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A I B B (PRI NA R M JE ) Fndb 58 = R 5
PR E A 4 HL 9 JERoS 2 (42 it PB2 (PB1 PA (HA |
NP 1 NS £ f B ) 3 o 55 DX S e 1) 7 49 5 DAk A
(e ) R VR R & A N B RN R 2 1 S5 I IR
# A BEFLFE 2008 4F 12 H F| 2009 4F 1 A 1] 5 78
BE B H AT E 2 A ER B b R R 3 R
TR FAT R

B AL HINT (2009 ) 95 53 19 25 4% i e 78 A B
AL R R AR B0 5 3R RO B A Y
B % 995 75 1 LA A6 0N R 0 %8 R B 1) 78 4B T
o3 BE AR SR TR AR A . R T R EE 1 4 T
FRPE 0T BR s AR S, SO 2 B AT 2
A AR R A S, E X B 4 T
RS, B B4 o A AF 5 F R 9 O 7 A
N JE 8 A5 F b i LR AE S AT, PR o A T
B HINT (2009 ) 519 38 47 Bk SO 1 P12 P F s &
B SR A 0 T s 7R L FE AL b T T % kAl
AR S

1 MpAn 7 %

1.1 ®EF7

i#id GenBank A4 i J&& B¢ YR p .0 (hitp ://www.
ncbi. nlm. nih. gov/genomes/FLU/FLU. html) T 2% #H
KA TR SN AE B o AT T2 120 BRA TR 4F
ARG £ (FZRE A 1 &S 7 77 51
(BERR W ), LU 9 2 75 A W] 48 3 b 89 2 5
WAL ARAE . Hoh A/California/07,/2009 (HINL) & H
BT % HINT (2009 ) % 1 £ , A/South Carolina/1/
I8 (HINT ) )y 1918 4F P4 JE 2 i B AR R Btk s A/
Brisbane/59,/2007 ( HIN1 ) J& WHO #f 7% iy 2008 —
2009 4 B F1 2009 - 2010 4F B2 b 2 5k 25 15 ¢ HINL
5 1 IE 7 AR ; A/Swine/Towa/1/1930 ( HIN1) /E o 7
HO#FE HINL 5% 3 1% 3 #; UL A/Swine /Indiana/
9K035/1999 (HIN2) | A/Swine/Hong Kong/5190/
1999 ( H3N2 ) 1 A/Swine/England/WVL7/1992
(HINTD) R0 B A HINT B350 2 19 AR bk
1.2 FIlESH

%1 43 ¥ 2% F DNAStar %% {442 ( Madison, WI,
USA) 1y EditSeq Hl MegAlign. ¥ # B % HINI1
(2009) % B B A/ California/07/2009 (HIN1) fil H &=
Z:7% bk dn B 11 25 1 (HA U NA NP M1 M2,
NEP NS1 .PB1 .PB2 .PA fil PB1-F2) gt 4743 #7, b &

2 #X

2.1 [0 % (Hemagglutinin, HA)

2.1.1 ZU4# A 55 ( Cleavage site) : A/California/07/
2009 1) HA P gq 6% X 4K 1701bp, I 45 1% 566 4
aa, 45 N K3 17 4> aa ({55 ik, HA ZEFH HAL
(326aa) Fl HA2 (223aa) W53 2H A0, — & th— 1>l
PSR R 42, WML aa JFHI N IQSR | G, 5
1o B M U SR T 1 221 R A R B AL A
e, gt AR 15 A% B0 Pk RS AR AE 2 —

2.1.2 $iJfE 75 (Antigenic site) : HA & [ 2 i &%
RN FE R —, e R TR ER . 5
HA2 S HAH I, HAL 8 A2 T HA 2 H B9 BRER, /K
ZA BRI GIE LR S I E S kAR 5, B
WIptoR R HI WA HAL 251 B Ry 44 D w2
i T RG] B AR, LR S B R B R
PUREER' 44 D EIER i 16 4 HR S
R Ca(14aa) .Cb(8aa) .Sa(13aa) il Sb(13aa), A/
California/07/2009 5 A/Swine /Indiana/9K035/
1999 (b3 =R L A T4 H1 J5 35 ) AH L, HA #%
TR 4 T 118 220k R AR BL P 23 Sl S 95. 1% F1 94.
9% , B4 HA B3 27 D& LR 2 57,20
T HAL &EH LA 6 A2 F o0 A fE 3 A HUIEALK
FE(Ca2 A~ Cbhb 1 A Sa3 ), MHILZT,A
California/07/2009 5 A/Brisbane/59/2007 f) HA #%
TFIR A4 T Y 2R R AR L PE 43 i) 2 72, 4% Al
79.0% , #&/~ HA fE H3LF 108 MR KM 2 7,90
AT HAL A B, 23 A ZEF A1 4 it
Ji iz g5 b (Ca7 4> Cb5 4> Sal 4> Sh84~), Alhl
B A HINT 5 8 5T 07 19 B L IR 5 2= 19 1
HINT 9 75 22 5 B8R, X AE 4> FKF Bf ke T =%
TENFE T LIS BUA Y 22 53

