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(57) ABSTRACT 

Vectors and methods for the production of influenza viruses 
Suitable as recombinant influenza vaccines in cell culture are 
provided. Bi-directional expression vectors for use in a 
multi-plasmid influenza virus expression System are pro 
vided. Additionally, the invention provides methods of pro 
ducing influenza viruses with enhanced ability to replicate in 
embryonated chicken eggs and/or cells (e.g., Vero and/or 
MDCK) and further provides influenza viruses with 
enhanced replication characteristics. In addition, the present 
invention includes an improved method of rescue, wherein 
animal cells (e.g., SF Vero cells) are electroporated with 
plasmids and vectors of the invention. 
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pAB121 PB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 OO 
MDVB-PB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 OO 

pAB121-PB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2250 
MDVB-PB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2250 

pAB121 PB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 23 OO 
MDW-B-PB - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2300 

pAB121 PB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2350 
MDVBPB1 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2350 

pAB121 PB1 : . . . . . . . . . . . . . . . . . . . : 2369 
MDV-B-PB1 : . . . . . . . . . . . . . . . . . . . 2369 

AAAGGCTCGTGTTTCTACT 

Fig. 7 Cont. 







Patent Application Publication Jul. 21, 2005 Sheet 16 of 71 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MOV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MDV-B-PB2 

pAB122-PB2 
MOV-B-PB2 

ACAGCTAATGATAACATATGATACACCTAAGATGTGGGAGATGGGAACAA 

660 TOO 

Fig. 7 Cont. 
1680 

US 2005/0158342 A1 

1150 
150 

12 OO 
12 OO 

1250 
125 O 

.300 
3OO 

1350 
1350 

14 OO 
14 OO 

450 
45 O 

500 
15 OO 

1550 
1550 

1600 
1600 

65O 
165O 





Patent Application Publication Jul. 21, 2005 Sheet 18 of 71 US 2005/0158342 A1 

pAB122 PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2250 
MDVB-PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2250 

pAB122 PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2300 
MDV-B-PB2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : 2300 

pAB122 PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 235. O 
MDVB-PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2350 

pAB122 PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2396 
MDV-B-PB2 : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2396 

TTAATTCAATAGACACAATTGAGTGAAAAATGCTCGTGTTTCTACT 

Fig. 7 Cont. 
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pAB 123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1150 
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pABl23. PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 12OO 
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MDWBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1250 

pAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 OO 
MDWBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 3OO 

pAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1350 
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pAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 14 OO 
MDWBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 14 OO 

pAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1450 
MDW-B-PA - - - - - - - . . . . . . . . . . . . . . . . . . s - - - - - - - - - - - - - - - - - - - - - - - - : 1450 

pAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 OO 
MDVBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - . . . . . . . 15 OO 

pAB123-PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1550 
MDVBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1550 

PAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1600 
MDVBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1600 

pAB123 PA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1650 
MDVBPA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1650 

AGATCCCAGAGTGGACTCAGGAAAGTGGCCAAAATATACTGTATTTAGAA 

660 168O 17 OO 

Fig. 7 Cont. 
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MDVBNP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 17 OO 

1710 72O 1730 1740 750 
pAB125NP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1750 
MDVBNP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1750 

GGAGGGACACAGCAGAGGATTATGATGACCTCGATTATTAAAGCAACAAA 

1760 1770 1780 1790 18 OO 
PAB125NP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1800 
MDVBNP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 18 OO 

ATAGACACTATGGCTGTGACTGTTTCAGTACGTTTGGAATGTGGGTGTTT 

18O 1820 830 1840 1850 
pAB125-NP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - : 1842 
MDVBNP : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1842 

pAB125-NP : -------- : 
MDV-B-NP : - - - - - - - - - 
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NA 

2O 40 
pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
MDW-B-NA - - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 50 

AGCAGAAGCAGAGCATCTCTCAAAACTGAAGCAAATAGGCCAAAAATGA 

60 - 8O k 1 OO 

pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 100 
MDVBTNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1 OO 

ACAATGCTACCTTCAACTATACAAACGTTAACCCTATTTCTCACATCAGG 

12O r 1 AO 

pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 50 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 150 

GGGAGTGTTATTATCACTATATGTGTCAGCTTCACTGTCATACTTATTGT 

w 160 18O 2OO 

pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2O0 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2OO 

ATTCGGATATATTGCTAAAATTTTCACCAACAAAAATAACTGCACCAACA 

22O 24 O t 

PAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 

ATGTCATTGGATTGCGCGAACGTATCAAATGTTCAGGCTGTGAACCGTTC 

260 28O 3OO 
pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 300 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3OO 

TGCAACAAAAGAGATGACATTTCTTCTCCCAGAGCCGGAGTGGACATACC 

k 32O 340 r 

pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 350 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 350 

CTCGTTTATCTTGCCAGGGCTCAACCTTTCAGAAAGCACTCCTAATTAGC 

360 380 4 OO 
pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 4 OO 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 OO 

CCTCATAGGTTCGGAGAAACCAGAGGAAACTCAGCTCCCTTGATAATAAG 

42O 44 O 
pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450 

GGAACCCTTTGTTGCTTGTGGACCAAAGGAATGCAGACACTTTGCTCTAA 

460 480 5 OO 
pAB126-NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 5 OO 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 OO 

CCCATTATGCAGCTCAACCAGGGGGATACTACAATGGAACAAGAAAGGAC 

t 520 540 

pAB126NA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 
MDVBNA : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 

AGAAACAAGCTGAGGCATCGATTTCAGTCAAATTAGGCAAAATCCCAAC 

5 6.O k 58O 6OO 

Fig. 7 Cont. 
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M 
k 2O AO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
MDVBM : - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

AGCAGAAGCACGCACTTTCTTAAAATGTCGCTGTTTGGAGACACAATTGC 

6O 80 s OO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . OO 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : OO 

CTACCTGCTTTCACTAACAGAAGATGGAGAAGGCAAAGCAGAACTAGCAG 

120 t 14 O 

pAB127-M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 O 

AAAAATTACACGTTGGTTCGGTGGGAAAGAATTTGACCTAGACTCTGCT 

160 18O 2OO 

PAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2OO 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 2OO 

TTGGAATGGATAAAAAACAAAAGATGCCTAACTGATATACAAAAAGCACT 

220 24 O k 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 250 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 

AATTGGTGCCTCTATCTGCTTTTTAAAACCCAAAGACCAAGAAAGAAAAA 

26O k 28O t 3OO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 300 

GAAGATTCATCACAGAGCCCCTGTCAGGAATGGGAACAACAGCAACAAAA 

32O 34 O 
pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 350 

AAGAAAGGCCTGATTCTAGCTGAGAGAAAAATGAGAAGATGTGTGAGTTT 

360 38O 4 OO 
pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 4 OO 
MDVB-M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 

TCATGAAGCATTTGAAATAGCAGAAGGCCATGAAAGCTCAGCACTACTAT 

42O r 44 O 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 450 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450 

ATTGTCTCATGGTCATGTACCTGAACCCTGGAAATTATTCAATGCAAGTA 

46O 48O k 5 OO 

PAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 500 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 OO 

AAACTAGGAACGCTCTGTGCTTTATGCGAGAAACAAGCATCACATTCACA 

52O t 5 AO tk 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 550 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 

AAGAGCTCATAGCAGAGCAGCAAGATCTTCAGTGCCTGGAGTGAGGCGAG 

560 58O t 6OO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6OO 

Fig. 7 Cont. 
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MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 6OO 

pAB127-M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 65O 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 650 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 7 OO 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 OO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 150 
MDVB-M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 750 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 8 OO 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 OO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 850 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 850 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 9 OO 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 OO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 950 
MDV-B-M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - 950 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . OOO 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - - OOO 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1050 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1.O5 O 

pAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1100 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 OO 

AGATAATAAAAATGGGTGAAACAGTTTTGGAGGTAGAAGAATTGCAGTAA 

Fig. 7 Cont. 
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pAB127-M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 1150 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1150 

PAB127M : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 11.90 
MDVBM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 11.90 

ATGTCAGCAAATAAACTGGAAAAAGTGCGTTGTTTCTACT 

Fig. 7 Cont. 
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MDV - A gene segment 

Fig. 10 
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Fig. 12B 
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Fig. 17 
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MULTIPLASMID SYSTEM FOR THE 
PRODUCTION OF INFLUENZA VIRUS 

0001) This application claims the benefit under 35 U.S.C 
S 119 (e) of U.S. Provisional Application No. 60/532,164 
filed Dec. 23, 2003, which is incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

0002 Influenza viruses are made up of an internal ribo 
nucleoprotein core containing a Segmented Single-Stranded 
RNA genome and an outer lipoprotein envelope lined by a 
matrix protein. Influenza A and B viruses each contain eight 
Segments of Single Stranded RNA with negative polarity. The 
influenza A genome encodes at least eleven polypeptides. 
Segments 1-3 encode the three polypeptides, making up the 
viral RNA-dependent RNA polymerase. Segment 1 encodes 
the polymerase complex protein PB2. The remaining poly 
merase proteins PB1 and PA are encoded by segment 2 and 
Segment 3, respectively. In addition, Segment 1 of Some 
influenza A Strains encodes a Small protein, PB1-F2, pro 
duced 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 (NEP), two nonstructural proteins, which are 
translated from alternatively spliced mRNA variants. 
0003. The eight genome segments of influenza B encode 
11 proteins. The three largest genes code for components of 
the RNA polymerase, 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 
biscistronic 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. 
0004 Vaccines capable of producing a protective 
immune response Specific for influenza viruses have been 
produced for over 50 years. Vaccines can be characterized as 
whole virus Vaccines, Split virus Vaccines, Surface antigen 
vaccines and live attenuated virus Vaccines. While appro 
priate formulations of any of these vaccine types is able to 
produce a Systemic immune response, live attenuated virus 
vaccines are also able to Stimulate local mucosal immunity 
in the respiratory tract. 
0005 FluMistTM is a live, attenuated vaccine that protects 
children and adults from influenza illness (Belshe et al. 
(1998) The efficacy of live attenuated, cold-adapted, triva 
lent, intranasal influenza virus vaccine in children N Engl J 
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). FluMistTM vaccine strains contain HA and NA 
gene Segments derived from the currently circulating wild 
type Strains along with six gene Segments, PB1, PB2, PA, 
NP, M and NS, from a common master donor virus (MDV). 
The MDV for influenza Astrains of FluMist (MDV-A), was 
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created by serial passage of the wt 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 did 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). 
0006 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 vaccines 
for the prevention of influenza A disease J Infect Dis 
169:68-76 ; Nichol et al. (1999) Effectiveness of live, 
attenuated 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 the wt 
virus (6:2 reasSortant) consistently maintain ca, tS and att 
phenotypes (Maassab et al. (1982) Evaluation of a cold 
recombinant influenza virus vaccine in ferrets J Infect Dis 
146:780-900). 
0007 To date, all commercially available influenza vac 
cines in the United States have been propagated in embryo 
nated hen's eggs. Although influenza virus grows well in 
hen's eggs, production of vaccine is dependent on the 
availability of eggs. Supplies of eggs must be organized, and 
Strains for vaccine production Selected months in advance of 
the next flue Season, limiting the flexibility of this approach, 
and often resulting in delays and shortages in production and 
distribution. Unfortunately, Some influenza vaccine Strains, 
Such as the prototype A/Fujian/411/02 Strain that circulated 
during the 2003-04 season, do not replicate well in embryo 
nated chicken eggs, and have to be isolated by cell culture 
a costly and time consuming procedure. The present inven 
tion further provides a new technology to increase the ability 
of vaccine Strains to replicate in embryonated chicken eggs. 
Furthermore, the present invention allows for more efficient 
and cost effective production of influenza vaccines. 
0008 Systems for producing influenza viruses in cell 
culture have also been developed in recent years (See, e.g., 
Furminger. Vaccine Production, in Nicholson 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 & Shafferman (eds) Novel Strategies 
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in Design and Production of Vaccines pp. 141-151). Typi 
cally, these methods involve the infection of suitable immor 
talized host cells with a selected Strain of virus. While 
eliminating many of the difficulties related to vaccine pro 
duction in hen's eggs, not all pathogenic Strains of influenza 
grow well and can be produced according to established 
tissue culture methods. In addition, many Strains with desir 
able characteristics, e.g., attenuation, temperature Sensitivity 
and cold adaptation, Suitable for production of live attenu 
ated vaccines, have not been Successfully grown in tissue 
culture using established methods. 

0009 Production of influenza viruses from recombinant 
DNA would significantly increase the flexibility and utility 
of tissue culture methods for influenza vaccine production. 
Recently, Systems for producing influenza A viruses from 
recombinant plasmids incorporating cDNAS encoding the 
Viral genome have been reported (See, e.g., Neumann et al. 
(1999) Generation of influenza A virus entirely from cloned 
cDNAs. Proc Natl AcadSci USA 96:9345-9350; Fodor et al. 
(1999) Rescue of influenza A virus from recombinant DNA. 
J. Virol 73:9679-9682; Hoffmann et al. (2000) A DNA 
transfection System for generation of influenza A virus from 
eight plasmids Proc Natl AcadSci USA 97:6108-6113; WO 
01/83794). These systems offer the potential to produce 
recombinant viruses, and reasSortant Viruses expressing the 
immunogenic HA and NA proteins from any Selected Strain. 
However, unlike influenza A virus, no reports have been 
published describing plasmid-only Systems for influenza B 
VS. 

0.010 Additionally, none of the currently available plas 
mid only Systems are Suitable for generating attenuated, 
temperature Sensitive, cold adapted Strains Suitable for live 
attenuated vaccine production. The present invention pro 
vides an eight plasmid System for the generation of influenza 
B virus entirely from cloned cDNA, and methods for the 
production of attenuated live influenza A and B virus Suit 
able for vaccine formulations, Such as live virus Vaccine 
formulations useful for intranasal administration, as well as 
numerous other benefits that will become apparent upon 
review of the Specification. 

SUMMARY OF THE INVENTION 

0.011 The present invention relates to a multi-vector 
System for the production of influenza viruses in cell culture, 
and to methods for producing recombinant and reasSortant 
influenza viruses, including, e.g., attenuated (att), cold 
adapted (ca) and/or temperature Sensitive (ts) influenza 
Viruses, Suitable as vaccines, including live attenuated influ 
enza vaccines, Such as those Suitable for administration in an 
intranasal vaccine formulation. 

0012. In a first aspect the invention provides vectors and 
methods for producing recombinant influenza B virus in cell 
culture, e.g., in the absence of helper virus (i.e., a helper 
virus free cell culture system). The methods of the invention 
involve introducing a plurality of vectors, each of which 
incorporates a portion of an influenza B virus into a popu 
lation of host cells capable of Supporting viral replication. 
The host cells are cultured under conditions permissive for 
Viral growth, and influenza viruses are recovered. In Some 
embodiments, the influenza B viruses are attenuated viruses, 
cold adapted viruses and/or temperature Sensitive viruses. 
For example, in an embodiment, the vector-derived recom 
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binant influenza B viruses are attenuated, cold adapted, 
temperature Sensitive viruses, Such as are Suitable for admin 
istration as a live attenuated vaccine, e.g., in a intranasal 
vaccine formulation. In an exemplary embodiment, the 
Viruses are produced by introducing a plurality of vectors 
incorporating all or part of an influenza B/Ann Arbor/1/66 
Virus genome, e.g., a ca B/Ann Arbor/1/66 virus genome. 

0013 For example, in some embodiments, the influenza 
B viruses are artificially engineered influenza viruses incor 
porating one or more amino acid Substitutions which influ 
ence the characteristic biological properties of influenza 
strain ca B/Ann Arbor/1/66. Such influenza viruses include 
mutations resulting in amino acid Substitutions at one or 
more of positions PB1, PB1, PB1, PB2 and 
NP, such as: PB1", (K391E), PB15 (E581G), PB1 
(A661T), PB2° (N265S) and Np34 (D34G). Any mutation 
(at one or more of these positions) which individually or in 
combination results in increased temperature Sensitivity, 
cold adaptation or attenuation relative to wild type viruses is 
a Suitable mutation in the context of the present invention. 
0014. In some embodiments, a plurality of vectors incor 
porating at least the 6 internal genome Segments of a one 
influenza B Strain along with one or more genome Segments 
encoding immunogenic influenza Surface antigens of a dif 
ferent influenza Strain are introduced into a population of 
host cells. For example, at least the 6 internal genome 
Segments of a Selected attenuated, cold adapted and/or 
temperature Sensitive influenza B Strain, e.g., a ca, att, tS 
strain of B/Ann Arbor/1/66 or an artificially engineered 
influenza B Strain including an amino acid Substitution at 
one or more of the positions Specified above, are introduced 
into a population of host cells along with one or more 
Segments encoding immunogenic antigens derived from 
another virus Strain. Typically the immunogenic Surface 
antigens include either or both of the hemagglutinin (HA) 
and/or neuraminidase (NA) antigens. In embodiments where 
a single Segment encoding an immunogenic Surface antigen 
is introduced, the 7 complementary Segments of the Selected 
Virus are also introduced into the host cells. 

0015. In certain embodiments, a plurality of plasmid 
vectors incorporating influenza B virus genome Segments 
are introduced into a population of host cells. For example, 
8 plasmids, each of which incorporates a different genome 
Segment are utilized to introduce a complete influenza B 
genome into the host cells. Alternatively, a greater number 
of plasmids, incorporating Smaller genomic Subsequences 
can be employed. 

0016 Typically, the plasmid vectors of the invention are 
bi-directional expression vectors. A bi-directional expres 
Sion vector of the invention typically includes a first pro 
moter and a Second promoter, wherein the first and Second 
promoters are operably linked to alternative Strands of the 
Same double Stranded cDNA encoding the viral nucleic acid 
including a Segment of the influenza virus genome. Option 
ally, the bi-directional expression vector includes a polyade 
nylation signal and/or a terminator Sequence. For example, 
the polyadenylation Signal and/or the terminator Sequence 
can be located flanking a Segment of the influenza virus 
genome internal to the two promoters. One favorable poly 
adenylation signal in the context of the invention is the SV40 
polyadenylation Signal. An exemplary plasmid vector of the 
invention is the plasmid paD3000, illustrated in FIG. 1. 
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0.017. The vectors are introduced into host cells capable 
of Supporting the replication of influenza virus from the 
vector promoters. Favorable examples of host cells include 
Vero cells, Per.C6 cells, BHK cells, PCK cells, MDCK cells, 
MDBK cells, 293 cells (e.g., 293T cells), and COS cells. In 
combination with the paD3000 plasmid vectors described 
herein, Vero cells, 293 cells, and COS cells are particularly 
Suitable. In Some embodiments, co-cultures of a mixture of 
at least two of these cell lines, e.g., a combination of COS 
and MDCK cells or a combination of 293T and MDCK cells, 
constitute the population of host cells. 
0.018. The host cells including the influenza B vectors are 
then grown in culture under conditions permissive for rep 
lication and assembly of viruses. Typically, host cells incor 
porating the influenza B plasmids of the invention are 
cultured at a temperature below 37 C., preferably at a 
temperature equal to, or less than, 35 C. Typically, the cells 
are cultured at a temperature between 32 C. and 35° C. In 
Some embodiments, the cells are cultured at a temperature 
between about 32° C. and 34° C., e.g., at about 33° C. 
Following culture for a suitable period of time to permit 
replication of the virus to high titer, recombinant and/or 
reasSortant viruses are recovered. Optionally, the recovered 
Viruses can be inactivated. 

0019. The invention also provides broadly applicable 
methods of producing recombinant influenza viruses in cell 
culture by introducing a plurality of vectors incorporating an 
influenza virus genome into a population of host cells 
capable of Supporting replication of influenza virus, cultur 
ing the cells at a temperature less than or equal to 35 C., and 
recovering influenza viruses. 
0020. In certain embodiments, a plurality of plasmid 
vectors incorporating influenza virus genome Segments are 
introduced into a population of host cells. In certain embodi 
ments, 8 plasmids, each of which incorporates a different 
genome Segment are utilized to introduce a complete influ 
enza genome into the host cells. Typically, the plasmid 
vectors of the invention are bi-directional expression vec 
tors. An exemplary plasmid vector of the invention is the 
plasmid pAD3000, illustrated in FIG. 1. 

0021. In some embodiments, the influenza viruses corre 
spond to an influenza B virus. In Some embodiments, the 
influenza viruses correspond to an influenza A virus. In 
certain embodiments, the methods include recovering 
recombinant and/or reasSortant influenza viruses capable of 
eliciting an immune response upon administration, e.g., 
intranasal administration, to a Subject. In Some embodi 
ments, the viruses are inactivated prior to administration, in 
other embodiments, live-attenuated viruses are adminis 
tered. Recombinant and reasSortant influenza A and influ 
enza B viruses produced according to the methods of the 
invention are also a feature of the invention. 

