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ABSTRACT

Neuraminidase (NA) is an envelope surface glycoprotein of influenza A viruses. it
cleaves (-(2,3) or O-(2,6) glycosidic linkage between a terminal sialic acid residue of the
host cell receptor and hemagglutinin of the viral envelope, thus releasing viral progeny from
the infected cell. in this study, a reassortant virus (H1N1-NA-H5N1) containing the NA gene
from A/duck/Phitsanulok/ NIAHG-5-0001/2007 (H5N1) virus and seven remaining genetic
segments from A/ Puerlo Rico/8/1934 (H1N1) was constructed using reverse genetic
technigue. The NA activity of the reverse genetic virus was compared with the wild type.
The result of plaque assay which quantitative measurement of 1 unit NA activity showed
that the H5N1 virus was 2.13x10? PFU/ml which was the lowest NA activity among them,
and the HIN1 and HIN1-NA-HS5N1 were 1.15x10° PFU/mI and 1.68x10° PFU/m,
respectively. The Real-Time RT-PCR showed that the NA activity of H1N1—NA—H5N’E was
lower than that H1N1. The Ct values of HIN1-NA-H5N1 and H1N1 were 13.54 and 16.00,
respectively. The kinetic properties of NA showed that Vmax values of H1N1, H5N1 and
H1N1-NA-H5N1 were not significantly different. Km value was higher for H1N1-NA-H5N1
relative to those value of wild type. it could suggested that the maximum velocity of the
enzyme activity does not depend on the viral structure which is different between the H1N1
and H5N1 virus, whereas the binding property of the enzyme may be affected by other viral
genetic factors. This study indicated that NA activity of HIN1-NA-H5N1 virus was lower
than that of A/Puerto Rico/8/1934 (H1N1), and NA activity of A/duck/Phitsanuiok/NIAH6-5~
0001/2007 (H5N1) was the lowest among them (p<0.05). To our knowledge, this is the first
comparative study of NA activity of H1N1 and H5N1 virus using reverse genetic technique.
It also indicates that the NA gene may be expressed at a higher level in the H1N1 infected
cell than the H5N1 infected cell.




Executive summary
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1. MTENA RNA {(RNA extraction)

Faetine RNA ilflunisinmnaieiin gnafmann altantoic fluid fildMannsifin
anuanlafalululalifingsaannide Ima‘tﬂz‘m@nﬂ RNeasy mini kit (Qiagen) FBneafin
aansavnldaesalalil 1 allantoic fluid 200 'luimﬂm {pl) 59:iu RLT buffer 150 il e
Wy tirlifenmpfifeaunan 10 1l Aeanndiudin 70% ethanol 350 p Al
i padounansananaldly Spin column Thsnmaniia 14,000 saufau (rpm) lunan
Wik Redoufimnassn LB RWH 700 11 fmsthasa e udauamaanviuby i
- doufianasan ifiu RPE buffer 500-p Tnmstiusiesdnsey %ﬁdau_ﬁ'mmm whnifugnan
vilisau iitedunisfindn RPE buffer dowfinile %’um@uz@mﬁmé’m Spin column aanuYld
Tuwaen 1.5 ml microcentrifuge tube waen sl 1fin RNase free water 50 ul Thasieadi
14,000 rom fhanan 1 @edlunsde RNA eanin FugounanaaniAelumanni
iflu RNA mmlﬁ’a influenza 1‘7'1'51’@4 nag Lﬁuiﬁﬁ@muﬂﬁﬂwo i‘ﬁ;ﬂ’é"r}ﬂ']?ﬁ'] nsAnensialy
(cDNA) {reverse transcnptcon)

N19AILATIZE RNA 1 complementary DNA ( cDNA) #38n754U98079 reverse
transcription 111 tlanldgag 154 improm 1t Reverse Transcription System (Promega)
Usznaudos 2 %’umauéﬁ’sﬁm Tneltudunoudl 1 Hunasvials primer UM RNA  SUWLILY
UffidenLsznausas 10 uM Uni12 primer (5' AGCAAAAGCAGG 3) [68] 1Bums 1 ul,

RNA 1 pl W% nuclease free water 3 pl 1dnwATee Thermal cycle $mgl Thermal cycle

=

{(Master cycle gradient, Eppendroff) AltAa 70°C w11 5 w¥ uax 4°C dlinan 5 und oo
mﬂﬁﬁ?‘miu%mm‘m%u Wirteudunaui 2 Ae reverse transcription Fath ugia 5X buffer 4
o (1X), 25 mM MgCl, 1.2 pi (1.5 mM), 10 mM dNTPs mixed 1 (0.5 mM),
Ribonucleotide inhibitor 0.5 yl, Reverse transcriptase 1 pl W8¥ nucTease free water 7.3 i
asfitBanmssaaiean 15 i mnuumumﬁﬂﬂﬂgnmﬂmumﬂw 1 aslusnsazangdiumey
‘Vi 2 u‘}L"ll']Lﬂﬁ"EN Thermal cycle (Master cycle gradient, Eppendroff) Tag Thermal cycle ‘V%
WaB 30°C Wy 5 AT, 42°C 1w 1 alus iilenn A mﬂg‘jﬁ?‘mmaﬁuwm RNA 171 cDNA
ugzugAnsiIesaulmif 720 Wi 15 wil Mevdianfiaiaaaunsfetnases

cDNA gunsaifiuignmys -20°C aundrasiti i lunsAnusielsl



3. AUINAITIRRATUINALAuLanItMATia PCR (Polymerase Chain Reaction:
PCR)

{ufuneunisin PCR 3 faatds RNA 9891950 influeza A aneiuf HEN1 axgn
Fanstud e NA wintu Tnedumentifuniniiudiususesfieuisain cDNA
F&rannidiude it Bunadunnwedmiunisineasely Tagld Universal primers set
[68] fanizivfiuusazdy fe Bm-NA-1/Bm-NA-1413R wanaqntalunasAnmARTE
nsid T vaesn 7 By ienmadetivatatin HINI(PR-8) uazgInAfiuanany
Wug HENT Taald primer FarelUi fle Bm-PB2-1/Bm-PB2-2341R, Bm-PB1-1/Bm-PB1-
2341R, Bm-PA-1/Bm-PA-2233R, Bm-HA-1/Bm-NS-830R, Ba-NP-1/Ba-NP-1565R, Bm-M-
1/Bm-M-1027R ez Bm-NS-1/Bm-NS-890R Sl lunnadfisdunnd PB2, PB1, PA, HA,
NP, M 1Az NS RANRIAL WaAIAIAITIN 3 drvfudausznaunazaaosiiusnsani 1y
nsdus i AR L

#y PB2

Lﬂuﬁuﬁﬁmmmﬂ?xmm 2 4 kb n1sA1 PCR (Yeliow Perpetual Opti Tag DNA
polymerase (Hol start), Vivantis) Tuiljidailsznausiag 10X Ampli buffer B 5wl (1X); 10
mM dNTPs 1 pl (0.2 mM), 10 uM Bm-PB2-1/Bm-PB2-2341R primer. 25 pi {05 pM),
Yeliow Perpetual Opti Tag 2 pl (2.0 U), cDNA 2 pi wazfinfsunmstiivindu 50 pl s
dd,O 11%‘%1"1!@?"@\1 PCR (Master cycle gradient, Eppendroff) 1A Thermal cycle ‘ifiw An
initial denature temperature 95°C (Hhuaan 2 i, denature temperature 94°C (Thiaan 20
FunT, annealing temperature 60°C 1{lutean 30 TuP Uas extension temperature 72°C
whaaar 3uafl (1 kb #| 1 UI¥) Sruausaulindu 35 cycles  WAT final  extension
temperature 72°C {luaan 7 w1

iy PB1 -

DuBufifaunatiseanol 2.4 kb aasvn PCR (High fidelity (HiFl) Tag DNA
polymerase, Invitrogen) Tl fifiseilsznandag 10X PCR buffer 5 pl (1X), 10 mM dNTPs 2
gl (0.4mM), 50 mM MgSO, 2.5 ul (2.5 mM), 10 pM Bm-PB1-1/Bm-PB1-2341R 2 pi (0.4
UMY, HiFi Tag 0.5 gl (2.5 U), cONA 2 pi uazilfunzunnsiitindu 50 p fiag ddH,0 i
m?;‘im PCR (Master cycle gradient, Eppendroff) Tmel Thermal cycle ‘?’h‘gﬁ 9 initial denature
temperature  94°C (waan 2 uh, denature temperature  94°C Wlwaan 30 Fund,

annealing temperature 60°C T8 40 Fun¥i uaz extension temperature 68°C tluiean




31 (1 kb Fe 1w A1uUIBLIIATL 35 cycles UaY final extension temperature 68°C
1futaan 10 unh
 DuBuiiflawnalsranm 2.2 kb N1 PCR (High fidelity (HIFi) Tag DNA
polymerase, Invitrogen) luiliifanilsrneudagdausiey A9 siais 10X PCR buffer 5 pt (1),
10 mM dNTPs 2 4t (0.4mM}, 50 miM MgSQ, 2.5 pi (2.5 mM), 10 uM Bm-PA-1/Bm-PA-

2233R 1 pt (0.2 pM), HiFi Tag 0.2 gl (1.0 U), ¢DNA 2 pl uaztliufunasldivindy 50 pi

- #f1es ddH,0 dua PCR (Master oycle gradient, Eppendroff) Tat Thermal cycle #il

An initial denature temperature 94°C L'ﬂ%if}@’l 2 m‘ﬁ, denature témperature. 94°C 11U

30 ﬁu’]ﬁ, annealing temperature 60°C Huinan 40 Juni wey extension temperature 68°C

Waaa1 3 wa® (1 kb #e 1 w1¥) A uausaumngiu 35 cycles  was final  extension

temperature 68°C 11141 10 W
S HuHA

Slutufifiaunatsyann 1.8 kb ns¥a PCR (High ﬁdeféty' (HiFi) Tag DNA
polymerase, Invitrogen) lullfjizerniszna s dousingg Fastai 10X PCR buffer § i (1X),
10 mM dNTPs 1 pt (0.2 mM), 50 mM MgSO, 1.5 pl (1.5 mM), Bm-HA-1/Bm-NS-890R
primer 1 gl (0.2 uM), HiFi Tag 0.2 pl (1.0 U), cDNA 2 pl uazlfudfunmsWivinm 50 pi
diatl ddH,0 iisSe PCR (Master cycle gradient, Eppendroff) Tag Thermal cycle e
Aa initial denature temperature 94°C Huaan 2 WY, denature temperature 94°C fhian
30 amﬁ, annealing temperature 60°C (981 40 T WAz extension ternperature 68°C
wWhasan 2 4 (1 kb 6 1 wall) Aruousetiady 30 cycles LA final  extension
temperature £8°C Whaaan 10 wad

Hu NP -

Hhuduififaunelszann 1.5 kb nsmn PCR (AT Max Tag DNA polymerase
(Hot start), Vivantié) ﬂﬁﬁ?‘é.’}ﬁﬁ‘xﬂ‘é}uﬁ?ﬁ. 10X buffer S 5 pl (1X), 10 mM dNTPs 1.75 ul
{0.35 mM), 10 pM Ba-NP-1/Ba-NP-1565R primer 2.5 uf (0.5 uM), AT Max Tag 0.4 pl (2.0
U), cDNA 3 i saslfuifFunas i 50 pi fe daH,0 YinudAses PCR (Master cycle

gradient, Eppendroff) Ine: Thermal cycle #14 Aa initial denature temperature 94°C il

1981 2 w1, denature temperature 94°C tflulaan 30 Tu1W, annealing temperature 56°C



fluaan 30 Uit wax extension temperature 72°C whanan 1 uAR (1 kb 6la 30 Fu1T)
RMIUTALNAAL 35 cycles Way final extension temperature 72°C fluaan 10 uii

fiu NA ~

Phidufifsunaszanm 1.4 kb 1w POR (Perpetual Opti Tag DNA
polymerase (Hot start), Vivantis) UfiiFenulszneusan 10X buffer B 5ul (1X), 10 mM
AdNTPs 1 i (0.2 mM), 10 yM Bm-NA-1/Bm-NA-1413R primer 1 pt (0.2 uM), Perpetual Opti
Taq 0.8 pt (2.0 U), cDNA 2 phuszilfunfzamastiivindu 50 pl das ddH,0 vidiedes PCR
(Master cycle gradient, Eppendroff) lag Thermal cycie ?il%’ A8 initial  denature
temperature 94°C (Hlwaa7 2 WA, denature temperature 94°C (luaan 1 WAH, annealing
temperature 56°C 111981 40 Junf uaz extension temperature  72°C 1flu9an 2 ¥
AUIUTBLIMNAY 35 cycles waz final extension temperature 72°C 1w 10 1und

#u M

luEuifauatssian 1.1 kb 9w PCR (Perpetual Opti Tag DNA
polymerase (Hot start), Vivantis) ﬂﬁﬁ?mﬁ?m@w’}"aﬂ 10X buffer B 5 pl (1X), 10 mM
dNTPs 1 pt (0.2 mM}, 10 M Bm-M-1/Bm-M-1027R primer 1 pl (0.2 uM), Perpetual Opti
Taq 0.8 @ (2.0 U}, cDNA 2 pi usztinBunnsliyaiu 50 pi aos daH,0 Yhedneiies PCR
(Master cycle gradient, Eppendroff) 1aer Thermal cycle “7;1"?’1' A8 initial denature
ternperature 94°C 1Hulian 2 uah, denature temperature 94°C (laan 1 wAT, annealing
temperature 50°C 11387 40 U waY extension temperature 72°C Whiaan 2 waw
RIUAUIALIVINAL 35 cycles waz final extension temperature 72°C (g 10 1w

£ NS |

Thaiufitlauemlszunn: 0.9 kb nsvn PCR (Perpetual Opti Tag DNA
polymerase (Hot start), Vivantis) Ufjizenusznaudias 10X buffer B 5l (1X), 10 mM
dNTPs 1 pf (0.2 mM), 10 pM Bm-NS-1/Bm-NS-890R primer 1 pl {0.2 uM), Perpetual Opti
Taq 0.8 pl (2.0 U), cDNA 2 pl uazilfunffuams1divinm 50 pt dag ddH,0 tndudaes PCR
(Master cycle gradient, Eppendroff) 1agl Thermal cycle 14 A initial  denature
temperature 94°C tlutaan 2 WA, denature temperature 94°C 1fuaan 1 w1¥, anneating
temnperature 50°C 151151907 40 Hun uaz extension temperature  72°C (Sl19a1 1 W d

uansaLiail 35 cycles nas final extension temperature 72°C 1111941 10 w1d




19719 3 WERS Universal primers [68]

- Gene Forward primer Reward primer Size
S P o)
PB2  Bm-PB2-1: Bm-PB2-2341R: 2341429
TATTCGTOTCAGGGAGCGARGCAGGIC  ATATCGTCTCGTATTAGTAGARACAAGGICGTTT
PB1  Bm-PBI-1: BM-PB-2341R; 2341429
TATTCGTCTCAGGGAGCGAMMGCAGGGA  ATATCGTCTCGTATTAGTAGAAAGAAGGCATTT
PA Bm-PAT: _ Bm-PA-2233R: _ 2233429
TATTCGTCTCAGGGAGCGAMGCAGGIAC  ATATCGTCTCGTATTAGTAGAAMCAAGGIAGET
et ol 3 | e S | ¥, R
TATICGTCTCAGGGAGCGAMAGCAGGGG  ATATCGTCTOGTATTAGTAGAAACAAGGGIGTIT
NP Ba-NP-1: Ba-NP-1565R; 1565429
TATTGGTCTCAGGGAGCGAMMGCAGGGTA  ATATGGTCTCGTATTAGTAGAAACAAGGGTATTTLY
NA Br-NA-1: Bro-NA-1413R: 1413+29
TATTCGTCTCAGGGAGCGAMGCAGGAGT  ATATCGTCTCG TATTAGTAGAAACAAGGAGTITIIT
M BmM- BmM-1027R: 1027429

TATTCGTCTCAGGGAGCGAAAGCAGCTAG  ATATCGTCTOGTATTAGTAGAAMCAAGGTAGTEIIT
NS Brn-NS-1: Brm-NS-890R; 890+29
TATTCGTCTCAGGGAGCGAAGUAGGGIG  ATATCGTCTCGTATTAGTAGAAACAAGGGTGTTIT

or o ¢=lr

a1 fednusidaduliBnonlas 3 uans segment specific sequences

e =l

2. fadnemdaniunans 5 ugrtRtAulaUTauAUisanan (recognition
seqguences) @u5U restriction endonucleases BsmB! (Bm) s Bsal (Ba)
3. Fadnuninfikgadifiiuaibion non-coding region F9aziiranuAsiauin

Tufiuaed influenza A g

- 4. msieseiaunuassudruiewalagldnssuad Wi (electrophoresis)
amuiamniasaunuiiewalas W primers TS wazluudazfundadaifion
18 (PCR..pmduct) ﬁlﬁu’}mi@ﬂfamﬁﬂ@ﬁmmm PCR product Tﬁzﬁﬂ% gel é!ectréphoresis
Fufluntsuenaunsinsieuelaeldnssualdfindouionaiafe 08 - 1%  agarose
(Vivantis) gel waztiasfng ethidium bromide A udndu 0.5 pg/ml T 1X TAE buffer
(qatan n) T&zﬂLﬁ51mjmmﬁ’uﬁmmﬂmmﬁﬂwmm 1 Kb Plus DNA ladder (Invitrogen)
998 GeneRuler™ 1 kb DNA tadder {Fermentas) 308 1 pt Imerin PCR product ﬁv‘?\;u

Auuudailszann 10% v19a 5 pl wauiv oading dye 1 pt (MARwIN o) lisdebiRLEWE



asgfiumguuazllasiunisifenszaiesesfieuie fatilsunsuiataadu 100 Taarf 1981 35-40
uni wdeannthdsdaunnguariewanislfiuas UV (Molecutar imager Gel Doc XR
Systern,Bio-Rad) B
Iuﬂﬁ‘ﬁﬁﬁmmﬁ‘ﬁ’} gel extraction u&x purification &uim‘fﬂ?‘mm DNA
product 50 Wl Haul loading dye 10 ul Lﬁﬂﬁ‘?xﬂﬁaL’e)uL’er‘&\‘lQﬁuHQNLL@:ﬂQQﬁuﬂ??ﬂﬁ
ATTANHYBNALALLD
5. mmﬁ’mﬁmmammﬂaua:msﬁﬂﬁ’u?sqwg (gel  extraction  and

purification)

