-32, and 39-44; or 
(b) at least 6 internal genome segments of a first influenza strain, wherein the 
first influenza strain is not A Ann Arborf 6/60 and which influenza strain comprises 
one or more phenotypic attributes selected from the group consisting of: attenuated, 
cold adapted and temperature sensitive; and, at least one genome segment encoding 
an HA or an NA polypeptide selected from the group consisting of the polypeptides 
of SEQ ID NOS: 27-32, and 39-44, 
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TABLE 4-continued 

Specific embodiments. 

ii) culturing the population of host cells at a temperature less than or equal to 35° C.; 
and, 
iii) recovering an influenza virus. 
An immunogenic composition comprising an immunologically effective amount of 
the influenza virus produced by the method of embodiment 66. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
the individual an immunologically effective amount of the influenza virus produced 
by the method of embodiment 66 in a physiologically effective carrier. 
A method for stimulating the immune system of an individual to produce a protective 
immune response against influenza virus, the method comprising administering to 
the individual the immunogenic composition of embodiment 67. 
A live attenuated influenza vaccine comprising the immunogenic composition of 
embodiment 67. 
A split virus or killed virus vaccine comprising the immunogenic composition of 
embodiment 67. 

SEQUENCES 
ca A/Vietnam/1203/04 

0251 Nucleotide Sequence of ca A/Vietnam/1203/04H5 
(SEQ ID NO:1) 
0252) Entire molecule length: 1767 nt 

1O 

15 

25 

35 

4 O 

45 

SO 

55 

60 

65 

70 

85 

90 

95 

1 OO 

105 

agcaaaag.ca giggttcaat Ctgtcaaaat gagaaaat a gtgctt Cttt 

ttgcaatagt cagtc.ttgtt aaaagtgat c agatttgcat tdgttaccat 

gcaaacaact cacagagca ggttgacaca at aatggaala agaacgttac 

tgttacacat gcc caagaca tactggaaaa gaalacacaac ggga agct ct 

gcgat Ctaga tiggagtgaag cct ctaattt tagagattg tagcgtagct 

ggatggctcc toggaalacc C aatgtgttgac gaattcatca atgtgc.cgga 

atggit cittac at agtggaga aggccaatcc agt caatgac citctgttacc 

Caggggattt caatgacitat galaga attga aacaccitatt gagc agaata 

aac cattttg agaaaattica gatcatc.ccc aaaagttctt ggtc.ca.gtca 

tgaagcct ca ttaggggtga gcticago atg tccataccag ggaaagt cct 

cctttitt cag aaatgtggta tdgcttatca aaaagaacag tacataccca 

acaataaaga ggagctacaa taataccaac caagaagat c ttittgg tact 

gtgggggatt cac catccta atgatgcggc agagcagaca aagctictatic 

aaaac ccaac caccitatatt to cqttggga catcaac act aaac cagaga 

ttggtaccala gaatagctac tagat.ccaaa gtaaacgggc aaagtggaag 

gatggagttc ttctggacaa ttittaaagcc gaatgatgca at caactitcg 

agagtaatgg aaattt catt gotccagaat atgcatacaa aattgttcaag 

aaaggggact caacaattat gaaaagtgaa ttggaatatg gtaactgcaa. 

caccalagtgt caaactic caa toggggg.cgat aaactictago atgc cattcc 

acaatataca ccct citcacc attggggaat gcc.ccaaata tdtgaaatca 

aacagattag to Cttgcgac tdggcticaga aatagocct C aaagagagac 

tdgaggatta tittggagct a taggaggttt tatagaggga ggatggcagg 
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ca A/Hong Kong/213/03 
0259 Nucleotide Sequence of ca A/Hong Kong/213/ 
03H5 (SEQ ID NO:3) 
0260 Entire molecule length: 1767 nt 

1O 

15 

25 

35 

4 O 

45 

SO 

55 

60 

65 

70 

85 

90 

95 

OO 

OS 

15 

25 

35 

4 O 

45 

SO 

55 

60 

65 

agcaaaagca 

ttgcaat agt 

gcaaacaact 

tgttacacat 

gcgat ct aga 

ggatggct cc 

atggit cittac 

Caggggattt 

aac cattttg 

tgaagcct ca 

cctttitt cag 

acaataaaga 

gtgggggatt 

aaaac Coaac 

ttggtaccala 

gatggagttc 

agagcaatgg 

aaaggggact 

caccalagtgt 

acalatataca 

aacagattag 

tdgaggatta 

gaatggtaga 

ggg tacgctg 

Caataaggt c 

ttggaaggga 

aagatggaag 

ggttct catg 

agaac ctitta 

Ctggg taacg 

ggaaagtgta 

caagactaaa 

act taccalaa. 