0022. In certain embodiments, the viruses include an 
attenuated influenza virus, a cold adapted influenza virus, a 
temperature Sensitive influenza virus, or a virus with any 
combination of these desirable properties. In one embodi 
ment, the influenza virus incorporates an influenza B/Ann 
Arbor/1/66 Strain virus, e.g., a cold adapted, temperature 
sensitive, attenuated Strain of B/Ann Arbor/1/66. In another 
embodiment, the influenza virus incorporates an influenza 
A/Ann Arbor/6/60 Strain virus, e.g., a cold adapted, tem 
perature sensitive, attenuated strain of A/Ann Arbor/6/60. In 
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another embodiment of the invention, the viruses are arti 
ficially engineered influenza viruses incorporating one or 
more Substituted amino acid which influences the charac 
teristic biological properties of, e.g., ca A/Ann Arbor/6/60 or 
ca B/Ann Arbor/1/66. Such Substituted amino acids favor 
ably correspond to unique amino acids of ca A/Ann Arbor/ 
6/60 pr ca B/Ann Arbor/1/66, e.g., in an A Strain virus: 
PB1" (K391E), PB15 (E581G), PB1 (A661T), PB25 
(N265S) and NP' (D34G); and, in a B strain virus: PB2 
(S630R); PA" (V431M); PA 7 (Y497H); NP (T55A); 
NP" (V114A); NP'10 (P410H); NP509 (A509T); M1159 
(H159Q) and M1 (M183V). Similarly, other amino acid 
Substitutions at any of these positions resulting in tempera 
ture Sensitivity, cold adaptation and/or attenuation are 
encompassed by the viruses and methods of the invention. 
0023 Optionally, reassortant viruses are produced by 
introducing vectors including the Six internal genes of a viral 
Strain Selected for its favorable properties regarding vaccine 
production, in combination with the genome Segments 
encoding the Surface antigens (HA and NA) of a selected, 
e.g., pathogenic Strain. For example, the HA Segment is 
favorably selected from a pathogenically relevant H1, H3 or 
B Strain, as is routinely performed for vaccine production. 
Similarly, the HA Segment can be Selected from an emerging 
pathogenic Strain Such as an H2 Strain (e.g., H2N2), an H5 
strain (e.g., H5N1) or an H7 strain (e.g., H7N7). Alterna 
tively, the Seven complementary gene Segments of the first 
strain are introduced in combination with either the HA or 
NA encoding segment. In certain embodiments, the internal 
gene Segments are derived from the influenza B/Ann Arbor/ 
1/66 or the A/Ann Arbor/6/60 strain. 
0024. Additionally, the invention provides methods for 
producing novel influenza viruses with desirable properties 
relevant to vaccine production, e.g., temperature Sensitive, 
attenuated, and/or cold adapted, influenza viruses, as well as 
influenza vaccines including Such novel influenza viruses. In 
certain embodiments, novel influenza A Strain virus is pro 
duced by introducing mutations that result amino acid 
Substitutions at one or more specified positions demon 
Strated herein to be important for the temperature Sensitive 
phenotype, e.g., PB1, PB1, PB1, PB2 and NP. 
For example, mutations are introduced at nucleotide posi 
tions PB1, PB17, PB1209, PB2° and NP'', or other 
nucleotide positions resulting in an amino acid Substitution 
at the specified amino acid position. Any mutation (at one or 
more of these positions) which individually or in combina 
tion results in increased temperature Sensitivity, cold adap 
tation or attenuation relative to wild type viruses is a Suitable 
mutation in the context of the present invention. For 
example; mutations selected from among PB1' (K391E), 
PB18. (E581G), PB1 (A661T), PB2° (N265S) and 
NP (D34G) are favorably introduced into the genome of a 
wild type influenza A Strain, e.g., PR8, to produce a tem 
perature Sensitive variant Suitable for administration as a live 
attenuated vaccine. To increase Stability of the desired 
phenotype, a plurality of mutations are typically introduced. 
Following introduction of the selected mutation(s) into the 
influenza genome, the mutated influenza genome is repli 
cated under conditions in which Virus is produced. For 
example, the mutated influenza virus genome can be repli 
cated in hens' eggs. Alternatively, the influenza virus 
genome can be replicated in cell culture. In the latter case, 
the virus is optionally further amplified in hens' eggs to 
increase the titer. Temperature Sensitive, and optionally, 
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attenuated and/or cold adapted viruses produced according 
to the methods of the invention are also a feature of the 
invention, as are vaccines including Such viruses. Similarly, 
novel recombinant Viral nucleic acids incorporating one or 
more mutations at positions PB1', PB1, PB1, PB2” 
and NP", e.g., mutations selected from among PB1' 
(K391E), PB1 (E581G), PB1 (A661T), PB2 
(N265S) and NP' (D34G), and polypeptides with such 
amino acid Substitutions are a feature of the invention. 

0.025. Likewise, the methods presented herein are 
adapted to producing novel influenza B Strains with tem 
perature Sensitive, and optionally attenuated and/or cold 
adapted phenotypes by introducing one or more Specified 
mutations into an influenza B genome. For example, one or 
more mutations resulting in an amino acid Substitution at a 
position selected from among PB2: PA; PA'7; NP; 
NP'; NP'; NP509; M1 and M1' are introduced into 
an influenza B Strain genome to produce a temperature 
Sensitive influenza B virus. Exemplary amino acid Substi 
tutions include the following: : PB2 (S630R); PA' 
(V431M); PA 97 (Y497H); NPs (T55A), NP1 (V114A); 
NP" (P41OH); NPO (A509T); M1 (H159Q) and M113 
(M183V). As indicated above, vaccines incorporating such 
Viruses as well as nucleic acids and polypeptides incorpo 
rating these mutations and amino acid Substitutions are all 
features of the invention. 

0026. Accordingly, influenza viruses incorporating the 
mutations of the invention are a feature of the invention 
regardless of the method in which they are produced. That 
is, the invention encompasses influenza Strains including the 
mutations of the invention, e.g., any influenza A virus with 
an amino acid Substitution relative to wild type at one or 
more positions selected from among: PB1', PB1, 
PB1, PB2 and NP or any influenza B virus with an 
amino acid Substitution relative to wild type at one or more 
positions selected from among: PB2: PA; PA'7; NP; 
NPll'; NP'10; NPO; M115° and M1183, with the proviso 
that the strains ca A/Ann Arbor/6/60 and B/Ann Arbor/1/66 
are not considered a feature of the present invention. In 
certain preferred embodiments, the influenza A viruses 
include a plurality ofmutations selected from among PB1' 
(K391E), PB15 (E581G), PB1 (A661T), PB2° 
(N265S) and NP (D34G); and the influenza B viruses 
include a plurality of mutations selected from among PB2 
(S63OR); PA (V431M); PA” (Y497H); NP (T55A); 
NP" (V114A); NP'o (P410H); NPO (A509T); M11 
(H159Q) and M1 (M183V), respectively. 
0027. In one embodiment, a plurality of plasmid vectors 
incorporating the influenza virus genome are introduced into 
host cells. For example, Segments of an influenza virus 
genome can be incorporated into at least 8 plasmid vectors. 
In one preferred embodiment, Segments of an influenza virus 
genome are incorporated into 8 plasmids. For example, each 
of 8 plasmids can favorably incorporate a different Segment 
of the influenza virus genome. 

0028. The vectors of the invention can be bi-directional 
expression vectors. A bi-directional expression vector of the 
invention typically includes a first promoter and a Second 
promoter, wherein the first and Second promoters are oper 
ably linked to alternative strands of the same double 
Stranded viral nucleic acid including a Segment of the 
influenza virus genome. Optionally, the bi-directional 
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expression vector includes a polyadenylation signal and/or a 
terminator Sequence. For example, the polyadenylation Sig 
nal and/or the terminator Sequence can be located flanking a 
Segment of the influenza virus genome internal to the two 
promoters. One favorable polyadenylation signal in the 
context of the invention is the SV40 polyadenylation signal. 
An exemplary plasmid vector of the invention is the plasmid 
pAD3000, illustrated in FIG. 1. 
0029. Any host cell capable of Supporting the replication 
of influenza virus from the vector promoters is suitable in the 
context of the present invention. Favorable examples of host 
cells include Vero cells, Per. C6 cells, BHK cells, PCK cells, 
MDCK cells, MDBK cells, 293 cells (e.g., 293T cells), and 
COS cells. In combination with the paD3000 plasmid 
vectors described herein, Vero cells, 293 cells, COS cells are 
particularly Suitable. In Some embodiments, co-cultures of a 
mixture of at least two of these cell lines, e.g., a combination 
of COS and MDCK cells or a combination of 293T and 
MDCK cells, constitute the population of host cells. 
0030) A feature of the invention is the culture of host cells 
incorporating the plasmids of the invention at a temperature 
below 37 C., preferably at a temperature equal to, or less 
than, 35 C. Typically, the cells are cultured at a temperature 
between 32 C. and 35° C. In some embodiments, the cells 
are cultured at a temperature between about 32 C. and 34 
C., e.g., at about 33 C. 
0031) Another aspect of the invention relates to novel 
methods for rescuing recombinant or reassortant influenza A 
or influenza B viruses (i.e., wild type and variant Strains of 
influenza A and/or influenza viruses) from Vero cells in 
culture. A plurality of Vectors incorporating an influenza 
Virus genome is electroporated into a population of Vero 
cells. The cells are grown under conditions permissive for 
Viral replication, e.g., in the case of cold adapted, attenuated, 
temperature Sensitive virus Strains, the Vero cells are grown 
at a temperature below 37 C., preferably at a temperature 
equal to, or less than, 35 C. Typically, the cells are cultured 
at a temperature between 32 C. and 35 C. In some 
embodiments, the cells are cultured at a temperature 
between about 32° C. and 34° C., e.g., at about 33° C. 
Optionally (e.g., for vaccine production), the Vero cells are 
grown in Serum free medium without any animal-derived 
products. 

0032. In the methods of the invention described above, 
Viruses are recovered following culture of the host cells 
incorporating the influenza genome plasmids. In Some 
embodiments, the recovered viruses are recombinant 
Viruses. In Some embodiments, the Viruses are reasSortant 
influenza viruses having genetic contributions from more 
than one parental Strain of virus. Optionally, the recovered 
recombinant or reasSortant viruses are further amplified by 
passage in cultured cells or in hens' eggs. 
0033) Optionally, the recovered viruses are inactivated. 
In Some embodiments, the recovered viruses comprise an 
influenza vaccine. For example, the recovered influenza 
vaccine can be a reassortant influenza viruses (e.g., 6:2 or 
7:1 reasSortant viruses) having an HA and/or NA antigen 
derived from a selected Strain of influenza A or influenza B. 
In certain favorable embodiments, the reasSortant influenza 
Viruses have an attenuated phenotype. Optionally, the reas 
Sortant viruses are cold adapted and/or temperature Sensi 
tive, e.g., an attenuated, cold adapted or temperature Sensi 
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tive influenza B virus having one or more amino acid 
Substitutions selected from the Substitutions of Table 17. 
Such influenza viruses are useful, for example, as live 
attenuated vaccines for the prophylactic production of an 
immune response Specific for a Selected, e.g., pathogenic 
influenza Strain. Influenza viruses, e.g., attenuated reasSor 
tant viruses, produced according to the methods of the 
invention are a feature of the invention. 

0034. In another aspect, the invention relates to methods 
for producing a recombinant influenza virus Vaccine involv 
ing introducing a plurality of vectors incorporating an influ 
enza virus genome into a population of host cells capable of 
Supporting replication of influenza virus, culturing the host 
cells at a temperature less than or equal to 35 C., and 
recovering an influenza virus capable of eliciting an immune 
response upon administration to a Subject. The vaccines of 
the invention can be either influenza A or influenza B strain 
Viruses. In Some embodiments, the influenza vaccine viruses 
include an attenuated influenza virus, a cold adapted influ 
enza virus, or a temperature Sensitive influenza virus. In 
certain embodiments, the viruses possess a combination of 
these desirable properties. In an embodiment, the influenza 
virus contains an influenza A/Ann Arbor/6/60 strain virus. In 
another embodiment, the influenza virus incorporates an 
influenza B/Ann Arbor/1/66 strain virus. Alternatively, the 
vaccine includes artificially engineered influenza A or influ 
enza B viruses incorporating at least one Substituted amino 
acid which influences the characteristic biological properties 
of ca A/Ann Arbor/6/60 or ca/B/Ann Arbor/1/66, Such as a 
unique amino acid of these Strains. For example, Vaccines 
encompassed by the invention include artificially engineered 
recombinant and reasSortant influenza A viruses including at 
least one mutation resulting in an amino acid Substitution at 

position selected from among PB1', PB1, PB1, 
PB2 and NP" and artificially engineered recombinant and 
reasSortant influenza B viruses including at least one muta 
tion resulting in an amino acid Substitution at a position 
selected from among PB29, PA, PA'7, NPS, NP'', 
NP410 NP509 M1159 and M1183 

0035) In some embodiments, the virus includes a reas 
Sortant influenza virus (e.g., a 6:2 or 7:1 reasSortant) having 
Viral genome Segments derived from more than one influ 
enza virus Strain. For example, a reasSortant influenza virus 
vaccine favorably includes an HA and/or NASurface antigen 
derived from a selected Strain of influenza A or B, in 
combination with the internal genome Segments of a virus 
Strain Selected for its desirable properties with respect to 
vaccine production. Often, it is desirable to Select the Strain 
of influenza from which the HA and/or NA encoding seg 
ments are derived based on predictions of local or world 
wide prevalence of pathogenic strains (e.g., as described 
above). In Some cases, the virus Strain contributing the 
internal genome Segments is an attenuated, cold adapted 
and/or temperature Sensitive influenza Strain, e.g., of A/Ann 
Arbor/6/60, B/Ann Arbor/1/66, or an artificially engineered 
influenza Strain having one or more amino acid Substitutions 
resulting in the desired phenotype, e.g., influenza A viruses 
including at least one mutation resulting in an amino acid 
substitution at a position selected from among PB1', 
PB1, PB1, PB2° and NP and influenza B viruses 
including at least one mutation resulting in an amino acid 
substitution at a position selected from among PB2, 
PA 31, PA 197, NP55, NP111, NP-10, NP509, M1159 and M1183. 
For example, favorable reasSortant viruses include artifi 
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cially engineered influenza A viruses with one or more 
amino acid substitution selected from among PB1' 
(K391E), PB1 (E581G), PB1 (A661T), PB2 
(N265S) and NP' (D34G); and influenza B viruses includ 
ing one or more amino acid Substitutions Selected from 
amgng PB230 (S63OR); PA (V431M); PA 97 (Y497H); 
NP (T55A); NP" (V114A), NPO (P41OH); NPO 
(A509T); M1 (H159Q) and M1 (M183V). 
0036). If desired, the influenza vaccine viruses are inac 
tivated upon recovery. 

0037 Influenza virus vaccines, including attenuated live 
vaccines, produced by the methods of the invention are also 
a feature of the invention. In certain favorable embodiments 
the influenza virus Vaccines are reasSortant virus Vaccines. 

0038 Another aspect of the invention provides plasmids 
that are bi-directional expression vectors. The bi-directional 
expression vectors of the invention incorporate a first pro 
moter inserted between a Second promoter and a polyade 
nylation Site, e.g., an SV40 polyadenylation site. In an 
embodiment, the first promoter and the Second promoter can 
be situated in opposite orientations flanking at least one 
cloning Site. An exemplary vector of the invention is the 
plasmid pAD3000, illustrated in FIG. 1. 

0039. In some embodiments, at least one segment of an 
influenza virus genome is inserted into the cloning Site, e.g., 
as a double Stranded nucleic acid. For example, a vector of 
the invention includes a plasmid having a first promoter 
inserted between a second promoter and an SV40 polyade 
nylation Site, wherein the first promoter and the Second 
promoter are situated in opposite orientations flanking at 
least one Segment of an influenza virus. 
0040 Kits including one or more expression vectors of 
the invention are also a feature of the invention. Typically, 
the kits also include one or more of a cell line capable of 
Supporting influenza virus replication, a buffer, a culture 
medium, an instruction Set, a packaging material, and a 
container. In Some embodiments, the kit includes a plurality 
of expression vectors, each of which includes at least one 
Segment of an influenza virus genome. For example, kits 
including a plurality of expression vectors each including 
one of the internal genome Segments of a Selected virus 
Strain, e.g., Selected for its desirable properties with respect 
to vaccine production or administration, are a feature of the 
invention. For example, the Selected virus Strain can be an 
attenuated, cold adapted and/or temperature Sensitive Strain, 
e.g., A/Ann Arbor/6/60 or B/Ann Arbor/1/66, or an alterna 
tive Strain with the desired properties, Such as an artificially 
engineered Strain having one or more amino acid Substitu 
tions as described herein, e.g., in Table 17. In an embodi 
ment, the kit includes a expression vectors incorporating 
members of a library of nucleic acids encoding variant HA 
and/or NA antigens. 
0041) Productively growing cell cultures including at 
least one cell incorporating a plurality of Vectors including 
an influenza virus genome, at a temperature less than or 
equal to 35 C., is also a feature of the invention. The 
composition can also include a cell culture medium. In Some 
embodiments, the plurality of vectors includes bi-directional 
expression vectors, e.g., comprising a first promoter inserted 
between a second promoter and an SV40 polyadenylation 
Site. For example, the first promoter and the Second pro 
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moter can be situated in opposite orientations flanking at 
least one Segment of an influenza virus. The cell cultures of 
the invention are maintained at a temperature less than or 
equal to 35 C., such as between about 32° C. and 35 C., 
typically between about 32° C. and about 34° C., for 
example, at about 33 C. 
0042. The invention also includes a cell culture system 
including a productively growing cell culture of at least one 
cell incorporating a plurality of Vectors comprising a an 
influenza virus genome, as described above, and a regulator 
for maintaining the culture at a temperature less than or 
equal to 35° C. For example, the regulator favorably main 
tains the cell culture at a temperature between about 32 C. 
and 35° C., typically between about 32° C. and about 34° C., 
e.g., at about 33 C. 
0.043 Another feature of the invention are artificially 
engineered recombinant or reasSortant influenza viruses 
including one or more amino acid Substitutions which influ 
ence temperature Sensitivity, cold adaptation and/or attenu 
ation. For example, artificially engineered influenza A 
Viruses having one or more amino acid Substitution at a 
position selected from among: PB1391, PB1581, PB1661, 
PB2 and NP and artificially engineered influenza B 
Viruses having one or more amino acid Substitutions at a 
position selected from among PB2, PA, PA'7, NP, 
NP'', NPO, NPO, M1 and M11 are favorable 
embodiments of the invention. Exemplary embodiments 
include influenza A viruses with any one or more of the 
following amino acid substitutions: PB1' (K391E), PB1 
(E581G), PB1 (A661T), PB2° (N265S) and NP 
(D34G); and influenza B viruses with any one or more of the 
following amino acid substitutions: PB2 (S630R); PA' 
(V431M); PA'97 (Y497H); NP (T55A). NP (V114A); 
NP" (P41OH); NPO (A509T); M115° (H159Q) and M118 
(M183V). In certain embodiments, the viruses include a 
plurality of mutations, Such as one, two, three, four, five, Six, 
Seven, eight or nine amino acid Substitutions at positions 
identified above. Accordingly, artificially engineered influ 
enza A viruses having amino acid Substitutions at all five 
positions indicated above, e.g., PB1' (K391E), PB1 
(E581G), PB1 (A661T), PB2° (N265S) and NP 
(D34G) and artificially engineered influenza B viruses hav 
ing amino acid Substitutions at eight or all nine of the 
positions indicated above, e.g., PB2'' (S630R); PA" 
(V431M); PA'97 (Y497H); NP (T55A). NP (V114A); 
NP" (P41OH); NPO (A509T); M115° (H159Q) and M118 
(M183V), are encompassed by the invention. In addition, 
the viruses can include one or more additional amino acid 
Substitutions not enumerated above. 

0044) In certain embodiments, the artificially engineered 
influenza viruses are temperature Sensitive influenza viruses, 
cold adapted influenza viruses and/or attenuated influenza 
Viruses. For example, a temperature Sensitive influenza virus 
according to the invention typically exhibits between about 
2.0 and 5.0 logio reduction in growth at 39 C. as compared 
to a wild type influenza virus. For example, a temperature 
Sensitive virus favorably exhibits at least about 2.0 logo, at 
least about 3.0 logo, at least about 4.0 logo, or at least about 
4.5 logo reduction in growth at 39° C. relative to that of a 
wild type influenza virus. Typically, but not necessarily, a 
temperature Sensitive influenza virus retains robust growth 
characteristics at 33 C. An attenuated influenza virus of the 
invention typically exhibits between about a 2.0 and a 5.0 
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logo reduction in growth in a ferret attenuation assay as 
compared to a wild type influenza virus. For example, an 
attenuated influenza virus of the invention exhibits at least 
about a 2.0 logo, frequently about a 3.0 logo, and favorably 
at least about a 4.0 logo reduction in growth in a ferret 
attenuation assay relative to wild type influenza virus. 

004.5 The present invention also relates to the identifi 
cation and manipulation of amino acid residues in HA and 
NA which affect influenza virus replication in cells and 
embryonated chicken eggs. The present invention further 
relates to the use of reverse genetics technology to generate 
HA and NA influenza virus vaccine variants with improved 
replication in embryonated chicken eggs and/or cells. The 
invention further relates to methods for modulating HA 
receptor binding activity and/or NA neuraminidase activity. 
Additionally, the invention provides influenza viruses with 
enhanced ability to replicate in embryonated chicken eggs 
and/or cells. 

0046. In one embodiment the invention provides methods 
for manipulating the amino acid residues of HA and/or NA 
to increase the ability of an influenza virus to replicate in 
embryonated chicken eggs and/or cells. The method 
involves the introduction of amino acid residues Substitu 
tions in HA and/or NA and makes use of methods of 
producing influenza virus in cell culture by introducing a 
plurality of vectors incorporating an influenza virus genome 
into a population of host cells capable of Supporting repli 
cation of influenza virus, culturing the cells and recovering 
influenza virus. Preferably, the recovered influenza virus has 
increase ability to replicate in embryonated chicken eggs 
and/or cells. In another embodiment, the present invention 
provides influenza virus variants with increase ability to 
replicate in embryonated chicken eggs (referred to herein as 
“replication enhanced influenza variant(s)') when compared 
to unmodified influenza viral Strains. 

0047 The present invention further includes an improved 
method of rescue, wherein electroporated animal (e.g., SF 
Vero) cells (electroporated with, e.g., polynucleotides (e.g., 
plasmids and vectors) of the invention) are co-cultivated 
with another cell Selected from the group including, but not 
limited to: chicken embryo kidney (CEK) cells, chicken 
embryo fibroblasts, primary chick kidney cells, and cells 
isolated from the chorioallantoic membrane of embryonated 
chicken eggs. Other cells useful for this rescue method may 
include any cell that Supports replication of influenza virus 
and meets acceptable Standards for regulatory approval. 
Sources of cells include, for example, chicken flocks from 
SPF chicken flocks. See, Examples 9 and 10 herein. 

