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UNARER

Tenldudnlunyminggnia (seasonal flu) inaniaaloda influenza A HINT ifluanimg
o o % 1 = 1 Y a a a a
d1Any Snnuszualugwnggruiazgguuicresnt neliiiarunaUnAresssuunGAiuIela
Tl A./. 2009 Hnsszunnvecimelafa ldudnlunjareiudlud influenza A HINT / Tdudnugy
Tdudnlug) 2009 (influenza 2009) tAnaINNIsNaNEudaaiugaadlafalduinlunjveamy
1 Y a a a = o % dl o 1% A o o 1
naliifialsaszuuniaaumelagianaaundy antsunsndeunddyaanivilandniauinlig
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aginalanmunalnlunisnaneanian naesdalada seasonal flu WAz influenza 2009 sialy
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duAnsuuddadniiaonuuansneiuednels AuiugadaasmianisAnelaeiinisnnziaeaaa s
Waitetlan A549 femalifa seasonal flu (A/Thailand/Siriraj-03/2006 (H1N1)) wae influenza 2009
(A/Nonthaburi/104/2009 (H1N1)) innnguiuanvnsiniziasaag nsadatsunadlalnled IL-6 fas
3% ELISA JalSunnuaadaasag Flow cytometry 1MN1396A1ZHNNIADLAURLRUTARENIZIALI
1lap A549 n2iRT 2-DE analysis LAy mass spectrometry HaN13NAaInLIN R TLsAuAdasuuLlas
liiefsmalafa seasonal flu anuau 19 wie Nldsin 5 slein sudneeaniinay lshu 14
1HalNNTIAAIRaNANAY LT cytokeratin 8, heat shock protein 90 WA vimentin Huwsiu waailen
AenalaFa influenza 2009 wudNHNNTLEAIaaNYed U sALAU ALkl A TannA 7 38ia Hanuau 4
ailaNinnsudanaeaniinay taun Lamin A/C, Protein-glutamine gamma-glutamyltransferase,
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Alpha-actinin-4 WLla¥ Aldehyde dehydrogenase AlUsRUAUIUN 3 TRANANNTUAAIRANAAAS DAL
Receptor of activated protein C kinase 1, Proteasome subunit HsN3 Wag Chain A, Three-
Dimensional Structure of Human Electron Transfer Flavoprotein TdsRunan ANt An193an1ng
NAINNANE LNTIRANETa9AuUNTRAIa 58 NnTstiudunani1sLdnsaaneedllshiu vimentin
WAZ lamin A/C #2¢/3% 2DE-western blot AnmANANNUFIa9llsRunIn1adasuntlasldileann
e liFasnalusunsn String 10.0
n3AnEn lwefaildaaiinanudnlaneafunisiianesannnaaslenilainisinde la5a
seasonal flu WA influenza2009 N1NTK N1uAa b ln lasissuinaiinsdadalafadetnauania
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Abstract

The seasonal influenza H1N1 virus can cause local inflammation at the upper respiratory
tract. It happens annually and usually peaks in rainy and winter season. It can cause mild or
severe illness. In 2009, there was a new emerging virus influenza A/ swine flu/ influenza 2009
which is a combination of swine-lineage influenza virus genes.

However, some pathogenic difference between seasonal flu and influenza 2009 in human
lung remains unclear and largely unknown. The alveolar epithelial cells (A549) were infected
with seasonal flu (A/Thailand/Siriraj-03/2006 (H1N1)) and influenza 2009
(A/Nonthaburi/104/2009 (H1N1)). The IL-6 cytokine in culture supernatant was determined by
ELISA assay. Cell pellet was collected and quantitated cell death by Flow cytometry. The
cellular responses of A549 by comparing between seasonal flu and influenza 2009 infection
were performed by 2-DE analysis. Uninfected cells were incubated in cultured media as a
mock-infected control. The changes in global protein profile will be evaluated by Image master
2D platinum software and further identified by mass spectrometry. The results showed that
there are 19 proteins expression changed after seasonal flu infections. Five proteins were up-
regulated whereas fourteen proteins were down-regulated including, Cytokeratin 8, Heat shock
protein 90 and Vimentin. Interestingly, there are 7 proteins expression changed in influenza
2009 -infected A549. Four proteins were increased such as lamin A/C, Protein-glutamine
gamma-glutamyltransferase, Alpha-actinin-4 and Aldehyde dehydrogenase. Three proteins
were decreased, Receptor of activated protein C kinase 1, Proteasome subunit HsN3 and Chain
A, Three-Dimensional Structure of Human Electron Transfer Flavoprotein. These proteins play
important roles in several pathways, especially in viral infection processes. Confirmation of
vimentin and lamin A/C expression were performed by 2DE-western blot analysis. The analysis
of protein-protein interaction network was predicted using String 10.0 biological database.

This study will enhance the understanding of lung pathogenesis from seasonal flu and
influenza 2009 infection, as well as the secretion of cytokines during viral infection which may
contribute the severity of tissue pathology. Moreover, these findings may provide the information
of molecular mechanisms which leading to the development of new therapeutic targets and

strategies.

Keywords; Influenza, Influenza virus, pathogenesis, Lung cell line, Proteomics
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Tsnldudnlunymungniase seasonal flu AnN19szu1ANNTdangHULATAAUUIG FiAaIN
daladaldudnluninguie (Influenza A virus) Wludawlve) adunsnunsnszanaetinasamiioainaug
Au AniuilyuiansisugadrAyassilszansinliiAanisiduilae lussuuniaiumala filaad
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aalaialiudnlvuaidnetlunszga Orthomyxoviridae V4 Influenza virus A Han97ugNeTH
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hemagglutinin 4a% neuraminidase (3) WulsianadiAnylunisdnguadanuaznanaisanin
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irasLilaltalan A549 NAAalTa Influenza APR/8/34 (H1N1) Taalda stable isotope labeling
by amino acids in cell culture (SILAC) 3911 2D-LC-MS/MS wudnTilshiuninisuansaaniinai
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faenldshlelnduas mass  spectrometry n1satAszdlFuNelalnlal IL-6  wazAnEn
ANdNAusaasldsAunLentialalag 14 String 10.0
=S ?/ dgl 1 nal ¥ n:ll o a a dl s dl = a d’l o
nsAne luafeildaainanudnlanaafuniafanesannnaadilenlainnmaige laia
seasonal flu WY influenza 2009 N1NTU N1suAa b imlAdseudnanlnisdnagelafadedaeuania
N vy, . 4 o w1y
AHTULssTasisn B9ndrunisAnen luaisilazdoaindayana lnszsuluianatenatinlignis

WeLNN9Tlaeiuvrantssnen luaunaAm

2. inguszasA
21 uRsuifieunisuanseenaesdsiuiinasuuadliisiesinisinde laldualuainy
09N148 (A/Thailand/Siriraj-03/2006 (H1N1)) uazlduinluiey 2009 (A/Nonthaburi/ 104/2009
(HIN1))
2.2 AnBuialainled IL-6 ﬁlméqmﬂLmﬁmﬁmgmﬂ@mﬁﬁmL%”Lqi”mﬁmfmlmgmu
fan1a (A/Thailand/Siriraj-03/2006 (H1N1)) LL@ZLL“EI/V{@GLMEQ 2009 (A/Nonthaburi/ 104/2009
(HIN1))

3. 28n15MAaRY

3.1 mawmsanlafalduinlugimuganiavazlduinlug 2009

nsAns luaisilldlafaldndnlugnunggnia aewug A/Thailand/Siriraj-03/2006 (H1N1))
wazldlaFaldudnlun) 2009 a1eWug A/Nonthaburi/ 104/2009 (H1N1) Nnsmnziaslofaludies
Bio-safety level 2 4158 BSL-2 NARTN4ATI3NEN ATULWANEAIATASIIINENLNG NUNANEAtNTing

a

wnlaFaluadiniziass Madin-Darby canine kidney (MDCK) cells 1luiaan 1 dalus fgrungd

37°C gm Supernatant ﬁaLLaxLﬁmmmimﬂngmLenm‘f Dulbecco’s modified Eagle’s medium
(DMEM)/F12 ﬁlfl 10% fetal bovine serum (FBS) #11 Penicillin G/Streptomycin 1.2% Wag 2 mM
glutamine ldgin 37°C 7in 5% CO, dananisndiiin cytopathic effect #3a CPE 9493 MDCK cells
nalsindesqanssail phase contrast 11N13LAL medium 7981 12 - 96 Falueudansisige (hour
post infection (h.p.i.)) WALYIaAUNN 12 T3 17 culture supernatant TuRes 1500 rpm, 4°C,
fuaan 5wl wamislmmsalafaiitewnen tissue culture infectious dose 50% (TCID,,) Toeld

MDCK cells tiu1a§a7 -80°C aundnaznIn1maaadsiall
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3.2 TCID,, assay

P FANALNINT 10-fold serial dilution @38 PBS anniuiinlnfaasly 2.5x10° MDCK
cells/well 189 96-well plate (n=3) ©nlUUun 37°C unan 1 d2lug WHaATULaININITA9TaE 2
ASIA9E PBS WAZIANEMNIAENLTAs DMEM/F12 A1l 0.2% FBS waz trypsin (Spg/ml) {HaATLNEAN

4 FWnNNAWIU TCID,, fneids Reed-Muench method.
3.3 NISLNISLALNLEAR A549

ﬁﬁﬂﬂ?LW’];LgmLsﬂ@ﬁ human lung adenocarcinoma cell line (A549) 1 75 cm” flask Tagld
AWNTAENITAR Minimal Essential Medium (MEM) 78l 10% FBS e Penicillin G/Streptomycin
1.2% WAy 2 mM L-glutamine uaaa bdgLingaunnd 37°C 7ifl 5% CO, \luaan 24 Falug sianns
wRIaga WL 15 semiconfluent flasks kil 3 nga ustazngudl 5 flasks liur neuilAnie

1aFa A/Thailand/Siriraj-3/06 (H1N1) nguiiAmEalafa A/Nonthaburi/ 104/2009 (H1N1) uazngs

