(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

aor - cmesmoumror o0 NN
CUC SO HUU TRi TUE
1-0042552
A61K 39/12; A61K 9/00; CI2N 7/00;  (13) B
(51)201901 AG1P 31/14; COTK 14/005; A61K 39/00;
A61K 9/19
(21) 1-2020-00959 (22) 19/09/2018
(86) PCT/EP2018/075392 19/09/2018 (87) W02019/057793 28/03/2019
(30) 17192374.1 21/09/2017 EP
(45) 27/01/2025 442 (43) 25/09/2020 390

(73) VALNEVA SE (FR)
6 Rue Alain Bombard, Saint-Herblain 44800 Nantes, France

(72) FRITZER, Andrea (AT); MEINKE, Andreas (AT); LUNDBERG, Urban (AT);
NEBENFUEHR, Mario (AT); HEINDL-WRUSS, Juergen (AT); SCHLEGL, Robert
(AT); LEON, Arnaud (FR).

(74) Cong ty Luat TNHH WINCO (WINCO LAW FIRM)

(54) DUGC PHAM CHUA CAC HAT CHIKV-A5SNSP3 VA QUY TRINH SAN XUAT
DUGC PHAM NAY



(21) 1-2020-00959
(57) Sang ché d& cap dén duoc phdm chira cac hat CHIKV-ASNSP3 va quy trinh san
xuét virut Chikungunya sdng da giam doc luc gy mién dich, cling nhu 13 dugc pham

¢6 chtra chung.


chothuelaptop.info
Textbox
(21) 1-2020-00959

chothuelaptop.info
Textbox

chothuelaptop.info
Textbox

chothuelaptop.info
Textbox
(57)

chothuelaptop.info
Textbox

chothuelaptop.info
Textbox

chothuelaptop.info
Textbox

chothuelaptop.info
Textbox

chothuelaptop.info
Textbox


42552 1/102

Linh vue k§ thuit dwoce dé cip

Séang ché dé cap dén quy trinh san xuét virut Chikungunya séng da giam doc

lwc gy mién dich, cling nhu 1 duoc pham c6 chira ching.
Tinh trang ky thuit cia szilng ché

Virut Chikungunya (CHIKV) 1a virut ARN soi don, ¢6 nghia duong tinh tir chi
Alphavirut, ho Togaviridae. Bénh virut Chikungunya chu yéu 1a bénh bung phat va di
kém véi ti 18 tAn cong cao. Virut duge truyén cho ngudi thong qua vat truyén mudi va
g4y ra sdt, phat ban, mét méi va dau da khop nghiém trong. Su lay nhiém CHIKV thudng
ty tiéu tan va thuong khong gy tir vong, ngoai trir trong céc truong hop hiém gip bao
gbm su lay nhiém CNS, ma & do ti 1€ t vong nim trong khoang tir 10 dén 30 phén trim.
DPic biét ¢6 nguy co bi bénh CHIKV CNS la tré so sinh dudi mot nam tudi va nguoi
truong thanh trén 65 nam tudi, v6i ti 16 14y nhiém 1an lugt cao gép 25 14n va 6 14n so véi
quan thé chung. Ti 1& khuyét tat 1au dai & tré em sau khi viém ndo CHIKV dugc udc tinh
nim trong khoang tir 30 dén 45 phan trim (Gerardin P, ef al. Chikungunya virus—
associated encephalitis A cohort study on La Réunion Island, 2005-2009 (2016)
Neurology 86:1-9). Ngoai ra, khoang 30 phan trim trong s tit ca cac bénh nhan
Chikungunya chiu dung dau khdp trong khoang thoi gian tir vai thang dén vai nim sau
khi hdi phuc. Trong mot s6 trudng hop, co thé x4y ra cac bién chimg & than kinh, than,
tim, ho hap hoic gan.

Hién nay khong c6 véc xin hodc thubc sin co dé phong hodc diéu tri bénh virut
Chikungunya. Su bung phét trong qua khir dd xay ra chi yéu & Chéu Phi, nhung kiéu gen
Dong-Trung Nam Phi (ECSA) gan ddy d4 mo rong pham vi dia ly, dan dén sy bung phat
& An Do, Chau A, va & ca Chau Au vung 6n dgi (Weaver, S., Arrival of Chikungunya
Virus in the New World: Prospects for Spread and Impact on Public Health (2014) PLOS
Neglected Tropical Diseases 8(6):¢2921). Mac di CHIKV da.nhi€u lan x4m nhép vao
Chau My tr ndm 1995, su truyén ban dia khong dugc béo cdo cho dén ndm 2013 ¢ ving
Caribe. Vao nam 2015, dich bénh da lan rong dén luc dia va gay ra hon mot triéu truong
hop nghi ngd & 27 qubc gia Chau My (Pan-American Health Organization (2015)
Number of Cumulative Cases of Chikungunya Fever in the Americas). Cac dich bénh
khac c6 thé phan nao dugc ho trg do béi sy lan rong vat truyeén muodi CHIKV vao vung
khong c6 dich bénh, ciing nhu 12 kha ning CHIKV thich Gng v6i céc loai muoi dia
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phuong (Vega-Rua A, et al., Chikungunya Virus Transmission Potential by Local Aedes
Mosquitoes in the Americas and Europe (2015) PLOS Neglected Tropical Diseases
DOI:10.1371/journal.pntd.0003780). Toc do lay nhiém cao cua virut Chikungunya, sy
lan rong dia 1y clia no, va tiém nang doi voi cac bién chimg lau dai nhan manh nhu cau vé
viéc phat trién bién phap ngén ngira, chang han nhu véc xin.

Vic xin khang virut Chikungunya c6 thé c6 chira cac hat CHIKV soéng dé giam
doc luc; tc 13, cde hat CHIKV séng da dugc bién dbi dé lam gidm doc lyc, nhung van
con duy tri kha ndng gy mién dich. Mot vi du vé CHIKV da giam doc luc chtra dot bién
lam khuyét & protein phi-cdu trac 3 (CHIKV-A5nsP3; xem Fig.2). CHIKV-A5nsP3 da
dugc ching minh 12 mang lai su mién dich bao vé & chudt (Hallengérd D, et al. Novel
attenuated Chikungunya vaccine candidates elicit protective immunity in C57Bl/6 mice
(2014) J. Virol. 88:2858-2866) va dong vt linh truong khong phai nguoi (Roques P, et
al. Attenuated and vectored vaccines protect non-human primates against Chikungunya
virus (2017) J. Clin. Invest. Insight 2(6):¢83527). Céc nghién citu in vivo so bo ¢ chudt
va dong vét linh trudng khong phai ngudi da duoc thue hién véi virut CHIKV-ASnsP3
duoc tao ra trén té bao BHK-21—loai té bao thuong khong dugc wa thich dé tao ra vic
xin & ngudi. Do do, diéu cin thiét 13, nhu duge bdc 16 trong ban mo ta nay, diéu chinh su
tao ra virut CHIKV-AS5nsP3 thich Gmg voi nén tang nuodi cdy té bao phu hop hon. Su thich
{rng nay khong phai 1a quy trinh binh thudng; vi du, diéu da duoc ching minh trong linh
vuc 1a su thich ing cia céc virut voi té bao chu cu thé ¢o thé dan dén su dot bién 1am
thay dbi dién tich bé mit clia c4c hat virut. Cac dot bién thu duge nay c6 thé dap tmg dé
lam giam dc luc virut; trén thuc té, su céy chuyén lién tiép da duogc st dung dé phat
trién cac hat virut d3 giam doc luc dugc st dung trong nhiéu vic xin khang virut. Vé
CHIKV, di chang minh duoc rang sy truyén in vitro 1dp lai nhidu 1an cta virut
Chikungunya ki\éu dai gy doc co thé din dén cac dot bién diém nhét dinh, thu duoc su
giam doc luc mot phén hoic hoan toan cua virut (Gardner CL, et al., Deliberate
Attenuation of Chikungunya Virus by Adaptation to Heparan Sulfate-Dependent
Infectivity: A Model for Rational Arboviral Vaccine Design (2014) PLOS Neglected
Tropical Diseases 8(2): €2719).

Hién nay da bat ngd phét hién ra rang cac dot bién diém nhét dinh dan dén su mat
kha nang gdy mién dich ¢ thé x4y ra sém trong qud trinh thich tng chit nén té bao cua
CHIKV-A5nsP3 da giam doc luc, khién cho sy kiém soét hogc sy lam giam ctia céc dot

bién diém nay tré thanh sy quan tdm thiét yéu dé tao ra Gmg vién véc xin thanh cong. Do
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do, sang ché dé xuét quy trinh c6 cac tham sb da duoc xac dinh ro dé nhan gibng tmg
vién vic xin CHIKV-A5nsP3, cho phép tao ra cac hat virut giy mién dich mtrc dd cao,
trong khi ddng thoi dat dugc hiéu gid san xuét cao trong mdi trudng nudi ciy té bao phu

hop @é ting dung trong cong nghiép.
Ban chit ky thuit cia sing ché

Séang ché dé cap dén dugc phdm c6 chtra lugng du cua virut Chikungunya gy
mién dich dé gay ra dép tng mién dich trung hoa & d6i tuong; tirc 13, dap mg mién dich
bao vé chdng lai su lay nhiém virut Chikungunya va/hodc bénh do virut Chikungunya
gay ra. Cu thé 13, sang ché d& xuit dugc phdm c6 chira cac hat CHIKV-A5nsP3 song da
giam doc luc trong do6 ti 1€ phan tram cua cic hat virut ndy c6 dot bién 1am giam-kha
nang gdy mién dich, cu thé 1a dot bién 1am giam-kha ning gdy mién dich & protein E2,
duoc lam giam thiéu. Sang ché con d& xuit quy trinh san xuit dugc phdm c6 chira
CHIKV-A5nsP3 séng da giam doc luc, trong d6 quy trinh ndy lam giam thidu sy xut
hién dot bién lam giam-kha ning gy mién dich trong h¢ gen virut, cu thé 1a dot bién ¢
E168 cua protein E2 & virut va/hodc gbc E2 khac va/hodc céc gbc & cac protein CHIKV
cAu tric hodc phi-cdu triic khic. Séng ché @ xuit thém dugc phdm cé chira virut
Chikungunya séng da giam doc luc gdy mién dich c6 thé thu dugc bang quy trinh theo

sang che.

Céc nd luc dé phat trién vac xin khang virut Chikungunya hién nay dang dugc tién
hanh. Mot trong sb cac g vién véc xin tién tién nhét cung cip cdu triic kham trong nén
virut séi (xem http://www.themisbio.com/#/news). Vic xin, hién nay trong céc thir
nghiem  Pha 2, dwoc  phan  phdi &  hai  lidu  luong
(https://clinicaltrials.gov/ct2/show/NCT02861586?term=themis&recrs=a&rank=2). Vic

xin mot-liéu thé hién vu diém rd rét trong linh vuc.

Theo d6, theo mdt phuong an, muc dich cua sang ché 1a dé xuét dugc pham 6n
dinh, da xac dinh rd, an toan va hitu hiéu chéng han nhu, vi du vac xin, khang virut
Chikungunya, tdt hon 14 véc xin duoc cai thién mang lai su béo vé chi véi mot lidu ching
ngira; tirc 13, véc xin dugc goi 1a “mot-litu” & quy mod cong nghiép bang cach sir dung céc
chit nén té bao thong thuong, dé xuat quy trinh sin xut vic xin 6n dinh, da xac dinh 3,
an toan va hitu hiéu nay va cac phuong phép va viéc str dung véc xin 6n dinh, d3 x4c dinh

rd an toan va hitu hiéu nay.
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M6 ta vin tit cac hinh vé
Céc hinh v& kém theo khong duoc du dinh 1a duge ve theo ti 1. Cac hinh v€& chi dé
minh hoa va khéng cn thiét phai c6 trong phan boc 19. Pé cho rd rang, khdng phai moi

thanh ph?m 6 thé dugc danh dAu trén moi hinh v&. Trén céc hinh v& nay:

Fig.1 Ban d6 cua plasmit pMX dugc sir dung dé 14p ghép diy di hé gen CHIK V-
A5nsP3 tir cac manh dugc téng hop. D& lip ghép diy du trinh tw CHIKV-A5nsP3,
plasmit pMX c¢6 bang khang Ampixilin (pMA) duoc st dung. Day vat truyén pMX duoc
dua trén vit truyén tach dong gidng nhu pUC, nhung loai bo ving khoi dong khong can

thiét (an toan sinh hoc muc dd 1).

Fig.2 Minh hoa bing so dd vé cau tric hé gen CHIKV-A5nsP3. Hé gen virut
Chikungunya m& hoéa hai polyprotein: protein phi-cdu trac 1-4 (nsP1-4) va protein chu
trac (C, E3, E2, 6K, El). So sanh véi trinh tu hé gen kiéu dai, trinh tw CHIKV-A5nsP3
chira su 1am khuyét 183-bp & phan 3’ cua trinh ty ma hoa nsP3 (tir axit amin 1656 dén
1717 & polyprotein nsP1-4), dan dén sy 1am khuyét 60 axit amin & protein nsP3 replicaza
(duge chi ra bdi A60aa). SP, vung khai dong hé gen phu; UTR, vung khong dich ma.
(Hinh v& nay dugc phong theo Hallengérd D, et al., 2014, ¢ trén.)

Fig.3 Chién lugc tach dong dé 14p ghép hé gen CHIKV-ASnsP3 & pMA. (A) So do
thiét ké cua cac manh polynucleotit duoc tbng hop gdm hé gen CHIKV-A5nsP3 day du.
(B) Chién luge tach dong dé lap ghép hé gen CHIKV-A5nsP3 trong plasmit pMA. 1.
Tach dong manh CHIKV-A5nsP3 2 vao pMA chtra manh 1 (ménh pMA 1) théng qua
EcoRI va Pacl. 2. Lap ghép manh 4 va manh 3 théng qua Clal va Pacl. 3. Diéu ché manh
5 duoc phan cit bang Xhol va Pacl trong pMA dé 1ap ghép ddy da cudi cing. 4. Lip
ghép ddy du hé gen CHIKV-A5nsP3 trong pMA bang cach dung hgp cdc méanh 3 va 4
duoc phan cit béi Agel/Xhol va manh 5 duge phan cat bdi Xhol/Pacl v6i cac manh pMA
1 va 2 duoc tao mach thing boi Agel/Pacl. Lap ghép hé gen CHIKV-A5nsP3 chinh xac

dugc xdc minh thong qua sy giai trinh tu Sanger.

Fig.4 Hiéu suat, kich thuéc méang va kha ning gay mién dich cia CHIKV-A5nsP3

sau khi cdy chuyén & céc té bao Vero. Virut dugce cdy chuyén & ba ban sao song song (A,

B va C) bét dau tir PO thong thudng (ctru sinh) nhu dugc néu chi tiét trong Bang 2. (A)

Hiéu gia virut 24 gio sau khi lay nhidm t& bao Vero tr 1an cdy chuyén 0 dén lan chy

chuyén 16. Hiéu gi4 trung binh cta ba ban sao (A, B va C) dugc thé hién. (B) Hiéu gia
4
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tuwong di cua PO, P5 va P15 CHIKV-A5nsP3 nhu duge danh gia bang thir nghiém mang.
Céc té bao Vero duqé chy & mat do bang 4 x10° té bao trén mdi giéng trong dia 6-giéng
trong MEM ¢0 bd sung FBS 5%, L-Glutamin 2 mM va Khang sinh-Khang nim 1%
(Anti-Anti) va dugc 1”1' qua dém & nhiét do 35°C va CO2 5%. Vao ngay tiép theo, loai bod
dich ndi bé mit mdi trudng nudi chy khoi cac té bao Vero va dich pha loang lién tiép clia
CHIKV-A5nsP3 duoc bd sung 1én cac té bao. Sau khi U trong thoi gian 1 gio & nhiét do
35°C/ CO2 5%, bd sung 16p phi metylxenluloza cd ndng d6 cudi cling bang 2% va 1 cac
té bao thém 3 ngay & nhiét do 35°C/CO2 5%. Cubi cung, cdc mang dugc dém sau khi
nhudm tim tinh thé (tim tinh thé 0,5% trong formaldehyt 5%) dé danh gia hiéu gia virut
(pfu/ml) va hinh thai mang. (C) Khéa nang gy mién dich cia PO, P5B, P8B va P15C
CHIKV-A5nsP3 nhu dugc danh gia biang cach trung hoa CHIKV-A5nsP3 (P0) trong
PRNT trén céc té bao Vero. Céc té bao Vero dugc cdy trong dia 12-giéng & mat do bang
3x10° va duge U qua dém & nhiét 46 35°C/ CO2 5%. Nhom gbdm niam con chudt C57Bl/6
dugc gdy mién dich mot 1in dudi da véi lidu lugng bang 10° TCIDso cla sy cay chuyén
CHIKV-A5nsP3 tuong ung. CHIKV-A5nsP3 & PO (ctru sinh virut), ciing bang 10°
TCIDso, duge st dung lam dbi chimg duong. Tép hop huyét thanh ngay 21 tai dich pha
long lién tiép 4-14n n3m trong khoang tir 1:20 dén 1:327.680 dugc tron v6i 560 pfu/ml
CHIKV-A5nsP3 (& P0) va dugc u trong thoi gian mot gio. CHIKV-ASnsP3 /hdn hop
trung hoa sau d6 dugc bd sung vao té bao Vero va céc dia dugc  trong thoi gian 2 gi¢ ¢
nhiét do 35°C/ COa 5%. Sau buéc nay la 16p phu metylxenluloza 2% va céc dia dugc i
trong thoi gian ~60 gio & nhiét do 35°C/ CO2 5%. Sau khi loai b6 16p phu, nhuom té bao
bang tim tinh thé/formaldehyt 5% va dém cac mang.

