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English Abstract

Emerging new strain of influenza virus has been posing a threat to humans.
The mission of this project is to establish an experimental platform for
generation of the vaccine seed virus from a newly emerging influenza virus.
Viral hemagglutinin (HA) and neuraminidase (NA) genes will be cloned from
the candidate strains provided by CDC. A recombinant influenza A virus by
eight plasmids systems will be generated. Viral titer will be evaluated by plaque

assay . Four recombinant viruses are planning to be synthesized per year.

Key words: Emerging influenza virus; Reverse genetics; Seed virus



)

B 92 (5 SARS FFlp)Az » SRR i 3t 23w 2 0GP bR E
Fdgg o A B L GE > @ 2Ry FARKL R B R4 R
Pt B H(WHO)R T £ (98)% 2 7 ehidizt s 5 408 bl s F 3 & T
FAMERARAAMOBE TG 256 A2 g BI(5) 0 d 0 I R R

Fop A frRuEFE Lo P ERGREE A RS PR 20
Erffrdds o Bed o Y B HE B2 rd AL o EF R b o IR
E‘f"_f'ﬂ ’BﬁWHOQE/ﬁ‘E iﬁﬂm&%#sp’é” ET 'J(fq)/n}if?ﬁ

FEIREFAFLEF AR LF AFRG L L B LHF DA

Voo SR E R A B EE R P g A AR IR BE
@ ¥ 50 in i (Tamiflu) e £ K "*(Amantadine) & fi {2 - 45 5 (98)# 1 * 22 p
WHO * 23 i g fp e enf S 3 S B o i 4 (HINDH LR & 4
FR e d o8 $ 2 5 4% THE)A T S e $ 9 92%((2
HToE) e He e £ X S ER-FR-GFH/cp 2L FE 97%-100% ° @
MR EI R es AR (98 £ 2 7 EISS) > iR ?}F‘ﬁ-%- HINI ~ H3N2 ~
SUH TR o & B RPLE I S 8% 100% o d B g i 0 A Y
B LT P A ER6,T) -

R 2R FEZINERA BB E R E R RIFEL Y el 3
05 E R yrfitEfad iR Ao L FE o LR A AL FREFEY > 514
RACARG RS ARl E nE2 g Ay LAY BARE 5 (B)
FR s R Heet (8-11) 5 (C)F 2 2 jpde 4o 45t 1 e P ATAIE 2 HET

BAPMA L (D)E 2 LEAFTHIET L TR A RO AF LA S B M



s (B)yE 2 on g Fow sn i Lk E Rk S o

dNA PR R - LAFIRE RS R LAY 0 f R ANERA,

12-16) ~ % 2 A FIHSH(LT) ~ Fop 4 H 9 653 - LB 4]~ R % -

(=

LR R EE Ay e AZ BT 1 1(13,15-17) -

3
£

NP R kR L RNaE 2y ARk & AL F1i2 (reverse genetics) ,#

|

2

Lo TiFEY x]ﬂ@ ITE T ,,,L)fg\_« Fu BB R A K ‘;‘Lméy:;} 3= Fﬁ Fig o

&

BIR(18-28) ) e ik A F b A NITE N R Y R v AR

RO RARRE 2FELICR 0 FOCER 2 HHIEPM R Z AN F
2E AR HFFLANE 0§ AiREOEE N A R w iR
ERART Y H o) ATRRE ARPRED BE A NR Y AR
AT S b B2 E s FREH GG R X a4 kg @

o #ATIRE A A4k L HA P NA AFle £ i RlRe



Z R -

F & v B A/TW/4055/09(H3N2) ~ A/TW/2428/08(H3N2) -
A/TW/9042/08(HIND) R p 5 i B #1 /o &5 S #T3R* chimie i g § 1 &
‘w2 (Madin-Darby canine kidney cells, MDCK cells ) ~ A g% P55 F & ‘w¥&

(293T cells) » ‘¥ 33 &% 7 10%*52 5 i > 0.026 M Sodium bicarbonate
100 units/ml penicillin > 100 pg/ml streptomycin > 0.25 pg/ml amphotericin B >
2 mM L-Glutamine > 2 % 0.1 mM Non-Essential Amino Acids 2. DMEM
(Dulbecco’s Modified Eagle Medium » pH 7.4) %% 7 » 3% 5% CO, % &