N
ar

UADUABINIANA M BARsRmaTidavra 1T UGN N8 leTa influenza
[ t € £ 13
agjuiistu An hemaggiutinin (HA) lumsiinduaurasiiaueniu Hadourestieueill
&aanas (non-specific product) 184 nonstructural (NS) asnnasidanld primer duee Bm-
v [
HA-T A= Bm-NS-890R datiulunisAnsideanisianis HA Serasinnsfiaanigaiaue
¥ &
494 HA aanutwiitihs uanatntufasnsnldlunisusn PCR product 2848 NA uazfiu
t:&‘! L 7 | o a«‘; n)l =N & =l d‘ iy @ a 1 c:;ml
e Iddufufedinauiausrestiuitldannnisia PCR Taginuiuias agarose il
PCR product QINNGNY glectrophoresis 14139 UV ransiuminator t@enuisaniiae
-r-r; 3 2 o & di L4 e it or o as =i A::;
whigioanis iduvyaiinlfitevantauanduiufianRe ndaiinsdndiusdmisuiey

ar

Fasnseanniudlasinmsuansauelacldgndisa GF-1 gel DNA Recovery kit (Vivantis)

1
= 4,

mnlnadatnaafifiasnisiduans 1.5 ml microcentrifuge tube 15 Gel DNA binding buffer
(GB  pufier) ludnandau 1:1 anniuldyed 50°C et 10 1 vieaunda
afnsazatnatinaaNy fadourasiaaiazaietlaly GF-1 coumn Thuwiasfiagnsida
10,000 rpm 1L 1 w2 FeduianaenaInnAstueRes B Wash buffer tiuans 750 pi
acly G column tiaflumsdradontasiaaiinasie wdothuvgaiauda 10,000
rpm U 1 U] Fadruiianasunannsti Lmzﬂmﬁimﬂuma‘ﬁﬁmﬁfmﬁmn“ﬁﬁaﬂgjﬁnﬂg’qﬁ
A9 10,000 rpm W 1 UT € GF-1 column 1daaly 1.5 mt microcentrifuge tube
waaaluy iy Elution buffer (EB buffer) Y3u1m7 30 wt lutBamunanases GF-1 column dal

2% 2 UNT Fenamaiitieq aatinetiufinotsida 10,000 rpm wiu 1 Wi tiudauiinnaann

. U q

] 3
< P

v 1 5 o ‘:/ ]
anmsthuesfignuad -200C FafhfieuerFqnadieiiidlunsAnudusiel
6. nrsdannardinnas PCR product savauldinndnwnz (digestion)
Tuduneumslaaudiu NA (DNA cloning) naufiazinis@essetiuaeslofa

influenza  1AfuARes (vector) Ae warails pHW2000 [67] 1ialkldmauiegnean
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{recombinant DNA} tuesfesiiatdnuaianusosadandiuld arueanyldlae 14
eulgifinRnny BsmBl mm”lmifmwmwmammma”m@ummmhm mm‘um@m‘uu

ﬁﬁlﬁ%l&\?@fﬂ‘%’]%@ﬁ%\?ﬁ@ﬁ@ﬂi‘ﬂiLi,'fﬂ 2N F’N‘H

BsmBl 5.CGTCTCNA.2
FL.GCAGAGNNNNNAD

sHeENANEEA pHW2000 Fiainalszann 3 kb mamu‘bnu BsmBl (New
England Biolabs) ‘luﬂgn?mﬂawnﬂumqamumm s 10X buffer 3 15unms 5 Wt (1),
BsmBl restriction enzyme 1 ul (10.0 U), pHW2000 plasmid 15 i wazifuaffumaslsviadiu
50 pl #i9gl ddH,0 ANt 55°C w2 4adug wazng a1 adianlas
{(inactivated enzyme) 1'71: 80°C WAL 20 wW nelldisiaq Thermal cycle (Master cycle
gradient, Eppendroff)

A136m PCR product 98481 NA dqeiaulasd BsmBl (New England Biolabs) Tu
Ui nlsznaudaedousie fasialil 10X buffer 3 3305 5 il (1x), BsmBl restriction
enzyme 1 pl (10.0 U), PCR product 30 i wazifuifFunasisimag 50 ul Aot ddH,0
anuLid 55°C waw 2 4ol uazmganstnesesenlagnugl 80°C wau 20 Wi
Tﬂﬁl‘ﬂﬂ‘é@d Thermal cycle (Master cycle gradient, Eppendroff)

wiensdendaeulaiindnmndaliinng purfy Aeweanaia Wnaniei
gel electrophoresis WA gel exdraction and purification fiadin 3.4 waz 3.5

7. madantudrgwanadia (igation)

wiaannmsteanatainuay PCR product aotoulasifindnimizudrazls
S ETE T ensany Anen Seanisidan (igate) SuaadlaFaurasduiun
anadialogldianlad T4 DNA ligase with PEG (Fermentus) lullfjitenilsznaudiadopsiieg
ﬁ%ﬁi’ﬂﬂ?‘z 10x ligation buffer 5 pl (1X), T4 DNA ligase (5.0 U) 1 pl, digested pHW2000
plasmid 3 i, digested PCR product 14 i uasliinfunasliviaiy 50 yl fog ddH,0
anThaid 16°C W 16 Fatia LL@:usgmnws_ﬁ'}mumaqL@u"_lfﬁﬁﬁ 65°C W 10 u T Tae
iaas Thermal cycle (Master cycle gradient, Eppendroff) azlfwaaninfinauaadlads
influenza &84 HENT Aiidasnistaannsansiaaauidisadulélannsia gel

elecirophoresis
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8. maihwataiagnuatdng competent cell (transfomation)
451917 recombinant vector 1ding competent cell tunisineaaiinginig
111 electroporation  1@#l competent  cell ﬁ‘lﬂumﬁ‘ﬁm&’sﬂ%&‘i \un Escherecia  coli
aneiuf TOP10 (TOP10 E. cofi ) flaun1tf electroporation udaaien LB (L:ria~
Bertan) (Difco) agar plate i 100 pg/mi ampicitin i liisld# 37°C 0.1 em
electroparation cuvette widilutiuge doy $.0.C. medium (invitrogen) O etk
RN a0 electrocompetent cell Rwasts 50 il s lfazanslutiud G

v
recombinant vector 3 pt agulfdduadhaniie uiluwiudafluoan 1 undi aa mixture

1 4 a ™
solution M lAldlu cold electroporation  cuvette 1idATed Gene  Pulser  Xcell

Electroporation System (Bio-Rad) &3 S.0.C. medium 250 i FunaunFaaaging
F9mfauRzILiE Fratensnaanmzazsin ERmnag ransformation anas antinll
1isi¥ 37°C 11 shaker incubator TA9NIEITBL 225 rpm WA 1 Fali iinasuaan i
spread 1 LB agar plate #5100 pg/ml ampiciilin Tufnndiuansnaiu A 50 Wi, 100 il
uas 150 pl inlthiad a7ec uaan 16 Falue udodadanialadl (colony) Madnuueag
BadaieinnsAnmsell
9. msdmaanialafivuaiiFeilasufiugnusa (colony selection)
8 £, coli iLE5 recombinant DNA @:m'}mmm?\rg‘l@mu@’lmm%ﬂm%@ﬁﬁm
UfTaue ampicillin 158931 NNaATA pHW2000 fdrurasiiuiinosasdangis annvld
dnadsietnedaannialaifidaienlfilszann 5 fe 10 Talatl dradeasiu LB broth 7l
100 pg/mi ampiciilin Y3370 2 mal 11l shaker incubator ﬁi}mw@‘ﬁ 37°C 1w 16 Galua 7
AnLS9 225 pm teiinlia Fanananindmiunsadtldiuisasninitelilagnisia PCR
uaz DNA sequencing tuanfiusiaiy anzBsa ATl LB broth W3 100 pg/ml
ampicilfin 483 10% glycerol 15ifiu stock e Lﬁuﬁ@mngﬁ -80°C dwiuinuginnanaio
Wi Bunmuunnsal
10, anadnAnataiin (plasmid extraction)
nsaiananaiinsatgaann GeneJETTM Plasmid Miniprep kit (Fermentas) H
Fnasdad A Tunsanemsfinnzidedonauda 10000 mm w1 wail gaday
supernatant filal Resuspension solution 250 pl waylfidniulaeld micropipette g
%u@m@«m:: vortex annitdial Lysis solution 250 i tasidindudaanis invert 4 14 6 e
By Neutralization solution 350 pl ufananed nuniiesannis invert Liuhaeiu avsify

- . . o« o . . ¥ 1 o= =y ,;g' @ 9
Neutralization solution nMaw&In1sFs Lysis solution Ldifiu 5 writ Wasarnazmiladau
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929 DNA 180158808mNdae antuiluwiesd 12,000 pm w5 i deeq gadaila
ATULIAS I GeneJET‘!r_M spin column ThasAers® 12,000 pm 1w 1 17H fadaulagrusng
L1l 4in Wash solution 500 i aslu G?O?J.E;M_Sp‘m column Thuwidesdi 12,000 rpm w1
urd edauladuandly By Wash solution 500 l StuFuana ﬂum%uﬂdnﬁ
12,000 rpm wAw 1 Wil Lﬁaﬁﬁmmsﬁﬁwmmﬁmgiu GeneJET spin column Tfuym
udadne column 1ldasly 1.5 mi microcentrifuge tube wasa i By Elution buffer 50 pl
qqqlﬁ’ﬁ@;muqﬁ%qmu 2 yait st siineuiEa 12,000 rpm wu 2w iu
‘grsazanenarafinfidudanladiudl aidadfnuenandud wiklanistes Uv-
spectrophotometer ﬁﬁiqnqs@ﬂﬂﬁul,l,m 260 nm Lﬁuwmﬂﬁhﬁﬁamﬁgﬁ 20°C iiasaldly
shuneuraly

ARSATUIUATININTUTBIEITRUENTTH
DNA cone. (ug/mi)y = 0.D. 260 x 50 x dilution factor
11. djnzannisTiasiziainuiusTasAaula (DNA sequencing reaction)

ma‘mm%@u{iwﬁummmﬁuﬁ'\i8 dudrlifinsulasuulasuaasanadn
futeatteloa infuenza M fumaratinetagniianie it flifannswids
avsugnasulaaldgmiinrei Big-dye Terminator Sequencing kit version 3.1 (Applied
Biosystems) I 1diBurnueasaewatszuin 10-40 ng ”Luﬂﬁﬁ?mﬂf:n@uﬁ'mmuﬁiwj
frasia Tl ddH,0 13 pi, plasmid DNA purify 2 ul, 3.2 pM specific primers 1 pl (W8 AR
AN3749 4), 5X Big-dye buffer 2 pl {0.5X) uaz Big-dye terminator v.3.1 tiuneg 2 pl 3931 20
p ﬂ’mﬁfuﬁ’wf}”!m@:‘m Thermal cycle (Master cycle gfad'sent, Eppendroff) ‘ﬁﬁ Thermal
cycle ﬁﬂ_in_it_iaf denature femperature 96°C _Lf}_umm 1 _‘wﬁl_. denature temperature 96°C
Wuat 10 9unfl,  amnealing  temperature 50°C 1111981 5 FUA% LAY extension
temperature 60°C 1111987 4 1R AMuURTL 25 cycles Aeantufindn dye terminator
TaannsanAznauReeAELeNILER (ethanol precipitation) LBsaNuaIs NHMILIUNAT
DNA sequencing 1&a'ld Big Dye v.3.1 FauduadeRurnounisiaiidonaa dye terminator
Wadaudsznean Rmdeanufiien dufudesdimetifadaudndnifielalifinase
nsAATIT R AL ATesieweludunausely TnoenfedEnishi3undn ethanol
precipitation 3an1ennlantl DNA sequencing product U3unss 20 pl FFandunaurieu

Wil (B3t 95% ethanol 50 gl ABA1NTRLEAY 3M sodium acetate UFume 2 pt agalfidiy



13

diignmgfivenihuonn 15 wnil wianiududeereduileilesfunsduiaiunas Wansy
warudosihifuwinefianinds 14,000 rmpm w20 Wil mn%urgméqu‘m@@n‘lﬂ@ﬂw
sifasedy ifnianisdouansiiawaiianaznauag Mnisdrensnauiiauieday 70%
ethanol Yisnms 500 pl nesitfidnfugannis vortex aanfutinliamiesdt 14,000 rpm 1
a1 5 117 padalaiell iudnnenzneufiewedifuvass 1ilusne ethanot eanlag
Faruaanldlu heat block 7 90°C w1 it Fvagldfieweiifasmsudeerifunann
WA HiDi-formamide (Applied Biosystems) 131ams 20 ut sanlifiddulnanis vortex uda
tinlafiaitu heat block 7 90°C Ay 2 wail imsﬂmdmmmﬁnﬁ@ﬂmﬁ’unjm::m'a
uazuAdifiu 4°C Fufl w2 1# galduaan ABI didnieias ABI PRISM® 310 Genetic

Analyzer (Applied Biosystems) temansutivaiialnase

A1914 4 LERS sequencing primers

Primer name Nucleotide (5'-3")

Bm-NA-1 TATTCGTCTCAGGGAGCGAAAGCAGGAGT
Bm-NA-1413R ATATCGTCTCGTATTAGTAGAAACAAGGAGTTTTTT
NA-F407 CAAAGACAGAAGCCCTCACAGAACA

NA-F925 TCGGAGA{CTIAATCCACGCCCCAATGA

NA-R413 GTéTTTGACAGTCCC(AG)TTGGAGTGC

NA-R962 ACTACC(GT)GTTCCATCATTGGGGCGT

12. maFinaadinanesandiguadiniziaas (transfection)

“lum‘::mumsﬁwmﬂﬁm@nmﬂmﬁhéLﬁmﬁamugﬂw%mﬁﬁﬂ fransfection
e lHiRansa31e recombinant influenza virus B8R eight ﬁ)lasméds DNA transfection
(671 Anilurasld mammalian cetl fine 16un 1154 293H v‘ﬁ{ﬁ@mﬂmﬁ’mums‘}’uwmaﬁm%\a 8
iy Lﬁ@ﬂ?:n@mﬂu@umﬂ"La%'ﬂ”lé’fﬁfmeﬁﬁ MDCK deflananiilunisifinduouaaslafa
155 dlasannanaiaildinaewaraddade influenza Sldslumed (promoter) Admzsa
asuansaanaastiuly mammalian cell Tagnawin transfection sisatfindaulada 1 4u
FoasBuuannTad 2084 uaz MDCK astu 6 wel tissue culture plate AiRealiamg
complete MEM media iiinnaSnyreaad® 00-05% confluence (Uszanas 1.0 x 10°

cellfweli)
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80150 Lipofectamine transfection
Tumstinanainaemadn g mammalian celt line Hwaneds dmiy
_mﬁ‘ﬁm:mm‘ﬁullm‘ﬂ l[pofectamine transfectlon mﬂums‘l‘n cation lipid 1iluginaiu DNA
(liposome) m%z&mmummum‘lﬂm mammalian  cell mﬁ‘mvmvn@mﬂu@umﬂha‘ﬁ‘lm
Ths mammalian cel dufludaslizui 8 nanaiia lu 1 1108 \ieflazifinnszuounisiiag
afrafluldsfunazaluuressaynialofainila Faludunsuiifosision influenza

i S pp o M4 e f 9 4 et o
recombinant plasmid Tituradlaigldiudaunaiunszuounssineg linsen ez

""m transfection 1uﬂ’lﬁ‘ﬁm:f’lﬂ?&u1ﬁ}ﬂ?°’ﬁﬂﬁﬂ‘ﬁﬂ’m‘lﬁﬂ’l‘m’l inpofectamsme 20{)0 Ltﬁvﬁﬁmi R

ga9 Hoffmann waranse [67], [83] immmammmwwm@m (diluted plasrmd) upay
1UfjRFen (reaction) Wilaorandudusy 4 pg T 250 ¢l OPT-MEM transfection media LRI
giluted lipofectamine luwray reaction 1 dilute 80 ! lipofectamine Y34 250 @l OPTI-MEM
transfection media riauld Wt lipofectamine 1177 Theinnsldtiawens tnfiqumgitieg
1 5 WAt waw diluted plasmid fit diluted lipofectamine (500 pi/1reaction) (1117 Eﬁ‘lﬁﬁ
arumniifieaunu 20 w11 293H cell i lfungaetrsiineen udadsdion 1 mi
OPTI-MEM transfection media 11 combined sclution ﬁﬁﬁnwmmu"} uiay reaction dlu
uslazvan Aoan Be plate L Waiew plate Tudumidumduazdudaaliunwn
whsanntniid 37°C 114 €O, incubator W 6-8 FT19 (fleAsuInaMERIN transfection
ufagm combined solution 2810 s ane lMUTAd N XEET s 1 ml fresh OPTEMEM
transfection media 1isifl 37°C €O, sieBn 36-48 Falnandsann transfection ufatfin 2 pg/ml
TPCK-Arypsin 1 mi v 37°C anelfianaazil 5% CO, radn 48 visa 72 fatua annifuge
media luusiaznguilzanms 1 ml iitiuRaosdare 5,000 rpm w5 10T gatfiuday
supernatant Srluifinsrunuiofaluaad MDOK sall

FEnaafindnnulafalusd MDCK ﬁﬂlé”l‘imﬂmmmmﬂgmwmﬁmm@m@ﬁ
MDCK 'a'ﬂﬂﬂﬂmtmmm transfection supernatant 5393 500 pt 41 inoculate m‘lwzs@ﬂ
MDCK u&atiy 7 37°C i CO, incubator Wil 1 Folus mumm@mmsawmam‘m G
a3 MEM Titlsznaudag 1 ug /ml TPCK-trypsin 2 ml qnthaiad 37°C 1 CO, incubator
WK 48 UaT 72 nlaa meuwmmm MDCK transfection supernatant ﬂuw 5,000 rpm

w5 i Budauladadlu reverse genetic virus aadasnuandlgiifindely
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13. mstfinsuaulasgluldlnfa (recombinant virus propagation)

natfndouliialaomsinnadielulaiifn A3vnTaansinldladndiu
pawvitisindeuiesuds danlaanlalnd nudtonsdidumiviauazguns alianzlels
HAnkoadrdquiiciae fleleruuazarzuldenlslifinase Fumieian sedelaWlalidin
uAn¥1n inszuendsenena 1 adans (mm) wesindnemune 26 Gx1/2” gaiaatalada
1lranne 0.1~ 0.3 ml udarietr) fanlmenuadingeg Bengilandly Aaar| Aesateadllluld
iftn wivnniAalaad s Taldlalidin 3-5 Mesdeniiafaagng oo fenlildin
\Buniiaadeui-BaLiasesialeiianesa DanBenlitifnfoamite dslaldinlufg e
AT 37°C Aty 95% Whiaamuiy 4 Tu Ineesdaandnenisanoaastdlifngndu
slaasuartiiuthldsnadiiy atantic fuid Tnelddudnerann 26 G2 anntui
wigamE99aY 10,000 rpm WY 5 1T Fuganledunaiie ¥l magausall