Fig.5 Anh huéng ctia MOI dugc kiém soat (0,01) trong qué trinh cdy chuyén
CHIKV-A5nsP3 1én kha ning giy mién dich. (A) Minh hoa bang so d6 vé viéc cay
chuyén CHIK V-A5nsP3 1én céc t€ bao Vero trong cic dicu kién khong dugc kiém soat va
duge kidm soat. CHIKV-A5nsP3 PO dugc cay chuyén 1én cic t€ bao Vero dén P3B trong
cac diéu kién khong duoc kiém soéat véi MOI thay doi (nhu dugc phéc hoa trong Bang 2;
Ban sao B). Bang céach st dung P3B 1am nguyén liéu bat dau, quy trinh 18y nhiém dugc
kiém soat dugc tién hanh cung vdi tat ca cac ldy nhiem sau do tai MOI da xac dinh bang
0,01 dé tao ra mot ciy chuyén P4, hai cay chuyén P5 va mt cay chuyén P6 d€ phan tich
kha ning gdy mién dich & chudt. (B) Kha nang giy mien dich cia PO (©), P2B (L), P5#1
(®), P5#2 (¢), P6 (m) va P15 (A) CHIKV-A5nsP3 nhu dugc danh gid bang cach trung hoa
CHIKV-A5nsP3 (P2) trong PRNT trén t€ bao Vero. Nhém gom mudi con chudt C57Bl/6
duge gy mién dich dudi da voi liéu luong don 1€ cua ché pham CHIKV-A5nsP3 tuong
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tng & lidu lugng duge du dinh bang 10° TCIDso va vao ngay 21 sau khi gay mién dich,
huyét thanh da dugc tap hop duge danh gia vé kha nang trung hoa CHIKV-A5nsP3 (560
pfu/ml) tai dich pha loang lién tiép 4-14n nim trong khoang tir 1:20 dén 1:327.680 nhur
dugc md ta ddi voi Fig.4.

Fig.6 Kha ning giy mién dich va tinh khong ddng nhét v& hé gen dugc quan st
thdy cta céc thé phan 14p mang don 1é cia CHIKV-A5nsP3 tir P5B va P8B. Hai mé thu
ctru sinh virut CHIKV-A5nsP3 (4399grl PO (#1) va 4415grl PO (#2)) va me thu P15
CHIKV-A5nsP3 (P15C-DS) lan lugt c6 vai tro lam di ching gay min dich va doi
chirng khéng gdy mién dich. (A) Kha nang gy mién dich cua cac thé phan 14p mang don
1¢ CHIKV-A5nsP3 P5B-11, P5SB-03 va P8B-05 nhu dwogc danh gid bang cach trung hoa
CHIKV-A5nsP3 (P2) trong PRNT trén t& bao Vero. Nhém gdm mudi con chudt C57Bl/6
duoc gdy mién dich duéi da véi lidu lugng don 1¢ cua thé phan 1ap CHIKV-ASnsP3
tuong ung & cac lidu lwong TCIDsy dugc chi ra va vao ngay 19 sau khi gay mién dich,
huyét thanh dd dugc tap hop dugce danh gia vé kha nang trung hoa CHIKV-A5nsP3 (560
pfu/ml) tai dich pha lodng lién tiép 4-1an nam trong khoang tir 1:20 dén 1:327.680 nhu
duge md ta ddi voi Fig.4. (B) Hé gen dudi dang so d6 ctia céc thé phan 14p mang don 1¢
CHIKV-A5nsP3 P5B-11, PSB-03 va P8B-05 bit ngudn tir sy giai trinh tu Sanger gdm hé
gen CHIKV-A5nsP3 day du c6 dot bién diém da xac dinh duoc chi ra. (C) Kha nang gy
mién dich cua cac thé phén 14p méang don 1¢ CHIK'V-A5nsP3 khac P5B-02, P5B-04, P5B-
07 va P8B-01 dugc danh gia nhu ¢ (A). (D) HE gen dudi dang so dd cua cac thé phan 1ap
méng don 16 CHIKV-A5nsP3 P5B-02, P8B-01, P5B-04 va PSB-07 bét ngudn tir sy gidi
trinh tu Sanger gdbm hé gen CHIKV-A5nsP3 dy du co dot bién diém da xac dinh dugc
chi ra. '

Fig.7 Séc ky dd tir sy giéi trinh tu Sanger ciia CHIKV-ASnsP3 & cdy chuyén 0
(P0) va bén miu CHIKV-AS5nsP3 dugc tao ra doc 1ap & cdy chuyén 3 (P3 Vi du 1-4),
bidu 16 tinh khong déng nhit E168K va E247K & protein E2 phét sinh & ciy chuyén 3.
Bén miu CHIKV-A5nsP3 duoc tao ra doc 1ap & P3 (P3 Vi du 1-4) tit ca déu bt ngudn tir
cung MVSB (P1). Céc vung duogc thé hién gdm céc ving & hé gen ma hoa céc axit amin
168 va 247 cta protein E2 va dugc giai trinh tu béng cip moi 16 va 17 nhu dugc chi ra.
(D6i v6i cac trinh ty moi, xem Bang 1). Dé so sanh, sic ky @0 giai trinh tu ctia CHIK V-
A5nsP3 & cdy chuyén 0 (PO) duoc thé hién. Cac vi tri c6 tinh khong ddng nhét trinh tu
dugc chi ra béi cac khung.

Fig.8 Giai trinh tu thé hé ké tiép (NGS) cta Ngan Hang Gidng Virut Truong
Thanh (P1) va hai ché phim CHIKV-A5nsP3 cdy chuyén ba (P3) duoc tao ra doc 1ap: (A)
P1-MVSB; (B) P3-Vi du 3; (C) P3-Vi du 4. Mirc nén ctia tinh khong ddng nhét vé hé gen
dugc dit bang 15% nhu dugc chi ra bsi dudong chdm chidm. Tinh khong dong nhét
thuong xay ra hon phét sinh lac ciy chuyén 3 bao gbm dot bién diém & cac vi tri axit
nucleic hé gen 8882 va 9119, 14n lugt tvong tmg véi céc dot bién E168K va E247K, &
protein E2 nhu dugc chira & (B) va (C).



Fig.9 Su dinh vi cac vi tri axit amin c6 tinh khong dbng nhét dugc quan sat thy
thuong xuyén (G55R, G&2R, E168K va E247K) & glycoprotein E2 dugc danh dau trén
cac vi tri twong duong trén ciu tric EM-lanh sau cia CHIKV VLP cuia chung Senegal
37997 (PDB 3J2W; Sun S, ef al., Structural analyses at pseudo atomic resolution of
Chikungunya virus and antibodies show mechanisms of neutralization (2013) eLife
2:¢00435. DOI: 10.7554/eLife.00435). G55R dugc chi ra boi hinh vuong, G82R dugce chi
ra béi hinh tron, E168K dugc chi ra bdi hinh tam giac va E247K dugc chi ra boi hinh
sa0. Cac hinh v& thé hién protein CHIKV bang 6-don vi khi chung dugc 1ap ghép & mang
virut, duoc cAu thanh béi bdn ban sao clia cac dime E1/E2 v6i phan xuyén mang (TM)
duoc chi ra boi dau ngodc, va protein capsit (C) & mit trong (dudi) cua mang. Ba td hop-
E1/E2/capsit ciu thanh gai-q3 dang trime gln truc 5-nép cudn gap va t5 hop thir tw 12 mot
trong ba yéu td clia gai-i3 tai truc 3-nép cudn gap, tAt c4 du hién thi bé mit va duge quan
sat tir ba goc khac nhau: (A) hinh chiéu canh 6-don vi CHIKV; diém nhin & trén mait
phang mang. (B) hinh chiéu canh 6-don vi CHIKV; diém nhin ¢ du6i mat phing mang
(C) 6-don vi CHIKV, hinh chiéu bang.

Fig.10 Nhom dé gay midn dich dudi da cua chudt C57BI/6 bang céc ché pham
virut co céc ti 18 P3:P5B-07 (E168K) khac nhau dé xac dinh ngudng ma tai d6 su c6 mat
ctia dot bién diém B168K din dén sy mAt kha ning gay mién dich CHIKV-A5nsP3 & lieu
lwong bing xép xi 3 x 10 TCIDso. Ti 18 tao ché phdm cita P3 va PSB-07 (thé dot bien
E168K) dbi v&i cc nhom 1, 3 va 5 1an lugt 12 1:0,1, 1:1 va 1:10, v6i liéu lugng duoc du
dinh bing 3x10* TCIDso. Ngoai ra, nhém 6 va nhém 7 lan luot thé hign P3 mot minh va
P5B-07 (E168K) mot minh. Trinh ty tham chiéu (kiéu dai) & vi tri khong dong nhat
(twong Ung véi nucleotit 8882) 1a G va phu thuge vao ti 1¢ 1a 1:0,1, 1:1 hodc 1:10, su
chuyén dbi hudéng vé nucleotit A, tire 13, tir G>A dén G=A hoidc G<A, cin ctr theo sdc ky
dd gidi trinh tw. Quén thé virut P3 hién thi ~ 20% thé dot bién E168K. Quén thé virut
P5B-07 (B168K) khong thé hién tinh khong ddng nhit (tire 13, ~100% chira dot bién
E168K protein E2).

Fig.11 Anh hudng Ién kha ning gay mién dich cta céc ti 16 CHIKV-ASnsP3 P3
d6i voi thé dot bién-E168K khac nhau dugc danh gia bang thir nghiém trung hoa dua trén
VRP. Céc huyét thanh chudt don 1¢ duoc tao ra bing cach gdy mién dich dudi da cia
chudt C57BU/6 vé6i lidu lugng duge du dinh bang 3x10* TCIDso cia CHIKV-A5nsP3
P3:E168K & cac ti 1é 1:0,1, 1:1 va 1:10 nhu dugc phéc hoa trong Fig.10. Cac huyét thanh
don 1¢é ngay 21 dugc phan tich vé su trung hoa cta hat sao chép virut (VRP) LR-CHIKV
bang cach st dung thr nghiém Luxiferaza dua trén té bao BHK-21. VRP lip rap capsit
hién thi CHIKV kiéu dai khong c6-su sao chép va protein v6 cua virut kiéu dai LR2006-
OPY1. Tém lai, 2x10* té bao BHK-21 dugc ciy trong dia 96-giéng va dugc i qua dém &
nhiét do 35°C/ CO2 5%. VRP CHIKV-A5nsP3 dugc u véi dich pha loang lién tiép (bat
dAu tir 1:20 dén 1:312.500) cua huyét thanh chudt trong thoi gian 1 gio & nhiét d6 35°C.
Han hop VRP CHIKV /huyét thanh dugc bd sung vao té bao BHK-21 tai MOI béng 5 va
duoc 1 trong thoi gian 1 gid ¢ nhiét 4o 35°C/CO2 5%. Rira té bao va bd sung mdi trudng
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méi. Do hoat tinh luxiferaza trong dich ndi bé mit 24 gid sau khi lay nhidm bang céch st
dung Hé Théng Thir Nghiém Luxiferaza Renilla (Promega). Péi ching duong P-MVSB
(0), d6i chimg am P5B-07 (E168K) ([J) va cac huyét thanh chudt riéng 1¢ dugc gy mién
dich véi ti 18 P3:E168K tuong tmg (hinh tron dic). (A) Kha nang gay mién dich ctia
CHIKV-A5nsP3 P3:E168K & ti 16 bang 1:0,1 (Nhém 1). (B) Kha ning gay mién dich clia
CHIKV-A5nsP3 P3:E168K & ti 18 bang 1:1 (Nhém 3). (C) Kha ning giy mién dich cta
CHIKV-A5nsP3 P3:E168K & ti 1& bing 1:10 (Nhom 5). (D) Téng két cc két qua kha
ning gy mién dich dugc thé hién & A, B, va C: gdy mién dich manh (++ duong tinh),
gdy mién dich thap (+dwong tinh thap) va am tinh (-) khi so v&i P3.

Fig.12 Dong nuoi cdy té bao Vero tir khi ra dong dén khi lay nhiém bang CHIKV-
A5nsP3 trong cac chai hinh éng lan 850 cm?. P: Céy chuyén, M: Triéu, T75: Binh thot
¢6-T 75 cm?, T175: Binh thét ¢b6-T 175 cm? RB850: Chai Hinh Ong Lan CellBIND
850cm?. '

Fig.13 Anh huong 1én hidu gia virut ctia nhiét do sinh truéng té bao, boi sb lay
nhi®m va thoi gian lay nhiém sau ciy trong qu4 trinh san xuit CHIKV-A5nsP3 & té bao
Vero. Cac té bao Vero duge mé rong & nhiét 4o 35°C trong MEM, glutamin 2 mM va
FBS 10% va dugc cdy trong céc chai hinh éng lin 850 cm? d& 1ay nhifm té bao. Dé tao ra
virut, cac nhiét d6 khac nhau (37°C, 35°C, 28°C), cac MOI (0,1; 0,01; 0,001 TCIDso/té
bao) va thoi gian 1y nhiém té bao sau khi cdy té bao Vero trong cac ngay (D2, D4, D5)
dugc thir nghiém trong mdi trudng nudi cdy thiéu FBS. Di chimg minh dugc rang san
lugng virut do duoc trén té bao Vero theo phuong phap Reed & Muench va dugc biéu
dién theo TCIDso/ml. (A) 37°C; (B) 35°C; (C) 28°C.

Fig.14 Téng san lugng virut CHIKV-A5nsP3 tir mdi diéu kién dugc md ta trong
Fig.13.

Fig.15 Hiéu gid virut CHIKV-A5nsP3 t6i da: M6 hinh bac hai bé mat dap ing. (A)
Phan tich ANOVA cua m6 hinh. Hang mau xam: s6 hang md hinh c6 ¥ nghia (Prob(F) <
0,05; céc gia tri 16n hon 0,1 biéu thi s hang m6 hinh khong c6 ¥ nghia). (B) Biéu Do
Duong Quanh cia mo hinh.

Fig.16 Do n dinh virut CHIKV-A5nsP3: M6 hinh bac hai bé mat dap ing. (A)
Phén tich ANOVA ctia mo6 hinh. Hang mau xam: s6 hang md hinh c6 y nghia (Prob(F) <
0,05; cc gia tri 16n hon 0,1 biéu thi s hang m6 hinh khong c6 y nghia). (B) Biéu Do
Duong Quanh cua md hinh.

Fig.17 Tinh khéng dong nhét cua protein virut E2 CHIKV-A5nsP3 & cic vi tri axit
nucleic hé gen 8882, 9112 va 9649, 14n lugt twong tmg véi cac axit amin E2 168, 247 va
423: Phan tich md hinh tir cac mé thu mau CHIKV-A5nsP3 Ngay 2. (A) Phan tich
ANOVA ctia m6 hinh. Hang mau xam: s6 hang md hinh c6 y nghia (Prob(F) < 0,05). (B)
Biéu D4 Dudng Quanh ciia md hinh.

Fig.18 Tinh khong ddng nhat ctia protein virut E2 CHIKV-A5nsP3 & cac vi tri axit
nucleic hé gen 8882, 9112 va 9649; 14n lugt twong Gmg véi cac axit amin E2 168, 247 va
423: Phan tich mo hinh tir cac mé thu mau CHIKV-A5nsP3 Ngay 2 va Ngay 5 (28°C).

8
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(A) Phan tich ANOVA ctia m6 hinh. Hang mau xam: s6 hang mo6 hinh c6 y nghia
(Prob(F) < 0,05). (B) Biéu D6 Puong Quanh ciia m6 hinh.
M5 ta chi tiét sang ché

Trong qua trinh cong nghiép hoa clia tng vién vic xin virut da giam doc luc
CHIKV-A5nsP3, da quan sat thiy rang su cdy chuyén virut trén té bao Vero dan dén hidu
gia virut cao hon cung voi su cdy chuyén ting; tuy nhién, su tang dbng thoi vé tinh
khong dong nhét trinh ty cta hé gen virut CHIKV-ASnsP3 cling dugc quan sat thay. Dot
bién diém nhét dinh phat sinh trong qua trinh cdy chuyén trén té bao Vero dugc phat hién
c6 thé tai sinh tir mé nay sang mé khac va da xut hién & cc cdy chuyén sém trén chét
nén té bio méi. BAt ngd quan sat thiy rang mot s& dot bién trong sb cac dot bién nay c6
lién quan dén sy mét hodc giam dang ké trong viéc trung hoa kha nang gay mién dich do
virut CHIKV-A5nsP3 mang lai. Cac dot bién c¢6 thé tai sinh khac khong 1am giam kha
ning gdy mién dich va/hodc hoat dong nhu 1a dot bién “ctru sinh” dbi v6i dot bién lam
giam-kha nang gy mién dich. Sy twong quan gitta boi s6 1ay nhiém (“MOI”) thap va su
tao ra cua tinh khong dbng nhat trinh tu ting & CHIKV-AS5nsP3 da dugc xac dinh; tuy
nhién, béi vi cin c6 ngudn virut don 1é qua vai ndm san xuét, cac MOI cao thuong khong
kha thi dé st dung trong cong nghiép. Do d6 khong rd 1a & khoi dAu liéu diéu kién nuoi
ciy c6 cho phép tao ra cac hat CHIKV-A5nsP3 gy mién dich v6i san lugng san xudt dt

dé su san xuat ¢ thé tai tao va ddm bao c6 thé duoc phat hién (van dé cia sang che).