0048. In one preferred embodiment of the invention, 
rescue efficiency of virus is improved by at least 10%, or at 
least 20%, or at least 30%, or at least 40%, or at least 50%, 
or at least 60%, or at least 70%, or at least 80%, or at least 
90%, or at least 2-fold, or at least 3-fold, or at least 5-fold. 

0049. In another preferred embodiment of the invention, 
rescue efficiency of virus is at least 10%, or at least 20%, or 
at least 30%, or at least 40%, or at least 50%, or at least 60%, 
or at least 70%, or at least 80%, or at least 90%, or at least 
99%. Efficiency can be determined, for example, by mea 
Suring how many eggs injected with the rescued viruses (X) 
have subsequent detectable HA titers (Y) and dividing Y/X. 
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0050. The methods described supra as Examples 9 and 10 
may be used to electroporate polynucleotides (e.g., plasmids 
and vectors) described herein or, e.g., in U.S. patent appli 
cation Ser. Nos. 09/396,539, 09/844,517, PCT/USO113656, 
PCT/US00/09021, US03012728; U.S. Pat. No. 6,649,372; 
WO 03/091401, US200201677, which are incorporated by 
reference herein. 

0051 A preferred embodiment of the invention is a 
method of rescue of influenza virus, wherein animal cells 
(e.g., Vero cells) are electroporated with plasmids that 
encode an influenza RNA polymerase and nucleoprotein and 
wherein the electroporated animal cells are co-cultivated 
with another cell type. 
0.052 A preferred embodiment of the invention is a 
method of rescue of influenza virus (e.g., influenza A virus, 
cold adapted viruses, an attenuated viruses), wherein animal 
cells (e.g., Vero cells) are electroporated with plasmids that 
encode an influenza RNA polymerase and nucleoprotein. 
The number of plasmids electroporated may be, for 
example, eight or twelve. 
0.053 A preferred embodiment of the invention is a 
method of rescue of influenza virus (e.g., influenza A virus, 
cold adapted viruses, an attenuated viruses), wherein animal 
cells (e.g., Vero cells) are electroporated with plasmids that 
encode an influenza RNA polymerase and nucleoprotein and 
wherein the electroporated animal cells are co-cultivated 
with another cell type (e.g., CEK cells). The number of 
plasmids electroporated may be, for example, eight or 
twelve. 

0.054 Another preferred embodiment of the invention is 
a method of rescue of influenza virus, wherein (a) animal 
cells are electroporated with cell expression vectors which 
direct the expression in Said cells of genomic or antigenomic 
VRNA segments, and a nucleoprotein, and an RNA-depen 
dent polymerase, Such that ribonucleoprotein complexes can 
be formed and viral particles can be assembled (with or 
without a helper virus); and (b) culturing said cells wherein 
Viral particles are packaged and rescued. 
0.055 Another preferred embodiment of the invention is 
a method of rescue of influenza virus, wherein animal cells 
are electroporated with expression plasmids (see, e.g., U.S. 
patent application Ser. Nos. 09/396,539, 09/844,517, PCT/ 
US0113656, PCT/US00/09021, US03012728; U.S. Pat. No. 
6,649,372; WO 03/091401, US2002.01677, which are incor 
porated by reference herein), for example, comprising viral 
cDNA corresponding to the genomic Segment of an influ 
enza virus, wherein the cDNA is inserted between an RNA 
polymerase I (pol) promoter and a regulatory element for 
the synthesis of VRNA or cRNA with an exact 3' end, which 
are in turn inserted between an RNA polymerase II (polII) 
promoter and a polyadenylation signal, and wherein the 
cDNA only encodes an influenza viral protein. 
0056. Other embodiments of the invention include influ 
enza viruses produced by the methods described herein (e.g., 
Examples 9 and 10) and vaccines comprising the same. 
0057. Other preferred embodiments of the invention 
include compositions which generates infectious influenza 
viruses from cloned viral cDNA comprising SF Vero elec 
troporated with a set of plasmids wherein each plasmid 
comprises one viral genomic Segment, and wherein Viral 
cDNA corresponding to the genomic Segment is inserted 
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between an RNA polymerase I (pol) promoter and a regu 
latory element for the synthesis of VRNA or cRNA with an 
exact 3' end, which results in expression of viral mRNA and 
a corresponding viral protein, wherein the expression of the 
full set of VRNAS or cRNAS and viral proteins results in the 
assembly of an infectious influenza virus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.058 FIG. 1: Illustration of pAD3000 plasmid (SEQ ID 
NO: 90). 
0059 FIG. 2: Micrographs of infected cells 
0060 FIG. 3: Genotyping analysis of rMDV-A and 6:2 
H1N1 reassortant virus from plasmid transfection. 
0061 FIG. 4: Illustration of eight plasmid system for the 
production of influenza B virus. 

0062 FIG. 5: A and B. Characterization of recombinant 
MDV-B virus by RT-PCR; C and D. Characterization of 
recombinant B/Yamanashi/166/98 by RT PCR. 
0063 FIG. 6: Sequence of pAD3000 in GeneBank for 
mat. 

0064 FIG. 7: Sequence alignment with MDV-B and 
eight plasmids (SEQ ID NOS: 91-98, respectively) 
0065 FIG. 8: RT-PCR products derived from simulta 
neous amplification of HA and NASegments of influenza B 
Strains. 

0.066 FIG. 9: Bar graph illustrating relative titers of 
recombinant and reasSortant virus. 

0067 FIG. 10: Bar graph illustrating relative titers of 
reasSortant virus under permissive and restrictive tempera 
tures (temperature Sensitivity). 

0068 FIG. 11: Graphic representation of reassortant 
viruses incorporating specific mutations (knock-in) correlat 
ing with temperature Sensitivity (left panel) and relative 
titers at permissive and restrictive temperatures (temperature 
Sensitivity) (right panel). 

0069 FIG. 12: Determination ofts mutations in a mini 
genome assay. A. HEp-2 cells were transfected with PB1, 
PB2, PA, NP and pFlu-CAT, incubated at 33 or 39° C. for 18 
hr and cell extracts were analyzed for CAT reporter gene 
expression. B. CAT MRNA expression by primer extension 
asSay. 

0070 FIG. 13: Schematic illustration of triple-gene 
recombinants with wild type residues in PA, NP, and M1 
proteins. 

0071 FIG. 14: Tabulation of growth of single-gene and 
double-gene recombinant viruses. 

0072 FIG. 15: Tabulation of amino acid residue of the 
nucleoprotein corresponding to non-ts phenotype. 

0073 FIG. 16: Schematic diagram of recombinant PR8 
mutants. The mutations introduced in PB1 and/or PB2 genes 
are indicated by the filled dots. 

0074 FIG. 17: Bar graph illustrating relative titers at 33° 
C. and 39 C. 
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0075 FIG. 18: Photomicrographs illustrating plaque 
morphology of PR8 mutants at various temperatures. 
MDCK cells were infected with virus as indicated and 
incubated at 33, 37 and 39 C. for three days. Virus plaques 
were visualized by immunostaining and photographed. 
0076 FIG. 19: Protein synthesis at permissive and non 
permissive temperatures. MDCK cells were infected with 
viruses as indicated and incubated at 33 or 39 C. overnight. 
Radiolabeled labeled polypeptides were electrophoresed on 
an SDS-PAGE and autoradiographed. Viral proteins, HA, 
NP, M1 and NS are indicated. 
0077 FIG. 20: A. Line graphs illustrating differential 
replication of MDV-A and MDV-B in Per.C6 cells relative to 
replication in MDCK cells; B. Line graph illustrating dif 
ferential replication of MDV-A Single gene reasSortants in 
Per C6 cells. 

0078 FIG. 21: Bar graphs illustrating differential repli 
cation of reasSortant viruses. Gray boxes represent wild type 
amino acid residues. The dotted line represents the shut-off 
temperature (ts) of 2.0 logo. 
007.9 FIGS. 22-23: Antigenically compare A/Panama/99 
(H3N2) and A/Fujian/411/02-like (H3N2). 
0080 FIGS. 24-28: Show molecular basis for antigenic 

drift from A/Panama/99 to A/Fujian/02-like. 
0081 FIGS. 29-35: Detail modifications in strains to 
produce increased virus growth in embryonated eggs. 
0082 FIG. 36: HA receptor binding affinity of recombi 
nant viruses. 6.2 A/Fujian, A/Sendai, A/Wyoming, and 
A/Fujian variants with V186 and 1226 or L183 and A226 
changes were adsorbed to MDCK cells at an moi of 1.0 at 
4 C. or 33 C. for 30 min, and the infected cells were 
washed three times (+) or left untreated (-). After 6 hr of 
incubation at 33 C., the cells were processed for immun 
ofluorescence Staining. The percentage of infected cells 
(meantSD) indicated in each image was an average of six 
images. 

0083 FIG.37: Growth kinetics of recombinant viruses in 
MDCK cells. MDCK cells were infected at an moi of 1.0 at 
either 33 C. or 4° C. for 30 min, washed 3x with PBS. The 
infected cells were incubated at 33 C. and at the indicated 
time intervals the culture Supernatants were collected and 
the virus amount was determined by plaque assay. 
0084 FIG. 38: receptor-binding sites in HA and NA of 
H3N2 subtypes. The residues that were shown to increase 
the HA receptor-binding affinity and to decrease the NA 
enzymatic activity in relation to Sialic acid (SIA) binding 
Sites are indicated. The HA monomer was modeled using 
5HMG and the NA monomer was modeled based on 2BAT 
using WebLab ViewerLite 3.10 (Accelrys, San Diego, 
Calif.). 

DETAILED DESCRIPTION 

0085 Many pathogenic influenza virus strains grow only 
poorly in tissue culture, and Strains Suitable for production 
of live attenuated virus vaccines (e.g., temperature Sensitive, 
cold adapted and/or attenuated influenza viruses) have not 
been Successfully grown in cultured cells for commercial 
production. The present invention provides a multi-plasmid 
transfection System which permits the growth and recovery 
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of influenza virus Strains which are not adapted for growth 
under Standard cell culture conditions. An additional chal 
lenge in developing and producing influenza vaccines is that 
one or more of the circulating influenza Strains may not 
replicate well in embryonic chicken eggs. The present 
invention identifies Several amino acid residues which influ 
ence the activities of the HA and NA proteins and have 
identified Specific amino acid Substitutions which can modu 
late these activities. The present invention discloses that 
modulation of the HA receptor binding activity and/or the 
NA neuraminidase activity can enhance the replication of 
influenza in eggs and/or host cells (e.g., Vero or MDCK 
cells). Specifically the present invention discloses combina 
tions of amino acid Substitutions in HA and/or NA can 
enhance Viral replication in eggs and/or cells and demon 
Strates that these amino acid Substitutions have no significant 
impact on antigenicity of these recombinant influenza 
Viruses. Thus, the present invention provides for the use of 
reverse genetic technology to improve the manufacture of 
influenza virus vaccines. 

0086. In a first aspect, the methods of the invention 
provide vectors and methods for producing recombinant 
influenza B virus in cell culture entirely from cloned viral 
DNA. In another aspect, the methods of the present inven 
tion are based in part on the development of tissue culture 
conditions which Support the growth of virus Strains (both A 
strain and B Strain influenza viruses) with desirable proper 
ties relative to vaccine production (e.g., attenuated patho 
genicity or phenotype, cold adaptation, temperature Sensi 
tivity, etc.) in vitro in cultured cells. Influenza viruses are 
produced by introducing a plurality of vectors incorporating 
cloned Viral genome Segments into host cells, and culturing 
the cells at a temperature not exceeding 35 C. When vectors 
including an influenza virus genome are transfected, recom 
binant viruses Suitable as Vaccines can be recovered by 
Standard purification procedures. Using the vector System 
and methods of the invention, reasSortant Viruses incorpo 
rating the Six internal gene Segments of a Strain Selected for 
its desirable properties with respect to vaccine production, 
and the immunogenic HA and NASegments from a Selected, 
e.g., pathogenic Strain, can be rapidly and efficiently pro 
duced in tissue culture. Thus, the System and methods 
described herein 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 vaccines, Such as vaccines Suitable 
for intranasal administration. 

0087. Typically, a single Master Donor Virus (MDV) 
Strain is Selected for each of the A and B Subtypes. In the case 
of a live attenuated vaccine, the Master Donor Virus strain 
is typically chosen for its favorable properties, e.g., tem 
perature Sensitivity, cold adaptation and/or attenuation, rela 
tive to vaccine production. For example, exemplary Master 
Donor Strains include Such temperature Sensitive, attenuated 
and cold adapted strains of A/Ann Arbor/6/60 and B/Ann 
Arbor/1/66, respectively. The present invention elucidates 
the underlying mutations resulting in the ca, tS and att 
phenotypes of these virus Strains, and provides methods for 
producing novel Strains of influenza Suitable for use as donor 
Strains in the context of recombinant and reasSortant vaccine 
production. 
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0088 For example, a selected master donor type A virus 
(MDV-A), or master donor type B virus (MDV-B), is 
produced from a plurality of cloned viral cDNAS constitut 
ing the viral genome. In an exemplary embodiment, recom 
binant viruses are produced from eight cloned viral cDNAs. 
Eight viral cDNAS representing either the selected MDV-A 
or MDV-B sequences of PB2, PB1, PA, NP, HA, NA, M and 
NS are cloned into a bi-directional expression vector, Such 
as a plasmid (e.g., p.AD3000), Such that the viral genomic 
RNA can be transcribed from an RNA polymerase I (pol I) 
promoter from one strand and the viral mRNAS can be 
synthesized from an RNA polymerase II (pol II) promoter 
from the other Strand. Optionally, any gene Segment can be 
modified, including the HA Segment (e.g., to remove the 
multi-basic cleavage Site). 
0089. Infectious recombinant MDV-A or MDV-B virus is 
then recovered following transfection of plasmids bearing 
the eight viral cDNAS into appropriate host cells, e.g., Vero 
cells, co-cultured MDCK/293T or MDCK/COS7 cells. 
Using the plasmids and methods described herein, the inven 
tion is useful, e.g., for generating 6:2 reasSortant influenza 
vaccines by co-transfection of the 6 internal genes (PB1, 
PB2, PA, NP, M and NS) of the selected virus (e.g., MDV-A, 
MDV-B) together with the HA and NA derived from differ 
ent corresponding type (A or B) influenza viruses. For 
example, the HA Segment is favorably Selected from a 
pathogenically relevant H1, H3 or B strain, as is routinely 
performed for vaccine production. Similarly, the HA Seg 
ment can be selected from a strain with emerging relevance 
as a pathogenic Strain Such as an H2 Strain (e.g., H2N2), an 
H5 strain (e.g., H5N1) or an H7 strain (e.g., H7N7). Reas 
Sortants incorporating Seven genome Segments of the MDV 
and either the HA or NA gene of a selected strain (7:1 
reassortants) can also be produced. In addition, this system 
is useful for determining the molecular basis of phenotypic 
characteristics, e.g., the attenuated (att), cold adapted (ca), 
and temperature Sensitive (ts) phenotypes, relevant to vac 
cine production. 

0090. In another aspect the invention provides methods 
for manipulating the amino acid residues of HA and/or NA 
to increase the ability of an influenza virus to replicate in 
embryonated chicken eggs and/or cells. For example, the 
methods of the present invention can be use to modulate HA 
receptor binding activity and/or NA neuraminidase activity 
to increase the ability of an influenza virus to replicate in 
eggs and/or cells. Additionally, the invention provides influ 
enza viruses with enhanced ability to replicate in embryo 
nated chicken eggs and/or cells. 

DEFINITIONS 

0.091 Unless defined otherwise, all scientific and techni 
cal terms are understood to have the same meaning as 
commonly used in the art to which they pertain. For the 
purpose of the present invention the following terms are 
defined below. 

0092. The terms “nucleic acid,”“polynucleotide,”“poly 
nucleotide Sequence” and “nucleic acid Sequence” refer to 
Single-Stranded or double-Stranded deoxyribonucleotide or 
ribonucleotide polymers, or chimeras or analogues thereof. 
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 
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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 encompasses complementary Sequences, in 
addition to the Sequence explicitly indicated. 
0093. 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. 

0094 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 which regulates transcription in a 
Specific tissue type or cell type, or types. 

0.095 The term “vector” refers to the means by which a 
nucleic can be propagated and/or transferred between organ 
isms, cells, or cellular components. Vectors include plas 
mids, viruses, bacteriophage, pro-Viruses, phagemids, trans 
poSons, and artificial chromosomes, and the like, that 
replicate 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 
are not autonomously replicating. Most commonly, the 
vectors of the present invention are plasmids. 

0096. An “expression vector” is a vector, such as a 
plasmid, which is capable of promoting expression, as well 
as replication of a nucleic acid incorporated therein. Typi 
cally, 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. 
0097. A “bi-directional expression vector” is typically 
characterized 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. Alternatively, the bi-directional expression vector 
can be an ambisense vector, in which the viral mRNA and 
viral genomic RNA (as a cRNA) are expressed from the 
Same Strand. 

0098. In the context of the invention, the term “isolated” 
refers to a biological material, Such as 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 material optionally 
comprises material not found with the material in its natural 
environment, e.g., a cell. For example, if the material is in 
its natural environment, Such as a cell, the material has been 
placed at a location in the cell (e.g., genome or genetic 
element) not native to a material found in that environment. 
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 
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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. 

0099] The term “recombinant” indicates that the material 
(e.g., a nucleic acid or protein) has been artificially or 
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, 
when referring to a virus, e.g., an influenza virus, the virus 
is recombinant when it is produced by the expression of a 
recombinant nucleic acid. 

0100. 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 hemagglutinin or neuraminidase, 
from a Second parental virus. A 6:2 reasSortant includes 6 
genomic Segments, most commonly the 6 internal genes 
from a first parental virus, and two complementary Seg 
ments, e.g., hemagglutinin and neuraminidase, from a dif 
ferent parental virus. 
0101 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 
prokaryotic cells, including electroporation, Calcium phoS 
phate precipitation, lipid mediated transfection (lipofection), 
etc. 

0102) The term “host cell” means a cell which contains a 
heterologous nucleic acid, Such as a vector, and Supports the 
replication and/or expression of the nucleic acid, and option 
ally production of one or more encoded products including 
a polypeptide and/or a virus. 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 in the context of the invention 
include Vero (African green monkey kidney) cells, Per C6 
cells (human embryonic retinal 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). The term host cell encom 
passes combinations or mixtures of cells including, e.g., 
mixed cultures of different cell types or cell lines. 
0103) The terms “temperature sensitive,”“cold adapted” 
and “attenuated” are well known in the art. For example, the 
term “temperature sensitive” (“ts”) indicates that the virus 
exhibits a 100 fold or greater reduction in titer at 39 C. 
relative to 33 C. for influenza A strains, and that the virus 
exhibits a 100 fold or greater reduction in titer at 37 C. 
relative to 33 C. for influenza B strains. For example, the 
term “cold adapted” (“ca”) indicates that the virus exhibits 
growth at 25°C. within 100 fold of its growth at 33° C. For 
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example, the term “attenuated” (“att”) indicates that the 
Virus replicates in the upper airways of ferrets but is not 
detectable in 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 reduc 
tions less than 100 fold at 39° C. (for Astrain viruses) or 37 
C. (for B strain viruses), 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, which possess one or 
more of the amino acid Substitutions described herein are 
also useful viruses encompassed by the invention. Growth 
indicates viral quantity as indicated by titer, plaque size or 
morphology, particle density or other measures known to 
those of skill in the art. 

0104. The expression “artificially engineered” is used 
herein to indicate that the virus, Viral nucleic acid or virally 
encoded product, e.g., a polypeptide, a Vaccine, comprises at 
least one mutation introduced by recombinant methods, e.g., 
Site directed mutagenesis, PCR mutagenesis, etc. The 
expression “artificially engineered” when referring to a virus 
(or viral component or product) comprising one or more 
nucleotide mutations and/or amino acid Substitutions indi 
cates that the viral genome or genome Segment encoding the 
virus (or viral component or product) is not derived from 
naturally occurring Sources, Such as a naturally occurring or 
previously existing laboratory strain of virus produced by 
non-recombinant methods (such as progressive passage at 
25° C), e.g., a wild type or cold adapted A/Ann Arbor/6/60 
or B/Ann Arbor/1/66Strain. 

01.05 
0106 The genome of Influenza viruses is composed of 
eight segments of linear (-) Strand ribonucleic acid (RNA), 
encoding the immunogenic hemagglutinin (HA) and 
neuraminidase (NA) proteins, and six internal core polypep 
tides: the nucleocapsid nucleoprotein (NP); matrix proteins 
(M); non-structural proteins (NS); and 3 RNA polymerase 
(PA, PB1, PB2) proteins. During replication, the genomic 
viral RNA is transcribed into (+) strand messenger RNA and 
(-) strand genomic cRNA 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). 
0107. In the present invention, viral genomic RNA cor 
responding to each of the eight Segments is inserted into a 
recombinant vector for manipulation and production of 
influenza viruses. A variety of vectors, including viral vec 
tors, plasmids, cosmids, phage, and artificial chromosomes, 
can be employed in the context of the invention. Typically, 
for ease of manipulation, the Viral genomic Segments are 
inserted into a plasmid vector, providing one or more origins 
of replication functional in bacterial and eukaryotic cells, 
and, optionally, a marker convenient for Screening or Select 
ing cells incorporating the plasmid Sequence. An exemplary 
vector, plasmid paD3000 is illustrated in FIG. 1. 