ALAN (mock control)
3.4 Virus Infection

FANNTEN AR AS49 S191 2 ASadae PBS Lazinnnsiinitelaia A/Thailand/Siriraj-3/06
(H1N1) uazlaa A/Nonthaburi/ 104/2009 (H1IN1) Taainnng vary Aaudnduasslafa Mol 0.01,
0.1, 1 uaz 10 silthindl 37°C Wunan 1 $alus deasunainnisdreansniadag PBS uavifs
211419 MEM ‘17{3?1 10% FBS ##n Penicillin G/Streptomycin 1.2% waz 2 mM L-glutamine NN9LAL
supernatants 987 12, 24, 48 uaz 72 hp.i. 1n115R1BuN00 1L-6 cytokine §2eiAa ELISA LiLTAd
W ltAemsiBunmmasnnasaeas Flow cytometry taald annexin V/propidium iodide double

staining 1Wi8d Uninfected cells i{lunguasunx
3.5 Flow Cytometric Analysis of Cell Death

nnsinuaaiagld 0.25% trypsin/0.25 mM EDTA in PBS v luTuf 2000 rpm tuwaan 5
wit uaziiudnaananiadag ice-cold PBS Wazdnadasl ice-cold annexin V buffer (10 mM HEPES,
140 mM NaCl, 2.5 mM CaCl,.2H,0; pH 7.4) uasiinnsnasgagshdniu annexin V buffer tiielsf
Ieaaudind 5x10° cells/mL BN FITC-conjugated annexin V (BD Biosciences) Lninudeiiila
dluiaan 15 w1 i Propidium iodide (BD Biosciences) AN 0.2 pMg/mL AAUNIILATIET
Sotaz a0 mAsAtALAIZiAeLAses FACScan wazld CellQuest software (BD Biosciences) lu
N33R TR A 0 fixed Bl 2% formaldehyde Way permeabilized fagl 0.2% Triton X-

100 ilu positive control 4 untreated cells Lilu negative control
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3.6 Protein Extraction

11 cell pellet NuANAANALY Lysis buffer U5u1ms 150 pl ANt s madunndasiAzes
Ultrasonic bath 1411 15 117 uaz vortex fluaan 30 3unft vhluiusdesd 12,000 rpm, 4°C ifly
a1 20 w17 tidaulaldlunaen s wHin Methanol U3u1ms 600 pl 11l vortex 1iwaan 30 3w
A ntiuiAn Chioroform 1FuAms 150 ul uaz vortex Wuaan 30 Aun Furinndu 15unas 450 ul
18 vortex (uiaan 30 Aundt T llthusAesdi 14,000 rom, 4°C 1hiaan 5 w07 U7
Fulennzduiiiunznaudans antudanznaudag Methanol 1Fu1ns 1 mi inldihumdesd
12,000 rpm, 4°C 1§98 5 117 1 Methanol 71 wazilneniialfilazanns 5 wait antuia Lysis
puffer 15117 50 i 1714 vortex wazutlu Ultrasonic bath 30 w1# iiamsuingn tihluiumseed

12,000 rpm, 4°C {luiaan 10 w1 1L supematant 71 -20°C iann13naaadsald

3.7 AnANNLTNTUAalUs A

e lumsgulaawzen BSA audndi 0.1, 0.2, 0.4, 0.6 uaz 0.8 mg/mi tFNm3 10
ul, Milli Q water UTu1me 48 pl, Lysis buffer 31107 2 pl way Bradford reagent Usunme 300 i &<
Tu microcentrifuge tube wisen Blank Iagld Milli Q water 15ums 58 ul, Lysis buffer Usu1ms 2 pl
WAz Bradford reagent 13unms 300 plagli microcentrifuge tube wmzansaesnallsiulngld
FnaeinaauIng 2 pl, Milli Q water Usume 48 pl, Lysis buffer Usume 2 pl ey Bradford reagent
15u1m9 300 ul asli  microcentrifuge tube (11 S%ﬂ)@ﬂﬂfiUQﬁ]@ﬂ?ﬂ?N’]ME 180 ul a3 96-well
plate 'T@ﬁﬁ@mﬂauLL@dﬁ 595 U TULNAg Tmmﬂ?l‘m Spectra Max spectrophotometer WIAN TN

= = o L7 7 o 1 =
asldsmulnenauainnenun mgmlmzmmmmmmemmmmwiﬂmumnmma

3.8 2-DE Separation and Staining

Wsnaenalsfiuadnuidndu 150 pg naniu IPG buffer 1531m5 1.5 pl, 1% Bromophenol
blue 1311M3 0.75 pl uaz Lysis buffer lHxaulaENRIgNS 130 pl v laflusdead 12,000 rpm
4°C ilunan 5 i uaziinasli 7 cm strip holder mn&mw Immobiline DryStrip (nonlinear pH
gradient of 3-10, 7 cm long; GE Healthcare, Uppsala, Sweden) \#N cover fluid Ysunmg 700 pl

Tt i lluanldsiunu p/ #aeirpses Ettan IPGphor Il isoelectric Focusing System
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e strip wiadlu 2.5 ml SDS-PAGE equilibration buffer ﬁﬁ 6 M urea, 25 mM DTT, 112
mM Tris-base, 4% SDS, 30% glycerol, Waz 0.002% bromophenol blue welnudwaan 15 w1
ANt strip uEasl1 2.5 mi SDS-PAGE equilibration buffer 7l 60 mg IAA giiflinan 15 Wi
ATLILIANANNAYE SDS-PAGE running buffer 2 A%a 1 strip 47911 SDS-PAGE 1HAanusinedned 120
volt fluwnan 2 dalug (e SDS-PAGE 12.5% polyacrylamide gel #1141 1 mm agl Milli Q water
13473 3.2 ml, 1.5 M Tris-HCI pH 8.8 1317m3 2.5 ml, Acrylamide stock solution (30%
acrylamide, 0.8% bis-acrylamide) Usumg 4.2 ml, 10% SDS 15u1ms 100 pl, 10% APS 1su1me
70 pl waz TEMED U5unm9 5 pl wanlsidniu

YaaTHUNN9N SDS-PAGE il fixation solution (10% methanol, 7% acetic acid)
Bunms 100 mi Wwnan 1 dalua daeadae Mili Q water 1-2 A3 uazdiaugaed Colloidal

Coomassie Blue G-250 131175 100 mi Lingrungiviasiiungad 1 Au

3.9 Matching and Analysis of Protein Spots

TJunnAW 2DE gels Aagl image scanner Ine1ld LABSCAN application software NN9
AAzglnInsae Image Master 2D Platinum software Iaelld Parameters spot detection (i)
minimal area = 10 pixels; (ii) smooth factor = 2.0; and (iii) saliency = 2.0 ANUUA reference gel
wazing U Te9qallsRuLY reference gel ﬁm@@%uq 1 Background subtraction tag/ldAn
intensity volume mﬂdLLﬁi@z'ﬂmIﬂ??}uLﬁﬂuﬁu total intensity volume (summation of the intensity
volumes obtained from all spots within the same 2-D gel) 1A intensity volumes 18ULAATAN
T3fn AuudaLmeniu ﬂqmﬁﬁmmmmaaL‘ﬁ@mmmmeﬁm@ﬂwﬁﬁm%qﬁm (p <0.05) ANEh
ﬁﬁmiﬁmmiﬂiﬁuﬁuiﬂﬁﬁmiﬂ'@ﬂé’wmﬂmﬂﬁﬂ%uumﬁLmﬁ:ﬁﬁqmﬂ%q mass spectrometer

Watatiasall

4.0 In-Gel Tryptic Digestion

finnasaqeldsfiufidiasnisfeatareiindaenldfaun 1x1 fedwms w15 mi
microcentrifuge tube 819498 methanol 1 A%a LAy Milli Q water 151ms 200 pl 2-3 A%s AASIGL
ﬁﬁm'i@m Milli Q water aanliuug AN 25 mM ammonium bicarbonate buffer ‘17{33' 50% acetonitrile
Buns 100 pl wtls 15 widt s liusaesd 10,000g 1 Wi wazgn buffer aanliue (#1187 2
pisveaunindazeenyun) iaTWAaRANILFL 100% acetonitrile 13313 100 pl url¥ilszanns 5
it 9 gel naneidudanagu shldhuwies 10,000g Wuiean 117 ga acetonitrile aanliun

AINULFN 10 ul 289 25 mM ammonium bicarbonate buffer 1% 0.1 pg trypsin W1 lUtluves way
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1uf 37°C Uszann 16 Galus Win 5% trifluoroacetic acid NN 50% acetonitrile U3unms 50 pl 1
vortex L1987 10 U7 W 10 ARd (11917 10 AF) W ltTuwnee® 10,000 wwnan 1w
AndunA supernatant 8411 1.5 ml microcentrifuge (M1 2-3 A3 Tneitindau supernatant

99171%) wazNNAaaeing A8 Speed-vac concentrator

4.1 Protein ldentification by LC-MS/MS
avaranznawddindsag 1% formic acid Usnms 1 pl waziis 50% acetronitrile 14 0.1%
formic acid U3n1m3 9 pl 1111 vortex tfunaan 30 3w anslwdnansazatadynmdnlydlu vial
dl a i’/ 1 dl QI a 6 o 1 o =K o o o A Y
189LA7RLATTIANN F9A1LATEY LC-MS/MS  Bun1331AszYifnating Tunnuadmiusnlddudn
gudeyasely Tnald MASCOT (www.matrixscience.com) waraUAUNITLANNIIMTIINE Tnel
www.uniprot.org mnnﬂnu%’mﬂ@ UniProt (www.uniprot.org) wasduAuanNduiusaasllsfiuain

Fudeya String (http://string-db.org/)