2.1.3  BEFAL L A (Glycosylation site) ; J £6 ok B
A e HA B R DN RE T 075 19 o s B 7E E 1L
o A L 2 AR A BT 0 W Al AL A, 33X 28 AR R B
LA A AT BE 23 HE 75 P0UAL A, R o 7 6 g e
TR — R B R, BT A & HL R
B .A/South Carolina/1/18 1 A/Swine/lowa/1/1930
) HAL 2 A SR R <F i 4 S0 A0AL 6, J0 Al
7E 22 33 .94 F1289 fii'* . A/California/07,/2009 HA
HEAE 278 (i T — A WEREAL AL A (NTT) , Bl Ay
S A TEAEME B AL AL R, 3% 5 3T AR Okl i HINT Al

o O R AR A R P 8 meamm e an v o6 7 onrons 22000

E 63129 (163 £ 34 fin 1 3 A, i 5 7 /4> b K AL A
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Mo Al UL AE E 3Lk J7 1, A/ California/07/2009 [
HA (R B T % HI 48, 5 & ik
HINT 555 8 AH B HOWE 561k 19 a2 fb 2 T 4 K

2.1. 4 Z K 45 & i A ( Receptor-binding  site,
RBS) : i /8% 8 HA 25 (15 15 35 40 i 2 18 32 74k 1Y) 45
BRBPEEERNCHE —F., HA BAZKS R 2
2,3 2 ZLBE MV R ( SAa2-3Gal) Fil a-2,6 2
FUME H ME W R (SAa2-6Gal) , & FI i J8 s 15 XF
SA2,3Gal HA JEWE P, T N FI#E O I8 7 4T SA2,
6Gal fE FIPERL R . HA 2R (1 S2 1R 45 & H5 e
U FE T R A E e R, X
SiAMRE RS HA R AZ IR G008 L — 25
BE TR M 0T B DD AH DG, T 3k 2 S BE R ot A e e T
o5 B 2 AR A R YE . BT R A A Ok U T R
TKE e 7 B ) R e O T 1E (R
WO R, 2RSS SR AR e E B, O
FER IR, —48 RBS | % L8 78 T A3 & i 18 25
= PR SF 0 T 6 I 2L B A b R R R A T ARk
HATHEERSES . xbT H1 I8 5 805 2 11
.8 ARG A MK E LR AEE HA h 2
PRSF I, AH 3E AN B3O8 BF rb ol B 5 Ik A T AR 4k
(#%£2). WL ,E190D F1 G225E/D X Fi i
SRR A 7R 8 HI 9% % 1S 58 SAa2-6Gal 2% Al
P |, R B 930 55 % SAa2-3Gal S5 I v ke SCHEVE 5
SlE E190D %% 7% AT B2 & H1 5 5 3 Ly il 5L 28
(NFISE) B AR E SRS . A/California/07,/2009
HA ZE [ 190 i1 225 i Z M AR 2 D, X 2 db 56 =
J5 AR HI 9% 7% (L A/swine/Indiana/9K035/99
Jf5) ARk Z 0N HI #5535 (LL A/Brisbane/59,/2007

) BARAIE (2 1) o SRR SO HINT (RIS A
RAFEPRERL) AR Z 8B 28 & HINT ( H A Ptk
LI AT R BR Ab 3 M AR 225 2 E) 7E 190 Al
225 fLa FER 43 2 D (W FLAEHRRAE) A1 G (& K%y
fiE) 3 AT et 2 A I O B RS 45 B T A A2 AR Y
SFHLE Z —" . = & i A/Swine /Indiana/
9K035/1999 [y HA U5 T B HINIL 58, Hh
—AEER AR 225 [V E IR G AR D, X
R E 5 BRI R HINT 5 28 AH L, 6 58 5
HIAE HI J 8 2 R R IR T X SAa2-6Gal 521K (1)
ZE A RE 1, X PR AE FE A/ California/07/2009 1,
3N T AR, AT AE A B T A HINT g 35 76 A B
[ (R ) BB oy T HE Al . Ak, OB RBS LAHCHE
BETR 1 A8 A X 32 A4 25 G R P 1 52 e 38 ANV A X
AR TR S 1E EiE WA O, AR TS HL S,
T155V/1 1 TISON/S By# A8 Bly % H1 fi2k & 8%
H1 2 M HRAE, N HI g 85 /9 155 (LA 2846, T
159 fiih T # % G, A/California/07/2009 f) HA &
Y 155 F1 159 £ 5L R 43 5l J& VAL N, 2 BRI
FWMBORREREAE (R 1), M AHR, 5& H1
SR — M, K2 H0h s fn 28 & DL S il 4F ok (A7
2000 4E Lok ) AN HI 7E 186 i & B R 4 P, 1M A/
California/07,/2009 Fl1 A/swine/Indiana/9K035/99 Il
S, FEZY 1999 AELLHG A H1 ) 186 1 2 J& S(3&
1), B2z, A/California/07/2009 %y HA & 9 RBS
7 15 1 B2 B T [R) e LA N RN 8 Ot SR 5 P R L, T
FLx Se R 05 B 2 A7 A6 T 1999 4F 7= A= ) = Y5 & il 5%
H1 Jag .