Tk EF D3TCast H e B4 -

1 RT-PCR #p| % &g v HA 2 NA £ 7]

RNAZ B~ ;2 2 BRNAZ P~3##| (Viral RNA Extraction Miniprep
System kit, Viogene, Sunnyvale, California ) 1% A o #-97iE e 12 pl RNA 4
»~ 2ul ANTP(10mM) ~ 4ul RT Buffer(5x) ~ 1ul ReverTra Ace ( ReverTra Ace-o-®
,TOYABO,JAPAN ) ® > ;811 — B i w 1pul (10 pmol) 3l >4 #* 42°C
lhk * &> # ¥ 3cDNA - cDNA® £7 3 5 2 pg/ml ethidium bromidez

1% agarose geli& {7~ 47 » p RT #7{F 2. DNA® £ » 1 #



FEA T HA 2 NA Figaus 4

2 RT #7fadt % erncDNA § #ic45 > HA 2 NA 3 sticky end primer fiz &
full length primer(# — ):& 7 PCR > ¥ 12 & W £ 17 & f& DNA 7 B > #9717
DNA 12 94°C 5 min > 65°C 10 min i& {= denature ¥ re-nature 74 *ct/k + ¥ ¥
sticky-end DNA » #- BsmBI *» ] {$ <5 pHW2000 §* %8 &2 sticky end DNA » 1
T4 DNA ligase i& {7 ligation ** 16 °C ¥ & 16 /| B# - 12 Heat shock
transformation & » #% i #-#7 {8 e 5 i {7 colony PCR & iE » ¥ ic ehfF 5 £

BARRG SFWERPET i HA 2 NA FH# 5> £ 2 DNA 25 A

R FRAFITE LA e

MERATZAL R0

AP Lug SHHA ~NA FR - 12 PRS o phend a2 1ug o 4



» OPTIMEM I ‘@884 % 50 ul » £ ¥ ¢ B~ 8 ul e Lipofect AMINE 2000 4c
» 242 ul HOPTIMEM » R E (S &3 B THE 5S4 4 - B AR WAL T
BB 0,4 c BEFHRIR LS R4~ 2ml (h293T e fhisie® » #2 18-24
| PELS #% Fi o L4~ 2ml 7 0.5%FBSDMEM > 12 & 48 /] p¥{s >
£ %54 % 11 MDCK ‘% i (7 #7815 > B~ 100 ul + Fi% §1* MDCK ‘m#e

COES O



1
*:u

A IRGES BEFMO AT RN MB R S ERETRE B —
A/TW/4055/09(H3N2) ~ A/TW/2428/08(H3N2)%2 A/TW/9042/08(HIN1)1Z %
P ﬁmf]%—% +k F1338 Swan Flu s7 HA 3 NA K F1%E » pt ko> Ak
74 HA 2 NA A %17 7 BsmBI U4 fF*» i+ sticky end primer ( %
- ) i PCR 2%~ 15 » ¥ & uE 54 k. A/TW/4055/09(H3N2)
A/TW/2428/08(H3N2)2. HA % NA = 46 DNA (Rl- A~B)' £ ‘5d denature
% re-nature i 0 1/4 0 g $ ¥ 352 22 pHW2000 A BsmBI 7 =3 4 > i& B
£ 5 sticky end 7 DNA 7 £ > ¥ 3% » BsmBI *7 & {¢ ¢ pHW2000 548 ¢ -
B &4l PCR ieéE {6 I & seehiclone(Bl= ~ A~B) » £ i5d AT A 7wt
o FEIL S 4055 2 2428 (hHA 2 NA L %18 > fe & PR H s 6 b H 4%
(pHW2000-PR8-PB2+-PB1+-PA~-NP~-M~-NS): ¥ 7 % 4055 HN/PRS
(2:6)% 2428 HN/PR8 (2:6) > ‘&d 293T m%e @ 4 2 1 15 » % - = Jcd 2
:fgai FFR o RERED [}if‘,—a-,ﬁmf; 4 5 e § € #7558 MDCK ‘e 32 % >
v R F] A/TW/A055/09(H3N2) s s 4 (H=)
(A/TW/2428/08(H3N2) s 4 & @l 1T # )o Flpt g d Bt ey AP e 7 3
TR g A HA 2 NA AT 2 F A 7% § ~ PR8 4 tr2 A5