4.2 2-D Western Blot Analysis

711 2-DE western blot sialisiu 2 a5aAe lamin A/C waz vimentin Iagild Primary antibody
rabbit anti- Lamin A/C A3NNNgis 1:5,000 (abcam) wag rabbit anti-vimentin 1:5,000 (abcam) 1
2.5% skim milk 114 0.1% TBST Linfigauafises ifluaan 3 Falue in Second antibody goat anti-
rabbit 1:10,000 W 2.5% skim milk 1140.1% TBST ﬂmﬁ@mmﬁﬁm Huinan 1 dalua sianns

acl . . a & £% =
n3radallneng chemiluminescent wazilsznunanluwiiasia
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4. STUZLIANNITANLLWINUIRE

Schedule (months)

Research Plans 1-3 4-6 7-9 10 - 12 1-3 4-6 7-9 | 10-12

1. Production and titration

of viruses

2. Infection of A549 cells
with seasonal H1N1 and «—>

influenza 2009 viruses

3. Quantitative analysis of

cell death by flow cytometry

4. Cytokine and chemokine

production assay

5. 2-DE analysis

6. Matching protein spots
with Image master 2D

platinum software

7. Mass spectrometric

analysis

8. Bioinformatics analysis «—>

9. 2-D western blot analysis +—>

10. Manuscript preparation

5. uanAIAIazlasu

nsunabnlunisenansaninnieugasdesnfndeliialdninlugmnggniawazleia

Vv
=S

dndnlney 2009 stlazdaaiupufanndlaninTuiazanatinllgnsimunidsnisinunsialy

Tuauam
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NITNUNIUITTIUNTTHN

L‘%ﬂ%’fmﬁ'uimiuﬂ&i (Influenza virus) i1 RNA a5% a¢/lunszna Orthomyxoviridae
tsznauang 5 genus 16 Influenza virus A, Influenza virus B, Influenza virus C, Thogotovirus
uae lsavirus flsneazidandal

1. Influenza virus A @1N1TOLLNNGNATNLIELNNVBY hemagglutinin WA neuraminidase
Imel hemagglutinin wi9lé 16 48ia (H1-H16 subtype) Way neuraminidase widld 9 afia (N1-N9
subtype) Influenza virus A Whilafafifaanudndny Lﬁ@\m’mLﬂummaéﬁmmmimﬁu&mlwaﬁ
Aansunsszunatalan amnsaunsszunaléveluauuazdaduanesiia ldun un 1n da ans £
w9 gl ousiu (1)

2. Influenza virus B Lflummmmmuﬁmimﬁu%ﬂm&iL@W’]ﬂuﬂuwiﬁﬁu Y
hemagglutinin WAz neuraminidase WesTHnLALA fnran1ssELNALN R

3. Influenza virus C wnsszualuAuLazgns aannsaaelon ligunss éﬁm%ﬂm@iaimm
8IN1IVTOUAAIBINIT LU

4. Thogotovirus lulafandiuiiuniuuy vinliiAansinaeluladaduasuyedlunal

wawsn glstluazioide (2)

¥
A

5. 1savirus W laFaninldinnlsalatinanaludatusaneu ulsaguusssaniainiziass

UautaNe Wl UNZIaLa ALAWAN (2)

ansuzaaslsdldninlug)

TnFadiaynianay (spherical)  Haunadun uAunasilszuin 80-100 wrluiums Lie

dunnnnglindesqanssAudiannsau (MW 1)

a | . Y a A v v A = ¥ Y -
NINN 1 gﬂfﬂﬂ"ﬂﬂﬁ Influenza virus HaNEILNAN mﬂmﬂummu@ﬂ Lﬁ\l’ﬂﬁﬂ‘]‘_‘ﬂﬂ'ﬂ]ﬁlﬂ@'ﬂ\‘i’ﬂﬂﬁiiﬁu

AanmTaU (3)
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ToFalduinlundansiugnasn RNA wuugaihangtindaat (single-stranded, negative-
sense RNA genomes) a1uat 8 viau (WA 2) uaazviauintihilunisuanllsiundrAysanis

) aa o at
ANNTIRURI 125 (m1519N 1)

M 2 Taseaiaesaunialoda influenza A (4)
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AN5197 1 Landa lustasutinnaaslilsiuniiuassilsznauaed Influenza A (5)

Segment length | Encoded | Protein length
Segment Protein function
in nucleotides Protein(s) | in amino acids

1 2341 PB2 759 Polymerase subunit; mRNA cap
recognition

2 2341 PB1 757 Polymerase subunit; RNA elongation,
endonuclease activity

PB1-F2 87 Pro-apoptotic activity

3 2233 PA 716 Polymerase subunit; protease activity

4 1778 HA 550 Surface glycoprotein; major antigen,
receptor binding and fusion activities

5 1565 NP 498 RNA binding protein; nuclear import
regulation

6 1413 NA 454 Surface glycoprotein; sialidase
activity, virus release

7 1027 M1 252 Matrix protein; vRNP interaction, RNA
nuclear export regulation, viral
budding

M2 97 lon channel; virus uncoating and

assembly

8 890 NS1 230 Interferon antagonist protein;
regulation of host gene expression

NEP/NS2 121 Nuclear export of RNA

NN UIUADILISH

ayninradlafadngaadinaanAufafuanniy e sialic acid NideNagiy galactose 7

Uasan8a99 glycoprotein %7a glycolipid faeWusy X2, 6 %38 (, 3 linkage TIWLNITAEIDL 1L

RomadiEaye9srULn AU larasauLaydns uasainlaiald hemagglutinin SufudaFuLILEY

IARAZINANIZUAUNIS endocytosis HnannAlaFadingiradetflu endosomal vesicle AN A

n"9 fusion 189 envelope 183 laFariuiEiaiu vesicle INANIZLAUNNS uncoating 1aas RNP aang L
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TANATN Lﬁﬂ\i@’]ﬂ@’]ﬁ‘ﬁuﬁﬂﬁ‘ﬁ‘umﬂﬂiqa‘/@L‘]ﬂu RNA @881 aziinn13d519 RNA @neuanlneande
elmd RNA polymerase 1 mRNA @891 AR 1.MRNA ‘17{3?1 5'cap WAL poly A tail 2.Template
RNA Fsfipanuenadinanedifunsiuuaesnisang genomic RNA denalnnnaiiiu 5'cap unaln
Fuesuanansliann mRNA 9lt Tag polymerase complex 18<1a3@azfngdat 5 189 MRNA 184
TART cap Bgjudaanulu RNA mm%uq wazTN WU primer 411500194579 MRNA 289
In¥agaanisseanssnneeniyl fati mRNA ig¥1eaTuided cap  unuABu gl deauAnanly

neuds Tnannsadng RNA aaglafalduinluajianuninifinlutiowaaa Tshuazgnaioeainans

1 v
v A o o

Augnesnie 8 ane LATdsAuniauirfisnee sounstiniulassairseeseuninlafalusisae
agnglsfimunisa¥eanaiugnesuailn RNA - @188 814 RNA - @18u9niitinainauounng
transcription uFLLL ndeaInTiAtinsTNdaulsznausing o 189 RNP 1ulutiandga neugn
denuaanuianiaedsag lalanaiadusaanisinaunesiilsiu NS2 way M1 Tuaneillsfiu
envelope gﬂ@"f’]ﬁﬂu endoplasmic reticulum LaZHNIUNG golgi apparatus @jﬁwﬂ@ﬁ A7N1u RNP
dl dl a = o ya ca . ' .

NAABUBDNNIAINHILARLANITINAW B R LTARLNA assembly LAY budding #11 cytoplasmic

membrane T9H HA kaz NA spike unsnag (6) (AINN 3)

Receptor containing
a-2,3-SA or a-2,6-SA

IFN-mediated A
antiviral response
Post-translational

processing
T Packaging

1) € Translation

3

Endocytosis

) Apoptosis
— je—rn=] T A
LowiH —— — B «» (-)VRNA —_— _CNEP
wp — = = (svRNA b
—_— -— — !

<

(+)cRNA e
Fusion and Nucleus
uncoating

NN 3 LAAINTZLIUNITINNAIUINLAY Influenza A nelulgasiaas (7)
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nsNaNEWUgIasTala54 Influenza A

NMIRANIRUGNIINTHA RNA deas aflusiasldianlad RNA polymerase N1naRuaniis

luN19M399ANNYNFDY (proof reading) TTUINAIRBIANNUGNTIN 111 IHITNTINNITIRNAIUIU

a

ANEUGNIINENANANINA BN UEAIILIUNNT mutation T8 N1snaaiugFaedaldinTuly

Q 9

1
b4 o o

491199 HA, NA @anuisavinliifanisinlasunlasdnsuenisuausiau i iR Aufuanmwigng

u
£

e [ % a d’l . . 1 d’l a a 1 o a I 4
AruaNiiAtlasiunT9fame (neutralizing antibody) saimaTiialfan ldainisadlasiunisiniaels

nalasundasuuuilaziinluednsAeeduaesly Fandn antigenic drift AnliAannsszunmTn

v A

ATIATIY (sporadic) WraaIaiATTLUNALLL epidemic 18 14aNAINHNNT mutation Huaanuan 413

nisfnde laiaetnedas 2 aneiugatnialumadinasiu lhfaauisafianisnataiug Tnanns

-

wanilasuviauansiugnesuseninslafausazanaiusg (genetic reassortment) vinl¥iAnlafaans

Kl

1 %
= KX A

Auglud donidunisuanidaeuninlild HA  waz NA - alialuiazinlilaFaninnauinig
= o a , ~ ! . ) ) o 8§ M o o =
wasuulasdneuzuaumiauliacinamnn Fand antigenic shift uazananililofatinanuguusanse
AsaNF lwnisnalsalasuilas iareenisasuudasaneWuguuy antigenic shift azvinl¥inn

nsszunaedlafanuuguuss nszaneliialan (pandemic) (6) (MW 4)

