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In this project we would like to establish standard immunological and
infection platform in order to investigate the effects of influenza viral genome
variations on host immune response. These technologies would be helpful in
selection of potential influenza vaccine candidate in the future. In previous study,
influenza viral NS1 protein has been reported to be associated with the
resistance to the antiviral effects of host immune response and play an important
role in viral virulence. Thus, we first focus on the analysis of NS gene. The
results showed influenza A HIN1 clinical isolates from 2000 had a isoleucine to
valine mutation at position 226 in poly(A)-binding protein II binding domin, and
isolates from 2006 had a glutamine to lysine substitution at position 25 in RNA
binding domain of NS1. These changes might result in epidemics of influenza A
HINI in 2000 and 2006. Hemagglutinin (HA) and neuraminidase (NA) of
influenza envelope proteins are the major antigens which trigger host immune
response. Secondly, we would like to set up an immunological analysis platform
for rapid detection of antibody for influenza viral infection. The method we
recently built up could detect viral infected cells by anti-M and anti-NP antibody
and neutralizing antibody could also be evaluated by flow cytometry. In addition,
serum antibody could be measured by virus-captured ELISA with high
sensitivity. Thirdly, cellular and humoral immunity are important in controlling
influenza viral infection. In this part we would like to study the immune
response of both influenza nature infection and vaccinated individuals. The
preliminary data showed the absolute cell numbers of CD3, CD4, CD8 and

CD16CD56 from influenza virus infected patients were lower when compared



with adenovirus infected ones. In addition, the expression level of TLR-3,
TLR-4 and CD4CD25 were increased after influenza vaccination. The
significance of those findings will be further investigated. Fourthly, we aim to
establish a phage display system of hemagglutinin surface molecule to identify
immunodominant determinants located within the circulating influenza A viruses
in Taiwan. These platforms will be contributed to evaluate the immune response
resulting from viral genome variations, nature infection, vaccination, and aid in

the selection of vaccine strain candidate.

Key words : Influenza virus, sequence analysis, vaccine, immunological

platform, phage display
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AR AL S Edupd Aok LR LS FIZ 8 - IRLTIATRR 0 il4
S Al E R B T oA R E A EE AR X {'é_mﬂ%«ﬂ;hz v R &
d BT e Ty R F S RBERN R SN EILE B RS HSNL § enin i
PR B+ CEAU S Egiuadladr g A2 mekib
F @ ®E50%m s Koo

AR B opd A Al 2 BAl2Z NP-M 22 NS ZL Flae (75 it
PPRroFy#gREEAF KD IR :}J%:i *% % (Jambrina, et al, 1997,
Yamashita, et al,1988) - @ ¥ ffp PR 17 chm A g2 BFF T LRI AFIE fe
B ),334 -0 B A ¥ % B O % (Lindstrom, et al,1999)- p 0 = (5 4rig HA
PE NA A Fee g8 B - pd ok la ko HoRfpan® it BB
FETA A b i LY AR pAF ol B B AT
FARBEEFRARGE AT 5 BATFanTRS §F égfs;%,*m,* Mz

AP EHEE g2 )§L3‘F, B A F -9 F(matrix, M1 protein) ¢ fc & 5

Ba LR b FAvRAR AR LG - AT G0S 2 EEFR
a3 ﬁ;— o ¥ B jk‘%’}#"ﬁ}g SRR LA S S O A -
FAZLE A G DHA fo NAPEF-d @M o 2 %> P & £ 1995 & fr 1997 & 5

2OA AR R p oA Y RAT AR R TRE A



(Lindstrom, et al.,1999) > F]p* L F1 & fe 2 2 FLf B 45 %:}?ﬁi SFAL LR R T

R OBRESBTIREOABANGEEE RS F L REE LARF
Bl d) o AP R AR R A AR R O A E AL Y
Fiplopd AFIR R 2 hATE R B TARE o R B A BT £ 5 pE
9 HA o NA SR 4 AR5l LA F ik » @2 98§
gt o TR ed 2T A RATE RF R AT 2R Y
MR RRBAR S P LR HETHRZERT LG LR
2 B A AIY AR R R SRR B F L 2R 9 (¢ 45 PB2, PBI,

PA, NS1,NS2) 4 ]2 % A &2 A 471 17> p o0 F £ 445 NS A Flig 7 4 4
a.NS A7z € & 4

A3k £ 43 A AR+ Shnonstructural protein (NS)Z 12 # 3~
BT o A Al NS A FIF 4D - £ % e NS 2 S5 dp £ s NS2
NSI 52 NS2 % 5553 1 31 BP@™ 10 Brefficn e 2140 A3
R NS1 #-¢ B ¥ 5d fo A ¥ ¢ 5 cleavage and polyadenylation
specificity factor 330k-Da-=x & i+ (30k-Da CPSF)% poly(A)- binding protein

II (PABII) & & @ Frd|H 5 50 1 :E E'J#ﬁ:}?ﬁi mRNA & = ihfEdn > T F i
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protein kinase (PKR).5 & #ri]+ 3 % £ = (Krug, et al,2003) 5 { 7 # 7 35 41 %

e g 4 NSL Fd TP pviait 3 AT hirdl 2R
(Geiss, et al,2002) ; 4 & Science » # &2 Pl < 1 - ip B RpFEA AR
NS1 =i fe i 7|0 C # 5 PDZ domain fe =48 (ligand) » ¥ ¥ 5 3F 5 &
o %T‘F."Z z 7 PDZ domain > @ PDZ domain » %% 7 3F § ¥z 4 32 5y > 4o
WA R WD uE s I e R E A 0 B8 S R P18
S %R E o &£ A)¢h PDZ domain ligand ¢ 3% EPEV(Glutamate-Proline-
Glutamate-Valine) > ESEV (Glutamate -Serine-Glutamate-Valine) * KSEV
(Lysine-Serine-Glutamate -Valine) > 4 5 #f i f}?ﬁ—%— NS M= A fE 5 7| C =35
< R4 5 ESEV» 23 A Al ™1 RSKV(Arginine-serine-Lysine-Valine){r
RSEV(Arginine-Serine- Glutamate-Valine)ig = 822 PDZ domain ligand =
A o@m 1997 & 4 & B% o HSN1 7 EPEV » 2003 & % /& HSN1 % ESEV >

1918 # & 317 ik 5 KSEV s 8=t = X 53 E(}?a]imﬁ}@ :}J%i e NS1

9 Cx% % PDZ domain ligand > F]¢* NS1 0 C B 7RG 7 & 233 =

RO ILAE R B ERS .
b. NS1 A 7]z # it

AR AALRR NSI 39 B R 715 & & & H3N2 {- HINI 5 231 &

sl fs > H2N2 5 237 B '&efApt - @ NSI ¥ &~ &4 % % (domain) :
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RNA-binding domain §v effector domain ( B]- ) - RNA-binding domain i
&7 11 fc= 87,8 SHRNA % & » dsRNA > snRNA U6 fc poly-A RNA > @

fopoly-ARNA 4 £ & & =% 5 19-38 F i fr L o mRNA 7 poly-A

ik

GEo - i RNA 72 F {18 2 e 79 e # i ko
o IR & B 0 22 pd B 1 mRNAE § e o
i€ 7R a4 chpolymerase F-v F fit i € 4 £ 3] 1 mRNA 5’5o
cap " §Te4 iR s 4 A Flendh s @ S e snRNAUG 5 &+ 7 11 8 e
#1752 e ¥ fip 4 RNA 3 Fov a2 Plaum 4 4] psda
Effector domain + > %% 186(E)®*=<sLpfk 5 30k-Da CPSF 2 & =% >
223-237 % PABII % & /&> CPSF - PABII 1 & §_% %24 % 1 mRNA % 3
poly-A £h& & > JEg 4 NSLRIE § drilet & F s 30 0 id DlFop 4 48
Flergkdn . & NSl gt =3 RojE A kfmt 3 8 > RAHER M
FALERMGE 2 R R FRE RS RpE L 5 K (Krug, et
al.,2003) - & 7% 3 BFERFPE NS gL AR NE e
”E:}'m}]}\ﬁ—q— L & )];3 F A Fend g F LR :}]%i NS1 ’_%ﬂ"}’??}rﬁ—% SR

A —TARRGRE bR TROERE P BEFLL o
c. NS2 £ F)z_# &y
NS2 et g s “riv i iF & 4 1 5 3 g i e Ao
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z

4 2 ribonucleoprotein complexes (VRNPs)d 7§ i ‘% %) & 3 tnve B
WARY FARE £ & & ¢ > F]pt NS2 7 £ 5 nuclear export protein (NEP) >
i & %)% NS2 #F 7 nuclear export signal sequence » @ i&#k iR 7)1l

W 12 -k M (hydrophobic)"% & 5 1 » % i v transport receptor i€ * 7 i

i

FIET w0 3 AL B ing & NS2 & nuclear export sequence ¥
Pk R AR e R G ERE A F R AT T

d PHEFAT NS 3 Apd R RBRGLAAS RPWER
£d o aka PHpE A FAPREH A QIR fE 2L
NS FAFIRAL A1 (7 BB R 4+ 2 W1 2§38 km
B A RARPATIAIS S B AP RE S 2 LR R A A
GPEANMBFAFIPERE LA 2 ol oo Flpt AP4IP R —
Bt pE RE AR A FIR S 2 H hlwie d A ihd P g
2LEF R e

R R RA AR F B A AT G BRI AR B
Ji# ehZ b £ 39 " Hemagglutinin (HA)* Neuraminidase (NA)€_i &

SR he b Ari Gl AR A 2 X R AR A 0 S EF E 7

ok o W AL A5 WHO Jc b 24784 — &0 AR b4 B 4o
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B IFRIATAR- EVRPIEF N EERE BRSO £ AT R
BEIPLER AR B RA RS BT R T o dok AR F o Rl £ 54T
MREEEF B ERES ek TR DA P E SR R iR
FAR o BARINE LB TR popE PR R G R TR AT
FHERRA LA R LTV LWF RAF N ETREFIALAITNER
o R FTRE DT T SRR TR popF RE YIRS
PR g o TR R RR T R SR B ARSI TR o
AR R RA R A AL R R R - )‘I&L{'—"’L’réﬁ iR R B
(Original antigenic sin)enIL % > iz H dw i A MM d £ b B LB F
B $HG AR AT R L AR R bR A F kAR g
CSTEEES I o AR G S A th i R R
AR AR B ¥ S A2 opA B G LA BRI
T L o TR AR TR B R A B R et F o B A 2 endn
THARGRF > FEEFFRAL - FLERRARER G ORFLLA
(memory)#f © km* frih I (naive)# = w ¥ bl PREHFUR TR B oA i
RPF > B e Rl ™ dmie g0 BB T e R ST 0 e A 2 3
Zow R e R R AT e B A e 4 )RR gt o