Influenza Virus 

0.108 Most commonly, the plasmid vectors of the inven 
tion are bi-directional expression vectors capable of initiat 
ing transcription of the inserted viral genomic Segment in 
either direction, that is, giving rise to both (+) strand and (-) 
strand viral RNA molecules. To effect bi-directional tran 
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Scription, each of the viral genomic Segments is inserted into 
a vector having at least two independent promoters, Such 
that copies of viral genomic RNA are transcribed by a first 
RNA polymerase promoter (e.g., Pol I), from one strand, and 
viral mRNAS are synthesized from a second RNA poly 
merase promoter (e.g., Pol II). Accordingly, the two pro 
moters are arranged in opposite orientations flanking at least 
one cloning site (i.e., a restriction enzyme recognition 
Sequence) preferably a unique cloning site, Suitable for 
insertion of viral genomic RNA segments. Alternatively, an 
“ambisense” vector can be employed in which the (+) strand 
mRNA and the (-) strand viral RNA (as a cRNA) are 
transcribed from the same strand of the vector. 

0109 Expression Vectors 

0110. The influenza virus genome segment to be 
expressed is operably linked to an appropriate transcription 
control Sequence (promoter) to direct mRNA synthesis. A 
variety of promoters are Suitable for use in expression 
vectors for regulating transcription of influenza virus 
genome Segments. In certain embodiments, e.g., wherein the 
vector is the plasmid paD3000, the cytomegalovirus (CMV) 
DNA dependent RNA Polymerase II (Pol II) promoter is 
utilized. If desired, e.g., for regulating conditional expres 
Sion, other promoters can be substituted which induce RNA 
transcription under the Specified conditions, or in the Speci 
fied 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, alter 
native promoters obtained from the genomes of animal and 
human viruses include Such promoters as the adenovirus 
(Such as Adenovirus 2), papilloma virus, hepatitis-B Virus, 
polyoma virus, and Simian Virus 40 (SV40), and various 
retroviral promoters. Mammalian promoters include, among 
many others, the actin promoter, immunoglobulin promot 
ers, heat-Shock promoters, and the like. In addition, bacte 
riophage promoters can be employed in conjunction with the 
cognate RNA polymerase, e.g., the T7 promoter. 

0111 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 
insulin), and eukaryotic cell viruses. The enhancer can be 
spliced into the vector at a position 5' or 3' to the heterolo 
gous coding Sequence, but is typically inserted at a site 5' to 
the promoter. Typically, the promoter, and if desired, addi 
tional transcription enhancing Sequences are chosen to opti 
mize expression in the host cell type into which the heter 
ologous DNA is to be introduced (Scharf et al. (1994) Heat 
stress promoters and transcription factors Results Probl Cell 
Differ 20:125-62; Kriegler et al. (1990) Assembly of enhanc 
ers, promoters, and Splice Signals to control expression of 
transferred genes Methods in Enzymol 185: 512-27). Option 
ally, the amplicon can also contain a ribosome binding Site 
or an internal ribosome entry site (IRES) for translation 
initiation. 

0112 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 
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eukaryotic or viral DNAS or cDNAS. In one embodiment, 
e.g., involving the plasmid paD3000, the SV40 polyadeny 
lation Sequences provide a polyadenylation signal. 
0113. 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. 
0114. The vector containing the appropriate DNA 
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, for the purpose of expression. 
0115 Additional Expression Elements 
0116. Most commonly, the genome segment encoding the 
influenza virus protein includes any additional 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 or NA protein, can be employed. In this case, it is often 
desirable to include Specific initiation Signals which 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 ele 
ments and initiation 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. 
0.117) 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 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. 

0118 
0119) Historically, influenza virus vaccines have been 
produced in embryonated hens' eggs using Strains of Virus 
Selected based on empirical predictions of relevant Strains. 
More recently, reasSortant Viruses have been produced that 
incorporate Selected hemagglutinin and neuraminidase anti 
gens in the context of an approved attenuated, temperature 
Sensitive master Strain. Following culture of the virus 
through multiple passages in hens' eggs, influenza viruses 
are recovered and, optionally, inactivated, e.g., using form 
aldehyde and/or B-propiolactone. However, production of 
influenza vaccine in this manner has Several significant 
drawbackS. Contaminants remaining from the hens' eggs are 
highly antigenic, pyrogenic, and frequently result in Signifi 

Influenza Virus Vaccine 
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cant Side effects upon administration. More importantly, 
Strains designated for production must be selected and 
distributed, typically months in advance of the next flu 
Season to allow time for production and inactivation of 
influenza vaccine. Attempts at producing recombinant and 
reasSortant vaccines in cell culture have been hampered by 
the inability of any of the Strains approved for vaccine 
production to grow efficiently under Standard cell culture 
conditions. 

0120) The present invention provides a vector system, 
and methods for producing recombinant and reasSortant 
Viruses in culture which make it possible to rapidly produce 
vaccines corresponding to one or many Selected antigenic 
Strains of Virus. In particular, conditions and Strains are 
provided that result in efficient production of viruses from a 
multiplasmid System in cell culture. Optionally, if desired, 
the viruses can be further amplified in Hens' eggs. 

0121 For example, it has not been possible to grow the 
influenza B master strain B/Ann Arbor/1/66 under standard 
cell culture conditions, e.g., at 37 C. In the methods of the 
present invention, multiple plasmids, each incorporating a 
Segment of an influenza virus genome are introduced into 
Suitable cells, and maintained in culture at a temperature leSS 
than or equal to 35° C. Typically, the cultures are maintained 
at between about 32° C. and 35 C., preferably between 
about 32° C. and about 34° C., e.g., at about 33° C. 

0.122 Typically, the cultures are maintained in a system, 
Such as a cell culture incubator, under controlled humidity 
and Co2, at constant temperature using a temperature regul 
lator, Such as a thermostat to insure that the temperature does 
not exceed 35° C. 

0123 Reassortant influenza viruses can be readily 
obtained by introducing a Subset of vectors corresponding to 
genomic Segments of a master influenza virus, in combina 
tion with complementary Segments derived from Strains of 
interest (e.g., antigenic variants of interest). Typically, the 
master Strains are Selected on the basis of desirable proper 
ties relevant to vaccine administration. For example, for 
vaccine production, 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. In this context, Influenza A Strain ca A/Ann 
Arbor/6/60; Influenza B strain ca B/Ann Arbor/1/66; or 
another Strain Selected for its desirable phenotypic proper 
ties, e.g., an attenuated, cold adapted, and/or temperature 
Sensitive Strain, Such as an artificially engineered influenza 
A Strain as described in Example 4; or an artificially engi 
neered influenza B Strain incorporating one or more of the 
amino acid substitutions specified in Table 17 are favorably 
Selected as master donor Strains. 

0.124. In one embodiment, plasmids incorporating the Six 
internal genes of the influenza master virus Strain, (i.e., PB1, 
PB2, PA, NP, NB, M1, BM2, NS1 and NS2) are transfected 
into Suitable host cells in combination with hemagglutinin 
and neuraminidase Segments from an antigenically desirable 
Strain, e.g., a Strain predicted to cause significant local or 
global influenza infection. Following replication of the 
reasSortant virus in cell culture at appropriate temperatures 
for efficient recovery, e.g., equal to or less than 35 C., Such 
as between about 32° C. and 35 C., for example between 
about 32° C. and about 34° C., or at about 33 C., reassortant 
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Viruses is recovered. Optionally, the recovered virus can be 
inactivated using a denaturing agent Such as formaldehyde 
or B-propiolactone. 

0.125 Attenuated, Temperature Sensitive and Cold 
Adapted Influenza Virus Vaccines 
0.126 In one aspect, the present invention is based on the 
determination of the mutations underlying the tS phenotype 
in preferred Master Donor Strains of virus. To determine the 
functional importance of Single nucleotide changes in the 
MDV strain genome, reassortant viruses derived from 
highly related strains within the A/AA/6/60 lineage were 
evaluated for temperature Sensitivity. The isogenic nature of 
the two parental Strains enables the evaluation of Single 
nucleotide changes on the ts phenotype. Accordingly, the 
genetic basis for the ts phenotype of MDV-A is mapped at 
the nucleotide level to Specific amino acid residues within 
PB1, PB2, and NP. 

0127 Previous attempts to map the genetic basis of the ts 
phenotype of ca A/AA/6/60 utilized classical coinfection/ 
reasSortant techniques to create Single and multiple gene 
reassortants between A/AA/6/60 and an unrelated wt strain. 
These studies suggested that both PB2, and PB1 contributed 
to the ts phenotype (Kendal et al. (1978) Biochemical 
characteristics of recombinant Viruses derived at Sub-opti 
mal temperatures: evidence that tS lesions are present in 
RNA segments 1 and 3, and that RNA 1 codes for the virion 
transcriptase enzyme, p. 734–743. In B. W. J. Mahy, and R. 
D. Barry (ed.) Negative Strand Viruses, Academic Press; 
Kendal et al. (1977) Comparative studies of wild-type and 
cold mutant (temperature Sensitive) influenza viruses: gene 
alogy of the matrix (M) and the non-structural (NS) proteins 
in recombinant cold-adapted H3N2 viruses J Gen Virol 
37:145-159; Kendal et al. (1979) Comparative studies of 
wild-type and cold-mutant (temperature Sensitive) influenza 
Viruses. independent Segregation of temperature-Sensitivity 
of virus replication from temperature-Sensitivity of Virion 
transcriptase activity during recombination of mutant A/Ann 
Arbor/6/60 with wild-type H3N2 strains J Gen Virol 44:443 
4560; Snyder et al. (1988) Four viral genes independently 
contribute to attenuation of live influenza A/Ann Arbor/6/60 
(H2N2) cold-adapted reassortant virus vaccines J Virol 
62:488-95). Interpretation of these studies, however, was 
confounded by constellation effects, which were caused by 
mixing gene Segments from two divergent influenza A 
Strains. Weakened interactions could have occurred through 
changes between the A/AA/6/60 and wt gene Segments other 
than those Specifically involved in expression of the ts 
phenotype from the A/AA/6/60 background. Constellation 
effects were also shown to confound the interpretation of 
asSociation of the M gene Segment with the att phenotype 
(Subbarao et al. (1992) The attenuation phenotype conferred 
by the M gene of the influenza A/Ann Arbor/6/60 cold 
adapted virus (H2N2) on the A/Korea/82 (H3N2) reassortant 
virus results from a gene constellation effect Virus Res 
25:37-50). 
0128. In the present invention, mutations resulting in 
amino acid substitutions at positions PB1', PB1, 
PB1, PB2 and NP are identified as functionally 
important in conferring the temperature Sensitive phenotype 
on the MDV-A strain virus. As will be understood by those 
of Skill in the art, mutations in nucleotides at positions 
PB11195, PB1176, PB12005, PB221 and NP designate 
amino acid substitutions at PB1, PB15, PB1, PB2 
and NP", respectively. Thus, any nucleotide substitutions 
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resulting in Substituted amino acids at these positions are a 
feature of the invention. Exemplary mutations PB1' 
(K391E), PB1 (E581G), PB1 (A661T), PB2 
(N265S) and NP' (D34G), singly, and more preferably in 
combination, result in a temperature Sensitive phenotype. 
Simultaneous reversion of these mutations to wild type 
abolishes the tS phenotype, while introduction of these 
mutations onto a wild-type background results in Virus with 
a ts phenotype. Consistent with the Stability of these phe 
notypes during passage of the Virus, no single change can 
individually revert the temperature sensitivity profile of the 
resulting virus to that of wild-type. Rather, these changes 
appear to act in concert with one another to fully express the 
tS phenotype. This discovery permits the engineering of 
additional Strains of temperature Sensitive influenza A virus 
suitable for master donor viruses for the production of live 
attenuated influenza vaccines. 

0129. Similarly, substitutions of individual amino acids 
in a Master Donor Virus-B strain are correlated with the ts 
phenotype as illustrated in Table 17. Thus, the methods 
presented herein are adapted to producing novel influenza B 
Strains with temperature Sensitive, and optionally attenuated 
and/or cold adapted phenotypes by introducing one or more 
Specified mutations into an influenza B genome. For 
example, one or more mutations resulting in an amino acid 
substitution at a position selected from among PB2'; 
PA31; PA 197; N55; NP-114; NP'10; NP509. M11 and M113 
are introduced into an influenza B Strain genome to produce 
a temperature Sensitive influenza B virus. Exemplary amino 
acid substitutions include the following: PB20 (S63OR); 
PA" (V431M); PA 97 (Y497H); NPs (T55A), NP114 
(V114A); NP'o (P410H), NPO (A509T); M11 (H159Q) 
and M113 (M183V). 
0130 Influenza viruses incorporating the mutations of 
the invention are a feature of the invention regardless of the 
method in which they are produced. That is, the invention 
encompasses influenza Strains including the mutations of the 
invention, e.g., any influenza A virus with an amino acid 
Substitution relative to wild type at one or more positions 
selected from among: PB1, PB1, PB1, PB2 and 
NP" or any influenza B virus with an amino acid substitu 
tion relative to wild type at one or more positions Selected 
from among: PB2630, PA-31; PA 197; NP55, NP111, NP10; 
NP509; M1 and M1, with the proviso that the strains 
ca A/Ann Arbor/6/60 and B/Ann Arbor/1/66 are not consid 
ered a feature of the present invention. In certain preferred 
embodiments, the influenza A viruses include a plurality of 
mutations (e.g., two, or three, or four, or five, or more 
mutations) selected from among PB1' (K391E), PB1 
(E581G), PB1 (A661T), PB2° (N265S) and NP 
(D34G); and the influenza B viruses include a plurality of 
mutations selected from among PB2'' (S630R); PA" 
(V431M); PA 97 (Y497H); NPs (T55A), NP1 (V114A); 
NP" (P41OH); NPO (A509T); M1 (H159Q) and M113 
(M183V), respectively. For example, in addition to provid 
ing viruses with desired phenotypes relevant for vaccine 
production, Viruses with a Subset of mutations, e.g., 1, or 2, 
or 3, or 4, or 5 Selected mutations, are useful in elucidating 
the contribution of additional mutations to the phenotype of 
the virus. In certain embodiments, the influenza viruses 
include at least one additional non-wild type nucleotide 
(e.g., possibly resulting in an additional amino acid Substi 
tution), which optionally refines the desired phenotype or 
confers a further desirable phenotypic attribute. 
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0131 Enhanced Viral Replication 
0132) The present invention also provides a method of 
introducing of at least one amino acid residue Substitution in 
HA and/or NA to increase the ability of an influenza virus to 
replicate in embryonated chicken eggs and/or host cells. The 
invention further provides influenza virus variants with 
increased ability to replicate in embryonated chicken eggs 
and/or host cells (referred to herein as “replication enhanced 
variants”) when compared to HA and/or NA unsubstituted 
influenza virus. It is specifically contemplated that the 
method of the invention can be utilized to enhance the 
replication of an influenza virus in a host cell and that 
replication enhanced variants may have enhanced replica 
tion in chicken eggs and/or host cells. Suitable host cells for 
the replication of influenza virus include, e.g., Vero cells, 
Per.C6 cells, BHK cells, MDCK cells, 293 cells and COS 
cells, including 293T cells, COS7 cells. 

0133. In one embodiment, the method of the invention 
introduces at least one amino acid Substitution into HA 
and/or NA which will enhance the ability of an influenza 
Virus to replicate in eggs and/or host cells by at least 10%, 
or by at least 20%, or by at least 30%, or by at least 40%, 
or by at least 50%, or by at least 60%, or by at least 70%, 
or by at least 80%, or by at least 90%, or by at least 100%, 
or by at least 200%, or by at least 300%, or by at least 400%, 
or by at least 500% when compared to the unmodified 
influenza virus. It is Specifically contemplated that amino 
acid Substitutions may be made in both HA and NA. 
Preferably, the method of the invention does not signifi 
cantly alter the antigenicity of the Substituted influenza virus 
when compared to the unsubstituted virus. In a specific 
embodiment, the method of the invention reduces the anti 
genicity of the Substituted influenza virus when compared to 
the unsubstituted virus by less then 10%, or by less then 
20%, or by less then 30%, or by less then 40%, or by less 
then 50%, or by less then 60%, or by less then 70%, or by 
less then 80%, or by less then 90%, or by less then 100%. 
Methods to determine viral antigenicity are well known in 
the art (also see, “Example 11 Supra). 

0.134. In one embodiment, the method of the invention 
further incorporates an attenuated influenza virus, a cold 
adapted influenza virus, a temperature Sensitive influenza 
Virus, or a virus with any combination of these desirable 
properties. Preferably, the viruses incorporated by the 
method of the invention include but are not limited to, 
influenza B/Ann Arbor/1/66 strain virus, influenza A/Ann 
Arbor/6/60 strain virus. In another embodiment, the method 
of the invention introduces vectors including the Six internal 
genes of a viral Strain Selected for its favorable properties 
regarding vaccine production, in combination with the 
genome Segments encoding the desired manipulated HA and 
NA Surface antigens to produce influenza viruses with 
enhanced ability to replicate in embryonated chicken eggs 
and/or host cells (see, Supra and “Example 11'). In another 
embodiment, the method of the invention further incorpo 
rates a non-attenuated influenza virus. 

0135) In one embodiment, the method of the invention 
introduces at least one amino acid Substitution which modu 
lates the receptor binding activity of HA. Receptor binding 
activity of HA includes but is not limited to the binding of 
HA to Sialic acid residues (e.g., 2.6-linked Sialyl-galactosyl 
moieties Siao (2,6)Gal and 2.3-linked Sialyl-galactosyl 
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moieties SiaC(2.3)Gal) present on the cell Surface glyco 
proteins or glycolipids. One method to assay HA binding is 
presented in “Example 11” (infra), other methods are well 
known in the art. In another embodiment, the method of the 
invention introduces amino acid Substitutions which modu 
late the receptor binding specificity of HA for Siac.(2, 
6)Gal) and/or Siao (2.3)Gal moieties. Preferably, the 
method will enhance the binding of HA to Siao (2,3)Gal 
moieties. 

0136. In a one embodiment, the method of the invention 
introduces at least one amino acid Substitution which 
enhances the receptor binding activity of HA. Preferably, the 
receptor binding activity is increased by at least 10%, or by 
at least 20%, or by at least 30%, or by at least 40%, or by 
at least 50%, or by at least 60%, or by at least 70%, or by 
at least 80%, or by at least 90%, or by at least 100%, or by 
at least 200%. 

0.137 In a another embodiment, the method of the inven 
tion introduces at least one amino acid Substitution which 
reduces the receptor binding activity of HA. Preferably, the 
receptor binding activity is reduced by at least 10%, or by at 
least 20%, or by at least 30%, or by at least 40%, or by at 
least 50%, or by at least 60%, or by at least 70%, or by at 
least 80%, or by at least 90%, or by at least 100%, or by at 
least 200%. 

0.138. In a preferred embodiment, the method introduces 
at least one amino acid Substitution in HA at positions 183, 
186 and/or 226. Preferably, amino acid substitutions are 
made at positions 183 and 226 or at positions 186 and 226. 
Most preferably, amino acid Substitutions are made Such that 
position 183 is a leucine and position 226 is an alanine or 
Such that position 186 is a valine and position 226 is an 
isoleucine. 

0.139. In one embodiment, the method of the invention 
introduces at least one amino acid Substitution which modu 
late the neuraminidase activity of NA. Neuraminidase activ 
ity of NA includes but is not limited to, the hydrolysis of 
Substrates which contain alpha-ketosidically linked 
N-acetylneuraminic acid (Neu5Ac). Methods to determine 
the neuraminidase activity are well known in the art (See 
also, “Example 11” infra). 
0140. In a one embodiment, the method of the invention 
introduces at least one amino acid Substitution which 
enhances the neuraminidase activity of NA. Preferably, the 
receptor binding activity is increased by at least 10%, or by 
at least 20%, or by at least 30%, or by at least 40%, or by 
at least 50%, or by at least 60%, or by at least 70%, or by 
at least 80%, or by at least 90%, or by at least 100%, or by 
at least 200%. 

0.141. In a another embodiment, the method of the inven 
tion introduces at least one amino acid Substitution which 
reduces the neuraminidase activity of NA. Preferably, the 
neuraminidase activity is reduced by at least 10%, or by at 
least 20%, or by at least 30%, or by at least 40%, or by at 
least 50%, or by at least 60%, or by at least 70%, or by at 
least 80%, or by at least 90%, or by at least 100%, or by at 
least 200%. 