Wiy,
E o %
‘ - : ; Different subtypes
| o = of Influenza A
% @ N ’:/, ~® \'\'
oY (LY EY
»
selbidy,
\ Y ’
L, -
Antigenic shift g | ‘\\: H It .
Genetic shuffling) ‘ - HHH =A
1 - . - o
‘- :“ bid.r '.;, || s
» 2 LK i
~ 4 } e i L .
y & ? R X
N  Antigenicdrift  qN¥" " o
Ypoe Random mutation) S&¥ | =
folx b Hilts =
’ °
o Il >
New Influenza A o N
subtype DS e
9505 Lo

Different
Influenza A strains

[ ¥
A9 4 nsnanaiugaaaimalafa influenza A (s)

nalnnisnalsa
InFaldwinlvajnmeluaaditioyniuaumigla nsiame lugasinaniivinldinisdnagi

nsainldsiuaaamas vinliimasd ldaruisaiuinlsauilng wazaaluiiga nismesesaag

o

NATUNIUUL necrosis WA apoptosis NNIANETBNIEARLEaLNN IHRANsSNIELTI8EaYN9LAY

3

v 1 i 1 v
el ndsanntuarBuinistanugumasngninan il Inewun sutNaaRNA TuIUT AR Lty

- X 2 o ' & 4 y o a9y
basal cell sﬁﬂiuﬁ‘xﬁtu‘ﬂzv\m‘ﬂ\m’]ﬁ‘i’l’]@’mLL@tﬂﬂﬁ‘sﬁﬂNLLsﬁﬂLuﬂLﬂﬂiﬂW?ﬂNjﬂu meaaﬂfmmmm‘ﬂm
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, - X & = - & o oy X o
NITMANLTNISLANNNINUL ﬂﬁ‘zlmm 1 Lﬂ@u@\iqzaﬂu’j?m Tmf;lm‘?%lum@ﬂ’]wﬂu@z‘W‘LIVLWm

pulmonary function fielsinduauluilng ulilasazlsiiainisudafiniu (6)

WENERNINW

Tealdndalug)ialUazinifa@enuu@aunduuasianizi ldnuwansan waeaning

NN BIANUNNIENLALYTRNNIUGAAENTDEASIEaYNIBAUMNE ladusuaudIaenan Inalaniy

|
o A a

AR mﬁiﬁ cilia LTAGTAREaAEWLINTTLAY & vacuole lultlananaduuaswy pyknotic nucleus
[afazAELAZIgARaNAUWARULA basal cell TuiRtaviamAus basement membrane Mty
WA AN UL hyalinize LL@ﬂu%u submucosa ALNWUNITUIN, hyperemia LLmﬁmmﬁm@uﬁq
neutrophils ke mononuclear cells WULL@L@L@wﬂ'ﬂﬂﬁmimu%\iLsﬁmir@lmqllmz mononuclear cells
slu'iw‘ﬁlﬁ;umﬂmﬁiwuﬂ@mufm %\‘I%L‘ﬂu interstitial pneumonitis Y hyperemia LL@:WUNﬁQﬂ@QQQ@N

&

dasuaulneimadidniaana199in mononuclear cells UNINAE LAZITARLOIANATUQAABNDAN

39 q

A = . a o 3
WaaLNed hyaline membrane LL@Zﬁﬂ'}EIGLuQ\‘I@NW‘LI exudates azpaaanLLauAauIadlafalfluras

' X 4 oo
LINANLAT intraalveolar macrophage ”Lul,umﬂ@ﬂ@mmmmuqmm (6)

NAaNITNA[RY

1. NTINNELAEN LAZU TCID50 2a9la5a

ﬁ'wmﬂwqu?:mLﬁuﬁ?ﬁmmhﬁ*@%ﬁuiﬂua&imuq@m@ @18Wug A/Thailand/Siriraj-03/2006
(HIN1) Gafiaanaguusenn wazimnzidaadingiunnlaialdvialvagi@luel 2000 aneiug A/
Nonthaburi/104/2009 (H1N1) Giiaauguusaga eerinnsinideding sadmnzasdlagia Madin-
Darby Canine Kidney (MDCK) cells zﬁ“qmmmﬂﬂ?u'ﬂuuﬂmgﬂéﬁwmLsrjm'u'?‘@mﬂﬁm cytopathic
effect (CPE) ndannsiinielafafiingn 12 fq 96 dalud ¥naifi culture supematantﬁmqﬁ*mwi
aratinlinagaupuarnnlunfinde (infectivity) TmeiAs titration of tissue culture infectious

dose 50% (TCID,,) 13 MDCK cells w141 TCID50 284 seasonal flu HIN1 wag influenza HIN1

2009 {AINL 5623.41 TCID 50 /50 pl - WAz 213796.21 TCID 50 / 50 pl AMNANSL

2. An®IN15IAA CPE aasiaailan A549 aann1saaLiatasa

o a é} o 1 } 2 ' ¥ ! o j dldej a o
VI’]ﬂ’]ﬁ‘[ﬁlﬂL“ﬁ’ﬂiQ??ﬁﬂﬁ]’]NL“llN‘lluﬁl’N“] LﬂWQLsﬁ@@ﬂ‘ﬂ@LWW&L@HQVINMHﬂ’]LH@@’]ﬂNEHH

adenocarcinama human alveolar basal epithelial cells (A549 cells) Faiflumadinuunegreelaia
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Y o 1 ?:/ a dl a d” v ! Cg ! Y a a a
VLﬂJVQﬂsLﬂiyVI\‘]ZQ‘ﬂ\Wu@LN@[}‘]@L°ﬁ’ﬂL‘I.I'WZSNL}HEILL@ﬁﬁﬂ‘ﬂsL'ﬂLﬂmWﬂ’]ﬁ’&ﬂ’]W‘ﬂﬂ\?Iﬁ‘ﬂiuﬁ‘ZﬁuuVI’NLﬁuﬂ’]ilsl"ﬂ Tu

n1anaaadldlafa A/Thailand/Siriraj-03/2006 (H1N1) ARanuidiud 2.8x10°, 7x10°, 1.75x10° uaz

L7373

4.375x10° TCID,, (517 5) wazla¥a A/ Nonthaburi/104/2009 (HIN1) fiaansidadis 4x10°, 1x 10°

=

2.5x10° Wae 6.25x10° TCID,, (517 6) sinnnstnisadlugiingounnll 37°C 7l 5%C0, ifluian 24

WAL 48 99T WUNTAS A549 LHaRamalduFaINAALiAn CPE AU IIARNANHLZNANTIULAY

1QARDLAINAURY WU vacuole Nelu cytoplasm unalug) Fausnsinsanniias A549 1nf (mock

o

control) NHANHAEIUIEATENFHILUNLRALNERAE phase contrast microscope NNANTENE

100 W1 Taswun13ine CPE ivdx nauiatinilunan 48 49Tus
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Mock 2.8x10° 7x10° 1.75x10° 4.375x10"

24 T

48 Gl

U9 5 uanen13iin CPE 1eitaaiannizians A549 NnsiaEela¥a A/Thailand/Siriraj-03/2006 (H1N1) Aaruidindusing) Aivaan 24 uaz 48 dalus

o

WauAuemas A549 Unf (Mock control) lia@nsnfiagl phase contrast microscope RN&4€87el 100 i
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Mock 4x10° 1x10° 25x10° 6.25x10"

24 T

48 Gl

U7t 6 uanen9IiA CPE Taqimasanmnziae A549 Aiin1sfiaidalasa A/ Nonthaburi/104/2009 (H1N1) paRidindusinge Nvaan 24 uaz 48 dalus

o

WeauAumasUn® Mock WaAN®sae phase contrast microscope AN&d2eNg 100 1N



3. Anmsunandastan A549 Nenaannisinidalisanaeds Flow cytometry

NNNTANEN TN A AR 8T NAINNNTRATala5R seasonal influenza wae influenza 2009
AaeABN"3Eian Annexin V (AnxV) wag propidium iodide (P1) 11 liAimszsidaeipseaa flow cytometer
= - a A o ° Iy o s =
anNN1ANEIUINRasA8aNnNsRnLTe la3a TneAuansduEesaznud1a uILTEAR A549 Ainne
Ann19RATelaia AThailand/Siriraj-03/2006 (H1N1)  Aaaidiadusinge laifimanuunnsnafuasinad
. ae y o e . ° o
adAyn9adia (p > 0.05) WeilsauiiauiunguAILAN (mock) MLaan 24 uay 48 d9Tug (sdn 7)
1 al o o =2 & dl a if %% .
wuAgaiuAUNanIsAnELFuIIasUen A549 innaainnisinidelada A/ Nonthaburi/104/2009
(H1N1) pornidindusing wuda ldfaanumnsinsaenaliedAtymnieadia (o > 0.05) Weanfsaumauiy

NANAILAN 19aT 24 Uaz 48 Falus (517 8)

1
09
08
07
= 06 Mock
= m 2.8x10°
0.5
é m Tx10F
g o4 m 175%10°
® 03 — ® 437500
02 1 b |
0.1 4— |
0 4
24 45 Time | hours post-infection )

1
o

R 7 uansfenazaess uaumad A549 fimaainnisinidelaia AThailand/Siriraj-03/2006 (H1N1)

o

b

v o o

¥ ] ' 1= ' 1 A o aa -dl = o J
NAMTHPANVLAN] W‘].I"J’ﬂNNﬁQ’]NLLﬁ]ﬂquﬂﬂ’]ﬂﬁJuﬂ@’]ﬂﬁyVI’N’&ﬂm (p > 0.05) LN@L‘].'?EIULVIEI‘LITTLITW@‘N

AILIAN (Mock) N9AT 24 Az 48 Falus
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Db

0.5 T
= 0.4 T B Mock
3 I 4x10°
2 o3 1
E B 1x10%
2 pa 250107
B g 25x10*
01 -
0
24 45 Time | hours post-infection )

a

19 8 UWAPITREAZIBIANUIULEASR A549 NANEaNN1TBAEalasa A/ Nonthaburi/104/2009 (H1N1) #i
% % 1 1 1 ] 1 a o ©° o aa dl = o 1
pNidudusinge nudn lifaNuansiget el A Atynisatia (p > 0.05) el Faumaiungs