FE R - B R - B AR RER
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anti-influenza Ab 0= ;2 » £ # & & 3 FF %k chanti-HA 2 NA Fuil - i
TR b oA+ HA 2 NA cfinh B4 2 o 45 0 o273 ahfinh B Bk i@
BRFUETEAGOFROFRENEEL pRF AT G FE E %Y
KA DR HEE A PYZE2 - LRSI T o R R R
& g %457

FhFREmw R AR e KL pA R AL TiFL AR
& L (Kemble, et al,2003) = {1 * i 32 % sl mo s 7 il &+ £
BWag b Hor & L it pE 2 LG kR (Katz, et al,1990,
Robertson, et al,1990)@m * #7 @ = e 54 F £ 3 Fh - (Nerome, et
al,1990) o P W B * 4 B G IR p A g Wenme LR T o
(MDCK) % % &% %% (Vero) % o FJpt Zptf7 3 » A4 wl- A
5 4 2 BALGE 4 5 %2 MDCK fw#e ¥ o 38 g 4 i B
B (HA titer) LB % Fwﬂfﬁ* fmre P WAl o ¥ — 3 G4 EEH
PP HA “NA 2 M thime ki 4 » @1 BenX Bk 2

e AR EFR- KB 2 L o BB F A R o d i S

P

&
9;»

¥ %4 A 477E (IFA) » /2 TH PR3 oo & HRend 274 %
BEIRRIRES T AR E R HA - NA fo M #5850 -

CHAR GARTASAIEB IS AMM AT LR AR ED B
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i s FPRE LA Z s miejprd it o PAX LE KK 8 PR
MR ATE R BN G OE R AR AL e < R AR S
fALL X LA K TSR T A o] PR R A 38 (Ada, et al, 1986,
Murphy, et al,1996) o — £ 54 * 5 PR AME - F A AT E
Fofs X Lk AU IE e (5 Lk kR B Ed THTIREZ Bp™ 3
LA FHIRRELG R - TR AL MR BEML T KT
e o UFHRMET ek ),Tg‘-*;q‘%?:)];\‘ai ﬁv-;%%jz\;ﬁ#ai&;’ EREd o Pl
B A BT Wi PR A R R hmie S A B o Bl Rd 2
BPRECe Vo ARGET 2 BB T HAEET AL RS LM R e
b2 A o U pE > RRL W o RNEBAR AL BT R B
e io g A e 2 F g B L PR G FHAFHIARA D
T A E & (Roberts, et al,1989) - L mF R AFLE > HARF il

#20 CD4 24 T w2z X o Tl cts » € 4 1 5 % - A](Thl)2 % = 4(Th2)
Wet Towme s A4 % penbmie it » 5- A#er Twiertgsd IL-2 4o
IFN-y » ME M rgimiefop RIS v o 5 - A1 §ed T e pl ¢ 402
IL-4~1L-6 ~ 4o IL-10 > 4 & { P & 4 & B M 48 (Ada, et al.,1986) - % -
A3 F (IFN-o/B) > &ing pd R 424 BT ERFF I k- R AR %

2 e L5 4 2 i 4 (Lindenmann, et al,1957) 1 § »ed 45 &+ 2
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o PFS - A FHF T € F L w2 2 5 vg w2 (Biron, et al, 1999,
Bogdan,2000) » %_i# ¥/ % if ¢ (dendritic cells) & i* v = 3 (Luft, et
al,1998)c P > % - A F I F € BT 3 2 Bk ¥ 3k 2 /& it (Le Bon,
et al,2001) - 4% i* 'm ¥ jr% (chemokines) & - & 5 1f4p b chdg i ¥] =
(chemoattractant cytokines)* 7% » ¥ E# 4+ B H ke B & - 13k
Hiv* pE7F F > V44 = = 2 1 (1)CXC chemokine : 3 & i # "v?“,%’ K
v m ¥z (Neutrophils) ~ T = B i# ¥ % (Lymphocytes) 1 % Jgim¥z o ;(2)CC
chemokine : i & iT% 3t 5 fdv wbe ¥ > ¢ 3 P‘F]‘ #% 1+3% (Basophils ) ~ V%’
fatizk (Eosinophils) % % fw? (dendritic cells) > # ¥ RANTES -
MIP1 = MCP1 " 2P ; (3)CX3C 2 C: A & % 30 ¥ f¥EH > @
# THe NK e o Ging s g HERY - g we i 2 777 0 =
Mz ¥ A CXC %2 CC#A o3 CXC chemkine = [L-8 1 & &%lv%’ v
14 3% (Schroder, et al,1988) - IP-10 (interferon-g-inducible protein-10)F] 2 &
£ % %> 3 % 7% (Taub, et al,1993) - ¥ ¢t &>t CC chemkine 1 MIP-102
(macrophage inflammatory protein-la)f= MCP-1 (monocyte chemotactic
protein-1)i & ¥ % > H $53k 2 % = 2 (Schall,1991) - %A & &2 % $ ;¢
¢ BRI H R T F]F 0 Blde CD8O (B7-1) ~ CD86 (B7-2)fr CD40L

(CD154) » § 4ok S F i o b BF o i et nd 8 % 4 8108 56 5 oiim %
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Pk idmie g B Ao @ B R F] S hARE o Rt 2 EAR S RN
A2+ ke € 4% MHC class %—}ﬁai v RIS FHRMET % )b 3
BT e sg T 2001 5 3¢ v (perforin) fr3gt3 f3fF (granzyme ) »
B om0 T3 R H RS R ga = o

Apdle T g DR F LR A R e BB B4
BATEE 2 LR F o GlAoH T e 2 B A~ e ed 2 (g~ ABT
322 LBEEPTFF2ZAREZ IR T e FitE > W2 @
*iﬂ’Hiﬁﬁﬁﬁﬁuﬁmﬂﬁgift&&?@§ﬁ°ﬁ&i’
Bk R AR FF 2R G e A TR AL A PR PR
Forrildend B F o~ HABRERIBALAF B2 3 PR EN A
4 d 4 4 &1 (immunogenicity ) feiRzE ¥% > gz 2 A X Mg RE
A2k B RIS IIRE R ORFE L8 BEAT THE

s 2,

2_'mP % 'g iR 'r ',E‘FE'F? ’ i, Em i =

X

FRESE TT IR A AP RE Aol A BRI E LA R B

-~

L4 BRAEEINETFT RHEHINDE 27 5iEam 4 0 2 4 jE
2P e AT AR PR F A R g A2 o e fry YR -

o fiE§okd fov fE HIND 4 o 4ot ek — B4 5 6303 e o
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HINT & % s A i @ ok 5@ o Bl dofe kSl en fRFuil &
AR OMEN B - L B B E R OB L & iR
£ (Enshell-Seijffers, et al,2001) » ¥ @ 1 * L F]4f (T k ez 2 33 R}]%I“ijﬁsi
g B LG St Ry T 0B E L % Z AlY R ERAR R
FR (MHC-ID * #7-R Y ehd 5 B 14 %S4k (immunodominant peptide) £
B M TR R AR h R AT o A B LARE S
PR he g e LY 4R 42 R4 0 {1* DNAsel *7 3]0 H3 s+ HA
cDNA #78 » vl A R8 & £ i 15-20 mer 9 H3 5 32554 0 © a0 Beif o0
P HPRR SR R A S FE LR H3 AR SRR AT A
7| (Stratmann, et al,2005) o s~ &+ 78 P-i& & 7 & ¥i(phage cDNA display)
fol T poduE 2R BN R UNE RS R LR R
T A Pz 4. & (cellular immunity)F# & 4% 4] ch4p 4F B 7% (Patel, et al, 1997,

Stratmann, et al.,2005, Tamura, et al,2005) °

AFF PR — A2 EAMAR IR XA A LA A
AR )ﬁj—% m P4 #-9 > hemagglutinin {r neuroaminidase * } & £
BB TR A F Ak e AP R A8 A RIRE RE LA
Foor RERER L F R RS AR A AT

FRA G AR R A AR 4 9 hemagglutinin Fv 5 B4 0 AT
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S SAE L R IR = R T ST SLE - I ) =

MES > DAL A RET U kv (D)AE AR PR A T K

St

TR G- FAFSY T - BIRRIA AN ST LR
(Q)EF 3 £ hf g R k7T 1451425 s MHC-T & MHC-I 4p B 0

Twed Bwmiek i 0o WIF5FE g FENET o

\\\?{r

BA T2 AP HREEELC AR R LA FHMNT Sk R
AFREHFTLALF B2 BE AP 7 08 0 AN TR m A R
S FIR ) 0 - AT SRR SR TRA A AR B et %
PSR s e R LR B I LT RN PR

r 2

pAalt 1?:’?5}*%%\{@’1 AT L P s n },E,f Ty FiE R e

FpL
:;};3% AR ]|

hd < Fropd F%kE o APRT eI R > & 45 RD AS49 ~
green monkey kidney (GMK) - MDCK # Atten® ko v g 4 o dm¥e
‘”Kia % 7 Eagle’s minimum essential medium ( EMEM, Gibco, BRL, Grand
Island, NY) (# ¢ 23 10%%:2 & F » penicillin (100 U/ml) -
streptomycin (100pg/ml) 3 5% 35C > 2§ ¢ 77 5% COech%kE " ) »

T F - BRAFHIARHARE AL B 02 ml HTRA
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(o 5 T R - L HRAME) > 7 AR 14 2 p R e ]

3y

%1 o 2 {841 Fuinfluenza virus ehE pRiAREE TR LA ¥ k4L 4 o

RNA 5 b2 5k %R

A g 2001 & 3 2008 & dp B 5§45 B~ 4% Influenza virus & %8 % (T 5
P AT EFE o AN BB e B A Btk B’»:frﬁi 7% 200ul > 2 QIAmp Viral
RNA ) 2 (QIAgen)E B~ RNA » % it 31 % e RNA 3 f23+ 50ul chif 4k
oo 2 1541 * OneStep RT-PCR kit (QIAgen):# 4| > p 7z (Omniscript -
Sensiscript reverse transcriptases ¥? HotStartTaq DNA & & fi#) » ¥ 400 uM