% 1 A/California /07/2009 55 2% HA R E 5 8 BRI &K

Table 1 ~ Amino acid residues on receptor-binding sites of HA proteins of A/California /07/2009 and the reference viruses
Virne Residues on the receptor-binding sites of HA proteins”
71 138 155 159 186 190 194 225 lineage

A/California /07/2009 (HIN1 ) E A \% N S D L D Tripe-reassortant swine, North America
A/swine/Indiana/9K035/99 (HIN2) E A \% N S D L D Tripe-reassortant swine, North America
A/swine/lowa/930/01 (HIN2) E A V N P D L D Tripe-reassortant swine, North America
A/swine/lowa/1/1976 (HIN1) E A v* N P D L G Classical swine
A/Brisbane/59/2007 (HINI) E A T G* P D L D Seasonal human
A/duck/Miyagi/66/1977 (HIN1) D’ A’ T" T p’ E’ L' G Avian
A/swine/England/WVL7/1992 (HIN1) D A v N P D L G Avian-like swine, Europe
A/South Carolina/1/18 (HIN1) D A T s P D* L D Spain pandemic,1918

* Residues numbering is aligned to the H3 virus HA. " Amino acid is conserved in all sequences in this host.

2.2 #HAZE T (Neuraminidase,NA)
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] S 24 50 NS R 125 X, A/California/07,/2009
9 NA 25 A RATE A SR RAE . A RAH
SRR BRI & U N1 AL NA A — A 7 A H
FEARAL G, 2 BB T 57,58 (45 B8 N1 WRHESE ) |
62 .67 .88 .146 H1 234 {ii , i A/South Carolina/1/18
A R FE ) B8 A7 5 . A/California/07/2009 F1 A/
Swine/England/WVL7/1992 & T |38 7 S 5, 78
389 (MG T — AW A AL A, B 8 AL T
A/Brisbane/59/2007 W4 8 {7 s, Horp F AN i 5
5 LR wERA B A (57 .62 .88 146 F1 234) , 1fii 55
A6 3 AN o3 A AEAS [R) A 07 B (48,434 F1 454 1) .
AL 5 A 215 N1 A H, A/ California/07,/2009 7£
Bl EAL 5 T R R, X T NT G A
NA, 146 {0 K A6 X i B B0 P 09 52 i B {8 15 5C
o 146 ARG S AE T A N1 B (A48 A JJ .
B) a1 T R R AR ST Y, % A U AR Y 32 2K VT RE
9 B ) 2 SUE R B M 2 v v A e R
B A/WSN/33(HINL) 1 A/NWS/33 & 2 # /) BLiE
WA, BT RAFE /N BRI I 3 A2 ), LA b 2 i e I il
RURE 2 NA JEE AR 146 (8D 1AM I Ak A7 A5
(N146Y/R) , 3% 7] B f2& bl 8 W8 Mk 1) = 224 1 JE Al
[F#£ , A/ California/07/2009 FE 146 {3 % 4 3% J< B 3t
AT a5, PRI T REAS HL A b 3R AR O Bl 22 RGP

N1 7 #S NA f9 5T A 5 H i A B, {3 a] LA
SN2 A NA By 4c 5" . A/California/07/
2009 5 A/Brishane/59/2007 A L , 4% 8 1 5 L 1R
(4 [] s 2 2 75. 7% 1 80. 5% , i Ag 87 A4 ik
g 26 S, o 8 AL T oA F (N221Q, N329E,
K331G,G339N, N344D, I368N, S369R , S370L) , A/
California/07/2009 5 A/Swine/England/WVL7/1992
AR LY, AT TR 22 5L 1R 1 [A) R 1 3 S0l 2 94. 2% il
94.9% , A7 24 N EHMRES P A 1AL F
el o7 4 b (K331R) . A WL A/California/07,/2009
() NA Bt J5rE 5 245 M HINT 5 88 22 Bl K.

NA ZE [ B AL T PR 0 5 7E 4 RARBEAS T B
PEERAR S 350 (0 1w, AL 45 9 AR M & LR (E119,
D151, D198, E227, D243, E276, E227 , D330, E425 )
16 M 5L R (R118, R152, R224 , H274 ,R292,
K350) ,3X 15 PP SE R 7E T AT A TR0 3 1 55 19
NA & H AR DR ST I, S & 5 Pl 28 20 IR I 3% 1k T
MR L A/California/07/2009 £ 3% B {37 £ (4 42
BRI . 5EA NAHEAMLIL, 22X

R X i SRR B 1 i o B A S e 25 X R R
4 Bk 2 B 08 05 P U559, 0 R AN BE A AU DL 2T
A bR T k. A/California/07/2009 NA &
PR 25 XA S SR TR 1 4 A R 2R

2 I 57 (oseltamivir A1 zanamivir) & —
KAMB BT BB T2 . DEIE R W] NA JLik
AR TR ke Bk 1) 5 8 ML LS 5 7 AF X 3k S B It 2
YR, 45 E119V, R292K, R293K,
N294S Fil H274Y , 111 A~ [7] 245 ) Fi i 25 30 R 7 A 1 Tid
297 IF AN A ) 5 R I H274Y 24Pk ZE 0y
P HINT J5 55 7= 45 X} oseltamivir 7= Az ifif 24 P 1) 3 22
AFHLET T A/ California/07/2009 ¥ A KW
IRAL SR SEAE |, R WX i 28 A I T 411+ 7] Uk
2.3 E & ZE A (Matrix protein) M1 1 M2