AALIAN (mock) Maan 24 uay 48 Falua

4. Ans3unmu IL-6 cytokine mael LEGEND MAX'" Human IL-6 ELISA Kit

Wi culture supernatant 28TaRINNZIRENUaA A549 NBaTalaFa A/Thailand/Siriraj-03/2006
(HIN1) Ao uidindiu 2.8x10°, 7x10°, 1.75x10° uag 4.375x10° TCID, Lilunan 24 dalus uaz 48 dalus

ndnliunn IL-6 Wisumeuiumad A549 1ns (mock) (5U% 9) nan1siiAsnzvinudntEnnm IL-6

'
o L3

findsannimadinnziaelon A549 ifnitelaia A/Thailand/Siriraj-03/2006 (H1N1) LAy mock control
lufiannuuanseiuee e ilad1ATYNINans (o > 0.05) FaRaan 24 uaz 48 dluq ileAnmniFunndla
nlend IL6 aniadUenfifinigelada A/ Nonthaburi104/2009 (HIN1T) finansidindu 4x10°, 1x 10°
2.5x10° Waz 6.25x10° TCID,, 1fluiaan 24 dalua uay 48 dalne Wheuifieuiuaad A549 Unf (mock
control) (g1# 10) HaN"FALATIZINLALFUNDL IL-6 fudsannisaginnzinaslen As49 fanidalada A
Nonthaburi/104/2009 (H1N1) uag mock control lTAuLANs1eaEe e dAynieadia (o > 0.05)

1 a o
bTLAEIANY
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3.5
=
E 3 = Mock
~~
(@)
\% 2.5 1 2.8 x 106
<
_ 8 7 x 105,
1.5
2
g 1 s 1.75x105
c)
05 | ## 4.375x 104
0

24 hr 48 hr
Time (post-infection hours)

sUdN 9  FuauIL-6 Andsanniad A549 NmaLtalaFa A/Thailand/Siriraj-03/2006 (H1IN1) fiAanu
dindusingy wudn il avnusansseteidedAnynieadia (o > 0.05) WeuFaunauiunguAILAN

(mock) NIan 24 waz 48 Falu

4.5

3.5

v

e

¥ mock

=y

W oax10f
% 1x10°

= 2.5x10°

U3untu IL-6 (pg/ml)
N

Il 6.25x10°

—

M

n
Ee
'S
©

Time (post-infection hours)

517 10 5unns IL-6 AIndaannisad A549 AnTalada A/ Nonthaburi/104/2009 (H1N1) firax
indusing) wudliiAuwAnsingetnedliteg Aynieatia (p > 0.05) WelFaumeuiunguAILAN

(mock) NMAan 24 LAz 48 dalua
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5. 2-DE analysis LLaz Mass spectrometry

weadinnziazilan A549 NRaLtala3a seasonal HINT uay influenza 2009 A HLdNdY

6 | nI/ & ' a dgll v Y as .
1x10° iflunan 24 d9lue anAnwnisnevauesasatadilensanishinimaelofasaeds 2-DE analysis
InainTushungannann cell pellet AudNdW 150 ug NNAAIIZAAE 2-DE analysis a1uau 5 gels Tu
wiazngu Inaldimadinnziaeaion A549 Uns Wlunguasuax 14 non- linear pH gradient strip pH 3-
10 9UIA 7 LEUAWAT NAN1INAaeINLGn Tuwsas 2-DE gel dnnsuasteanaesqallshiuaaniiun
UszH104 1000-1200 qA NFzANLAILATIY p/ 3 -10 Faati9284 2-DE gel ungu mock nquiaadtlani

Aeutalasa seasonal influenza (g1l 11) uazimadilaaffnimalaia ANonthaburi/104/2009 (H1N1)

o
(519 12)
170 1 : Mock 170 Seasonal HIN1
130 — 130f— "
100 — Q ! 100f—
70 — :0 i 70— - ! ' ;‘ {
' ’ | R - ! .
ookt | | E et |
40 f— O - 40— . 41 ’ e |
L " ‘ - . . |
35— g NS \ .~ ' 35 ’— o 3 N
¢ | . :
25 v v o 25 |— : . |
.
»
~
15 [ - 15 f—
.
’

| E
10 2 o 10 .

o 1

519 11 FatenisuanseansesTisfiunu 2-DE gel szudnanguitaslantng A549 (mock) UazLIag

aanfamalifa AThailand/Siriraj-03/2006 (H1N1)
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170 R[ock ‘ 170 Y i Influenza 2009
130 e 130 |— p
100 }— W N4 i 100 }— ‘ f
.’f Wiy i ! .
7 (s 5 A T S, 70 ) Lly '
v Y, a’m - - [ “ ‘ B
55 ’ v 5 .. ¥ S |— : ;-
- "’ P "".. ‘ A . - '
40 — R A ¢ ! 40 |— .. - '
o, t || - v’ ‘ -
* e ’ v
= . ‘o 3 35 |—— w' ' .~
35 p— 5 : s ’ .
v 3 - . . .
25— - - 25 |— v .
oy " .
» -
- . . ) -
15 15 .
»
’

10 E * . i 10/ — _ -

o 1

sUN 12 Faetnanisuanseanaesilsiiuui 2-DE gel seudnatasleantn® A549 (mock) WasiTag

1annAsLmalasa A/Nonthaburi/104/2009 (H1N1)

11 2-DE gels 351919 mock (n=5) waziadlannfindialida seasonal HINT (n=5) N1%11N"3
a s a a % . o ! . .
pinfsaumauqallsAudae Image master 2DE platinum software WAaZHIAT spot intensity 11
a - aa ) . , P a A
Apszvineansiaeld unpaired student's t test HANTINAABINLGT HaalisAuninisuansaan

WANGNAY 921979NqHN mock iU lradlanfin@alada seasonal HIN1 4719w 19 4 (59 13) vianng

u

o

Anqaldsauninisuansaanuansneiu liltdaadaeaulasd  trypsin wazinlidiasziidon Liquid
chromatography mass spectrometry (LCMS) anntitinuanba blianiallsfudaeg MASCOT search

. . . 1 a = o al
engine (www.matrixscience.com) Nan13tsaiauesllsfu Asuandle ms1an 2

WawlFaueay 2-DE gels 1214919 mock (n=5) nuitaslennnnmalafa influenza 2009 (n=5)

wudiinisuanseantedilsmuuans1eiuaIuan 11 90 (U 14) vinstiafinlias msnen 3



170 b . Mock 170 |—— Seasonal influenza
13() frm— - 13() | 238 O 11 12
100 frme 100 | 234 O 0 Osu
70 e 70 |— 3460 i
o ",
55 jo—— 55 | .
©)
) — P — 182 -
4 o
35 | 35— -
- O
-
25 | 25 b 4
»
15 |— O 15 b—o
"W305
’ v Q
Q \
10 Y 10 frn »
S - - = -~ —

51U 13 wansqalilsiuanimadiiaitiallan A549 Unf (mock) uaziaasidaitiallan A549 NRmTela3a seasonal influenza GnginAia 2D-

A

PAGE (2inax@idian s qalilshuninisuansaaniiniduiafnimalaia influenza A/Thailand/Siriraj-03/2006 (H1N1) naufiuagilng, aenas

Auma Pe qalisAuninisuanieananadilefiniimaloda influenza A/Thailand/Siriraj-03/2006 (H1N1) Waiufiutasn)
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M1519% 2 wansiinvedldsiuninisuanseenilasuwdadllszninagasiletietan A549 Und dumadiletialan A549 NRmLTela5a seasonal influenza

Spot Gl no_b Protein name MW pl lon Sequence Ratio Biological process
No.? (KDa) score | coverage | (infection
(%)c /mock)d
2 Qil435376 Cytokeratin 9 62.32 | 5.19 481 21 06.477 Intermediate filament organization
3 gi|913159 Neuropolypeptide h3 21.03| 7.42 115 13 1.750 MAPK cascade
11 gi|595763314 | Beta actin 4213 | 5.21 277 17 2.670 Cell junction assembly, Fc-gamma receptor
signaling pathway involved in phagocytosis,
positive regulation of gene expression
12 Qi|28336 Beta actin 4213 | 5.22 239 21 2.670 Fc-gamma receptor signaling pathway involved in
phagocytosis, cell junction assembly, positive
regulation of gene expression
88 Qil375314771 Keratin 1 66.18 | 8.15 550 32 0.133 Negative regulation of inflammatory response,
response to oxidative stress
99 Qil4505415 NAD(P)H dehydrogenase 30.91 | 891 631 45 0.313 negative regulation of apoptotic process
123 gi|31645 Glyceraldehyde-3-phosphate | 36.20 | 8.26 119 22 0.531 regulation of macroautophagy negative regulation

dehydrogenase

of translation, cellular response to interferon-gamma

° Labels of protein spots in Fig.9

° Gl no. is the MASCOT result of MALDI-TOF-MS/MS searched from the NCBInr database

© Sequence coverage (%): Number of amino acids spanned by the assigned peptides divided by the sequence of length

° Level of protein expression in infected cells relative to that of uninfected cells
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M1519% 2 wansTiingedldsiuninisuaneeniasuwdadllszninagasiletieten A549 Und duimasiiiatietan A549 NRsLTEa 1954 seasonal influenza (5ia)

Spot Gl no,b Protein name MW pl lon Sequence Ratio Biological process
No.? (KDa) score | coverage | (infection
(%)C /mock)d

151 | gi|4506667 60S acidic ribosomal 3442 | 517 407 30 0.442 viral transcription, cellular response to interleukin-4,
phosphoprotein PO translational initiation

182 gil4506455 Reticulocalbin-1 38.87 | 4.86 355 22 0.486 in utero embryonic development

184 | @i[18379349 Synaptic vesicle membrane 4212 | 5.88 356 26 0.435 negative regulation of mitochondrial fusion
protein VAT-1 homolog