BOR s f RIS (FEAS A - ) T i e R R

IA (HA, NA, NP, NS, M)
-------------- 30 cycles  --------------
42°C 95°C 95°C 50°C 72°C 72°C
60 min 5 min 30 sec 30 sec 2 min 15 min

IA (polymerase gene : PA, PB1, PB2)

—————————————— 30 cycles  --------------
42°C 95°C 95°C 58°C 72°C 72°C
60 min 5 min 30 sec 30 sec 3 min 15 min

Bt WA R R A A 0 T2 ethidium bromide % ¢ > &
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Fro k[ R EEL SRR e AR FRTAF i AP E P B
i* DNA Z_A& # (model 373A ; DNA Sequencer, Applied Biosystems ) 14 & i
7 gt e & - B PCR AFFRE 1A B2 o R/ UJRAT G A

;'J%T{;%FFB ’EE °

B 5 BB AT

Pairwise nucleotide f= amino acid # 7| 23§ £ 4] * Gap #£3% ( Wisconsin
Sequence Analysis Package, version 10.2; Genetic Computer Group, Inc.,
Madison, Wis.) > 12 #7 5 ik g :JI;\‘?-% AFEF P REZE o 57 f
phylogenetic reconstructions > % i /i g & F] Z_& ¥ ¥ &9 nucleotide sequence
§ %73 F s A %] 12 pileup (Genetics Computer Group ) 71 v i > 1
W R A8 9L 8 o DAMBE program B|E_* %3 & nucleotide fr
amino acid = £ £ o 2 {¢ @ * PHYLIP package ( version 3.6 ) ¢
neighbor-joining program % i£ > phylogenetic tree - SEQBOOT * %3+ ¥
bootstrap F AL » TR E X £33k £ 5 1000 ki& {74 47 > @ CONSENSE R &

* %33 — B consensustree » ¥ 5 A4 FAHLT 13 R chik g o

& IR pr R

B SO pl A RS E pd R 0 8 50 pl 059 Hin ik R iE (7R
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Joo 2 (5B ACE - P Bl - BhE RIS ERELRA
AREOFRER  TREL THA 225 1l A B A AR & - B
oo 25ulehd B HARR B A R e iR fo o BN F IR - PR
E R o F4er 50 pl 059 F i TR (7R o0 2 4CF fo— o] PE o H#Kk

Bois— BhA T e HlmA R el F AR TS o ol o

B IR
# MDCK # &> 6 well 35 &4 ¢ » 12 PBS jriklm?e » o pFdog 4 14
10 & ﬁ;njﬁrﬁ@ (o dv rdmied H 33T CTAER - S pFo b ;?’-;g;u;% {8 4

~ 075902 i E %

-

333 CT R4 24-96 [P o % kT B E w2 19

‘E'L‘ Bo :b 74‘ J > ;'L-Er /?} F]f’ig{ °

IR TR A e

& 96 well 3 % 4 ¢ » 4 F44 88 * DMEM(5%FBS)# 10 & 13 » 2
61232 BRI SRR AR 640 B>t d well P 4o x 50 ul AR
(1 TCIDso/pl) > 8 37 'CF i€ % — o] o if b i > & & well # e 100 pl
DMEM(5%FBS)H ¢ % % 2.5x10° MDCK/ml » %+ 37 C T2 &I &k o 4 ks
B OE A~ 200l FrERE AR OITCTER 44X F 2 well 4 > 50 ul

0.5%CRB/PBS i3 /% » 3+ 4 CT iv% — /| pFo L2 well o R & 2 v o
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SRR TEY
#s4 B % MDCK 'm% > 32 %5037 CT > 3 b anpr B ghic 32 %

oo IR FmasE s R pm 4 (Fujii, et al,2005)

gu m Sk 4 4 /2_
HrERAR A e R E PR B R mre  Full
anti-CD3 ~ anti-CD4 ~ ant1-CDS8 ~ anti-CD16 ~ anti-CD20 ~ anti-CD25 ~ anti-CD56 ~

anti-TLR-3 ~ anti-TLR-4 % isotype control antibodies (Pharmingen, San Diego,

(:IA,USA)-,#\Ag o ¥ '/u )(\“ wm g Ii'gét '/Aa\’f"/r o

AR AN kR AT M Kang AS (3 W& {15 658623,(26))
g 12 Ph.D.™.-7 Phage Display Peptide Library Kit (New England Biolab) %
FliTrx™ Random Peptide Display Library(Invitrogen)= %2> @ % 2 £ iFiE 78
TR A o 185 A4 i FElL 43§ 07 NS &E - HL H3 Mg B+

e

e HA 4 F1#-12 cDNA )58 TR A SEA 575 B 7 5 BB § o % 240

&z

£ATE RO 4 R R R AR A LR B S R (A2
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)I% ik 2o ¢ Ao HA 22 £ B 1 5 PiFukm 73 (Ludwig, et al,1999) | 4

> 3 E A

Z_BlF¢) o #Lip i¢ * Stratmann and Kang(Stratmann, et al.,2005)#7:% =
PR F R AR 15~30 R AL R R ORISR o ip MEPRAREEA R TR
eh o U 7 H3 A0 5% om0 R s+ hemagglutinin L & %k cDNA
g AFEEE H-HA AT P EGE P 2B (S 0 B 50~100bp ~ /) P BT K
H 3] pORFES IV ﬁ\l ¥+ % > f|* pORFES IV f' oo BB LT
T HA A7 e falamed o JHKE > @0 BREEATLS b &
HA ZA T8 B3~ BEwh {5 0 Bdd > Bh2 (8 cnfr@ L F]- B e 3005 B

P RHAARFIPERFE S F 13 isa i@ A TS o;%%'zl
WAL EZ 3 H- &3 i 2o T & DREE il o B HHRT 30

AP PR AT RS PR

b, R FEEE w2

P L oA 3 50 A S LA I AFIEA TR AGH

c. WiRZ AYTHEE AT RLFHUPN A HEOL RIS R

AR RTINS RS W R A R HA 2 A7)

A o AR B R G AR A B LS A R s R E s £ A

#aE 7> 7 4% PVDF & Nitrocellulose & %% 12 replica lifting 17 ;% &
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o R A kR FE

d. B3 sl i - o) LA I SAR B s & R HA A 75 5
THERPRTFERRIAE IS NAARERAFIE > L RBIEBEMERE AR

AL o T RAaT I AR

e. T2 AR P BEERRE

Ny el

nw
-
|4
b
pE)
W

ENR LM IEERERILEF RN

HHR A -

B %8k

TR R A & TS AT 0 5 A £ NS A TR T4 47 o & NSI

I

A BT oUF NG LA i 7 AR HIN2 @ S
nfToom HINL =+ & plig = % & I}% ) 0 2K 2000 & 2 2006 ‘ISK”‘ # HINI
A agunE o AT HA 2 NA B 7)) > 2381999 & 3 4 #rin (7 e HINI ‘%"3
K> New Caledonia-like strain > ]t i& 5 j& HINI i3 & $iz ~ ) (7 4= o ¢ i
L’E’[}a’ai% R FBRAM

s e £4ta S 2000 £ 3 4 AT B Tl e A £ 29 $R(12

=1

# H3N2 2 19tk HIN1):& 7 NS1 A5~ 47 d Bz FREAF L5 A7

€ fie IR % (reassortmant) » @ &%+ P 0 NS1 ¢ Frehst it ®F 447 0 £ 2 7))
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REAIR AL REORAMAE A g FREAT AL R R R
WAL AR MaRARE 7] 0 KA A 2000 &gk n 7 e HIND 3

Poly-A binding protein IT (PABI)eni® % = ¥ % 226 % A f& B 7| valine » &_
21 H 1 & HINI #iso -leucine # e 75 @ 72006 2 = #& =+ jn (7 0 HINI B
** RNA- binding domain * % 25 B =i & B 7| lysine £2 H # & 51 glutamine
F oo Tl % #”’f 2000 # % 2006 +# % = HINI &~ e (7 5. d 38 H NS1
AR L R A el o

W2 A7 # B ¥ NSI ¢0 RNA-binding domain * F F & T j7 %4k
Bt PR HFILAS 1953540 46 5= B =B h T v L%t NSI
59 RNA- binding domain 7} = dimer 3 4 ¥} 3% @ dimer =97 = 3% NS1
fo RNA e £ F % chl 55 7 o &% 38 fo 41 # 1 7 jr cFoiedh pe ol 4t
RNA % & 7 2 #% F(Wang, et al,1999) -

Flpt o ¥4 £ E 4= HIND #7:8 = enfic < jn (7 ¢ 5 75 38 NS1 e9RNA- binding
domain } > % 25 B =% d A K5 7 F F hglutamine & = F & 7 o lysine »
A FE o BED NS # RNA B & i 4 0 2@ D NSI ehw a0 R =

SRR A AT e d Ao FAcAL E 47 R HINI a7t 0 B NSI &
525 By x &3175'1"’:}?5-% th— ¥ 5 glutamine » A ¢ FF HIN1 /i 7 75 o738 >

F]pt o $3NSL % 25 BB S L FRENSI# 0 o i

= B gtﬂ‘.—‘
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H I 3o

m NS2 ehe 479 > B oae 3V i 3 & 4544 N 23 &7 nuclear export sequence 4t
AT d Bl T g P A é;gm)};t;—% the NS2 I & L F] & feeii
%> H3N2 2 HINI % =3 2 p enk it 4 @ & 5 NS2 inuclear export signal
sequence ¥ 145 IR P AT A 47 m)ﬁji v ¥@ 5 A gt (=) HINI 2
mathionine-rich ##*X< % 7| (12-ILMRMSKMQL-21)>H3N2 % leucine-rich ?#°%
B 7] (12-ILLRMSKMQL- 21) » &= 8 5% 2% 3 & nuclear export signal
sequence ° &g o1 AT A 47 e R :}J’a‘si NS2 AFT & = 22y 7 g3 =

R ORI

BAEAIT SauE 2o pm Al i s Al T e (MDCK)
a&ﬁ%@%ﬁm@@%,%ﬁyﬁmgﬁiﬂ’£W49wﬂ?&%ﬁ
ﬁﬂAﬁﬁ@%%ﬁBﬂﬁ@%i@%ﬁ@%’ﬂ?ﬁﬁm%&uﬁ%%
¢t NR TR AR 0 G TR Mt 2 o Vb PR E R
o3t @ sup) fL k8 40> 3% 5 0 influenza virus-captured ELISA % % &

anti-influenza virus antibody o
a. FE- BIRGwe RT ULRINE R R G e 2

F1#* anti-NP 2 anti-M Ab ¥ 12 #* ji38 fmve ik 4 4 e 38 B] 2_Influenza
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AFFpdHRE % hwme (RI )
b. i—a«?]f’i_n}fg\;}l%i\—i LR B e e

e :},;3:1 A HA titer 1:32 & g 2 MDCK DMEM with 2% FBS 48 g 72
JRET LEFIR A 5 EE G - L e AR R :;gsi;g\; A e

(B~ %2 &m )o
. Mt R RIE /A PP fodal .