A/ California/07,/2009 f M 3 [X Ok Y8 T BRI 54
TR, M L A B gn i M1 A M2 AN EH
M1 2 252 DR IEFR ALK, A2 75 P I ) T 2 4
B A R dE R T S iR 2 R Ak, M
B A Z R A Y FDIRE 100 B 5 ok (R
2SR TR b R AR . 101 - 105 {3 2 5 iR
(RKLKR) 2 M1 7& [4 1 RNA 454 X (RNA-binding)
FRZEAALE 5 X (NLS) , Hirp 102 - 105 5% 350
PRSF 101 7 A6 R 4 B MR A 2846 (R VKL QT 50 #
G)'"'. A/California/07,/2009 % 101 - 105 fi 2
KKLKR 3% 8 J2& 7K 22 0 Rk 3 I 8% 25 19 4% s A
ZA5 M7 B HINT (£ 45 A/South Carolina/1/18 Fi
A/Brisbane/59/2007 ) il 7 #L %% HINI %% 5 # 2
RKLKR(F£ 2) . 101 i 2526 5 ER 5 A
KA E . M1 FHFIAE 148 — 162 i id U & A
— A~ W fE M CCHH 4 48 45 # R %
( CATCEQIADSQHRSH )''*' | A/California/07,/2009
M1 JEP CCHH 253 K AR R7%

M2 25 R 97 Z AR ALK, o N K i 9 A4~
HAAEMRE M1 EASAE, A5 A 14 D& SR 1 90
X5 M1 B EE, M2 2 2 [ 6 1Y 2R AR R 5
BE,HA R WA, R AR Y R
Mo M2 & HEAH 97 D& IR, 454 b 5 S Ml Ah IX
(1 -24) B5WEIX (25 -43) AKX (44 -97), A/
California/07/2009 7£ Jfl 3¢ X [ 50 {3 f7 — ¥ 7E 1Y
R ELE D ¢ 64 fiBk ik E ST
X, K28 AT 28 & V, 1M A/California/
07/2009 J2& 1,3X 5 A/South Carolina/1/18 H1 Kk ¥ 5%

E e e MR W TR B FOERER B 2 . it MY ol R s B,

ZEIXHY AR AR R . IR R 251X

FI B AN IXAE 14 .16 (18 1 20 PUA A 45 1 28 ik 2 76
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B NG RR R AT W R 220, SRR
14G 16K 18K 208, ifif A Al iy #1548 H1 55 8 — it A
14E .16G 18R 20N’ . A/California/07./2009 ix P4
L EAT 2 AR B R (16E,208) ,2 2 7L 5)
YH: &S (14E,18R) , M A/Swine/Hong Kong/5190/

1999 HAT —Afii s 18R 25 N8 — 8, HARx 3 4
WMIE BN A (£ 2), 7] W A/California/07/
2009 ) M2 4 ik BAT & 8o B2 1R L HE £
AT T NI B Y B R

#& 2 A/California/07/2009 1% %tk M1 1 M2 S E L&
Table 2 Amino acid comparison of M1 and M2 between A/ California/07/2009 and reference viruses

Viruses M1 Residues on the M2 extracellular domain

101 - 105 14 16 18 20
A/ California/07,/2009 (HINI ) KKLKR E E K S
A/Swine/Hong Kong/5190/1999 (H3N2) KKLKR G E R S
A/Brisbane/59/2007 (HIN1) RKLKR E G R N
A/Brevig Mission/1/18 RKLKR E G R N
Classical Swine H1 RKLKR E G R N
Human H1 RKLKR E G R N
Avian H1 KKLKR G E K S

5T 2 B, M2 28 11 B RS IXC 11 5 A S 36 1% 114 el A%
AL O B 7 A X e a2 2 W i P, B L26F
V27A (A30T . S31N F1 G34E"™ | R 7 Jss 1% A
M 1987 LIk, T S3IN Ay 9848 7= A T %k 4 W e
SRZEWI P . A/California/07/2009 [ M 3t
PRI Y5 T R STV, PR itk 9 B R HINT 95 75 A= Ok 5t
L& T X 4 Rl ke /2 25 W ik

M1 1 M2 ZE [ 4 it 2 51 3 iR 5 748 43 5% Wi A 75
FE/N LW IR e MDCK 41 fig 45 (%) 009 1 A 1 5 6k
J7, % FM47 S5 3, M1 25 11 T139A 2845 J2 0% 3 78
BT o e 14 5 A 32 B2 A it X A/Hongkong/1/
1968 (H3N2) 7 /N Bl 7 Jim , 76 M1 & (T167A) Al
M2(D44N) 2K [ #0 A T — D a SR iy 2 7 2
X 46 58 5 R B A 7 A/ California/07/2009 f) M1 ZE
P & B,

2.4 NS Z H ( Non-structural protein)

NS JEH 4 2 A8, B NS F1 NEP (LA EG AR
S NS2 ZE 1) . NS &9 & 1) — FhAE 06 75 8
T, L FE P IFN A IEN 35 526 A9 B 3 15 2ok
T 15 A R A, AN, NST 7R 5 35 4 52 ) A )
iR EEENIE B ER-. NSL 4282 MR
N-AR i RNA 255 X (1 =73) Al C 2R 3 (4 R0
X (74 -230), NSI 2K {09 B 78R 6 1 1 2 AR
7 35 bk I R MR, R B — R B i B ST
2000 4F LSS 4> 25 1 HSN1 9% 3 19 NS1 7F 80 — 84 fif
RAET 5 AR W Bk, 13X R 8 i B W12 X
W AN S8 A AL, P RE 5 EE 00 SO R A IS N M
A7 TEIRE E X HSNT 5 8 AF 58, & B NS

