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Hemagglutinin (HA) protein is very important in the event of influenza (flu) infection,
because it binds to the receptor on the cellular surface of human lung specifically, and bring about
membrane fusion by the change of protein conformation. All of the processes are physiochemical
interactions in the molecular level. There are two significant physiochemical features for the
Influenza infection which broke out in 1918 may responsible to the high infection and mortality:
(1) In general, the size of HA binding position is narrow, but becoming larger by one amino acid
change on the binding position in the flu of 1918, that apt to promote the infection to human. (2)
Two histidine-rich segments in the HA protein with basicity may promote the membrane fusion in
the infection process. One of the two segments found only in avin flu.

According to these clues, we inferred that the infection host and the probability of
cross-species infection could be determined by the physiochemical properties of residues in the
HA protein sequence.

In this project, we will study the correlation regarding the properties of the HA protein of
influenza A viruses that affecting the probability of cross-species infection, the infective host and
the infection ability. Clustering analysis will be used for molecular evolution of the HA protein,
at first. Secondly, we will define and quantify the HA protein sequences by physiochemical
properties of residues, clustering analysis will apply. We also will utilize the method of data
mining to discover the significant residues among the HA protein sequences that infecting
different species. Finally, we will study the structural effects of residue change of the HA
sequence that binding to the receptor about these significant residues. All the HA protein

sequences was collected from public database.
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B g M A M H A S O L 0 (2)F 3 Bwm A AT k] P E (histidine
rich) » § 4 fr dwie e > 7 g3 HAORE A B9 - B 2 ER G AR %65
:Ifa«%ﬁé ¢ 41 7 (Woods et al., 2004, Gamblin et al., 2004) -

RpeERE > APRGLFERE ppEF DR AR B R PRI EFEL G
T 0 BEE T O HA B9 FRAIPERAE G IV FEE S 5 (Rl oo

AR Rz R E OREF AR RS HA B9 g AR B A %
BR4 g 2 B dg 47 i M'rﬁrzé‘@ PR R AP Rk R W R
Ken A AR fa HA 39 s EE oy > A= B &8 3 ARA St TS
%ﬁgmgﬂaT#ﬁﬂﬂwmﬁk’@&%ﬁ&%oﬁ¥wmbﬁﬁﬁ&ﬁﬁﬁﬁ»u
#Fat HA 39 g 2EAer s zL\ﬁ“k R NEBREAPTAT S 2L ML A

*q

ﬂJ‘

BRI Ry X FREPT R P A AP REHIA S TR SR
AR AEE PR A% ;‘g?’a} iﬁrm:}m[sz A TARRID E o Rk R T
R R A R R



N If’%a‘%“ #

TR h RS Bt L Ak m & 1 (Family Orthomyxoviridae) » 8- f8 5 F * & ¥l
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H A 39 (matrix protein)% p FR%FE % F-v (ribonucleoprotein)shdifn 424 5 A~B~C

FRRE A e R A s LY LA R sl dee A F i)
(Palese, 2004) » T s+ 5 ~E RNA °

AFIRE R+ AR ST - Bagdl > FRR- B E %*ug@*i - BFRAEAME R
A - BATEOHF B AR R R FBEA 00 X P BHITF R R R (Webby
and Webster, 2003) » % % 4% & ;2 B Fr 7 Jp) TR (7 m)ﬁ‘,i LAl 7 A F &
S eSS 1

TR B oRA R R ¢ 454 IR F F (hemagglutinin, HA) ~ 40 X5 v pk pE
(neuraminidase, NA)£? v M2 = f& > » Z @75 TR Bk 03 > o iR TR b :}]?;-% &
B o 3R s F (hemagglutinin) 2 4 5 iefs fis (neuraminidase) sy (2 £ B ¥ U L 4 = icfd
LAl > R dron 3 E % (hemagglutinin)— £ 3 -+ 7 fA(H1 | HIS) » # 5 iepsps
(neuraminidase) | § 1 (N1 ¥] N9) » & A # P Rep 4 @ 2 3 45 #1748 HA(HI, H2, H3,
HS, H9)f-= #& NANNIN2)>» # @ HS5{-H9 5 B8 B % - ¢ F 72 _EL%\ #1980 & i iF
G TRRE B RF A LB R R RIROE Lo R oS BRF D AN/FA/A
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A P ER G L HERER ST AR R Fk R R AT P O
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w IR E F v Xray B 5 d Wiley & A g 0 % (Weis et al., 1990, Wilson et
al., 1981) - HA €. - B £ % 135A ehFl44k = B4 > & 35A o 70A 2 P/ 5 sk o0
Fiteovd Z BAPWAR XF OHE T e B E AP L g R Y P (central a-helical
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Bld o(@d = BEM e HATRAR B¢ Z BHEWA S 5 ~ %~ = BEd
ot (a) v B A HA B3R Rl o(b): HAH ¢ — B ¥ 4 HAO> # ¢ X & ¢ 2 HAL>
53{’%5 % HA2 -HAl enN 322 Cxid 4 chm 2 3 * EF g7 > HA2 e N 3522 C =8
d % d chm < 34 & RIBEATRT o
HA ¥ %8 & d » % = 5 B polypeptides(HAl o HA2)eh & /& M 5 & % 5% kv