ggcaat catg 

ggggttcaat 

cagtc.ttgtt 

cgacagagca 

gcc caagaca 

tggagtgaag 

togga aaccC 

at agtggaga 

caacgacitat 

agaaaattica 

ttaggggtga 

gaatgtggta 

ggagctacaa 

CaC catcCta 

cacct acatt 

aaatago tac 

ttctggacaa 

aaattt catt 

cagcaattat 

caaactic Cala 

coctic to acc 

to cittgcgac 

tttggagcta 

tggttggitat 

Cagacaaaga 

aact cqatca 

atttaataac 

acggatt cot 

gaaaatgaga 

cgacaaggt c 

gttgttt Ca 

agaaacggaa 

aagagaggaa 

tactgtcaat 

gtagctggit c 

ctgtcaaaat 

aaaagtgat c 

ggttgacaca 

tactggaaaa 

cc totaattit 

aatgtgttgac 

aggccaatcC 

gaagaattga 

gatcatc.ccc 

gcticago atg 

tggctitatica 

taataccaac 

atgatgcggc 

to cqttggga 

tagat coaaa 

ttittaaaac C. 

gcticcagaat 

gaaaagtgaa 

tggggg.cgat 

atcggggaat 

tgggctic aga 

tagcaggttt 

gggtaccacc 

at CCact Caa 

ttgacaaaat 

ttagaaagga 

agatgtctgg 

galactictaga 

cgact acagc 

gttctat cac 

cg tatgacta 

at aagtggag 

ttatt Ctaca 

tat ctittatg 

ggagaaaata 

agatttgcat 

at aatggaaa 

gacacacaac 

tgagagattg 

gaattcatca 

agccaatgac 

aacaccitatt 

aaaaatt Ctt 

to Cataccala 

aaaagaacaa 

Caagaagat c 

agagcagact 

catcaac act 

gtaaacgggc 

gaatgatgca 

atgcatacaa 

ttggaatatg 

aaactictagt 

gcc.ccaaata 

aatagocctic 

tatagaggga 

at agcaatga 

aaggcaatag 

galacact cag 

gaatagagaa 

actitataatg 

ctitt catgac 

ttagggataa 

aaatgtgata 

cc cqcagtat 

taaaattgga 

gtgg.cgagtt 

gatgtgct cc 

36 

gtgcttctitt 

tggittaccat 

agaacgttac 

ggga agctict 

tagt gtagct 

atgtgc.cgga 

citctgttacc 

gaggagaata 

ggtc.ca.gtca 

ggaaagt cct 

tgcataccca 

ttittgg tatt 

aggctictatic 

aalaccagaga 

aaaatggaag 

at caactitcg 

aattgtcaag 

gtaactgcaa. 

atgc cattcc 

tgttgaaatca 

aaagagagac 

ggatggCagg 

gCaggggagt 

atggagt cac 

tttgaggcc.g 

tittaaacaag 

ctgaacttct 

tdaaatgtca 

tgcaaaggag 

atgaatgitat 

to agaagaag 

gt caat agga 

cc ctago act 
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25 

35 

4 O 

45 

SO 

55 

60 

65 

70 

85 

90 

95 

OO 

OS 

15 

25 

35 

4 O 

45 

SO 

55 

60 

65 

70 

ggatggct cc 

atggit cittac 

Cagggaattit 

aac cattttg 

tgatgcct ca 

cctttitt cag 

acaataaaga 

gtgggggatt 

aaaac Coaac 

ttggttc.ca.g 

aatggagttc 

agagtaatgg 

aaaggggact 

caccalagtgt 

acaa.cataca 

aacagattag 

gcgaggact a 

gaatggtaga 

ggatacgctg 

Caataaggt c 

ttggaaggga 

aaaatggaag 

ggttct catg 

agaac ctitta 

Ctggg taatg 

ggaaagtgta 

caagactaaa 

act taccalaa. 