B2 e AR R G o SRR p A RIoiR 153 0 BNk R
&2 ] P g% MDCK fm%e » 72 ] B {8 R R 4 B F Fuimbe 0 R vt
B e -;%;W.—%% EFE 7P foing :;133:1 g Ak T H P fedfiand B
L LT BT :)[%—%Jf%f‘ frifgend § 4 S & 30 ~90~ 90~ 270 ~ <30 ~

30~ %2 270 (B®l= )~
d. #* = influenza virs-captured ELISA % %_# anti-influenza virus antibody

#- Anti-HA1 mAD coated = 96 well plate + » * 12 #k i influenza virus, £

AL ﬁ%—% 7 human antiserum @ ¥ '/ §& § A 7P| Z_anti-influenza virus

antibody (B~ ) °

Fobo kAl AR AR AR AL ARF e FAKE 9
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IR AN 8 LR - B T N RN I SN L &
ARz kR > J1* SN e R (Flow Cytometry) s IR fm %2 $-35 4
1o F B A R AL R R SR E R 17 T e
Sy REAE RN T #ﬁﬁ*aim@&m;ﬂ’%mﬁm@Aﬁ

P nime e P EALR o R4 * G e BT 0 kot i BN
B E- widme ) THOERK (L7 ) FRRg Rt wmied T

CD3-~CD4-CD8 & CDI16CD56 =+t 7] ir’;ﬁu}%—*}?ﬁ IS eaP LR

—\

v TG “é’é”ﬂ-“m”é’@:’m“ 5}}1}]}\3—% i AP EARIANO ’ﬁ’iﬂ"i‘l]l)]%% Vi ee w I
#ip ;vr; LR R }?5 A e B o0 FIM mr b | T L A F R T 8 e

e Hep A HHRE (24 )

A APAITIRE R ST RS R RIF R KRR B

REFTILR K w1 A

\H

f ikt & Mot bfokg Hiwre foen it > BFIRE
375w 18 TLR-3~TLR-4 12 2 CD4ACD25 eh4 i85 B F a4 (£ = ~ A~ >
1 ~ B4 )e

A ORE VLI FHE T kS ARt E 2 F s 2 HA(HLHS, 2 HS)
guww*m ‘ﬂ%,j§Mw§%%Aﬁﬁq%ﬁ%$%hg’UQ#%HA
b B FURA enAs FO(BS ) e P A H3 kA A F s

BHE T A (L - s L)
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a. H3 2 Fleaug 7

%90 H3 9 A AR a4 th(006IFNS17; CDO)B~ i 5 § ko ot i B~
p _Taf[ﬁ;},’a‘a Apeod WG E S 5 > AP R-H R 4 MDCK ‘wmre » #8155
fe & 2 46 P~ RNA © * 54 e H3 2 F]12 one step RT-PCR(promega) % it *%
< H3 AT EenenR 25l 3 4% (£ ) k3x<x #F&Em 3 pGEM-T EASY
$ 4 (Invitrogen) (W -+ = )e 24 = @ HI A% 57 £ (PRS, £ +)

(Hoffmann, et al,2000):% 72  pGEM-T EASY ;‘- 8 o H3 A7) 5 Ex FptiE

A F A H3 A TR B - sl (& D)2 G TR HDNA R

=

e

F s K 0 L S A 2 1] i3 4F & 50-100 bp sk F] ¥ #TIFiE - A g

(B-+-)e

b. H3 A %)% foenig & 23 55 »~ pORFES-IV 7 #8

H3 4 %)% PCR %+ {4 jf @4 2 113 4 2 50-100 bp ih4 7] & &
Mg - g T ¥ - F i pORFES-IV( B+ 2 ~+ 7 )e 24 i #-PCR %
% ¢ H3 DNA 1 0.4 U/ml 7 DNAsel % 27 Cie {74 fa*» &> &7 b Ry
FRB~ 1 F 4 B~ 0.05M EDTA 3t 75°C:ie (7 10 A dgeifrd] o #75 F iR
& ¥ R T A A 380V, 36mA, 2hr)e & 2% o ¥ F # g & 1.7 kb
e HA A %)% 5% DNAsel % prffa A fE= ] * & - HA ATV K&

50-100bp = % ehF Bt A gy it (Bt A)e & it e HAsg 00 & BB F
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"2 mungbean nuclease & {7 i3 &F > +7 K,ért 5'2 3'end R s T % 0 T4 DNA
FEF S FEE Suhho pt FFigd HAgp o0 # B 5 TEEF P B> B it 8w
fe4% 2 F ¢ pORFES-IV e Ndel =4t (H] -+ > B)° pORFES-IV i 7 i
d ¥ $# - Flinker (7 3 Nhel-Ndel-HindIII *2 4=+~ 8L) 3| 7 3 Nhel % HIII
*» 89 pORFES-DB3 (Bl I ) #* pORFES-DB3 %748 ¥ p Stratmann and
Kang ¥ 4 (Stratmann, et al.,2005) ¢ ** Ndel *» 87 % *» 2] 2 #:8> 7 5 Smal
*7 Bk linker » A% % 4% ~ pORFES-DB3 1 3% & 3 »x & chr 2] 2 555 T gp 5\
9 HAso.100 5 B2 (B % Becdp A %) o
c. HAsp o AT B B chiE s 2 & LA B chis 4 12

T g 3% e HAspipo % < 4 2 pORFES-IV Ndel *» 254 7 #
(electroporation)i¥ » DH5a # XLOLR E. coli fFtk (10° transformation
efficiency for supercoil pPORFES-1V) - & # {5 2 E. coli #tk1 37C % 1] p*
1% ¥ 773 - #aF2 % Chloramphinical =¥ & & @44 % (Chloramphinical
% Carbenicilin) 42 % 2 % 4 474* E. coli F#kt % i & HAso 100 2 71 ¥ 52
AF L5 M (&L - ) APIERE 1.7kb v HA ¥ & 24 % % 1686000 B
(1.7 x 10%)4& = % 11 50-100bp 5 £ o Fpt i d T4 ligase #:5% HAso.100 25 %)
# B3 pORFES-IV Ndel *» 2L # 4 E.coli 6 # Pdp ¥ a 4z 73

3 17 x 10° éh¥ 4 & 4 F7% - pORFES-IV } & Chloramphinical %
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Carbenicilin ¥+ K ¥ 3% & & £ # L f—i-]” T v R e o
Chloramphinical & :E 32 £ & > PlE P&HE > AN P K> S L HFE 8o
%%@%aﬁﬂﬁ%ﬁmmﬂ&w’?éii*Lhﬂ@ﬁ%%ﬁg,z

B Ao H gz A2 - S FE(5.8x10°)E $ Carbenicilin 4

=

¥ 3 =~ 2 - ¥ w4} Carbenicilin g Fhm £ Fuld o R & 3 = &2 -

i

=
\»
-

B 28x10° gL FE A4 E T S HAs 0 A FI R B A TR

pa

Q)
fo- 0 AR F PRI A AP R T80 107 i 0 @
AL B HESE - Cm GE SR E b)Y AR A R 130 BB

F AP AT R HAsg 00 28 F1 7 282 pORFES-IV b 55 27 i 4

'a;
Sk
H N

Food 3t HAsgi00 A2 F1 # BeedZ 2 W37 S lmefi 2 3 (v it > A ip
KR L e s SRR R 2 P R i

FANE N TR 2 o BN

—.mr?\z-
it
e
b
*
>
i~
‘3\
G
\ 4
é“\
~\

R o] ek 2 B2 RIRZ AL SR L arg FilE R Tk s
Fomt AR APBEFE LG RE S DERAFU o AP PE TR D

ffiﬁdﬁ’@% ?‘}Ekéﬁi’\j&iﬁlﬂ‘l » Rm A A ﬁﬂﬁ&ﬂ@ﬁ%ﬁ%égkﬁ?% A

Fid5¢ 100 i% °o ¥ v M I.T]'QF'—T . (1) HA50_100§_\§] JTL-FJ"; E’i”w—_? i AR

2%
gl
=
2=

% 2T EE S BB i & 22 pORFES-IV erufh B e & ' 15 800 & A 5
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g E o AP Rt B sy BAL-31 H 4& ¢ % i ' (NewEngland, BioLab)
B~ X mungbean 1% & fF 12 R X mungbean % f&fF 2L 4F B 4 2 HAso.100 22 7]
BB A1 (2)F HAsg 00 2 F] B B B B X ) RS w fts Sl R 2 5
a2 & pORFES-IV A 2 3 o ehfb B o 2V powe g % 5447 0 3t
(electro-elution) =7~ /% > & & ¥ 4T HAs.100 22 F] # £ 7 1 # tRNA % spermin
(11) % 4 fb w fgizat ¥ f > 123 & 2 pORFES-IV #:5 e 5 (3) 2o p
mig 2 A Eocoli pe F%EHUAL FAM H L »cF 2 supercoil
form ¢ ORFES-IV 3= 4 10° % m £ 2 F £ 27 4 # % 10°-107 e 4
* E. coli (Invitrogen) > & % * &% » 4ok iT#Hp &2 2 2 A PAFE >
AET SR R @A E R AL i8R S (4)F F DNAsel F gt
B2 HAsroo 3k FI R % ) P il 3 248 Sonfl o @ & B EAEAE D $5 4 7
NI A TR R A o Ay )% 3 4 B (soniction) T 5 A AT
HA 7 fzen< 5§ > & 8 12 4°C DNAse | ehpk % 4 & kgt — 7 a0 8 4 o