14. nsmsafiganlofalnads hemagglutination test (HA test)

Hemagglutination test {Thiatnaaeulunisasaulofafienasodungy
RNRENAY (agglutination)  AUIABAAWLAY #alasa influenza A asitueuRiauuufiores
aunaldun heamagglutinin H8111304URY receptor sites Lnfindiadeaunsesdndld
[GHEES ‘v'iﬂﬁ‘l,‘ﬁmﬂﬁngmmﬁlﬁmﬁ@mmLnfnxﬁ’uﬂunéuﬁ@uﬁmﬁuéwLmﬁﬂuﬁ’mﬂu
aznnudeiussndtaindaaunidoafuiaziauinu 1191 HA test Tunimmaaauazin
WLl duplicate Am 1 Aante nagay 2 wgy laeld 96 well microplate 1As PBS 1fiunas
vauax 25 pl galalndn thms 25 Fnaslunguiiinualdis 2 wau arniubiv PBS
WgHaT 25 pl Bnase andiadanuadlidiudu 1% (chicken red blood cell, RBC) 1nms
WRHAY 25 pliAnz microplate 1WA falilugnamgiifiacuau 25 -30 un drunnannmsiin
hemagglutination uazutlanansnaaaulauaanisnael HA test ihiau ThiAadiaden
wnaiameanifhadianszauiifumas dounanisnisaney HA test flunanuazdionig
anpznauanUifizeinsduiuseufiafeaunsiuusuiinudlunguieusiadiuiroum
yananntuindesnismasandudulafalufaating aliatoic flic swasavalannisdnla
wad (titer) Taeiinsi@aatasiaadnelafadion PBS wuw 2- fold ditution Bausl undilute AuA
AYNNIEBATY 1:2048 RutuAafiu HA test wlananiampasulpsmanlnmedfgarinaves
Ifaimlififiamennazneutassindeaunsiuefiay Imw@uqmﬁmﬁzﬁﬁzm@mﬂ REABY
foldiduilmaefiddsuadasafi 1 HA unit uavngusienu 2 HA unit, 4 HA unit uay

8 HA unit MURIAL
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15. 1591 50 percent egg infective dose (EID50})

s UTunuvFean uLe (potency) yadlafalunsfinmaseilBinsin
Gelasminidlriviniia 50 percent egg infective dose (EIDg) duflunismidrpruideans
“ﬂmmfmu,ﬂ’m'l.qmwmlﬁiﬂnﬁﬂmmam‘lmﬂaw 50 m"tﬁﬁmsma*i,%mwm‘hmuuu 10-
fold dilution Baust 107 Bs 107 S qrnstiusiaz dilution aad 1 lARA ditution 4% 5 Wad s
F2nasiinsuanlaa lwld idfnfingnadeuntiail \iu atentoic  fluid 1 MaReL HA test

-

TuvaKa At 50 percent end pomt 2@51%‘11@@ Reed and Muench seazi@sananatily

ﬂ’lﬁﬁéw}ﬂ 3

manlFainiguianssiaaseulmiiaaditiva (neuraminidase activity)
AFnmsdrRansenaasieulsl neuraminidase (NA activity assay) Slunasidearel
1615 uasg s neaeAnsaudalan Inalinsufinffunsaaastiszunnd 5 i 994
msnIsnadaLLBis msﬂwann%‘wfzm@uieﬁuumuumua‘@ siafiase PaguuRanyIP
anslafa L@J'a‘mﬁgm‘mﬂu supstrate m@’lL‘W’l” Aa fetuin @“’mﬁzm?‘d@’aﬂ sialic aC|d ﬂﬂﬂm
wdainaavgmlfifFendasans asenite  udtannsndmlinm sialic acid Iilambinang
thiobartitulic acid (TBA) azRAdITRUANTAY nsoadaLBsnnildlasisiasspectrophatometer
FaranienanaL 549 nm udsanli hisfifeanasasin 3 aneiug sieundsinieaney

1 & 8s
neuraminidase activity Tagdudunaulnes el
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Virus sampie {allantoic fluid)

inactivated virus Non- inactivalie virus

NA assay (virus stock) Plaque assay (virus stock)

Dose response curve

Virus dilution = 1 Unit NA Virus dilution= 1 Unit NA
NA assay confirm Plagque assay
Real-time PCR

NN 22 mMsnRdal neuraminidase activity

1. MovAseH ISR 1N YN NA assay

dasannlafai i umeinmdnmiaiuhiafildannnssieloistulmisan
madia reverse genetics Tasldlafa HINT (APuerto Rico/8/1934) (luleFaduuin wazdly
NA arnlofeldndauntnulsznou mszesiul faildlunsAneraafdasiinsii
inactived virus fiatleafumsunsnszansaengBuanden Tneld 0.01% formalin fideane
1u PBS mnﬁ’uﬁ@ﬂq weiaadlus viras solution raaidiafuR i lTnmgfl 2°C Thanan
18 Falua dlonsusmuatinlafasinaaunasacdldlifinauiditeuniniiiensnagouia
hfasinmanuaiiiumsiiadeudadeinan umsdneseld

2. N9 NA assay

v )
¢ ]

TunrsiasAneitfeadu NA activity 799l0fausazaawuiiy nausuassing

a

AnmdaBuinmaslifafiaunsoindfietlfluntsmaaesvia dose  response 1t

ANIANEIAIN dose response curve winglAaatefiedelofatlu PBS uw 2-fold dilution
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Fud 1112 B 162 pawdadu amisibiaurazranduduldaslunaandundan
(Simport Micrewtube®, Simport) #asaas 10 ul i PBS YFuamas 10yl uaz fetuin 20 pl
asia Tudauaed negative control i PBS wnusneznglafa nasifidadu il
37°C w1 18 4olua 1nansazane periodate 20 pi tnfignamgiidieauny 20 wi G
arsenite reagent 200 i asluusiazuasmfiedlunisugnlfizen ludnaeuiisiaidias
ﬁmngﬁﬁﬂm@Lﬁm%uiﬁ’tmﬂqaiﬂﬂ%ﬁ%umﬁiﬂu@xﬁﬁnﬁmmjuﬁmﬁﬁ%u WBinansazaie
TBA maaliivinfu talldlivdendiunan 15 uni ldunevilfalusasdtefiauled
ﬁqiﬂﬁﬁmmxﬁﬁmmmﬁﬂ%uu,mmwLﬁ’fmmﬁfa:Ltﬂ@ﬁummﬁ‘mmmmLﬂuiﬁﬁﬁﬁqndﬂﬁﬁ
lualfizen fansunanimaeanageusudluinudeuny 5wl (n warrenoff reagent
600 pil nan lidiutas ¥ voriex ¥l huueeiiaonsBasay 4000 rom Wit 5 Wil tindou
ladunsndadnnsaanduussiaeiesianisganaungs (DU 730 Life Science UVAVs
Spectrophotometer, Beckman Coulter) facnsenanin 549 nm laudtvuelE 1 Unit NA
activity @@ mmL‘fi‘@mwm‘lﬁﬂﬁﬁﬂﬁféﬂﬂwamn%ul,sm%‘?’immmmﬁu 549 nm ety
0.5 nelsl standard conditions
3. Plaque assay

Plaque assay Wiuiinsasaavnitiunnsladalu cell monolayer vinlalatnis
e primary chicken embryo fibroblast cell (PCF) i 6 well plate Tifidususasuquay
3% 10° celliwell Vagadiin 37°C Tuamasidt 5% CO, ifhwaan 72 Falua Miaadiadagiy
Fufiun plate - A fansAsandafaiitnunnsnsasfing fiter 214%R 045 pm  (Minisart”,
Sartorius) wL 10-fold serial ditution taeld cold dilute medium (cold MEM 6 ml, 2 pgfmi
Typsin ) @195UA19NT plague assay fﬁ@_q;%ﬂ_‘lf}%’ﬁa'}ﬁﬁ’ui HEN1 ‘lmgﬂ%umui;jﬁmﬁu
typsin Antasinciad PCF wnga media winaenliuan &1edan MEM ‘ﬁféju 37°C lgzanng 1
i mﬂﬁ’u@m media el 1B cold virus dilution 151513 800 i aausazuguetinanile
dauvauiiniilu negative control A dilute medium wni udati iradfinuuniteau
1 $lie Tatan90L Mult-3D-Shaker (BIOSAN)- fifwunansdatiasiigaialilofatins

dsznaudag 0.6% SeaPlaque” Agarose (Cambrex Bio Science Rockland) 114 MEM media
o «::1 i ] ] i ‘9:, o ]

Taein 4% Sea plaque Maunstissindaudalifulfiaaazaaf anthairludulu water

bath figaunadi 37°C dialilieaudeiada neursunaninlafaszann 5wl tih MEM

nANTY 4% Sea plaque WAz 2 ug/mi Typsin (1Fumg 16 1u overlay medium 20 mi) e
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asLaan 1 alue anlaisneniivun sedaat e plate WinasnlRIwIRdLRas
Tofatinsnszansadunie) anainliisadiinisundadild udamitusion overlay medium
wauar 3 mi edreunile fellfasudeind dnsadiddi s7oc_uaxll 5% co, Wy
e 48 42t Suinaadusazuquun fixed #ae 10% formaldehyde nguaz 500

Ed 1 U 4
(Aonr waafiazvaaetiedng) s igom)iivany 13 4alus e uaziaalsiin

£
L 3

arnsinie sedvaei ilauiSoniowmas andutiannan 0.1% crystal violet wgnaz 500 i

Aae Bus plate WiRnssanwetagiane Helivguuniivanu 2 unh gegviall ddael

ar

lRAUIT TR plague TS ThunA1uanLAn Plaque Forming Unit (PFUYmE flail

Buralafa (PFU/MI) = 3149% plaque fuld

pouAEsaeaadtodae X Umnaasiofandiuaalyl

4, 1911 one-step real-time PCR

A3¥i7 one-step real-time POR hiBEnmawnBnnmsWugnasueséelasai
unmsnalugtlaasdn Cycle Threshold (CY) Wioaumusausesl e iiialasiugnasud
mnisuluaeainviedtynyins flusresccence fiean threshold thuas Taeld RNA Tiafa
&an virus dilution AT plague assay fnuuiiniii emplate TunisAnmnasaild
¥ primer Renusofisd i M 20 influenza virus 18 Taglafaaneviug HINT T
primer Matrix1 fapefisesndlddounting [84] douideloFagnaius HoNT vild primer“ﬁ
aanuuulasTisunsy Primer Premier version 5.0 A M1-H5-F Llay M1-H5-R UaAIAIA1514
5 11391 one-step reat-tinie PCR WldlneligadnGa SuperScript™ 11 Platinum® SYBR®
Green One-Step gRT-PCR Kit {invitrogen) ﬁquuﬂs:n@mmzﬂquﬁmmmuﬁiﬁﬁums
aﬁuﬁ’lu'}uﬁuﬁdﬁiﬂlﬂ‘ﬁ 2X Reaction Mix 12.5 pl {1X), 10 uM primer mixed 0.25 pl (0.1
pM}, SuperScript™ il RT/ Platinum® Tag Mix (includes RNaseOUT™) 0.5 pl, RNA
emplate 1 gl uazdfuFannstdivindy 25 pl fae DEPC-treated water TidAaed real-
time PCR (Rotor-Gene™ 6000 real-time rotary analyzer, Corbett) Tngnaziild #a 5000
$haaat 10wk, 95°C hiean 5 1% wazdl Thermal cycle 11 denature temperature
95°C 1flut9mn 15 U, annealing  temperature 54°C 1{iuan 30 Junfl uay extension
temperature 72°C {luaan 30 Bunfl Aquausenindl 40 cycles uazuliu melting curve

analysis # 75°C 14 95°C ANIURMIINEHATIZING
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#1974 5 WARY one-step real-time PCR primers

Primer name Nucleotide (5'-39 Product size (bp)
Matrix1-F AGATGAGTCTTCTAACCGAGGTCG 101
Matrix1-R TGCAAAGACATCTTCAAGTCTCTG
M1-H5-F CTATCACCAACCCACTAATCAGAC 189

M1-HE-R TCAGACCAGCACTAGAGTTAGG

5. MeRdgaL real-time PCR products Thenng sequencing
9" one-step real-time RT-PCR ifhun1sdatasizif RNA i cONA anntiy
cDNA azgnifiiiu template dvFunandisnunadi M 989 influenza A virus Fatlf5en
dnunsadamuldluduaaios nsi one-step real-time RT-PCR {QIAGEN OneStep RT-
PCR (Hot start), QIAGEN} UfjfiFentlsznausiag 5X ouffer 5 pi (1X), 10 mM dNTPs 2 i (0.4
miv), ‘i.(.J"pM Matrixi—R/F, M1~H5~R./F primer 3 pl.(O.S uM}, QIAGEN OneStep RT-PCR
Enzyme Mix 2 pl, RNA tempizte 4 i uasUiudFuanslfivianiy 50 yl fne RiNase free water
Yidees PCR (Master cycle gradient, Eppendroff} Tnel Thermal cycle 7 14A® 50°C 1
30 u Lﬁ@ﬁﬂﬁaﬁ@ﬂg‘jﬁ?m;ﬂz‘%ﬂ_umﬂ RNA tilu cDNA mnfi’mﬁ’fﬂqj initial denature
temperature  95°C tfluian 15 wual,  denature  temperature  94°C (lunan 1 undl,
annealing temperature 54°C (f1119a7 40 3 was extension temperature 72°C hian
2 yHl A1UUTRLAINL 30 cycles UaY final extension temperature 72°C (luaad 10 w1l
aAfisin PCR praduct Tildandin gel eléctrophorssis uaz gel extraction and
p'Qrifi«.cé.tié.n aaniudia cy.cie' 's.e"qtjen'cihg. ﬁé@@wﬂﬁﬁé‘z’uﬁwﬁuﬁnﬁumdmﬁ%ﬁnﬂ'ﬂdmﬁm

—

w &
WU

o o £y
AMFANHIARAUAIRATUDS L@Tﬂ‘ﬁ&‘t&‘lﬁ'hﬂﬂtﬂﬂ

luarsAnEaauAanfiasianlnfioniNingasd influenza A viris ﬁ&’ 3 é’%”lﬂﬁﬁﬁf
Tnelaulsfa s dfinaresiofainlfiseiy substrate fidamazlmaan 1 Falus
Lﬁ@wmimiqc;Lﬂm5“1’\1ﬂfa'*j%ﬁwud'353mnﬁ%;ﬂuu,ﬂﬂa%mu‘l&ﬁﬁ’ﬁ’uﬂwéf’qﬁu@aiwi‘{mwuﬂ:
510131 [76], [85] M1imanasifin substrate fennandnduunnstaie 18ud 0.03125, 0.0625,

0.09375, 0.125, 0.1875, 0.25, 0.375, 0.5 Az 0.625 wiel¥1iunns 2.5, 5, 7.5, 10, 15, 20,
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30, 40 48z 50 pi AIMATHY AMihANsaAn AT d A DM Bunnmes N-

1 &
Acetyl-neuraminic acid Miaaubulfjfiseaingas

N-Acetyl-neuraminic acid (pmo!) =  Vx 0.D. 549
£

Vv Aa Bunasianualunsaanassd (mi)

£ Pa Anlsranireaaasaesi (57,000)

A0nNLEluNITAN¥AIAa
nad’ | = [ o a ¥ o i’/ ‘:1/
'ﬂamw'l‘ﬂummf’}'ﬂumﬂmmum?mummmhsmzmzmﬁwuﬂum?ﬁnmm\‘m

18 Independent paired simple t-test (p<0.05) Taa 4T sunsn SPSS 15.0 evaiution
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shethsiildluntsnanas
o 1 6=$ 3'/ dw B 1 ar o8
doathaldlunisinmaiail 1dud Tofa influeza A @nenfug HSNT (Arducks
Phitsanulok/NIAHBE-5-0001/2007  (H5N1))  uantdarnflaludasifinnsssunaaaloda
liwdnun luedminfisodan uazloa influeza A aaaiug HINT (APuerto Rico/8/1934)
—

aeiufunsgu leeldfumueyanaifedeildlunfneilaanaudidauas

wannnsdnitvmdnamiianausn nenadnd duneTmes dandaiuoylan

rTHIN4 reverse genetic virus #EWUE HINT-NA-H5N1
arnnisAnsuienfoethelefa influeza A gnafug HENT  snsianasAnm
4
ANRNHOIZUAZINATBIRNIRUENTINNY 8 W Ternnstindaatinalafasn allantic fluid 17
&im RNA i3pienasi RT-PCR Tned Uni 12 universal primers Faiiu primer 71t @ iy
matdAsussiugnssuusiaziduain RNA 1§ cDNA Tnsinunns reverse transcription
8 =2 o -:;l i ol 3 2 3 1 _ ::; .c;‘ o = o
uarammaiNA ueuiunAasdutagd specific primers TignansniANA uouE 1S
o % ol e Fo . o m e v X P
Arenaaduas ifauingssfiuiiuandreiy vennithEudanduiiind o ldduayi
B restriction site aavaulmifaiawis BsmB! (Bm) uas Bsal (Ba) thineanuiiiiion
dae 5 uazidate 3 welddauiunaslaauding vector tievannsfneluduneusialy

PYUIAEUT 8 1RUIRS Alduck/Phitsanulok/NIAHB-5-0001/2007 (HENT) UARIA9AW 23
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MwM PB2 PB1  PA HA NP NA M NS MWM

bp

4000
3006
2000 &
1650

1000
850

NN 23 uRAsTUIAUBSEL PB2, PB1, .'.P.A, HA, NP, NA, M uaz NS 289
A!ducklPhitsanuloklN!AHS—S-OOOﬂQpOf(H5N1): 1% agérose (Vivantis),
1X TAE huffer, Molecular weight fnarkers (MWM): 1 Kb Plus DNA
ladder (Invitrogen), 100 Volts 1981 35 u