ggcaat catg 

tacaatgcag 

acacccttgt 

- Continued 

togga aaccC 

at agtggaga 

caacgacitat 

agaaaattica 

tcaggggtga 

aaatgtggta 

ggagctacaa 

CaC catcCta 

CaccitaCatt 

aaatago tac 

ttctggacaa 

aaattt catt 

Caacaattat 

caaactic Cala 

cocco to acc 

to cittgcaac 

tttggagcta 

tggttggitat 

Cagaccalaga 

aact cqatca 

atttaataac 

acggatt cot 

gaaaatgaga 

cgacaaggt c 

gttgttt Ca 

aaaaacggaa 

cagagaggaa 

tactgtcaat 

gtagctggit c 

aatttgcatt 

ttic tact 

tatgtgttgac 

aggc.cagt cc 

gaagaactga 

gataatc.ccc 

gcticago atg 

tggctitatica 

taataccaac 

atgatgcggc 

to cqttggaa 

tagacccaaa 

ttittaaag.cc 

gcticcagaat 

gaaaagtgaa 

tgggggcaat 

atcggggaat 

tggactic aga 

tagcaggttt 

gggtaccacc 

at CCaCacala 

ttaacaaaat 

ttggaaagga 

agatgtctgg 

galactictaga 

cgact acagc 

attct at CaC 

cg tatgacta 

at aagtggag 

ttatt Calaca 

tat ctittatg 

taaatttgttg 

gaattcatca 

agccaatgac 

aacaccitatt 

aaaagttctt 

to catacott 

aaaagaacag 

Caagaagat c 

agagcagaca 

Catcaa.cact 

gtaaacgggc 

gaatgatgcc 

atgcatacaa 

ttggaatatg 

aaactictagt 

gcc.ccaaata 

aatacccCtc. 

tatagaggga 

at agcaatga 

aaggcaatag 

galacact cag 

ggatagagaa 

acttacaatg 

ctitt catgac 

ttagggataa 

aaatgtgata 

cc cqcagtat 

taaaattgga 

gtgg.cgagtt 

gatgtgct cc 

agttcagatt 

39 

atgtgc.cgga 

citctgttatc 

gaggagaata 

ggtc. caatca 

gggaggtoct 

tagctaccca 

ttittgg tact 

aggctictatic 

galaccagaga 

aaagtggaag 

at caattitcg 

aattgtcaag 

gtaactgcaa. 

atgc cattcc 

tgttgaaatca 

aacgagagac 

ggatggCagg 

gCaggggagt 

atggagt cac 

tttgaggcc.g 

tittaaacaag 

cc.gaacttct 

tdaaatgtca 

tgcaaaggag 

acgaatgitat 

to agaagaag 

at Caatggga 

cc ctago act 

aatggat.cgt. 

gtagttaaaa 

0269 Amino acid sequence of ca A/Hong Kong/491/ 
97H5 (SEQ ID NO:15) 
0270 Entire molecule length: 564 aa 

1. 

