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Genetic characterization of neuraminidase gene of novel influenza virus A/HIN1 in 2009 pandemic
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[ABSTRACT] Objective: To investigate the genetic characterization (evolution, antigenicity, enzymatically active site, and
glycosylation site) of the neuraminidase (NA) gene of the novel influenza virus A/HINI in 2009 pandemic. Methods: Genetic
evolution and amino acid substitutions of the 43 NA gene sequences of influenza virus A of different years were retrieved from
GenBank and were analyzed by using MEGA 4. 0 software. Results: The new A/HI1NI1 influenza virus strains and avian H5N1
influenza virus strains had similar antigen sites of the NA genes, sharing a homology of 85%. Amino acid residues at the
enzymatically active site of the NA genes were strictly conserved in all influenza virus strains,but the glycosylation sites varied.
Conclusion: The NA genes of novel HIN1 influenza viruses may originate from avian H5N1 influenza virus endemic in Asia. The
new HI1NI influenza viruses may respond well to the neuraminidase inhibitor treatment.

[KEY WORDS] HINI1 subtype influenza A virus; neuraminidase; evolution; variation

[Acad J Sec Mil Med Univ,2009,30(6):618-621 |

HHOR o T DL R A8 S R A G 1 RV AR SR NA R O #E A B AR
WAT. 1918 4FF H A HINT WMBOR RS A “PEHE AR 0 5 B I 80, [ B o J2 0 il JEk 25 9 A o 2
T SR N E R — R R WAT. $802 000 fEHEE S, AR AP T H B N1 WA K 5
L NFET, HZ 5 15~45 B B FILAEN , b NA FERE AP  NA B 505 Rl G P07 i A28
Jo .t FEYE  9 BE 2 k A: H2N2 B H3N2 B Je RIENL AT NA FEP G AR SR L o BB 3 ek
H5N1 BUFERK AT, 2009 4F, WSS VEBF T Il & (O il AR YT 32 AR 3 .
9IRS HINT gt 2% b 5 7 b 56 Ml DX & S, JF 3 S W
L WA T RETE L A Bk R AT, AR I O
%K%%@mumﬁmﬁﬁﬁﬁﬁﬁxﬁki* 1.1 F#RB N NCBI JE N A R 3045 D7 4F S 1t
S, FEREHRmMEER (HA) MM S AW (NA)  Fas b B A5 8o 3 N1 WA (32 %52 HINL #

1 ABRFTIE

[(KFmBEH] 2009-05-21 [#EZHH] 2009-05-25

[(E€WmB] F+— TR BOCH I (06G65) , LE T A A8 B2 B 4 (07ZR14141) , L9 17 23 26 T A “ = 44T 8 v ) 7 o el 2 B4 300 H
(08GWZX0201,08GWZX0101). Supported by Key Research Project of Military “11% 5-year Plan” of China(06G65) , Natural Science Foundation
of Shanghai (07ZR14141), and the “Three-year G & D Program” on Shanghai Public Health Affairs (08GWZX0201,08GWZX0101).
[EERA] 4 J¥.B#. E-mail:sutong-2006@163. com

* 3 IHAE# (Corresponding author). Tel:021-81871060 , E-mail ; gcao@ smmu. edu. cn



%5 6 301, 90

. 45, 2009 AFHT AL RS HINT I i 25 Pl 20 4 IR It 5 1) 32k £ 2 B

+ 619 -

H5ND B NA JERFFI3E 1438 45, b Horp 43 444
ARFBEAT A3 AT L 4045 £ 2009 4F 37 TR HINT 37 &
WEEE 3 Bk (FJ966973. 1,GQ132156. 1,GQ132155. 1),
A HINIT JE B 15 B (CY038809. 1,CY025231. 1,
CY019343.1,AJ518098. 1,CY033616. 1,CY033600. 1
CY036825. 1,CY020567. 1,CY020487. 1,CY020439. 1
CY021031.1,CY021719. 1,CY021823. 1,CY021711. 1
CY020471. 1) . & H5N1 J/EUREE 14 PR(CY029998. 1
CY029633. 1, DQ676832. 1, DQ650661. 1, DQ323673. 1,
DQ366332. 1, CY029484. 1, DQ094280. 1, DQ0O23147. 1,
1
1
1
1

N
N
N

N

ABI88818. 1, AY676043. 1, DQ211926. 1, CY029344.
AF509109. 2), & HINI i 8 8 2 Bk (EU743177,
EU735796. 1), % HINI 3 /&% 8 9 # (EU604690.
EU502888. 1, CY028782. 1, CY022972. 1, CY028790.
CY022471. 1,CY022479. 1, ABA34394. 1,CY022980. 1) ,
1.2 #H»# FH Molecular Evolutionary Ge-
netics Analysis version 4. 0(MEGA 4. 0) 3 A4 X} ¥
I NA A BP0 47 X, IF o0 2 J kW
AP A, 2 K R R AR BE AR R
NJ 7 (Bootstrap=1 000), % NA #& [ 1] & A1 )5
L R T P v B LR DG A7 AR S Ak 07 T
A5 S BLHEAT A3 M. BL 2009 4F#H7 R R HINT %
B B #E PR FJ966973. 1 | A/California/2009
(HIND) 2 X JE4E

