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TOM TAT: Virus cim A hién dang 1a méi quan tam toan cqu do sy bién doi nhanh
chéng khdng ngirng vé cau tric di truyén. Dya trén cac co so dir liéu thyec nghiém virus cim
A, chling t6i @4 tién hanh phan tich cac viing bao ton chirc nang trén cac protein cia virus
nham hé tro cho qué trinh thiét ké vacxin da tri va du doan xu huréng bién doi cua céc ching
virus. Nghién ciru duwroc thuc hién trén 11 protein chizc nang la HA, NA, PA, NS1, N2, M1,
M2, NP, PB1, PB1_F2 va PB2. Tir cac nhém chirc nang, cac trinh ty protein diwoc phén nhom
theo céac subtype, vdt chi, quoc gia va nam phan ldp, sau do dwoc thuc hién sap giong cot
nhiéu trinh tir bang hai céng cu ClustalW va MAFFT. Céc trinh ti bdo ton dai 9 amino acid
dwoc chon d@é di doan epitope té bao T bang hé thong dir doan SEP (System for Epitope
Prediction). Ngoai ra, chiing téi ciing da thuc hién viéc dir doan chirc nang cac viing bao ton
nay dya trén théng tin chizc nang cua protein virus cim A tir co s¢ diz liéu Swissprot.

Tir khéa: epitope bdo ton, virus cim A, vicxin da tri, vacxin in silico, khai khoang di
ligu

1.GIOI THIEU

Virus cim A thugc ho Orthomyxoviridae co hinh tha rat da dang véi duong kinh 80 —
120nm va chieu dai cd the 1én den 2um. Bo gen virus cim A bao gom 8 manh RNA soi don,
mach am ma hoda cho cac protein véi chirc nang chinh duoc thé hién trén bdang 1 [1],[3].

Bang 1. Cac manh RNA va céc protein dugc mahda caavirus cim A

I\R/INa'r&h Tén protein Chirc nang
4 Hemagglutinin (HA) Gin thy thé, dung hgp mang té bao chii va virus khoi
dau qua trinh xam nhiém
6 Neuraminidase (NA) Tranh sy két tu virus va ho trg giai phong phan tu virus
méi
7 Maitrix protein (MP) Tuong tac véi bo gen va cac nhan té ngoai nhan, ho trg
M1 déng gai virus
M2 Kénh ion, kiém soét pH trong Golgi ciia qua trinh tong
hop HA vacai bo |6p vé virion
5 Nucleoprotein (NP) Téng hop virus
Phirc hgp phién ma
1 Basic polymerase protein 2 (PB2) Tiéu don vi gin mi chup, polymerase, quyét dinh doc
luc
2 Basic polymerase protein 1 (PB1) va | Tiéudon vi xUc téc cia RNA polymerase
PB1_F2
3 Acidic polymerase protein (PA) Tiéu don vi, RNA polymerase
8 Non-structural protein 1 (NS1) Kiém sodt RNA sau phién mé, trung hoa interferon
Non-structural protein 1 (NS2) H& tro sy di chuyén ra ngodi nhan cia RNA virus,
déng gdi virus
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Phan vé caa virus cim A c6 ban chit 1a lipid, trén bé mit c6 céc glycoprotein HA va NA.
Day khong chi & c&c nhan t6 quan trong khaoi dau se xam nhiém va giai phéng nhirng phan tir
virus méi ma con la nhirng khéng nguyén chinh cho céc ddp tng mién dich caa vat chu. Dya
trén sy da dang khang nguyén caa HA vaNA, virus cim A duoc phan ra thanh nhiéu subtype.
Trong sb d6 chi co céac subtype HIN1, H2N3, H3N2, H5N1, H7N7 va HON2 d& duoc phan lap
trén nguoi.