0142. In a preferred embodiment, the method introduces 
at least one amino acid Substitution in NA at positions 119 
and/or 136. Preferably, amino acid substitutions are made 
Such that position 119 is a is a glutamate and position 136 
is a glutamine. 
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0.143 One skilled in the art would appreciate that in some 
cases the HA and/or NA protein will already have the 
preferred amino acid residues at one or more of the afore 
mentioned positions. In this situation, Substitution(s) will 
only be introduced at the remaining non-matching positions. 
0144. It is specifically contemplated that conservative 
amino acid Substitutions may be made for Said amino acid 
substitutions at positions 183, 186 and/or 226 of HA and 
positions 119 and/or 136 of NA, described Supra. 
0145. It is well known in the art that “conservative amino 
acid Substitution” refers to amino acid Substitutions that 
Substitute functionally-equivalent amino acids. Conserva 
tive amino acid changes result in Silent changes in the amino 
acid Sequence of the resulting peptide. For example, one or 
more amino acids of a similar polarity act as functional 
equivalents and result in a Silent alteration within the amino 
acid Sequence of the peptide. Substitutions that are charge 
neutral and which replace a residue with a Smaller residue 
may also be considered “conservative substitutions” even if 
the residues are in different groups (e.g., replacement of 
phenylalanine with the Smaller isoleucine). Families of 
amino acid residues having Similar side chains have been 
defined in the art. Families of conservative amino acid 
Substitutions include but are not limited to, non-polar (e.g., 
Trp, Phe, Met, Leu, Ile, Val, Ala, Pro), uncharged polar (e.g., 
Gly, Ser, Thr, ASn, Gln, Tyr, CyS), acidic/negatively charged 
(e.g., Asp, Glu), basic/positively charged (e.g., Arg, LyS, 
His), Beta-branched (e.g., Thr, Val, Ile), residues that influ 
ence chain orientation (e.g., Gly, Pro) and aromatic (e.g., 
Trp, Tyr, Phe, His). The term “conservative amino acid 
Substitution” also refers to the use of amino acid analogs or 
variants. Guidance concerning how to make phenotypically 
Silent amino acid Substitutions is provided in Bowie et al., 
"Deciphering the Message in Protein Sequences: Tolerance 
to Amino Acid Substitutions,” (1990, Science 247: 1306-10). 
0146 In one embodiment, the present invention provides 
modified influenza viruses, referred to herein as "replication 
enhanced influenza variant(s), which incorporate at least one 
amino acid Substitution in HA and/or NA which enhances 
their replication in embryonated chicken eggs and/or host 
cells when compared to the unmodified influenza virus. 
Preferably, the ability of an replication enhanced influenza 
variant to replicate in eggs and/or host cells has been 
enhanced by at least 10%, or by at least 20%, or by at least 
30%, or by at least 40%, or by at least 50%, or by at least 
60%, or by at least 70%, or by at least 80%, or by at least 
90%, or by at least 100%, or by at least 200%, or by at least 
300%, or by at least 400%, or by at least 500% when 
compared to the unmodified influenza virus. 
0147 In certain embodiment, a replication enhanced 
influenza variant further incorporates an attenuated influ 
enza virus, a cold adapted influenza virus, a temperature 
Sensitive influenza virus, or a virus with any combination of 
these desirable properties. Preferably, the virus incorporated 
into a replication enhanced influenza variant includes but is 
not limited to, influenza B/Ann Arbor/1/66 strain virus, 
influenza A/Ann Arbor/6/60 strain virus. It is specifically 
contemplated that a replication enhanced influenza variant is 
produced by introducing vectors including the Six internal 
genes of a viral Strain Selected for its favorable properties 
regarding vaccine production, in combination with the 
genome Segments encoding the desired Substituted HA and 
NA Surface antigens (see, Supra and “Example 11). 
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0.148. In one embodiment, a replication enhanced influ 
enza variant incorporates at least one amino acid Substitution 
in HA which modulates the receptor binding activity of HA 
(see Supra). Preferably, the method will enhance the binding 
of HA to Siao (2.3)Gal moieties. 
0149. In a specific embodiment, a replication enhanced 
influenza variant incorporates at least one amino acid Sub 
Stitution which enhances the receptor binding activity of 
HA. Preferably, the receptor binding activity is increased by 
at least 10%, or by at least 20%, or by at least 30%, or by 
at least 40%, or by at least 50%, or by at least 60%, or by 
at least 70%, or by at least 80%, or by at least 90%, or by 
at least 100%, or by at least 200%. It is specifically con 
templated that an egg enhance influenza variant does not 
have significantly altered viral antigenicity when compared 
to the unsubstituted influenza virus. In a Specific embodi 
ment, a replication enhanced influenza variant has an anti 
genicity that is reduced by less then 10%, or by less then 
20%, or by less then 30%, or by less then 40%, or by less 
then 50%, or by less then 60%, or by less then 70%, or by 
less then 80%, or by less then 90%, or by less then 100% 
when compared to the unsubstituted virus. Methods to 
determine viral antigenicity are well known in the art (also 
See, “Example 11 Supra). 

0150. In another embodiment, a replication enhanced 
influenza variant incorporates incorporate at least one amino 
acid Substitution which reduces the receptor binding activity 
of HA. Preferably, the receptor binding activity is reduced 
by at least 10%, or by at least 20%, or by at least 30%, or 
by at least 40%, or by at least 50%, or by at least 60%, or 
by at least 70%, or by at least 80%, or by at least 90%, or 
by at least 100%, or by at least 200%. 

0151. In a preferred embodiment, a replication enhanced 
influenza variant incorporates incorporate at least one amino 
acid substitution in HA at positions 183, 186 and/or 226. 
Preferably, amino acid Substitutions are present at positions 
183 and 226 or at positions 186 and 226. Most preferably, 
amino acid Substitutions are present Such that position 183 
is a leucine and position 226 is an alanine or Such that 
position 186 is a valine and position 226 is an isoleucine. 

0152. In one embodiment, a replication enhanced influ 
enza variant incorporates at least one amino acid Substitution 
which modulates the neuraminidase activity of NA (see 
Supra). 

0153. In a one embodiment, a replication enhanced influ 
enza variant incorporates at least one amino acid Substitution 
which enhances the neuraminidase activity of NA. Prefer 
ably, the receptor binding activity is increased by at least 
10%, or by at least 20%, or by at least 30%, or by at least 
40%, or by at least 50%, or by at least 60%, or by at least 
70%, or by at least 80%, or by at least 90%, or by at least 
100%, or by at least 200%. 

0154) In a another embodiment, a replication enhanced 
influenza variant incorporates at least one amino acid Sub 
stitution which reduces the neuraminidase activity of NA. 
Preferably, the neuraminidase activity is reduced by at least 
10%, or by at least 20%, or by at least 30%, or by at least 
40%, or by at least 50%, or by at least 60%, or by at least 
70%, or by at least 80%, or by at least 90%, or by at least 
100%, or by at least 200%. 
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O155 In a preferred embodiment, a replication enhanced 
influenza variant incorporates at least one amino acid Sub 
stitution in NA at positions 119 and/or 136. Preferably, 
amino acid Substitutions are made Such that position 119 is 
a is a glutamate and position 136 is a glutamine. 

0156 Cell Culture 
O157 Typically, propagation of the virus is accomplished 
in the media compositions in which the host cell is com 
monly cultured. Suitable host cells for the replication of 
influenza virus include, e.g., Vero cells, Per.C6 cells, BHIK 
cells, MDCK cells, 293 cells and COS cells, including 293T 
cells, COS7 cells. Commonly, co-cultures including two of 
the above cell lines, e.g., MDCK cells and either 293T or 
COS cells are employed at a ratio, e.g., of 1:1, to improve 
replication efficiency. Typically, 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., penicillin, Streptomycin, etc., and/or 
additional nutrients, Such as L-glutamine, Sodium pyruvate, 
non-essential amino acids, additional Supplements to pro 
mote favorable growth characteristics, e.g., trypsin, 3-mer 
captoethanol, and the like. 

0158 Procedures for maintaining mammalian cells in 
culture have been extensively reported, and are known to 
those of Skill in the art. General protocols are provided, e.g., 
in Freshney (1983) Culture of Animal Cells. Manual of 
Basic Technique, Alan R. Liss, New York; Paul (1975) Cell 
and Tissue Culture, 5" ed., Livingston, Edinburgh; Adams 
(1980) Laboratory Techniques in Biochemistry and Molecu 
lar Biology-Cell Culture for Biochemists, Work and Burdon 
(eds.) Elsevier, Amsterdam. Additional details regarding 
tissue culture procedures of particular interest in the pro 
duction 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 Shafferman (eds) Novel 
Strategies in Design and Production of Vaccines, which is 
incorporated herein in its entirety. Additionally, variations in 
Such procedures adapted to the present invention are readily 
determined through routine experimentation. 

0159 Cells for production of influenza virus can be 
cultured in Serum-containing or Serum free medium. In Some 
case, e.g., for the preparation of purified viruses, it is 
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 Dormacell, Pfei 
fer & Langen; Superbead, Flow Laboratories, Styrene 
copolymer-tri-methylamine beads, such as Hillex, SoloHill, 
Ann Arbor) in flasks, bottles or reactor cultures. Microcar 
rier 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 microcar 
rier beads providing greater than 8000 Square centimeters of 
growth Surface. For commercial production of viruses, e.g., 
for vaccine production, it is often desirable to culture the 
cells in a bioreactor or fermenter. Bioreactors are available 
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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.); labo 
ratory and commercial Scale bioreactors from B. Braun 
Biotech International (B. Braun Biotech, Melsungen, Ger 
many). 
0160 Regardless of the culture volume, in the context of 
the present invention, it is important that the cultures be 
maintained at a temperature less than or equal to 35 C., to 
insure efficient recovery of recombinant and/or reasSortant 
influenza virus using the multi plasmid System described 
herein. For example, the cells are cultured at a temperature 
between about 32° C. and 35 C., typically at a temperature 
between about 32° C. and about 34°C., usually at about 33° 
C. 

0.161 Typically, a regulator, e.g., a thermostat, or other 
device for Sensing and maintaining the temperature of the 
cell culture System is employed to insure that the tempera 
ture does not exceed 35 C. during the period of virus 
replication. 

0162 
0163 Vectors comprising influenza genome segments are 
introduced (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 
phosphate co-precipitation, electroporation, microinjection, 
lipofection, and transfection employing polyamine transfec 
tion reagents. For example, vectors, e.g., plasmids, can be 
transfected into host cells, Such as COS cells, 293T cells or 
combinations of COS or 293T cells and MDCK cells, using 
the polyamine transfection reagent TranslT-LT1 (Mirus) 
according to the manufacturers instructions. Approximately 
1 tug of each vector to be introduced into the population of 
host cells with approximately 2 ul of TransT-LT1 diluted in 
160 ul medium, preferably Serum-free medium, in a total 
vol. of 200 ul. The DNA:transfection reagent mixtures are 
incubated at room temperature for 45 min followed by 
addition of 800 ul of medium. The transfection mixture is 
added to the host cells, and the cells are cultured as described 
above. 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) are mixed with approximately 20 ul TranslT-LT1 
and transfected into host cells. Optionally, Serum-containing 
medium is replaced prior to transfection with Serum-free 
medium, e.g., Opti-MEM I, and incubated for 4-6 hours. 

Introduction of Vectors into Host Cells 

0164. Alternatively, electroporation can be employed to 
introduce vectors incorporating influenza genome Segments 
into host cells. For example, plasmid vectors incorporating 
an influenza A or influenza B virus are favorably introduced 
into Vero cells using electroporation according to the fol 
lowing procedure. In brief, 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 Opti 
MEM and placed in an electroporation 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 
manufacturer's 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 
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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 tissue culture 
dish containing 2 ml MEM, 10% FBS or OPTI-MEM 
without Serum. The cuvette is washed to recover any remain 
ing cells and the wash Suspension is divided between the two 
wells. Final volume is approximately 3.5 mls. The cells are 
then incubated under conditions permissive for viral growth, 
e.g., at approximately 33 C. for cold adapted Strains. 

0165 Recovery of Viruses 

0166 Viruses are typically recovered from the culture 
medium, in which infected (transfected) cells have been 
grown. Typically crude medium is clarified prior to concen 
tration of influenza viruses. Common methods include fil 
tration, 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. Alternatively, the medium is filtered through 
a 0.8 um cellulose acetate filter to remove intact cells and 
other large particulate matter. Optionally, the clarified 
medium Supernatant is then centrifuged to pellet the influ 
enza viruses, e.g., at 15,000xg, for approximately 3-5 hours. 
Following resuspension 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 
continuous 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 recov 
ery. Alternatively, and for most large Scale commercial 
applications, Virus is elutriated from density gradients using 
a Zonal-centrifuge rotor operating in continuous mode. 
Additional 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 culturesfor 
vaccine preparation, in Cohen & Shafferman (eds) Novel 
Strategies in Design and Production of Vaccines pp. 141 
151, and U.S. Pat. No. 5,690,937. If desired, the recovered 
viruses can be stored at -80 C. in the presence of Sucrose 
phosphate-glutamate (SPG) as a Stabilizer 
0.167 Methods and Compositions for Prophylactic 
Administration of Vaccines 

0168 Recombinant and reassortant viruses of the inven 
tion can be administered prophylactically in an appropriate 
carrier or excipient to Stimulate an immune response Specific 
for one or more Strains of influenza virus. 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 Solu 
tions, aqueous glycerol Solutions, ethanol, allantoic fluid 
from uninfected Hens' eggs (i.e., normal allantoic fluid 
“NAF) or combinations thereof. The preparation of such 
Solutions insuring Sterility, pH, isotonicity, and Stability is 
effected according to protocols established in the art. Gen 
erally, a carrier or excipient is Selected to minimize allergic 
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and other undesirable effects, and to Suit the particular route 
of administration, e.g., Subcutaneous, intramuscular, intra 
nasal, etc. 

01.69 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. 
Preferably, administration of the influenza viruses elicits a 
protective immune response. Dosages and methods for 
eliciting a protective immune response against one or more 
influenza strains are known to those of skill in the art. For 
example, inactivated 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. Alternatively, about 10-50 ug, e.g., about 15 ug HA 
is administered without an adjuvant, with Smaller doses 
being administered with an adjuvant. 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 formu 
lation is Systemically administered, e.g., by Subcutaneous or 
intramuscular injection using a needle and Syringe, or a 
needleless injection device. Alternatively, the vaccine for 
mulation is administered intranasally, 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 administration confers the added benefit 
of eliciting mucosal immunity at the Site of entry of the 
influenza virus. For intranasal administration, attenuated 
live virus vaccines are often preferred, e.g., an attenuated, 
cold adapted and/or temperature Sensitive recombinant or 
reassortant influenza virus. 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. 

0170 Alternatively, an immune response can be stimu 
lated by ex vivo or in vivo targeting of dendritic cells with 
influenza viruses. 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. 

0171 Optionally, the formulation for prophylactic 
administration of the influenza viruses, or Subunits thereof, 
also contains one or more adjuvants for enhancing the 
immune response to the influenza antigens. Suitable adju 
Vants include: Saponin, mineral gels Such as aluminum 
hydroxide, Surface active Substances Such as lySolecithin, 
pluronic polyols, polyanions, peptides, oil or hydrocarbon 
emulsions, bacille Calmette-Guerin (BCG), Corynebacte 
rium parvum, and the synthetic adjuvants QS-21 and MF59. 

0172 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 
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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 or an expression vector encoding the 
protein can be administered to produce an immunostimula 
tory effect. 

0.173) In another embodiment, the vectors of the inven 
tion including influenza genome Segments can be employed 
to introduce heterologous nucleic acids into a host organism 
or host cell, Such as a mammalian cell, e.g., cells derived 
from a human Subject, in combination with a Suitable 
pharmaceutical carrier or excipient as described above. 
Typically, the heterologous nucleic acid is inserted into a 
non-essential region of a gene or gene Segment, e.g., the M 
gene of Segment 7. The heterologous polynucleotide 
Sequence can encode a polypeptide or peptide, or an RNA 
Such as an antisense RNA or ribozyme. The heterologous 
nucleic acid is then introduced into a host or host cells by 
producing recombinant Viruses incorporating the heterolo 
gous nucleic, and the viruses are administered as described 
above. 

0.174 Alternatively, a vector of the invention including a 
heterologous nucleic acid can be introduced and expressed 
in a host cells by co-transfecting the vector into a cell 
infected with an influenza virus. Optionally, the cells are 
then returned or delivered to the Subject, typically to the Site 
from which they were obtained. In Some applications, the 
cells are grafted onto a tissue, organ, or System site (as 
described above) of interest, using established cell transfer 
or grafting procedures. For example, Stem cells of the 
hematopoietic lineage, Such as bone marrow, cord blood, or 
peripheral blood derived hematopoietic Stem cells can be 
delivered to a Subject using Standard delivery or transfusion 
techniques. 

0.175 Alternatively, the viruses comprising a heterolo 
gous nucleic acid can be delivered to the cells of a Subject 
in vivo. Typically, such methods involve the administration 
of vector particles to a target cell population (e.g., blood 
cells, skin cells, liver cells, neural (including brain) cells, 
kidney cells, uterine cells, muscle cells, intestinal cells, 
cervical cells, vaginal cells, prostate cells, etc., as well as 
tumor cells derived from a variety of cells, tissues and/or 
organs. Administration can be either Systemic, e.g., by 
intravenous administration of Viral particles, or by deliver 
ing the viral particles directly to a Site or Sites of interest by 
a variety of methods, including injection (e.g., using a 
needle or Syringe), needleless vaccine delivery, topical 
administration, or pushing into a tissue, organ or skin Site. 
For example, the viral vector particles can be delivered by 
inhalation, orally, intravenously, Subcutaneously, Subderr 
nally, intradermally, intramuscularly, intraperitoneally, 
intrathecally, by vaginal or rectal administration, or by 
placing the viral particles within a cavity or other Site of the 
body, e.g., during Surgery. 

0176) The above described methods are useful for thera 
peutically and/or prophylactically treating a disease or dis 
order by introducing a vector of the invention comprising a 
heterologous polynucleotide encoding a therapeutically or 
prophylactically effective polypeptide (or peptide) or RNA 
(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 
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RNA, of interest is operably linked to appropriate regulatory 
Sequences as described above in the Sections entitled 
“Expression Vectors' and “Additional Expression Ele 
ments.' Optionally, more than one heterologous coding 
Sequence is incorporated into a Single vector or virus. For 
example, in addition to a polynucleotide encoding a thera 
peutically or prophylactically active polypeptide or RNA, 
the vector can also include additional therapeutic or pro 
phylactic polypeptides, e.g., antigens, co-stimulatory mol 
ecules, cytokines, antibodies, etc., and/or markers, and the 
like. 

0177. The methods and vectors of the present invention 
can be used to therapeutically or prophylactically treat a 
wide variety of disorders, including genetic and acquired 
disorders, e.g., as Vaccines for infectious diseases, due to 
Viruses, bacteria, and the like. 

0178) Kits 
0179 To facilitate use of the vectors and vector systems 
of the invention, any of the vectors, e.g., consensus influenza 
Virus plasmids, variant influenza polypeptide plasmids, 
influenza polypeptide library plasmids, etc., and additional 
components, Such as, buffer, cells, culture medium, useful 
for packaging and infection of influenza viruses for experi 
mental or therapeutic 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 performing the methods of the invention, 
packaging material, and a container. 
0180. Manipulation of Viral Nucleic Acids and Proteins 
0181. In the context of the invention, influenza virus 
nucleic acids and/or proteins are manipulated according to 
well known molecular biology techniques. Detailed proto 
cols for numerous Such procedures, including amplification, 
cloning, mutagenesis, transformation, and the like, are 
described in, e.g., in Ausubel et al. Current Protocols in 
Molecular Biology (supplemented through 2000) John 
Wiley & Sons, New York (“Ausubel”); Sambrook et al. 
Molecular Cloning A Laboratory Manual (2nd Ed.), Vol. 
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989 (“Sambrook”), and Berger and Kimmel Guide to 
Molecular Cloning Techniques, Methods in Enzymology 
volume 152 Academic Press, Inc., San Diego, Calif. 
(“Berger”). 

0182. In addition to the above references, protocols for in 
Vitro amplification techniques, Such as the polymerase chain 
reaction (PCR), the ligase chain reaction (LCR), Q(3-repli 
case amplification, and other RNA polymerase mediated 
techniques (e.g., NASBA), useful e.g., for amplifying cDNA 
probes of the invention, are found in Mullis et al. (1987) 
U.S. Pat. No. 4,683.202; PCR Protocols A Guide to Methods 
and Applications (Innis et al. eds) Academic Press Inc. San 
Diego, Calif. (1990) (“Innis”); Arnheim and Levinson 
(1990) C&EN 36; The Journal Of NIH Research (1991) 
3:81; Kwoh et al. (1989) Proc Natl AcadSci USA 86, 1173; 
Guatelli et al. (1990) Proc Natl Acad Sci USA 87:1874; 
Lomell et al. (1989) J Clin Chem 35:1826; Landegren et al. 
(1988) Science 241:1077; Van Brunt (1990) Biotechnology 
8:291; Wu and Wallace (1989) Gene 4: 560; Barringer et al. 
(1990) Gene 89:117, and Sooknanan and Malek (1995) 
Biotechnology 13:563. Additional methods, useful for clon 
ing nucleic acids in the context of the present invention, 
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include Wallace et al. U.S. Pat. No. 5,426,039. Improved 
methods of amplifying large nucleic acids by PCR are 
summarized in Cheng et al. (1994) Nature 369:684 and the 
references therein. 

0183) Certain polynucleotides of the invention, e.g., oli 
gonucleotides can be Synthesized utilizing various Solid 
phase Strategies including mononucleotide- and/or trinucle 
otide-based phosphoramidite coupling chemistry. For 
example, nucleic acid Sequences can be Synthesized by the 
Sequential addition of activated monomers and/or trimers to 
an elongating polynucleotide chain. See e.g., Caruthers, M. 
H. et al. (1992) Meth Enzymol 211:3. 
0184. In lieu of synthesizing the desired sequences, 
essentially any nucleic acid can be custom ordered from any 
of a variety of commercial Sources, Such as The Midland 
Certified Reagent Company (mcrcGoligos.com), The Great 
American Gene Company (www.genco.com), ExpressGen, 
Inc. (www.expressgen.com), Operon Technologies, Inc. 
(www.operon.com), and many others. 

0185. In addition, substitutions of selected amino acid 
residues in Viral polypeptides can be accomplished by, e.g., 
Site directed mutagenesis. For example, Viral polypeptides 
with amino acid substitutions functionally correlated with 
desirable phenotypic characteristic, e.g., an attenuated phe 
notype, cold adaptation, temperature Sensitivity, can be 
produced by introducing Specific mutations into a viral 
nucleic acid segment encoding the polypeptide. Methods for 
Site directed mutagenesis are well known in the art, and 
described, e.g., in Ausubel, Sambrook, and Berger, Supra. 
Numerous kits for performing Site directed mutagenesis are 
commercially available, e.g., the Chameleon Site Directed 
Mutagenesis Kit (Stratagene, La Jolla), and can be used 
according to the manufacturers instructions to introduce, 
e.g., one or more amino acid Substitutions described in Table 
6 or Table 17, into a genome Segment encoding a influenza 
A or B polypeptide, respectively. 