185 gi|2697005 Cell cycle protein p38-2G4 4413| 6.13 537 40 0.605 cell proliferation, negative regulation of apoptotic
homolog process, rRNA processing

201 | gi|181573 Cytokeratin 8 53.53| 5.52 877 46 0.472 viral process, tumor necrosis factor-mediated

signaling pathway, response to other organism

222 | Qi|l26224870 Glucose-6-phosphate 55.19| 6.66 920 51 0.455 glutathione metabolic process, cellular response to
dehydrogenase oxidative stress

234 |gi|154146191 Heat shock protein HSP 90- 85.01| 4.94 1071 38 0.379 virion attachment to host cell, innate immune

beta

response

° Labels of protein spots in Fig.9

° Gl no. is the MASCOT result of MALDI-TOF-MS/MS searched from the NCBInr database

© Sequence coverage (%): Number of amino acids spanned by the assigned peptides divided by the sequence of length

° Level of protein expression in infected cells relative to that of uninfected cells
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M1519% 2 wansTiingedldsiuninisuaneeniasuwdadllszninagasiletieten A549 Und duimasiiiatietan A549 NRsLTEa 1954 seasonal influenza (5ia)

Spot Gl no,b Protein name MW pl lon Sequence Ratio Biological process
No.? (KDa) score | coverage | (infection
(%)C /mock)d
238 | qil4507677 Endoplasmin precursor 92.7 | 4.76 970 23 0.353 protein transport, receptor-mediated endocytosis
305 | Qgil[1025735596 | Chain B, Crystal Structure of | 18.64 | 8.26 352 43 0.537 response to virus, positive regulation by host of
Limk1 Mutant D460n In viral process, negative regulation of apoptotic
Complex With Full-length process
Cofilin-1
311 |gil4503483 Elongation factor 2 96.25 | 6.41 765 27 0.557 positive regulation of translation, translational
elongation
346 |Qil62414289 Vimentin 53.68| 5.06 231 27 0.256 viral process, programmed cell death
357 |Qil4758638 Peroxiredoxin-6 25.13| 6.00 395 38 1.625 cell redox homeostasis, response to ROS

? Labels of protein spots in Fig.9

° Gl no. is the MASCOT result of MALDI-TOF-MS/MS searched from the NCBInr database

¢ Sequence coverage (%): Number of amino acids spanned by the assigned peptides divided by the sequence of length

d . o . .
Level of protein expression in infected cells relative to that of uninfected cells
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Influenza ‘2009 '

51091 14 uaasqallsuannasadilaiEiatlan A549 1nf (mock) wazisaditlaifiedan A549 ifamelasa influenza 2009 KaenAila 2D-PAGE

(wnan@man Ae anTdsAuninisuasseaniuauilesamaloda influenza A/Thailand/Siriraj-03/2006 (H1N1) Wiguiutasing, aenan@uns

e alisAuninisuanieananadilafinimaloda influenza A/Thailand/Siriraj-03/2006 (H1N1) WaiLfutasNF)



M15199 3 wasstiiaaasllsRuninisuansaanilasuudadlilszndnagasilatiatlan A549 Und fumadiiatiallan A549 NRAEa 1054 Influenza 2009

Spot Gl no_b Protein name MW pl lon Sequence Ratio Biological process
No.? (KDa) score | coverage | (infection
(%)C /mock)d
5 |gi|565651 Proteasome subunit HsN3 2917 | 5.72 90 12 0.403 viral process, T cell receptor signaling pathway,
negative regulation of inflammatory response to
antigenic stimulus
256 | gi|178375 Aldehyde dehydrogenase 50.70 | 5.99 434 26 2.353 small molecule metabolic process , positive
regulation of cell proliferation
275 | gi[119573383 Lamin A/C, isoform CRA_c 87.83 | 8.91 872 29 1.500 apoptotic process , cellular protein metabolic
process
280 | gil39777597 Protein-glutamine gamma- 78.42| 5.1 488 19 1.595 positive regulation of cell adhesion , positive
glutamyltransferase regulation of apoptotic process
283 | qgi|556724777 Alpha-actinin-4 102.66| 5.27 215 17 1.544 positive regulation of cell migration , regulation of

apoptotic process

? Labels of protein spots in Fig.9

> Gl no. is the MASCOT result of MALDI-TOF-MS/MS searched from the NCBInr database

¢ Sequence coverage (%): Number of amino acids spanned by the assigned peptides divided by the sequence of length

d . o . .
Level of protein expression in infected cells relative to that of uninfected cells




Saniasfi MRG5580060

M15199 3 wansTtinvedldsiuiinisuanseeniasuwdadllszrinaagasiletieten A549 Und dumasiiietietan A549 NRsLTEa 1954 Influenza 2009 (5i8)

Spot Gl no,b Protein name MW pl lon Sequence Ratio Biological process
No.? (KDa) score | coverage | (infection
(%)c /mock)d
297 | gi|2781202 Chain A, Three-Dimensional | 33.42 | 6.95 389 39 0.385 small molecule metabolic process , respiratory
Structure Of Human Electron electron transport chain
Transfer Flavoprotein To 2.1 A
Resolution
309 | gi|5174447 Receptor of activated 3551 | 7.60 396 43 0.450 viral process, regulation of cell cycle, positive
protein C kinase 1 regulation of apoptotic process, negative regulation
of phagocytosis

? Labels of protein spots in Fig.9

> Gl no. is the MASCOT result of MALDI-TOF-MS/MS searched from the NCBInr database

¢ Sequence coverage (%): Number of amino acids spanned by the assigned peptides divided by the sequence of length

d . o . .
Level of protein expression in infected cells relative to that of uninfected cells




6. AnIANANNUSADelUsAUN LA le
6.1 ANANNUSaaslUsAuNLsTialaanaaldattalannfnidalosa seasonal influenza

VTl dannnnsteriina 19 THaNARN1ALATEiANL AL TusEaelunsy String 10.0
(http://string-db.org/)  (A19197 4)  TasgrunsninuisaNduiuiaesldsiuls 7 suluuy Aa
Neighborhood, Gene Fusion, Cooccurrence, Coexpression, Experiments, Databases WAL Text
mining wudnlUsiufigunupauduiusi. 2 ngu Wiun Wsfudeasunisutlasvaldsiu fie EEF2,
RPLPO uaz PA2GA aqlilsiusia 3 18in Snnsussseananaiiiefinnsfndelsa

lWsfiunguiasuiaatesiuszungfiduiuuaslefa Idun HSPOOABT, ACTB, CFL1 uaz

GAPDH Taalisfu ACTB fn1suansaaninuluidafindalnda d49ulilsfu HSPOOABT, CFL1 uay

GAPDH finmsugasaananasiilefinizalaia (g7 15)

: NQO1 APRDXG
HSP90ABL | 4 -
s
v \\KRTB
W CFL1
=
\{ N G6PD
HSP90B1 ,f-\
e
\_/
E KRT8
8 VIM
£
RPLPOJ VAT1
N
==
N/
PA2G4 Neighborhood —— Experiments
—— Gene fusion Databases
—— Cooccurrence Textmining
—— Coexpression [Homology]

1 1 v 1 1
519 15 wanaauduiusaaalilsfuninisuassaanidasunlaslilumasitiaitiallan A549 1Hannig

Anmala3a seasonal influenza AwAs1ziAae lUsungs String 10.0 NFLALIANNLTNU 90%
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A15199 4 NilsAunuanseenuaadiletiaten A549 Wrauiauiugiudeya String 10.0

TdsAuaingutaya String 10.0 TsAufuansaanlumasiiiaiiiatan A549
RCN1 Reticulocalbin 1
KRT9 Keratin 9
KRT8 Keratin 8
KRT1 Keratin 1
PEBP1 Phosphatidylethanolamine binding protein 1

(Neuropolypeptide h3)

VAT Vesicle amine transport protein 1 homolog
ACTB Actin, beta
NQO1 NAD(P)H dehydrogenase
GAPDH Glyceraldehyde-3-phosphate dehydrogenase
RPLPO Ribosomal protein PO
PA2G4 Proliferation-associated 2G4
G6PD Glucose-6-phosphate dehydrogenase
HSP90AB1 Heat shock protein 90kDa alpha (cytosolic), class

B member 1 (Endoplasmin precursor)

HSP90B1 Heat shock protein 90kDa beta
CFL1 Cofilin 1
EEF2 Eukaryotic translation elongation factor 2
VIM Vimentin
PRDX6 Peroxiredoxin 6

6.2 AnuduNusrasllsiuntrinlaanidasiiaitialdannnndalasa influenza 2009
nan1TIATziANduR el saunLselin li luitadfniae influenza 2009 faalilsunsy String