%o

gt
g%t 2000-2006 +# Tk 4 2 NS ehgk F1 A 5] 4 47 5 % & or » 2000
# % 2006 i = i~ A HINIL 7n {7 > # NSI # functional domain _t 8 i

g HIND L3978 5 edeflip /7] > £ 2000 & #77% {7 e HIND R3¢
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poly(A)-binding domainlIl (PABII) ¢ binding domain + % 226 ez % #e L fi
F 71| Valine % = -3 # & c7 HINI < Isoleucine # & ; @ & 2006 & 77
7 e HIN1 B]** RNA-binding domain + % 25 B =i fk & 7| lysine &2 H is
& R & PR Glutamine #773 oo FpHdE Rl F G B g

Hig = HINL &< 7 Fl2o— > @ P o 4 iﬂb’%"{ﬁ%l}ﬂf}ii 2000 & >

& oo P s BT (7 S 4 B NS & functional domain A 5] % 1

o

:]%-I[

NN

ARE AT SauE 2 Ine o ¢ T4 anti-NP & anti-M Ab ehin
W B e Ren A T R DRI E A R e o A kM-¢
BRI P iR AR RGT R 0 S 2 AT 0 S A oY
hd BERL PR AR A I B R R FRM A
virus-captured ELISA P i » it Sz i il G ¢ 2 G 4 4l > -f

b3 T S el o U REHZF BiEE o

s AL
=R

¥

RREF e o R PRI TR B REE R TR
FRAGE A DY LR E PO R AR A i A FHE A e
e fhie et GIX R AL B R FHE b B A R RR L hT 308 Hin

% MR R R Ao 4 9 SRACD I (T B R R A ¢
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P B Ft et BT DL A R T G e P ﬁ*#ﬁ e
FoRVREERBREFMAME B HEFAT VRO RE P wie LR
mPe £ A et G ed $im e foeh 1 RIFIRAP RS R e w0 B R
E3vh w s B 0k B4 wre o9 TLR-3 ~ TLR-4 11 32 CD4'CD25 th4 .35
FAF AU b o NP - BT L R DL R TR AR R
ARG EEMPM RO fripE E P e B LR i £ IRF)
1t cip gL -
R R B Tk LA RV HL H3, & HS TR J?a:?fr ke HA
% % h%& Pk B (phage display library) » 0 @R[ 2 & 475 & & R W 3% =%
—"z P FRMAHREDLA 5 h L &+ 984 § & (Beghetto, et
al,2001, Beghetto, et al,2003, Enshell-Seijfters, et al.,2001, Gupta, et al,2001,

Li, et al,2005, March, et al,2006) » v ¥ #& ik B 3% 0§k FEdp R IF 318 A

B SR8 AR R T R [}554% HA Fol i 2 i h i AR (o i BN BB
A HA Fuh i 2 iz FIH B eniedF i AP fit HA ki 2
i % antigenic dominant epitope (ADE) > v k222 MHCI 2 MHCII * $1B~
R E - IO G 2P g B HE m 4 22 MHCL 2 MHCII &
AF R 5o enB 8 et ADE # MHCI 2 MHCII #7857 P » i i
K@B%/L’I”L;%’L‘i}ér}uﬂzﬁf »ren T 2 B WmPeend B F B 0 B

L & G g 54 HA L hADE A3 § - 27 ik » kit
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LML R X EFEEEREE AL ALE R Y (Aantigenic sin) o
Jo B DGR ATR M 0 S B EEFE R A
ARG RE BRI UPRIF N RE LS L SR
= R FIF AR S RFWAIOE & R E °F i+ B A e
AE ARG T R F el e m R ¥ 2 A0 LA F iR
(MHC-II) b #7 & ¢ eniit g Jf & 4 & B 1% 7 Px 32 R (immunodominant
epidope)s P B 2 ¥t R LA »cH X 78 F chimie LB 4 o iR e
FROR TR E RS LR IR R R LB RE R LR L
HoA o FHEG A OBE O fRERGEINE R E ROF Ot 8 TR Y
# B & k5 »oeni (L, et al., 2005, March, et al.,2006) © 71 s I E

e

o

e

AT M P AXREF IRy NS hdg 0 A FER M& R
F19 $R(HIN1) 4w F#h ¢ 0 HA ¥ /& i E ¥ 'm(macrophage) » # 3c

¥ P2 %% (proinflammatory cytokines) % 4% it ‘w#2 & % (chemokines) 4

14
fi
&
5

=

5148 5 ¢ % lm % (neutrophil) chie 5% » > T 3 R e i
(Kobasa, et al,2004) o { 7 #& 8 > &R MG 7 517 R(HINDR %
AogEdE A o B A Y e T R Bop A Sk s R pE A
erry Hfaw & - M %5 2P fov f4 HINI )?5%041? g — (s

,Th{”#;ﬁ A R B )T s 3 A7 e HIND g —’#ﬂ’l}]% Aef g P e
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FRe® o B defe kS e AR 4 T enfg b - s - B
U E F okl RO A bR ROk A ¢

11* DNAsel *» &£ H3 J5 4 HA cDNA #78 » v 78 %k % £ 15-20 mer
I H3 5 RERFUR R ¢ oa ik e r H R § AP ko S G E kgt
H3 F }dl 4p $ s 0 ADE A& %15 71 (Stratmann, et al.,2005) o #* % ¥4 88 #-i¢
J& 7t i ¥iu(phage cDNA display) & & - o e = 1 420 4 i 5 TR fs
R AL BB S PR & R A e § & (cellular immunity) 7 48 1 ¢
04 BE % (Patel, et al., 1997, Tamura, et al.,2005) o % if® & giid = o 18 P B
kAo R R HI H3,2 HS i gp 4 $h e HA & 6 0% PS4k B (phage
display library) » gL S ek =7 % R T3 iRk op L SR 0 K
*H HAfU$ HLH3, 2 HS enL R o fipm b 2R v s 0 3o
@w%@ﬁﬁﬁi%ﬁ&oﬂ?$%§%ﬁﬁﬁﬁ@%i%ﬁ‘%%&\
PETHERIFOLRE ARFAR AP REFRTFRREFIHR
FRARIALA - LHMET RS Ml n B LAk
Poid Fr 23 TRk o X BB W R HA fi$ HI, H3, 2 HS chZ 2
o D NI IROBANEE-H TR NEGFTFHE L F 0k
S eHI H3, 2 H5 R 4k enHA % 2253k v A8 B 7 # & % (array chip)

BH T AR E S F ke B8 P (Andresen, et al,2006, Li, et al.,2005,
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Patel, et al.,1997, Zeng, et al,2001)suE = 7 * kP |} 27 b i@k T~
BRwHERL Y HAFRME HLH3, 2 HShaZ Ao B r it & 5 44
T Bl 5Pl o F Z TR AR R R S s
PR o RIpinE R A AR REZ S LR BV EDREAE R YRR
AR a ekt aF o HA AAKM SR B 5| IEp (57 foft
PR AR TR o LA F o I L AR S PR o 4o b gt
@ hrin HA BifE 554l > P R R B 2B S P LR A o B2 d G
FISHRRE T RD BB T  BFAEEFEE IR DL R a i

R WK g ety 5 -

2R @ AP R B T 5 P AL 0 % HA gene Y B~
pORFES-IV vector e 477 % 4 35 5 P48 P ki F 7 7 et 2 4 5t

BF IR B E 2 0 BTN E L S

\

i

cX AFHZT F - X B RUE library > $20X [F{r§ 3 30 - PR
Ra PR A PEIES Y RE TR PR RS HA AT R
5 E it (fragmentation)#? - £f 1+ (blunt end) o & > 7 A% 247 B b 15 S

7 5 Fléh 45~90bps 5 EL 0§V oaw B F 384 g1 DNA

2
=
A
=
&3
N1
(B
=
!

PERAGEAA] O R RRBET S ERBILEFE i A o ¥ -

B> E_HA L7 ¥ EenTggitse ﬁ':“}l’ﬁ ’)5 e E ¥ e HA & Flen
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=
\-n
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#- ~ RT-PCRH 1R Adlpd ~ Bpd RNA AT o * sl 3

Primer name  Sequence(5°-3") Product size(bp)
HA-F Agcaaaagcagggg

HA-R Agtagaaacaagggtgtttt 1778
NA-F Agcaaaagcaggagt

NA-R Agtagaaacaaggagtttttt 1413
NP-F Agcaaaagcagggta

NP-R Agtagaaacaagggtattttt 1565
M-F Agcaaaagcaggatg

M-R Atagaaacaaggtagttttt 1027
NS-F Agcaaaagcagggtg

NS-R Agtagaaacaagggtgtttt 890
PA-1F Agcgaaagcaggtac

PA-4R agtagaaacaaggtacttttttgg 2233
PBI-1F Agcgaaagcaggca

PB1-4R Agtagaaacaaggcattttttca 2341
PB2-1F Agcgaaagcaggtc

PB2-4R agtagaaacaaggtcgtttttaa 2341
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Nuclesr export signal sequence of NS2

IEolate No 2 13 14 15 16 17 18 13 20 21

Hong Kongfi5657T 1
Hong KongfSTIS8 1

Puaerio Ricol8I34 1
New Caledoniaf 20093 1
Tainan!/NZ0Z2IDD 1
Tainan!NZT TI0D 1
Tainan/N3IG4I0D 1
HiINT TainanS6301 1
Tainan/NAG4 2101 1
Teinan!/NZT TIDZ 1
Tainan!N1DZ25/05 1
TainanS3Z20005 1
TainanS0IDE6 1
Tainan!/N3IS06 1
Tainan/MZ2106 1

L K R M 5 K o L
L K R M S K M O L
H3NT
Hong KongfZ212003 1 L ¥ R M S K M O L
Thizilendls T 6I05 1 L ¥ R M S K M O L
MoanphisiZ495 1 L L R M S K M O L
Shigaf 25537 1 L L R M S K M O L
TuinanNT 27100 1 L L R M S K M O L
Taina N1 811I02 1 L L R M S K M O L
TainanN4DESIDZ 1 L L R M S K M O L
TainawM34M03 1 L L R M S K M O L
TainarS4 103 1 L L R M S K M O L
H3NZ
Tainan'NZ64I04 1 L L R M S K M O L
Taina' N1 GZDID4 1 L L R M S K M O L
TainawMES T D4 1 L L R M S K M O L
Tuinan'N51306 1 L L R M S K M O L
Taina N1 81706 1 L L R M S K M O L
TainawMZ3406 1 L L R M S K M O L
Taina N1 338I06 1 L L R M S K M O L
Singaporel 1157 1 L L R M S K M O L
Pansnmesl T I6T 1 L L R M S K M O L
CalformiariibG 1 L L R M S K M O L
HZNZ
EnglandFi0f6T 1 L L R M S K M O L
Tokynl3I6T 1 L L R M S K M R L
Koresi76i68 1 L L R M S K M O L
Brevig MsionFiF18 1 L M R M S K M O L
WSNF33 1 L M R M S K M O L
L L R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
L M R M S K M O L
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Influenza medium DMEM 2% FBS in DMEM
DMEM + 2%gg/ml
trypsin
CPE HA Cell CPE HA Cell CPE HA Cell
(%) titer viabili | (%) titer viabili | (%) titer viabili
ty ty ty
24 h | No 0 100% | No 0 100% | No 0 100%
CPE CPE CPE
48 h | 80% 1:8 60% 60% 1:16 80% 20% 1:16 100%
72h | 100% | 1:32 0% 100% | 1:32 0% 100% | 1:32 80%
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A

a
@ Influenza virusinfection Adenovirusinfection

Patient | CD3 CD4 CDS8 CD16 | Patient | CD3 CD4 CD8 | CDI16
(%) (%) (%) CD56 (%) (%) (%) CD56