(fusion-inactive precursor)(HAO) “TH = ehe HAL - HA2 i25 polypeptide 2 Fe’?%ﬁ d 3 B H
) PR &7 i A HAO A p FaRiiBfp )L g 50 E SR k0 A R
3 22,4 HAL 1 C MvHAz SN = > B 20A o 5 — 3 H 4 LjL ”T{i i HA2 C =3
S HEd 27 B & RS T WO peptide A L bp 4 R 0 B RS G xray B
A KRBT Ik o HA sk enEg 224 HAL 0% 116 5] 261 sz‘i&ﬁé@ N E TR B-
saenzd 4 (jelly-roll) Hofk » 4o Bl(Weis et al., 1988) -
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T Mg @ d b phown A S e (vesicles) o B L E (endocytlc Veswles) B+ & (Proton
pumps) § 5% B+ s fE fog e p\ pH (& e* 11 > fadrehpH B(pH E A& 540 6 2 &) ¢ 514
HA » 5 et &7 i w:ég T ¢ 1858 HA ehgk & 7 5o (White et al., 1987) -

¥ HA et M pH - B ¢ A2 ~ FRICH > B 7 LRI ELR I
VUL E L R o W] e Aot < RS 3 AR 0 i A BAR Y F R EAE 0 F
& vt £ AR & & HpF F (Shangguan et al., 1998 ) -

(b)

(c) (d)

helix A|j '

helix B

A

BlP (@i % pHEH,ET EMHAI(K G ) HA2( = ) M%Jd L7 ®B L X E
FEEE - BObFHLL Y pH ERETH HA = FHElE  nid %ﬁm?vi*,aﬁﬂ;r
peptide - Bl(c) % Afet pH EFE ™ » 4 HA2 e0% 38 | 175 B2 A 2 Frnstid £ 7] HAIL
% 1 5|27 BAAMTe Sz B PR - B(d)? Glusmi(r B nizd %711);:1“1 pH &
BRET A3 —L*#F{é@ bR REPEE R PR % JRABSE helix B RS T Blak
3 o

A Bl(b)2r(c)? (FHA2 *Er o d R iF(helix A> % 38 5] 55 BA ) F 7 % #(helix B>

%567 75 BAA) %F BH(helix Do % 106 3] 129 B2 £L)2 2 74 & (helix E 3| H 2
B % 130 91175 B A) > it pH ERBT €7 * ERfec® > a3 ¢ % #(helixC >
¥ 76 3] 105 B 2% AK)R € 24F v R A 0 i (Isin et al., 2002) -
BAGFELFAFE L > g HA2 2% 1 5] 20 B =% g A 2 LNR RF
HA ¢ £ peptide i f & peptide #2 7 L&t 7 5 5 chglycines » @ & A5 f + &
7R e Al ¥ pH B2 T enAjk > = B Ek £ peptide N 3 FEFCTREA P E AT
W %) 30A o Apet: pH fgﬁw;%,ms VB EBFIHA A5 e ga g ko #
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AEFFEE ALY BT 2

v B R S e kR i q»\:}p g5l F v B8 B (peptide) » Ff k-2 in W
AR T B Bimved <45 Ho X 74 5 B MHC [ 2 MHC 11 & #F » gt 2%
ARFEET G AR Twedihde i Twre il iphl FAHEAE 5 - bl
4= MHCPEP (Brusic et al., 1998) ~ MHCBN (Bhasin et al., 2003) ~ EPIMHC (Reche et al.,
2005) ~ AntiJen (Toseland et al., 2005) ~ SFYPEITHI (Rammensee et al., 1999)2 2 IGMGT
(Giudicellietal., 1997)> B3giplen> 2 p 5§ S A FE Nk H¥ n e 245 A# 0
= ;% (Donnes etal., 2002) 3 % 2 &5 b‘_ o

(1) MHCPEP sgif i % = 7L

MHCPEP (Brusic et al., 1997)% - & MHC class I &2 MHC class II 3¢ & % &

FHE A2 1994 E o TH A TG ¢ F A NERBER R NERFE
HPuREas Bde™ 4

PD50 Value

>10 uM None

10 «M-99 nM yes, little
100 nM-1 nM yes, moderate
<InM yes, high

Foipe i d POPI % PR % (Tung and Ho, 2007)2~ {8 MHC class I ¥ MHC class II n
FoR P B ] L A28 ¢ 206 E RN A S 0w BATN R E WA S| Hicke T & 9T
Immunogenicity class of peptides

MHC class 1 MHC class 11
None 144 45
Little 83 60
Moderate 100 64
High 101 57

(2) m -2 2 B 5| ehdd i P~ (feature extraction)
(i) 5 o gt
o gkl ClustalW 3.14 (Thompson et al., 1997)# % B 7 » & B g a1
AAindex 4= 32 it & |+ 5 (Kawashima et al., 2007)4c 2 & it » i 2 Pearson’s

coefficient T3 H LA R A BAIM =z BHRICFHEF > ¥ 22 - FF it 22 4E
i o

(i) #& 2 r R

HitE - Bl S E - BRI B8 (column) mdic® ik R o £
Nm@%%ﬂﬂéﬁ@mm%@ﬂ%Iﬁﬁmm%i%&ﬁmaé’M%fﬁaﬁ
¥ e oL