~
N
~

N

2 # B

2.1 WARRRBAENI 2A NA LRI W
P5 1935 ~2009 4E 44 43 Bk N1 T KL &% 3% (10
NA JE 7504 2 it A (B 1) . NA JEE 1Ry
SIHHEACRE 53R 3 A F T 40 ilE AN HINL G g
HIN1.& H5N1., #A6A ATy ] 2 53 5y T &)
KA bR R, B bR ) A7 A6 AR AR 22 5 L AR AR AH B
KOFH 22 28k, DL HINT ki, 2008 4F 3 ¥
(CY038809. 1) 5 2006 4EBERR(CY025231. 1) BIA% H
FRZS N 2.9% .15 1945 F R (CY021711. 1) 1)
ZESEN 4%, (B, 2009 455 B H A HINT
TR R AR F R NA BEFE AL EANE T A HIND
T, MR T & H5N1 £+, 78T A Ffk . 2009
AFEHTR AL HINT 80k NA £ 5 2001 4F 8 H5N1
R (AF509109. 2) 1Y [a] P51 35 5] 85%, i 5 2008 4
A HINIT #H8k(CY038809. DIy [RIEMAL K 73 %,

2.2 WAHZRABAENL BB NALRAHBLEGRL
B3 o dr NA SRS RKAHE 1413 MR . g
469 NEFERR . 7EXF 43 ¥RIK 35 FE 91 HEAT X L i
Foah & B 1951 ~2008 4F A HINT Ji i 8 76 55

434 i A& R (N/R/G/K) #fi A K Z %k 2002 ~
2007 & H5N1 BEARTESS 49~68 (kR 20 N I
Mg, A JC 2 R Bk 2k sl Al A L

L—cvmm 1JAmumanK entuck y2006HIN1)

a8
\m|' CYO18342 1|4 MumaniMemphis2003(HINT)
L ¥O38800 2I08H1NT)

CYO3I3616 1jaMuman/Beljing/1925H1N1)
CY036825,1j/human/Sienal 13B3(H 1N 1}
AJE18088 1| uman/Osio 19981H1N1)
& E CY023500.1|Afhuman Texas/ 1991(H1N1)
CYO20867 1)Ahuman/TexasH S86(HIN1)
CYO21031. 1A humaniBaylor 188 {HINT)
CYO20487 IPU!I.IHIH\I’TGHQ&HQB&'H‘NH
sal— CY020439. 1|4 human/Chile 9B3HIN1)
CYO21719. 1 human/ Californial 197 8H1N1)
CY021823 1 |AfhumaniAlbany 1961HIN1)
CYoMT 1|.||\J|l|.manrHulenHBdHH|N1F
_n{——CYUZ‘U¢71 T MumandPhilad 1935H1NT)
e — CY029344.1|A/chicken/Yunnan/ 2002{HSN1)
73| L cyn22980. 1)Alswine Ontario981HINT)
il ABA34304 1A iswine/Hokkaido/ 1981 H1N1 )
EUTIST96. I|NEM&e|h’PNt991{H|N|}
CYO2B790.1|A/swinelowal 1986H 1M1)
CY022471 1jAtewineKansasi 1BETHING )

ELIG04690.1) HIZ007HINT)
- |—GYD?S?E?.]MIsMnea’Callhmim’!mliHINll

"

CY 022475 1A Sswine/Maryland! 1 85 1{H1N1)

EUT43TT 1jAdchicken/MY/1888(H1NT)
EUG02888 1)

“}. FJSEEST3. 1A Muman/ Calikmial 2009H 1M1}

ghall2005HTNT)

100 L @ 50132155 1)Ahuman/Mexicol200HHINT)
@ GO132156, 1A human/Canads-A B/2000H1M1)
100 DOG50661 1A/ chick en/Crimear 2006H5N1)

AF5029109,2|A/Chicken/HongK eng/ 200 1(HEN1)
DQOZIT4T, 1jAlchicken/Chinal2002(H5N1)
DO366332. 1}Alchicken/ Guangxi/20D04{HEN1)
CY029633.1|Alchicken/Vistnam/ 2007{H5N1}
DO094280.1JAlchicken!Vigtnam/ 2004H5N1)
71 — CY029998.1|A/chicken/Kuwall 2007THSN1)
Ejosm&mmhlckemahxmalafmmms
DQ323673. 1}/chicken Kurgan/2005H5N1)
CYOZ9484 1|Alchicken/Y unnan/2004HSM1)
D0211926.1)A/chickenfiyuan/ 2003/ (HSN1)
AB188818 1A/chicken/Oa/2004{HEN1)

oos
100 L AYETE043 1|Alchicken/Korea/2003(HEN1)