Sang ché dé xuét trong ban mo ta nay phuong phap kiém so4t va 1am giam thiéu
dot bién lam giam-kha ning gay mién dich dugc quan sat thiy & day trong khi van cho
phép san lugng san xuét cao. Ciing dugc dé xuét trong ban mo ta nay la dugc pham c6
chtra luong hitu hiéu cua virut Chikungunya géy mién dich véi lugng du ctia bién thé
khong gy mién dich ctia virut Chikungunya. Theo phuong 4n dugc uu tién, dugc phim
duge tao ra bang cach st dung MOI thip chang han nhu MOI nhé hon 0,1, vi du 0,01
hodc 0,001, nhung dugc tao ra trong cac didu kién dugc kiém soat (vi du, sd luong céy
chuyén gidm sau khi ctru sinh, nhiét do duoc t6i uu héa va hop luu t€ bao chu) dé 1am
giam thiéu lugng cua (cic) bién thé khong gy mién dich cua virut Chikungunya nhu
duge mo ta trong ban mo ta nay. Theo mot sd phuong 4n, hat virut 1a virut song, virut
kham, virut sdng di giam doc lyc, virut sdng cai bién, hogc virut sdng tai t6 hop. Theo
mot phuong an, cdc hat virut theo sang ché c6 thé tuy y bi bét hoat. Theo mot sé phuong
an, hat virut 1a dang da gidm doc luc cﬁa hat virut. Vi dy, virut c6 thé c6 kha nang lay
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nhiém, tinh giy doc, va/hodc sy sao chép gidm & vt chu, khi so sanh v&i virut kiéu dai.
Theo mot sb phuong an, virut 1a virut da dot bién hoidc cai bién, vi du axit nucleic cia
virut ¢6 thé chia it nhat 1a mot dot bién tuong quan voi virut kiéu dai, chéng han nhu su
thé hogc su 1am khuyét. Theo mot s6 phuong 4n, virut la virut sdng t4i t6 hop, c6 nghia 1a
virut dugc tao ra bang cach tai t6 hop va co thé chira trinh tw axit nucleic tir cac ngudn
khac nhau. Theo mdt sb khia canh, virut Chikungunya kiéu dai bi bét hoat. Theo phuong

4n duge wu tién, virut bi bt hoat bing formaldehyt.

Theo mdt phuong an, virut Chikungunya gay mién dich 1a virut séng di giam doc
luc. Theo phuong an dugc uu tién, virut Chikungunya séng da giam doc luc 1a CHIKV-
A5nsP3 bao vé nhu dugc md ta béi Hallengird D, et al. (6 trén), duge dé cap trong ban
md ta nay dudi dang CHIKV-A5nsP3 [Ova duge xéc dinh boi trinh tu axit nucleic trong
SEQ ID NO: 1. Téom lai, hé gen CHIKV kiéu dai mang hé gen ARN soi don c6 nghia
duong tinh ¢6 kich thudce 1a 11 kb chira hai khung doc m& 1an lugt ma hoa cac protein phi
chu triic (tr nsP1 dén nsP4) va protein c4u trac (C, E3, E2, 6K, va E1). Virut CHIK da
giam doc lyc, CHIKV-A5nsP3, dua trén chung CHIKV La Reunion LR2006-OPY1,
dugc tao cau tric bang cach thé cac gbc axit amin tir 1656 dén 1717 cua polyprotein
P1234 bing ciu ndi nhé (trinh tw AA AYRAAAG) & ving si€u bién cua protein nsP3
(xem Fig.2). CHIKV-A5nsP3 da cho thdy rang c6 tinh lay nhiém, giy mién dich va béo
vé manh chéng lai thach thitc cia CHIKV kiéu dai (Hallengird D, et al, ¢ trén va
Hallengird D, et al., Prime-Boost Immunization Strategies against Chikungunya Virus
(2014) J. Virology, 88(22):13333-13343, va Roques P, et dl. 2017, o trén). Theo mot
phuong én, virut Chikungunya sdng da giam doc luc co thé 12 bién thé cua virut dot bién
da giam doc lwc CHIKV-A5nsP3. Theo phwong én duge vu tién, virut Chikungunya song
da giam doc lyc nhu dugc d@ xuét trong ban mo ta nay c6 chira CHIKV-ASnsP3 khi duge
m3 hoa béi trinh tu axit nucleic duoc x4c dinh béi SEQ ID NO: 1. Nhu dugce st dung
trong ban mo ta nay, thuat ngit “CHIKV-A5nsP3” dugc su dung thay thé 1an nhau v6i
“virut CHIKV-A5nsP3”, “hat CHIKV-A5nsP3”, “hat virut CHIKV-A5SnsP3” hodc cac
phién ban s6 nhiéu ctia ching.

Sang ché dé xuit trong ban md ta nay dugc pham c6 chtra lugng hitu hiéu cia
CHIKV-A5nsP3. Theo mot khia canh, lugng hitu hiéu cta virut CHIKV-A5SnsP3 gy
mién dich duogc xac dinh la luong du dé gay ra khang thé trung hoa ddi voi virut

Chikungunya. Theo khia canh khac, luong hitu hiéu cua virut CHIKV-A5nsP3 giy mién
10



dich dugc xac dinh 1a luong giy ra dap Ung mién dich & dbi tugng dugc ching ngura
mang lai su mién dich bao vé chéng lai su lay nhiém virut Chikungunya. Theo khia canh
duogc wu tién, lwong hitu hiéu cuia CHIKV-ASnsP3 dugc xac dinh 1a it nhét 102 it nhét
103, it nhét 104, it nhat 10, it nhat 105, tot hon 1a it nhat 10° hat CHIKV-A5nsP3 gay
mién dich. Theo mot khia canh, hat CHIKV-A5nsP3 [gay mién dich duoc x4c dinh 12
hat CHIKV-A5nsP3 ma biéu hién protein chu tric E2 nhu dugc xac dinh boi trinh tu
polypeptit trong SEQ ID NO: 2. Theo mét khia canh, protein chu trac E2 chira mdt hodc
nhiéu dot bién diém ma khong anh hudng dén kha ning gdy mién dich cua virut, tuc 13,
khong lam giam kha ning gay mién dich. Theo mot phuong an, dt bién diém khong anh
huéng dén kha ning giy mién dich cta virut c6 thé 1a & c4c axit amin 232 va/hodc 247
cua protein E2, ching han nhu H232Y va/hodc E247K. Theo mét phuong én, protein cAu:
tric E2 ctia CHIKV-A5nsP3 chira khong nhiéu hon khoang mudi dot bién diem. Theo
mot phuong an, protein cAu tric E2 ctia CHIK V-A5nsP3 chira khong nhiéu hon 9, 8, 7, 6,
5 hodc 4 dot bién diém. Theo phuong én dugc uu tién, protein cAu tric E2 ctia CHIKV-

A5nsP3 chira ba hoic it hon ba dot bién diém, t6t nhét 1a chi mot hodc hai dot bién diém.

Nhu dugc xac dinh trong ban md ta nay, CHIKV-A5SnsP3 géy mién dich Ia
CHIKV-A5nsP3 ma c¢6 kha nang kich thich dap ung mién dich hitu hiéu in vivo khi dugc
phan phéi vi du & lidu luong bang khoang 3x10* TCIDso, tirc 1a, dép tng mién dich ma &
d6 khang thé trung hoa dugce tao ra du dé 1am giam hodc ngdn ngira cac déu hiéu hoic
triéu chtng cua bénh virut Chikungunya. Theo phuong an dugc uu tién, CHIKV-A5nsP3
gay mién dich nhu dugc xac dinh trong ban md ta nay la CHIKV-A5nsP3 biéu hién
protein cu tric E2 theo trinh ty axit amin dugc cung cip boi SEQ ID NO: 2. Theo
phuong an dugc vu tién khac, CHIKV-AS5nsP3 gay mién dich nhu duoc xac dinh trong
ban mé ta ndy duoc xac dinh bai trinh ty polynucleotit theo SEQ ID NO: 1. Theo dinh
nghia thay thé hoac bd sung, CHIKV-ASnsP3 gy mién dich theo sang ché nay kich thich
tao ra khang thé c6 kha nang trung hoa & d6i trong duoc gay mién dich, tire 13, su trung
hoa virut Chikungunya trong thir nghiém in vitro bing it nhat 50%, tot hon Ia it nhét
60%, tét hon 14 it nhét 70%, tét hon nita 13 it nhAt 80%, tham chi tét hon nita 14 it nhét
90%, tdt nhat 1a it nhit 95% tai dich pha loang huyét thanh 1:80 hodc cao hon.

Nhu dugc x4c dinh trong ban mo ta nay, CHIKV-A5nsP3 khong gy mién dich 1a
CHIKV-A5nsP3 gy ra ham lugng cta khang thé trung hoa & ddi tugng duge ching ngira

khong di dé ngin nglra cac d4u hiéu hoic triéu chirg cta bénh virut Chikungunya. Theo
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phuong 4n duge uu tién, CHIKV-A5nsP3 khong gy mién dich 1a CHIKV-A5nsP3 biéu
hién protein cAu trac B2 ¢6 it nhit 1a mot su thé axit amin, dic biét 1a su thé axit amin &
protein chu trac E2, dic biét 1a su thé E168K va/hoic G55R, cu thé 1a su thé E168K.
CHIKV-A5nsP3 khong giy mién dich con dugc xac dinh 13 gy ra khang thé & d6i tuong
duoc gdy mién dich ma thé hién kha ning kém dé trung hoa sy lay nhiém té bao bang
virut Chikungunya (kidu dai hodc da giam doc luc) trong thir nghiém in vitro. Cu thé 1a,
CHIKV-A5nsP3 khéng gy mién dich duge xac dinh 1a gdy ra ham lugng cia khang thé
trung hoa & dbi tugng duoc gay mién dich ma tao ra it hon 60%, it hon 50%, it hon 40%,
it hon 30%, it hon 20%, dic biét 1a it hon 10%,sy trung hoa virut Chikungunya trong thir

nghiém trung hoa in vitro tai dich pha lodng huyét thanh 1:80 hogc cao hon.

Theo khia canh khéc, luong hitu hiéu cia CHIKV-AS5nsP3 dugc xac dinh 1a lugng
du dé gay ra khang thé trung hoa khang virut Chikungunya kiéu dai. Theo mdt khia canh,
duge pham 1 duoc phim hai-liu. Theo khia canh dugc wu tién, dugc pham 13 duoc
phém mét-lidu. Theo khia canh dugc uvu tién, duge phém ¢6 chira it nhat 102, it nhat 103,
it nhét 104, it nht 10°, it nhat 105, tdt hon 14 trong khoang tir khoang 103 dén 10° hat virut
CHIKV-A5nsP3 tng sb, dic biét 1a khoang 10° hodc 10* CHIKV-A5nsP3 bao gom toan
bo tap hop cla cac hat c6 hodc khong co dot bién diém, dic biét 1a dot bién diém lam
giam-kha ndng giy mién dich. Theo khia canh dugc uvu tién, duogc phém c6 chira lugng
¢6 thé phat hién cia CHIKV-A5nsP3 khong gdy mién dich nhu dugc xéac dinh trong ban
mb ta ndy; t6t hon 1a CHIKV-AS5nsP3 khong gdy mién dich c6 it nhat la mot dot bién
diém so v&i protein E2 kiéu dai nhu dugc xé4c dinh béi SEQ ID NO: 2.

Theo phuong an dugc uwu tién, dugc pham c6 chira CHIKV-A5nsP3 va c6 chira
luong tang cua (cac) bién thé khong gy mién dich ctia CHIKV-A5nsP3, vi du so véi hop
phﬁn véc xin ¢6 chira CHIKV-A35nsP3 duoc tao ra trong té bao BHK-21 nhu dugc st
dung trong cac nghién ctru & chudt duge md ta trong tai li¢u Hallengérd D, et al. 2014, ¢
trén, nhung van ¢ chira c4c hat gy mién dich ctia CHIKV-A5nsP3 du dé tao ra su mién
dich bao vé & dbi twong duge ching ngira. Vi du, duge pham c6 thé c6 chira (i) CHIK V-
A5nsP3 bidu hién protein cu tric E2 nhu duge xac dinh béi trinh tu polypeptit trong
SEQ ID NO: 2 ¢ lugng du dé tao ra su mién dich bao vé & dbi tugng dugc chung ngura;
(i1) lwong ting cia CHIKV-AS5nsP3 ¢6 it nhit mot dot bién & protein cdu trac E2 nay, vi
du so vi hgp phéan véc xin c6 chira CHIKV-A5nsP3 dugc tao ra trong BHK-21 nhu dugce
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str dung trong cac nghién ctru & chudt duge mo ta trong tai liu Hallengédrd D, et al. 2014,

¢ trén; va (iii) tuy vy 1a ta dugce duoc dung.

D3 chimg minh dugc trong ban md ta nay rang su tao ra CHIKV-A5nsP3 bang
cach cdy chuyén lién tiép nam hozc hon nim 1in & cac té bao Vero din dén muc do
khong d@)ng nhét trinh tu cao, cu thé 12 & protein cAu tric E2 (xem vi du Vi du 2 duéi
day). Vi du, céc dot bién E168K vivhodic G55R cua protein E2 thuong xudt hién lac cdy
chuyén 5 (xem vi du Bang 3 dudi day), va ca hai déu ¢ lién quan dén sy giam kha ning
gay mién dich. Theo d6, su tao ra CHIKV-A5nsP3 béng cach st dung nam hodc hon nam
lan cay chuyén & céc té bao Vero nhu dugc md ta trong tai liéu Hallengérd D, et al. 2014
& trén c6 thé din dén mot cach bat loi ham lugng cao cla thé dot bién khong gy mién
dich ciia CHIKV-A5nsP3 (ching han nhu E168K[E2]) trong hop phén vic xin. Ngugc
lai, d3 chimg minh dugc dudi day rang tinh khong ddng nhéat trinh tu & protein cAu tric
E2 sau it hon ndm 1an cdy chuyén 1a thap hon nhiéu (xem vi du Vi du 3 - mac du dot bién

E168K c6 mit sau ba 1an cy chuyén, tin suét ctia n6 chi 12 18%)).

Theo do, theo mot khia canh dugce phém c6 chira (i) CHIKV-AS5SnsP3; va (ii) tuy y
1a ta dugc duoc dung; trong do it nhat 30% hat CHIKV-A5nsP3 c¢6 mat trong duoc pham
bidu hién protein cAu tric E2 nhu dugce xac dinh béi trinh ty polypeptit trong SEQ ID
NO: 2. Theo phuong 4n ndy, it nhat 30% hat CHIKV-A5nsP3 1a cdc thé khong dot bién
déi v6i protein cau tric E2, tic 12 bidu hién protein cau triic E2 trong SEQ ID NO: 2. Néi
cach khéc, tin suit cia su khong ddng nhat trinh tyr (tirc 13 hat CHIKV-A5nsP3 dot bién
biéu hién it nhit 12 mot dot bién & protein cAu trac E2 trong SEQ ID NO: 2) 12 70% hodc
it hon. Trir khi ¢6 chi din khac, khi dé cap dén “CHIKV-A5nsP3” hodc “hat CHIKV-
A5nsP3” néi chung du dinh ring bao ham ca dang khong dot bién va dang dot bién ctia
CHIKV-A5nsP3, tirc 1a CHIKV-A5nsP3 biéu hién protein cau trac E2 trong SEQ ID NO:
2 va CHIKV-A5nsP3 biéu hién protein cdu triic E2 c6 mot hodc nhiéu dot bién trong
SEQ ID NO: 2. Theo mdt phuong 4n, protein cdu trac E2 cia CHIKV-A5nsP3 chua
khong nhiéu hon khoang mudi dot bién diém. Theo mot phuong an, protein chu truc E2
ctia CHIKV-A5nsP3 chira khong nhiéu hon 9, 8, 7, 6, 5 hodc 4 dot bién diém. Theo
phuong an dugc uu tién, protein cau trac B2 ctia CHIKV-A5nsP3 chira ba hodc it hon ba

dot bién diém, t5t nhat 1a chi mot hodc hai dot bién diém.

13



42552 14/102

Theo cac phuong an duge vu tién, it nhét 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% hodc 99% hat CHIKV-A5nsP3 co
mat trong duogc phém 1a cac thé khong dot bién, tuc 1a biéu hién protein cAu tric E2 nhu

dugc xac dinh béi trinh ty polypeptit trong SEQ ID NO: 2.

Theo mdt khia canh, dugce phim c6 chira (i) CHIKV-A5nsP3; va (i) ty y 1a ta
duoc dugce dung; trong d6 it hon 70% hat CHIKV-ASnsP3 c¢6 mit trong dugc phém biéu
hién protein cAu tric E2 c6 mot hodc nhidu dot bién d6i véi trinh tu polypeptit trong SEQ
ID NO: 2.

Theo mot khia canh, duoc phdm c6 chira (i) CHIKV-ASnsP3; va (ii) ty y 1a ta
duoc dugc dung; trong d6 it hon 70% hat CHIKV-ASnsP3 ¢6 mit trong dugc phim biéu
hién protein cAu triic B2 ¢6 dot bién E168K ¢ trinh tu polypeptit trong SEQ ID NO: 2.

Theo phuong an dugce wu tién, cac dot bién (vi du dot bién E168K) & protein ciu
triic B2 ¢6 mit & tan suét 1a 70% hodc it hon, vi dy, it hon 70% hat CHIKV-A5nsP3 téng
sé ¢6 chira mot hodc nhiéu dot bién (hodc dot bién E168K) va 30% hodc 16n hon cua cac
hat CHIK V-A5nsP3 tong s6 biéu hién protein c4u trac E2 khong dot bién hodc protein
cAu tric E2 khong c6 chira dot bién E168K.