R 23 14 5 5 75 70 % /N BB 9 o 1T A/
California/07,/2009 7£ 80 — 84 i ¥ A Kk = #H W & Kt
PR Bk WA R B E IR 5 B A G R AR
Tt R AR R R 2 P A3 A R W, 8 I RO EE
1918 i J&% % # NS1 1) C R (7 T 227 -
230aa)4 P FLFRFESLH A ESEV 5 EPEV 37, &
WTERY PDZ X %54 £ /% (PDZ domain ligand, PL) ,
PDZ X jZ H 80 —90aa 41 5l (1) —Fl & UL 8 (1454,
I AL 2 5 2R s SR & R
TR MY PL Sy 2 5K AME % 3, =08 & B IRt
B R T R MO R # PL 3
J¥ 5 RSEV mt % RSKV, A~ H & 45 & PDZ TGk,
JPA 4y Hr W, RN HIND 5% #4230 258
iz, A5 PL 3y, HE]T 1940 4 4%, A HINI,
H2N2 Fil H3N2 5 8 1) NS1 45 [ #E K & 237 & IR,
PL JLJPAH &K . ELF 1980 4F48, KZ % A\ HINI
A H3N2 5 3 1Y NS1 25 XARE Oy 230 = AR, &
WG T PLEFCY . RATHATA AT LB, 5 A
TR EEAR L, T O HINT J 3 09 NS1 8 R 3
FIART R A, AT/ T GenBank I 1930
AR P AE 1Y ol B8 HINT 5 8 19 NS1 J3 41, & 3
1940 AR BE 1Y K B 230, A 5 A8 —
i RSEV 3£ 5. M 1950 — 1960 4F A%, PL 3t J5 25 3k
GSEL; 1 ) 1960 4EACEIBLAE , HH T 220 o 2 KL iR %=
AT, KB W R 219 SRR, PL LT Bl
T, ORI LR HINT 95 8 (9 — A4~ 12 40 1
K E . A/California/07,/2009 () NS1 [6] BE 2

219aa, %k £ T PL JEJp, B A7 A0 [ BLAC B 4%

11— S0 W A ot i 5 | EA by sy T3y Journal s, im. ac. ¢
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% 3 A/California/07/2009 (HIN1) f1 & %2# NS1 &8 C X i PL EF Lk &%

Table 3 Molecular characterization of the four C-terminal residues of the NS1 proteins of A/California/07/2009 and reference viruses

Viruses Four c-terminal residues Location ' PL motif Lineages

A/ California/07/2009 (HIN1) PEQK 219 - Classical swine
swine/Tennessee/49/1977 PEQK 219 - Classical swine
Swine/Indiana/9K035/99 PEQK 219 - Classical swine
A/Puerto Rico/8/34( HIN1) RSEV 230 + Human
A/Hong Kong/486/97 (H5N1) EPEV 230 + Avian
A/Brevig Mission/1/1918 (HIN1) KSEV 230 + Avian

"The amino acids were numbered with the N-terminal asparagines of NS1 protein designated amino acid 1.
+ No deletion
— Deletion

2.5 #% %A (Nucleoprotein,NP) BAMERTRE P, AT Y(£4) . B8 HINI
Reid 8525 T NP 8 H 6 5108 B4R 7 MEA L (2009 ) 5 7 9 NP 2 [F R Ty S8 HINT J 35
(474 o A/California/07/2009 15 313 & Vil 313 fiz i F 2848 VA 42 78 Uil A A€, 7T g 2

#£ 4 A/California/07/2009 1524k NP EASEB LK

Table 4  Amino acids comparison of NP between A/California/07/2009 and reference viruses
viruses 16 33 100 136 283 313

A/California/07/2009 ( HIN1 ) G 1 A% I L \
A/Indiana/9K035/99 ( HIN2) G 1 Vv 1 L F
A/Brevig Mission/1/18 (HINI1) D 1 1 M P Y
Human D 1 V M P Y
Swine G 1 I( M/1 L F
Equine G R R L L F
Avian G R R L L F
# A few strains have V at this position.
o B AR A e B PR SRR FERW X = AR IE W g E i e Bl T — 4k
2.6 Z%EIES4(Polymerase components) HA W ER SR 2 Em ™ . A/California/

A/ California/07/2009 %% 5 [ X — A~ 3L K 5 Bt 07/2009 5 = JRHE B A5 HI J5 8 — £, PB2 JL K )
HAVE T L =V HEE A HL R, MEE N = S0 SR8 T &% % 04 5 (1994, 475L,
AL RTEL 1998 7247 43 R IR T &0 8 (PB2 567D, 627E, 702K) ,PA BL[K (% 5 Mz sl h A 4 A4
A1 PA) AN H3N2 J5 35 (PB1) ', A H3N2 i &Y &M —B(55D 100V 552T) , 73 4h 1 4~ T2
PB1 i Dt 2 ply 85 U0 8O0 7 77 20 1968 4E 4R fikpg ™ A (E382D) i A NG R s R (R 5) . 7]
A L A/California/07,/2009 ¥ PB2 1 PA JE[H & W, PB2 #l PA BARTESEIR AL T 10 4E 2245 (B4R
EREREG C &4k 7 10 4E 4 45 5 1 PB1 76 A BE SRR BR T KA 43 8 Ui Joi 2 1Y 43 F FEAE o
ik fe 1 30 AR JE, AR HE b i T2 10 4, F