10.0 (http:/string-db.org/) WL lUsAw 7 a%ia ldimanudunusiu


http://string-db.org/
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7. Susunanisudnsaanaadllsaufiuanmneaiuszwing mock Nulraslanfnidalasa
7.1 Maudnsaanaadlilssiu vimentin 551919 mock HuLTAsUanRAIEE seasonal influenza
ynnnsthusunannsuanseanaalilsAu vimentin AUANANSALILUING mock ALLTadanRmLTe
1958 seasonal influenza #2833 2D-western blot 1nalilsAu vimentin HnNTuansaananasLilefalge
1954 influenza A/Thailand/Siriraj-03/2006 (H1N1) lun1snaaauld Primary antibody e rabbit anti-
vimentin A N4 1:5,000 (abcam) WA Secondary antibody Ag goat anti-rabbit AN N
1:10,000 (abcam) HANTTNARAINLIFN mock AN1TUAAIEAN 1 4AT8Y vimentin ﬁmmm‘lﬁm@q@ﬂ@zmm
54 kDa AN p/  tszunnu 5 luanisiimadiieiatlon A549 fiaEe 1254 influenza A/Thailand/Siriraj-
03/2006 (HIN1) Wl 7 9A2849 vimentin Immm‘ﬁ' 1,2,3, 4,5 6 uaz 7 druianialuianailszunn 54,
50, 47, 40, 27, 23 uay 20 kDa ANaAL avA pl ot ludailszunn 5 Tnesnuwiiedl 1 289 vimentin
1 mock finsuansaentaslilsAuunnndnmadleniinnideleia seasonal influenza SaaanndasiUNA
N193LAINERAE 2-DE analysis (gﬂﬁ 16) Vimentin WluldsAvlulalnnaranaeaaas amil class-ll
intermediate filaments Wu'lélu non-epithelial cells “aaTHia L4 mesenchymal cells 1agl vimentin

azlN1efiU nucleus, endoplasmic reticulum WAL mitochondria

7.2 N1ShARIaaNUadllsiu LaminA/C 214919 mock Nnuviasalandinlda influenza 2009

yinnnstusunanisuaaseanaadlilsiy Lamin AIC RANFNaTUsEMdNg mock AUiTaRUanfiade
1254 influenza 2009 #2¢i33 2D-western blot 1neililsAi Lamin A/IC Annsuamsaenifiusnnaylumadn
ovtelasa Taeld Primary antibody A® rabbit anti-lamin A/C Aanuidindy 1:1,000 (abcam) waz
Secondary antibody Ae goat anti-rabbit ANNTY 1:10,000 W‘l.l'i’m@:um‘]_lﬂu W‘l.l‘-]‘mmiﬁu AU 2
an lFun apunneae 1 uas 2 (gﬂ‘?‘i 17) Taaqaunnaias 1 1A p/ aglutelszuin 4.8 1uaN9g
Tuanatsznnns 28 kDa uazaaunnaaa 2 1A1 p/ ogfludaatlszunns 5.8 aunanaaluanalssunn 48
kDa Twrnusiimadhnitelada influenza A/Nonthaburi/104/2009 (H1N1) wuqalilsiu aruau 3 qa g
WLAAUNIELAT 2 UAY 3 LTUALITUNGNAILAN UATRANNIELAT 1 ﬁwmawnﬂumjuﬁﬁm%@mq&u 9p

WNELAT 1 1A pf dszinns 6.7 uazauanaaluanatlszunu 85 kDa danAdasiuna 2-DE analysis
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a

519 16 fusunanisianaaanaaelilsfiu vimentin aIadmasLaLEiatlan A549 Unk (mock) Fumasiiaitialan A549 Ramalaa influenza

A/Thailand/Siriraj-03/2006 (H1N1) fnelnALA 2D-Western blot
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A o

51 17 Eufunanisuanseanaadidsiiu Lamin A/C aaqmasiilaitiatan A549 1Uni (mock) Auitasiilaitietlan A549 NRnaLTEala5a influenza

A/Nonthaburi/104/2009 (H1N1) fagitnaiia 2D-Western blot



anldsananisnaang
nannsudnsaanvasidsiulugaslaniinndalosa seasonal influenza
nsAadelasaldusalug delifnrauiindnfsesssuumafiumela lialduinluainl
nsaralilsiun asuulasly i lfaadliamnsosutihildauing ez ifinimadane welisaldudn
TunjanduesAlsznauaaas laas lUN193Na 9L LLALLAY nsAnsafaidmaiiallsileind it
Ansnnasulaseslisaunnaluradite ietlan A549 ifniZela3a influenza A/Thailand/Siriraj-
03/2006 (HIN1) whsunsufumadilenini aannis@nsInuIn Semadilefatan A540 Faide
1054 influenza  A/Thailand/Sirira-03/2006  (HIN1) Aanuidads 1x10° 1luiaan 24 $aluq finns
wasuulasasldsiusionun 19 1lia tnefillsAufiinisuanseanifisd 5 190 uazldsaufiinis
LARIBENAAAY 14 Tiin InellsAuTiR AnuReadesiunnsRnidela5a Tdun cytokeratin 8 (spot 201),
heat shock protein 90 (spot 234), Chain B, Crystal Structure Of Limk1 Mutant D460n In Complex
With Full-length Cofilin-1 (spot 305) as vimentin (spot 346) Tﬂiﬁummaﬁmﬂmmmﬂ@m\‘u,ﬁ'@ﬁm
@ala¥a annnIANEIee Haibao Zhao LazANE AnwiTadiieiietlen A549 RAATe 1254 influenza
Aljingfang/1/86 (H1N1) 7 MOI 1.38 1fhiiaan 48 dalus daeinaiin MALDI-TOF MS wultlsdufidinag
uamsanniasuniladlisiuan 112 alia nawy proliferation-associated 2G4, glyceraldehyde-3-
phosphate dehydrogenase, elongation factor 2 ﬁnmmmm@ﬂLﬁm%mﬁ@ﬁm%@iﬁm uazlsmu
peroxiredoxin-6, actin beta finnsuanseananaaiilefazelnia (9) M3ANHNU99 Coomb WALADLE
Anwiradiieiiotlon A549 fiRaEela5a Influenza AIPR/S/34 (HIN1) 7t MOI 7 PFU per cell 1u19aN
24 %QTNQ Ime 1437 stable isotope labeling by amino acids in cell culture (SILAC) WAZNNNNIEIUEUNT
Lamsaanaasllsiu wudaadiiaidetlen A549 fiRnEelaFaaziinisuansnaniinguaesllsiiy
vimentin, actin Waz glyceraldehyde-3-phosphate dehydrogenase (10)%Lﬁu%’dqnmmmmnmm
WsfufiAeuuadlufufinanetads ldun aneiugasadelaia tiunndse uaznanlunisfinide
AN ANEMTNTINN9TaAnanaesllsfiu vimentin WAz Heat shock protein 90 (HSP90) Wu31
Tulsiuiaaasniiadaauifeatestunisiiadelasa (viral process) AAAAABINLNNUAAETIRY Wei Wu

o o

1
wazAndy wuan vimentin luluanadiAnylunisiamalafaldndnlunilag vimentin dunuamnlunng

o
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Uaae genome 1841101934310 endosomal winli/lutiawn@sa @nvianegeyide vimentin unaliiinng
dgl o ¥ o 1 =2 . . 1 dl

anav18g RNA 2a91a lafaldudnlvn) (11) aann1s@nenaas Catherine Su Hui Teo LazAME WULES
Anaalafaldiaanean (DENV) Tdsfin vimentin HU&NUETU DENV nonstructural 4A (NS4A) @iflu
dautlsznauaag replication complex an9la5a 1n"g reorganization Wae phosphorylation 9424 vimentin
Tuszudnanunisin@a DENV kama91 vimentin 498 lunnsAsanInees replication complex 284 DENV
o v a o 1 = a a . . v a 1a - ] 1
M IANAN1931889UUL RNA 2eiafilsz@nEnn (12) vimentin Selidjdniusiu NS1 Inadanasanis
\watyazn1gaananniadaaslada (13) aziwinldan Tsmu vimentin HaudnAnylunnsiiuanuan RNA
109 5 ALATRANANNTAS

INNN9ANHIUDY Naito LATANLE W91 Heat Shock Protein 90 (HSP90) aaelun13a1d9 RNA

polymerase subunit 184958 lduinlnnjidingfiaiaea Tna HSPOO UL PB2 %38 PB1-PB2 LNa 14

viral RNA polymerase subunit 1ingiinipasa uazilsznauriuiili viral RNA polymerase complex 1w

'
a K A o o

HaiNNsazaN HSPYO NHalpdtandsaInnisfnaalafa TN Aty lunisacuAnnsdanzy
RNA ‘125 (14) #3718971491 HSP90 An1suassaaniinau anaialosaldiaanaan (15) Tag HSPYO %N
wiiiflu receptor complex M liiaa lofaldiaansandnguiadland (16) HSPOO HdaudaanszuauNIg
AN 1841958 11U NTuenNdaulsEnauaes capsid N13UsENauaed viral replication complex n13
lsznavayniraadliiauaraanuanaas wraluszudnanisanaasdaiasaadlada (17) wanaininusg
An9susia HSPY0 wnlinnsundnszansaadima lfadnasuazannisiinanuauaadlada (18) llsAuninis
o e da X w o , v - 4 e .
warndaaninNtulugasannfingela5a seasonal  influenza bAuA Actin HAfMNLAEAd IR UNNS
Lanseanaadiiu InsaINITnAILANNIINanITAAINNNIded N umTEaTnaedlada (19) Hdausanlu
o dl % = 1 . rdla dgl % ) . o
nsinanatlainlulnAauesaszndnenig apoptosis aaaimaanAALmalada (20) § interaction iU NP
waz M1 N1 19173144 viral ribonucleoprotein (VRNP) ELETM (21)
anNNsaAMziauduAusTaslsAuRuanssat s lludn Aynsatsanaasiiaitialani
Aaialafa influenza A/Thailand/Siriraj-03/2006  (HIN1) ileaunu1AnE1Auduiusinaldsunsy

String 10.0 wulishiu 719 19 afia arunsouansgiuuumuduiushilsfuls 2 ngu tneTdsmiunguusn

\Neafiunsuilasiia 16un Elongation factor 2, Proliferation-associated protein 2G4 Waz 60S acidic
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ribosomal protein PO Tsiumaiiinisuanseananasiiafiniaeloia doullsAungud 2 Naafuszuy
nRANAW wazla¥a 16un Actin beta, Cofilin-1, HSP 90-beta wax glyceraldehyde-3-phosphate
dehydrogenase g Actin beta In1sudmaeniintulesndelafa Tnaldsfu Cofilin-1, HSP 90-beta
WAz glyceraldehyde-3-phosphate dehydrogenase #Hn1sudnsaananadiiefnidalafa aann1sAne
2849 Ge Liu dazane wudn ludasinaaasnisanaassaiasaaade laia ldudalunjazinnsliulaseade
2849 actin_ TIANAUSALIZAUNTUAAIBBNUWAZ phosphorylation 184 cofiin 1 Iag cofilin 1 HunuIn
A1Atylun19AILANNIS reorganization 189 actin TuszndnanIg assembly waz budding residalaia
influenza  (22) WWALAALUNNTANENTEY Megan L. WATARME WL91 actin - wae cofilin - d28lunns
dy o .