51 

mekivlillat vs.lvksddic igyhannste q.v.dtimeknv tvthaqdile 

rthingklcdl ngvkpililrd csvagwllgn pncodefinvp ewsyivekas 

pandil cypgn findyeelkhil lisrinhfeki qilipks Swsn hdassgvssa 

Mar. 20, 2008 





















US 2008/006982 1 A1 

OO 

OS 

15 

25 

35 

4 O 

45 

agaCCt999g 

tcc.cggcgtt 

Catggcttgg 

ttgaaaatac 

acaggaaatt 

ttgactattg 

gagttaatta 

taacagticta 

cct tcc.ccga 

citccttgttt 

- Continued 

acaaatc tag 

taggaccatc 

Ctaatgcagg 

gtcgacalata 

gaatgataac 

gaggalagacc 

attgc cctat 

tggggcacala 

c tact 

tggtgattgt 

agggatt.cgg 

agc.cccagat 

tactgat coc 

acaattggtc 

agtgaatgct 

cgaagaggct 

gtggaag.ccc 

atcCaatact 

to CaatcCaa 

gtttctaaat 

Caagaagtgg 

aattictagaa 

aggct attcc 

acaatccatg 

aaatacgitat 

attcc cagtt 

titt.cgtaaaa 

49 

taactgggag 

ggggatalaca 

attcaaatg 

tagcagaacg 

ggaagctitta 

cittittacgta 

ggtgggcaa.g 

gggtctggitt 

tgcaaaaaaa 

0297 Nucleotide Sequence of A/Netherlands/219/03 N7 
(SEQ ID NO: 45) 
0298 Entire molecule length: 1464 nt 

12 

18 

24 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

1 O2 

108 

114 

12O 

126 

132 

agcaaaagca 

ggcaatagca 

atctotacat 

taatcaaaac 

Caagggaact 

tgaagggtgg 

cattgttacc 

gcaccalaggg 

titt cagaggt 

tatgtgttgtt 

tatacaagga 

taccattaag 

Caatggcaca 

agtaatgitat 

acatattgag 

taactggcag 

aagtagatac 

tggtgattgt 

gtttctaaat 

att cqaaatg 

acaggaaatt 

gaatgataac 

cgalagaggct 

cittagtgtac 

Ctalaaggaaa 

aac act actg 

gatttgaaaa 

gtcgtgatag 

agggagc cat 

actac Catta 

Ctcatct CCa 

ggatggit caa 

aataatgaca 

acctgggc.ca 

tgtgcagttg 

titccaca agg 

gaatgct cot 

ggagcaaaca 

gtgtgcactg 

to CaatcCaa 

ggggatalaca 

ttgaaaatac 

gtcgacalata 

agtgaatgct 

aaatacgitat 

gaatgaatcC 

tgaacttatt 

aaggacc caa 

tagtagaaaa 

caccaagcta 

caaaaga caa 

atgitat catg 

ggaacaaaca 

Ct c cattggg 

gcacaacttg 

atgctacagc 

gaaac attct 

taatgaccga 

gattagtagt 

gtt atggaca 

ggcct attat 

gaattct cac 

taactgggag 

catggcttgg 

Ctaatgcagg 

acaattggtc 

acaatccatg 

aaatcagaaa 

gataggaatc 

acaggaggag 

cacatatgta 

totgctgttg 

tgcagta aga 

cg acc caa.ca 

ttcaaatgga 

CactC Cacca 

Ccatgatggg 

aacggittitat 

gaggact caa 

cggat.cggct 

taaggaggag 

caatcaaaag 

agaaattgat 

agacaccagc 

to Coggcgtt 

taggaccatc 

tactgat coc 

aggct attcc 

cittittacgta 

talacagticta 

ctatttgcat 

aatttalacat 

aataatacala 

aacaagagcc 

tttggggaaa 

ggatgcaaaa 

acgatt catg 

accotaagta 

attgctagga 

taca acagaa 

gaat Cagaat 

agtagt caag 

gagttalaggg 

gtgacctgtg 

atgagcacat 

agacCt999g 

agc.cccagat 

aattictagaa 

ggaagctitta 

gagittaatta 

attgcccitat 

tatctggagt 

gattgaacgt. 

gcacgaccat 

Caataattac 

tgtgcaatgt 

gtgaacaaat 

tgitatgcctt 

acagaacagc 

acagtgacitt 

tgacitat ctd 

ggctgaccac 

CCtatacaaa. 

gatcagc.ca.g 

tgtgcagaga 

tggagcacac 

acaaatctag 

agggatt.cgg 

Caagaagtgg 

tagcagaacg 

ttgact attg 

gaggalagacic 
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- Continued 

181 is schdgkawl hvcvtgddrn atasfiydgm lidsigswisq nilrtgesec viciisg.tct v.v. 

241 mtdgs asgra ditrilfireg kivhisplisg sadhveecsc yprypnvircv cronwkg Snir 

3 O1 pvidinmady sids syvcs.g. lvgdtprindd sssssncrdlp innergnpgvik gwafdingndv 

3 61 Wmgrtiskds rsgyetfkvi ggwaiian sks qtnrovivdn nnwsgys gif Sveskgcinr 

421 cfyvellirgr poetrVWWts nsivvicgts gttygtgswpd ganidfmpi 

0341 Summary of SEQ ID NO Designations 
-continued 

Amino Acid or 
Amino Acid or SEQ ID NO HA or NA STRAIN NAME Nucleotide 

SEQ ID NO HA or NA STRAIN NAME Nucleotide 
SEQ ID NO: 13 HA (H5) ca. A Hong Amino Aci 

SEO ID NO: 1 HA(H5) ca. A Vietnam 1203/04 Nucleotide Kong/213/03 
SE D NO: 2 NA (N1) ca. A Vietnam 1203/04 Nucleotide S EQ D NO: 14 NA (N1) ca. AH Ong Amino Aci 
SEQ ID NO: 3 HA(H5) k Eis Nucleotide Kong/213/03 