% 5 A/California/07/2009 f12 %#x PB2.PB1 71 PA E RS E B L&
Table 5 Amino acid comparison of PB2,PB1 and PA between A/California/07/2009 and reference viruses

viruses PB2 PB1 PA
199 475 567 627 702 375 55 100 382 552

A/ California/07,/2009 (HINI ) A L D E K S D \Y D T
A/Indiana/9K035/99 ( HIN2) A L D E K S D \Y D T
A/Brevig Mission/1/18 (HIN1) S M N K R S N A D S
Human HINI S M N K R’ S N A D S
Human H2N2 S M N K R S N A D S
Human H3N2 S M N K R S N A D S
Classical swine S M D K R S N v D S
Avian A L D E K N/S/T"" D \Y E T
Equine A L D E K S N A E T

A e T A O P I S GRSy o fdurHa s, im. ac.

xe oy = :
The majority of avian sequences ha esidue at position ave a S residue, 13% a T residue.
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0T S TR 2L 430 5 NS F1 P42S  DO2E
VI49A i 52845 PB2 JLH E627K [ %€ 45  PB1-F2

— S5 R 5 R AT I SO A o H ST [ Ah A A
SEIRE ST /N BT AR sh ) SR R B, 5 T Ik
HINT 8¢ AH LE 37 B HINT g 25 AT LA 2550 A
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RAENBE P WA XM Chttp://www. who. int/csr/
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20091016/ en/index. html) , {H FL 37 40 69 43 7 AL
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_ clinical _ features _
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K PR S — A 4T M B o B A2 R R, 9 R E)
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't 5= YR A HL G R R L, B B HINL
TG RE MU 5% I SO 7 R 3R A5 T NA R M JE PR A
B, 336 0 7 10 K TR 2 T B o 3 1o A 3]
T A A fE R 5 R 2 A SR AR 5% R 2 110 15
& I AEOR I B A TIRARISE . Ik, 77 BR i
G R 10748 57 6, AR (S T L TR 4R 11 (HA R NA) )
A5 Ak, % P S S PR A e 4 5 ) O

e DR R JC S VA SR 7 0k OB G 8 TR T 1 S — R
7, HR HIND 5 38 09 R U006 7 (b 28 = IR 0
PRl 2 P 9 T 4 4 O SO 7 ) LA IR B g i )
FERELAE S FRATAE VB A HINT 5 2 9 [
i, R BE 22 90 & VO # (HSN1, H7N7 , HON2
A5 o SRR  HIND 6 3 4k 7K 7 R 7 10 3%
58 T i B 1, IR 2R G 0 T 5 A N RO 7
B VR R A TR Y T RE TR A TR A 4 2T
BE R AT RE R AE B & o A I, I 32 0 38 X A 3
SO 7 1 W T (AL 3 B AT HINT 575 3 o
Vi T A 3 W A RORG 7) , Hf JE IH H  E TAE
AE Sy — 35 T B 0 0 1N A, T A RETE S T A ok
643 BT B LR 1, K I 2 A AT 6 2 B L s
B, 3300H R 7 R LA T

4 Zib

LT Bk A/ California/07/2009 H 183, 1 K1
453 Hr 7T A HINT g 85 (9 7 30 40 7 R AE , X 2
FRAEALFE - LA B0 P 1Y 4 1 36k R RA AL
BRI UL 7 Y 47 4 5 PB1-F2 7 11aa,57aa
M 87aa J& K A Wi 24, B iy MLf% HINT AT HINI
KCE AR X RS HINT (2009 ) 95 8 — 4> 48 A (1
Gy FRHAE o FRATT IO B 2 0 7 AR CRE A i — 2P0
N R SEAETE B T OB IR Ab , 3 A 50 T R AE A
R HEARA R ) G T X S AR Ak 6 5 1AL 4
FUECR PE 0 52 o Ak, N 3% 4k 22 n i xF T A
HINT 95 75 2% 4100 e T4, 8 4 it 4% 2F 46 2 #r
(LAl b, BT & AT AT 2 0 AR Sk 3k X
RO 7 B ) S s EL A R S

%% Tk

[ 1] Peiris JS, de J, Guan Y. Avian influenza virus

[ 2] Webster RG, Bean WJ, Gorman OT, Chambers TM,
Kawaoka Y.
viruses. Microbiol Reviews, 1992 ,56(1) :152-179.

Evolution and ecology of influenza A

[ 3] McHardy AC, Adams B. The role of genomics in
tracking the evolution of influenza A virus. PLoS
Pathogen, 2009,5(10) :e1000566.

[ 4 ] Basler CF, Aguilar PV. Progress in identifying virulence
determinants of the 1918 HINI and the Southeast Asian
H5NI1 influenza A viruses. Antiviral Research,2008,79
(3):166-178.

[ 5] Smith GJ, Vijaykrishna D, Bahl J, et al. Origins and
evolutionary genomics of the 2009 swine-origin HINI1
influenza A epidemic. Nature,2009,459 (7250) :1122-
1125.

[ 6 ] Caton AJ, Brownlee GG, Yewdell JW, Gerhard W. The
antigenic structure of the influenza virus A/PR/8/34
hemagglutinin ( HI subtype). Cell,1982,31(2 Pt 1)
417-427.

[ 7 1 Schulze IT. Effects of glycosylation on the properties and
functions of influenza virus hemagglutinin. The Journal
Infectious Diseases , 1997 ,176 Suppl 1:524-S28.