Theo phuong an dugc vu tién, it hon 65%, 60%, 55%, 50%, 45%, 40%, 35%,
30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2% hodc 1% hat CHIK'V-A5nsP3 c6 mét trong
duoc phém biéu hién protein cAu tric B2 ¢6 mot hodic nhiéu dot bién (chang han nhu, vi
du, E168K) ddi véi trinh tu polypeptit trong SEQ ID NO: 2. Vi du, duge phim c6 thé co
chira 1-70%, 1-50%, 1-30%, 1-20%, 5-70%, 5-50%, 5-30%, 5-20%, 10-70%, 10-50%,
10-30% hodc 10-20% hat dot bién (tirc 1a hat CHIKV-A5nsP3 biéu hién protein céu tric
E2 ¢6 mot hodc nhidu dot bién (ching han nhu, vi du, E168K) déi véi trinh tw polypeptit
trong SEQ ID NO: 2), so v6i tdng sb cac hat CHIKV-A5nsP3 (dot bién va khong dot
bién) c6 mit trong dugc pham. Theo mot phuong an, cac hat CHIKV-ASnsP3 biéu hién
protein cAu triic E2 c6 dot bién E168K con c6 chua dot bién ma giam thidu sy méit kha
ning gy mién dich do dot bién E168K mang lai. Theo mdt phuong an, dot bién 13 &
protein nsP1, ddc biét 1a ¢ géc A38. Theo phuong an dugc uu tién, cac hat CHIKV-
A5nsP3 bidu hién protein cu trac E2 c6 dot bién E168K ciing biéu hién nsP1 c6 dot bién
A38S.
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Ciing dugc dé xuét trong bén md ta ndy 1a quy trinh san xuét dugc phdm theo sang
ché, bao gdbm céac budc 1) nudi ciy virut CHIKV-A5nsP3 trén dong té bao, va 2) lam
giam thiéu su c6 mit cua dot bién lam gidm-kha ning gdy mién dich cta virut CHIK V-
A5nsP3. Theo mot phuong an, virut CHIKV-A35nsP3 gay mién dich dwgc nhan gidng
trong dong té bao dugc chon tir nhém gbm c6 dong té bao EB66, dong té bao Vero, dong
té bao Vero-oHis, dong té bao HeLa, dong té bao HeLa-S3, dong té bao 293, dong té bao
PC12, dong té bao CHO, dong té bao 3T3, dong té bao PerC6, dong € bao MDSK, dong
té bao nguyén bao s¢i phdi ga, dong té bao vit va dong té bao gia cam ludng boi. Theo
mot sd phuong 4n, dong té bao nay la dong té bao vit. Theo mot s6 phuong 4n, dong té
bao nay 1a dong té bao gia cam ludng boi. Theo mot s6 phuong 4n, dong té bao nay la

dong té bao EB66. Theo phuong an dugc uu tién, dong té bao nay 14 dong té bao Vero.

Theo mot phuong an, s ¢6 mdt cua dot bién lam giam-kha ning gdy mién dich
duoc lam giam thiéu bang cach cdy chuyén CHIKV-A5nsP3 it hon 5 14n, 6t hon 14 it hon
4 1an, tdt hon 13 it hon 3 14n, t&t hon 13 it hon 2 14n, t&t hon nita 13 chi mot 1an, tot nhét 12
nhiéu nhit 3 14n. Nhu duoc sir dung trong ban md ta nay, s6 luong ciy chuyén ding dé
chi s6 lugng cdy chuyén in vitro sau khi ctru sinh virut (P0). Theo phuong an dugc uu
tién, virut duoc céy chuyén trén té bao Vero. Theo mot khia canh, virut dugc sinh trudong
& nhiét d6 tdi wu. Theo phwong 4n duge wu tién, nhiét do t61 uu nay nam trong khoang tir

khoang 28°C dén 37°C, t5t hon 13 khoang 35°C.

Theo mdt phuong an, moi trudng nudi cdy té bao chu dugc lay nhi€m bang
CHIKV-AS5nsP3 tai MOI t6i wu. Theo mot khia canh, MOI t6i wu dugc xé4c dinh 1a MOI
du thép dé khong can lugng du cta dich nudi cdy ngin hang gidng virut hoat dong,
nhung di cao dé lam giam thiéu dot bién 1am giam-kha ning gdy mién dich nhu dugc mo
ta trong ban mo ta nay. Theo khia canh dugc uu ti€n, MOI tdi vu hoa 12 MOI nho hon
0,1, t6t hon 1a MOI nam trong khoang tr khoang 0,1 dén 0,001, t6t hon nita 1a MOI nam
trong khoang tir khoang 0,09 dén 0,0011, tham chi t5t hon nita 1a MOI ndm trong khoang
tir khoang 0,05 dén 0,005, tét nhat 12 MOI bang khoang 0,01. Theo mot khia canh, hop
Iru té bao chu dugc danh gia trude khi lay nhiém. Theo mot khia canh, hop luu té bao
cht ndm trong khoang tr khoang 20 dén 90%, tot hon 1a trong khoang tir khoang 30 dén
75%, t6t hon nira 13 trong khoang tir khoang 40 dén 60%, dic biét 1a trong khoang tir
khoang 50 dén 60%. Theo mot khia canh, méi trudng nudi cdy té bao dugc lay nhiém &

thoi didm ti wu sau khi cy té bao chu; tic 13, trong khoang tir ngay 2 dén ngay 5 sau khi
15



42552 16/102

chy té bao chu, t6t hon 14 trong khoang 4 ngay sau khi cdy té bao chi. Theo mot khia
canh, cac hat virut dugc thu hoach trong khoang tir ngay mot dén ngay 6 sau khi lay
nhi®m té bao, tot hon 14 trong khoang tir ngay mot dén ngay 4, t6t hon 1a vao ngay mot
hodc ngay 2 sau khi lay nhiém t& bao, tot hon 1a vao ca hai ngdy mot va ngay 2 sau khi
1ay nhiém té bao.

Theo mdt khia canh, dot bién 1am giam-kha nang gy mién dich 1a dot bién diém &
vi tri bét ky trong hé gen cua CHIKV-A5nsP3 nhu dugc xac dinh bdi trinh tu
polynucleotit trong SEQ ID NO: 1. Theo mot phuong 4n, dot bién lam giam-kha ning
gdy mién dich c6 mit trong hé gen & vi tri khong phai protein E2. Theo phuong an dugc
wru tién, dot bién 1am giam-kha nang gdy mién dich dugc dinh vi ¢ protein E2, tdt hon 13
& gbe axit amin 55 va/hogc 168, vi dy, dot bién G55R va/hodc E168K, dic biét 1a E168K.
Theo mot sé phwong an, dot bién lam giam-kha niang gay mién dich nhu duoc md ta
trong ban mo ta nay duoc giam thidu hodc “ctru sinh” bing cac dot bién khic trong hé
gen. Theo mot phuong an, dot bién lam giam thiéu E168K 1a dot bién A38S ctia protein
phi cu tric 1 (nsP1).

Theo mot khia canh, tAn suét cia dot bién E168K ctia protein E2 cia CHIKV-
A5nsP3 13 it hon 90%, it hon 80%, it hon 70%, it hon 60%, it hon 50%, it hon 40%, it
hon 30%, it hon 20%, it hon 10%, tot hon 1a it hon 50% trong toan b tap hop CHIKV-
A5nsP3 thu hoach duoc.

Theo mot khia canh, sang ché dé xuat CHIKV-A5nsP3 gdy mién dich c6 thé thu
duge bang quy trinh dugc dé xuét trong ban md t& nay. Theo mdt khia canh khac, sang
ché nay dé xuét dugc phim co chira CHIKV-A5nsP3 gay mién dich c6 thé thu dugc bang

quy trinh dugc dé xudt trong ban mo ta ndy.

Céc khia canh ciia sang ché dé xudt viéc st dung quy trinh dugc mo ta trong ban
md ta nay dé san xudt hop phin dé gy mién dich chéng lai sy liy nhiém virut
Chikungunya. Theo phuong 4n dugc uu tién, hop phan 1a véc xin. Theo mot phuwong an,
vac xin duge dung cho d6i tugng mot 14n, hai 14n hodc ba 1an hoic nhiéu hon. Theo mot
khia canh, hat virut CHIKV-A5nsP3 dugc phén 1ap tir dbi tuong duge giy mién dich c6
bién dang dot bién diém tuong tu v6i hop phén vic xin duge dung, cu thé 1a dbi voi dot
bién diém & protein ciu tric E2. Theo mot phuong an, véc xin dugc ding mot 1an hodc

hai 1an. Theo phwong 4n dugc wu tién, vdc xin dugc dung chi mot lan; vi du, vac xin mdt-
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liéu. Theo mot khia canh, chung ngira ting cudng dugc dung tuy y. Theo cac khia canh

dugc wu tién nhat dinh, dugc phim duoc dé xuit & dang kho lanh.

Céc khia canh khac d& xudt hop phan c6 chia cac hat virut c6 thé thu duoc bang
quy trinh dugc md ta trong ban mo ta nay dé diéu tri vd/hodc ngan ngira sy 1y nhiém
virut Chikungunya. Theo m¢t khia canh, cac hop phan 1a dé st dung trong phuong phép
kich thich d4p tmg mién dich & dbi tugng va/hodc trong phuong phap diéu tri hodc ngan
ngira su 14y nhiém virut Chikungunya. Nhu dugc st dung trong ban mo ta nay, thuat ngit
“ngan nglra” cling c¢6 nghia 1a “bao vé khéi”. Su lay nhiém virut Chikungunya theo mot
khia canh c6 thé 1a do kiéu gen & T4y Phi, Pong/Trung/Nam Phi (ECSA) va/hodc Chau

A cta virut Chikungunya gay ra.

Ché pham virut duoc tao ra bang cach st dung quy trinh bét ky trong sb cac quy
trinh dugc md ta trong ban mé ta nay cb thé con duge dua vao cac bude xir ly bd sung,
bao g@)m budce loc bd sung va/hodc sy lam kho lanh. Ché phém virut c6 thé dugce dua vao
phan tich do tinh sach ctia ché phdm. Vi du, ché phdm virut c6 thé dugc danh gia vé su c6
mat cua tap chit va chat giy 0 nhiém, chéng han nhu, vi du, ADN hé gen té bao chu,
va/hodc protein té bao chi. C6 thé danh gia dd tinh sach cla ché pham virut bang cach st
dung phuong phap bat ky da biét trong linh vuc, ching han nhu sdc ky loai trir kich thude
(SEC), mat dd quang & cac budc song khac nhau, dién di gel protein (vi du, SDS-PAGE),
Thim tach Western, ELISA, PCR, va/hoic gPCR.

Theo mdt s6 phuong an, ché phim virut dugc danh gia vé tap chit hodc chét gy 6
nhiém con lai. Theo mot sb phuong an, luong tap chit hodc chét gay 0 nhiém con lai
duoc so véi lwong tap chit hodc chét gdy 6 nhiém & giai doan dau trong quy trinh tinh
ché, chrfmg han nhu, vi du, ngay sau khi thu hoach virut. Theo mdt ) phuong éan, su giam
trong ddi cla tap chat trong ché phim virut cubi cung 13 trong khoang tir 60 dén 95%
twong quan véi su c6 mat cua tap chét & giai doan dau trong quy trinh tinh ché. Theo mot
sb phuong 4n, sy giam twong dbi cia tap chét trong ché pham virut cubi cung xép xi 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, &3, &4,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, hogic 95%. Theo mdt s phwong an, ché pham virut
cudi cling chira it hon 5% tap chit hodc chat gdy 6 nhiém. Theo mot s6 phuong 4n, ché

phdm virut cubi ciing chtra it hon 5, 4, 3, 2, 1, 0,9, 0,8, 0,7, 0,6, 0,5, 0,4, 0,3, 0,2, hodc it

17



42552 18/102

hon 0,1% tap chét. Theo phwong an dugc uu tién, ché phadm virut cudi cung chira it hon

1% tap chat.

Quy trinh bét ky trong sb cac quy trinh duge mé ta trong ban md ta nay co thé
duoc st dung trong viéc san xuét hop phan cé chira virut da tinh ché dé ding cho ddi
tugng. Theo mot sb phuong an, dbi tuong la d6i tuong thudc dong vat co6 va, chrfmg han
nhu ngudi hodc dong vt khong phai ngudi, bao gdm gia stc, th cung hodc dong vét 1am
ban. Theo mdt s6 phuwong 4an, hop phan dugce dung cho d6i tugng can gdy mién dich
khang virut hodc virut twong tu nhu virut cua ché pham virut. Theo mot s6 phuong 4n,
cac ché pham virut hodc hop phén c6 chita cc virut da tinh ché bang cach st dung quy
trinh duoc md ta trong ban mo td nay la dé didu tri hodc ngin ngira sy 1y nhiém bang
virut hodc virut twong tu nhu virut cia ché pham virut. Theo phuong an dugc wu tién, cac
ché pham virut hoic hop phan c6 chira cac virut da tinh ché bang cach sir dung quy trinh
dugc mo ta trong ban mod ta nay la dé didu tri hodc ngan ngira sy lay nhiém virut
Chikungunya, cu thé 1a sy lay nhiém virut Chikungunya 13 do kiéu gen & Tay Phi,
Dbong/Trung/Nam Phi (ECSA) va/hodc Chéu A cua virut Chikungunya gay ra.

Duoc pham CHIKV-A5nsP3 hodc virut CHIKV-A5nsP3 da tinh ché bang cach str
dung quy trinh dugc md ta trong ban mo ta nay co thé duoc dung cho dbi twong bang
duong dung bat ky da biét trong linh vuc. Theo mot s& phuong 4n, cac ché phim hoic
hop phin c6 thé dugc ding thong qua dudng ding thong thuong, ching han nhu ngoai
duong tidu héa hoic qua duong miéng. Nhu dugc st dung trong ban md ta nay, viéc
dung “ngoai duong tiéu hoa” bao gbdm, ma khong gi6i han 6, dudi da, trong da, ndi bi,
trong tinh mach, trong co, trong khép, trong mang bung, ndi tiiy mac hodc bing cach

truyén.

Trur khi duge dinh nghia theo cach khac trong ban mo ta nay, cac thuét ngi vé
khoa hoc va k¥ thudt dugce str dung lién quan dén sang ché s& co nghia nhu thuong dugc
hidu boi ngudi ¢6 hiéu biét trung binh trong linh vyc. Ngoai ra, trir khi ngit canh doi hoi
c6 nghia khéc, cac thut ngir s it bao gdm nghia sb nhiéu va cac thuat ngir s6 nhidu bao
g06m nghia s6 it. Cac phuong phap va k¥ thuat trong sang ché thuong dugc tién hanh theo
phuong phap thong thuong da biét o trong linh vuc. Thudng 13, cac danh phép duge st
dung lién quan dén, va céc k§ thuat vé hoa sinh, enzym hoc, sinh hoc phén tit va sinh hoc

té bao, vi sinh vat hoc, virut hoc, nuéi cay t€ bao hodc nudi cay md, di truyén hoc va hoa
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hoc protein va hoa hoc nucleic duge mo ta trong ban mo ta nay la cac danh phap va ky

thuat da biét ro va thuong dugc st dung trong linh vuc. Cac phuong phép va ky thuét

trong sang ché thuong duoc tién hanh theo phuong phap thong thudong da biét o trong

linh vuc va nhu dugc mo ta trong cac tai liéu tham khao chung va tai liéu tham khao cu

thé hon khac nhau dugc vién dan va thao luan trong toan by ban md ta nay trir khi ¢6 chi

dan khac.

Bang A-1. Cac chit viét tat

Chir viét tit Dinh nghia Chir viét tit Pinh nghia
CHIKV Virut Chikungunya MVSB hodc Ngan hang gidng virut trudng
P1-MVSB thanh
(Chy chuyén 1 sau ciru sinh)
CHIKV-A5nsP3 | CHIKV c6 dot bién lam WVSB hodc Ngan hang gidng virut hoat dong
khuyét da x4c dinh & nsP3 P2-WVSB (CAy chuyén 2 sau ctru sinh)
(SEQIDNO: 1)

ECSA boéng-trung nam Phi VRP Hat sao chép virut

Protein E (1,2, | Protein vo TCIDso Liéu luong lay nhiém nudi cdy mo

3)

Protein C Protein capsit LR-VRP VRP duya trén thé phan 1ap
CHIKYV La Reunion

Protein 6K Protein 6 kilodalton BHK(-21) Té bao than chudt dong con

nsP Protein phi-cau tric MOI Bai s lay nhiém

MEM Mai trudng thiét yéu toi M Triéu

thiéu
EMEM MEM cuia Eagle T75, T150, Binh thét ¢d T 75, 150, 175 cm?
T175

FBS Huyét thanh thai bd RB850 Chai hinh 6ng lan 850 cm?