EXAMPLES 

Example 1 

Construction of pAD3000 

0186 The plasmid pHW2000 (Hoffmann et al. (2000) A 
DNA transfection system for generation of influenza A virus 
from eight plasmids Proc Natl AcadSci USA 97:6108-6113) 
was modified to replace the bovine growth hormone (BGH) 
polyadenylation signals with a polyadenylation signal 
sequences derived from Simian virus 40 (SV40). 
0187 Sequences derived from SV40 were amplified with 
Taq MasterMix (Qiagen) using the following oligonucle 
otides, designated in the 5' to 3’ direction: 

(SEQ ID NO: 1) 
polyA. 1 : 
AACAATTGAGATCTCGGTCACCTCAGACATGATAAGATACATTGATGAGT 

(SEQ ID NO: 2) 
polyA. 2: 
TATAACTGCAGACTAGTGATATCCTTGTTTATTGCAGCTTATAATGGTTA 



US 2005/0158342 A1 

0188 The plasmid pSV2His was used as a template. A 
fragment consistent with the predicted 175bp product was 
obtained and cloned into pcDNA3.1, using a Topo TA 
cloning vector (Invitrogen) according to the manufacturers 
directions. The desired 138 bp fragment containing the 
SV40 polyadenylation signals was excised from the result 
ing plasmid with EcoRV and BstEII, isolated from an 
agarose gel, and ligated between the unique PVuI and BstEI 
Sites in pHW2000 using conventional techniques (see, e.g., 
Ausubel, Berger, Sambrook). The resulting plasmid, 
pAD3000 (FIG. 1), was sequenced and found to contain the 
SV40 polyadenylation site in the correct orientation. Nucle 
otides 295-423 in paD3000 correspond to nucleotides 2466 
2594, respectively, in SV40 strain 777 (AF332562). 

Example 2 

Eight Plasmid System for Production of MDV-A 

0189 A cold-adapted influenza virus type Astrain A/AA/ 
6/60 variant has commonly been used as a master donor 
Virus for the production of nasally administered Influenza A 
vaccines. This strain is an exemplary Master Donor Virus 
(MDV) in the context of the present invention. For simplic 
ity, this strain A/AA/6/60 variant is designated herein MDV 
A. MDV-A viral RNA was extracted using the RNeasy mini 
kit (Qiagen) and the eight corresponding cDNA fragments 
were amplified by RT-PCR using the primers listed in Table 
1. 

TABLE 1. 

Sequence of the primers used for cloning 
MDV-A eight segments 

D. Primer I Sequence (5'-3') 

MDW-A FORWARD PRIMERS 

SEQ ID AarI PB2 long CAC TTA TAT TCA CCT GCC TCA 
NO3 GGG AGC GAA AGC AGG TC 

SEQ IDBsmBI-PBI TAT TCG TCT CAG GGA. GCG AAA 
NO 4 GCA. GGC AAA 

SEQ IDBsmBI-PA TAT TCG TCT CAG GGA. GCG AAA 
NO 5 GCA. GGT ACT 

SEQ IDBsmBI-NP TAT TCG TCT CAG GGA, GCA AAA 
NO 6 GCA. GGG TAG A. 

SEQ ID AarI HA-long CAC TTA TAT TCA CCT GCC TCA 
NOf GGG AGC AAA AGC AGG GG 

SEQ IDBsmBI-NA TAT TCG TCT CAG GGA, GCA AAA 
NO 8 GCA. GGA. GTG. A. 

SEQ IDBsmBI-M TAT TCG TCT CAG GGA, GCA AAA 
NO9 GCA. GGT AGA T 

SEQ IDBsmBI-NS TAT TCG TCT CAG GGA, GCA AAA 
NO:10 GCA. GGG TGA 

MDW-A REWERSE PRIMERS 

SEQ ID AarI PB2-long CCT AAC ATA TCA CCT GCC TCG 
NO 11 TAT TAG TAG AAA CAA. GGT CGT TT 

SEQ IDBsmBI-PBI 
NO 12 

ATA TCG TCT, CGT ATT AGT AGA 
AAC AAG GCA TTT 
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TABLE 1-continued 

Sequence of the primers used for cloning 
MDV-A eight segments 

SEQ 
D. Primer Sequence (5'-3') 

MDW-A FORWARD PRIMERS 

SE D BSIBI-PA ATA TCG TCT, CGT ATT AGT AGA 

NO 13 AAC AAG GTA. CTT 

SE D BSIBI-NP ATA TCG TCT, CGT ATT AGT AGA 

NO 14 AAC AAG GGT ATT 

SE D AarI HA-long CCT AAC ATA TCA CCT GCC TCG 
NO 15 TAT TAG TAG AAA CAA. GGG TGT. T. 

SE D BSIBI-NA ATA TCG TCT, CGT ATT AGT AGA 

NO 16 AAC AAG GAG TTT 

SE D BSIBI-M ATA TCG TCT, CGT ATT AGT AGA 

NO: 17 AAC AAG GTA GTT 

SEQ IDBsmBI-NS ATA TCG TCT, CGT ATT AGT AGA 

NO 18 AAC AAG GGT, GTT 

0190. With the exception of the influenza genome seg 
ments encoding HA and PB2, which were amplified using 
the primerS containing Aar I restriction enzyme recognition 
Site, the remaining 6 genes were amplified with primers 
containing the BSmB I restriction enzyme recognition site. 
Both Aar and BSmB I cDNA fragments were cloned 
between the two BsmB I sites of the pAD3000 vector. 

0191 Sequencing analysis revealed that all of the cloned 
cDNA fragments contained mutations with respect to the 
consensus MDV-A sequence, which were likely introduced 
during the cloning Steps. The mutations found in each gene 
Segment are Summarized in Table 2. 

TABLE 2 

Mutations introduced into the MDV-A clones in paD3000 

Gene 
segment Mutation positions (nt) Amino acid changes 

PB2 A954(G/CT), G1066A, Silent, Gly to Ser, Val to Ala, 
T1580C, T1821C Silent 

PB1 C1117T Arg to Stop 
PA G.742A, A1163G, A1615G, Gly to Ser, Asp to Gly, Arg to 

T1748C, C2229del Gly, Met to Thr, non-coding 
HA A902C, C1493T Asn to His, Cys to Arg 
NP C113A, T1008C Thr to Asm, silent 
NA C1422T Pro to Leu 
M A191G Thr to Ala 
NS C38T Silent 

0.192 All the mutations were corrected back to the con 
Sensus MDV-A Sequence using a QuikChange Site-directed 
Mutagenesis Kit (Stratagene) and Synthetic oligonucleotide 
primers as shown in Table 3. 
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TABLE 3 
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Primers used for correcting the mutations in the MDV-A clones 

HT67 PB2A954G 5/P/gcaa.gctgtggaaatatgcaaggc (SEQ ID NO:19) 
HT68 PB2A954G. as gccttgcatatttccacagottgc (SEQ ID NO:20) 
HT69 PB2G1066A 5/P/gaagtgcttacggg caatcttcaaac (SEQ ID NO: 21) 

PB2HJ O PB2G1066A. as gtttgaagattg.ccc.gtaag cactitc (SEQ ID NO: 22) 
HT71 PB2T1580A 5/P/cct gaggaggtoagtgaaacac (SEQ ID NO:23) 
HJ72 PB2T1580A. as gtgtttcactgacctoctoagg (SEQ ID NO:24) 
HJ73 PB21821C 5/P/gtttgttagg actotattocaac (SEQ ID NO:25) 
HTT 4 PB21821C. as gttggaatagagtcctaacaaac (SEQ ID NO: 26) 

PB1HJ75 PB1C1117 gacagtaagcticc galacacaaatac (SEQ ID NO:27) 
HJ76 PB1C1117T. as gtatttgttgttcggagcttcatgc (SEQ ID NO: 28) 
HJ77 PA-G742A 5/P/cgaaccqaacggctacattgaggg (SEQ ID NO : 29) 
HJ78 PA-G742A. as cccitcaatgtagcc.gttcggttcg (SEQ ID NO:30) 
HJ79 PA-A1163G 5/P/cagagaaggtag atttgacg actog (SEQ ID NO : 31) 
HJ8O PA-A1163G. as cagtcgtcaaagttctaccttctotg (SEQ ID NO:32) 

PA HJ81 PA-A1615G 5/P/cactgaccoaag acttgagccac (SEQ ID NO:33) 
HJ82 PA-A1615G. as gtggctdaagt cittgggtoagt g (SEQ ID NO:34) 
HJ83 PA-T1748C 5/P/Caaagattaaaatgaaatggggaatg (SEQ ID NO:35) 
HJ84 PA-T1748C. as cattccc.catttcattittaatctittg (SEQ ID NO:36) 
HJ85 PA-C2229 5/P/gtaccttgtttctactaataaccogg (SEQ ID NO:37) 
HJ86 PA-C2230. as ccgggittattagtagaaacaaggtac (SEQ ID NO:38) 
HJ87 HA-A9 O2C 5/P/ggaac acttgagaactgtgag acc (SEQ ID NO:39) 

HA HJ88 HA-A902C. as ggtotcacagttctoaagtgttcc (SEQ ID NO: 40) 
HJ89 HA-C1493T 5/P/gaattittatcacaaatgttgatgatgaatg (SEQ ID NO: 41) 
HJ90 HA-C1493T. as cattcatcatcacatttgtgataaaattic (SEQ ID NO: 42) 
HJ91 NP-C113A 5/P/gccagaatgcaactgaaatcagagc (SEQ ID NO: 43) 

NP HJ92 NP-C 113A. as gctctgattitcagttt cattctggc (SEQ ID NO:44) 
HJ93 NP-T1008C 5/P/ccgaatgagaatccag cacacaag (SEQ ID NO : 45) 
HJ94. NP-T1008C. as cittgtctgctggattcto attcgg (SEQ ID NO:46) 
HJ95 NA-C1422T catcaattitcatgcctatataagcttitc (SEQ ID NO : 47) 

NS HJ96 NA-C1422T. as gaaag cittatataggcatgaaattgatg (SEQ ID NO : 48) 
HJ97 NS-C38T cataatggatcctaac actgttgttcaagc (SEQ ID NO : 49) 
HJ98 NS-C38 as gcttgacacagtgttagg atccattatg (SEQ ID NO : 50) 

PA HJ99 PAGC375 ggagaatagattcatc gagattggag (SEQ ID NO:51) 
HJ100 PA6C375T. as citccaatctogatgaatctattotcc (SEQ ID NO:52) 

Example 3 

Generation of Infectious Recombinant MDV-A and 
Reassorted Influenze Virus 

0193 Madin-Darby canine kidney (MDCK) cells and 
human COS7 cells were maintained in modified Eagle 
Medium (MEM) containing 10% fetal bovine serum (FBS). 
Human embryonic kidney cells (293T) were maintained in 
Opti-MEM I (Life Technologies) containing 5% FBS. 
MDCK and either COST or 293T cells were co-cultured in 
6-well plates at a ratio of 1:1 and the cells were used for 
transfection at a confluency of approximately 80%. 293T 
and COS7 cells have a high transfection efficiency, but are 
not permissive for influenza virus replication. Co-culture 
with MDCK cells ensures efficient replication of the recom 
binant viruses. Prior to transfection, Serum-containing media 
were replaced with serum free medium (Opti-MEM I) and 
incubated for 4-6 hours. Plasmid DNA transfection was 
performed using TransT-LT1 (Mirus) by mixing 1 lug of 
each of the 8 plasmid DNAS (PB2, PB1, PA, NP, M, NS, HA 
and NA) with 20 ul of TranslT-LT1 diluted in 160 ul 
Opti-MEMI in a total volume of 200 ul. The DNA:trans 
fection reagent mixtures were incubated at room tempera 
ture for 45 min followed by addition of 800 ul of Opti-MEM 
I. The transfection mixture was then added to the co-cultured 
MDCK/293T or MDCK/COS7 cells. The transfected cells 

were incubated at 35° C. or 33 C. for between 6 hours and 
24 hours, e.g., overnight, and the transfection mixture was 
replaced with 1 ml of Opti-MEM I in each well. After 
incubation at 35° C. or 33 C. for 24 hours, 1 ml of 
Opti-MEMI containing 1 lug/ml TPCK-trypsin was added to 
each well and incubated for an additional 12 hours. The 
recovered virus was then amplified in confluent MDCK cells 
or directly amplified in embryonated chick eggs. MDCK 
cells in 12-well plate were infected with 0.2 ml of the 
transfection mixture for 1 hour at room temperature, the 
mixture was then removed and replaced with 2 ml of 
Opti-MEM I containing 1 lug/ml TPCK-trypsin. The cells 
were incubated at 35° C. or 33° C. for 3-4 days. The 
amplified viruses were stored at -80 C. in the presence of 
SPG stabilizer or plaque-purified and amplified in MDCK 
cells or chicken embryonic eggs. 
0194 Functional Expression of MDV-A Polymerase Pro 
teins 

0195) Functional activity of the four MDV-A polymerase 
proteins, PB2, PB1, PA and NP, were analyzed by their 
ability to replicate an influenza virus minigenome encoding 
an EGFP reporter gene. A set of 8 expression plasmids (see, 
e.g., Table 4) (Hoffmann et al. (2001) Eight plasmid rescue 
system for influenza A virus; Optionsfor the control of 
influenza International Congress Series 1219:1007-1013) 
that contained the cDNAs of A/PR/8/34 strain (H1N1) and 
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an influenza virus minigenome containing a reporter gene 
encoding the enhanced green fluorescent protein (EGFP, 
pHW72-EGFP). 
0196) The MDV-APB1, PB2, PA and NP or PB1, PA, NP 
(-PB2 as a negative control) were transfected into the 
co-cultured MDCK/293T cells together with a plasmid 
representing an influenza A virus EGFP minigenome 
(pHW72-EGFP)(Hoffmann et al. (2000) “Ambisense” 
approach for the generation of influenza A virus. VRNA and 
mRNA synthesis from one template Virology 15:267(2):310 
7). The transfected cells were observed under phase contrast 
microScope or fluorescence microScope at 48 hours post 
transfection. Alternatively, flow cytometry can be employed 
to detect EGFP expression. 
0.197 As shown in FIG. 2, green fluorescence, indicating 
expression of the EGFP minigenome was observed in the 
cells transfected with PB2, PB1, PA and NP of MDV-A, but 
not in the cells transfected with only three polymerase 
proteins. This indicated that the MDV-A polymerase pro 
teins in pa)3000 were functional. 
0198 In other assays a minigenome including the 
chloramphenicol acetyl transferase (CAT) gene, designated 
pFlu-CAT is utilized to measure polymerase activity. In Such 
an assay, CAT expression is measured at the protein (e.g., by 
ELISA) or RNA level, as an indicator of minigenome 
replication. 
0199 Analysis of the MDV-A Plasmids by Single Gene 
ReasSortant Experiment 
0200 Each of the 8 MDV-A genome segments cloned in 
pAD3000 was shown to be functionally expressed in a 
reasSortant experiment by co-transfecting a single gene 
Segment from MDA-A together with the complementary 
seven segments from control A/PR/8/34 strain. All eight 
Single genome Segment plasmids in combination with 
complementary control Segments generated infectious reas 
Sortant virus, which caused cytopathic effects in infected 
MDCK cells, indicating that all eight plasmids encode 
functional MDV-A proteins. 

TABLE 4 

Recovery of 7 + 1 reassortants by plasmids 

Virus 
gene 
Seg 
ment PB2 PB1 PA NP 

1 PMDV-A-PB2 pHW191-PB2 pHW191-PB2 pHW191-PB2 
2 PHW192-PB1 pMDV-A-PB1 pHW192-PB1 pHW192-PB1 
3 PHW193-PA pHW193-PA pMDV-A-PA pHW193-PA 
4 PHW195-NP pHW195-NP pHW195-NP pMDV-A-NP 
5 PHW197-M pHW197-M pHW197-M pHW197-M 
6 PHW198-NS pHW198-NS pHW198-NS pHW198-NS 
7 PHW194-HA pHW194-HA pHW194-HA pHW194-HA 
8 PHW-196-NA pHW-196-NA pHW-196-NA pHW-196-NA 

CPE (+) (+) (+) (+) 
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TABLE 4-continued 

Recovery of 7 + 1 reassortants by plasmids 

Virus 
gene 
Seg 
ment M NS HA NA 

1 PHW191-PB2 pHW191-PB2 pHW191-PB2 pHW191-PB2 
2 PHW192-PB1 pHW192-PB1 pHW192-PB1 pHW192-PB1 
3 PHW193-PA pHW193-PA pHW193-PA pHW193-PA 
4 PHW195-NP pHW195-NP pHW195-NP pHW195-NP 
5 PMDV-A-M pHW197-M pHW197-M pHW197-M 
6 PHW198-NS pMDV-A-NS pHW198-NS pHW198-NS 
7 PHW194-HA pHW194-HA pMDV-A-HA pHW194-HA 
8 PHW-196-NA pHW-196-NA pHW-196-NA pMDV-A-NA 

CPE (+) (+) (+) (+) 

0201 To further determine the packaging constraints of 
influenza A virus, the NS segment was Separated into two 
Separate gene Segments: one encoding the NS1 genomic 
Segment and the other encoding the NS2 genomic Segment. 
The nine plasmids incorporating the genomic Segments of 
influenza A were transfected into MDCK/COS cells as 
described above, and the recovered viruses were amplified in 
embryonated chicken eggs prior to titratio on MDCK cells. 
Reduced plaque size was observed for the nine-plasmid 
System as compared to the eight-plasmid System described 
above. RT-PCR analysis demonstrated that only the S2 
Segment was present in the virions, and that the NS1 gene 
Segment was not packaged. 

0202) Recovery of MDV-A and 6:2 Reassortant Viruses 
0203 Following the procedures described above, three 
days post transfection with either the 8 MDV-A plasmids 
(recombinant), or with plasmids incorporating the 6 MDV-A 
internal genes, and HA and NAderived from A/PR/8/34 (6:2 
reassortant), transfected culture Supernatants were used to 
infect fresh MDCK cells, and the infected cells were incu 
bated at 33 C. for three days in the presence of 1 lug/ml 
TPCK-trypsin. The cytoplasmic effect of the recombinant 
virus on infected MDCK cells was observed using a micro 
Scope. Expression of viral hemagglutinin was monitored 
using a standard hemagglutination assay (HA). HA assays 
were performed by mixing 50 ul of serially 2-fold diluted 
culture Supernatants with 50 ul of 1% chick red blood cells 
in 96-well plates. AHA titer of approximately 1:254-1:1024 
was detected for the amplified viruses derived from either 
the transfected 8 MDV-A plasmids, or the 6:2 reassortant 
virus. The transfection reaction using the 8 A/PR/8/34 
plasmid obtained from Dr. E. Hoffman was used as a 
positive control. Infectious influenza viruses were produced 
from these three transfection reactions as indicated in 
Table 5. 

TABLE 5 

Plasmids used for recovery of APR/8/34. MDV-A and 6.2 reassortant 

Virus gene 
segment A/PR/8/34 (H1N1) 

1 pHW191-PB2 (AD731) 
2 pHW192-PB1(AD732) 

rMDV-A(H2N2) 6:2 reassortant 
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TABLE 5-continued 

22 
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Plasmids used for recovery of A/PR/8/34, MDV-A and 6:2 reassortant 

Virus gene 
segment A/PR/8/34 (H1N1) rMDV-A(H2N2) 

3 pHW193-PA (AD733) pMDV-A-PA (AD755) 
4 pHW195-NP (AD735) pMDV-A-NP#1 (AD757) 
5 pHW197-M (AD737) pMDV-A-M (AD752) 
6 pHW198-NS (AD738) pMDV-A-NS (AD750) 
7 pHW194-HA (AD734) pMDV-A-HA (AD756) 
8 pHW-196-NA(AD735) pMDV-A-NA#4 (AD759) 

CPE - -- -- 

0204 RT-PCR was performed to map the genotypes of 
the recovered viruses. Viral RNA was isolated from the 
infected cell culture Supernatant using the RNeasy mini Kit 
(Qiagen) and the eight influenza virus segments were ampli 
fied by RT-PCR using primers specific to each MDV-A gene 
segment and H1-and N1-specific primers. As shown in FIG. 
3, rMDV-A contained PB2, PB1, NP, PA, M and NS that 
were specific to MDV-A and HA and NA specific to the H2 
and N2 subtype. The 6:2 reassortant contained the 6 internal 
genes derived from MDV-A, and the HA and NA derived 
from A/PR/8/34 (H1N1). This confirmed that viruses gen 
erated from the transfected plasmids had the correct geno 
types. 

0205 The rescued viruses were titrated by plaque assay 
on MDCK cells and the plaques were confirmed to be 
influenza virus by immunostaining using chicken Serum 
raised against MDV-A. MDCK cells at 100% confluency on 
12-well plates were infected with 100 ul of 10-fold serially 
diluted virus at RT for 1 hour with gentle rocking. The 
inoculum was removed and the cells were overlaid with 1x 
L15 containing 0.8% agarose and 1 tug/ml TPCK-trypsin. 
The plates were incubate at 35 C. or 33 C. for three days, 
fixed with 100% methanol, blocked by 5% milk in PBS, and 
incubated with 1:2000 diluted chicken anti-MDV-A antise 
rum for 1 hour followed by incubation with HRP-conjugated 
rabbit anti-chicken IgG for 1 hr. The plaques were visualized 
by addition of the HRP substrate solution (DAKO). All the 
recovered viruses exhibited positive immunostaining. 