¥

TunsRneassiaziinisailofastinlulauluianifiFnsarueu 1 aefug
fn o7 influenza A gneiug HINT 185 NA a1nlaid influeza A ansiug H5NT Trg
el 2 o o2 o N a o PRy
ABnnnd reverse genetic fetiAdiiiininfineBuandiu NA aealtada HoNT Rllvuna
Usvannu 1413 bp 1ntld Bm-NA-1/Bm-NA-1413R primer Anuaizast PCR product N4

WAAIAINTW 24
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AW 24 WEAIN39IA gel electrophoresis B NA 2184 A/duck/Phitsanulok/NIAHG-
5-0001/2007 (H5N1): 1% agarose (Vivantis), 1X TAE buffer, 100 Volts
981 35 ‘mﬁ, Molecular weight markers (MWM): GeneRuler™ 1 kb
DNA Ladder (Fermentas)

=

w&4a7nin POR product 288U NA #ilfarnnrsisdaununazinliuigns i

ngwaannng digestion Aat BsmBi restriction enzyme s ligation Taauiding pHw2000
vector 1ABiNAsTIA electroporation WAINAE spread UM LB agar plate Wl 100 pg/mi
ampicilin udaAnidandauan 5 Taaudooaslu LB broth 75 100 po/ml ampiciilin

sy tanadanangianinisrsadaulaauiiRenfaniaia PCR axinbiulala

R e
fet = 9

TuszAumiiidniiahedidiasnisatlu pHW2000 vector TaldinAuantdanin 25
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-5 J0C 9g1¢

bp

1650
1000 3

AW 25 WRASIANISTIN gel electrophoresis U84 PCR product R1nn15iAaeY
NA 283 A/duck/Phitsanulok/NIAHE-5-0001/2007 (H5N1): 1% agarose
{Vivantis), 1X TAE buffer, 100 Volts 1381 35 ‘Ll‘l?l. Lane 1- 5 AA NA
Taaufi 1 Gslaauii 5, + Aa Positive control (NA 221 HIN1 (AIPRISI34)),
Molecular weight markers {(MWM): 1 Kb Plus DNA Ladder (Invitrogen)

nirnaatsuiiondalalnalutiy NA  weelafa Aduck/Phitsanulok/NIAHSE-5-
0001/2007 (H5N1) aAfEnIsin sequencing  tihunistszanmilugaduioailalnsd
auysailagnisddrsulicnale ndildaannisidan sequencing  primers luusiazdunn

Usenaviulaallsungs BioEdit wuda NA Bufiauig 1399 Hardlalnd wansdanan 26




301

381

401
P

501

GEAGABICCAR
CCGARSTTTERE

ARGATAATRR

AATGTTACAA
ACACAGEGAR -
ATTGAGRAAG
COCCATTAAT

GITCCAAGGE

CACTTEGEART

CARGCAS

TGRGTTGTCC

TCT&TTGQ??N

AATTGGEARTT

ATGGCATART

ACTCAAGAGT

CRATATCTTTT
ACGETGITEA

TCCTTETTTS

ARGATATACL

GCTGTTAACG

GEHEGRGCAR,
COATCGEATC.
:BTTﬁGGAAC”:
TCARCACAAA

CTETGECTTC

GGATGEGCTG

GEATSTGTTY

GCAGAACTT?_

CTAGCAGTTA

BAGCAGGAGT

RATCTETATSG .,

'rGAIC$C33T:

GCTGRACCER
AGTAARRRTTA
TATACDGETAR

GTTATAAGRS

CITTXGAST

TTCAGCAAT

ACC GAGT&C
TCAAAATGA&

GTAALTGGAA

-AI GATC%%T

GCGGECAATT
GGACARCAGT
AGCCATTCAT

CAGGGAGCCT

POTGHGTGAG

SCTCAGCAAG

TCTGEGLCCAS

ARCAGACALT

 TCEBBGACAE
GETCCETCSC

TECTTGOCAY

BLAGTGGGEGET

ATCARGAGTT

CTEARTET

TEEIATGECT

TCARRTAGER

ATGATGGAAC

GTRARRGGSET

ARBRAGCACT

GGTEGATTGR

ATAACTGATT

GARCAGGACTA

(GGCESCCCAR

TCOTBATGOY

CRBATCGHCC

TATRATATGCA

AGETAGTTGT -

TTTCATTTAR

AATTCCAGEA

RACGGACACGT

GETCAGGATAR

GATTGCATAR

BGAGAGCACH

ATBETGACAL

ACORTTGRIA

CCEEEGECCT

COGES

AAGCCCTCAC

CRFATAACTE

GGTCCGETET
ATACGGCART
GCGECTTTSA
AGCTTITCAG
TAGCGGGEEGT
GACCTTSTTT
ATTTGGROTE
TETGG

TTEGE

a1
0

AGT

TTTGT

AREATGCT

TCCARATRAG
TGGETTAGCTT

CATTCRATTC

AL TEATTTTCTT

CATOTCTTTG

ATARAGG

m

AT

CTCATGCTIC

TGLTPRATPA'

~AGhPCP£TAﬂ

ARGGTTTEAG

TTACTGTART

TTCRARBATGG

CCTCTRALGH

CTTGGAGIGA

26

N 26 udesdrnuiivndte inauasiiu NA: dnusidas aa danale lndinuludoauy

229 pHW2000 vector, anusaintduln aa derdlelnaruiunsassanas

1 NA N pHW2000 vector, flaanusilnd Aa asuiisaale lnssu NA
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douanmsilondledaestiu PB2, PBI, PA, HA, NP, M. uay NS Tuugasly
NIALIUIN 3 UAT electropherogram TeauAAT primer kaasluAYARLAN 4

dethdrdufiondlondiiu NA 289 HENT wraudaududiduiiondladiu Na
183 HIN1 gi|126599290|gb|EF467823.1] influenza A virus (A/Puerto Rico/8/34(HTNT)) 715

10 1413 TardlendloaTusunsy Biokdit wudrfimorsmileuuazunnsinefudanam 27

10 0 30 40 50
PR EPEE P TEIC R T USRS R I I LN SRR -4
HNA~HING AGCGAAAGCAGGAGTTTAAAATGAATCCAAATCAGAAAATHATMACCRTT
NWA-HDNL ——mm—e oL, v e s it eame ey aa 2 T <
&0 70 20 90 100G
ER e R LI T IR R LRI IR I SRR R I
NA-HLNL FGRTCAATFTGTCTGGTAGTCGGAWTAATTRGCCTAATATTGCAAATAGG
WRAIHEN] et M. .. B ACT. .. . B.GG..... T. o L AN N . T.
110 1z0 130 Lac 150
-1 B | ISR f. [ 0™y Y -1
NA-H1LNL GAATATAATCTCRRTATFFAT?AG»FATTPAATTCAAA;TFPAQGTCAAA
MNA-HSNL B Y R T Cu B . G.A. . C
LEQ 170 180 L&aC 200
L2E A R B I | SRS (RPN L L |
NA-HLINL ACCATACTbuA}TATGCAAFCAAAACATFATTAuQT AIAAAAPTAGCAC
NA-ESNL CALAG. . CRLCCLAT . G- T Ll AL L T LT, LTS G AL i
a1l 220 230 240 Z50
-1 PR R R -1, [N R |
NA~-HINI CTG GTAAAGCA“&CAACTECRGTGRLATTAA’CbGCAArTCATCILTTT
NA~-HSN1L B R el et I B L=
28640 Pyl =80 pep-1v) 300
-~ F . PR | R RS I H 1 i
NA-HLNZ bTCCCATWCGTfGGTGCGgTAiATACAGCAAAGA»AATA?CETAAGAAFT
NA-HSNE [ S, Tan A S BT [ ' TG [SOPR o B..C
310 FEG 330 240 38O
PR IRt TIPS I (O R (PSP T I t
MA-HINL GGTTCCAAAU?A&AC@TTTTTGTMATAAGAGAGCCCTTTATTTPATGTTP
AP SR N o, - L GenGo oo eGauaa. i JP R T . 2 O . T S C..
360 3740 36D 38C 400G
P I B B R [IETCITIS RP f
NA-HLNL TC%CTEGG&ATFCAGGAQCTTTTrrCTGACCCAAGGTGCClTACTGAATG
MNA~HSNL ASh. VL T, AL T CoolT. Y AP B Gl M.
471G 420 430 440 450
S LR AR o R [+ TR T, T I- faoaal. 1
A~HLNL ACAAGCATTCAACTGGGAuEGTTAAGGACEGAAGCCCITATAWCCCVTTA
NA~HSNL . ...... R L C.C..AR.A.
480 470 G580 4490 500
R R Tt IS ey [y (AU IO SR SO
NA-H LN ATGQGCTGWCCTPTCGGTGAAGCTC&GTCCCC FTACAATTCAAGATTITGA
NB-~HSBNL . ..., TR R, Gaawss G gy . e S, A..T..C. . ... L=
. n —
511G 820 530 540 5590
RIRIE I B R I oot I S VI R |
WHE-HILWL ATFuGTTGCTT&GTC&GCAAGTGCATGTCATCATGuCATGGGCTGGCTAA
HA~-HLN1 L . RIS T alo oo CCR.T. .. T.G.
580 570G 590 580 G000

R RS TR Iy SR R I S [ BPRPRNN |
NA-HINL CAATCGGAATTTCAGGTCCAGATAATG?AGCAGTGGCTGTATT&AARTAC
NA~HS5NL e T..C.uiv o (SRR C RIS« R [ S

M 27 udmaansiulioad ba lnavasdiu NA 1as HNT wWisnitaunudaufianalalvs
U NA 189 HINT gi| 126599290|gb|EF467823.1] Influenza A virus - NAHINT Ba
(AfPuerto Rico/8/34(H1N1)), NA-HENT Aa (A/duck/Phitsanulok/NIAHE-5-0001/2007
{H5N1))
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€10 &20 §30 €40 §50
veredornsbaeralaesedenreianandtoneeloeeilavacinenal

NRE~HIN1L BAACGGCATRATARCTGRRACCATARRRAGYTGGAGSALGBARRTATTERG
L HASHBNI L Taasesne s s A Tl B i URIE SRS S

— By 569 £70 B8O 880 DO
SRR RIS S A AP SR IAPRNDN DA TR AU TR TR A
WA-HINT GARCACAAGRETCTGARTSTGCCTOTGTAAATGETICATGTTTTACTATAR

NE-HBN1

RA-HIN:
WNA-HENL

7740
AW ...

 BA-HL TARATC

NA-HSNE

310 A20 g

35 544 856G
HA-HINI CTATGAGRADRTARTTCO TG T TACCOTGATACOGECAARGTSATOTGTSTET
BA-HENL  ooav........ o T eyt oy T N Wy

AN N S

NA-HIl
HE-HEHL

ME-HINZ

MNAR-HINL
HE-HEWL

PERR B |
5 i ATAGUTATGETARTGETET T TS
o e NV TR - T, — @t

o | N, . F..
HNA-HINI GAGURABRCECAGTERAGGS

MA~HENL FGH N, Sy R« N -
14863 pREIFRE] 1080 1040 Ligo

BECPPIE RCTSIP [ v e gl . <l PP PR S DU |

Wa-HINL ATAGRRAEGGACUARAAGTCAC-AGTTLCAGRCATGGGTTTGRGATGATTT

NA-HERL PR 1 TN 28 3. .,  Forieesieceeeey, CSERGCREC BN . Rt AN,

v e

%, 1330 1140 11E4Q
P i o L e L
MA-HINL GRCRGRGACTGATAGTARGTTCTCTGTGAGGETUAR
HA-HENL  ...... . Aco0oa G, Towh 0G0 C. . GO T AL AR L.

e 1200
¥
PP E
HA-RINL CTEATTGETCRGS
BA-HSNI B
1210 1220 1230 1240 1250

NN 27 (78)



NA-HINIL
WA-H5NL

NA-FE1N1
Na-H5NL

NA-HINL
WAa-H5N1

NAE-HLINI
NE-~HEHN1

NA-~HI1NZ
MA~HEN]
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EZThAuAJUGuT TGTA?lhm

T

G.....R..R........A ..... T..C..A..P

1zeq 1270 izan 1250 L340
T I I S LRI SRS [ R I
AﬂlTAATﬂAﬁGCGA”b&CLTAAE AAAAPRCAA?CTHGQ(TAbTbvbPGL
NS P W = DS ¢ R o D G.GC.. ... Tevini, G.o...

13190 1320 1330 1340 135D
..-.%.m. I I I D P P R
AGTATTT TTTTGTGGuGTaPFTAJTbAT%C IREYY AG%TTEETbT GECL
D T D Covna LI

13860 1370 1380 1380 1409

e el ol T T NI L | I |

AGRCGETGUTGAGTIGCCAT T AGCATTGACARSTASTE CTETTCARARAA
....................... C.RALA. L A, o

1410

.................

NN 27 (@)

HiB1aeU amino acid 4eis HINT Tlsenaudan 454 amino acid was H5N1 71

sznaumag 449 amino acid nnsAnwa ReTieuac e sz NANIY UEAINER

n 28




HIRL
HENI

HINL
HENL
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LR et
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Do el
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HINI
HENL

- SIELNAPNSHYERCECYPDTG
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30

10 20 30 40 50

PV A S SR S N I R S
M&PNQKTIiIGSICLVVCLISLILQTGhI SIWISHESIQTGSQNATGICH

P M. T.MV.. M. b vnananns H..N.~.KREP-

g0 . 70 _ B0 .- .[99-_-.' 108
VPP DPUCONE SO SRS SO IO DY IR DR SR

ONITTYRKNSTWVKDTTSVILTGNSSLCPIRGHATYSKDNSIRIGSKGDVE

—mm L BNT VFLIE L AVA., LE R i e e a e oV i it v i ee s e
110 120 130 1490 150
R B o L I o s . - AP AU BN
VIREPFISCSHLECRTFELTQGALLNDKHS SGTVEDRS PYRALMSCPVGE
. Y AN /o R A N R S N P . || A

Liohl eep—_llo s W) Moo N 00
Y ., " T R I I Y e | Y. W

APSEYNSREESVAWNSASACEDGMGWLTIGISGPDNGAVAVLKYNGIITET

...................... - PR Y /A
2140 220 236 240 259
Y A e o N e . Y | W
THSHRKK ILRTQESECACVNGSCFTIMTDGRS DGLASYKI FKIEKGKVTK
..... L L PR i i T ) W SO T A ). A
260 70 280 299 3990

PR HA T L o

....!....1.,..§....!....l. .I....E‘...i

.
T S VR B - i YU R SR - |

SSRHGFWM*WDPNGETEmDQKHSVRQDVVAMTQWSGVSCSFVQPPMLTCL
BL.SL . W . AP, S, gt O AL T, F ] L F

L1190 424 430 440 459
e, T e = J

DCMRECFUVELIRGRPREKT INTSASSISFCGVNSDTVDUSHPDGAELPE

N M 1 e o R LR T

NN 28 WARIRIALNSABSALIUDBIBY NA 2849 A/duck/Phitsanuiok/NIAHSE-5-0001/2007

(H5N1) ilFsuWsududinunsaasiilugu NA 98s A/Puerto Rico/8/34(H1N1):

gi| 126599290]gb|EF467823.1] Influenza A virus
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\iandanau amino acid Tsfiu NA 9831958 Algoose/Guangdong/1/96 (HEN1) L

Ga/GD/Lyr98
MEWL

Gs B/, 96
HENL

Ga/38D/1/98
HSNL

GH/GLIALEE
BOHNL
e SIED L S R E
HENI
GBS0 786
HENIL
S/ EBLHE Y98
HEN1

Gs/GD/L/ %8
BENL

Ea/ /G L/ /98
BENL

Gu/ GRS/ %8
RSNl

Gu/ GD/L /98

BEN]

195 A/duck/Phitsanulok/NIAHB-5-0001/2007  (H5N1) uaminansAnsuiaufiauac iy

WTHAULATLANANNAY UARINAAINIW 29

i0 20 30 44
..--E-.--I...-I-..-}.w..i----§-~-~1----!
MNENQRIINISSICHMVVGILISLMIQIGNI IS IWVSHSIOQT
e T.MV oo .. LR A

50 s0 70 30
DR BRI I DU IO T B
GHOHQAEPCRGSI LTYENNTWVNQT Y VN T SN TRFLTEKAY
R e I....