RN NS RIS P RN SO Bty FEAT

10



- J!UJ»\),% A ¥+ isolated m}?ﬁ# titer & 14> 3k I RNA JE R €

7 B2 F RT-PCR dma i 2 & € Flyt 247 3¢ L #-isolated o 4 48 | 5

/ﬁ"’ﬁ

5

=

:’( %é T% }?ﬁ’%‘ E’f’ltltel‘ifﬁr’g ) }P\—i,%_ ﬁjtlter;{l’%r’g ?é g f% RNA ':’f”‘_!é_i"gg o -FT- Fl;}'dy
i RNAGER 2 S F# % €7 &3 RT-PCR chA & » A sk 800

QIAGEN e7kit 36 7 RNA > RT-PCR 72 F g o

B b ¥ - R EEA ROE ()T LO0Sm)ERE A B

17 i}ﬁm)ﬁi—%,_ GEFF K Rm }P‘i—‘r f4f W pF om0 A Z}.i‘f&}r ’
Fropd B LEER D F KRR SDRNA Ri# {7 RT-PCR o Fpt i35 B2
w it A/TW/9042/08(HINT) Recombinant Virus o #% i @ % 5 ¢ & £ & ¥ 3
Arefmpa o Bow e il kiR ®Y -

B AP e BRSSP 0 AP Y one-step RT-PCR :123—)%—* F A e RNA
B R AP E & a9 PCR product » {6 #£:& TAclone ¥ - ¢ sticky-end
PCR 3z < &7 jEEF :)]%i k7 HA 2 NA 2. DNA- £ & d denature 2 re-nature
t6 » A5 B sticky-end 9 DNA 5 > 5§18 4& » pHW2000 E 48 ¢ - & 85

d R F A o R4 S HAZ NAAFI AR L =% 6§ RESR

11



Fo FRTMAELT 23T wie 2 @2 B A2 /3 o G s w7 a4

d ** one-step RT-PCR kit ¢ * 1 Taq polymerase > ;X 5 proof-reading e
B0 FIRL R B A RS o L0 fRAC B AL 3% i s 3R two-step RT-PCR 1
;0 A #em & RNA # = cDNA > £ 1% 7 proof-reading 9 polymerase i& 7
sticky-end PCR » d #* = ;2 & 4 dhclone S5 4 FI B W $H {8 F IR B Il

fef@m A4 0 TP clone % & g B4 BP- o

é’_ T l]}?ﬁ’?ﬁ & ‘oum“ﬁ%}]ﬁ i@@w"}v“’;”"r‘ii«% }?3-&-/1 }?—}-’;1{

BRET EFBEI R4 g 4 o AP A MDCK w33 £ o4 - &
B M FRE AT - HiTe0 MDCK fn¥e > £ 4 i Raug F o § H AT

i o B SR T URRIE AR ARSAL o DR
Fid DI L EA S E - Tk 2 m4 e ™ 500ul = MDCK v
- EELF"%-)%—* sl o £ 4 » 2ml Serum-free DMEM 3 % A % {5 % ¢ )

B CPE > £ 3¢ Plaque Assay K iRI:#Jp 5 o titer °

12



10.

11.

12.

13.

34 o

Fan S, Deng G, Song J, Tian G, Suo Y, Jiang Y, et al. Two amino acid residues in the
matrix protein M1 contribute to the virulence difference of H5N1 avian influenza viruses in
mice. Virology. 2009 Feb 5;384(1):28-32.

Taubenberger JK, Morens DM. The pathology of influenza virus infections. Annual review
of pathology. 2008;3:499-522.

Jiao P, Tian G, Li Y, Deng G, Jiang Y, Liu C, et al. A single-amino-acid substitution in the

NS1 protein changes the pathogenicity of HSN1 avian influenza viruses in mice. Journal
of virology. 2008 FeDb;82(3):1146-54.

Chang SC, Cheng YY, Shih SR. Avian influenza virus: the threat of a pandemic. Chang
Gung Med J. 2006 Mar-Apr;29(2):130-4.

Cumulative Number of Confirmed Human Cases of Avian Influenza A/(H5N1) Reported to
WHO. 2009 April 23, 2009 [cited,; Available from:
http://www.who.int/csr/disease/avian_influenza/country/cases_table 2009 04 23/en/ind

ex.html

Influenza A(H1N1) virus resistance to oseltamivir - Last quarter 2007 to 7 February 2008.
World Health Organization; 2008.

Influenza A(H1N1) virus resistance to oseltamivir - 2008/2009 influenza season, northern
hemisphere. World Health Organization; 2009.