[ 8] Reid AH, Fanning TG, Hultin JV, Taubenberger JK.
Origin and evolution of the 1918 " Spanish" influenza
virus hemagglutinin gene. Proceeding of the National
Academy Sciences of the United States of America, 1999,
96(4) :1651-6.

[ 9 ] Matrosovich M, Tuzikov A, Bovin N, et al. Early
alterations of the receptor-binding properties of H1, H2,
and H3 avian influenza virus hemagglutinins after their
introduction into mammals. Journal of Virology,2000, 4
(18):8502-8512.

[10] Li S, Schulman J, Ttamura S, Palese P. Glycosylation of
neuraminidase determines the neurovirulence of influenza
A/WSN/33 virus. Journal of Virology,1993,67 (11) .
6667-6673.

[11] Colman PM, Varghese JN, Laver WG. Structure of the
catalytic and antigenic sites in influenza virus
neuraminidase. Nature,1983,303(5912) .41-44.

[12] Castrucci MR, Kawaoka Y. Biologic importance of
neuraminidase stalk length in influenza A virus. Journal
of Virology ,1993,67(2) :759-764.

[13] Qi X, Li X, Rider P, et al. Molecular characterization
of highly pathogenic H5N1 avian influenza A viruses
isolated from raccoon dogs in China. PLoS One,2009,4
(3) :e4682.

[14] Gubareva LV. Molecular mechanisms of influenza virus

( NI [ Filiag 5 D i Pyt T 5 30 o habdopniadsd jdtiona Figs Reodic, ¢

Microbiology Reviews, 2007,20(2) :243-267.

2004,103(1-2) :199-203.



AR T4 - B H A HINT(2009) 9 5 9 B30 20 740 AE. /B0 9% 41 (2010) 50 (1) 89

[15]

[16]

[19]

[20]

[21]

[22]

(23]

[25]

Elster C, Larsen K, Gagnon J, et al. Influenza virus M1
protein binds to RNA through its nuclear localization
signal. Journal of General Virology,1997,78 ( Pt 7).
1589-1596.

Elster C, Fourest E, Baudin F,et al. A small percentage
of influenza virus M1 protein contains zinc but zinc does
not influence in vitro M1-RNA interaction.

General Virology, 1994,75 ( Pt 1) :37-42.

Journal of

Holsinger LJ, Shaughnessy MA, Micko A, et al.
Analysis of the posttranslational modifications of the
influenza virus M2 protein. Journal of Virology, 1995 ,69
(2):1219-1225.

Sugrue RJ, Belshe RB, Hay AJ. Palmitoylation of the
influenza A virus M2 protein. Virology 1990,179 (1)
51-56.
Reid AH, Fanning TG, Janczewski TA, et al.
Characterization of the 1918 " Spanish" influenza virus
matrix gene segment. Journal of Virology, 2002, 76
(21) :10717-10723.

Abed Y, Goyette N, Boivin G. A reverse genetics study
of resistance to neuraminidase inhibitors in an influenza

A/HINI virus. Antivirus Therepy, 2004 ,9 (4).577-
581.

Gregory V, Lim W, Cameron K, et al. Infection of a
child in Hong Kong by an influenza A H3N2 virus closely
related to viruses circulating in European pigs. Journal of
General Virology,2001,82 (Pt 6) :1397-1406.

Brown EG, Liu H, Kit LC, et al. Pattern of mutation in
the genome of influenza A virus on adaptation to
increased virulence in the mouse lung: identification of
functional themes. Proceeding of the National Academy
Sciences of the United States of America,2001,98 (12) .
6883-6888.

Smeenk CA, Wright KE, Burns BF, et al. Mutations in
the hemagglutinin and matrix genes of a virulent influenza
virus variant, A/FM/1/47-MA, control different stages
in pathogenesis. Virus Research, 1996 ,44(2) :79-95.
Smeenk CA, Brown EG. The influenza virus variant A/
FM/1/47-MA possesses single amino acid replacements
in the hemagglutinin, controlling virulence, and in the
matrix protein, controlling virulence as well as growth.
Journal of Virology,1994 ,68 (1) :530-534.

Basler CF, Reid AH, Dybing JK, et al. Sequence of the
1918 pandemic influenza virus nonstructural gene (NS)
viruses

segment and characterization of recombinant

bearing the 1918 NS genes. Proceeding of the National

[26]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Long JX, Peng DX, Liu YL, et al. Virulence of HSN1

avian influenza virus 15-nucleotide

enhanced by a
deletion in the viral nonstructural gene. Virus Genes,
2008,6(3) :471-8.

Li Z, Chen H, Jiao P,

of duck H5NI

et al. Molecular basis of

replication influenza viruses in a
mammalian mouse model. Journal of Virology, 2005 ,79
(18):12058-12064.

Seo SH, Hoffmann E, Webster RG. The NSI gene of
H5N1 influenza viruses circumvents the host anti-viral
cytokine responses. Virus Research, 2004,103 (1-2) .
107-13.

Sheng M, Sala C. PDZ domains and the organization of

supramolecular  complexes. Annual  Review  of
Neuroscience , 2001 ,24 .1-29.

Qi X, Pang B, Lu CP. Genetic characterization of HIN1
swine influenza A viruses isolated in eastern China. Virus
Genes ,2009,39:193-199.