PBS Nudc mudi dém photphat Prob.F Xéc suat nhu duge xac dinh béng
kiém dinh F trong phan tich bién
thién mot-chiéu

Pfu Pon vi tao mang ANOVA Phan tich bién thién

PRNT Thir nghiém trung hoa su DS Chat thudc

giam mang

NGS Giai trinh tu thé hé ké tiép GLuc Gaussia luxiferaza

h gio GMP Thuc hanh san xuat tot

d Ngay R&D Nghién ctru va phét trién

AA Axit amin SEC Séc ky loai trir kich thudc

PCR Phan mg chudi polymeraza | SDS-PAGE bién di trén gel polyacrylamit-

natri dodexyl sulfat
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gPCR PCR dinh lugng ELISA Thir Nghiém Hép Thu Mién DIch
Lién Két Enzym

5.c. Duéi da W/W Khéi lugng/khdi luong

TSE Bénh Nio Thé Bot Bién C6 | ml Mili lit

Thé Truyén Nhiém

p.i. Sau khi lay nhiém CPE Tac dung gy bénh té bao

PP Polypropylen \Y Von

uF Micro-Fara mM mili mol

pm micro mét TBS Nudc mudi dém Tris

kDa kilodalton NaCl Natri clorua

mg mili gam LR2006-OPY1 | Thé phan lap CHIKV La Reunion

ARN Axit ribonucleic D-PBS Nude mudi dém photphat
Dulbecco

Anti-anti Khéng sinh-Khang ndm RPM Vong trén phit

SINV Virut Sindbis RRV Virut Ross River

SFV Virut Semliki Forest MCB Ngan hang té bao truéng thanh

WHO T6 Chiic Y Té Thé Gidi ATCC Béo Tang Gibng Chuan Hoa Ky

Vi du thwe hién sang ché
Vi du 1. Cic thi nghiém ban dau dé san xuit Chat Thudc (DS) CHIKV-A5nsP3
Ldp ghép hé gen CHIKV-A5nsP3 duoc tong hop

Hé gen virut CHIKV-A5nsP3 duoc tbng hop trong nim méanh & MWG Eurofins
(Puc) va duogc lip ghép diy da trong plasmit pMA (vt truyén pMX c6 tinh khéng
ampixilin), vat truyén tach dong tiéu chudn. Khung vit truyén pMX dugc thé hién trong
Fig.1. T4t ca quy trinh tich dong va quy trinh didu ché plasmit dugc tién hanh trong céac
didu kién khong c6 TSE bang céch sir dung té bao E. coli NEB10p dién-kha nap. Chién
luge tach dong dugc st dung dé 1ap ghép ddy di hé gen CHIKV-A5nsP3 trong pMA
duoc phéac hoa trong Fig.3B. Tom lai, plasmit pMA chira manh 1, gbm nsP1 va mot phan
cua nsP2 (nhu dugc thé hién trong Fig.3A), dugc tao mach thﬁng thong qua su cat gidi
han EcoRI/Pacl va manh 2 gdm céc phan cta nsP2 va nsP3 dugc dung hop véi manh 1.
Song song véi d6, manh 3 (gébm nsP4 va C) dugc dung hop v6i méanh 4 (gébm C va E2)
thoéng qua viéc tach dong Clal/Pacl. Trong budc tach dong thlt ba, cac manh 3 va 4 dugc
tach dong thong qua Agel/Xhol va manh 5 thong qua Xhol/Pacl vao pMA dugc

Agel/Pacl - tao mach thing da chira cac manh 1 va 2. Viéc tach dong tao ra vét truyén
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pMA_CHIKV-A5nsP3 ma hoa CHIKV-A5nsP3, nhu duge xac minh bang cach giai trinh

tu.
Creu sinh CHIKV-A5nsP3 tir cdc té bao Vero (“cteu sinh virut”)

Pé tao ra hat virut CHIKV-A5nsP3 tir vat truyén pMA_CHIKV-A5nsP3 dugc thiét
ké trén té bao Vero (ctu sinh virut), plasmit pMA CHIKV-A5nsP3 duoc tao mach thing
béng cach cit gidi han Notl va duogc dwa di phién ma in vitro bang cach st dung B Kit
Ambion’s mMessage mMachine SP6 (AM130). Xac nhén tinh nguyén ven ARN thong
qua dién di gel (khong dugc thé hién). Song song véi do, didu ché cac té bao Vero dé
xung dién voi ARN virut. Tom lai, cac té bao Vero duoc tach ra khoi binh thot ¢b nudi
cdy té bao bang cach sir dung TrypLESelect (Gibco) va duoc rira hai 1an bang PBS. T4t
ca cac bude ly tAm duogc tién hanh & 300g & nhiét do trong phong. ARN virut dugc tron
v6i 8x10° t& bao Vero trong 800 pl PBS va hdn hop té bao Vero/ ARN dugc chuyén vao
cuvet xung dién 0,4 cm. Tién hanh hai xung & 850 V, 25 pF, 200 Om. Sau khi xung dién,
té bao Vero dugc giit & nhiét do trong phong trong thoi gian 10 phut va cudi cing duge
tai tao huyén phu trong MEM/ FCS 5%/ Khang sinh-Khéang ndm (Anti-Anti) 1%/ L-
Glutamin 2 mM va duge 0 trong binh thét ¢d T75 trong thoi gian 48 gior & nhiét do
35°C/CO; 5%. Dich ndi bé mit mdi trudng nudi cdy té bao chira CHIKV-A5nsP3 ciru
sinh (cdy chuyén 0; P0) duoc thu hoach va ly tim & 3.000g trong thoi gian 10 phut &
nhiét do 4°C. Hiéu gia virut duoc xac dinh bing mang va thir nghiém TCIDso trén t€ bao
Vero. CHIKV-A5nsP3 ctru sinh (P0) dugc luu trit ¢ nhiét do -80°C. CAu trac hé gen cda
ung vién véc xin virut CHIKV-ASnsP3 thu duogc theo do, ciing dugce goi la VLA1553,
duoc thé hién trong Fig.2.

S xdc minh trinh tw CHIKV-A5nsP3

Pé xac minh trinh ty hé gen virut, axit nucleic virut dugc tach chiét khoi dich ndi
bé& mat modi truong nudi cy té bao thu duoc bang cach st dung Bo Kit Quay Virut
QIAamp MinElute (QIAGEN #57704) va thuc hién tong hgp cADN bang céch st dung
Hé Théng Tong Hop Soi-Thir Nhét SuperScript III (Life Technologies, Catalog# 18080-
051) bing cach st dung cic hexame ngiu nhién. PCR c¢6 Polymeraza D9 Tin Céy Cao
Phusion duoc tién hanh v6i cac mdi khuéch dai cac ving chdng 1én nhau cia hé gen
CHIKV-A5nsP3, va san pham PCR dugc dua vao giai trinh tw Sanger  MWG Eurofins,
Duc. Cac trinh tu cua cdp mdi dugce st dung dé PCR va giai trinh ty dugc thé hién trong
Béang 1.

Bang 1. Cip mdi duge st dung dé giai trinh tu hé gen CHIKV-A5nsP3.

<3 Vi tri giéi han trinh tw mdi | SEQID | Vi tri gi6i han trinh ty mdi | SEQID

O 2 xubi (5¢-3°) (chir thwong) NO: ngwge (5-3¢) (chir thuwdmng) NO:

1 ttaggatccGATGGCTGCGTG 3 taactcgagCCGTCAGGTCTG 9
AGACAC TTGAACAT

2 ttaggatccTACCACCAGGCG 10 taactcgagCTTTGCCCACTT 11
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2.3 Vi tri giéi han trinh tw mdi | SEQID | Vi tri gi6i han trinh tw moi SEQ ID

IR

O = xubdi (5¢-3¢) (chix thwong) NO: nguoc (5°-3¢) (chir thwong) NO:
ATTAAAG ACTGAAGG

3 ttaggatcc TGCTACAGAAGT 12 taactcgagGCCAAAGCGTG 13
CACGCC AATCAG

4 ttaggatcc AACAGCTTGAGG 14 taactcgagCTCTGTCTCATC 15
ACAGAGCG ACGTCGG

5 ttaggatcc AAATTGCAGTCA 16 taactcgagAGTACGTTGACG 17
TAGGAGTCTTC TGCTCTGA

6 ttaggatccGTGGGTTAAACA 13 taactcgagGGTTAAAGTCTT 19
ACTGCAAA CTATCCTCCTGG

7 ttaggatccGGATAACCACTG 20 taactcgagAGTTGTGAAATT 71
GGATAATAGG CCTTCTGCC

8 ttaggatcc CGCAGATAGAAC 2 taactcgagCAGCAGCTCTAC 23
CAGTGAAC o TTGGGTC

9 ttaggatcc AGGAGGGAAAG 24 taactcgagCCCTCGCCTTCT 25
ACAGGCT TCTG

10 | ttaggatccCAAAATAGAAG taactcgagCCTGGAGTTTCT
GAGTGCAAAAAG 26 TAAGTAATAGTTGC 27

11 | ttaggatccACCGGTCCAGGT taactcgagGCAGCAAATTCT
CATTTA 28 | TcccaG 29

12 | ttaggatccCCATTCCAGAAC 30 taactcgagATACCTGATTTC 31
ACACTACAG ATCATGGC

13 | ttaggatccCCTTTGATAAGA 3 taactcgagTACAAAGTTATG 33
GCCAAGATG ACGGGTCCT

14 | ttaggatccCAACGAACAGG 34 taactcgagGACCGCTTAAAG 35
GCTAATTG GCCAG

15 | ttaggatccGTGCATGAAAAT 36 taactcgagTGGTCTTGTGGC 37
CGAAAATG TTTATAGACA

16 | ttaggatccAACCGGAGGAA 13 taactcgagGTACCGCACCGT 39
ACCCTAC CTGG

17 | ttaggatccAGCTACCTTGCA 40 taactcgagCCCACCATCGAC 41
GCACGT AGG

18 | ttaggatccCGAGCCGTATAA 42 taactcgagCGCCGGTGAAG 43
GTATTGGC ACCTTAC

19 | ttaggatccACTACTGTCAGT 44 taactcgagTACCGGGTTTGT 45
CACTTTGGAGC TGCTATTT

20 | ttaggatccCACAACTGGTAC 46 taactcgagGCGTAGCCCTTT 47
TGCAGAGAC GATCTATAG

21 | ttaggatccGGTGCTATGCGT 48 taactcgagATCTCCTACGTC 49
GTCGT CCTGTGGG

Sw cdy chuyén CHIKV-A5nsP3 trén té bao Vero

Sau khi ctru sinh CHIKV-A5nsP3, cac té bao Vero duoc 1ay nhiém va virut duogc

cdy chuyén lién tiép trong ba ban sao (xem Béang 2). Dé cly chuyén, cac t& bao Vero

duogc ciy trong binh thét ¢ T150 va duge sinh trudng dén hop luu (1-3 ngay) duoc rira
hai 14n bing 1x DPBS trudc khi bd sung 20 ml mdi trudng 1ay nhiém (EMEM khéng c6
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huyét thanh). Chét dé chung duoc bb sung truc tiép vao binh thét ¢d & thé tich dugc chi
dinh va té bao dugc U trong thdi gian 24 gié & nhiét do 35°C, CO2 5%. Thuc hién cay
chuyén trong ba ban sao (A, B va C) v6i su lay nhiém té bao Vero tai MOI béng 0,01 dbi
v6i cly chuyén 1an thi nhét tir ctru sinh virut (P0). Mé thu 20 ml duoc chuyén vao ong
PP 50 ml 24 gio sau lay nhiém, manh v té bao duoc loai bo bang cach ly tam (3000g, 10
phut) va dich ndi bé mit duoc chuyén vao éng PP 50 ml méi. B6 sung dung dich sucroza
49% (khdi luong/khéi luong) dén ndng do cudi cing bang 10% (khi luong/khdi lwong)

v céc phén phan udc 1 ml ciia mé thu da 1am on dinh duoc luu trit & nhigt do <-70°C.

Céc 13n 1ay nhi®m tiép duge thuc hién bang mé thu khong c6 sucroza. Tién hanh
lay nhiém b%mg cach st dung cac thé tich khac nhau cua mé thu duoc tinh dai khai dua
trén tac dung gay bénh té bao dugc quan sat thiy trong ciy chuyén trudc d6 va trong cic
ban sao song song. Thé tich mé thu dugc st dung dé lay nhiém thay dbi trong khoang tir
5 ul dén 1 ml. Tiép theo su lay nhiém 1a mé thu don 1é sau 24 gio. Luuy rang MOI dugc
st dung dé tao ra cac ciy chuyén 2-16 dugc xac dinh theo cach hdi ctru sau khi c¢6 cac két
qua TCIDso, thu duge khoang giéi han rong (“khdng dugc kiém soat”) ctia cac MOI
trong sudt thi nghiém (Xem Béang 2). Quy trinh nay duoc tién hanh 1én dén 16 cdy
chuyén trong ba ban sao song song (cac ban sao A, B va C) cho phép quan sat c6 hé
théng cac tham s6 khac nhau trong qua trinh thich tng cia CHIKV-A5nsP3 véi sy chy
chuyén té bao Vero. Trong qud trinh thi nghiém nay, san lugng (TCIDs¢/ml), thé tich lay
nhiém, sb lugng té bao Vero trén mdi binh thét cd, sd céy chuyén té bao Vero va tac dung
gay bénh t& bao (CPE) dugc ghi lai. Boi s6 1ay nhidm (MOI) duoc xéc dinh theo cach hoi
cuu dua trén TCIDso da do va cling duoc ghi lai. CAy chuyén CHIKV-A5nsP3 duoc danh
gi4 dong thoi vé kich thuéc mang trong tat ca ba ban sao.

Bang 2. Su ciy chuyén lién tiép CHIKV-A5nsP3 trén té bao Vero sau khi ciru
sinh virut, dwgc tién hanh trong ba ban sao. Dir liéu duoc thé hién bao gébm san lugng
thu hoach (24 git; TCIDso), thé tich lay nhim (ml), sé luong té bao/binh thét cd, s cdy
chuyén té bao Vero, boi s6 lay nhiém (MOI) va tac dung gdy bénh té bao (CPE) dugc
quan sat thay luc 24 gio sau khi lay nhiém.

23/102

Ban sao A
Cay
Cay Lay nhiém | Té bao chuyén MOI CPE @
chuyén TCIDso/ml (ml) @T150 Vero (TCIDso) 24 gioy
PO 9,77E+06 khong c6
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P1A | 2,59E+07 0,02 2,00E+07 149 0,010 50
P2A | 1,90E+07 1 2,90E+07 149 0,893 50
P3A | 2,92E+07 0,1 2,80E+07 149 0,068 20
P4A | 2,14E+08 0,37 2,00E+07 150 0,540 90
P5A | 1,01E+08 0,1 2,70E+07 150 0,792 60
P6A | 3,50E+08 0,1 2,60E+07 150 0,390 60
P7A | 743E+08 0,037 1,30E+07 151 0,997 50
P8A | 8,02E+08 0,05 1,60E+07 151 2,323 90
P9A | 1,51E+09 0,01 2,40E+07 151 0,334 60
PI10A | 3,60E+09 0,005 1,98E+07 152 0,381 80
P11A | 1,88E+09 0,005 1,84E+07 152 0,982 90
PI2A | 6,94E+08 0,005 1,30E+07 152 0,724 90

PI13A | 4,22E+09 0,01 1,44E+07 153 0,482 60
P14A | 3,05E+09 0,01 1,90E+07 153 2,219 90
P15A | 3,03E+09 0,01 2,20E+07 153 1,384 90
P16A | 2,91E+09 0,01 1,70E+07 154 1,781 90
Ban sao B
Cay
Cay LAay nhiém | Té bao chuyén MOI CPE @
chuyén | TCIDso/ml (ml) @T150 | Vero (TCIDso) | 24 givv

PO 9,77E+06 khong ¢
Plb | 647E+07 0,02 2,00E+07 149 0,010 50
P2B | 5,32E+07 1 2,90E+07 149 2,232 50
P3B | 2,27E+07 0,1 2,80E+07 149 0,190 20
P4B | 1,65E+08 0,08 2,00E+07 150 0,091 80
P5B | 1,65E+08 0,1 2,70E+07 150 0,613 60
P6B | 4,06E+08 0,1 2,60E+07 150 0,636 60
P7B | 9,19E+08 0,092 1,30E+07 151 2,875 60
P8B | 7,43E+08 0,1 1,60E+07 151 5,744 90
P9B | 2,14E+09 0,025 2,40E+07 151 0,774 75
P10B | 4,06E+09 0,01 1,98E-+07 152 1,080 90
P11B | 2,09E+09 0,01 1,84E+07 152 2,214 90
P12B | 8,76E+08 0,01 1,30E+07 152 1,608 90
P13B | 2,91E+09 0,01 1,44E+07 153 0,609 60
P14B | 4,22E+09 0,01 1,90E+07 153 1,530 90
P15B | 3,79E+09 0,01 2,20E+07 153 1,917 95
P16B | 3,79E+09 0,01 1,70E+07 154 2,232 90

Ban sao C
Cay
Cay Lay nhiém | Té bao chuyén MOI CPE @
chuyén | TCIDso/ml (ml) @T150 | Vero (TCIDso) | 24 givv

PO 9,77E+06 khong c6
PIC | 3,24E+07 0,02 2,00E+07 149 0,010 50
P2C | 3,29E+07 1 2,90E+07 149 1,117 50
P3C | 2,54E+07 0,1 2,80E+07 149 0,118 20
P4C | 1,29E+08 0,15 2,00E+07 150 0,191 90

24




42552 25/102

P5C 4,13E+08 0,1 2,70E+07 150 0,477 60
P6C 5,91E+08 0,1 2,60E+07 150 1,587 60
P7C 1,85E+09 0,185 1,30E+07 151 8,415 70
P8C 4,83E+08 0,2 1,60E+07 151 23,073 90
P9C 1,03E+09 0,1 2,40E+07 151 2,013 90
P10C | 5,14E+09 0,015 1,98E+07 152 0,783 90
P11C | 1,51E+09 0,015 1,84E+07 152 4,205 90
P12C | 1,15E+09 0,015 1,30E+07 152 1,738 90
P13C | 4,22E+09 0,01 1,44E+07 153 0,802 65
P14C | 3,81E+09 0,01 1,90E+07 153 2,219 90
P15C | 1,07E+09 0,01 2,20E+07 153 1,730 90
P16C | 2,48E+09 0,01 1,70E+07 154 0,631 90