Tur khi xuat hién d&én nay, bénh cim do virus cim A da gay nén nhiéu tran dich bénh [4,6].
Nhitng tran dich cim A 16n trong thé ky qua déu do sy bién ddi thanh phan bo gen ban dau
(quatrinh ‘antigenic drift’) hoic do s téi sip xép bd gen cua cac subtype (qué trinh antigenic
shift). Nam 1918, su bién d6i bo gen caa virus ciim A subtype HIN1 tao kha nang l&y nhiém
trén nguoi gdy nén dich cim Tay Ban Nha véi it nhat 50 triéu nguoi thiét mang. Subtype
H1IN1 con gy nén céc tran dich khac vao nim 1950, nam 1977 va cho dén nay van con luu
hanh trong quan thé nguoi. Nam 1957, HIN1 & nguoi ta sip xép 3 manh gen véi H2N2 &
chim (PB1, HA va NA) tao thanh subtype H2N2 & ngudi gy nén tran dai dich cim Chéu A.
Nam 1968, xay ra sy ta sip xép gitra gen mahdéa PB1 vaHA tir mét virus cim H3 & chim va
c&c manh con lai caa H2N2 & ngudi tao thanh subtype H3N2 va gay nén dai dich cim Hang
K6ng nam 1997. Dich cim H5N1 bt dau ¢ Hong Koéng nam 1997, bung phét tro lai ¢ Nga
vao nam 2003, lan sang Péng Nam A nam 2004, sau do trai rong sang Nga, Chau Au, Chau
Phi, luc dia An Do va Trung bong trong sudt cudi nam 2005 dén nay. Do d6, dé bao vé con
nguoi khoi c&c tran dai dich cim tiép theo, phét trién vécxin phong bénh virus clim A dang rét
dugc quan tam nghién ciu trén thé gioi. Hién nay, cac nghién ctu tap trung chu yéu trén céc
vicxin bét hoat va vacxin nhuoc doc, nhung cac vicxin ndy chi co kha niang phong bénh dbi
véi céc virus trong cac tran dich bénh da xay ra va chi dic hiéu cho mot vai chang virus.
Ngoai ra, cac han ché khéc trong viéc nghién ctru vicxin hién nay |a tiéu ton nhiéu thoi gian,
kho nuéi cay in vitro mot sb ching virus doc luc cao, vacxin bat hoat ¢6 thé hoi tinh tao doc
lwe... Vi vay, y@u ciu mot quy trinh san xuét vacxin nhanh chéng, linh hoat, dac biét voi su
bién déi lién tuc cuavirus cim A, van dé phét trién vacxin pho rong laxu hugng tat yéu.

S6 lwgng trinh tu protein cua virus cim A ting bung nd trong c&c co so dit liéu sinh hoc
cong cong. Bén canh d6, Tin sinh hoc radoi tur cudi thé ki 20 vé6i hat nhan laso sanh cac trinh
tu sinh hoc d& cung cap nhiéu phuong phép va cong cu gitp khai thac ngudn dit liéu khong 16
ctia sinh hoc thuc nghiém. Sép giong cot nhiéu trinh ty dugc blet dén nhu mot trong nhirng
cong cu tién quyet trong phén tich gen va protein Cung nhu cung cap céc thdng tin can thiét dé
nghién ciru mdi quan hé chirc nang vatién héa cia cac trinh ty [2,7,8].

Tir céc co SO trén, trong nghién ciru ndy, c&c cdng cu Sip giong cot nhiéu trinh ty trong tin
sinh hoc dugc sir dung nham khai thac ngudn dir liu trinh tu cua virus cim A. Bang két qua
sip giong cot, chang t6i da xac dinh va phan tich dugc c&c ving bao ton chic niang cho cac
nhém protein cua virus cim A. Céc ving bao ton dai 9 amino acid da duoc sir dung dé du
dodn epitope t& bao T bao ton gép phan vao vigc phét trien vacxin phong bénh ctim A ¢6 pho
rong. Ngoai ra, day la co sy khoa hoc dinh huéng cho cac nghién cau tiép theo vé xu hudéng
tién hda cia virus cim A dé tir d6 c6 thé dy doan dugc sy bién doi cia virus cim A trong
teong lal.