Example 4 

Mapping the Genetic Basis of CA, TS, ATT 
Phenotypes of MDV-A 

0206. The MDV-A influenza virus vaccine strain has 
Several phenotypes relevant to the production of vaccines, 
e.g., live attenuated vaccines: cold adaptation (ca), tempera 
ture Sensitivity (ts) and attenuation (att). Sequence compari 
Son of the MDV-A strain with the non-ts virulent wt A/AA/ 
6/60 strain revealed that a minimal of 17 nt differences 
between these two strains (Table 6). Several of the changes 
in the MDV-A Sequence are unique to this Strain as com 
pared to all the available influenza type A viruses in the 
GeneBank database, Suggesting that one or more of these 
amino acid Substitutions is functionally related to the att, ca 
and ts phenotype(s). The single amino acid change at PB2' 
was the only nucleotide position that had been previously 
reported as a determinant in the ts phenotype of MDV-A 
(Subbarao et al. (1995) Addition of Temperature-Sensitive 
Missense Mutations into the PB2 Gene of Influenza A 

6:2 reassortant 

pMDV-A-PA (AD755) 
pMDV-A-NP#1 (AD757) 
pMDV-A-M (AD752) 
pMDV-A-NS (AD750) 
pHW194-HA (AD734) 
pHW196-NA (AD736) 

Transfectant Viruses Can Effect an Increase in Temperature 
Sensitivity and Attenuation and Permits the Rational Design 
of a Genetically Engineered Live Influenza A Virus Vaccine 
J. Virol. 69:5969-5977). 
0207. In order to pinpoint the minimal substitutions 
involved in the MDV-A phenotypes, the nucleotides in the 
MDV-A clone that differ from wt AAA/6/60 were individu 
ally changed to those of wt A/AA/6/60 (i.e., “reverted”). 
Each reverted gene Segment was then introduced into host 
cells in combination with complementary Segments of 
MDV-A to recover the Single gene reasSortants. In addition, 
the reverted gene Segment and the corresponding MDV-A 
Segment can also be transfected in combination with Seg 
ments derived from other wild type Strains, e.g., Strain 
A/PR/8/34, to assess the contribution of each gene segment 
to the virus phenotypes. Using the recombinant MDV-A 
plasmid System described above, Site-directed mutagenesis 
was performed to further modify the Six internal genes to 
produce a non-ts reasSortant. A total of 15 nucleotides 
Substitution mutations were introduced into the six MDV-A 
plasmids to represent the recombinant wild type A/AA/6/60 
genome (rWt, Flu064) as listed in Table 6. Madin-Darby 
canine kidney (MDCK) cells and COS-7 cells were main 
tained and transfected as described above. The recovered 
virus was then passaged in MDCK cells once, followed by 
amplification in the allantoic cavities of embryonic chicken 
eggs. Transfection and virus growth in MDCK and eggs 
were performed at 33 C., a temperature permissive for both 
ca and wt viruses to minimize any temperature Selection 
preSSures. Virus genotype was confirmed by Sequence analy 
sis of cDNA fragments amplified from viral RNA. 

TABLE 6 

Sequence Comparisons of "wt AAA/6/60 and MDV-A 

Base 
RNA (amino acid) rWT 
Segment Position E1OSE2 MDV-A (Flu044) 

PB2 141 A. G A. 
821 (265) A (Asn) G(Ser) A. 
1182 A. T T 
1212 C T T 
1933 T C T 

PB1 123 A. G G 
1195 (391) A (Lys) G (Glu) A. 
1395 (457) G (Glu) T (Asp) G 
1766 (581) A (Glu) G (Gly) A. 
2005 (661) G (Ala) A (Thr) A. 
2019 C T C 

PA 20 T C T 
1861 (613) A (Lys) G (Glu) G 
216718 (715) TT (Leu) CC (Pro) TT 
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TABLE 6-continued 

Sequence Comparisons of "wt AAA/6/60 and MDV-A 

Base 
RNA (amino acid) rWT 
Segment Position E1OSE2 MDV-A (Flu044) 

NP 146 (34) A (Asp) G (Gly) G 
1550 5A 6A 6A 

M 969 (M2-86) G (Ala) T (Ser) G 
NS 483 (NS1-153) G (Ala) A (Thr) G 

Numbers in bold represent the differences between rMDV-A and rWt. 
Words in bold (15) are the changes between rmdv-a and rwt. 

0208 Phenotypic characteristics were determined by pro 
cedures known in the art, e.g., as previously described in 
U.S. Pat. No. 6,322,967 to Parkin entitled “Recombinant 
tryptophan mutants of influenza,' which is incorporated 
herein in its entirety. Briefly, temperature sensitivity of the 
recombinant viruses was determined by plaque assay on 
MDCK cells at 33, 38 and 39° C. MDCK cells in 6-well 
plates were infected with 400 ul of 10-fold serially diluted 
virus and adsorbed at room temperature for 60 min. The 
innoculants were removed and replaced with 1x L15/MEM 
containing 1% agarose and 1 lug/ml TPCK-trypsin. The 
infected cells were incubated at 33°C. in a CO incubator or 
in water-tight containers containing 5% CO Submerged in 
circulating water baths maintained at 38+0.1° C. or 39-0.1 
C. (Parkin et al. (1996) Temperature sensitive mutants of 
influenza A virus generated by reverse genetics and clustered 
charged to alanine mutagenesis. Vir. Res. 46:31-44). After 
three days incubation, the monolayers were immunostained 
using chicken anti-MDV polyclonal antibodies and the 
plaques were enumerated. Plaque counts obtained at each of 
the temperatures were compared to assess the ts phenotype 
of each virus and each assay was performed a minimum of 
three times. The shut-off temperature was defined as the 
lowest temperature that had a titer reduction of 100-fold or 
greater compared to 33 C. 

0209 Infectious virus obtained from the cocultured COS 
7/MDCK cells transfected with the eight plasmids (pMDV 
PB2, pMDV-PB1, pMDV-PA, pMDV-NP, pMDV-HA, 
pMDV-NA, pMDV-M, and pMDV-NS) was amplified in 
chicken embryonated eggs, and was shown to exhibit the 
characteristic ts phenotype of nonrecombinant, biological 
derived MDV-A (Table 7). Neither MDV-A nor rMDV-A 
formed distinct plaques at 39 C., although both formed 
easily visualized plaques at 33 C. 

TABLE 7 

Replication of MDVIVt reasSOrtants at various temperatures 

Virus with 33° C.f 
Wt genes 33° C. 38° C. 33° C.f38° C. 39° C. 39° C. 

MDV 8.91 6.10 2.82 <4. Of >4.91 
rMDV-A 8.72 6.19 2.53 <4.0 >4.72 
Wt (E10SE2) 8.86 8.87 -0.01 8.87 -0.01 
rWT (Flu064) 9.O2 9.07 -0.05 8.96 O.O6 
Wt-PB2 8.46 7.87 0.59 5.80* 2.66 
Wt-PB1 8.92 8.74 O.18 7.86* 1.06 
Wt-NP 8.40 7.24 1.15 <4.0 >4.40 
Wt-PA 8.57 6.10 2.48 <4.0 >4.57 
Wt-M 8.8O 6.68 2.12 <4.0 >4.8O 
Wt-NS 8.72 6.10 2.62 <4.0 >4.72 
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TABLE 7-continued 

Replication of MDVIWt reassortants at various temperatures 

Virus with 33 Cf 
Wt genes 33° C. 38° C. 33° C.f38° C. 39° C. 39° C. 

Wt-PB1/PB2 8.94 8.89 O.OS 8.10* O.85 
Wt-PB1/PB2/NP 8.52 8.38 O.14 8.41 O1 

*Indicates reduction in plaque size compared to rWt. 
The underlined indicates that no plaques were detected at 10-fold dilu 
tion 

0210. In order to perform a systematic, detailed analysis 
of the genetic basis of the ts phenotype of MDV-A, the 
Sequences of Several closely related non-ts, non-att wt 
A/AA/6/60 strains with 17-48 nt differences from the ca 
A/AA/6/60, including the highly related isolate, wt A/AA/ 
6/60 E10SE2, were utilized for comparison. A total of 19 nt 
differences exist between E10SE2 and MDV-A (Table 6). 
E10SE2 was shown to be non-ts (Table 7) and non-att in 
ferrets. In order to generate a recombinant non-ts virus, the 
MDV-A plasmids were altered by site directed mutagenesis 
to incorporate 15 of the 19 differences representing 10 amino 
acids changes. Four of the nucleotide positions, PB2-1182, 
1212, PB1-123, and NP-1550, that differed between MDV-A 
and E10SE2 were not altered from the MDV-A sequence, 
Since these nucleotides were observed in other non-tS iso 
lates of A/AA/6/60 and, therefore, not expected to have a 
role in expression of the ts phenotype (Herlocher et al. 
(1996) Sequence comparisons of A/AA/6/60 influenza 
Viruses: mutations which may contribute to attenuation. 
Virus Research 42:11-25). Recombinant virus (rWt, 
Flu064), encoding the 15 nucleotide changes, was obtained 
from the cocultured COS-7/MDCK cells transfected with a 
set of 8 plasmids, pWt-PB2, pWt-PB1, pWt-PA, pWt-NP, 
pWt-M, pWt-NS, pMDV-HA, and pMDV-NA. Sequencing 
analysis indicated that rWt contained the designed genetic 
changes and was non-ts at 39 C., identical to the biologi 
cally derived wt A/AA/6/60. These observations demon 
Strated that the tS phenotype mapped to a Subset of these 15 
nt changes. 

0211 Contribution of the Six Internal Gene Segments to 
Virusts Phenotype 
0212. The effect of each wt gene segment on the MDV-A 
tS phenotype was assessed by creating recombinant, Single 
gene reassortants (Table 7). Introduction of wt PB2 into 
rMDV-A resulted in a virus that was only non-ts at 38 C.; 
however, it remained ts at 39° C. The reduction in virus titer 
at 38° C. and 39° C. (relative to 33° C) was 0.6 logo and 
2.7 logo, respectively, as measured by plaque assay in 
MDCK cells. The reassortant containing the wt PB1 gene 
Segment was non-ts, with respect to its ability to form 
plaques at both 38 and 39 C. The plaque size of this 
recombinant, however, was influenced by increased tem 
perature and was significantly reduced at 39 C. as compared 
to rWt. Introduction of the wt NP gene segment into 
rMDV-A resulted in a virus that was also non-ts at 38 C., 
but in contrast to the wt PB2 recombinant, the virus con 
taining the wt NP gene segment did not form plaques at 39 
C. Introduction of wt PA, M or NS gene segments indepen 
dently into rMDV-A did not alter the ts phenotype, indicat 
ing that these three gene Segments had minimal role in 
maintenance of this phenotype. 
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0213) Because neither wt PB1, wit PB2 or wt NP 
expressed individually on the MDV-A background could 
create a plaque efficiency and plaques size profile identical 
to non-ts rWT, these gene Segments were introduced into 
MDV-A in various combinations. The combination of wt 
PB1 and wt PB2 resulted in a virus that was non-ts at both 
38 and 39° C. (Table 7). Although the plaque size was larger 
than that of either Single gene reasSortant, it was signifi 
cantly smaller than rWt. The triple combination of wt 
PB1/PB2/NP in rVDV-A resulted in a virus that was similar 
or identical to rWt in its plaquing efficiency and plaque size 
at 39°C. Therefore, whereas the wt PB2, PB1 and NP gene 
Segments only partially reverted the tS phenotype when 
introduced individually, the combination of all three wt gene 
Segments was able to fully revert the ts phenotype to a non-ts 
behavior identical to rWt. 

0214. In order to determine whether these 3 gene seg 
ments were capable of imparting the characteristic MDV-A 
tS phenotype to rWt, the Six internal gene Segments derived 
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only nt 821 resulted in an amino acid change (N265S, Table 
6) and presumably represented the ts locus located in the 
PB2 gene segment. The PB1 gene of MDV-A differed from 
wt PB1 at 6 nt positions, of which 4 were coding changes 
(Table 6). Each of the wt amino acid residue substitutions 
was substituted individually into the PB1 gene segment of 
rMDV-A to assess their role in the ts phenotype. 1395G 
(Glu-457) and 2005G (Ala) did not affect the MDV-A ts 
phenotype. 1195A (Lys-391) and 1766A (Glu-581) each 
resulted in a slight reduction in the ts phenotype at 38 C., 
but had no effect at 39° C. (Table 8). These data indicated 
that 1195A and 1766A were the likely ts loci in the PB1 gene 
segment. However, combination of both 1195A and 1766A 
did not produce a ts phenotype similar to wt PB1 (Table 6). 
Addition of 2005G but not 1395A to PB1-1195A/1766A 
further decreased the virus ts phenotype at 39 C., demon 
strating that 2005A also had a role in the expression of the 
ts phenotype specified by the PB1 segment of MDV-A. 

TABLE 8 

Mapping the residues in PB1 that determine is phenotype 

Virus 33 C.f38° C. 
with Wt sequence 33° C. 38° C. logo PFU/mL 39° C. 33° C (39° C. 

rMDV-A 8.67 6.OO 2.67 <4. Of >4.67 
rW 9.04 9.01 O.O3 9.03 O.O1 
PB1-1195A 8.06 6.68 1.38 <4.0 >4.06 
PB1-1395G 8.72 5.88 2.85 <4.0 >4.72 
PB1-1766A 8.07 6.7O 1.37 <4.0 s407 
PB1-2OOSG 8.76 6.31 2.45 <4.0 >4.76 
PB1-1195A1766A 8.65 7.6O 1.05 5.988 2.68 
PB1-1195A1395G1766A 8.84 8.13 0.71 6.38* 2.46 
PB1-1195A1766A2OOSG 8.79 8.12 O.66 7.14% 1.64 
PB1/PB2/NP 8.26 8.63 O.12 8.59 O16 
PB2/NP 8.81 8.21 0.59 7.56% 1.25 
PB1-1195A/PB2/NP 8.86 8.81 O.OS 7.60* 1.26 
PB1-1766A/PB2/NP 9.33 8.84 O.SO 8.71% O.62 
PB1-1766A2005G/PB2/NP 8.30 8.22 O.O8 8.11* O.18 
PB1-1766A1395G/PB2/NP 8.88 8.85 O.O3 8.39* O.49 
PB1-1195A1766A/PB2/NP 8.45 8.48 O.O6 8.10 O.35 

*Indicates reduction in plaque size compared to rWt. 
The underlined indicates that no plaques were detected at 10-fold dilution. 

from MDV-A were introduced into rWt individually or in 
combination. Introduction of single PB1, PB2, or NP gene 
segment into rWt resulted in a reduction of virus titer at 38 
C. and a greater reduction at 39 C., however, none of these 
Single gene reasSortants was as restricted at high temperature 
as rMDV-A (FIG. 10). The PA, M and NS gene segments 
derived from MDV-Adid not influence the non-ts phenotype 
of rWt. Consistent with the previous reasortments, it was 
demonstrated that introduction of both MDV-A PB1 and 
PB2 genes into rWt backbone greatly increased virus ts 
phenotype at 38 C.; however, complete reversion of virus 
ts phenotype required addition of the NP gene. Thus, the 
PB1, PB2 and NP gene segments derived from MDV-A were 
important in conferring the complete tS phenotype. 

0215 Mapping the 
MDV-Ats Phenotype. 

0216) The specific differences between the PB1, PB2 and 
NP gene segments of rWt and rMDV-A were addressed 
Systematically to identify those changes that played a Sig 
nificant role in the ts phenotype. The NP gene of rMDV-A 
differed from rWt NP only at nt 146 (G34D, Table 6). The 
PB2 gene of rMDV-A differed from rWt at three sites, but 

Genetic Loci that Determined 

0217 PB1 single site mutations were then introduced 
together with wt PB2 and wt NP into rMDV-A. Wit PB2/NP 
and rMDV-A reassortant was non-ts at 38 C. and had a titer 
reduction of 1.25 logo at 39 C. but its plaque size was 
much reduced compared to rWt. Addition of either PB1 
1195A or 1766A did not significantly change the phenotype 
of wt PB2/NP reassortant. Only the combination of PB1 
1195A and 1766A, together with a wt PB2 and wt NP, 
resulted in a virus that had the same non-ts phenotype as wt 
PB1/PB2/NP and rMDV-Areassortant (Table 8). Addition of 
PB1-1395G or 2005G to wt PB1-1766/PB2/NP did not 
convert the virus to a characteristic rWt non-ts phenotype. 
These data, therefore, demonstrated that the four amino 
acids distributed in the three PB1, PB2 and NP genes could 
completely revert the MDV-Ats phenotype. 
0218 Host Cell Restriction of MDV-A and Reassortant 
Viruses 

0219. In addition to the temperature sensitivity and 
attenuation phenotypes exhibited by the MDV-A virus and 
reassortant viruses with one or more MDV-A derived seg 
ment as described above, the MDV-A virus exhibited host 
cell restriction as indicated by reduced growth in PerC6 
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cells relative to growth in MDCK cells. MDV-A and reas 
Sortant viruses with MDV-A derived PB1 and PB2 segments 
exhibited significantly reduced growth in Per.C6 cells rela 
tive to their growth in MDCK cells, as shown in FIGS. 20A 
and B. 

0220 Engineering of a Temperature Sensitive, Attenu 
ated Virus Strain 

0221) To determine whether the five amino acids identi 
fied in the PB1, PB2 and NP gene segments of MDV-A 
would reproduce the ts and att phenotypes of MDV-A, 
PB1-391E, 581G, 661T, PB2-265S, NP-34G were intro 
duced into a divergent wild type virus strain (A/PR/8/34; 
“PR8”), and the resulting virus exhibited 1.9 logo reduction 
in virus titer at 38 C. and 4.6 logo reduction at 39 C., 
which was very similar to that of rMDV-A (FIG. 11). 
0222 Sequence comparison between the PB1, PB2 and 
NP genes of ca A/AA/6/60 (MDV-A) and A/PR/8/34 
revealed that the four Substituted amino acids identified in 
the PB1 and PB2 genes of MDV-A are unique. NP is 
conserved between MDV-A and PR8, Therefore, the three ts 
sites, PB1 (K391 E), PB151 (E581G) and PB1 
(A661T), identified in the PB1 gene of MDV-A were intro 
duced into PB1 of A/PR/8/34 and the PB2° (N265S) was 
introduced into PB2 of A/PR/8/34 by site-directed mutagen 
esis. The mutations introduced into the PB1 and PB2 genes 
were verified by Sequencing analysis. The primer pairs used 
for mutagenesis reaction are listed as in Table 9. These 
viruses are shown Schematically in FIG. 16. 

TABLE 9 
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excess of DNA primer (5'-ATGTTCTTTACGATGCGAT 
TGGG, SEQ ID NO:89) labeled at its 5' end with r-P- 
ATP and T4 polynucleotide kinase in 6 ul of water. Follow 
ing denaturing at 95 C. for 3 min, primer extension was 
performed after addition of 50 U of Superscript reverse 
transcriptase (Invitrogen) in the reaction buffer provided 
with the enzyme containing 0.5 mM dNTP for 1 hr at 42°C. 
Transcription products were analyzed on 6% polyacryla 
mide gels containing 8M urea in TBE buffer and were 
detected by autoradiograph. 
0225. As shown in FIGS. 12A and B, the PB1 gene 
carrying three amino acid substitutions (PR8-3s), PB1' 
(K391E), PB15 (E581G) and PB1 (A661T), had 
reduced activity at 33 C. compared to PR8 control. A 
greater reduction in CAT protein expression (FIG. 12A) was 
observed for this mutant at 39°C., indicating PB1 gene with 
the three introduced MDV-Ats sites exhibited temperature 
sensive replication in this in vitro assay. Introduction of 
PB2 (N265S) into PR8 had very little effect on its activity 
at both permissive (33 C.) and nonpermissive temperatures 
(39° C). Combination of both PB1-3s and PB2-1s resulted 
in greater reduction in protein activity (PR8-4s), which 
appeared to be even more tS than MDV-A. AS expected, a 
low level activity (15%) was detected in cells transfected 
with PB1, PB2, PA, NP genes derived from MDV-A at 39° 
C. compared to wt AAA/6/60 (wt A/AA). 
0226 PR8 mutant viruses were generated and recovered 
as described above. In brief, co-cultured cos7 and MDCK 
cells were transfected with eight plasmids encoding PR8 
HA, NA, PB1, PB2, PA, NP, M and NS genes derived from 

Primers used for introducing ts mutations into PR8 PB1 and PB2 genes 

HJ24 O PR8-PB1A1195G 5' GAAAGAAGATTGAAGAAATCCGACCGCTC (SEQ ID NO: 79) 

HJ241 PR8-PB1A1195G. as 5' GAGCGGTCGGATTTCTTCAATCTTCTTTC (SEQ ID NO: 80) 

HJ242 PR8-PB1A1766G 5' GAAATAAAGAAACTGTGGGGGCAAACCCGTTCC (SEQ ID NO: 81) 

HJ243 PRS-PB1A1766G. as 5' GGAACGGGTTTGCCCCCACAGTTTCTTTATTTC (SEQ ID NO: 82) 

HJ24 4 PR8-PB1G2005A 5' GTATGATGCTGTTACAACAACACACTCC (SEQ ID NO : 83) 

HJ245 PR8-PB1G2005A. as 5' GGAGTGTGTTGTTGTAACAGCATCATAC (SEQ ID NO: 84) 

HJ24 6 PR8-PB2A821G 5' ATTGCTGCTAGGAGCATAGTGAGAAGAGC (SEQ ID NO: 85) 

HJ247 PR8-PB2A82lg. as 5' GCTCTTCTCACTATGCTCCTAGCAGCAAT (SEQ ID NO: 86) 

0223) To examine if the tS mutations introduced into PB1 
and PB2 genes of PR8 confer the ts phenotype in vitro, a 
minigenome assay was performed. The influenza minige 
nome reporter, designated pFlu-CAT, contained the negative 
sense CAT gene cloned under the control of the pol I 
promoter. Expression of the CAT protein depended on the 
expression of influenza PB1, PB2, PA, and NP proteins. 
0224 Briefly, HEp-2 cells were transfected with 1 tug of 
each of PB1, PB2, PA, NP and pFlu-CAT minigenome by 
lipofectamine 2000 (Invitrogen). After overnight (approxi 
mately 18 hour) incubation at 33° C. or 39° C., the cell 
extracts were analyzed for CAT protein expression by CAT 
ELISA kit (Roche Bioscience). The level of CAT mRNA 
was measured by primer eXtension assay. At 48 hr post 
transfection, total cellular RNA was extracted by TRIZol 
reagent (Invitrogen) and /3 of RNA was mixed with an 