Xu huong dwoc quan sdt thdy trong qud trinh cdy chuyén lién tiép trong diéu kién MOI
“khéng duoc kiém sodt”

Trong qua trinh CHIKV-A5nsP3 thich Gmg véi su chy chuyén té bao Vero, di
quan sat thay rang tdng san luong virut CHIKV-ASnsP3 vé co ban 1a ting cung véi sb
cdy chuyén ting trén té bao Vero nhu dugc thé hién trong Bang 2. Nhu dugc thé hién
trong Fig.4A, cac cdy chuyén 6 va tr& 1én thu dugc hiéu gid ting xép xi 100-1an so véi
ctru sinh virut (P0) va cac ciy chuyén dau. Ciing dugc quan sat thdy su giam dong thoi vé
kich thuéc mang CHIKV-A5nsP3 (Fig.4B). Anh hudng clia su cdy chuyén in vitro virut
Chikungunya kiéu dai 1én kich thuéc méng & cac dong té bao khac da dugc md ta trudc
d6 b6i Gardner CL, va cong sw (Gardner CL, et al., 2014, ¢ trén). San lugng virut cao 1a
didu dugc mong mudn cao dé tao ra virut da bat hoat trong cong nghiép; tuy nhién, ciing
duoc quan sat thay trong ban md ta ndy CHIKV-A5nsP3 tro nén it gdy mién dich hon
clng véi su cdy chuyén ting nhu dugc thé hién trong Fig.4C. Tom lai, d x4c dinh kha
ning gy mién dich trong cac cdy chuyén khac nhau ctia CHIKV-A5nsP3 nhu dugc tao ra
trong Bang 2, ¢ trén, nhom gdm nam con chudt C57Bl/6 duge gdy mién dich mot 1an
dudi da véi lidu luong bang 10° TCIDsy CHIKV-A5nsP3 cdy chuyén 5 (P5B), cay
chuyén 8 (P8B) hoic P15 (P15C). CHIKV-A5nsP3 & PO (ctru sinh virut), cling tai 10°
TCIDso, dugc st dung lam dbi chimg dwong. Tap hop huyét thanh ngay 21 dugc dénh gid
vé kha nang trung hoa CHIKV-A5nsP3 (P0) cta ching trong thir nghi¢m PRNT trén té
bao Vero, bang cach thir nghiém dich pha lodng huyét thanh lién tiép 4-1an nam trong
khoang tir 1:20 dén 1:327.680. Nhu dugc thé hién trong Fig.4C, kha ning gay mién dich
& chuodt c6 CHIKV-A5nsP3 P5B thé hién kha ning gay mién dich dich chuyén nhé so véi
CHIKV-A5nsP3 (P0) khong duoc cdy chuyén, trong khi d6 virut P8B thé hién kha ning
gdy mién dich vé co ban 1a giam twong duong v6i virut P15C. (Vi virut P15C khong gay
mién dich, n6 ¢6 vai trd 1am ddi chimg am trong thir nghiém PRNT sau do.)

Cubi cung, sy cdy chuyén CHIKV-A5nsP3 dd chon dugc thir nghiém vé do 6n
dinh di truyén bang céach gidi trinh ty Sanger. Khi cdy chuyén CHIKV-A5nsP3 trén té bao
Vero 1én dén 16 1an, d3 xac minh réng su lam khuyét 60 axit amin & gen nsP3 chiu trach
nhiém vé su giam doc luc cia virut 4n dinh vé& mit di truyén, chi ra ring virut khong
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quay tr¢ lai kiéu dai, can nhic vé tinh an toan quan trong d6i véi véc xin séng da giam
doc lap.

Xu hwéng dwoc quan sdt thdy trong qud trinh cdy chuyén lién tiép trong diéu kién MOI
duoc kiém sodt

Viéc st dung MOI cao (vi dy, cao hon 0,1) khong c6 1¢i cho quy trinh ¢6 quy mo
cdng nghiép vi cin qua nhiéu nguyén liéu bét dau. Trong vin dé nay, viéc st dung MOI
thip hon (0,01) qua ba cdy chuyén duoc thir nghiém va kha nang gay mién dich cia cac
cdy chuyén thu dugc duge xac dinh. Nhu dwgc thé hién trong Fig.5A, ba cdy chuyén tir
Ban sao B trong Bang 2, dugc cdy chuyén trong cac diéu kién khong duge kiém soét, v6i
cac MOI nim trong khoang gi¢i han tir 0,01 dén 2,23. Tir cdy chuyén 3 (P3B) thu duoc
theo d6, thuc hién cac cdy chuyén khac 1én dén P6 bang cach sir dung MOI bang 0,01 d6i
voi mdi céy chuyén va duoc thé hién 1a “céc diéu kién duoc kiém soat tai MOI 0,017
trong Fig.SA. Trong didu kién st dung MOI biang 0,01, kha ning gay mién dich cta virut
thu dugc bi mét rit nhanh nhu duge thé hién trong Fig.5B. Luc cdy chuyén 5, CHIKV-
ASnsP3 d3 duoc bidu hién khong gay mién dich. Két qua nay trai nguoc véi cac két qua
duge thdy & P5B trong Fig.4C, dugc tao ra c6 MOI cao hon nhiéu (xem Bang 2, Ban sao
B) va van gy mién dich. Sy quan sat thiy nay duong nhu chi ra rang MOI thap hon dan
dén su chon lya nhanh hon trong qué trinh céy chuyén té bao Vero dbi voi cac dot bién
anh huong kha nang gy mién dich cia CHIKV-A5nsP3.

Vi du 2. Xac dinh tinh khong dong nhit trinh ty ciia CHIKV-ASnsP3 ma dnh hudéng
dén kha ning giy mién dich

Do su giam/sy mét kha nang gdy mién dich dugc quan sat thdy (hiéu gia khang thé
trung hoa) va kich thuéc mang giam ¢ cac cdy chuyén CHIKV-ASnsP3 cao hon, didu
quan tAm dén 13 phan tich tinh khong dbng nhét trinh tw c6 thé xay ra trong cac quan thé
virut & cac sb cdy chuyén khic nhau. Ngoai ra, didu quan tim dén 13 phan tich trinh ty
clia cac mang riéng 1é cua quéan thé virut. CHIKV-A5nsP3 (P0) khong dugc cdy chuyén
khong thé hién tinh khong ddng nhét trinh tw dwa trén sy giai trinh ty Sanger. Nhin
chung, v6i s6 cdy chuyén ting su ting 1én cta tinh khong ddng nhét trinh tw d6i v6i tat ca
3 ban sao dwoc quan sat thdy (cdc Ban sao A, B va C; Bang 3). Trong truong hop ciy
chuyén ban sao C & cdy chuyén 8 (P8C), quan thé virut vin khong dong nhat (tinh khong
dong nhét trinh ty duge thé hién trong Bang 3), trong khi d6 cdy chuyén P15C thé hién
quan thé virut ddng nhét hon véi dot bién diém duge xac dinh (duge chi ra bang *). Di
liéu kha nang gdy mién dich dugc thé hién trong Fig.4C (Vi du 1, ¢ trén) tap trung vao
PSB va P8B, thé hién tinh khong ddng nhét trinh tu & protein phi-cau tric (nsP) CHIK V-
A5nsP3 va protein vo E2 nhu dugc thé hién trong Bang 3 dudi day.

Béng 3. Tinh khong ddng nhét trinh tw & CHIKV-ASnsP3 & cic cdy chuyén
P5, P8 va P15 (cac Ban sao A, B va C nhw dwgc tao ra trong Bang 2).

Tinh khong dong nhat trinh tu dugc xac dinh bang cach giai trinh tu Sanger. bé
dat muc dich do, axit nucleic virut dugc tach chiét khoi dich ndi bé mit moi trudng nudi
cdy té bao thu dugc bang cach sit dung B9 Kit Quay Virut QIAamp MinElute (Qiagen).
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cADN dugc tbng hop bang cach sir dung Hé Théng Tong Hop Soi-Thir Nhét SuperScript
111 (ThermoFischer) bang cach sir dung cac hexame ngau nhién. PCR v6i Polymeraza D
Tin Cay Cao Phusion dugc tién hanh bang moi khuéch dai cac ving chdng 1én nhau ctia
hé gen CHIKV-A5nsP3 (Bang 1), dugc gidi trinh tu bing cach giai trinh ty Sanger &
MWG Eurofins, Puc. Két qua doc cho thiy céc két qua clia viéc kéu goi bazo ty dong
(>20%) ciing nhu la tinh khong ddng nhat duge phat hién béi cdc phan tich truc quan cua
séc ky dd giai trinh tw. * Dot bién ddy di (tirc 13, 100%) duge chi ra bang déu hoa thi.

Ban sao A Béan sao B Ban sao C
Gen | PSA | PSA | PISA | P5B | P8B | P15B | P5C | P8C | P15C
' ﬁ Tinh Khong Pong Nhiat Trinh Tw =
L4941
nsP2 G577W | G57TW G577W | G57TW G577W | G57TW*
G621R
nsP3 R470S | R470S
nsP4 V1131
G55R | G55R G55R | G55R | G55R | G55R | GS55R*
H99Y | H99Y
E168K E168K | E168K | E168K
M171V
E2 T2301 | T230I T2301 | T230I T2301 | T230I*
H232Y | H232Y
E247K E247K
E247D E247D E247D
A423A A423A

Su mé réng va gidi trinh ty cdc mang CHIKV-A5nsP3 don lé

Dé hiéu rd anh hudng clia cac dot bién riéng 1€ 1én kha ning gay mién dich va do
d6 phat trién quy trinh san xuét duoc kidm soat va co thé tai tao dbi véi vic xin CHIK V-
A5nsP3 gay mién dich cao, cdc mang riéng 1& tir cac thé phan lap CHIKV-A5nsP3 P5B
va P8B duogc tinh chon. Tom lai, dich pha loang lién tiép cua CHIKV-A5nsP3 P5B va
P8B duogc st dung dé lay nhiém té bao Vero trong thir nghiém mang (dugc md ta dudi
Fig.4) va sau khi u 72 gi0, cac mang don 1& ¢6 cac hinh thai khéc nhau duge tinh chon
(cac mang nho uu tién duge tinh chon, béi vi chiung bt ddu xudt hién sau mot vai cdy
chuyén trén té bao Vero) va mé rong thong qua su tai lay nhi®m té bao Vero (5x10°)
trong dia 6-giéng. Cac miu CHIKV-A5nsP3 khic nhau bt ngudn tir cac mang don 1é
duoc chon dua trén dot bién trong trinh ty gen E2 trudc khi mé rong thém trén té bao
Vero. Cac dong P5B-02, P5SB-03, P5B-04, P5B-07, P5B-11, P8B-01 va P&8B-05 dugc mo
rong va tinh ché dé thi nghiém kha ning gay mién dich in vivo. Cac mang riéng 1é dugc
mo rong trén té bao Vero sinh trudng trong cac Chai Hinh Ong Lan bing cich st dung
Chai Hinh Ong Lan 850cm? don 18 ¢6 bé mit CellBIND déi v6i mdi thé phan 18p. Khi dat
dén hop luu, té bao duge rira hai 1an bang 100ml D-PBS + Ca+ Mg trudce khi 100 ml moi
truong 14y nhiém (EMEM khong c6 huyét thanh) chira chét dé ching tai MOI bang 0,01
duoc bd sung va té bao duogc U trong thoi gian 24 gid & nhiét do 35°C, CO2 5%. 100 ml
mé thu duge chuyén vao dng PP 50 ml 24 gio sau lay nhiém va manh v té bao dugc loai
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bo béng cach ly tdm, theo sau la loc 0,2um béng cach st dung thiét bi loc chan khong
Steriflip® (Merck). Cac mé thu virut di lam sach riéng 1€ dugc cb déc lan thir nhét bang
céich str dung thiét bi Loc Ly Tam Amicon®, dugc loc pha loang v6i dém TBS va tinh ché
bing protamin sulphat va xit ly Capto™ Core700. Cac dong CHIKV-A5nsP3 da tinh ché
sau d6 duoc sir dung cho cac nghién ctru khac.

Trinh tu hé gen déy da cta cac miu CHIKV-A5nsP3 dugc mé rong, P5SB+1 va
P8B+1; cu thé 1a P5B-02, P5B-03, P5B-04, P5B-07, P5B-11, P8B-01 va P8B-05 nhu
dugc mo ta & trén, bét nguén tir cac mang don 1é, P5B va P&B, lan luot, duge danh gia
bang cach giai trinh tw Sanger. Cac dot bién diém dugc quan sét thdy ciia cic mang riéng
1¢ dugc tom tit trong Bang 4 va trinh tu gen bing so do dugc thé hién trong Fig.6B va
Fig.6D.

Pé danh gis anh hudng cua cac dot bién diém cu thé 1én kha ning gdy mién dich
ctia CHIK V-A5nsP3, huyét thanh chudt ngay 19 tir cac con chudt dugc giy mién dich bai
virut bat ngudn tir mang riéng 1é dugc tao ra va phan tich trong PRNT. Tom lai, lidu
lugng don 1¢& cia CHIKV-A5nsP3 tai lidu lugng TCIDso duge dy dinh béng 10° duoc
dung dudi da cho chudt C57Bl/6 (10 trong mdi nhom diéu tri) va tap hop huyét thanh
ngdy 19 dugc phan tich trong thir nghiém PRNT & dich pha loang lién tiép 4-1an nam
trong khoang tr 1:20 dén 1:327.680 vé kha nang trung hoa virut cia chung. Virut dugc
trung hoa trong PRNT tuong Gng vé6i cdy chuyén 2 CHIKV-A5nsP3 (P2, 560 pfu/ml)
khong thé hién tinh khong dbng nhét trinh ty va do d6 gidng vé trinh ty véi CHIKV-
AS5nsP3 khong duge cdy chuyén (P0). Hon hop trung hoa (560 pfu/ml CHIKV-A5nsP3
P2 va dich pha lodng huyét thanh lién tiép) duoc U trong thoi gian 1 gio & nhiét d trong
phong va dugc bb sung trén té bao Vero, tiép theo 1a 0 trong thoi gian 2 gio. Cudi cing,
16p pht metylxenluloza (0,8%) dugc bd sung sau d6 1a u trong thoi gian 72 gio. Su hién
thi mang dugc thuc hién sau khi nhudm tim tinh thé (tim tinh thé 0,5% trong
Formaldehyt 5%).

Bang 4. Dot bién & cic mang dwgc tinh chon don 1é cia cay chuyén CHIKV-
A5nsP3 P5 va PS. Giai trinh tw hé gen CHIKV-A5nsP3 ddy du duoc tién hanh 6 MWG
Eurofins, Dtrc, bang cach st dung mdi trong Bang 1. Tét ca cac dong P5B va P8B lan
lugt twong tmg véi CHIKV-A5nsP3 P6 (P5B+1) va P9 (P8+1), mo rong trén té bao Vero.
Hiéu gia PRNTso dugce tinh trong GraphPad Prism bang céach sir dung sy 1am khép phi-
tuyén tinh — phép tinh 3 tham sd. Protein virut ma dot bién diém twong Gmg dugc xac
dinh trong do6 duogc thé hién trong ddu ngodc. Gid tri PRNTso dbi voi cac thé phan lap
khong gay mién dich khong thé do duoc nhur duge chi ra.

Thi Thé Cay Tinh gdy | PRN
nghiém # | phéan lip chuyén (Cac) dt bién diém mién dich Tso
4399¢r1 PO #1 0 Khong c6 Doi ching 386
duong

4415gr1 | PO#2 0 Khong ¢ Ddi ching 4215
duong

4415gr2 P5B-02 5+1 E168K[E2]+A38S[nsP1] dugc gitt lai 373
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4415gr3 | P5B-03 5+1 | H232Y[E2] duoc giit lai 112
4415gr4 | P5SB-04 5+1 | E168K[E2] bi mét -
4415gr5 | P5SB-07 5+1 | E168K[E2] bi mét -
4415gr6 | P5B-11 5+1 | E247K[E2] dugc gitt lai 219
4415gr7 | P8B-01 8+1 | H99Y/E168K[E2]+R470S[nsP3] | bi mét -
4415¢r8 | P8B-05 8+1 | G55R/H232Y[E2]+G577W[nsP2] | bi mat -
4399¢r2 | P15C-DS 15 G55R/T2301[E2]+G577W[nsP2] | D6i chimg dm -

-=khéng thé do duoc

Nhu ¢6 thé duoc nhin thdy trong Fig.6A, kha ning giy mién dich cua CHIK V-
A5nsP3 P5B-11 va P5B-03, ca hai ¢6 dot bién diém don 1¢ & protein E2, E247K va
H232Y (Fig.6B), lan lugt, khong bi anh hudng khi so v6i kha ning gay mién dich cta
CHIKV-A5nsP3 P0. Kha nang trung hoa cua huyét thanh PO duoc thé hién tr hai thi
nghiém & chudt doc 1ap (4415; PO #2 va 4399; PO #1) phac hoa khoang gidi han co thé
chép nhén cua kha ning gay mién dich. Mit khac, P8B-05, dugc dic trung boi 3 dot bién
diém, G577W, G55R va H232Y & nsP2 va E2, lan luot, khong gdy mién dich & chudt.
Dot bién G55R da duge md ta trong tai liéu béi Gardner CL, va cdng su, dudi dang 1a két
qua cla céy chuyén CHIKYV in vitro. Hat virut bi anh hudng bdi su phu thudc vao li€n két
heparan sulfat in vitro tang din dén su giam doc luc in vivo (Gardner CL, et al., 2014, o
trén).