&0 180 124
e T B L R B NI - T R | |

ASVTLPGNSSLCPIbGWAVH FDNGIRIGSKGDUVEVIREP

i
=
O

130 140 50 180

e | L =]

ANIASACHDG

THO 300 310 3z0
é

..«-i“...l.---l--.-l-~--§....i-..-!-.-

330 340 350 260
DL FR T ESESPOR SRS SN P T R |
VEGRNPRPEDGTIGCSCEPVEPRGAYGVHGFSFRYGNGVNIS
. o TN RN B T T TN E 4
3T0 380 30 400
= uit] || O~ UG - _a | S
RIS TN ESRSGFEMIWDPNGWITGTRS S ESVRGDIVAITDWNS
< - NN . e T .
4310 420 430 448G
D T e T e e Tt B | I |

GYSGEFVQHPELTGLDUIRPCEWVEL IRGRFRESTIWTSG

450 GED
E e T L T
EEISFCGVNSDIVOSWSWEDDAELPFTIDK
................... L

AW 29 wapsRALnsaarilurasiiu NA 9291958 Algoose/Guangdong/1/96 (H5N1):

Gs/GDI1/96 fula5d AlduckiPhitsanulok/NIAHB-5-0001/2007 (H5N1) : H5N1
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iauianay amine acid Tugu HA 294 influenza A virus {(A/chicken/Thailand/CH-
2/2004(H5N1))  futaFa A/duck/Phitsanulok/NIAHE-5-0001/2007  (H5NT) LIRS ANEN

. =] <4 1} o or
RS LA TIIMHBURATUANG N LARINAENATH 30

B 30 20 30 &0
_,u.x&» B T e N e I |
. e _AY645382 DOTCIGYHANNSTEQVDTIMEKNVTUTRAQDI LEKTHNEK
o AP OU  Sh  TE T T  EE
50 &0 T a0
I e S N, W Ny LAY
HENL-AYE49382 LODLDGVKPLILRDCSVAGWLLEGNEMCDEFINVPENSY IV

HEW1 Al A ety - - N -

JL | -
EENL-BRYS42382 ERANPYNDLOY PEGDFNDYEERLKELLSRINAFEKIQI I PFKS
norl Ll e s, R
: - 139 S 140 Chwase L Las0

S T S S s’ S SR . (| = P W |

HENL-AYE4893082 SN SREASLGVSSACRYGGHSSFFRNVVWLIKNSHYPT X

e | D Ry - i [ £ S ammm— i T Y 1

i70 LD Zo

AR T ae TR i k'
EBNL-AYSAHIHE ERSYNNTNQIEDL L\FLC—:alE-E.!-""’?G"pJJEQ ?’k TOHPTITYISV
4 i

Il

320 340 SN {3 BED

W . T R R T, T . 1 T | R -

HENL~-ARYE4D 382 P%R&R&PRKRw TGA;APF BGEEAGGEMVDEWYGYRESNED
EOGIE Sl e TN, el R B L e _gs . . R - - -
370 380 380 400

L .. e . . LS8 P

HANIL~-AYELIRIR2 GEGEYAADKESTOKAIDGVINKVNSI I DRMNTOFRAVEREE
2 T R N R T A AR S R
L1 0 EReas 4B LR

S SR R B e LR R

HEWI-AYE4SB382 HNLERR I ENLNEKMEDGFLDVW T YNAELLVLMENERTLIE
HEMNL D T L T B
L0 4G0 47T 0 450

P I I i I e A I

HEWIL-AYESHBIED ﬂDSNVKNL”DVVRLOLNDN&KELGNCC”LFVHKQDJECMﬁ
%O U T A R R N N I

A9 30 wERsdNAURsAasiiuTasEy NA 199la5% Alchicken/Thailand/CH-2/2004
(H5N1): H5N1-AY649382 fatlasa A/duck/Phitsanulok/NIAHE-5-0001/2007
(HEN1): H5N1, LASRsMINEAALHN Aa A1umils N-linked glycosylation site

1
3

MANNT 1 MU RUTIIUEEY HAT
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489 540 510 52
1. i. PPN SN R L. ..i
HENL-AY649382 .‘:SX?’RI}IG_LYDYE’Q“Jr.’S‘n"EARI_qKRE.E.x.SGT”\IKL.&SEGT‘:{Q‘r I¥
BBENL 000 asaaserrss s naassnausornsussssnsnssesss

- 530 540 550

. ...,]....1....1..‘.[....i...-E...
HEN1-AY648382 STVESSLRLAIMVEGLSLWMCSNGSLQCRECI*
ESHL 0 teessmesaravessssseaassaemdraonn -

M 30 (512)
ummnwlmmm%@u recombinant plasmid it NA salofaanaiiug HENT 91
anﬁmmnmmumﬂﬁi@"L‘wmmmmm@mmﬂmuwmﬁu AviaEe NA 784 HENT uasiui

- 8 1&urad HIN1 (AfPuerto Rico/8/1934) Lw‘ﬂmmml‘ﬂun'ﬁm transfection HANATTAAIIN

RN AN At ARARIAI A1 6

A1514 6 LaRIAdE AT uaRy HINT waz H5NT plasmid

Insert gene 0.D. at 260 nm Conc. {ug/ml)
PB1 0.070 350.0
PR2 \ 0.041 205.0
PA 0.059 295.0
HA 0.060 300.0
NP 0.055 275.0
NA 0.047 235.0

M 0.086 430.0
NS 0.072 360.0
NA (H5N1) 0.080 400.0

wHIEMA: AIAEANS 1T 11100

Angvi ransfection TunisAntaTativiadlu duplicate sida 1 fameine in 2 41 naRe
positive contral Wlinnsaialafa HINT (APuerto Rico/8/1934) Imamﬁﬁﬂum 8 §u181 PR 8

Wil fiden, negative control "Luummmuw NA muu“mﬂgmmmu (e 7 Ehainidu dou




34
reverse genefic virus 98 HINT-NAHSNT fe T NA 289 HEN uazBurivRetin 7 du fe
PB2, PB1, PA, HA, NP, M, uayNSifluseqPR 8 WAINIY transfection WUSNHOLS
wlRenuuranagad 203H uaz MDCK AN 31 D19 33

AN 31 WERIANHE normal 293H cell nellanans inverted microscope
MAsUEnE 100 1911 (OLYMPUS)

NI 32 WHAIANME cytopathogenic effect (CPE) 194 203H cell neils

nAag inverted microscope MAYE 100 i {OLYMPUS)



MW 33 WA normal MDCK celt melanaag inverted microscope
mmmmﬂ 100 L‘Vl’l (OLYMPUS)

N 34 UARIANHNE cytopathogenic effect (CPE) 1183 MDCK celi neflgy
na249 inverted microscope N1AUL78 100 N (OLYMPUS)

dia17 supernatant 989 MDCK cell a@mAndruaulofaluldlnfnugeg

aliantoic fluid nwaga HA test Idnan1sfnmgansg 7

35
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B2 7 HAMSANLY HA test AINMFYA transfection

Transfectionvirus —— experiment 1 . experiment2 —
HINGNAHSNT -
POSHiVe Control * gy

negative control - . -

SWHER: 4 PE H’A-'pg:jg;ﬁ\gé

- FBMAnegatve
NaIAN 1o S amnuiig ”faqmmé’fﬁmﬁ'mQﬂﬁuﬁﬁmuiu'hi"LﬁﬁnLﬁ@‘},ﬁ%ﬂ%é’ﬂ
Funmannedruiunisdnedusely 5 &nFimageU EID,, i NA assay wax plague
assay laeAulofalssung 50 mi UWATNAREL HA titer m@aha‘mam@“ﬂmm AE H5NT, HINT

= g

4Rz reveres genetic virus -wmmmﬂu-log B, log 10 LL@:'}OQ'Q HA titer FANRS) mnuu

ki (aliquot) ﬁ’q@fej'}@‘hé’zﬂ%’ﬁ@mﬁmﬁ -80°C @i unmgansial) |

nMsasmIAnENIRANLsslunsRataadlady

msmmwmmﬂmmmnmmhmsmm (potency) itﬂﬂfam’iunfasﬁnmmwh
fmmmmmﬂhsﬂm’flﬂnﬁnm‘@ma‘mm EID,, mtﬂumﬁ‘mmmmm@mwmmmumﬂ
laFad nalile L nfndeldianas 50 imaﬁnmmlf:m Alduck/Phitsanulok/NIAHE-5-
0001/2007 (+H5NT1), H1NT (A/Puerto Rico/8/ 934) WAz reverse genetic virus Idnaginasns
817 10 o =



B39 8 Han9vin EID,, 1041954 Afduck/Phitsanulok/NIAHG-5-0001/2007 (H5N1)

Bilution of inoculum Number of eggs infected

-1 2 3 - 4 5
10" + + + + +
10* + + + + +
10% + + + + +
10" + e + + +
10 + + + + +
10° + + + + +
107 + + + + +
07 + + + + +
(07 B + ’ N N\
107°

WNTELME: + A8 HA positive

- AR HA negative

M99 9 HaNIIV EID,, 1aslaia HINT

Ditution of Number of eggs infected

inoculum 1 2 3 4 5
10" + + + 4 +
10° + + + + +
107 gl + + + +
10" 1] + + + +
10° 5, + + + +
10° + + + + +
107 + + + + +
10™ - - + -
10° - - - -
107 - - - -

WHELHRE: + AD HA positive

- A8 HA negative
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71914 10 RSN EID,, waslafa HINT (NA-H5N1)

Dilution of ~ Number of eggs infected
10" + + + N N
10—2 + -4 + ES +
JEO.B + ph - +- -+
10'5 + + + m ! +
10'6 . + + + ) - -+
107 - + + Y +
107 . i \ h |

VNG + A8 HA positive

- A8 HA negative

AMNAITAMIN EID, TatiE Reed and Muench mathematical technique

(sraazBuauandluninmnan a doysniu) wudrlada HENT, HINT uas HINT-NA-H5NT 1]

9.52 8.625

AT infectivity titer 984 virus suspension 1Buams 1 mi iy 10°% 10°%% yaz 105 EHD,,/ml

muaiu turnlBunueoudindurededale allantoic fiuid 45l unsinesia T

-
-

o

msufFaisias NA activity 224 influenza virus WARE A8 US

@

nmamasmdniuirandraBunomes@alafaiu NA activity 109l faurazaiia

£
anansaAnEliann dose response curve Ak



A58 11 URASHAMTAN® NA assay 9231958 HIN

Virus dilution O.D. at 549_)_ nm " - SD
1 2 3
1:1 2.512 2.459 251 2.491 +0.028
1:2 2.434 2.464 2433 2455 +0.018
1:4 2.231 2.335 2.231 2.283 +0.052
1.8 1.572 1.619 1.572 1.592 +0.024
1:16 0.657 0.642 0.656 0.676 £0.047
132 0.152 0178 0.151 0.165 +0.082
1:64 0.038 0.043 0.045 0.042 +0.004
A19719 12 UARINARNSANET NA assay 9291958 H5N1
Virus diiution 0.D. at 549 nm X SD
1 2 $
NN 2.526 2535 2.528 2.529 +0.004
12 2.504 2.515 2.538 2.519 +0.017
1.4 2.458 2.460 2.513 2477 £0.031
1:8 2.348 2.287 2.452 2.362 +0.083
1:16 1.610 1.598 1.824 1.677 +0.126
1:32 0.480 0.5632 0.720 0.577 +0.126

1.64 0.083 0.169 0.152 0.134 +0.045
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A9 13 WAASUANNSTANY NA assay 1891958 HINT-NA-H5N1

Virus dilution O.D. at 549 nm 3 8D
1 2 o3
111 2.462 2428 2476 2456 +0.024
1:2 2258 2.430 2.449 2379 £0.104
14 2048 2183 2282 2171 +0.117
B 4208 ABIT o A5TA 1468 50,145
T 0.624 0.681 0.740 0.681 +0.057
132 0.226 0254 0.241 0.240 +0.014
1:64 0.059 0.064 0.063 0.062 +0.002

=] 2 LTI R =) & ad g 1 .. ﬂ%l‘
AIMNAUNONTANHID NALNBUINNAULUNTIN LA RS ﬂ’J'lﬁJﬂﬂJW%ﬁﬁ‘ﬁi'tﬂTNlﬁﬁﬂ fUABILTE

lofariu NA activity #daldlugiansinegeniuuasuamaianas 35 uas 4.13

NA activity:(adsorbance af 549 nm)
53]

Relationship hetween activity of NA and virus dilution

o fx-- HIN
- H1N1-NA-H5N1
— i H5N1

Dilution of virus (log,)

MW 35 wEpeng A uduRutseuIalfinuraadelefany NA activity

nsAne NA activity 9edlafausazansiugiiugnd 1 Unit NA activity Anfaya

N9 dose response curve Hafiu iflatinn 0.0, ludasiiinasiausuae NA activity
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amwmmummmmmz‘é’wuﬁmLz”a’mzmwﬂ?‘mmmm%hmﬂu NA activity «xld

AUMTEUNTFINN 36

Dose respond curve of NA activity

2.
1.5 4 A HINA1
a  H5N1

&  HiINT-NAHSN1 :

oty (H5NT) i

------- oty (HIN1) |
= tFiatdfu (HIN1-NA-HENT)

0.0, 'at 549 nm

0.5 1

O L 1 T e |

0 G.04 0.08 0.12 0.16

Virus difution

|
[
T

MA 36 wansnsdanadiwusiBadussuinafinnuasdaloTa sty NA activity

nnsaldannisdadusacloda HINT, HENT ey HINI-NAHENT il
y=14.363x-0.2108 (R*=0.9989), y=16621x-04153 (R*=0.9974), uax y=12.905x-0.1442
(R*=0.9993) ud i uasiter s lden y vidaan 0.0. 1 0.5 WadlugoswmaBun
InFaiuduivinla Na activity ldn 0.0, Wi 0.5 Tasvinisidaanslofauastinmmagay
activity mmt@ulﬁamﬂﬂﬁm@auam'wmmamwmhmwmuumuﬂu AT NA activity (i

0.5 459 %GL&@@QN@H%‘W@@@H@QH




AN919 14 UHAINANIFANW NA assay AannIsnIuuas O.D. 1y 0.5 uas
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Ta5a HINT
- Experiment . OD.at549nm... . . 3 s
1 2
1 0.349 0.396 0.372 +0.033
2 0.584 0.513 0.548 £0.050
8 0ss L 0SH 0498 30085

A9 15 WEAINANITANT NA assay R9nm5HuaAl 0.0 151w 0.5 aas

Ta5a H5N
Experiment 0.D. at 549 nm x 8D
1 2 |
1 0.530 0.553 0.542 +0.016
2 (.460 0.516 0.488 +0.039
B - 0.447 0.407 0.427 . +0.028

FNT19 16 UHAINANISANM NA assay nmsiuuamy 0.0, 154 0.5 124
1258 HINT-NA-H5N1

Experiment O.D. at 549 nm X sD
] it
1 0.485 0.486 - 0.486 +0.000
2 0.435 0.432 0.434 £0.002
3 0.394 0.403 0.399 +0.006




manfSanaledalnantsyia plague assay
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311 plaque assay WAl lunmBunadlafaGuduiaz Buandasainala NA

activity 31 NA activity 15l 1 Unit enzyme Ineilafa 1 faagdwaziinimmaass 3 A% udn

WAfldnmnaeRY RN TANE I ARIRIg 24

AT 17 UHASHANTSYY plaque assay Ta9lTnadafmdudunazidinalased
b NA activity 38115 1 unit

virus Number of plaque X SD PFU/mI
1 2 3
H5N1-stock 14 13 10 1233 +2.081  9.86x10°
HENT-1U NA 27 26 27 2667  +0.577 2.13x10°
H1N1-stock 15 18 15 1533 #2517 1.23x10°
HINT-1U NA 12 18 13 1433 +3.215 11510
HINT-NA-H5N1-stock 6 5 8 633  £1528 506 x10
HINT-NA-H5NT-1U NA 17 25 21 21 +4.000 168 x10°
10 - %*
% *
8 & A
o S -
£ 61
E {3 virus stock
[+ 8
g, virus U NA activity
2 -
0
H5N1 HANT HANT-NA-H5N1




44

N 37 u,ﬂmﬂ?‘mm’l%‘aLsmmumvﬂ‘%mm'hszﬁ‘?ﬂum 1U NA achwty

INMNTN plaque assay

BRNISANE one-step realtime PCR

;1 v
1umﬁ‘ﬁﬂhﬂlﬁ‘u’imﬁﬁﬂb{'}§"@ﬁqﬂ one-step realtime PCR wulfin diluted viral

solution VN 3 “]I'l wmumsm plaque assay mﬁﬂﬂ RNA LW@l‘EL‘lJu template ugasg

MsANEIAININ 38

504 . -

a4

Flugrescence
b

A lhcd il - ... ..

104

,,0‘-6&-.‘._‘

MM 38 wene amplification curve U89 M gene influenza A virus-one-step

real-ime PCR

oy



dFiar -

NN 39 WHAY raw data 184 denature threshold 189 M gene influenza A virus

one-step real-time PCR

Trreshol]

5 10 15 20 25 30 35 40
Cycle

M 40 w{AINAM Threshold ‘?i 0.13155 483 M gene influenza A virus one-step
real-time PCR

45
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A579 18 UHASAT Melting temperature WAz Cycle Threshold (Ct)

“Color - Name S Melting temperature Ct

Peak 1 Peak 2 Peak 3

HENT-stock -1 79.0 85.5 s
H5N1-stock -2 85.5 : . 15.36
o AsNAsteek -3 N selsT NEDL T 4540

Ve < NC
HSN1- NA 1 U-2 80.5 86.3 R R
HEN1- NA 1U-3 86.3 . ] 16.11

H1N1-stock -1 83.2 - . 9.67

HINT-stock -2 83.2 - 1 10.49

H1nN1-stock -3 7.3 830 91.3 11.92




A1914 18 (A9)
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Color Name Melting temperature ct
Peak 1 Peak 2 Peak 3

HINT- NA 1 U-1 83.2 - - 15.86

HINT- NA 1U-2 83.2 - - 16.25

HINT- NA 1 U-3 83.2 - - 15.89
HINT-NA-H5N1-stock -1 83.2 88.8 91.5 12.80
H1N1-NA-H5N1-stock -2 83.2 - - 12.74
HINT-NA-H5N1-stock -3 83.2 - - 12.48
HAINT-NA-HS5MT- NA 1 U-1 83.2 - - 13.63
HINT-NA-HSNT- NA 1 U-2 TATS 83.3 88.8 13.44
H1N‘iaN-AMH5N1— NA 1 U-3 77.0 83.2 88.5 15.56
control-H5-primer - - - 28.79

%% control-Hi-primer 81.2 88.2 - -
A1914 19 WAASAT Ct AINN19ANMA one-step real-time PCR
virus Cycle Threshold (Ct) ~ sh
1 2 >

H5N1-stock 15.58 15.36 15.40 15.45 0117
HS5N1- 1U NA 17.33 16.16 16.11 16.63  +0.690
H1N1-stock 9.67 10.49 11.92 1069 £1.139
HINT- 1U NA 15.86 16.25 15.89 16.00  £0.217
HINT-NA-H5N1-stock 12.80 12.74 12.48 12.67 20170
HINT-NA-H5N1- 1U NA 13.63 13.44 15.56*  13.54  £0.134

waneue): * ldwndinsed
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20 4 : %%k

16 -

e
8]
i

Clvirus stock
—ooEvirns 1 U NA activity -

Cyele !'I"Horeshofd (ct)
[s.]