Oil 

SEQ ID NO: 4 NA (N1) ca. A? Hong Nucleotide SEQ ID NO: 15 HA(H5) ca. A Hong Amino Aci. 
Kong/213/03 Kong 491.97 

S EQ D NO: 5 HA (H5) ca. AH Ong Nucleotide S EQ D NO: 16 NA (N1) ca. AH Ong Amino Aci 
Kong/491/97 Kong 486/97 

SEQ ID NO: 6 NA (N1) ca. A? Hong Nucleotide SEQ ID NO: 17 HA(H5) ca. A Hong Amino Aci 
Kong/486/97 Kong/491/97 (Ser211) 

SEQ ID NO: 7 HA(H5) ca. A? Hong Nucleotide SEQ ID NO: 18 NA (N1) ca. A Hong Amino Aci 
Kong/491/97 (Ser211) Kong 486/97 

SEQ ID NO: 8 NA (N1) kis 7 Nucleotide SEQ ID NO: 19 HA (H9) ca Ack/Hong Amino Aci 
SEQ ID NO: 9 HA (H9) ca. Ack Hong Nucleotide Kong/G9/97 

Kong/G9/97 SEQ ID NO: 20 NA (N2) ca. Ack Hong Amino Aci 
SEQ ID NO: 10 NA (N2) ca. Ack Hong Nucleotide Kong/G9/97 

Kong/G9/97 SEQ ID NO: 27 HA (H7) A Netherlands 21903 Amino Aci 
SEQ ID NO: 21 HA (H7) A Netherlands, 21903 Nucleotide SEQ ID NO: 28 NA (N7) A Netherlands 21903 Amino Aci 
SEQ ID NOs: 22 NA (N7) A Netherlands, 21903 Nucleotide SEQ ID NO: 29 HA (H7) AckBCCN-704 Amino Aci 

S5 D NO: 23 HA (H7) Ack/BC/CN-7/04 Nucleotide SEQ ID NO:30 NA (N3) Ack/BC/CN-7/04 Amino Aci 
SEQ ID NO: 24 NA (N3) Ack/BC/CN-7/04 Nucleotide SEQID No. 3 HA (H7) ca Ack BCCN-604 Amino Aci 
SEQ ID NO: 25 HA (H7) ca. AckBCCN-604 Nucleotide SEQ ID NO: 32 NA (N3) ca. AckBC, CN-604 Amino Aci 
SEQ ID NO: 26 NA (N3) ca. AckBCCN-604 Nucleotide SEQ ID NO:39 HA (H6) ca. A? Duck Amino Aci 
SEQ ID NO:33 HA (H6) ca. A? Duck Nucleotide SEQ ID NO: 40 NA (N9) ca. A? Duck Amino Aci 
SEQ ID NO:34 NA (N9) ca. A? Duck Nucleotide SEQ ID NO: 41 HA (H6) ca. A Teal Amino Aci 
SEQ ID NO:35 HA (H6) ca. A Teal Nucleotide SEQ ID NO: 42 NA (N1) ca. A Teal Amino Aci 
SEQ ID NO:36 NA (N1) ca. A Teal Nucleotide SEQ ID NO: 43 HA (H6) ca A/Mallard Amino Aci 
SEQ ID NO:37 HA (H6) ca. A? Mallard Nucleotide SEQ ID NO: 44 NA (N2) ca A/Mallard Amino Aci 
SEQ ID NO:38 NA (N2) ca. A Mallard Nucleotide 
SEQ ID NO: 11 HA(H5) ca. A Vietnam 1203/04 Amino Acid 
SEQ ID NO: 12 NA (N1) ca. A Vietnam 1203/04 Amino Acid 

0342 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 45 

<210 SEQ ID NO 1 
&2 11s LENGTH: 1767 

&212> TYPE: DNA 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 1 

agcaaaagca ggggttcaat ctgtcaaaat ggagaaaat a gtgcttcttt ttgcaatagt 60 

cagtc.ttgtt aaaagtgat c agatttgcat tdgttaccat goaaacaact coacagagca 12O 

ggttgacaca at aatggaaa agaacgttac tttacacat gcc.caagaca tactggaaaa 18O 








































































