Nhu c6 thé thay trong Fig.6C, chi mot trong bén miu CHIKV-A5nsP3 bat ngudn
tir cac mang don 1¢ (P5B-02) van con gay mién dich va duge dic trung boi hai dot bién
didm, A38S va E168K & nsP1 va E2 (Fig.6D), lan luot. Ngoai ra, P8B-01 c6 ba dot bién
diém, R470S & nsP3 va H99Y va E168K & protein E2, khong gay mién dich & chuot va
twong dwong véi ddi chimg 4m P15C. Mi P5B-04 va PSB-07 ¢6 dot bién diém don 1¢ &
E2, tre 13, axit Glutamic 168 bi dot bién thanh Lysin (E168K), cling dugc thé hién 1a ¢o
anh hudng truc tiép 1én kha ning gdy mién dich, bdi vi kha nang trung hoa CHIKV-
A5nsP3 da bi mét.

Tom lai, dd quan sat thdy ring nhiéu dot bién phat sinh trong qua trinh cdy chuyén
trén té bao Vero dugc dinh vi & protein E2. Mot s6 dot bién diém trong sb cac dot bién
diém da xac dinh & protein E2 va/hodc cc phan khac ctia hé gen vé co ban 1a khong dnh
huéng dén kha nang gdy mién dich cta virut; cu thé la dot bién H232Y[E2] va dot bién
E247K[E2]. Tuy nhién, mot s6 dot bién trong s6 cac dot bién da xac dinh khac &
CHIKV-A5nsP3 dan dén sy mat kha ning gay mién dich; cu thé 1a dot bién E168K[E2]
thuong xuyén xdy ra, mot minh hodc ¢ dang két hop véi cac dot bién khac. Diéu ngoai
trir dang chtl y 1a thé dot bién c6 ca hai dot bién E168K[E2] va dot bién A38S[nsP1], duy
tri kha ning gdy mién dich. Quan sat ndy cho thdy ring dot bién A38S[nsP1] c6 &nh
huong lam gidm thiéu 1én kha nang gy mién dich giam do dot bién E168K[E2] mang lai.
Ngoai ra, thé phan 1ap c6 dot bién G55R/H232Y[E2] va dot bién G577W[nsP2] ciing
chimg t6 khd ning gdy mién dich kém, c¢6 18 chit yéu 1a do dot bién G55R & E2, béi vi
mdt minh dot bién H232Y c6 anh huéng it (xem P5B-03).
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Dot bién E168K va dot bién G55R & protein E2 virut Chikungunya dugc mo ta
trude d6 13 1am dién tich bé mat duong tang lén, dan dén su tuong tac véi heparan sulfat
va/hodc cac Glycosaminoglycan (GAG) khac tang, cudi cung 1a thu dugce kha ning lay
nhidm cuy thé ting. Trén nén tang ctia CHIKV kidu dai, cac dot bién duoc cho thiy 1a gay
ra kich thudc mang nhé hon, do mé rong kém hon trén cc dia qua trung gian boi sy li€n
két véi heparan sulfat. Ngoai ra, cac dot bién din dén su giam doc luc cia CHIKV ¢ mo
hinh chudt bi bénh co xuwong (MSD), ¢6 sy lan rong & chudt dén cac co quan giam di va
do d6 mtrc d6 virut xdm nhédp vao mau thép hon (Gardner CL, et al., 2014, ¢ trén; Silva
LA, et al., A single-amino-acid polymorphism in Chikungunya virus E2 glycoprotein
influences glycosaminoglycan utilization (2014) J Virol.; 88(5):2385-97). Thuc té 1a su
c6 mit ctia dot bién E168K va dot bién G55R & CHIKV kiéu dai khac dan dén sy giam
doc luc trung gian phu hop voi sang ché v& mat kich thuéc mang giam hodc kha nang
gay mién dich in vivo giam. Tuy nhién, diéu khong mong doi 1a hai dot bién nay trén nén
tang cia CHIKV-A5nsP3 da gidm doc luc dan dén méat kha nang gy mién dich & chudt
nhu dugc bao cdo trong ban mo ta nay.

Ciing dugc bao céo 1a hién tugng thong thudng dbi voi moi trudong nudi ciy té bao
khac dugc cdy chuyén céc alphavirut ching han nhu virut Sindbis (SINV; Klimstra WB,
et al., Infection of neonatal mice with Sindbis virus results in a systemic inflammatory
response syndrome (1999) J. Virol.; 73(12):10387-98; Klimstra WB, et al., The furin
protease cleavage recognition sequence of Sindbis virus PE2 can mediate virion
attachment to cell surface heparan sulfate (1999) J. Virol.; 73(8):6299-306; Byrnes and
Griffin, Binding of Sindbis virus to cell surface heparan sulfate (1998) J. Virol.;
72(9):7349-56), virut Ross River (RRV; Heil ML, et al., An amino acid substitution in
the coding region of the E2 glycoprotein adapts Ross River virus to utilize heparan
sulfate as an attachment moiety (2001) J. Virol.; 75(14):6303-9) va virut Semliki Forest
(SEV; Smit JM, et al., Adaptation of alphaviruses to heparan sulfate: interaction of
Sindbis and Semliki forest viruses with liposomes containing lipid-conjugated heparin
(2002) J. Virol.; 76(20):10128-37) 1a su thé d6i voi céc gbe tich dién-duong & E2 mang
lai kha ning lay nhiém phu thudc heparan-sulfat in vitro ting va cac dot bién nay c6 thé
duoc chon loc trong cdy chuyén in vitro it ddy. Ngoai ra, da thdy rang cac dot bién nay
dan dén sy giam doc luc virut in vivo (Byrnes AP and DE Griffin, Large-plaque mutants
of Sindbis virus show reduced binding to heparan sulfate, heightened viremia, and slower
clearance from the circulation (2000) J. Virol.; 74(2):644-51; Klimstra WB, ef al. 1999, ¢
trén).

Boi vi tinh khong dong nhat trinh tu, cling vé6i sy giam ddng thoi vé kha ning gay
mién dich, da ro rang & cdy chuyén PS5 va P8 ctia CHIKV-A5nsP3, tinh khong ddng nhét
trinh ty & cac cy chuyén sém hon, ciing nhu 12 cdc anh hudng cta ching 1én kha nang
gay mién dich, dugc thir nghiém k¥ ludng hon nhu duge phac hoa dudi day.

Vi du 3. Xéc dinh tinh khong ddng nhit trinh tw va kha ning giy mién dich ciia
CHIKV-A5nsP3 ¢ ciy chuyén P3
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Sy xuét hién & cac cdy chuyén sau cua tinh khong ddng nhat trinh tw véi cac anh
huéng bét lgi 1én kha ning gly mién dich ciia CHIKV-A5nsP3 nhu do duge bang hiéu
gia khang thé trung hoa x4c dang phat hién cdy chuyén t6i wu dic trung béi ca kha nang
gdy mién dich cao cling nhu 1a hiéu gia virut du dé tao ra vic xin hitu hiéu.

Pé xac dinh do dn dinh di truyén cia CHIKV-A5nsP3 trong qué trinh tao ra
MVSB (P1), WVSB (P2) va chét thudc CHIKV-A5nsP3 (“VLA1553”) (P3), céc cdy
chuyén 1, 2 va 3 dugec tao ra doc 1ap dugc giai trinh ty. Nhu dugce xac dinh béng cach giai
trinh ty Sanger, PO (ctru sinh virut), P1 (MVSB) va P2 (WVSB) khong thé hién tinh
khong dong nhét trinh ty rd rang bét ky. Budc tiép theo 1a dé chung t6 kha ning tai tao c6
d6 6n dinh di truyén cta chét thude (DS) da tinh ché bat ngudn tir P3 bang cach sir dung
P2 (WVSB) dé 1ay nhiém. Téng cong, bén mé thu P3 doc 1ap, gdm ¢6 cac mé thu ngay 1
va ngay 2 két hop, dugc tao ra trong hai binh thot ¢d-T T150 bang céach st dung P2
(WVSB) dé lay nhiém (MOI 0,01). DPdi v6i mdi ban sao, cac mé thu riéng 1€ vao ngay 1
va ngay 2 dugc tap hop (téng thé tich ~50 ml) va co dic xap xi gép 10-1an (thiét bi sidu
loc 100 kDa Amicon). Thuc hién loc pha logng dya trén 25 mM Tris/150 mM NaCl, do
pH 7.4, tiép theo 1a xit Iy protamin sulfat (ndng do cudi ciing 2 mg/ml) dé két tha ADN té
bao chi. Sau d6 dich ndi bé mit sach duoc tinh ché thém bf?mg sdc ky hép thu theo mé
bang cach st dung nhya CaptoCore 700 (bd sung ~1 ml bot nhdo 50% trong dém
Tris/NaCl). Loai bé nhwa bang cach ly tim va bd sung sucroza dén ndng do cubi cing
bing 10% dé cho phép két dong va ra dong CHIKV-A5nsP3. Sau do ché phim cubi cing
duoc loc tiét tring 0,2 pm va luu trit dong lanh (<-65°C) dén khi xir Iy tiép.

O cly chuyén 3 (P3), khong c6 tinh khong dong nhét béi viéc kéu goi bazo tu
dong dugc phat hién (Eurofins — tat ca < 20%). Tuy nhién, bang cach kiém tra bing mit,
phan doan nhd cua quan thé virut thé hién sy tang phu hop vé tinh khong ddng nhét trinh
tu B168K va E247K & gen dbi voi CHIKV glycoprotein E2, khong ¢6 trong CHIKV-
A5nsP3 (P0) ctru sinh ciing nhu 13 cdc mau MVSB va WVSB. Fig.7 thé hién sic ky dd
giai trinh tu dbi v6i bdn mau P3 DS duogc tao ra doc 14p (cac Vi du 1-4) so voi virut luc
cdy chuyén 0 (P0). Nhu dugc chi ra bang bd cuc khdi, tinh khong ddng nhit G/A & bo ba
ma héa ddi voi axit amin 168 (vi tri axit nucleic hé gen 8882) c6 thé phat hién dugc trong
c4 bdn ban sao va dugc xac minh bing phan Umg gidi trinh tw ngugc, ma phat hién thy
tinh khong ddng nhat nhu nhau. Cling vi tri & mau PO thé hién dinh nhon ddi véi G &
phan tng giai trinh tw xudi (va C & phan ung giai trinh ty ngugc). Mat khéc, tinh khong
dbng nhit E247K (vi tri axit nucleic hé gen 9119) c¢6 mit nhung c6 thé phat hién vira di
trong sic ky do giai trinh tu.

Ngoai ra, su gidi trinh ty thé hé tiép theo cua P3 duoc tién hanh va so sanh véi
viéc giai trinh tw cdy chuyén 1 (P1-MVSB) dé dinh luong luong cua E168K va E247K
trong quan thé virut. Nhu ¢6 thé dugc nhin thiy trong Fig.8, & giai doan P1-MVSB, chi
mutc do khong ddng nhét trinh tu rat thdp c6 thé phat hién duge (tAt ca & dudi mic nén;
gi6i han 15% duogc chi ra béi duong chAm chdm). Tuy nhién, hai mAu P3 tiéu biéu thé
hién su ting tdng thé vé tinh khong dong nhét trinh tw, c6 hai dot bién & gen E2 ma dat

31



42552 32/102

dén hodc tang 1én trén mirc nén (E168K & 18% va 15% cua quin thé virut — vi tri axit
nucleic h¢ gen 8882 va, dén mirc do thép hon, E247K — vi tri axit nucleic hé gen 9119).

Tém lai, su ¢6 mat cia dot bién E168K ¢ protein E2 cua CHIKV-A5nsP3 da duoc
xac dinh b%lng cach giai trinh ty Sanger va NGS ¢ tam mau P3 duge tao ra doc 1ap, chimg
t6 kha ning tai tao clia két qua nay. C4c vi du giai trinh tu tiéu bidu dwoc thé hién trong
Fig.7 va Fig.8. Céc dir liéu nay ching t6 rang su xuét hién dot bién E168K & protein E2
cia virut CHIKV-A5nsP3 ¢6 kha nédng tai tao cao khi cdy chuyén trong té bao Vero vand
lam giam b6t kha nang gay mién dich cua virut CHIKV-A5nsP3 da gidm doc luc nhu
duge thé hién trong Vi du 2 ma & d6 cac virut bét ngudn tir mang PSB(P5B-04 va P5B-07
trong Fig.6) khong gdy mién dich. Hai dot bién bd sung, G55R va G82R, dugc quan sat
thdy trong qué trinh cdy chuyén CHIKV-A5nsP3 trén té bao Vero, giéng nhu E168K da
duoc bao cdo 1a anh huéng dén tinh gy doc ctia CHIKV (Gardner CL, et al., 2014, ¢
trén, Silva LA, et al., 2014, & trén va Gorchakov R, et al., Attenuation of Chikungunya
virus vaccine strain 181/clone 25 is determined by two amino acid substitutions in the E2
envelope glycoprotein (2012) J. Virol.; 86(11):6084-96; Epub 2012/03/30), dan dén su
giam doc luc cua virut. Vi hai dot bién nay ciing tac dong tiéu cuc 1én kha ning gy mién
dich cia CHIKV-A5nsP3, nén su xuét hién cua ching dé taora ung vién véc xin CHIK V-
A5nsP3 gay mién dich cao.

Céc vi tri clia axit amin d& xay ra dot bién trong dime E1/E2 duoc thé hién trong
Fig.9. Ba axit amin E2 G55, G82 va E168 déu c6 thé tiép can duogc trén bé mat va do do
dot bién cua chung c6 thé c6 kha ning anh hudng dén su twong tac ctia CHIKV véi thy
thé té bao cua nod. Nguoc lai, E247[E2] dé bi che 14p trong ciu tric protein va do d6 c6
thé khong phai duge bdc 10 trén bé mit dén cung muc do. Vi tri cia E247 ¢6 thé 12 mot ly
do tai sao dot bién E247K khong anh hudng dang ké dén kha nang gay mién dich cua
CHIKV-A5nsP3 nhu duoc thé hién & trén.

Vi du 4. Xdc dinh nguong ciia dot bién E168K dé 1am mat kha ning gy mién dich
ciia quin thé virut CHIKV-A5nsP3 khéong dong nhat '

Céac quan sat & trén cho thdy ring dot bién E168K[E2] xuét hién sém va thudng
xuyén trong qud trinh cdy chuyén CHIKV-A5nsP3 trén té bao Vero va c6 lién quan dén
su mat kha niang gy mién dich. Dé phat trién quy trinh san xuit dam béo ciia véc xin
virut Chikungunya séng-di giam doc luc gdy mién dich, hiru hiéu, sy dung chiu dbi vai
dot bién nay & mau vic xin CHIKV-A35nsP3 duge thir nghiém b?mg cach diéu ché cac ti
1é khac nhau ctia chét thudc P3 va virut P5B-07 (thé dot bién don 1é E168K; xem Bang
3).

Chét thudc cdy chuyén 3 (P3), ma thé hién khoang 20% tinh khong dong nhat
E168K (dit lidu khong duge thé hién), dugc tron véi ché pham cua CHIKV-ASnsP3 tir
thé phan 1ap PSB-07 (thé dot bién E168K) & cac ti 1& bang 1:0,1, 1:1 va 1:10. Hon hop
dugc gidi trinh tw dé x4c minh tAn suét xAp xi cta dot bién E168K & mdi ché pham virut.
Nhu duge thé hién trong Fig.10 (xem hang dugc gn nhan tinh khong ddng nhit), luong
tuong dbi ctia nucleotit A, so v&i nucleotit G kiéu dai, duoc thé hién 1a ting 1én cing véi
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ham luong tang cua thé phén lap P5B-07 duoc bd sung (1én dén 100% A trong nhém dbi
chimg E168K 7).

Dé x4c dinh anh hudéng cua dot bién E168K 1én khi nang gy mién dich, chudt
C57Bl/6 dugc gdy mién dich dudi da bang cac miu CHIKV-A5nsP3 khac nhau dugc
dinh 5 trong Fig.10 véi lidu lugng dugce du dinh bang 3x10* TCIDso (liéu luong thyc s
dugc thé hién trong Fig.11D). Huyét thanh chudt ngay 21 duoc thu liy va huyét thanh
riéng 1é tir cac nhom 1:0,1, 1:1 va 1:10 duoc thir nghiém va so sanh voi huyét thanh duoc
tap hop tir hai nhém ddi chimg, P3 (Nhom 6) va P5B-07 (E168K; Nhom 7) bang cach sir
dung thir nghiém trung hoa dya trén — hat sao chép virut (VRP) (Fig.11). VRP gidng nhu
CHIKV kiéu dai thiéu kha ning sao chép thé hién protein capsit va protein v6 cla virut
LR2006-OPY1. Thuc hién phuong phép nay vé co ban nhu duge mo ta bai Glisker S, va
cong sw. (Virus replicon particle based Chikungunya virus neutralization assay using
Gaussia luciferase as readout (2013) Virol. J.; 10:235). VRP dugc tao ra bang cach dong
bién nap té bao BHK-21 v6i ban sao CHIKV biéu hién Gaussia luxiferaza (GLuc) va hai
ARN trg gitip 1an lugt biéu hién protein capsit CHIKV kiéu dai va c4c protein cu tric
con lai (E3, E2, 6K va E1). Hat lay nhiém mot chu ky thu duge dugc st dung trong thir
nghiém trung hoa CHIKV bang cach sit dung GLuc duge tiét ra dudi dang két qua doc.
Khi trung hoa VRP trong thr nghiém Luxiferaza, c6 thé do su giam biéu hién GLuc béi
té bao BHK-21. D quan sat thiy rang kha ning gly ra sy mién dich trung hoa giam di
theo lugng thé dot bién E168K cao hon (In lugt cac Fig.11A, B va C). S6 luong chuot
riéng 1& thé hién dép ¢mg mién dich duong tinh, dwong tinh thip hodc 4m tinh v6i virut
Chikungunya dugc thé hién trong Fig.11D.