H5N1 H1N1 H1NA-NA-H5N1 S

MW 4T WHRIAN Gt 3NN one-step real-time PCR wa9l5a B uauua:
Ta5aN AU NA activity

NNEVAIART ohe-step realtime PCR WLA1RINAIM 38 S9udnq amplification
cuve BB M gene influenza A virus %u Tudauanq negative controi  H5-primer i
fluorescence signal Anaulising cycle 130 gl usidausy negative control H1-
primer %u’lzjwwﬁﬂwmzﬁqnmfsuamﬁ@@mnﬂ'}w 39 %'m.mm raw data 983 denature
threshold 984 M gene i negative control H5-primer (HUANNIE199 primer dimer
pazamnaiReeiunudriu M 1oFa HINT  was HINT-NAHSNT  Suiin melting
temperature (Tm) 1y 83.2°C douil M aeslasa HENT Guduiuisin Tm 1l 85.5°C daw
Bl M 2891958 H5NT Auanadn 1 unit NA activity Hufidn Tm (s 86.3°C Seitannauansig
i uazidiain one-step real-time PCR product 3191 gel electophoresis WUIMEU M 994
5@ HEN1 flaune 189 bp doulafa HINT uaz HINT-NAHENT S9uim 101 bp @9u
negative control 9489 primer ¥a 2 il product s (AW 42) Foiuiaifiunig
&1ufiudn real time PCR product “'?'ivl,é]’mnmaﬁn‘sﬂngfmﬂummm@mﬁu M 2a9ta5ga3a Aald

1 RNA A lunaaii realime PCR 1adlofausazansiufuufivdnauiuleag®a one-
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step real-time RT-PCR Uas118NATIA481A7 mumﬁ*wuﬁmmmﬂms sequencmg Tmendan

mﬂwuﬁ@v 1 m@ma (mw 43)

COMWMTU 2348 6 7 8 0010 1112 13 1415 16 17 1819 20 MM

b

3000
1000

300
260
100

AW 42 Ltﬂmmamﬁ‘ﬁ’l'gel efectrdphoreéis RIMNI one-step real-time PCR
U84 influenza A virus: 0.8% agarose (Vivantis), 1X TAE buffer, 85 Volts
EIRT 50 U, Mo!ecu..lar weight markers (MWM): GeneRuler™ 100 bp
DNA Ladder Plus (Fermentas), fane 1 @14 3 ﬁ.@} H5N1-stock, lane 4 9 6
AR H5N1-0.D. 1111 0.5, lane 7 9 9 Aa HINI-stock, lane 10 G 12 fa
HINT- O.D. 1§l 05, fane 13 T 15 e HINT-NA-H5N T-stock. tane 16 &4
18 Aa HINT-NA-H5N1- O.D. nlu 0.5, tane 19 A® control H5 primer wag

lane 20 A2 control H5 primer
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MWM 1 2 3 4 5 6 C

bp
3000

1000 1000
300 300
200 200

100 100

MW 43 WARINANISYN gel electrophoresis Aastil M /nn1997 one-step RT-PCR

°luin_ﬂuer_1_za A virds TWaN1IMN sequenc_ing: 0.8% ééafpéé (Vivantis), 1X TAE

“buffer, 85 Volts 12@1 40 w19, Molecular weight markers (MWM):
GeneRuler™ 100 bp DNA Ladder Plus (Fermentas), lane 1 -ﬁ_’e} ‘HSN1-stock-
1, tane 2 Aa H5N1-0.D. at 0.5-1, lane 3 A@ HIN1-stock-1, lane 4 Ad HIN1-
0.D. at 0.5-1, lane 5 AB HINT-NA-H5N1-stock-1, lane 6 A HIN1-NA-
H5N1-0.D. at 0.5-1 waz C AB negative-control

. g e . E PR p = n”?z R o & Q‘
nuanisarsamdivilaadlandnudileFannanaudiamiulesa Gusunas

la¥afinans 1 unit NA aotivity funsasdrdufiondlelniansiu m ngneiatlaiiinng
wisuulasanduleFaBuiuass HSN1 AR EuLaEuladlthnedauustans T
adufiondlalnssasiu M u H5NT UnR Feilunsithandfemdasilansionilelng
Fadanain A1 To fudmelunisia one-step real time RT-PCR Hufiini fsuulasldan

. o~
HANYTANT sequencing udAsdasis il



B R N P T B

- O i
Mi-HSNl-normal CTATCACCAL COCCACTARTC ACGATCATGAGA ACAGRATGHT
MI-HEN1=~STOCK mm e o o e
50 &0 70 S0
SR PRI (SO DUPU A S R
MI-HENl-normal GCTGGCCAGT ACTRCAEGCTA AGGCUTATGEA GCAGATGGER
M1-HBNl~stock = NP Al.... T
50 100 110 120
NI IR I I R SN D D
MLI~HENl-~normal GATCAAGTE AGCAGGCASC GRAAGCCATS GAGATCGCTR
MI-HS5Nl-stock  ..... Cm—— . 2 Bo.GLo oL PR C O A
130 140 150 LEQ
T R Y 20— Tt . U D
ML-HSNi-normal ATCAGGOTAL GCAGATGGTE CAGGUAATGEL GOACALTICS
Mi-HANl-stock G ..., A, N G T e
170 igaq
f N D [ W ) -
MI-HENI-normal GACTOATCOT RACTOTACSTS CTGGTOTEA

MLI-HSNi-stock  —-emmemcwme e

M 44 ugasauiioadlalnduastiy M aae H5N1 Und (M1-H5NT-normal)
vlEsniaudugu M aastadmSady (M1-H5N1-stock)

annswiiunnsdafalaeii plague assay uay one-step real-time RT-PCR @31

Ioeasie i

ad + L] od & ¥
A1919 20 waneLBanalaFa (PFUMN wazAl Ct avnniswa e fane 3 91

Virus PEUMmE Ct
H5N1-stock 9.86x10° 15.45
H5N1- 1U NA 213x10 16.14
H1N1-stock 1.23 x10’ 10.69
HiNT- 1U NA 1.15x10° 16.00
HTN1-NA-H5N1-stock 5.06 x107 12.67

HINT-NA-H5N1- 1U NA 1.68 x10° 13.54




meAnmANANTInsRaumandeasaulsifianiima
MEmANMNANNUSsTuIa B adalad iy NA activity fitaat 1 Fals

nsAnacmansalumsilitesesenlsfiomitinafinat 1 falue 204

. At et e bl e L Ty g, . . -
- lafausazaneftifain dose response curve ldnanisAnmaden

M99 21 UARINANIS AN NA assay 9291958 HINT

Virus dilutiog UBN Py X SD
1:1 0.765 0.810 0.740 0772 $0.035
1:2 0.677 0.580 0.670 0.642 +0.053
14 0.347 0.372 0.444 0387, 0.050
1:8 0.162 0.201 0218 0.194 +0.028
il 65, s ek 23\ et BV
132 0.033 0027 0041 0.033 +0.006
1:64 0.015 0.005 0.002. 0.007 +0.006
M99 22 UAAINANITANEY NA assay 2a3b95 HEN1
Virus dilution 0.D. at 54% nm Y sD
1 2 3
1:1 2.095 2123 2.108 2.108 £0.013
12 1,508 1578 1.737 1637 +0.086
1:4 1.128 1,151 1.150 1.142 +0.013
1:8 0.709 0.686 0.741 0.712 +0.027
1:16 0.388 0.393 0.371 0.384 +0.011
1:32 0.201 0.199 0.178 0.192 £0.012
1:64 0.107 0.121 0.102 0.110 +0.009
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19198 23 URASHANNTANEY NA assay 4291259 HINT-NA-H5N1

Virus dilution O.D. at 549 nm x_ SD
- 1 2 3
11 1.043 0.984 0.932 0.986 +0.055
1:2 0.589 0.608 0.505 0.567 30.054
1:4 0.337 0.353 0.293 0.328 +0.031
1:8 0.168 0.166 0.146 0.160 +0.012
1:16 0.089 0.094 0.063 0.082 +0.016
1:82 0.072 0.043 0.022 0.046 +0.025
1:64 0.020 0.009 0.004 0.011 +0.008

= s k% Ll = ot 1
@’}ﬂﬁﬂﬂ'%ﬁ‘ﬂmﬁ’]‘iﬂﬂmuﬂﬂm’]ﬁ‘ﬁuﬂﬂﬂL‘iJ‘EJMﬂﬁ"WW&L@ﬁ}\‘] mmﬁwwuﬁﬁ‘xmwlﬁmm
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msAnEN NA activity a89la5tusiassneWugAuans 1 Unit NA activity
A ndagan1ani dose response curve 4198 1iBtIAY O.D. ALIAL 1.25 u1mn

AANAiuGadurzndaBinomeaTelada i NA activity scldaunindunssdanim

Dose respond curve of NA activify

1.5 4

1.25 4

£ 14 Pt R
g & H5
3
= 0.75 4 & HiNI-NA-H5NI
o —erenen (s {HENT )
o 0.5 4 oLy (HIN1-NA-H5N1)
------- Loty (HENT)
0254
2
&
D 'é' L} 13 T £ L] 1
0 0.2 04 06 038 i 1.2
Virus dilution

N 46 uanansanuAniu iR aduseudnnBurnueade biasy

NA activity

annsvarifaunadaduaasioda HING, HENT way HINT-NAHSNT &b
y=1.4087x+0.0095 (R’=0.9673), y=4.4118x+0.0807 (R*=0.9847), un y=0.987x+0.0314
(R*=0.9908) nid e uaziitaimualden y e 0.0, i 05 aduga s vusBuin
o aGuEUTRAE NA activity 5if1 0.0, 1l 0.5 %ie 1 Unit NA activity Tnginnsieans
lafauashannagey activy ssvaulsfinakafiefududinudearasiafaiiommn
YAALTIFY NA activity 1114 0.5 /34

aniuilensnnFnadlafaiinll Nna activity 1 1 unit Tunisinliiiunees
wulnThsas 1 9910 udaierianisnagan NA assay g ldannadnduaes substrate

c:; ] [ ° Y B a &/ as 1. = r el
PHEFTIFI n-ﬂum&mﬂg}m‘mz,m::ﬂ’mumlwifamlmmawmmmﬁ“m mﬂmm}?‘mmmﬂ [15?)

8
RansAnEGl
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Fetuin (uf) C“?_.D. at 549 nm Y SD
1 2 3
2.5 0.221 0.233 0.239 0.231 +0.009
5.0 0.306 (.304 (.286 0.298 +0.011
7.5 0.361 0.363 0.314 0.346 +0.028
10 0.401 0.373 0.389 0.387 £0.014
20 0.446 0.402 0.471 (.440 +0.035
30 0.495 (0.466 0.498 0.486 +0.017
40 0.490 0.454 0.508 0.484 +0.027
50 0.551 0.490 0.484 0.508 +0.037
F1919 25 HanNgAn®Y NA assay 2asbasa HEN1
Fetuin (ul) 0.0, at 549 nm Y S0
1 2 3
2.5 0.203 0.233 0.249 0.228 +0.023
5.0 0.286 0.331 0.332 0.316 +0.026
185 0.331 0.377 0.379 (.362 +0.027
10 0.376 0.443 0.447 0.422 +0.039
20 0.419 {.466 (0.489 0.458 +#(3.035
30 0.443 0.494 0.525 "0.487 £0.041
40 (.452 0.503 0.536 0.497 +).042
50 0.428 (.488 0.515 0.477 +0.044
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A1519 26 RANTSANEY NA assay 1B91958 HINT-NA-HENT

Fetuin (i) OD.at549nm - 8D
25 0.191 0.201 0.207 0.120 +0.007 -
5.0 0.251 0.279 0.274 0.268 +0.014
7.5 0.301 0.307 0321 0310 +0.010

10 0888~ 0356 0368 0360 0006
20 0.401 0.411 0.419 0.410 £0.009
30 0.428 0.438 0.500 0.455 £0.039
40 0.493 0.529 0.545 0.522 +0.026
& o0t ol e W/ A B ),

andaysdrssmiaiidinirganfuuasaed substrate uiazAarRiduduun
At N-acetyneuraminic acid  TuAnauludfifeuazwidnsidafuiuie
initial velocity (Vi) ugatlnandnsnaaudianfuuy Michaelis-Menten Gailiunsawi@nunia
B g 6 1 L1 :Jr 2 < ar =1 o 2 F =
poRdRuETdasdnduasdnsAsiuTe substrate TuANITIRNANTANU TN

walagiawlsd sanisAneuanasasiali
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Iitiail velocity (navol fintty
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UAFendsinenaulmiliosfilivasnas influenza virus snamg HINT

Michaelis-Menten data of H5N1

fnitigive logity tnmol min™)

iy,

0.6 0:8

- [Fetuin}mg/mi

MW 48 UAAIATNRHNUATEIINERIMANITNTUT Y fetuin AUAMMFIENAUARS
a5 s < 3 =, = . . o
Ui daeaulasiiiasiilnauas influenza virus nEWLE HENT
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Michaelis<Menten data of
H1N1-NA-H5NA

0.254

"(':ims"i?hﬁ-n“;-

e e
R 06 0.8
{Fetuin]mgimi

TN 49 LARIATNANNUSS2UMINIATHE NI LD fetuin HUAINIS NS HAUUDS
o

dfnzendie dasiauluiiasnfieanas influenza virus @raWus

9

HINT-NA-HON1

LA e w e 1 = w
wananwdiaiifeyaudounsiduasuny Lineweaver-Burk dafludoundu
gaaaandinduans substrate  furoraiaBusurenlfisenmssdanienlad avamgon
A1Asfl Michaelis constant  (Km)  ugsaufagagasentsiinlfiisunuss maximum

velocity (Vmax) 1dannnsaviidunsedalieanisdnmnfai
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Lineweaver Burk plot of NA activity

14

2R

H5N1)

ufladu (HENT)
==~ e fatdu (HINT)

1V (NA activity, umol min x10°

-30 -20 -10 0 10 20 30 40
1fFetuin] mg/m!

MW 50 WaA4 Linewsaver-Burk 84 influenza virus LLEiﬂﬁmﬁtﬁuﬁj

anasdwduaisamaunisaoauduiufidadusealofadeiug HIn,
HENT tay HINT-NA-HSNT I6sli y=0.2062x+4.654 (R*=0.9774), y=0.2029x+4.5749
©(R™=0.9888) Wa¥ y=0.2758x+4.3929 (R°=0.9629) m& &Y Glatsnduammadt km

Uaz Vmax ldtanall

BN919 27 UEA9AT Km WAz Vmax 194 influenza virus Wnnzanewusg

Virus Krn (pg/ml) Vmax (nmol min”)
H1N1 44,306 0.215
HONT 44.351 0.219

HIN1T-NA-H5N 1 62.783 0,228
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1M584149 reverse genetic virus mﬂv‘&’ué HINT-NA-H5N1

amnsinendeiiitettelaia influeza A aei uh HENT (A/duck/Philsanulok/NIAHG-
5-0001/2007 (H5N1)) mv’iqm@ﬁn‘m@mﬁ'm:rmmﬂ:mmmmmsﬁuﬁqnﬁmﬁ”@ 8 1du Taensun
- phntlnselaFasn allantoic fluid @A RNA sl template Tun15%1 RT-PCR Tnerld Uni 12
universal primers 9Tl primer 7114 53w%’ummﬁlauﬂ%‘ﬁ’u@mquﬂ RNA 114 cDNA 1898105
aztdu TremLIaunIg reverse transcription s R 8 Wulpeld specific primers i
anunsaiRnAanEulE N ALeaTedy et uud anddis iunan i uauau ey
R restriction site voaeulniFalms Bsal (Ba) iy NP uay BsmBl (Bm) a1
wiaifiseaniniiBunaas 5 wazlate 3 ielddwiumsTaaudng vector lunsfnmifly
AONUAIL primer ASURIZAWELE L PB2, NP 482 NA s ninasfisnaeuaed E. Hofmann Las
pinse [68] TRan 2w iAguan Ba-PB2 primer ifhi Bm-PB2 primer kiasin/atiuann Ba-NA primer
s BreNA primer 5ia33nmud 1 pHW2000 vector UM sAn A fuwniaiisamaz
31l Bsal restriction erzyme e 1 Ausiaints uazanmsAnEnadLiaate insaedEy
NP WLl AT M5y BsmBl restriction erzyme 97U 2 faumimeld udouas
flu farhAsdasianseaniuy primer AtLlAgniann Br-NP primer 111 Ba-NP primer uAgianald
BBl WA pHW2000 vector idudnlumsTaauiiugengan itnsandnunisreaae iy
annafadatedaiFnsmnsimagnnsnientemlATuEy N ‘i‘f’;%nﬁmé’%ﬁl Bsal uaiiionn
ﬂj@aﬁmﬁ‘mmﬁuﬁqwmsﬁﬂ POR SRATM 23 [ENLTUPERTA 8 fuTad HENT influenza virus
Ihurt PB2, PB1, PA, HA, NP, NA, M, WAz NS Srunsusysinns 23412341, 2233, 1778, 1565,
1413, 1027 uae 890 TanalaIndmudi Gladedannnnuns HINT (AMPuerto Rico/8/1934)
Sl positive control lWns@nen dandutiu HA dariuamune PCR uda product Mazd
2 MATIANIIAS Tunmlszanns 1.8 kb 984E1 HA uaz1ssinns 0.9 kb 1898 NS Hiasnann

reverse primer 984 HA gene HAnEusRwilauiy reverse primer 983 NS gene saiuluanunis

&

PCR Rafieaitdaises NS gene Gailuga14994 non-specific product Lﬁmm@ffm [68]
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2
o

d; 4:; -7 & o 2y |c%i} & IR g
uazitiesannlunisinmaiiifesnnsaiwlafastinlmindufelfifinediuiu

a

1 @eWuf A8 1o%4 influenza A aneWug HINT FEUTL NA @195 influeza A deviug
H5N1 (A/ducksPhitsanulok/NIAHB-5-0001/2007 (HEN1)) vEe HINT-NA-HEN1 Taeidgns
eight-plasmids DNA transfection muu@ﬂ‘lmmmﬁ‘mulﬁ‘mmsm NA aa4la5a H5N1 ‘vm
qumtszannd 1413 bp Taeld Bm-NA-1/Bm- NA—1413R primer &N#RUzY99 PCR product #
BUARIFINTH 24 BawidaTl non-specific TR Tt e L T PCR product 98481
NA mﬁﬂﬁﬁ@wﬁ siuNsELUNag digestion Tneld BsmBl restriction enzyme uaz ligation
Tarutdng pHW2000 vector Tae electroporation &3N3 spread 89U LB agar plate il
100 pg/ml ampicilin G89ARAERRNRIUIY 5 haudagfoatlu LB broth 7 100 pgfmi
ampiciilin Ay duanaianaiaiianinimnmagauisaudasnisia POR ainnin 25
U7 PCR product % 5 Tnauflanaszunn 1400 bp FurFUIUeAEL NA 189 HINT
lnauaas Mr. Erich Hoffmann #iliflu positive control #amdanannldarnnimanss
annsalasufiu NA vaslafarisiug HSN1 dag pHW2000 vector 1873 annsudladen
Thaufl 2 imdnduiiosale ndresdudnadanusasinsdaudefussuiiufunanadio
mtinegniies uazwuda NA flaunn 1309 TaadleTweitsznandng 449 amino acid naold
drluntsdnmaafaiiaannsaadig recombinant plasmid  #iEU NA  gedlefa
AlduckfPhitsanulok/NIAHE-5-0001/2007 (H5N1) e A wiuaing reverse genetic virus
sialy]