Neumann G, Hatta M, Kawaoka Y. Reverse genetics for the control of avian influenza.
Avian diseases. 2003;47(3 Suppl):882-7.

Neumann G, Watanabe T, Ito H, Watanabe S, Goto H, Gao P, et al. Generation of
influenza A viruses entirely from cloned cDNAs. Proceedings of the National Academy of
Sciences of the United States of America. 1999 Aug 3;96(16):9345-50.

Neumann G, Kawaoka Y. Genetic engineering of influenza and other negative-strand
RNA viruses containing segmented genomes. Advances in virus research.
1999;53:265-300.

Fodor E, Devenish L, Engelhardt OG, Palese P, Brownlee GG, Garcia-Sastre A. Rescue
of influenza A virus from recombinant DNA. Journal of virology. 1999 Nov;73(11):9679-82.

Chen GW, Chang SC, Mok CK, Lo YL, Kung YN, Huang JH, et al. Genomic signatures of
human versus avian influenza A viruses. Emerging infectious diseases. 2006
Sep;12(9):1353-60.

Chang SC, Chen GW, Mok CK, Tsao KC, Huang CG, Huang YL, et al. Subtyping of

13


http://www.who.int/csr/disease/avian_influenza/country/cases_table_2009_04_23/en/index.html
http://www.who.int/csr/disease/avian_influenza/country/cases_table_2009_04_23/en/index.html

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

influenza A isolates in Taiwan--2003 to 2004. Journal of the Formosan Medical
Association = Taiwan yi zhi. 2006 Nov;105(11):895-910.

Shih SR, Chen GW, Yang CC, Yang WZ, Liu DP, Lin JH, et al. Laboratory-based
surveillance and molecular epidemiology of influenza virus in Taiwan. J Clin Microbiol.
2005 Apr;43(4):1651-61.

Jian JW, Chen GW, Lai CT, Hsu LC, Chen PJ, Kuo SH, et al. Genetic and epidemiological
analysis of influenza virus epidemics in Taiwan during 2003 to 2006. J Clin Microbiol.
2008 Apr;46(4):1426-34.

Chen GW, Shih SR, Hsiao MR, Chang SC, Lin SH, Sun CF, et al. Multiple genotypes of
influenza B viruses cocirculated in Taiwan in 2004 and 2005. J Clin Microbiol. 2007
May;45(5):1515-22.

Chiang C, Chen GW, Shih SR. Mutations at alternative 5' splice sites of M1 mMRNA
negatively affect influenza A virus viability and growth rate. Journal of virology. 2008
Nov;82(21):10873-86.

Russell CA, Jones TC, Barr IG, Cox NJ, Garten RJ, Gregory V, et al. Influenza vaccine
strain selection and recent studies on the global migration of seasonal influenza viruses.
Vaccine. 2008 Sep 12;26 Suppl 4:D31-4.

Murakami S, Horimoto T, Yamada S, Kakugawa S, Goto H, Kawaoka Y. Establishment of
canine RNA polymerase I-driven reverse genetics for influenza A virus: its application for
H5N1 vaccine production. Journal of virology. 2008 Feb;82(3):1605-9.

Murakami S, Horimoto T, Mai le Q, Nidom CA, Chen H, Muramoto Y, et al. Growth
determinants for H5N1 influenza vaccine seed viruses in MDCK cells. Journal of virology.
2008 Nov;82(21):10502-9.

Itoh Y, Ozaki H, Tsuchiya H, Okamoto K, Torii R, Sakoda Y, et al. A vaccine prepared from
a non-pathogenic H5N1 avian influenza virus strain confers protective immunity against
highly pathogenic avian influenza virus infection in cynomolgus macaques. Vaccine. 2008
Jan 24;26(4):562-72.

Subbarao K, Luke C. H5N1 viruses and vaccines. PLoS pathogens. 2007 Mar;3(3):e40.

Subbarao K, Joseph T. Scientific barriers to developing vaccines against avian influenza
viruses. Nature reviews. 2007 Apr;7(4):267-78.

Horimoto T, Murakami S, Muramoto Y, Yamada S, Fujii K, Kiso M, et al. Enhanced growth
of seed viruses for H5N1 influenza vaccines. Virology. 2007 Sep 15;366(1):23-7.

Langley JM, Halperin SA, McNeil S, Smith B, Jones T, Burt D, et al. Safety and
immunogenicity of a Proteosome -trivalent inactivated influenza vaccine, given nasally to
healthy adults. Vaccine. 2006 Mar 6;24(10):1601-8.