(%) (%)

1 46.9 17.61 | 2296 | 21.72 1 17.8 9.8 52 34.7

) 16.94 8.5 6.81 26.38 2 25.00 | 1230 | 11.50 | 5.10

3 1495 | 7.55 6.3 25.96 3 69.60 | 33.40 | 35.10 | 36.00

4 28.69 18.1 11.3 12.69 4 50.00 | 20.80 | 25.60 | 4.50

5 4543 | 17.72 | 2081 5.55 5 1590 | 5.00 2.20 0.40

6 37.34 | 31.33 7 1.1 6 59.80 | 13.30 | 22.70 | 19.00

7 5831 | 30.66 | 24.67 6.84 7 44.80 | 23.40 | 19.10 | 22.40

3 66.73 | 2937 | 257 9.45 8 4130 | 21.90 | 21.60 | 17.10

9 64.48 | 2443 | 3537 10.01 Mean | 4053 | 17.49 | 17.88 | 17.40

Mean 46.9 17.61 | 22.96 13.30

b
© Influenza virusinfection Adenovirusinfection
Patient | CD3+ | CD4+ | CD8+ | CDI6 | Patient | CD3+ | CD4+ | CD8+ | CDI6
cells/ul | cells/ul | cells/ul | CD56 cells/ul | cells/ul | cells/ul | CD56
cells/ul cells/ul
1 476 179 233 220 1 192 94 88 39
2 172 36 69 267 2 181 100 53 353
3 152 77 64 263 3 501 240 253 259
4 291 184 115 129 4 949 395 486 85
5 461 180 211 56 5 234 74 32 6
6 379 318 71 11 6 710 158 270 226
7 591 311 250 69 7 1538 803 656 769
8 677 208 261 96 8 632 335 330 262
9 654 248 359 102 Mean 617 274 270 250
Mean 428 209 181 135
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Influenza virusinfection Adenovirusinfection

Patient WBC ANC ALC Patient WBC ANC ALC
1 7800 6474 1014 1 11300 9492 1017
2 7200 5760 792 2 9600 7488 768
3 6800 4216 1904 3 7200 5616 720
4 2200 44 1958 4 14600 11826 1898
5 6700 5454 972 5 6700 4623 1474
6 6100 366 5490 6 9900 7821 1188
7 7600 6764 304 7 14300 8866 3432
8 5300 3763 848 8 15300 14535 1530
9 4600 2346 1932 Mean 11113 8783 1503

Mean 6033 3910 1754
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a
( ) WBC | ALC |CD3 (%)] CD4 |CDS8 (%) CD20 | CD4 |CDI16 | TLR-3|TLR-4
Patient (%) (%) CD25 | CD56| (%) (%)
o) | )
1 6100 | 1769 | 75.62 | 39.72 | 32.31 | 12.81 0.23 9.74 | 2.07 | 13.48
2 6100 | 1159 | 66.66 | 36.82 | 27.84 | 12.46 | 036 | 11.64| 523 | 2.18
3 7400 | 1110 | 46.75 | 2639 | 21.52 | 14.63 034 11092 094 | 0.68
4 5500 | 2640 | 71.91 | 19.55 | 29.73 | 6.04 0.04 | 1234] 191 1.19
5 6000 | 1320 | 67.01 | 39.21 | 27.01 8.77 0.29 | 1933] 401 | 491
6 6000 | 2580 | 79.58 | 41.79 | 32.17 | 3.55 0.08 841 | 475 | 4.12
7 9100 | 3185 | 63.11 | 40.64 | 30.78 | 9.78 0.02 |2385]| 243 | 1.75
8 6800 | 2312 | 57.89 | 24.6 | 2692 | 9.12 0.18 12646 | 3.43 | 1.42
9 7200 | 2160 | 6531 | 33.46 | 27.64 | 2082 | 0.29 | 7.44 2.1 1.67
10 | 7300 | 1898 | 47.96 | 27.1 19.2 13.64 | 0.08 |3436] 3.56 | 4.56
11 8400 | 2352 | 37.92 | 2148 | 16.05 | 11.42 0.08 | 478 | 297 | 2.37
12 | 6600 | 2640 | 483 | 29.23 | 17.97 | 9.17 024 |31.72] 21.72 | 3.59
mean | 6875 | 2094 | 60.67 | 31.67 | 25.76 | 11.02 0.19 | 16.75]| 459 | 3.49
(b)
ALC | CD3 | CD4 | CD8 | CD20 |CD4CD25| CD16 | TLR-3 | TLR-4
Patient] WBC cells/ul [ cells/ul | cells/ul | cells/pl | cells/ul | CDS6 |cells/pl|cells/ul
cells/ul
1 6100 | 1769 | 1338 703 572 227 4 172 37 238
2 6100 | 1159 | 773 427 323 144 4 135 61 25
3 7400 | 1110 | 519 293 239 162 4 121 10 8
4 5500 | 2640 | 1898 516 785 159 1 326 50 31
5 6000 | 1320 | 885 518 357 116 4 255 53 65
6 6000 | 2580 | 2053 | 1078 830 92 2 217 123 106
7 9100 | 3185 | 2010 | 1294 980 311 1 760 77 56
8 6800 | 2312 | 1338 569 622 211 4 612 79 33
9 7200 | 2160 | 1411 723 597 450 6 161 45 36
10 | 7300 | 1898 | 910 514 364 259 2 652 68 87
11 8400 | 2352 | 892 505 377 269 2 112 70 56
12} 6600 | 2640 | 1275 772 474 242 6 837 573 95
mean | 6875 | 2094 | 1275 659 543 220 3 363 104 70
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a
( ) J WBC | ALC| CD3 | CD4 | CDS8 CD20 |CD4CD25| CD16 |TLR-3|TLR-4
Patien %) | %) | (%) (%) (%) CD56 | (%) | (%)
%
1 8800 | 2464 | 74.87 | 38.65 | 31.76 15.3 1.21 55; 9.04 | 7.77
2 6900 | 19321 69.54 | 37.05| 29 14.36 1.66 14.09 | 6.57 | 4.93
3 7500 | 1500 59.52 | 29.2 | 29.73 222 1.34 1571 | 1252 7.79
4 8100 |2430| 53.58 | 28.81 | 21.53 7.62 0.54 28.12 | 9.02 4.7
5 8300 | 1826 70.74 | 38.15 | 31.35 11.36 1.69 10.56 | 16.56 | 10.21
6 6900 |2208 ] 57.77 | 29.28 | 28.02 9.75 1.18 2572 | 21.72 | 047
7 6100 |2379] 68.85 | 31.02 | 31.23 11.34 1.5 1822 | 19.16 | 14.34
8 6600 | 1980 68.89 | 35.59 | 29.2 21.63 1.25 4.25 18.56 | 9.68
9 7400 2590 50.56 | 24.98 | 19.26 6.59 3.04 35.01 | 421 | 4.06
10 | 7200 |2448] 61.33 | 32.48 | 24.19 10.69 0.12 405 | 434 | 45
11 | 8300 |2241] 76.03 | 40.1 | 30.17 16.01 1.77 532 | 17.97 | 747
12 6600 | 2178 | 55.15 | 26.14 | 23.69 3.92 0.61 15.54 | 6.57 7.2
mean | 7392 [2181 ] 69.71 | 35.59 | 29.92 13.71 1.45 16.74 | 12.19 | 6.93
(b)
' J ALC | CD3 CD4 CD8 | CD20 |[CD4CD25| CD16 | TLR-3 | TLR-4
Patienty WBC cells/pl | cells/ul | cells/ul | cells/pl | cells/ul | CD56 |cells/pl|cells/ul
cells/ul
1 8800 | 2464 | 1845 952 783 377 30 186 | 223 191
2 6900 | 1932 | 1344 716 560 277 32 272 127 95
3 7500 | 1500 | 893 438 446 333 20 236 188 117
4 8100 | 2430 | 1302 700 523 185 13 683 219 114
5 8300 | 1826 | 1292 697 572 207 31 193 165 86
6 6900 | 2208 | 1276 647 619 215 26 568 | 366 225
7 6100 | 2379 | 1638 738 743 270 36 433 | 517 11
8 6600 | 1980 | 1364 705 578 428 25 84 367 192
9 7400 | 2590 | 1310 647 499 171 79 907 109 105
10 | 7200 | 2448 | 1501 795 592 262 3 99 106 110
11 8300 | 2241 | 1704 899 676 359 40 119 | 403 167
12 6600 | 2178 | 1201 569 516 85 13 338 143 157
mean | 7392 | 2181 | 1389 709 592 264 29 343 | 244 131
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F4 RBEBEGFATHELFY L AMEE o
TR A Y W TR Ew 18
Patient Hl H3 VIC YAMA H1 H3 VIC YAMA
HI titer | HI titer] HI titer | HI titer
1 40 40 640 160 80 40 1280 160
2 10 10 320 160 40 20 320 160
3 20 40 160 160 40 40 320 320
4 160 40 160 160
5 40 40 80 160 80 80 320 80
6 80 20 640 160 160 40 320 80
7 80 40 320 80 160 40 320 80
8 40 20 80 40 160 80 1280 320
9 320 80 160 320 40 80 80 40
10 80 40 320 160 320 20 160 320
11 20 20 40 80 80 80 1280 40
12 80 40 2560 160
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Fo- AR RE HA R 2505

H3 Universal primers:
Forward: AGCAAAAGCAGGGG
Reverse: AGTAGAAACAAGGGTGTTTT

2006IFNS07 H3 specific primers
Forward: AGCAAAAGCAGGGGATAATT
Reverse: AGTAGAAACAAGGGTGTTTTTAATT
PR8 (H1 specific primers)
Forward: ATGAAGGCAAACCTACTG
Reverse: TCAGATGCATATTCTGCAC
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#. -+ — - Library size determinant.