2.VAT LIEU VA PHUONG PHAP
2.1Vt liéu
Dit liéu trinh tu protein virus cim A dugc thu nhan truc tiép tir co so dit liéu “Influenza

Virus Resource” cua l~\ICBI tir dia chi http://www.ncbi.nIm.nih.qov/qenomeﬁ(FLU/FLU.htmI.
Cac trinh ty protein mau va théng tin chirc ning cia cac protein virus cim A lan lueot dugc thu
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nhan tir c&c co so dir liéu RefSeq va SwissProt bang cong cu tim kiém caa NCBI. Quy trinh
nghién ciru dugc thuc hién trén nén Linux RedHat Enterprise 5.0 va duoc viét bang ngén ngir
lap trinh Perl. C&c protein duoc sip giong cot hai trinh ty bang cong cu Needle 5.0.0 tich hop
trong g6i chuong trinh EMBOSS va duoc sip giong cot da trinh ty s dung chuong trinh
Clustalw-mpi 0.13 va Mafft 6.240. Clustalw la chuong trinh dugc sir dung phd bién dya trén
thuat todn sip giéng cot iy tién cua Freg va Doolittle dwa ra nam 1987. Clustalw-mpi [a mot
phién ban cua Clustalw hé tro chay song song trén nhiéu méy tinh. Mafft [5] Ia chuong trinh
sap giong cot nhleu trinh ty tich hop nhiéu phuong phap nén kha linh dong va pht hop cho
nhiéu tap hop sip gioéng cot khac ‘nhau. Mafft c6 ba chién lugc sip gi ong cot chinh: @) phuong
phap |ty tién sir dung matran diém (FFT-NS-2), b) phuong phép cai tién cd 13p st dung ham
tinh diém Weigh Sum of Pair-WSP (FFT_NS-i), ¢) phuong phép cai tién co lap sir dung ham
tinh diém WSP va ham diém dya trén do nhat quan (L-INS-i). Phuong phép liiy tién trong
Mafft sir dung hai ky thuat quan trong nham giam thoi gian tinh todn caa b vi xir ly d6 la
thuat giai sip giong cot nhém-nhém FFT (Fast Fourier Transform) va phuong phép 6mer dé so
sanh céc cip trinh tu.

Céc vuing trinh ty bao ton dai 9 amino acid dugc dy doan epitope té bao T bang hé théng du
doan SEP (System for Epitope Prediction). SEP dwgc x8y dung boi Phong thi nghiém Tin-
Sinh hoc, Trudng Pai hoc Khoa hoc Ty nhién tich hop 3 mé hinh dyu doén epitope té bao T 1a
HMMs (Hidden Markov Maodels), SVMs (Support Vector Machines) va ANNs (Artificial
Neural Networks).

2.2.Phwong phap

Quy trinh thyc hién x&c dinh viing bao tén chirc ning va du dodn epitope té bdo T caa
protein virus cim A dugc tom tat chi tiét trong so d6 ¢ hinh 1.

Thu nhgn diz ligu trinh tw protein

Tat ca trinh ty protein virus cim A duoc thu nhan truc tiép tir co so dir lidu Influenza
Virus Resource, trong d6 loai bo céc trinh ty gidng nhau. Céc trinh ty protein mau dai dién cho
protein virus cim A dugc thu nhan tir co so dir liéu protein RefSeq. C&c trinh ty protein mau
ndy duoc ding dé loai bo céc trinh tu khong cd d6 tin cay cao trong co s dit liéu Influenza
Virus Resource. Céc théng tin vé chirc nang cua protein dugc thu nhan tir cac mau tin trinh ty
protein thudc co so dit liéu SwissProt.

Tinh loc va phan logi trinh te

Tat ca céc trinh tu protein thd dugc xur |y loai b cac trinh ty con cua céc trinh tu lon va
cac trinh tu chira ky te khdng thuéc bang ma 20 amino acid. Sau d6, céc trinh tu nay duoc
thuc hién sip giong cot 2 trinh tu bang chuong trinh Needle véi céc trinh tw mau dé phan vao
c&c nhdm protein chirc nang twong tng. Budc ndy nham dam bao loai bo céc trinh ty réc
(ngin), hay c&c trinh ty giai ma chua hoan chinh. Tir c&c nhdm protein chirc nang, dya vao
théng tin dac ta, cc trinh ty tiép tuc duoc phn vao cac nhdm subtype, vat cha, qudc gia va
nam phan lap.