Obenauer JC, Denson J, Mehta PK, et al. Large-scale
sequence analysis of avian influenza isolates. Science,
2006,311(5767) :1576-1580.

Jackson D, Hossain MJ, Hickman D, et al. A new
influenza virus virulence determinant; the NSI protein
four C-terminal residues modulate pathogenicity.
Proceeding of the National Academy Sciences of the United
States of America ,105(11) ;4381-4386.

Reid AH, Fanning TG, Janczewski TA, et al. Novel
origin of the 1918 pandemic influenza virus nucleoprotein
gene. Journal of Virology,2004,78 (22) :12462-12470.
Taubenberger JK, Reid AH, Lourens RM, et al.
Characterization of the 1918 influenza virus polymerase
genes. Nature, 200,437 (7060) :889-893.

Zamarin D, Ortigoza MB, Palese P. Influenza A virus
PB1-F2 protein contributes to viral pathogenesis in mice.
Journal of Virology,2006,80(16) :7976-7983.

Conenello GM, Zamarin D, Perrone LA, et al. A single
mutation in the PB1-F2 of H5N1 ( HK/97) and 1918
influenza A viruses contributes to increased virulence.
PLoS Pathogene, 2007,3(10) :1414-1421.

Chen W, Calvo PA, Malide D, et al. A novel influenza
A virus mitochondrial protein that induces cell death.
Nature Medecine ,2001,7(12) :1306-1312.

Coleman JR. The PBI-F2 protein of Influenza A virus:
increasing  pathogenicity by  disrupting  alveolar
macrophages. Virology Journal. 2007 ;4 :9.

Zell R, Krumbholz A, Eitner A, et al. Prevalence of

AcdBom - {5elal bl el SR it Al o8l 1| T S LRSS e et 4/ e marka . of nerard. ¢

98(5) :2746-2751.

Virology, 2007 ,88 (Pt 2) :536-46.



90 Xian Qi et al. /Acta Microbiologica Sinica(2010)50(1)

[40] Maines TR, Jayaraman A, Belser JA, et al. [43] Tumpey TM, Maines TR, Van HN, et al. A two-amino
Transmission and pathogenesis of swine-origin 2009 A acid change in the hemagglutinin of the 1918 influenza
(HINI1) influenza viruses in ferrets and mice. Science, virus abolishes transmission. Science,2007,315(5812) .
2009,325(5939) :484-487. 655-659.

[41] Munster V], de WE, van den Brand JM, et al. [44] Shinde V, Bridges CB, Uyeki TM, et al. Triple-
Pathogenesis and transmission of swine-origin 2009 A reassortant swine influenza A (Hl) in humans in the
(HIN1) influenza virus in ferrets. Science, 2009, 325 United States, 2005-2009. New England Journal of
(5939) :481-483. Medecin, 2009 ,60(25) :2616-2625.

[42] Nicholls JM, Chan MC, Chan WY, et al. Tropism of [45] #BWE, Bli 7 . 5 i 8Os 55 124k 07 =X S BT A7 45 A, ik
avian influenza A ( H5N1) in the upper and lower W) 2% i (Acta Microbiogica Sinica ) ,2009,49 (9) .
respiratory tract. Nature Medecine, 2007,13 (2) . 147- 1138-1145
149.

Molecular Characterization of the early phase of the Novel
influenza A HIN1(2009) Viruses

Xian Qi, Fenyang Tang” , Liang Li, Lunbiao Cui, Bin Wu, Rongqiang Zu, Fengcai
Zhu, Haitao Yang,Hua wang

(Jiangsu Center for Disease Control and Prevention, Nanjing 210009, China)

Abstract; [ Objective ] Pathogens of the first influenza pandemic this century belong to influenza A HIN1 viruses,
which are different from human seasonal HINI1 viruses in antigenic and genetic characterization. To better
understand the genetic characteristics and evolution, timely detect variant strains with epidemiological importance,
we analyzed in detail the molecular characterization of the early influenza A HINI (2009) virus. [ Method ]
genomic sequences of reference influenza viruses were obtained from Influenza Resource Center of GenBank.
Sequences were analyzed using the EditSeq and Megalign program with the Lasergene sequence analysis software
package ( DNAStar, Madison, WI, USA). A/California/07/2009 (HIN1) was selected as a representative strains
of the novel influenza A HIN1 (2009) virus, and its molecular characteristics was determined. [ Results ] A/
California/07/2009 do not contained the molecular characteristics of highly pathogenic influenza virus, and its 11
proteins retained most of the molecular characteristics of swine influenza virus, but also had some characteristics of
avian and human influenza viruses. With a classical swine HIN1 and human HINI dual character, PB1-F2 protein
of A/California/07/2009 terminates after 1laa, 57aa and 87aa, which is a unique molecular characteristics of
influenza HIN1 (2009 ) virus. [ Conclusion | This is the first report for detailed analysis of Molecular
characteristics of the novel influenza A HIN1 (2009 ) virus. As the virus further adapt and persist in human
populations, its molecular characteristics will change accordingly. So we should pay special attention to the effect
on virus transmission and pathogenesis.
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(A or % R BET )

Suported by the National Natural Science Foundation of China ( 30901285 ) and the Natural Science Foundation of Jiangsu Province
(SBK200922783)

* ConlGonlfik [FEbF} i o, T BT ARk REERD  http://journals. im. ac. c

Received: 25 September 2009/ Rivesed :22 November 2009