Ligation eondition 16°C 24 hr ITC 2 hr
Platmg" Plate Vector + msert | Wector only | Vector + msert | Vecior only
lul | Cm+ Coarb 1 N/A 4 MiA
Cm- Carb 0 NA 1 NA
Wb | o I 0 4 0
Cmt Carb 1 N/A 4 WA
e Cm 32 8 25 &

Vector ; pORFES 1Y which trested sith Snsal ssd CIF [nsent - Blan ended HA fragmest

a: This 15 one represenbalive result after several trails, The library size 15 e=-
timated to be no more than 2 x 107, which is 100 fold less than the estimation.
The ratie of colomies on Cm plate with or withowt Carbs 1z not 123, indicating
mn mefficient higation reaction.

b: Transformed < coli by the ligation mixtures was incubated at 37°C
for an hour in 1000 ul SOC medinm. Plating was preformed by using 1 .
100, 100 ul without further dilution in plates containing Cm with or with-
oul Carb,
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RNA-binding domain Effector domain
(1-73) (73-237)

1 19 343638 73 137 146

L

B RNA-binding domain (19-38)
O Nuclear localization signal (34-38, 216-221)
B Nuclear export signal (137-146)

216 221223 237

L

30 kDa subunit of Cleavage and polyadenylation specific factor
(CPSF) binding site (186)
I poly-A binding protein Il (PABII) binding domain (223-237)

B ppZ domain ligand (228-231)

Bl- - Influenza ANSI 3-v H£i¢ -
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Subtypes of influenza A (NCKU)

1 —
0 Alsubtype unknown
9 | B AJHINL
80 r W A/H3N2

13570941135 791113657091113570911135709111365709411357911135657911135729
0 0 0 0 0 0 0

9
8 9 0 1 6

Ménth/Yeat 4 >

Bl= ~ 1998 & 1 2006 # = .~ & Influenza A /s (7 4% -
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*|solates analyzed in this study

Tainan/N1620/04 *
Tainan/N519/06 *
Tainan/N264/04 *
Tainan/1817/06 *
Tainan/M234/06 *
Tainan/N1558/06 *
Tainan/M687/04 *

Tainan/N727/00 *
Shiga/25/97

Memphis/24/95
California/1/66
Korea-426/68
Tokyo/3/67
England/10/67
Panama/1/61
Singapore/1/57
Tainan/M111/06 *
Tainan/N1156/06 *
Tainan/N39/06 *
Tainan/N86/06 *
Tainan/S01/06 *

Wisconsin/3523/88

Tainan/M221/06 *
Tainan/N1025/05 *
Tainan/S243/05 *
Tainan/S320/05 *
Tainan/M195/06 *
NewYork/221/03
Tainan/N2716/01 *
Tainan/N202/00 *
Taiana/N364/00 *
ainan/N277/00 *
Tainan/N4642/01 *

Tainan/S63/01 *

WSN/33
_: Puerto Rico/8/34

Hong Kong/212/03
Hong kong/213/03
Thailand/676/05
Bar-headed Goose/Qinghai/67/05

Turkey/Minnesota/764/2/03
01

[ Hong Kong/156/97
i Hong kong/542/97
Hong kong/97/98

Brevig Mission/1/18

B = - 78/ Influenza A 5% NS L Flif i+ 4 47 o
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lm ™ \ nlf\\llf\ﬂf\lf\f\+:l\ ﬂlf\f\l\ If'\:f\ I\‘ klc‘q NANA

* |solates analyzed in this study

Tainan/S41/03 *
Tainan/M34/03 *
Tainan/S243/04 *
Tainan/N1620/04 *
Tainan/N4069/02 *
Tainan/S40/05 *
Tainan/N305/04 -*
New York/238/05
Tainan/M18/04 *
Yokohama/22/02
Tainan/N1811/02 *
Shiga/25/97
ne Ontario/41848/97

Akita/1/95
Fukushima/14/96
Memphis/33/88
Tainan/N3059/05 *

Korea/426/68

Tokyo/3/67
Panama/1/61
Singapore/1/57

England/10/67
California/1/66

Tainan/S645/05 *
Tainan/N39N/06 *
Tainan/S01/06 *
Canterbury/106/04
Tainan/S243/05 *
Tainan/N1025/05 *

’: WSN/33

Brevig Mission/1/18

NewYork/221/03
Tainan/N277/02 *

Puerto Rico/8/34

Swine Tennesse/26/77
1

Turkey Minnesota/764/2/03

Hong Kong/156/97
Chicken Taiwan/7/5/99

0.1

Bz ~ ek Influenza A 54 NS2 A T it A 45
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Influenza B 1025H1 39H1 1620H3 243H3

Anti-NP ' & )y | % h k
Anti-M L ,L h k L

BT B R ps 2w GRMA G e kA AT9rE g % o

Red: Mock control stained only FITC conjugate anti-mouse antibody

Black: Mock control stained with anti-NP or anti-M antibody, and FITC
conjugate anti-mouse antibody.

Green: Influenza virus-infected cells stained with anti-NP or anti-M antibody,
and FITC conjugate anti-mouse antibody.
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Influenza medium DMEM 2% FBS in DMEM

“ b Ak
Y O

B Y S N

B>~ G A R F MDCK (8307 e S8 (78 50w ie Rz & 4 o
Red: Mock control stained only FITC conjugate anti-mouse antibody

Black: Mock control stained with anti-NP or anti-M antibody, and FITC

conjugate anti-mouse antibody.
Green: Influenza virus-infected cells stained with anti-NP or anti-M antibody,

and FITC conjugate anti-mouse antibody.
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8310

= R 1/30 1/90 1/270 1/810
B- ~ 7 Fﬁﬁ‘ﬁi%)iinl FEIR 3}?:,—%- P e 5 &4 MDCK ¥z > 12

HN e RA R

Green: Influenza virus-infected cells stained with anti-NP antibody, and FITC
conjugate anti-mouse antibody.

Blue: Patient serum diluted mixed with influenza A virus, then stained with
anti-NP or anti-M antibody, and FITC conjugate anti-mouse antibody.

Red and purple: Other negative contro.
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m o = 1"
Frgry

8507

B~ 3 R AR L R el R MDCK ot - £

_|—,_
MmN R AT R R o AR o
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O. D. 450

bl ank papatenemati emati emati entusfilrB6ail1: 32)
serumserumserumserumserum pat+emat|fi ent
1:1001:5001:100D: 200D:5006erumserum

1:100D: 1000

B~ ~ 2 ELISA 3 3¢ Rl ¢ 2 i o 4 42 o
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Fow A
:g Parameter 3 (3) vz Parameter 4 (4]
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1. Huecleases mod|{ication of 2 Phage

o = display
HA gene L -z
3, Interaction
6. Assessment of the patterns 4. Panning ° with Patient
of antigenic determinants an e, Syt sera
HA & Characterization of ' . ™ 4 SEn

Immunoreactive clones
5, Sequencing

Relationship
between T & B cells

Antigenic Peptide mediated immune responses

array chip Vaccine
development

B~ AR A R G A R A HA PR AR
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Influenza WA\ 1. DNasel digestion
HA gena 2 Mungbean nuclease {or BAL-31]
B modification

HA gnnnriragmmls 1. T4 OHA pobymerase fill in
(45-80 bps) e ——

na

Clone into oL0 =2
pORFESN o =2 oo
.h
Determination of plasmid library ﬁ__ h' = o | ﬂ'_ﬁ-
size by antibiotic selection H S O
3 (Estimated size = 1.7 x 109)
Clone into JC-M13-83
' gg
Detarmination of phage (Estimated size=28x 10°)
library size

Bl - ~ Nucleases modification of HA gene and library size determination.
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i | LT il

1
- B ) L | HA,, . fragments e — |"

b — s
: ; ~

m W
Sl From 1.7 x 108 E.colf : Ir frame: 5.7 x 105

Correct arferntation: 2.8 x 109

JC-M13-88 l
Xhwl [ liedll
r_,—n-[ RES | RBS | Leader | Wil | P——— ] .

BEruttural proleers
Y gVl 50 ma, 3700 copes

] - = ~ Phage library is to be established by directional cloning of the HA 5199
fragments in pPORFES IV into JC-M13-88.

69



Wirus was isolated from an critical illness patient
(CDC, Taiwan) and H3 sequence universal primers
were used to amplify the HA cOMA inan RT-PCRE
reaction, The H3 cDMA was further amplified by a
high fidelity enzyme KOD+ system using H2
sequence specific primers in PCR and ligated into
pSEM-T wvector for E_coli transformation. Plasmids
isclated from several E. coli fransformants (8 A~J)
were characterized by Pst | digestion and the
sequence was confirmed by automatic seguencer.
Lingarized pGEM-T plasmid was 3 kb without
insert and 4.7 kb with HA insert. U; undigested
pGEM-T without insert.