B 1 43 fIRARERSE N1 A NA B E#E AR
Fig 1 Phylogenetic tree of the NA genes of 43
influenza A virus(N1) strains
@ :NA genes of the novel A/HINI of the 2009 outbreak

2.2.1 NAZARTHERZHLEALR T I 2
o NATEH N84 140~157 (i &L R A vl fE 2
PR FRAL s IR, A3 HT 43 Bk N1 B 3 J8
R LR P 51 43 M & B, 1140, N141, D142, H144
S145.N146.G147.T148.D151 . R152.S153. P154 \R156
13 MR R AEUE L5 143,149,150,155.157 o7
85 AR ORI R B A LR B e (R 1. 2009
AR R R HIND %05 1935~2008 4E A HINI1 &
PRAH LE VB AR DT A8 SRR LA 149 &R V)T
B BB 155 iR HY/Y B 5B 157 kA A/T &
e X SR E 58 H5NT BERRAH T

2.2.2 NABRBALRTHEEFOCRABMAXALEN
AEB T 20 NA B AWM O 5
TEALEYES 118,151,152,224.,276.,292,371 Al 406 if



. 620 o BBEERFR 2009 4E 6 L5 30 %
S5 AL, AN IE M O BB R B S 11 277,294 425 ST ERI TG R (R ) EW.,
AV RIRSE 119.156.178.179.198.222.,227 274, ﬁﬁ%u,mi’a&ﬁtﬂ S IER B e,

1 NAEOEBERRUSSERFIETWL

Tab 1 Amino acid substitutions at potential antigenic sites of the neuraminidase

Amino acid position

Influenza A virus

143 149 150 155 157
Novel strains 2009 (HIN1) K 1 K Y T
Human strains 1935-2008 (H1IN1) K \ K H A
Chicken strains 2001-2007 (H5N1) K V/A K H/Y T
Chicken strains 1991/1998 (H1IN1) R A\ K/R Y T
Swine strains 1981-2007 (HIN1) R \ K Y T
K:Lysine;1:Isoleucine; Y: Tyrosine; T: Threonine; V: Valine; H: Histidine; A ; Alanine; R ; Arginine
R2 NAEABMEEPLRABREXMNARSERS S
Tab 2 Amino acids as catalytic residues or framework residues of the neuraminidase
Amino acid position
Influenza A virus
118 151 152 224 276 292 371 406 119 156 178 179 198 222 227 274 277 294 425
Novel strains 2009 (HIN1) R D R R E R R Y E R w S D 1 E H E N E
Human strains 1935-2008 (HINI1) R D R R E R R Y E R w S D 1 E H E N E
Chicken strains 2001-2007 (H5N1) R D R R E R R Y E R w S D 1 E H E N E
Chicken strains 1991/1998(HIN1) R D R R E R R Y E R W S D 1 E H E N E
Swine strains 1981-2007 (HIN1) R D R R E R R Y E R w S D 1 E H E N E
R: Arginine; D: Asparticacid; E: Glutamicacid; Y: Tyrosine; W Tryptophan;S: Serine; I: Isoleucine; H: Histidine; N: Asparagine
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Tab 3 Glycosylation site variations of the neuraminidase

Amino acid position

Influenza A virus

50 58 63 68 386
Novel strains 2009 (HIN1) N-Q-S N-N-T N-Q-T N-I-S N-F-S
Human strains 1981-2008 (HIN1) Deletion N-S-T N-H/Q-T Deletion Deletion
Human strains 1978/1951 (H1IND) Deletion N-S/N-T N-Q-T N-I-S Deletion
Human strains 1945/1935 (H1IN1) N-Q-S N-S-T N-Q-T N-I-S Deletion
Chicken strains 2002-2007 (H5N1) Deletion Deletion Deletion Deletion Deletion *
Chicken strains 2001 (H5N1) N-Q-S N-N-T N-Q-T N-I-S N-F-S
Chicken strains 1991/1998 (H1N1) N-Q-S N-N/K-Y N-Q-T Deletion Deletion
Swine strains 1981-2007 (HIN1) Deletion® N-N/S-Y N-Q-T Deletion Deletion !

* The chicken strain 2005(DQ650661. 1) has a glycosylation site at amino acid 386; ¥ The swine strains 1986/1981(CY028790. 1/AB434394. 1/

CY022980. 1) have a glycosylation site at amino acid 50;

¥ The swine strain 2005(EU502888. 1) has a glycosylation site at amino acid 386. N; As-

paragine; Q: Glutarnine; S; Serine; T; Threonine;I:Isoleucine; F; Phenylalanine; K Lysine; Y ; Tyrosine
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