Haviarsuiioralelniu NA 199 HENT WARnsRsuieufudiduiinaile
InaEu NA - 989 HIN1 gi[126599290|gblEF467823.1] Influenza A virus  (APuerto
Rico/8/34(H1N1)) #udad identities 11l 0.7973164 mmﬁﬂﬁfaz‘iqﬁn amino acid Y83
HINT filssnaudne 454 amino acid AT HSNA Tlsvneudan 449 amino acid a7
wnsAneBeudaumudailan identities uas simitarites i 0.8370044

venarnilunsine aksise i AnEddLTianale Tndaesiiuis 8 Wures HEN
influenza virus dianfludayaitugurasitelofaiinamaaesiagliimalaauding vector
duRanfuiiu NA uasimanafinfidumdduianalelng wldlneimanaiiafiainld
wazilua PCR positives 171%1 DNA cycle sequencing reaction uaziinisiiasziandulag

PaednluR Genetic analyzer 310 (ABY) nmqfﬁ"@mﬂuﬁwﬂné\i’]uﬂwﬁﬁ cycle

o ] . ]
sequencing reaction TudaufiauierunanunnAiuazinihaaainfonansiieuadds
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AunraeTziaauilanale inalAlaiaTas genetic analyzer uaziinnsurzsaans
5 Q o o ~ o o E=N 5
panuugUuuuTes electropherogram  wastiludrdurasiisndlalnduasinnisimeed
aulainetdilsunss sequencing analysis (ABI) uazlilsunsy BioEdit iRelsynaviinad
Telndl¥anysal annrsfnemusifuiianflalndascdiu PB1, PB2, PA, HA, NP, M us

NS Saunm 2341, 2341, 2233, 1779, 1566, 1027 uax 875 HIARI INARIHAIRL
(9RM9I9481 recombinant plasmid #iEW NA g8l Fagaeniug HENT drianau

: Y . -
anala ndAgniisaudaaalfimnainsuaunaaianedu NA 299 HENT uasEiune 8
—9p3 HINT (AfPuerio Rico/8/1934) dmiuldlunisia transfection arasnduduseananadin
UARIFIAITIA B ANBIMAINITRY transfection  WudnEmeMUAsULLsILMTAs 293H uay
1 LY
MDCK  fanaw 31 19 34 Teanisdasuudasuigad 293H  tussuiudnsmnzasa
cytopathogenic effect %78 CPE lidAnadmauuinindiamauiingad MDCK Ril&ntmusmvn
4 é’ a 44 o . b7 or 4&’ €
nauuazassaginngTue TREWIA Wessnmaagn infected FagloFanlsznaunihy
t )
AUNIPANYIOIAIN expression plasmid ¥4 8 plasmid %93l viral cDNA..ﬁI}ﬁ.\‘iLLﬁiﬂzﬁuLtmﬂﬂgj
{inserted} FEWINg polymerase | promoter Uaz polymerase Il promoter Tasinaganenaluy
= ar e o ad . 2 g af . ) o 5
BAnNNALTU WA33173INTe transfection MgHIAsHA199 eukaryotic cells ihamgnn i
RNA polymerase | 48z RNA polymerase It fingnnalugagiinisnansiiasiswunnssuiia
k2 1

transcript Bunealofanis 8 1du Taiign transcript #9n RNA polymerase | aglaiilu
negative-sense vRNA ”Lu%ﬂﬂ”wwﬁat’hgn transcript giagl RNA polymerase | wuretunis
Fup9red positive-sense mRNA 2841054 §inng splicing 1An cap TutTalang 5 uazifu

poly (A) 1ivnutlane 30 Ragudlullsfiuie 10 slinrasiafa ndssniinisdamaed vial

polymerase complex proteins Getlsenausion PR1, PB2, PA uaz nucleoproteins WA2ATNA

]
=y

Uinszuaunns viral replication cycle (i fimnaszneuiudlueymelafalifmnsmss
HAZN N vmmaﬁﬁwmﬂhf}’ﬂﬁiﬁﬁuu%qn RNA polymerase Il transcription WA
translation Lﬂuiﬂﬁﬁﬂqﬁ"ﬂmmwﬁaﬁu VRNA 7ilda1n RNA polymerase | transcription
mumaﬁau?}awmﬂ‘lq%}'aﬁ"{é'&umfamﬂ RNA polymerase | transcription #8znseUUNg
viral replication ﬁ‘lﬁﬁ*ﬂmﬁmma cellular transcription UAZ fransiation 2484 host  cell
Faps=lTh vRNPs  uae structural  proteins dsznavfuduaumelofafiannsn
infected 16 [67] Ranudnumuryas CPE AARTLESE wdsanTiiin supernatant 984

MDCK cell unamiuatuauladalustalafnuazin aliantoic fluid WWMAKAL HA test i
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nsAnefamise 7 Sanudad hemagglutination (iA3uraf8819984 reverse genetic
virus Uay positive control 38 HIN1 virus ﬁqﬁ’u’%ana’ﬂaié}’dﬂﬁlfﬁ’mﬁm%u”iuﬁ@m@ﬁﬁrm“
erhsarine allantoic fluid thinadin RNA dlansia RT-PCR wazmsmamanduilonals
nfan PCR product 1a48iu NA Bnass wuduniisuduaduiionalaindiy NA ga1la3a
H5N1 fisnnsAnsndoumiing maumqmﬂimqmnmmmmmmmmw‘hm HINT i3]
g NA luraslofa HENT (HINT-NA-H5N1) 1wmﬂgummﬂmm
mﬁ’q'«mn'lc?f‘lfa%’amﬂﬁﬁﬁmnﬁué’qLﬁ«aiﬁhé‘"@ﬁiﬁmqmmnwaﬁfmﬁ*’umsﬁnm%u
sialuAd i uaulilainfinuasiudauaes alantoic fluid MNALEL HA test Sg
inlddeuazinlfiihatumnlunisnssamiofaldudnnajuazdisursoue nlu o
lagaufiu HA unit Tanasvin end point titration 18tiAn HA titer gaslafausiasaiin avnua
nsANEINU9ATa3E HENT, HINT Az reveres genetic virus fA1 HA titer 1ilu 64 HA titer,
1024 HA titer Uaz 512 HA titer ANy Snieuanfaanududuaadiofaly vl solution
flastinAnmluduseusal)
lunsmsrsvauaniRammuslunshaidetsdlaiaannnsdnnm EID,, Intida

Reed and Muench mathematical technique Wiri195a HENT, HINT way HINT-NA-H5N1

952 8.625 816

fleln infectivity titer 783 viral suspension t3es 1 mi il 10°% 10° uag 10 EID,/mi
AuadL useednlafadnefug HoNt. Mullransusdlunsiiadgeniniigadaulafa HING

v k7 4
uaz HINT-NA-HENT tufimnuauasnlunsiods i lndimesiuiladneluls Iidn

&

matilseniigy NA activity #09 influenza A virus winzanEwUg

annsAnA i ussrudaaiaatmasdelofauan seral  two-fold
dilution 11U NA activity °Luﬁ"m:rmm@qﬁif}ﬂ"ﬁ@ﬂmqﬁmmmfmgu 549 nm zavhiiausiazann
WU ludnuusaes dose response curve w197 NA activityﬁmmmi’mié’mw;\ assay law
TBA method SufhiA3umsguesesimeunielan Tunsnunaksinuds 0.0 #aldunn
ﬁzﬁaﬂszmm 25 u@:ﬁ@ﬂ%mﬂa‘:mm 0.03 deuﬂfn:slﬁmwnmiq%’m’i@ﬂﬁﬁg@ﬁ‘mmm
prasaulifiaedifnancie 1:64 uasdletundeunsulszuinanudansrastoiauy
logarithm Uz ganAuALI N sy sigmoid curve (N 35) ThiRa NA
activity Az masmm;ummﬁ‘mmwmm@'lqa‘mma,mmﬁ*mmﬂn@mahmummmmumnm
seduvhoaziinlid NA activity Slannainsh 341058 HENT wardn NA activy Bsifianansiifian

@eaerattafadlu 101, 12 uaz 1:4 1ie 1log, 2log, UAL 3log, muddy usdwiLEelasa
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(N
=4 i Pl

HINT uaz HINT-NA-HENT wuda NA activity G;uﬁmqmmwmmum@mwm‘hi‘mﬂu £
WAL 12 v tlog, uax2log, mudnd wamfialunfigaiindl 0.0, Rnsealiidan
iﬂém'ﬁ'ﬁm'}?@@ﬂ_gu (DU 730 Life Science UV/Vis Spectrophotometer, Beckman Coulter) ﬁu‘lzi
 usgmeAtAnRanasBiasannAl 0.0, fnandn 1 astEinnsnseadadi 0.0, Tushetnad
Tanme@aane NA assay product lusnsazane warrenoff reagent udonnlindanisganau
uaanATanLdad 0.0, TildhinansauieunsT IR eaNe Lanwd1 NA activity R0
prradaldannnisAnmasaiduaaitiorenda NA activity 439 Wa¥RINATWN 35 Fuananv
- adniugssmianBanosmesdelofaiu A acivy diuneliihmsaeseuslnl
ﬁ:ﬁ@sﬁms‘mwf{aﬁu%aL@Lflﬁﬁﬁﬁﬁﬁ%ﬁé’ﬂr?fuLm::'é’mdt‘%wmﬂf}ﬁ?m@ﬁuﬂqﬁ’némfmmﬂu
ﬁmm‘lﬁmaqa%mm fio dilaneeimeriion dednrrsiduiusssailnlidugaitasin
WidnsSaiisdubldu 2 winden uddefinafuiunasedlasTdelfany  §nsnie
Lﬁﬂﬂf}ﬁ?m@nﬂmmwzmummzma‘%ﬁﬁmﬁlmmiﬂ M liliudadndemainufnsents
é’mqL?*Wﬂ@ﬂ'}ﬂﬁ@ﬁﬁﬁ?ﬁﬁ%g}j Aun1sruiueslena GeavmuiisnniudioBunonalel
viaanaiudanniu fmﬂ&uaﬁmﬁfamﬂwwmnw@mﬂ%v"ulmﬂwﬁ%aﬁﬁmiﬁéu‘%uﬂumm NA
activity stisraiisnn@aunsmianasmianRiusEwinanuEea et lasaiy NA
activity Havmdaiuiiuihudunss Sufa NA activity Az umanuduiurasielaia
Feannnm 36 adlBauninFaduradledn HINT, HENT Ay HINT-NAHENT (Tudais
y=14.363x-0.2108 (R*=0.9980), y=16.621x0.4153 (R'=09974), Way y=12.905%0.1442
(R*=0.9993) HMNAFL mﬂm@m?ﬁnwﬂﬁqna’qum"1@famﬂé’mﬁ’nmﬁ'ﬁsmuﬁfawﬁqéﬂm
Webster WRZAILY ﬁﬁﬁm?ﬁnm neuraminidase 994 influenza  virus [86] LAZNISANEYB
QOladele La¥ADLY éx‘nﬁumaﬁmﬁ’l neuraminidase  activity ﬂl@m%ﬂ‘lfa%"ﬂ Newcastal disease
virus Kudu 133 [85] Anenasna NA assay Fadeatus warannarowdiug Gaduiies
Anf s AL Eaaedlafainall NA activity w1 wnit enzyme a1nfadaia
pawzatasdnsaITEland 1 Unit NA activiy A Aaiudaansaedlafaivinlidmsganiy
GasATLENeAaY 549 nm TiAnl 05 neld standard condiions Tanmasmualdien y 39
uasnaA1 0.0, hi 05 anmiunuArlgns@adueinlimauBinndafaGuduinall
NA activity HAnii1 unit wanfinflunnstufudaunsdunsiildannnmanonidiiiia
m?ﬁmemﬁ';inus]’ﬂ'f?;\eié’ﬁ"|msﬁ@mu%@hﬁ"‘mmﬁqmwm@u activity 1euiaulaaianasa Ty

RN INARALAIAINI 14 Fauand miuinua1aannsinat O.0. wWu 0.5 (x0.1) 45
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wARINAns LA aa N TaslofaTdRt A NA activity 1The 1 unit enzyme uga
anbanenBnadeFafiudueulagnasia plague assay W cell monolayer primary
chicken embryo fibroblast celt (PCF) mnm@mﬁ‘mgmﬁam?w 15 wurjm%@hé“’a H5N1,
HIHT daz HINT-NAHENT TiianfneafeiliBinalladeBududlu 0.86x10° 1.23 x10”
4az 5.06 x10" PFU/mMI msdd dowlunadafaily Na activity (W 1 unit enzyme 294
Galafa HENT, HTHT was HIN1-NA-HENT 2.13x10" PFUMIL, 1.15 x10° PFUMMI uax
1.68 x10° PFU/mi sudndit Sanudnndainisdoansielasaleiilu 1 uni NA activity il
Wnusaaseteilieddymaeada (0<0.05) wediavinsnRemiauBnamenie
fofadt 3 mﬂﬁuﬁﬁmm 1 unit NA activity wirdnlaFageug HoNT $18unmnandqlasa
HINT uaz HINT-NAHSNT stnafitfuddynieadi (0<0.08) doudelnfa HINT uax
HINT-NA-H5NT fulaiumnsinefimneasi uAnI9ITTALNITITNIeeulaliominmaly
Tafaanefug HINT uay HINT-NAHSNT gandrtulofasaeniug HENT

ﬁqﬁmﬁfaLi‘]um?ﬁué’ummﬁ‘mwmiﬁ‘mmhé"ﬁﬁuuu@u aldinlofafcinunns
W1 plaque assay WdRRAINTANEEEE one-step real-time RT-PCR Lita RIIaNLFU0
ma\ﬁuqm‘mﬁ’wu panavieladaly diuted viral solution #5989t infected particle &&= non-
infected particle inpuananalugiaeir Cycle Threshold 1iasn Gt %'wmmnm?iu
nadlafafannisin plaque assay fiiauemanisaBuandeSaidy infected particle
Withs Angsin one-step real-time RT-PCR dpd1fiarausindiannni'aa plaque assay [87]
FMU/NITRARDIAN 19 uameliiugal Gt zi’mﬁm%utﬂulﬂmmmuﬁ@mwmiﬁﬂﬁ
anAY WRZING LTI el e HINT sasnstfinadlafatiesndt HINT-NAHSNT 7 NA

activity 1l 1 unit widwduielada Hent duliannsatinds ct wadns eyt

=3

1fadin 2 nefudiludals wasarntunsin one-step real-ime RT-PCR Sinnsld primer
sieduiulofa H1N ﬁaﬁumnuﬂﬂ'ﬁﬁnwﬁqnﬁM"Lé’f}"m\:ﬁum?ﬁ'mmzmL@ulﬁﬁﬁqmﬁﬁ
wllulafaeneniug HINT uaz HINI-NAHENT wanndnlafa HEN1 aeinafidfedn Aymeaii
(0<0.05) lABENEIAINHANITNT plaque assay UWAZANNATHA one-step real-time PCR
wudrlafa HING dlszfiumsineseseulnianilnagandtloda HINI-NA-HSNT Bgg

A Atyn9atH (0<0.05)
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o
wdad g

e £ w
[inuanisAneiinudssiaivausizunifae liieunin i neuraminidase

o
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COMPARISON OF NEURAMINIDASE ACTIVITY OF
INFLUENZA. A VIRUS SUBTYPE H5N1 AND HIN1

—

USING REVERSE GENETICS VIRUS

Anchalee Rawangkhan?, Donruedee Sanguansermsril, Narutchala Suwannakhon?,
Sutatip Pongcharoen?, Purinthra Pensuwan?, Chanpen Chamnanpood?® 3,

Pornchai Chamnanpood?® and Phanchana Sanguansermsri’

"Faculty of Medical Sciences, *Faculty of Medicine, Naresuan University, Phitsanulok;
“Department of Livestock Development, Ministry of Agriculture and Cooperatives,

Bangkok, Thailand

Abstract. Neuraminidase (NA)is an envelope surface glycoprotein of influenza A
viruses. It cleaves 0-(2,3) or a-(2,6) glycosidic linkage between a terminal sialic

acid residue of the host cell receptor and hemagglutinin of the viral envelope,
thus releasing viral progeny from the infected cell. In this study, a reassortant

virus (HINT-NA-H5N1) containing the

NA gene from A/duck/Phitsanulok/

NIAH6-5-0001/2007 (H5N1) virus and seven remaining genetic segments from A/

Puerto Rico/8/1934 (HIN1) was constructe
activity of HINI-NA-H5N1 virus was lo

d using reverse genetic technique. NA

wer than that of A/Puerto Rica/8/1934

(HIN1), and NA activity of Alduck/Phitsanulok/NIAH6-5-0001/2007 study (FISNT)
was the lowest among them (7 < 0.05). To our knowledge, this is the first compara-
tive study of NA activity of HINI and H5N1 virus using reverse genetic tech-
nique. It also indicates that the NA gene may be expressed at a higher level in the
HINL infected cell than the H5NT infected cell.

Key words: influenza A virus, H5N1, HINT, neuraminidase, reverse genetic tech-

nique
INTRODUCTION

Neuraminidase (NA) of influenza A
viruses is a class IT glycoprotein contain-
ing four regions, which are box-like cata-
lytic head, a centrally attached stalk, hy-
drophobic transmembrane-spanning re-
gion, and a cytoplasmic tail of six amino
acids (Palese and Shaw, 2007). NA func-
tions as a homotetramer to promote the

Correspondence: Phanchana Sanguansermsri,
Department of Biochemistry, Facuity of Medi-
cal Sciences, Naresuan University, Phitsanulak
65000, Thailand.

Tel. 66 (0) 89 708 8384; Fax: 66 (0) 55 96 4770
E-mail: phanchana@hotmail.com
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release of progeny virions from an infected
cell, resulting in the accumulation of large
aggregates of progeny virions on the cell
surface. NA hydrolyses a-(2, 3) or a2, 6)
glycosidic linkage between a terminal
sialic acid residue and its adjacent carbo-
hydrate moiety on the host cell receptor.
On the other hand, the sialic acids are also
the target receptors for the viral hemag-
glutinin (HA), the major surface glycopro-
tein on the viral particle surface and NA
destroys these HA receptors (Palese and
Shaw, 2007).