B+ = ~ #HA A %2 2 pGEM-T EASY ;ng °
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C.
A. Nae | MABCEFGH IJMU

pORFES IV Hind
2.3 kb
. D.
MABCDEFGH IJ U
Nhe I

The pORFES-IY was constructed by insertion of a linker (MNheT-MNael-Hindl ) into
pORFES-DE3 obtained from the provider. (A) graphic map showing linker
position and the size of pORFES IV, The pORFES-1Y harboring the ligated linker
wias transformed into E. coli. Plasmids purified from E coli transformants {(A~J)
was then digested with Nag | (B), Hindlll (), and Mhe | (D),

] - = -~ Characterization of pORFES-IV by restriction enzyme digestion.
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A. . L-inhtr (~40bps)

~ Bwray= .
— Maw | '
Nhel gt 51 ind Il Nhel ind Il
pORFES DB3 pORFES IV
=2 1KE =2 1KE
B.
Chloramphenical The linker is not in frame with 2 -Lactamase

I. #-Lactamase in frame =% Carb and CM resistant
Il. #-Lactamase out of frame =¥ CM resistant
I=l=1:3

pOEFES IV

- Linker-| 8-actamase |
—

(xhu — RES - OmpA - | Nhe |- Nael - Hindll

EBE: ribosomal binding sites
Omp& Leader: E.coli Ompa leader peptide

B+ I ~ pORFES IV construction and plasmid map.
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184} by

iEREan 7

& b

M1=50 bp marker

M2 = 100 bp marker

0= 18= The tima of DNasel troat (minules)
&= mang bean nuclease troated HA fragmend
U = uncut

A) A time course digestive responss of PCR-amplified full
length HA gene with DMasel. Each reaction contains 1ug of HA gene and
004U of DMasel. After different time periods, the reaction was stopped and
saparated by slacirophornesis Thae ydlow frame indicated the fragments se-
lected (B) Selected fragments in 50-100 bp were gel-extracted and treat
with Mung Bean Nuclease. After the treatment of Mung Bean Nuclease,
fragments were gel-purified and the sizes were checked by electrophoresis

B] - = - Enzyme modification and purification of 50~100 bp HA fragments.
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HA fragmentation

H Vector preparation

1, Mung Bean Mucleass
J Muclsass Bal .11
3 T DHA pohimsrass

Change Maslgile o Smal aile
for pelier dagaslon effoency

2 KOD* pol -..-

1. DMaga | con: —— . HA gane fragmentstion
2 Reclion emparanne

2 CMA one

4 Reachon ima --

To bluwrt HA gene fragment

a2

Shurtber wechor
pOREFES IV construction

. |

T HACF
SNER B E T W
AT A g REVEL 6 X PR e R W
iz WA

L6 b -

Ehutter vectar
pOREFES IV preparation

L “HA PEz2Z 9% -

74

1 Tag+ Vart pol e Infusnza virus HIHA gens smpification.

1. Bkeahad preopetaton Purficabo
2. Akohol precptaion with TRHA " &
3 QlAgene Mutleotids Rermosl Kit “
L

? 4

1. Tens and 1lamperalurs
2. Vet - s rano
A3 difterant kgates




Magnetic beads H3 HA-FPhage library

{2 x 10* pfu) _
—— e et —
protein G-+ 10 ul Human sera ety
ind.1ml coating —
Wash Twice IJ;LI'H-EI‘ e e S D e
with coating ——
buffer fg_» .
Incubate 40 = &~
min at BT
Coincubate for 3~4 hr at
room temperature with
rotation
* Incubated with blocking
solution for 1 h at 37C
with gentle agitation. | Wash

] - ~ ~ The panning procedure to identify serum-interacting phage clone.
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CDC# 42 % 4% L : DOH95-DC-1414

1. Ve R PIR 4 wre 2 )];‘34 % ¢ fodikl i&mﬁf_t e

Pty

RE T F %k

TR R - LTk E A S A A
FERG ARG L PG LG ARG hB E1 s Tl R

ErAART2Z /HF>ERHF L HE P g2+ 5 - TR

AT 2% EEMT C L

0N
1

T

S Al R e s R B0 R - B2 F 4 7 (powerful)
i;ofgq-ﬁ AL RRBLIAABRFOREKZ S ZFE L BME S T
A - P EHRFE 2k E o TR R M AR B c R F
FOAAMT 9250 - 300 FnEnNmre ik 0 BT A X B %gga Rt

SR R IS PRy S SRR R VS E S T

SRS HRARFREIFARRELSFEY v SREPMLLH

s dmie R PR Rt LRl P ekt o A B %
FoZ AP TR ekt o e HIv R 4 LB 4 LT

SR A (FF UG FADER ) AT NG A REY B 4 g
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Iy

PR ALY YR LF AL FEAR PR 2 2

%

A {@'/EL F At 1![‘ T 57"173‘2 4 o gﬂﬂ’ /nh o z\':TJ};E:" Iim'ﬁ,%} ’ ﬂbi@;‘l'%d
*e- 3 z\—‘]—, 1L P;:)J.K*E] £z+m4f§‘tﬂ oM ‘F‘J':il*i f—?:‘ m:é}iiﬂ?%» %Ei’g“g\
Hi7 - REEReed - ATRITHFRE RIS FAR A

BRETPE 3 BES L o

2. EEAMEERT AAFTHREFIEE S B AreAR Y £E- - R
Hom P FEM AMAFEFS AL ASIF 3 B L B o

P VAl

PRKEERRPERATL PR L EDB B LR

i
T

SRR BT kSR 2 g B b2 B0 H O HOHLEE A
library size ¥_F & & & 4 - B2 SR B w0 e % & o1 peptide library size 2
F4£F 43 100-1000 B2 F LFE 0 A A B R A PHEEE R L A B
L e VAR o de- SR FRAAPEEE O &2 RO
AR L R c A ek NS AR > vV SRR EEs L E

J (Figure 1, and 6) » 5 % #i88 F 3 A& 7 o Al ek B 4+

PSR S Y R A 0 R (Figure 2,3, & 4) o BT IR - # e

AR AR T R ETFE G P foeha 4 (Figure 5)0 2 220 N dm e iR A
BRI LEEA X LA LAY o B o b sl LR R AT
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™A
Pl

AL &
SRR BRR

‘”\

(immunodominant antigenic epitopes)®_% IF ¥+ H_cross-protective £
o B

-

% 4 F1m (immunodominant epitopes) > + #
M 4

Sd R#AFT  Hikn
b 4] s 3k (Figure 5) SEA R AT 2T kb
immunodominant-peptide vaccine > § 28 iz % peptide library ¥ 12 £ $# |4 e
& p phage-library e W H s A58 2 > 1 IF L By iFE 2L H Pl
WP LA gt HIF AR P T reverse genetics AN um A R
w oo AHEAI* ¢ w ¢ {oih peptides { BUIRRIE e AT g a7
) % o R e Jolh PR R g o P ;}‘]W Boig BTk SLaud
o il H €& BT (Figure 6) o B2 X5 7 X i 2 A e e
HraEzpénpiraagid YEEOFED T o P390 idea
THRE- BIRRASLAHLENGEET S B 1A QLA & 200
g2 le g 0 LT EEFRpAE AN EAME ST § o T S F
Poid BTk SR SR RALE 0w i F A 4T B P chik TR Bcd
@ Ty 3 figures JE R H F B Mg R 12 o

% 5 B ELISA tus * 8

f ;E'P/j-)" ]EI\/a

I AEEEE
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6. *FLETBEF FLARLEE L RAZAAT R TEE - &

4. LEENRLSBELEEP B VR E > NHFELTIRAT o

= 0E o
5. WiRlE AR A S A TR F MNP A R H LRSS A FUR
HE S A AFINSL et it 20 30 EFR- BTG ERP

&%

?g :

Bt d AL R ek o NSl v 2 B RER-HITY o

Fra%k SAlihi R i8Rt A R EFDH - BT E

’TTFQ_‘EA lﬂzn o

7.

MHFRL A PSR BB E ERIRDFALD DT R B I E R

RN TN

A e 2 2 P RSN e AR R Y op A Y el LT
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5]

% I}il’:gy fﬁl’l‘ﬁ’{r’g ),@;if’?":':]p o ? «ﬁ L&-?EH’?
B

HECE T IV Ird] sk ) o KT & e

x

Iy

P\

g

LL = /;1
plZ ¢ fryidch4 > & o plaque reduction assay 7 7 %
22 R
g £ B

2
8.

B R

b TR PR R - R £ R AT - 2R

=

e 2 B AKRFREM

"/ phage display ;243 2|7 linear epitopes > £ & MHC-II &'z
oligopeptides #& — Z_Bf 5 » X Xk

s

1l pb g iE A A m;}’m}%'
R 2 BIE S %

i g BN ARY AR
; H # if § % JR conformational epitopes =% %t
el g R 113
Foke Kl R R T
ik R o

FoF dAF & linear epitopes A 4 > FESyE B i
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Figure 1: Schematic representation of the experimentations
for the proposed study

1. Nucleases modification of g S-i:";:gﬂ'
HA gene L i:: play

3. Interaction

6. Assessment of the patterns 4. Panning with Patient
of antigenic determinants on e, S sera
HA & Characterization of v -

Immunoreactive clones .
5. Sequencing

B. Relationship
between T & B cells

A. Antigenic Peptide mediated immune responses

array chip C. Vaccine
development
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Figure 2: Capable of elucidating the Ab diversities
for an functional important antigenic peptide

H1 peptide phage library: %% % i %%i% caanansp
Patient 2 serum % %

Fatient 3 serum %

i s & % : # i

Variations in recognition seguence 7

Cross-reactivity or polyclonality ? ? ¥ ¥r ¥y

Functional importance for Neutralization 7 7 7 Patient1 1 2 3
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Figure 3: The dominant HA antigenic epitopes identified from
symptomatic patients are clinical and immunogenic relevant to human

- Probe with > 30 infected

or vaccinated individuals Antigenic Peptide
- Panning to select for array chip

dominant Ag epitopes

H ii%% Sequencing & Example i * i i f i
Computer
assessment H1 o900

S - R T

FPhage 21 3 2 L

inventory
\ariations in recognition sequence ?
= Cross-reactivity or polyclonality T

Functional importance for Neutralization 7

&3



Figure 4: The HA antigenic epitopes can be assessed
demographically based on sex, age, racial, and HLA

(A) Phage (B) For example
H1 H3 HS5 inl,..lentnry
£ o o 2 " H DP?
£ o 1 - d
E S ® ©® © 3 i ﬁ pQ?
L} I
£ oo : "B =S
=z
% ® ) - DR?
=
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Figure 5: Are these antigenic dominant epitopes responsible
for protective immune response or for immunological sin?

Bample FEFFE T § Bample | FEEE T H
H1 o0 0@ H1 o0 0@

H3 ® o0 - H3 o0e®

HS ® °oe H5 ® e
Phage |2 1 3 2 1 Phage 3 2

inventory inventory

l“’ i‘l

Phage or the antigenic peplides sequence can be assessed for i vivo or in
vitro immune stimulations to determine their function in eliciting neutralization
Ab, protective T cell immune response, or immunogenic sin.
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Figure 6: Great potential for clinical and
pharmaceutical applications

Selective of representatives eptopes
| for vaccine use
Phage library in stock

— $5% o 1%

fﬁ...f”' HTH“R
(31 pE -
E“‘ah_ﬁ - Y or humanized Y

m Selective of representatives eptopes
for the development of inexpensive
chips in predicting the usefulness of
vaccination or the epidemic flu to come

Selective of representatives eptopes
for neutralizing Ab productions
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