14



26.

27.

28.

29.

30.

31.

32.

33.

34.

Horimoto T, Kawaoka Y. Strategies for developing vaccines against H5N1 influenza A
viruses. Trends in molecular medicine. 2006 Nov;12(11):506-14.

Neumann G, Fujii K, Kino Y, Kawaoka Y. An improved reverse genetics system for
influenza A virus generation and its implications for vaccine production. Proceedings of
the National Academy of Sciences of the United States of America. 2005 Nov
15;102(46):16825-9.

Shinya K, Fujii Y, Ito H, Ito T, Kawaoka Y. Characterization of a neuraminidase-deficient

influenza a virus as a potential gene delivery vector and a live vaccine. Journal of virology.
2004 Mar;78(6):3083-8.

Russell CA, Jones TC, Barr IG, Cox NJ, Garten RJ, Gregory V, et al. The global
circulation of seasonal influenza A (H3N2) viruses. Science (New York, NY. 2008 Apr
18;320(5874):340-6.

Rambaut A, Pybus OG, Nelson MI, Viboud C, Taubenberger JK, Holmes EC. The
genomic and epidemiological dynamics of human influenza A virus. Nature. 2008 May
29:453(7195):615-9.

Bragstad K, Nielsen LP, Fomsgaard A. The evolution of human influenza A viruses from
1999 to 2006: a complete genome study. Virology journal. 2008;5:40.

Holmes EC, Ghedin E, Miller N, Taylor J, Bao Y, St George K, et al. Whole-genome
analysis of human influenza A virus reveals multiple persistent lineages and reassortment
among recent H3N2 viruses. PLoS Biol. 2005 Sep;3(9):e300.

Ghedin E, Sengamalay NA, Shumway M, Zaborsky J, Feldblyum T, Subbu V, et al.
Large-scale sequencing of human influenza reveals the dynamic nature of viral genome
evolution. Nature. 2005 Oct 20;437(7062):1162-6.

Hoffmann E, Stech J, Guan Y, Webster RG, Perez DR. Universal primer set for the
full-length amplification of all influenza A viruses. Arch Virol. 2001 Dec;146(12):2275-89.

15



% - ~HA & NA & 7] stickyend PCR ¥ i #rid * 31 3

No. Gene Primer Name Sequence Mer Note
HA-1 |HA |HA-1FCSC-pHW2000 |57 -GGGAAGCAAAAGCAGGGGATAATT-3” 24 5 end Foipki
HA-2 HA-1R-uni-pHW2000 |5”-TATTAGTAGAAACAAGGGTGTTTT-3” 24 5 end FAEp
HA-3 HA-1FCSC 57 -AGCAAAAGCAGGGGATAATT-3” 20

HA-4 HA-1R-uni 57 -AGTAGAAACAAGGGTGTTTT-3” 20

NA-1 [NA [NA-1FCSC-pHW?2000 |57 -GGGAAGCAAAAGCAGGAGTAAAGA-3” 24 5 end Foipki
NA-2 NA-1R-uni-pHW2000 |5”-TATTAGTAGAAACAAGGAGTTTTTT-3” 25 5 end FaEp
NA-3 NA-1FCSC 57 -AGCAAAAGCAGGAGTAAAGA-3” 20

NA-4 NA-1R-uni 57 -AGTAGAAACAAGGAGTTTTTT-3~ 21
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M 4055-HA-1 4055-HA-2 M 4055-NA-1 4055-NA-2

q%ﬂ— + A. Sticky-end PCR for 4055-HA, -NA

M 2428-HA-1 2428-HA-2 M 2428-NA-1 2428-NA-2

qﬁﬂﬂ'— + B. Sticky-end PCR for 2428-HA, -NA
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[ Size OK! % —>Sequence OK!  [_]> SizeOK!  Sequence OK! <—

4055 HA 4055 NA

Bl= ~ A. Colony PCR Checking for 4055-HA, -NA

% —>Sequence OK![___|> Size OK!

[ Size OK!

Sequence OK! <— =

2428 HA 2428 NA

Bl = ~ B. Colony PCR Checking for 2428-HA, -NA
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Plaque Assay for
4055 Reverse Genetics Virus

Cell morphology (CPE)

Bl = Plaque assay for A/TW/4055/09 Recombinant Virus
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