NA is important also for the initiation
of influenza virus infection in human air-
way epithelium by removing the decoy
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recepiors on mucins, cilia, and celiular
glycocalix (Matrosovich ef al, 2004). In ad-
dition, NA is thought to promote virus
entry, and thereby enhances infection effi-
ciency (Ohuchti et al, 2006). A report

{Huang ef al, 2008) indicated that NA alone

among viral proteins limits influenza A
virus superinfection. Many studies have
documented that influenza virus particles
with low NA enzymatic activity cannot be
efficiently released from infected cells

(Matrosovich et al, 1999). Since the forma-

tion of aggregates results directly from HA
binding to sialic acid receptors on cellular
and viral surfaces, a balance of competent
HA and NA activities appears critical
(Mitnaul ef al, 2000). There should be

enough HA activity to ensure virus bind-

ing and enough NA activity to ensure the
release of progeny virus (Palese et al, 1974;

Liu et al, 1995; Mitnaul ef al, 1996). NA ac-

tivity of influenza A virus correlates with
the length of NA stalk region, those with
shorter stalk show reduced activity (Els ei
al, 1985; Luo et al, 1993). In embryonated
eggs, length of the NA stalk correlating
with the efficiency of virus replication, the
longer the stalk the more efficient the rep-
lication, indicating that the length of NA
stalk affects the host range of influenza A
viruses {Castrucci and Kawaoka, 1993;
Wang ef al, 2006).

Although the highly pathogenic avian
influenza A virus subtype H5N1, which
contains the same NA subtype (N1) with
the human influenza A virus subtype
H1NTI, has been well studied regarding
NA characteristics and biological signifi-
cance, less is known about NA activity on
the viral envelope. Moreover, NA activity
assay which minimizes the effect of the
seven genes components, has not yet been
reported. In this study, we compared NA
activity of influenza A virus subtype H5N1
(avian virus) with the HIN1 (human vi-
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rus) in order to better understand the level
of NA activity expression in difference vi-

- rus speciés. Applying a reverse genetic.
- system, wé generated a reassortant virus,

HiN1-NA-H5N1 strain, containing the
NA gene from avian virus (H5N1) and all
of seven gene segments from the influenza
virus A/Puerto Rico/8/1934 (HIN1).

MATERIALS AND METHODS

V:ruses and ce{is

Inﬂuema virus A/duck/Phitsanulok/
NIAH6-5- 0{)0]/200? {H5N1) was obtained

- from the Northern Veterinary Research

and Development Center, Phitsanulok,
Thailand. Virus A/Puerto Rico/8/1934
{(HIN1) and the reassortant virus HIN1-
NA-H5N1 were constructed for this study.
Viruses were propagated in chicken em-
bryonated eggs to make viral working
stocks.  293H human embryonic kidney
cells and Madin-Darby canine kidney cells
{MDCK) were maintained in MEM supple-
mented with 10% fetal bovine serum in a
5% CO, incubator. Primary chicken em-
bryo fxbroblast cells (PCF) were main-
tained under the same condifion.

Constraction of NA gene recombinant
plasmid

RNA of influenza virus Afduck/
Phitsanulok/NIAH6-5-0001/2007 (H5N1)
was extracted using RNeasy Mini Kit
(Qiagen, Valencia, CA) from infected al-
lantoic fluid. RNA was transcribed into
¢DNA using Impromt II Reverse Tran-
scription System (Promega, Madison,
USA) with Unil2 primer as described pre-

viously (Hoffmann et al, 2001). NA gene .

was amplified using Perpetual Opti Taq
DNA polymerase (Vivantis) with Bm-
NA-1 (5-TATTCGTCTCAGGGAGCGAA
AGCAGGAGT-3")and Bm-NA-1413R (5"-
ATATCGTCTCGTATTAGTAGAAACAA
GGAG TTTTTT-3') primers containing
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restriction site for the enzyme BsmB 1. The
amplification program was initiated at
94°C for 2 minutes, followed by 35 cycles
~0f 94°C for 1 minute, 56°C for 40 seconds,
and 72°C for 2 minutes, with a final step
of 72°C for 10 minutes. Following gel-elec-
trophoresis, PCR products were excised
from the agarose gel and purified using
GF-1 gel DNA Recavery kit (Vivantis) ac-
cording to the manufacturers instructions.
Following digestion with BsmB I (New
- England Biolabs), the PCR fragments were
cloned into the reverse genetic RN A-tran-
scription pHW2000 vector using T4 DNA
ligase (Fermentus) and transfected into L.
coli strain Top10 competent cells using
electroporation. Transformants were
plated on LB plates with appropriate anti-
biotics and incubated at 37°C overnight.
Individual colonies were screened using
PCR to confirm insertion of the ligated
gene segment. Then, plasmids were ex-
tracted using GeneJET Plasmid Miniprep
kit (Fermentas), and DNA sequences of the
NA inserts were determined using BigDye
Terminator Sequencing Kit version 3.1
(Applied Biosystems) in an ABI 310 Ge-
fetic Analyzer (Applied Biosystems).
Generation of viruses using reverse ge-
netic technique
. For generation of A/Puerto Rico/8/
1934 (FH1N1) virus, the eight plasmids con-
taining the cDNAs of the virus were kindly
provided by Dr Robert G Webster. For the
- HINI-NA-H5N1 reassortant virus, plas-
mid vector containing the NA segment
was constructed as described in the previ-
ous section, .and the seven genetic seg-
ments came from A/Puerto Rico/8/1934
(HIN1). Both viruses were generated
using plasmid-based reverse genetic sys-
tem (Hoffmann ef al, 2000). with some
modification. Inbrief, 80 ul aliquot of
Lipofectamine 2000 (Invitrogen) was
added to Opti- MEM (Invitrogen) in 250
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plof total volume and incubated at room
temperature for 5 minutes. Each plasmid
was diluted to 4 yg in 250 pl of OPTi-MEM
transfection media. The diluted plasmid
and diluted lipofectamine were mixed and
incubated at room temperature for 20 min-
utes. Then, the DN'A-transfection mixture
was added 293H cells (1.0x10° cells per
well) in 6-well plate. After 8 hours incu-
bation, the transfection medium was re-
moved and replaced with 1 ml of OPTi-
MEM fresh medium, Cells were incubated
for an additional 48 hours and 2 pg/ml of
TPCK- treated trypsin (Iavitrogen) were
added. After 72 hours of incubation, 100
pl aliquots of the culture medium were
harvested and centrifuged for 5 minutes
at 4,862¢ (MiniSpin Plus, Eppendorf®).
Then, 0.5 ml of supernatant were inocu-
lated to 1.0x10° MDCK cells and incubated
at 37°C for T hour. MEM medium contain-
ing 1 ug/mi of TPCK-treated trypsin was
added and incubated for 72 hours. The cell
culture was centrifuged at 4,862¢ for 5 min-
utes and 0.1 m! aliquot of supernatant was
injected into chicken embryonated ege Af-
ter incubating for 3-4 days, allantoic fluid
was harvested and tested with a hemag-
glutination assay. The full genome of
reassortant virus was sequenced to con-
firm the presence of parental virus,

All studies were performed in a secure
biosafety level 3 (BSL-3) laboratory, North-
ern Veterinary Research and Development
Center, Phitsanulok, Thailand;

Quantification of virus growth yield and
infectivity in chicken embryonated eggs

Hemagglutination assay was used for
quantification of viruses growth yield in
chicken embryonated .eggs according to
the OIE Manual (2008). In brief, 25 1l se-
rial two-fold dilutions of virus in phos-
phate-buffered saline (PBS) were mixed
with 1% chicken red blood cells. After 30
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minute incubation at room temperature,
HA titer was estimated from the highest
virus dilution that caused complete he-

magglutination. The__infecﬁvi{y tter was
expressed as 50% egg infectious dose ™

(BID,). Titers were determined by serial
10-fold dilution of the virus stock in PBS
from 107 to 10", and then titration of vi-
Tusineggs was carried out by the method
of Reed and Muench (Grimes, 2002).

Preparation of formalin-inactivated vis

USRS v

Formalin-inactivated viruses were
prepared for NA assay. The allantoic flu-
ids of viruses were inactivated by the ad-
dition of 0.01% formalin (v/v) and kept at
4°C for 18 hours. Inactivation was con-

firmed by chicken embryonated egg in-

oculation.

NA assay

NA assay followed the WHO manual
on animal influenza diagnostic and sur-
veillance with standard thiobarbituric acid
(TBA) method (Webster et al, 2002) with
some modification. In brief, serial 2-fold
dilutiens of 10 ul viruses mixed with 10 yl
of PBS and 20 pd of fetuin (Sigma) substrate
and incubated at 37°C for 18 hours. Both
samples and control were conducted in
duplicates and each experiment was re-
peated three imes. Then, 20 yd of periodate
reagent were added and allowed to stand
at room femperature for 20 minutes. Two
hundred 1 aliquot of arsenite reagent was
added and the tube was shaken until the
yellow-brown color disappeared. Thereaf-
ter, 500 p1 of thiobarbituric acid reagent
was added to each tube, the mixture vig-
orously shaken and incubated in boiling
water for 15 minutes. After cooling in ice
bath for 5 minutes, 600 u of Warrenoff re-
agent were added and solution vigorously
shaken. The mixture was centrifuged at
4,767g (MIKRO 20, Hettich) for 5 minutes,
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and optical density (OD) of supernatant
measured at 549 nm (DU 730 Life Science

UV/Vis S;);eéttqpho’tome_t@mBeckman s

Coulter). The definition of 1 unit NA ac-
tivity was the dilution of virus that gave
an ODg, of 0.50. Each virus strain was di-
luted to 1 unit NA and the amount of the
virus measured using plaque assay and
one-step real time RT-PCR.

. Plaque assay T, o
" 'The presence of irlf__ectiﬂus'y.irus.par-.. -
ticles In the diluted viral solution was de-

termined by plaque assay using chicken
primary embryonic fibroblast cells
(3x10%cell/well) in 6-well lissue culture
plates. Virus samples were diluted in cold-

MEM as 10-fold serial dilytion. Experi-

ments were conducted in triplicate. -
One-step real time RT-PCR ... _
RNA template for one-step real time
RT-PCR was extracted from the plaque
assay virus solution. Primers for HIN1
wete as described previously (Spackman
et al, 2002). The H5N1 primers were Mi-
H5-F (5-CTATCACCAACCCACTAATC
AGAC-3Yand MI-H5-R (5-TCAGACCA
GCACTAGAGTTAGG-3"). The expected
size of the amplicon for HIN1 and H5N1
was 101 bp and 189 bp, respectively, and
the Tm was 83.2°C and 86.3°C, respec-

tively. SuperScript™ 11 Platinum® SYBR®

Green One-Step qRT-PCR Kit (Invitrogen)
was used with a 25 i reaction mixture
under the following conditions: 12.5 il
of 2X Reaction Mix (1X), 0.25 plof 10 uM
each primer, 0.5 pl of SuperScript™ [II
RT/Platinum® Tag Mix (includes RNase

- OUT™), 1 ul of RNA teinpiate and DEPC-

treated water. Reaction was carried out in
a Rotor-Gene 6000 real-time rotary ana-
iyzer (Corbett Life Science, Australia). The
thermal cycle program was 10 minutes at
50°C (RT) followed by 5 minutes at 95°C,
and 40 amplification cycles of 95°C for 15
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seconds, 54°C for 30 seconds and 72°C for
30 seconds. Lastly, a dissociation curve
was obtained from 75-95°C (1°C increment
per 5 seconds).

Kinetic analysis of influenza A virus NA

Fetuin substrate (0.03125, 0.0625,
0.09375, 0.125, 0.1875, 0.25, 0:375, 0.5 and
0.625 mg/ml) was hydrolyzed with 1 unit
of NA at 25°C and linear rate measured
for 60 minutes. Michaelis-Menten constant
(K_) and maximum velocity (V. ) of the
enzyme were determined by ‘graphical
extrapolation of Lineweaver-Burk plot.

Statistical analysis

Statistical analysis was performed
using paired simple i-test with SPSS ver-
sion 15.0 evalution program. All the data
were expressed as mean + standard devia-
tion, and value of p < 0.05 is considered
significant.

RESULTS

Generation of HIN1-NA-H5N 1 reassortant
virus and A/Puerto Rico/8/1934 (H1N1)

The generation of HIN1-NA-H5N1
reassortant virus and A/Puerto Rico/8/
1934 (HIN1) were confirmed by RT-PCR
followed by nucleotide sequencing. The
genome of both viruses were differents
only in the NA genetic segment. The NA

NA gelivity {absorbance at 549 nm)

genetic segment of HINI-NA-H5N1

contained all the characteristic of A/
duck/Phitsanulok/NIAH6-5-0001/2007
(FI5N1) especially the 20-amino acid de-
letion in the NA stalk (position 49-68)
which not present in A/Puerto Rico/8/
1934 (HIN1) virus (data not show). All
virus strains grew well in chicken em-
bryonated eggs, with A/Puerto Rico/8/
1934 (HIN1) showing higher growth rate
than the others (data not show). The HA
titer from pooled allantoic fluid of H5NT1,
HINI and HINI-NA-H5N1 virus was
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Fig 1-Relationship between NA activity and
virus dilution.

1:64, 1:1024 and 1:512, respectively. In-
fectivity titer (EID, /ml) of HEN1, HIN1
and HINT-NA-H5N1 virus was 105,
1086 and 1082, respectively.

Comparison of NA activity

The results of serial two-fold dilutions
of NA activity of the each virus strain
showed that the least detectable dilution
was 1:64. The maximum and minimum
OD,,, was 2.5 and 0.03 respectively. The
plot of data of NA activity against the loga-
rithm of the reciprocal of the virus dilu-
tion gave a reverse sigmoid shape (Fig 1).
NA activity of 1:1 and 1:2 dilutions of
HINT and HIN1-NA-H5N? viruses re-
mained unchanged, but that of FI5N1 ex-
tended to 1:4 dilution. There were a linear
relationship between NA activity (y) and
dilution (x) of thé virus at higher serial
dilution with a linear algebraic equation
for 5N, HINT and HINI-NA-H5N1 of
y=16.621x-0.4153 (R%=0.9974), y=14.363x-
0.2108 (R*=(.9989), and y=12.905x-0.1442
(R*=0.9993), respectively.

The results of plaque assay and one-
step real time RT-PCR of the influenza A
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Table 1

Plaque assay (PFU/ml) and one-step real time RT-PCR (Ct) of influenza A viruses.

PFU/ml

Virus strain Cycle.threshpld (Cy) -
H5N1-stock 10+2x10°. ' 154 +0.1
H5NI- 1 unit NA 206 x 10 161 = Q.7
HINT-stock 12 x 10/ 11 =1
HINI- 1 unit NA T£3x108 16.0 = 0.2
HIN1-NA-H5N1-stock ™ 127 0.2
HINI-NA-H5N1- 1 unit NA 1+4x10° - 135 »01
Table 2 DISCUSSION
Kinetic parameters of influenza A viruses. ;
- In this study, we constructed H1N1-

Virus K, . & NA-H5N1 virus containing NA gene seg-

(pg/ml)  (nmol min!) ment from A/duck/Phitsanulok/NTAH6:5-
s s 071 0001/2007 (H5N1) and the res§ of its se-
H5N1 - 443 gy o quence came from A/Puerto Rico/8/1934
HINI-NA-HSNT 68 0.23 (HIN1). Growth yield of the reassortant

virus at 1 unit of NA activity are shown in
Table 1. In the plaque assay, it required
more viral particles of H5N1 to generate 1
unit of NA activity than for HINT and
HINI-NA-H5N1 virus {p < 0.05). There is
no significant difference between HIN1
and HINI-NA-H5N1 virus. In RT-PCR
experiment, to generate 1 unit of NA ac-
tivity, the quantity of HIN1 viras required
was less than that for HINI-NA-H5N].
Thus, NA activity of the HINT-NA-H5N1
was lower than that of the HIN1, and NA
activity of HoN1 was the lowest among the
three.

Kinetic properties of NA .. . . :

Using Lineweaver-Burk plot, K o and
V nax Of NA of the 3 viruses are shown in
Table 2. V o values for NA of H1IN1, HSN1
and HIN1-NA-H5N1 were the same, but
K, value of HIN1-NA-H5N1 was higher
than that of HIN1 and H5N1.

Vol 41 No.3 May 2010

. virus was lower than those of the unmodi-

fied A/Puerto Rico/8/1934 (H1N1). The
deletion of NA stalk in the virion of the
reassortant virus did not abolish its infec-
tion property.

We found a linear relationship be-
tween NA activity and virus dilution at
kigher serial dilutions. Similar results were
obtained with influenza virus (Webster
and Campbell, 1972). Comparison of NA
aclivity with virus dilution showed that
HINI-NA-H5N1 was similar to HINT,
suggesting that the NA of A/duck/
Phitsanulok/NIAH6-5-0001/2007 (H5N1)
had lower NA activity than A/Puerto Rico/ ~
871934 (H1N1). This may be due to the fact
that the NA stalk region of FI5N1 is shorter
than HiN1. in the previous studies, dele-
tion in the stalk impairs the ability of the
enzyme to release influenza virus from
erythrocytes by virus elution assay (Els
etal, 1985; Luoet al, 1993; Wang et al, 2006).
The time needed for viruses that contain
longer NA stalks to elute from erythrocytes
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is less than those with the shorter NA
stalks. We found that the same is true for
deletion in the NA of H5N1 from Thailand.
Thus, reverse genetic viras would be a
better model for the study of NA activity
becauge of the virus elution assay is a mea-
surement of the ability of NA to elute vi-
rus bound on erythrocytes by hemagglu-
tinin (HA). When using wild type viruses,
there may be other gene components that
affect NA activity. Moreover, other stud-
ies have shown that there is no apparent
relationship between N A stalk length and
enzyme activity when using the virus elu-
tion assay (Castrucci and Kawaoka, 1993).

Surprisingly, the HSN1 virus had
lower NA activity than HIN1-NA-H5N1,
even though both strains consisted of the
sameNA_ This suggested that the NA gene
of H5NT1 is expressed in the HINT virus
particle at a higher level than in the virus
H5N1 itself (p < 0.05). It is therefore pos-
sible that the number of NA spikes on the
envelope of the A/duck/Phitsanulok/
NIAHS6-5-0001/2007 (HI5N1) is less than
that of A/Puerto Rico/8/1934 (HIN1). En-
zyme kinetic studies showed that K, of

NA in the reassortant virus was higher

than the wild type viruses (p < 0.05), indi-
cating that the binding property of the
enzymes may be affected by other viral ge-
netic factors.

In summary, this study showed that
the NA activity of the reassortant viras was
lower than the H1N1 virus, suggested that
the deletion of NA stalk of the H5N1 from
Thailand reduced the NA activity. For a
new recombinant virus species, it sug-
gested that it may be difficult to predict
the viral phenotype based on the overall
genetic component alone. Further study on
vice versa, €g construction of a new
reassortant virus containing the NA gene
from A/Puerto Rico/8/1934 (HIN1)and the

568

seven remaining genetic segrments from A/
duck/Phitsanulok/NIAH6-5-0001/2007
(H5N1) may increase our knowledge
about the geneticsof influenza viruses.
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