Sip giéng cgt cac nhém trinh tw

Céc trinh ty protein sau khi dugc phan thanh cac nhdm muyc tiéu s8 dugc sip giong cot
nham x&c dinh céc vi tri bao ton dic trung cho tirng nhom. Clustalw 1a chuong trinh sip giong
cot dugc phét trién tir 1au, dong thoi co duoc d6 tin cay cao ciangudi sir dung. Théng sb cho
chuong trinh Clustalw-mpi [a mac dinh. Tuy nhién, chuong trinh Mafft véi c&c thuat toan cai
tién duoc chirng minh 1a.c6 do chinh xéc cao vathoi gian thuc hién nhanh hon so véi Clustalw
khi thuc hién sip giong cot trén sd luong trinh tu 16n. Théng sb khao sét trén Mafft 1a thong sb
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mac dinh st dung chién luoc sip giong cot FFT-NS-2, va théng sb tu dong thay di theo sb
lwong trinh tu.

X&c dinh viing bdo tén trén cac nhom trinh te

Céc vuing trinh tu bao tdn c6 chidu dai tdi thiéu mot amino acid caa sip giong cot duoc x&c
dinh dya vao ti 1& bao ton trén 25% (bao ton trén 25% tong sb trinh ty dwoc sip giong cot
trong tirng nhdm).

D doan chikc néng ciia viing bdo ton

Dix liéu chuc nang protein caa virus cm A duoc thu nhan tir NCBI véi gigi han ngudn co
so dir liéu gbe 1a Swissprot. Vi tri viing bao ton trén sip giong ¢t va vi tri viing chirc nang
trén trinh tu thudc sip giong cot duoc so sdnh véi nhau dé du doan chirc nang cho viing bao
ton (néu ). Vi tri ving bao ton va vi tri viing chirc niang dat dugc sy pht hop khi viing bao
tdn nam trong va gan nhat véi ving chirc nang.

D doan epitopeté bao T

Céc trinh ty bao ton dai 9 amino acid dugc thu nhan dé thuc hién du doén epitope té bao T
bang hé thong SEP.

Influenza ’
RefSeq Virus SwissProt

Resource

\ 4 v v
Thu nhan trinh ty protein Thu nhan trinh ty Thu nhan dix liéu chirc nang
Mmau virus cam A protein virus cim A protein virus cim A

A 4

Tinh loc vaphan loai
protein virus cim A

A 4

A4

Sép giong cot cac nhém
dir liéu protein virus
cumA

A 4 A 4

X&c dinh viing bao ton
< trén dix liéu protein
viruscum A

Xé&c dinh vung chirc nang
trén trinh ty protein

Dy doén epitope té bao
T

A 4

Du doan chirc nang cia
céc vung bao ton

Hinh 1. Quy trinh x&c dinh viing bao ton, dy dodn chirc nang va epitope té b&o T cia protein virus cim
A

Trang 41



Science & Technology Development, Vol 12, No.09 - 2009

3KET QUA VA THAO LUAN

3.1.Trinh ty protein viruscum A

Sau khi tinh lgc, chang téi thu nhan dugc 23.141 trinh ty c&c protein virus cim A. Trong
do, so luong ting loai protein chirc nang duoc the hi¢n trén hinh 2 véi 2 protein HA vaNA co
s0 lwong trinh tu 16n nhat do dwgc quan tam nghién ciru nhiéu. Két qua phan nhom trinh tu
protein virus cim A theo subtype, vat chia, quoc gia va nam phan 1ap duoc mé ta trén biéu do
hinh 3.
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Hinh 2. Biéu d6 s lugng trinh ty caa céc protein virus cim A

Hinh 3. Phan tram sb lugng trinh ty protein virus cim A phan loai theo subtype, vat chii, quéc gia vanim

S6 ligu phan nhém trinh ty theo subtype cho thiy s lugng trinh tu thuoc cac subtype
H3N2, H5N1, HIN1, HON2 va H3N8 chiém gin 75% téng s trinh ty. Pay ciing 1a cac
subtype dugc chirng minh & c6 doc luc cao, co kha niang gay nhiém trén nguoi va da gy ra
céc tran dai dich 16n. Vat chi ¢6 sd luong trinh ty nhidu nhat 1a chim (53%) tiép dén la nguoi
(36%) va lon (7%). Qudc gia phan 13p virus cim A nhiéu nhét 1a My (35%), Trung Quéc
(16%) va Hong Kéng (6%), day |a nhirng qudc giada tirng bung phat dai dich cum A (Trung
Quidc, Hong Kong) hodc la nhiing qudc gia di dau trong ké hoach phong chéng dich cim
(M¥). Théng ke so lwong trinh ty theo nam cho thiy virus cim A duoc phan lap chu yéu
nhitng nam gan day cung vai thoi diém bung phét cua dich cim H5N1, bat dau tir 3% nam
1997 tang dan qua c&c nam va cao diém lanam 2005 véi 12% téng sb trinh tu.