assembly ya9170 1954 influenza (3)
B~ . . [ dﬁ/ dl v aa e
N1Tuansaaneadllsfu vimentin anaasilialeatlan A549 Aaens 2D-Western blot  Liaa
\Waitiaden A549 Und wullsAu vimentin Hauinsaaluiana 62 kDa douiaadiiaitiatlan A549 Mifn
e 1954 influenza A/Thailand/Siriraj-03/2006 (H1N1) HaunuaaTuiana 62, 50, 47, 40, 27, 23 UAz 20

[ [ = . 1 1 & . =

kDa AMNATAL AINN19ANEIU8Y Karin® Muller Wudn lusenanan19mneaa9Liaa il apoptosis 1195
vimentin @zgﬂﬁﬂﬁw caspase-3 LAY caspase-6 Lﬂumuﬁm[ﬁh\‘}"] 1A 21 48-50, 46, 29 LAY 26

kDa (23) wansiTaaiiiaitatlan A549 NRmmalada influenza A/Thailand/Siriraj-03/2006 Hn1sudna

18971/551 vimentin anad 214aLil84NN9LAA apoptosis

nan1swansaanaadlilsiuluidaslanifndalasd Influenza 2009

nsade lduinlun) HINT 2009 MnlfiianTsRame lussuun1aAu e lagdanRaunwal (6)

v IS o o Y a aa 4 a a o 1 1o =2 Zj/
Qﬂfmmamﬂummiﬂ@m'ammugul,mmsl,mmmﬂm ﬂ@iﬂﬂ’]iLﬂﬁWﬁl’]ﬁ@ﬂ"]Wﬁl\ﬂﬂ\lLLLPT]G’I NITANTIATI

3
A ya o ¥ a

HERSeldwmatia 2-DE analysis Waz mass spectrometry lunnsAnsnisilasuutasaesidsaunnelu

u
¥ 1 1 £

wadaitiallan A549 NRmLEala5a influenza A/Nonthaburi/104/2009 (HIN1) wi3snnieuiumagsng

= | A Ao A X A o X o a ¥ @ - p
N@ﬂq?ﬂﬂ‘]ﬂ’qwuqqlﬁﬂ?mu‘ﬂmﬂq?LL@@Q@@ﬂLWNﬂuLN@mﬂLm‘ﬂi’J?@ 4 dURA LL@@QIMLVUQ’]LGﬁ@@ﬂ@ﬂNﬂq?
a o = A = o N a o ' a A & oy oA
LWNﬂ?‘N’]ﬂAﬂ’]M?’NTﬂ?mu LL@%LN@ﬂﬂ‘]i‘m"ll@Nﬂ@V]'N‘ﬁQ’]‘Vlﬂq@qﬂﬂqumﬂHﬂWquIﬂ?mumﬂ 4 FUANNUIN
dl v o 1 a dal o = . . .
Lﬂﬂﬁ]'?.l@ﬂﬂ‘]_lﬂr]ﬁ‘mﬂll@u'ﬂ\?m@ﬂq?mﬁlﬂ]’ﬂi’ﬁ'@ Iﬂﬂtﬂﬁ‘[ﬂu Lamin A/C (SpOt 275), Protein-glutamine

gamma-glutamyltransferase (spot 280) Was Alpha-actinin-4 (spot 283) Aduwnaadeeiunszuaunig
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apoptosis ABAARBINLNANNTANEIARANE A8 Annexin V/PI double staining IURYATLNINARES
284 Yang WATADLY AnEmadinnziataten A549 TiRAEe HINT 2009 (A/Wenshan H1N1 virus)
wudndelaain madiAnnns apoptosis  (24) fiasannnnsinausesiugnulase anungndifanis
Ananuauaeslada 1y nadudanisainallsfiuaedlada nstangans RNA  waznisdniinlfiAn
Apoptosis ﬂﬂ?%ﬁ@ﬂﬂﬁ%ﬁﬁwutﬂﬁ‘ﬁu Lamin A/C L‘Wlﬁ\l%u RYAALNINAREITBY Xiaoman Ding wag

ADLE NANELEARLAA A549 NFAMa HI1NT influenza A virus #n2nd 2D-DIGE  §9uf1 MALDI-TOF-

1
a

MS/MS (25) Lamin A/C Hunuinlunisnesduassaminueraannaliiiand@aunanielumas
2NN AT e TN17953UNN19A A 952184 (26) BWAZNTEANANNLTARLRATR 1958 (27)
1sAu Aldehyde dehydrogenase (spot 256) NN17uWAAIBENANTULTULALATLN1INAADIUR
Kevin M. kazAne ANU Aldehyde dehydrogenase lutasiniziasalanimnide Influenza virus strain
A/PR/8/34 (H1N1) pneA g Isotope labeling by amino acid in cell culture (SILAC) gaufiu 2D-LC-
MS/MS (10) Tael Aldehyde dehydrogenase NNWHNTAINTEHUNITULIAINNAIUIUTAILIAR (cell
4 ¥ 4 da " o
proliferation) iiedauutN L Ea NN AL ALLANTENA NIRRT LABNANN
131 Actinin (Spot 283) HnN17udmIaantiNTL 1.5 W W madmAALTe 31891131 Actinin |
wiinfAILAN cell migration HunuMAATYluNszLaUNIT Leukocyte extravasation NvinlLdARan217
a o a d” dl dld o dll ) QI [~ o s ¥ o
wunneldfadnautatianinisenigy eniansdandaniasn wazAUNIaemasnne 4aAAAadAL
d 4 e . . x4 de Xy oeny o
nMAN®1284 Jeffrey Taubenberger ANLLAREATI9 WINNANL e el ennRnmela5a ldvdn
Tuny
TUsRuninisuansaananadiainisfindalada influenza 2009 TowA TUsRu Receptor of
activated protein C kinase 1 (RACK1) (spot 309) INN19ANE1D9 Dimiter Demirov LATADLE WLGN
RACK 1 ilultlsfiusiniunagnieluciasdlnaduiy protein kinase C (PKC) Ndatad luanssiamalada

'
aa

Tdudnlun) RACK 1 azdufiu matrix protein 1 (M1) ARUNUIMAIAYlUNIZLAUNT assembly UAg
budding 289 lFaeananiaag (26) 11lsRu Proteasome subunit HsN3 (spot 5) Annsuansaananadlis
IARRALTIA AINN1IANEIUR Emanuel Haasbach WAZANLE WLLNIN1IEUSAN1991191 14284 proteasome
o ay o . v oz o . X 4 o
Mlnsaraassaesreadalofaldndalunlutadiietiaten A549 aAAY LATAINITOAANITUA
cytokine wtlentinlag LPS (28) it lafaldudnlunjainnsnataasdataslfatreiiilsy@nsnnauasiy
N19INTUTBY proteasome FaUN99 proteasome ANTUAAIDBNAAAY B1ANAANN NF-KB pathway
Tun13siugla proteasome Watlasiunisanaedfiizedleda (29)  WeNINIMAGLANNENALS D

1 v v
Tshunseiia ey 7 a8m foaldsunsd string 10.0 wudnTilsfiudia 7 ahia lddAanuduiusiv
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A1NNNIMAAES 2D-western blot ileEusunnsuanseantadlisiiu Lamin AC wudaagilen
Unfnuldsfivaurausalutanatlszunns 28 kDa waz 48 kDa IadRAnLTe influenza
A/Nonthaburi/104/2009  (H1N1) wuldsiiuaunasaaluanaiszunos 28 kDa, 48 kDa  ua 85 kDa
NN3ANENU8Y Oberhammer, F.A. WAy Rao, L. wudnlilsiiu Lamin A/C @anunsngnsinlag caspase-6
nanenlullsAuauim 40-45 kDa wazauIA 28 kDa Iﬂ?;lLﬁm%mﬁ’ﬂﬂ’}ﬁ/ﬂ‘iﬁ’ﬁm\lﬂﬂﬁluiﬁﬂﬂﬁﬁlamﬂﬂﬁ 172
WNANITANEURLEAR (30) NInLTugaLlLaRu Lamin A/C TuadiRndelafaninndnenainannnig
AALALENIRTASAONIAAE o154 influenza A/Nonthaburi/104/2009 (HIN1) M IANUNITWEn9B8n

10911571 Lamin A/C 113U denAReITLNANTTILANZEARE 2-DE analysis
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The seasonal influenza virus can cause local inflammation at the upper respiratory tract. It
can cause mild or severe illness. In 2009, there was a new emerging virus influenza A /swine flu/
influenza 2009 which is a combination of swine-lineage influenza virus genes.

However, some pathogenic difference between seasonal flu and influenza 2009 in human
lung remains unclear and largely unknown. The alveolar epithelial cells (A549) were infected
with  seasonal flu  (A/Thailand/Siriraj-03/2006  (HIN1)) and influenza 2009
(A/Nonthaburi/104/2009 (H1N1)). The IL-6 cytokine in culture supernatant was determined by
ELISA. Cell pellet were quantitated cell death by Flow cytometry. The cellular responses of
viruses-infected A549 were performed by 2-DE analysis and mass spectrometry. The results
showed that there are 19 proteins expression changed after seasonal flu infections. Five proteins
were up-regulated whereas fourteen proteins were down-regulated including, Cytokeratin 8, Heat
shock protein 90 and Vimentin. Interestingly, there are 7 proteins expression changed in
influenza 2009-infected A549. Four proteins were increased such as lamin A/C. Three proteins
were decreased, Receptor of activated protein C kinase 1 and Proteasome subunit HsN3. These
proteins play important roles in several pathways, especially in viral infection processes.
Confirmation of vimentin and lamin A/C expression were performed by 2DE-western blot. This
study will enhance the understanding of lung pathogenesis from seasonal flu and influenza 2009
infection, as well as the secretion of cytokines during viral infection which may contribute the
severity of tissue pathology. Moreover, these findings may provide the information of molecular
mechanisms which leading to the development of new therapeutic targets and strategies.
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