AT mm{A }
max{A, }‘ mlln{Ai }‘
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(iii) ## R & & Choquet ## ~ (Changetal., 2010)

A - B2 A g (column) B F BT B F it R o H13
pricFHFmaELd 50 BeE (column) » AP T Nk T KB BOBRIA
1+corr(X™,Y)

2

v(iX") =
#e ocorr(X",Y) 5w 8 X"2Y -1 Pearson 4 B fadic 0 Y =Y, Y2 Y)Y L B

KR FAREY L s PR RAGIEE . E R | FL By R RA TG A

,\1:),@ BIAY =1 F2p2 =020l 5Bris B gPFz

TR R R B T AP EE - A F B ARA
oz fage 2 it B4 5 2 Choquet ## 4 & ©

C,(x)= z X(i)[V(A(i)) - V(A(i+l))]

He x,. <X <Xy o N=4 G ARCEZFBEECFERTESS R

o = (2) - "

HEORRIR A :{Xm’ B X(n)}—? Aniy =9 °

(iv) B3| #FHs & Tk
S - i }p BR R 7|ehg Apest B 0 i Choquet #f 4 s » T £t
YRR E BRI SRSV ZAIER TG B
BEEY - BEALE
(3) 22 (SVM)
Hate B F B (x,y),i=L2. N » B ¥ xeRLy e{l-1},i=12,.,N > X
R IERY FrEAIZEHeE » YR80 FRERAAZHEE N R
PEPEREFTHERER WA WS B R XA R LT AR
(Boser et al., 1992; Cortes et al., 1995; Vapnik et al., 1995; Chang et al., 2004; ) :
1 N
min —-ww+ C; &
subject to Y, (W ¢(§,)+b)2 1-¢&,
=0,
where b,ceR,w,¢(x)eR"

#:R" —>R"
P A SR TR X € R 0 T SRR By
d(x)=[Wo(x)+b—(1-¢&)]

+1, ifd(x)=0
-1, ifd(x)<0

Al LOOCV k3= A 8 cfck o



BE 2
AEFTES LAV E Y AL 2T RS

AP EEEFTRY R D HMRAE R A (percentage accuracy;ACC) ~ 5 12 274p B Tk dic
(Matthew’s correlation coefficient; MCC) ~ &, %8 4% 72 & (overall accuracy;OA). = L T

(averaged accuracies;AA) » I 22 POP] & H s 2 ;% 1F1t fie !

TR
ACC =Ty Fwi*loaaa

TP TN, — FP, = FN;
J (T « FNy) = (TP, * FF) = (TN, FE]) * [ TN, * FN})

Sk
Ahe qu

MHC class I e % 4™ & > Bp Vi 2 vy sci8enz2 B 0 @ 3 SO RIRE R A
g kARE o TATE BEAROFRCFE TR > L MEDOLT EY o A FR Y
BIREZRER T IE® o

LOOCY sg37a 3 MHC Class 1 g3 E ipibdn i ¥ :

MCC. =

ALIGN PSI-BLAST POPI FEHME SR E
E # Choquet $2 Choquet
M #a (P)

ame  ACC(%) MCC  ACC(%) MCC ACC(%) MCC ACC(%) MCC ACC(%) MCC

0 69.44 0.61 8214 0.59 83.33 0.63 8194 047 7569 05
1 39.76 0.32 45.59 0.40 50.60 0.44 3133 0.36 39.76 032
2 39.00 0.22 34.67 0.12 55.00 0.47 32 0.18 32 0.18
3 62.38 0.37 46.99 0.37 59.41 0.49 56.44 0.45 604 048
0A 54. 91 53. 23 64. 72 54.44 54.91
AA 52. 64 52. 35 62. 09 50.43 51.96

MHCclass Il shig % 4c™ % - B 7 5 BB RREF L NS TP HELE 475 B
AR ECERTLF o PRI Y .

LOOCV 5374 8 MHC Class I #y3f R P&k i :
AEHEHAE BEMAER SABRAER SEBAER
# Choquet Choquet # % Choquet # 4 Choquet # 4%
e (Lambda) P (LC0.1))
Immogenicity  ACC(%) MCC ACC(%)  MCC ACC(%)  MCC ACC(%) MCC
class
None 64.44 0.62 064.44  0.57 66.67 0.68 66,67 0.69
Little 48.33 0.35 38.33  0.23 p1.67 0.29 48.33 0.32
Moderate 56.25 0.31 54.69 0.32 51.56 0.32 51.56 0.32
Hight 64.91 0.51 G68.42 0.55 64.91  0.53 7T1.93 0.53
OA a7.96 55,75 a7. 96 58. 85
AA 58.49 56. 47 26. 47 59. 62

AkA P HIFHE A T Esa o« BRFEH L6 iRk o
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