PR8. To make a virus carrying fourts loci (PR8-4s), PB1-3s 
containing three changes in PB1 at positions nt 1195 
(K391E), nt 1766 (E581G) and nt 2005 (A661T) and PB1-1s 
containing one change in PB2 at position 821 (N265S) were 
used. In addition, PR8 virus carrying either three mutations 
in PB1 (PR8-3s) or one mutation in PB2 (PR8-1s) was also 
recovered Separately. These viruses are shown Schematically 
in FIG. 16. All four of the recombinant mutant PR8 viruses 
grew to very high titer in embryonic eggs, reaching a titer of 
9.0 log10pfu/ml or greater as shown in Table 10. 
0227 To examine viral protein synthesis in infected cells, 
MDCK cells were infected with virus at an m.o.i of 5 and 
cells were labeled with S-Trans at 7 hr post-infection for 
1 hr. The labeled cell lysate was electrophoresed on 1.5% 
polyacrylamide gel containing SDS and autoradiographed. 
Protein synthesis was also studied by Western blotting. Virus 
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infected cells were harvested at 8 hr postinfection and 
electrophoresed on 4-15% gradient gel. The blot was probed 
with anti-M1 antibody or chicken anti-MDV-A polyclonal 
antibody, followed by incubation with HRP-conjugated Sec 
ondary antibody. The antibody-conjugated protein bands 
were detected by the Chemiluminescent Detection System 
(Invitrogen) followed by exposure to X-ray film. 
0228) As shown in FIG. 19, all had a similar level of 
protein synthesis at 33 C., however, at 39 C. the level of 
protein synthesis was reduced slightly for PR8-1s but greatly 
reduced in PR8-3s and PR8-4s infected cells. Western 
blotting analysis also showed that reduced protein Synthesis 
in the order of PR8-4s>PR8-3S-PR8-1s. Thus, the reduced 
replication of the tS mutants was likely the result of their 
reduced replication at the nonpermissive temperatures. 
0229 Temperature sensitivity of the PR8 mutant viruses 
was determined by plaque assay on MDCK cells at 33 C., 
37 C., 38 C. and 39° C. The recovered viruses were 
amplified in embryonic eggs and introduced into cells as 
described above. After incubation of virus-infected cells for 
three days at the designated temperatures, cell monolayers 
were immunostained using chicken anti-MDV polyclonal 
antibodies and the plaques were enumerated. Plaque counts 
obtained at each of the temperatures were compared to 
assess the tS phenotype of each virus. The shut-off tempera 
ture was defined as the lowest temperature that had a titer 
reduction of 100-fold or greater compared to 33 C. 
0230. As shown in Table 10 and FIG. 17, all mutants 
replicated well at 33 C. although a slight reduction in virus 
titer was observed. At 38 C., a significant reduction in virus 
titer was observed for all the mutants. At 39 C., a reduction 
in virus titer greater than 4.0 logo was observed for viruses 
carrying the three ts loci in the PB1 gene (PR8-3s and 
PR8-4s). PR8-1s was also ts at 39° C. The ts phenotype of 
PR8-4s was very similar to that of MDV-A that had a 
reduction of 4.6 logo at 39 C. compared to 33 C. Although 
all the three PR8 mutants did not have greater than 2.0 logo 
reduction in virus titer at 37 C., their plaque morphology 
was different from those at 33° C. As shown in FIG. 18, the 
plaque size for each mutant was only slightly reduced at 33 
C. compared to PR8. A significant reduction in plaque size 
at 37° C. was observed for PR8-3s and greater for PR8-4s. 
PR8-1S did not have significant reduction in plaque size at 
37 C. At 39 C., only a few pin-point sized plaques were 
observed for both PR8-3s and PR8-4s. The plaque size of 
approximately 30% of that wt PR8 was observed for PR8-1s. 

TABLE 10 

Temperature sensitivity of PR8 with the introduced ts loci 
Virus titler (loginpfu/ml 

Virus 33 C. 37° C. 38 C. 39° C. 

MDV-A 8.6 7.0 6.4 4* 
Wt AIAA 8.7 8.7 8.9 8.3 
PR8 9.6 9.5 9.5 9 
PB8-1s 9.4 8.9 7.7 7.4 
PB8-3s 9.2 8.8 7.8 5.2 
PB8-4s 9.5 7.8 7.1 4.4 

A titer of 4.0 was assigned when no virus was detected at 10,000 dilu 
tions. 

0231 Attenuation of the mutant PR8 viruses was exam 
ined in ferrets. In brief, male ferrets 9-10 weeks old were 
used to assess virus replication in the respiratory tracts of an 
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animal host. Ferrets were housed individually and inocu 
lated intranasally with 8.5 logopful of virus. Three days after 
infection, ferrets were Sedated with ketamine-HCL, lungs 
and nasal turbinates (NT) were harvested. The lung tissue 
homogenates were Serially diluted and titrated in 10-day-old 
embryonated chicken eggs. Virus titer (logoEIDs/ml) in 
lungs was calculated by the Karber methods. Virus replica 
tion in NT was determined by plaque assay and expressed as 
logopfu/ml. 
0232 The levels of virus replication in lungs and nasal 
turbinates were measured by EID50 or plaque assays (Table 
11). Three days after infection, PR8 replicated to a level of 
5.9 logoEID50/gram lung tissues. However, PR8-1s exhib 
ited a 3.0 logo reduction in replication of ferret lungs and 
very little replication was detected for PR8-3s. No replica 
tion was detected for PR8-4s that was studied in two virus 
groups infected with Virus obtained independently. Virus 
detection limit in ferret lungs by EID50 assay is 1.5 logo 
and thus a titer of 1.5 logoEID50 was assigned for PR8-4s. 
As a control, MDV-A did not replicate in ferret lungs and wt 
A/AA/6/60 replicated to a titer of 4.4 logo. Virus replication 
in nasal turbinates (NT) was examined by plaque assay on 
MDCK cells. PR8 replicated to a titer of 6.6 logopfu/g in 
the nose. Only slight reductions in virus titer were observed 
for PR8-1s and PR8-3s. A reduction of 2.2 logo was 
observed for PR8-4s (A), whereas a 4.3 logo reduction was 
observed for PR8-4s (B), which carried a change in the PB1 
gene (E390G). The greatly reduced replication of PR8-4s 
(B) correlates well with its ts phenotype at 37° C. An 
infectious dose of 8.5 log10pful was used here instead of 7.0 
log10pful that was usually used for evaluating the attenuation 
phenotype of MDV-Aderived influenza vaccines. This result 
indicated that PR8 carrying the four ts loci derived from 
MDV-A was attenuated in replication in the lower respira 
tory tracts of ferrets. 

TABLE 11 

Replication of PRS mutants in ferrets 

Virus tilter 
in nasal 
turbinates 

Dose Virus titer in lungs (logog it 
Virus Ferrets (logopful) (logoEID50/g it SE) SE) 

PR8 4 8.5 5.9 0.3 6.6 0.1 
PR8-1s 4 8.5 3.8 O.4 5.9 0.2 
PR8-3s 4 8.5 17 O.1 5.8 0.3 
PR8-4s (A) 4 8.5 1.5 O.O. 4.6 O.2 
PR8-4s (B) 4 8.5 1.5 + 0.0 2.3 O.3 
MDV-A 4 8.5 1.5 + 0.0 4.6 + 0.1 
Wt AIAA 4 8.5 4.4 + 0.1 5.4 - 0.1 

no virus was detected and a titer of 1.5 logoEID50/g was assigned The 
virus contains an additional change in PB1-1193 (E390G) 

0233. In both the ts and att assays, the PR8 mutant virus 
exhibited both ts and attphenotypes that were very similar 
to that of MDV-A. These data indicate that introduction of 
the unique amino acid substitutions of the MDV-A into a 
divergent influenza virus Strain results in a virus exhibiting 
the temperature Sensitive and attenuated phenotypes desir 
able for producing, e.g., live attenuated, vaccines. Addition 
ally, the ts, att, PR-8 virus grew to a high titer that suitable 
for use as a master donor virus for the production of live 
attenuated or inactivated influenza Vaccines. These results 
indicate that the five MDV-A mutations: PB1-391E, PB1 
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581G, PB1-661T, PB2-265S, and NP-34G can impart the ts 
and att phenotypes to any influenza A Strains. Similarly, 
novel ts, att B Strains Suitable for vaccine production can be 
produced by introducing the mutations of the MDV-B strain 
into influenza B Strain viruses. In addition to producing live 
attenuated virus Vaccines, introduction of these mutations 
into donor strains will lead to the production of safer 
inactivated vaccines. 

Example 5 

Eight Plasmid System for Production of MDV-B 
0234 Viral RNA from a cold adapted variant of influenza 
B/Ann Arbor/1/66 (ca/Master Ann Arbor/1/66 P1 Aviron 
10/2/97), an exemplary influenza B master donor strain 
(MDV-B) was extracted from 100 ul of allantoic fluid from 
infected embryonated eggs using the RNeasy Kit (Qiagen, 
Valencia, Calif.), and the RNA was eluted into 40 ul H.O. 
RT-PCR of genomic segments was performed using the One 
Step RT-PCR kit (Qiagen, Valencia, Calif.) according to the 
protocol provided, using 1 ul of extracted RNA for each 
reaction. The RT-reaction was performed 50 min at 50 C., 
followed by 15 min at 94° C. The PCR was performed for 
25 cycles at 94° C. for 1 min, 54 C. for 1 min, and 72 C. 
for 3 min. The P-genes were amplified using Segment 
Specific primers with BSmBI-Sites that resulted in the gen 
eration of two fragments (Table 12). 

TABLE 12 
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0235) Cloning of Plasmids 

0236 PCR fragments were isolated, digested with BSmBI 
(or Bsal for NP) and inserted into pAD3000 (a derivative of 
pHW2000 which allows the transcription of negative sense 
vRNA and positive mRNA) at the BSmBI site as described 
above. Two to four each of the resultant plasmids were 
Sequenced and compared to the consensus Sequence of 
MDV-B based on sequencing the RT-PCR fragments 
directly. Plasmids which had nucleotide substitutions result 
ing in amino acid changes different from the consensus 
Sequence were “repaired either by cloning of plasmids or 
by utilizing the Quikchange kit (Stratagene, La Jolla, Calif.). 
The resultant B/Ann Arbor/1/66 plasmids were designated 
pAB 121-PB1, pAB122-PB2, pAB123-PA, pAB124-HA, 
pAB125-NP, pAB126-NA, pAB127-M, and pAB 128-NS. 
Using this bi-directional transcription system all viral RNAS 
and proteins are produced intracellularly, resulting in the 
generation of infectious influenza B viruses (FIG. 4). 
0237. It is noteworthy that pAB121-PB1 and pAB124 
HA had 2 and pab128-NS had 1 silent nucleotide substi 
tution compared to the consensus sequence (Table 13). 
These nucleotide changes do not result in amino acid 
alterations, and are not anticipated to affect Viral growth and 
rescue. These Silent Substitutions have been retained to 
facilitate genotyping of the recombinant Viruses. 

RT-PCR primers for amplification of the eight vRNAs of influenza ca B/Ann 
Arbor/1/66. 

Forward primer 

PB1 Bm-PB1b-1 : (SEQ ID NO:53) 
1A. TATTCGTCTCAGGGAGCAGAAGCGGAGCCTTTAAGATG 

PB1 Bm-PB1b-1220 : (SEQ ID NO: 55) 
1B TATTCGTCTCGGCATCTTTGTCGCCTGGGATGATGATG 

PB2 Bm-PB2b-1 : (SEQ ID NO: 57) 
2A. TATTCGTCTCAGGGAGCAGAAGCGGAGCGTTTTCAAGATG 

PB2 Bm-PB2b-1142: (SEQ ID NO: 59) 
2B TATTCGTCTCATGAGAATGGAAAAACTACTAATAAATTCAGC 

PA Bm-Pab-1 : (SEQ ID NO : 61) 
3A. TATTCGTCTCAGGGAGCAGAAGCGGTGCGTTTGA 

PA Bm-Pab-1283 : (SEQ ID NO: 63) 
3B TATTCGTCTCTCCTGGATCTACCAGAAATAGGGCCAGAC 

HA MDW-B 5' BsmBI-HA: (SEQ ID NO: 65) 
TATTCGTCTCAGGGAGCAGAAGCAGAGCATTTTCTAATATC 

NP Ba-NPb-1 : (SEQ ID NO: 67) 
TATTGGTCTCAGGGAGCAGAAGCACAGCATTTTCTTGT 

NA MDW-B 5' BsmBI-NA: (SEQ ID NO: 69) 
TATTCGTCTCAGGGAGCAGAAGCAGAGCATCTTCTCAAAAC 

M MDW-B 5' BsmBI-M: (SEQ ID NO: 71.) 
TATTCGTCTCAGGCAGCAGAAGCACGCACTTTCTTAAAATG 

NS MDW-B 5' BsmBI-Ns: (SEQ ID NO: 73) 
TATTCGTCTCAGGGAGCAGAAGCAGAGGATTTGTTTAGTC 

Reverse primer 

Bm-PB1b-1200R: (SEQ ID NO :54) 
TATTCGTCCGAGCCGTTCCTTCTTCATTGAAGAATGG 

Bm-PB1b-2369R: (SEQ ID NO:56) 
ATATCGTCTCGTATTAGTAGAAACACGAGCCTT 

Bm-PB2b-1145R: (SEQ ID NO :58) 
TATTCGTCTCTCTCATTTTGCTCTTTTTTAATATTCCCC 

Bm-PB2b-2396R: (SEQ ID NO: 60) 
ATATCGTCTCGTATTAGTAGAAACACGAGCATT 

Bm-PAb-1261R: (SEQ ID NO: 62) 
TATTCGTCCCCAGGGCCCTTTTACTTGTCAGAGTGC 

Bm-PAb-2308R: (SEQ ID NO: 64) 
ATATCGTCTCGTATTAGTAGAAACACGTGCATT 

MDW-B 3' BsmBI-HA: (SEQ ID NO: 66) 
ATATCGTCTCGTATTAGTAGTAACAAGAGCATTTTTC 

Ba-NPb-1842R: (SEQ ID NO: 68) 
ATATGGTCTCGTATTAGTAGAAACAACAGCATTTTT 

MDW-B 3' BsmBI-NA: (SEQ ID NO: 70) 
ATATCGTCTCGTATTAGTAGTAACAAGAGCATTTTTCAG 

MDW-B 3' BsmBI-M: (SEQ ID NO: 72) 
ATATCGTCTCGTATTAGTAGAAACAACGCACTTTTTCCAG 

MDW-B 3' BsmBI-NS: (SEQ ID NO: 74) 
ATATCGTCTCGTATTAGTAGTAACAAGAGGATTTTTAT 

The sequences complementary to the influenza sequences are shown in bold. The 5'-ends have 
recognition sequences for the restriction endonucleases BismRI (Bm) or Bsal (Ba). 
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TABLE 13 

Plasmid set representing the eight segments of B/Ann 
Arborf 1/66 (MDV-B 

Seg. plasmids nucleotides protein 

PB1 PAB121-PB1 A924 & G924; C1701 >T1701 silent 
PB2 PAB122-PB2 consensus 
PA PAB123-PA COSCSS 

HA PAB124-HA T150 - C150; T153 > C153 silent 
NP PAB125-NP COSCSS 
NA PAB126-NA COSCSS 
M PAB127-M COSCSS 
NS PAB128-NS A416 > G416 NS1: silent 

0238 For construction of the plasmids with nucleotide 
substitution in PA, NP, and M1 genes the plasmids pab123 
PA, pab 125-NP. p.AB127-M were used as templates. 
Nucleotides were changed by Quikchange kit (Stratagene, 
La Jolla, Calif.). Alternatively, two fragments were ampli 
fied by PCR using primers which contained the desired 
mutations, digested with BSmBI and inserted into paD3000 
BSmBI in a three fragment ligation reaction. The generated 
plasmids were Sequenced to ensure that the cDNA did not 
contain unwanted mutations. 

0239). The sequence of template DNA was determined by 
using Rhodamine or dRhodamine dye-terminator cycle 
Sequencing ready reaction kits with AmpliTaq(R) DNA poly 
merase FS (Perkin-Elmer Applied Biosystems, Inc, Foster 
City, Calif.). Samples were separated by electrophoresis and 
analyzed on PE/ABI model 373, model 373 Stretch, or 
model 377 DNA sequencers. 
0240. In a separate experiment, viral RNA from influenza 
B/Yamanshi/166/98 was amplified and cloned into 
pAD3000 as described above with respect to the MDV-B 
Strain, with the exception that amplification was performed 
for 25 cycles at 94° C. for 30 seconds, 54 C. for 30 seconds 
and 72 C. for 3 minutes. Identical primers were used for 
amplification of the B/Yamanashi/166/98 strain segments, 
with the substitution of the following primers for amplifi 
cation of the NP and NA segments: MDV-B 5BsmBI-NP. 
TATTCGTCTCAGGGAGCAGAAGCACAG 
CATTTTCTTGTG (SEQ ID NO:75) and MDV-B3BsmBI 
NPATATCGTCTCGTATTAGTAGAAACAA 

CAGCATTTTTTAC (SEQ ID NO:76) and Bm-NAb-1: 
TATTCGTCTCAGGGAGCAGAAGCAGAGCA (SEQ ID 
NO:77) and Bm-NAb-1557R:ATATCGTCTCGTATTAG 
TAGTAACAAGAGCATTTT (SEQ ID NO:78), respec 
tively. The B/Yamanashi/166/98 plasmids were designated 
pAB251-PB1, pAB252-PB2, p.AB253-PA, paB254-HA, 
pAB255-NP, pAB256-NA, p.AB257-M, and pAB258-NS. 
Three silent nucleotide differences were identified in PA 
facilitating genotyping of recombinant and reasSortant B/Ya 
manashi/166/98 virus. 

Example 6 

Generation of Infectious Recombinant Influenze B 
and Reassorted Influenza Virus 

0241 To overcome the obstacles encountered in attempt 
ing to grow influenza B in a helper virus free cell culture 
System, the present invention provides novel Vectors and 
protocols for the production of recombinant and reasSortant 
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B strain influenza viruses. The vector system used for the 
rescue of influenza B virus is based on that developed for the 
generation of influenza A virus (Hoffmann et al. (2000) A 
DNA transfection system for generation of influenza A virus 
from eight plasmids Proc Natl AcadSci USA 97:6108-6113; 
Hoffmann & Webster (2000) Unidirectional RNA poly 
merase I-polymerase II transcription System for the genera 
tion of influenza A virus from eight plasmids J Gen Virol 
81:2843-7). 293T or COS-7 cells (primate cells with high 
transfection efficiency and poll activity) were co-cultured 
with MDCK cells (permissive for influenza virus), 293T 
cells were maintained in OptiMEMI-AB medium contain 
ing 5% FBS cells, COS-7 cells were maintained in DMEM 
I-AB medium containing 10% FBS. MDCK cells were 
maintained in 1x MEM, 10% FBS with the addition of 
antibiotic and antimycotic agents. Prior to transfection with 
the Viral genome vectors, the cells were washed once with 
5 ml PBS or medium without FBS. Ten ml trypsin-EDTA 
was added to confluent cells in a 75 cm flask (MDCK cells 
were incubated for 20-45min, 293T cells were incubated for 
1 min). The cells were centrifuged, and resuspended in 10 ml 
OptiMEM I-AB. One ml of each suspended cell line was 
then diluted into 18 ml OptiMEM I-AB, and mixed. The 
cells were then aliquoted into a 6 well plate at 3 ml/well. 
After 6-24 hours, 1 lug of each plasmid was mixed in an 1.5 
ml Eppendorf tube with OptiMEMI-AB to the plasmids (x 
all plasmids+x ul OptiMEM I-AB+x ul TransT-LT1=200 
ul); 2 ul TransT-LT1 per ug of plasmid DNA. The mixture 
was incubated at room temperature for 45 min. Then 800 ul 
of OptiMEM I-AB was added. The medium was removed 
from the cells, and the transfection mixture was added to the 
cells (t=0) at 33°C. for 6-15 hours. The transfection mixture 
was slowly removed from the cells, and 1 ml of OptiMEM 
I-AB was added, and the cells were incubated at 33 C. for 
24 hours. Forty-eight hours following transfection, 1 ml of 
OptiMEM I-AB containing 1 lug/ml TPCK-trypsin was 
added to the cells. At 96 hours post-transfection, 1 ml of 
OptiMEM I-AB containing 1 lug/ml TPCK-trypsin was 
added to the cells. 

0242 Between 4 days and 7 days following transfection 
1 ml of the cell culture Supernatant was withdrawn and 
monitored by HA or plaque assay. Briefly, 1 ml of Superna 
tant was aliquoted into an Eppendorf tube and centrifuge at 
5000 rpm for 5 min. Nine hundred ul of Supernatant was 
transferred to a new tube, and Serial dilutions were per 
formed at 500 ul/well to MDCK cells (e.g., in 12 well 
plates). The Supernatant was incubated with the cells for 1 
hour then removed, and replaced with infection medium 
(1xMEM) containing 1 tug/ml of TPCK-trypsin. HA assay or 
plaque assays were then performed. For example, for the 
plaque assays Supernatants were titrated on MDCK cells 
which were incubated with an 0.8% agarose overlay for 
three days at 33 C. For infection of eggs the Supernatant of 
transfected cells were harvested Six or Seven days after 
transfection, 100 ul of the virus dilutions in Opti-MEM I 
were injected into 11 days old embryonated chicken eggs at 
33 C. The titer was determined three days after inoculation 
by TCIDs assay in MDCK cells. 
0243 To generate MDV-B, either co-cultured 293T. 
MDCK or COS-7-MDCK cells were transfected with 1 lug 
of each plasmid. When examined at 5 to 7 days post 
transfection the co-cultured MDCK cells showed cytopathic 
effects (CPE), indicating the generation of infectious 
MDV-B virus from cloned cDNA. No CPE was observed in 










































