3.2.Céc viing bao tdn chirc ning trén cac nhom protein

S5 lugng viing bao ton ciia c&c protein virus cim A duoc thé hién trén bang 2. Sip giong
cot bang chwong trinh Mafft véi théng sd tu dong (Mafft_auto) va théng sé mic dinh
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(Mafft_default) cho cling sd lugng ving bao tdn ddi vai tat ca cac protein. So sanh gitta hai
chuong trinh Mafft va Clustalw-mpi, sb lwong ving bao ton chi ¢6 sy khéc biét khdng déng ké
trén cac protein HA, NA, PB2, PB1 vaNP. Nhu viy, véi thoi gian thuc hién sip gidng cot caa
Clustaw_mpi 1448 gio trén 3 méy tinh, Mafft_auto 1a 20 gio va Mafft_default 1412 gio trén
mot méy don, ching téi dé nghi sir dung chuong trinh Mafft_default véi thoi gian thuc hién
nhanh nhat.

Bang 2. SH lwong ving bao ton trén c&c protein virus cim A

HA NA PB2 NS1 PA PB1 NP M2 NS2 M1 PB1F2

Clustalw_mpi 2008 2722 29122 2761 32986 44277 10730 1110 2150 7903 725
Mafft_auto 2001 2695 29101 2761 32986 43919 10572 1110 2150 7903 725
Mafft_default 2001 2695 29101 2761 32986 43919 10572 1110 2150 7903 725

S6 lwong viing bao ton & céc ti 1é bao tdn khac nhau cia céc protein virus cim A trén hinh
4 cho thay d6 bao ton giam dan theo thir ty PB1, M1, PA, M2, PB2, NP, NS1, NS2, PB1 F2,
HA vaNA. Nhu vay, HA vaNA lahai protein c6 d6 bién dong cao nhit caa virus cim A véi
da sb cac ving bao ton ¢ ti 1& bao ton 30-50%. C&c protein nén va protein trong phirc hop
phién ma co do bao tdn cao nhit. Tham khao chuc nang cia c&c protein trén co so di liéu
SwissProt, viing bao ton chirc niang dic trung trén cac protein virus cim A duoc thé hién trén
bdng 3. Protein HA c6 céc viing bao ton chirc nang quan trong 1a ‘ cleavage’, ‘lipid-binding’,
‘signal’ va ‘transmembrane region’. Tuong tu, protein NA cd c&c vung ‘sididase’, ‘active,
‘transmembrane region’ va ‘binding’. Bac biét, chirc ning sialidase bao ton trong NA & 2 vi tri
khéc nhau trén két qua sip giéng cot (vi tri 447 va vi tri 474, cach nhau khoang 26 amino
acid). Diéu ndy cho thay co thé chirc nang nay caa NA dugc tién hdatheo 2 hudng khéac nhau.

Bang 3. Ving bao tén chirc nang dic trung trén cac protein virus cim A

Tén Tenvang  omeudal o Sotinhty o ra e chge chiduda (b, 0 Wt
rotein chirc niang (tol thieu— (ol thieu — ning thiéu — t6i da) (toi thieu —toi
P toi da) toi da) da)
Signal 1-2 13012868  ransmembrane 1-6 1299-2890
HA region
Cleavage 1-2 4159-4333 lipid-binding 11 3428-3649
Sialidase 15 sgeuibply  DUDETEOEEDS 1.7 1229-3337
NA region
Active 11 3979-2049 binding 11 4027-4030
M2 Flu M2 4-26 329-944 Tra”f':g?g]bra”e 1-20 335-1097
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Hinh 4. Sé lwong viing bao tdn cia cac protein cim A & céc ti 1é bao tdn khéc nhau
3.3.Céc epitopeté bao T bao tén
Béng 4. Céc epitope té bao T bao tén dugc dy dodn tét nhat caa HA
Trinh ty S6 lwong trinh HMM- i i HMM-
STT peptide tu chira peptide SVM HMM-ANN — SVM-ANN SVM-ANN
1 GRIQDLEKY 1322 hla b 2705 hla b 2705 hlab 2705 hla b 2705
2 KIDLWSYNA 1324 hla a 0201, hlaa 0201 hlaa 0201, hia a 0201
hla_a 0202, hla_a 0203
hla_a 0206
3 GLFGAIAGF 3187 hla a 0201 hlaa 0201, hiaa 0201, hia a 0201
hla b 1501 hla_a 0202,
= hla_a 0203
Bang 5. C4c epitope té bao T bao tén dugc du dodn tét nhat caa NA
N S6 lwong
srr|  TAnhtehtechia | HMM-SVM | HMM-ANN | SVM-ANN HMM-
peptide - SVM-ANN
peptide
1 | WSWPDGAEL 1248 hla_b_3501 hla_b_3501 hla_a 0206, | hla b 3501
hla_b_3501,
hla b_5101
2 | DVFVIREPF 1356 hla_b_3501 hla_b_3501 hla_a 6801, | hla b_3501
hla_a 6802,
hla_b_3501
3 | YICSGVFGD 1420 hla_a 0201 hla_a 0201 hla_a 0201, | hla a 0201
hla_a 0202,
hla_a 6801
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HLECRTFFL 1461 hla_a 0201, hla_a 0201, hla_ a 0201, | hla a 0201,
hla_a 0202 hla_a 0202 hla_a 0202, hla_a 0202
hla_a 0206,
hla_a 6801
5 APFSKDNS 1857 hla_b_0702, hla_b_5401, hla b 5401 | hla b 5401
hla_b_5401
6 NPNQKIITI 2868 hla b 5301 hla_b_5101, hla b 5301 | hla_b 5301
hla_b_5301,
hla_b_5401

Céc peptide bao ton dai 9 amino acid cua 11 protein chirc ning duoc thuc hién du doan
kha ning gan vai 20 alen cia HLA [6p | bang céc phuong phgp HMM, ANN va SVM. Céc
epitope té bd T bao tdn duoc du dodn tét nhat boi 2 phuong phép va 3 phuong phép trén ciing
aen cia HA vaNA duoc trinh bay trén bdng 4 va bdng 5. Trong d6, 2 peptide GLFGAIAGF
vaNPNQKIITI bao tdn cao trong céc trinh ty HA vaNA.

AKET LUAN

Ching toi ¢4 x&c dinh thanh cdng c&c viing bao ton chirc nang cho céc protein cia virus
clm A. Cac vung bao ton nay la co s cho cac nghién cau ve sy bien doi vatién hoa cua virus
clm A. Bén canh d9, tir c&c vlng bao ton dai 9 amino acid, cac epitope te bao T bao ton dugc
du doan tot nhat da dugc dé xuat nham phuc vu cho muc tiéu thiét ké vacxin cim A c6 pho
rong.

INDENTIFYING FUNCTIONALLY CONSERVED REGIONSAND
PREDICTING T-CELL EPITOPESON PROTEINSOF INFLUENZA A VIRUS

Van Hai Van, Le Thi Thanh Thuy, Cao Thi Ngoc Phuong, Vu Thi Bich
Tran Linh Thuoc
University of Science, VNU-HCM

ABSTRACT: Influenza A viruses are of worldwide concerns because of their rapidly
and endlessly genetic changes. Based on the experimental influenza A virus databases, we
analyzed conserved regions on the protein sequences of influenza A virus to facilitate the
design of universal vaccine and the prediction of changing tendency of influenza A viral
strains. Our study was carried out on eleven viral functional proteins. HA, NA, PA, NS1, N2,
M1, M2, NP, PB1, PB1 F2 and PB2. From these groups, the clusters were formed on
subtypes, hosts, countries and years of collection, followed by multiple sequence alignments by
two tools Clustal W and MAFFT. Conserved sequences of 9 amino acid residues were selected
and used for T-cell epitope prediction by SEP (System for Epitope Prediction). In addition, we
also predicted the function of these conserved regions using information on function of
influenza A viral proteinsfrom the Swissprot database.

Key words. conserved epitope, influenza A virus, universal vaccine, vaccine in silico,
data mining.
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