Phat hién nay x4c nhan ring, vi ti 16 ctia thé dot bién E168K véi céc hat virut kiéu
dai trong quan thé virut tang, kha ning gdy mién dich ctia CHIKV-A5nsP3 & chut giam
bét. Do d6 didu thiét yéu la giam sat k§ ludng vi tri E168 & E2 @€ dam bao kha ning gay
mién dich cao cua vic xin CHIKV-A5nsP3. Dya trén cdc quy trinh cdy chuyén trudc d6
va su dinh lugng E168K trong quan thé virut & cdy chuyén 8, da quan sat thdy rang o ti 1&
bing khoang 70% cia dot bién E168K trong quan thé CHIKV-A5nsP3, kha nang gdy
mién dich bi mat di khi phan tich tap hop huyét thanh chudt trong PRNT.

Vi du 5. Quy trinh ngwgc dong dé 1am giam dot bién E168K & CHIKV-A5nsP3

Muc dich cta vi du nay 1a dé xac dinh dic diém quy trinh dua trén nudi ciy té bao
Vero duge t6i uwu hoa dé tao ra CHIKV-A5nsP3 trong céc chai hinh 6ng lan. Anh hudng
clia mot vai tham sb quy trinh nguge dong (MOI, ngay lay nhiém té bao Vero sau khi
lang ra dia va nhiét do 0) 1én san luong virut va tinh khong ddng nhét trinh tu ctia protein
E2 dugc thir nghiém bang cach st dung Ngan Hang Gidng Virut Hoat Pong GMP (GMP
WVSB B3005044; cdy chuyén 2, ciing dugc dé cap trong ban md ta ndy dudi dang
“CHIKV-A5nsP3 P2”) va ngén hang té bao hoat dong Vero R&D dé tao ra chat thude
(DS; céy chuyén 3, tire 1a cling duogc dé cip trong ban mo ta nay dudi dang “CHIKV-
A5nsP3 P37).

Diéu ché GMP WVSB B3005044
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Ngan Hang Gibng Virut Tién-Truéng Thanh dd x4c dinh dic diém (PMVSB,
Ngan Hang Giéng Virut Tién-Trudng Thanh AFR886/197579 tir ctru sinh virut tir céc té
bao Vero) dugc thiép 1ap trong diéu kién R&D va Ngan Hang Gidng Virut Tién-Trudng
Thanh duoc st dung dé tao ra Ngan Hang Gidng Truéng Thanh cia CHIKV-A5nsP3
trong didu kién GMP. Ngan Hang Gibng Virut Hoat Pong GMP, VLA78-1553-WVSB-
2016, mé B3005044 dugc tao ra & Halix B.V. trong cing diéu kién GMP va phuong phép
tao ra nhu dugc mé ta dbi véi VLA78-1553-MVSB-2016, mé #B3005567. Tom lai, Ngén
Hang Té Bao Hoat Pong VERO (ky hiéu ndi bo: ICB 2014/002) duoc mé rong trong bdn
giai doan & ching gidng bang cach sir dung binh thét ¢d T75cm? (1X), sau d6 binh thét
¢b T175cm? (3X) va trong giai doan cudi 6xchai hinh éng ldn 850cm? nhu duge thé hién
trong Fig.12. Bén trong sau chai hinh 6ng lan duoc str dung dé tao ra ngén hang gidng
CHIKV-A5nsP3. Tong luong té bao trong bén chai hinh éng lin dwgc xac dinh. Ngan
Hang Gibéng Virut Tién-Truéng Thanh dugc st dung dé tao ra Ngan Hang Gibéng Virut
Trudéng Thanh CHIKV-ASnsP3. Sau do, Ngan Hang Gibng Virut Truéng Thanh CHIK V-
A5nsP3 dugc st dung dé tao ra Ngan Hang Gidng Virut Hoat Dong CHIKV-A5nsP3.
Thuc hién 14y nhidm & tAt c4 giai doan tai MOI bang 0,01. Sau 24 gi¢ 14y nhiém (35°C;
CO» 5%; 0,5 VONG/PHUT) thu hoach CHIKV-A5nsP3. Bb sung dung dich du trit Tris
va sucroza dén ndng do cudi cing bang 5% Sucroza va 25 mM Tris trong tip hop thu
hoach. Sau khi tao ché phém, tap hop dugc loc qua thiét bi loc 0,22 pum duoc tiét tring
bang hoi nuéce vao vat chira xit ly sinh hoc 500 ml tiét trung bang cach st dung bom nhu
dong. Viéc nap vao céc lo dugc thuc hién ting lo mot véi 0,7 ml mé thu duoce loc va tao
ché phim bing cach sit dung bom nap nhu dong. St dung thiét bi dong ndp / mo nap
ThermoFisher d& mé va dong cac lo Lanh Sau Chat Nén 2 D. Cac lo da nap ngan hang
gibng GMP duoc luu trit & nhiét 4o <-65°C.

Nudi cdy té bao Vero

Nuoi cdy té bao Vero dugc tién hanh & nhiét do 35°C va CO2 5% trong cac Binh
thét ¢6-T T75 cm? (T75), T175 cm? (T175) va chai hinh éng lan 850cm? (850RB). Cac té
bao Vero dugce st dung trong cac thi nghiém khac nhau bét ngudn tir ngan hang té bao
truéng thanh GMP MCB ICB/2014/001. Ky hi¢u ndi bd cua ngin hang té bao hoat dong
nghién ctru nay 1a Bk5685. Ngan hang té bao truéng thanh GMP bt ngudn tlr ngan hang
té bao Vero WHO 10-87 P134 c6 ngudn gdc tir ngan hang Institut Merieux (Aventis
Pasteur) P129 va cudi clng 1 tir ngan hang ATCC CCL 81 P113 gbc. Chi tiét hon vé
dong nudi cdy té bao duge thé hién trong Fig.12. Duy tri té bao trong moi trudng MEM
¢6 bd sung FBS 10% va L-glutamin 2 mM.

Sw Tao Ra Virut Trong Cdc Chai Hinh Ong Lén 850cm?

Sau hai, bon hodc nam ngay m¢ rong té bao & nhiét d6 35°C trong 850RB, té bao
duoc rira bang PBS va dugc lay nhiém bang CHIKV-A5nsP3 (WVSB B3005044) tai cac
MOI bing 0,1, 0,01 hodc 0,001 TCIDso/té bao. Pé tao ra virut, t€ bao da lay nhiém duoc
1 & nhiét 40 37°C, 35°C hodc 28°C trong 100 ml moi truong MEM ¢6 b6 sung glutamin
2 mM.
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Chudn dé virut

Xac dinh hiéu gia virut trén té bao Vero bang cach str dung thtt nghiém TCIDs.
Té bao duge cdy trong vi dia va duge lay nhi®m bing cac mau virut pha lodng lién tiép
gp 10-1an trong EMEM c¢6 bd sung FBS 0,5% va glutamin 2 mM. Sau mot tudn 0 &
nhiét do 35°C / CO, 5%, giam sat tac dung gy bénh té bao do virut giy ra va tinh toan
hiéu gia virut theo phuong phap Reed va Muench (Reed, L.J.; Muench, H. A simple
method of estimating fifty percent endpoints (1938) The American Journal of Hygiene
27:493-497).
Tdch chiét hé gen virut va gidi trinh tu

Axit nucleic virut dugc tach chiét va tinh ché tir dich ndi bé mit méi trudng nudi
cdy té bao Vero tai cac thoi didm duoc chi dinh bang cach sir dung Bo Kit Quay Virut
QIAamp MinElute (Qiagen) va tién hanh tong hop cADN bang cach st dung Hé Théng
Téng Hop Soi-Thir Nhiét SuperScript III (ThermoFischer) bang cach sir dung cc hexame
ngdu nhién. Dé giai trinh tw ving gen E2, trudce hét, PCR véi Polymeraza Do Tin Céy
Cao Phusion (ThermoFischer) dugc thyc hién béng cach str dung céc mdi 16F, 16R, 17F,
17R, 18F va 18R (dbi v6i cac trinh tw mdi xem Bang 1) d& khuéch dai cac ving chong
1én nhau ciia gen E2 CHIKYV. Sau khi tinh ché san phim khuéch dai PCR, tién hanh giai
trinh tu Sanger & MWG Eurofins, Plrc. Ngoai viéc phan tich tinh khong d6ng nhat trinh
ty duoc phat hién bing cach kéu goi bazo tu dong (>20%), tht ca sic ky do giai trinh tur
duoc doc thi cong ciling dé phat hién tinh khong ddng nhat dudi gidi han phét hién (<
20%).

S 161 1 héa quy trinh san xudt Chét Thuée CHIKV-A5nsP3 P3 gdy mién dich

Pé t6i wu hoa quy trinh san xuit CHIK V-A5nsP3 cdy chuyén 3 trén té bao Vero,
cac MOI khac nhau, thoi gian lay nhiém té bao Vero sau khi céy va nhiét do 4 dugc thi
nghiém & tat ca cac dang két hop nhu dugc thé hién trong Bang 5. Ngoai ra, phan tich
san luong vao cac ngay khac nhau sau khi 1dy nhiém. Ba khia canh ctia virut da thu hoach
duoc gidm sat: san luong virut, tinh 4n dinh cta hiéu gia cling nhu 1a mic d6 cta tinh
khong ddng nhét trinh tu cia protein chu truc E2.

Bang 5. Tham s thtr nghiém vé viéc tao ra CHIKV-A5nsP3 trén té bao Vero trong cac
chai hinh 6ng 1an 850cm? va tham sd ctia quy trinh da t6i wu héa duge chi ra.

Pugc Thir | Quy Trinh Dwec
Nghiém* T6i Uu Héa

MOI (TCIDso/té bao) 0,1, 0,01, 0,001 0,01

Thoi gian lay nhiém té bao (sau khi cdy | D2, D4, D5 D4

té bao)

Nhiét @9 (°C) 37, 35,28 35

* tAt ca cac két hop dugce tién hanh.

Sw Tao Ra Virut
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Dong luc cuia sy tao ra CHIKV-A5nsP3 dat dugc dbi véi tht ca cac didu kién duge
thtr nghiém duoc thé hién trong Fig.13. Quy trinh t6i wu hién nay dugc st dung dé tao ra
CHIKV-A5nsP3 (35°C, MOI 0,01, lay nhi®m vao ngay 4 sau khi cy té bao Vero) cling
duge bao gdm trong thi nghiém, thé hién san luong virut & mic do dugc mong doi bang
1089-8:5/m1 24 gi® sau khi 1ay nhiém (Fig.13B).

So v6i MOI va thoi gian 1ay nhiém, nhiét do c6 tac dong nhidu nhat 1én dong luc
ctia su tao ra virut. O nhiét do 37°C va 35°C (lan luot Fig.13A va 13B), dat dugc san
lwong t6i da vao ngay mot sau khi lay nhiém. Kha nang 14y nhiém CHIKV-A5nsP3 giam
dang ké trong sudt 24 gio sau d6, cung voi hiéu gia virut it rd rét mot chit bi mat & nhiét
d6 35°C. Su giam nhiét o dén 28°C din dén sy thay ddi dang cha y vé dong hoc virut.
San lugng virut tdi da bi tri hodn tir mot dén bbn ngay phu thudc vao MOI duoc st dung;
va tinh 6n dinh hiéu gia virut cai thién déng ké duoc quan sat thdy (Fig.13C). Tong san
luong virut duoc tao ra tir tat ca cac mé thu duge thé hién trong Fig.14. Ddi véi diéu kién
28°C nhu dugc thé hién trong Fig.13A, san lugng cta hai mé thu dugc két hop (ngay 1
va ngay 2 sau khi lay nhiém); dbi véi diéu kién 35°C (Fig.13B), san luong cua tat ca ba
mé thu duoc két hop (ngay 1-3) va dbi v6i didu kién 37°C (Fig.13C), san lugng clia nim
mé thu (ngay 1-5) dwoc két hop.

Dé hoan thién céac quan sat ban dau, san luong virut va dir liéu tinh 4n dinh hiéu
gia dugc phan tich bang cach sit dung mo hinh bac hai bé mit dap tmg (cac Fig.15 va
16). Déi v6i san luong virut, st dung gid tri hiéu gia virut t6i da. Déi vé6i tinh on dinh
hiéu gia virut, gié tri delta 1a két qua tir phép trir clia hiéu gia t6i da tir hidu gia do duoc
mot ngay sau trong quy trinh san xuit dugc tinh toan va st dung. D6i véi tong san lwong
virut, bd sung cac hiéu gid riéng 1é tai mdi thoi diém.

Vé6i phan tich ANOVA cua ca hai mo hinh, ¢6 thé chi ra cac yéu t6 anh huéng
dang ké vé mat théng ké (cac Fig.15A va 16A). Xac nhan céc quan sét trude do, nhiét do
1a yéu té anh huéng nhiéu nhit dén sén luong virut va tinh on dinh. Cu thé 1a, nhiét do
thap (28°C) cho phép hiéu gia virut cao hon trong khi d6 van gitt hidu gia virut kha on
dinh theo thoi gian. Tuy nhién, khong c6 toan bd tdng san lugng virut cao hon dang ké &
nhiét d6 nay so véi 35°C (cu thé xem Fig.14).

Thoi gian lay nhiém sau khi ciy té bao Vero ciing anh huéng dén su dap tng,
nhung dén mirc d6 thap hon. MOI khong c6 anh hudng dang ké. Ddi v6i ca hai md hinh,
su lay nhiém lac 72 gio sau khi cdy té bao 1a thoi gian phu hop dé lay nhiém té bao.
Nguoc lai, nhiét d6 don 1é khong cho phép két hop su tao ra virut t61 wu va tinh on dinh
hiéu gia badi vi san luong virut cao nhét dugc phat hién & nhiét do 35°C va ham luong 6n
dinh nht dugc quan sat thiy & nhiét d6 28°C (cac Fig.15B va 16B). Tong san luong virut
t6i da trong thoi gian ngan nhat sau khi 1y nhiém dat dugc & nhiét do 35°C (xem Fig.14).
Phdn tich trinh ty gen protein E2

Céac miu virut duge thu vao ngay 2 hodc ngay 5 sau khi lay nhidm té bao Vero
(lay nhiém vao ngay 4 sau khi cdy) dugc chon dé thuc hién phan tich trinh tw ARN hé
gen cla protein chu trac E2 virut. Cac miu nay 12 tiéu biéu nhat dé hop luu té bao Vero
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trén cdc chai hinh dng lin. Bang 6 va Bang 7 dudi ddy tom tit ti 16 phan trim cua tinh
khong dong nhat duoc uée tinh ddi v6i bdn vi tri axit amin (AA) dya trén trinh tu axit
nucleic dugc xac dinh bf“mg cach giai trinh ty Sanger. Bang 6 thé hién dit liu ddi voi
CHIKV-A5nsP3 sinh truwéng ¢ ba nhiét @9 khac nhau va thu hoach hai ngay sau khi
lay nhiém va Bang 7 thé hién dit liéu d6i véi CHIKV-A5nsP3 sinh truéng ¢ nhiét do
28°C va thu hoach 5 ngay sau khi lay nhiém.

Bing 6. Phin tich trinh tw hé gen ARN dbi v6i protein virut E2 tir mé thu
méu D2 sau khi lay nhiém. Da thdy rang ti 1& phan trim cta do khong dong nhét axit
nucleic dugc ude tinh twong tng véi bon vi tri AA (duge chi ra trong diu ngoic), nhu
duoc xac dinh bang cach giai trinh tu Sanger. Tinh khong dong nhat & vi tri axit nucleic
9649 1a dot bién cam.

Thoi gian sau

ciy trong cac D4
chai hinh 6ng lin
Nhiét dé 28°C 35°C 37°C
MOI (TCIDso/té 0,00 0,00 0,00
(TCIDso/te |1 | 0,01 01 |001| > | 01 [001] "
bao) 1 1 1
j tri 8543
Viiri 85 o | 0o | 0o |os5]o05]05] 0| 0] o0
(G55R)
j tri 8882 40- 30- 30-
Vitri 888 30 | 30 25 | 25 25 | 25
(E168K) 50 50 50
Vitri 9119 10- | 10- | 10- | 10-
: 0-5 | 0-5 | 0-5 | 5-10 | 10
(E247K) 20 | 20 | 20 | 20
j tri 964 10-
Viat9 6A9 (A423, | 5 | 510 5 5 510 0-5 | 0-5 | 5-10
Cim) 20

Béang 7. Phén tich trinh tw hé gen ARN d6i véi protein virut E2 tir mé thu
miu D5 sau khi lay nhiém. Da thdy ring ti 1§ phan trim cla do khong dong nhét axit
nucleic dugc ude tinh tvong Gng voi bon vi tri AA (duge chi ra trong ddu ngoic), nhu
duoc xac dinh bang cach giai trinh ty Sanger. Tinh khong ddng nhat & vi tri axit nucleic
9649 1a dot bién cam.

Thoi gian sau ciy trong cac chai hinh ong lin D4
Nhiét do 28°C
MOI (TCIDso/té bao) 0,1 0,01 | 0,001
Vitri 8543 (G55R) 0 0 0
Vi tri 8882 (E168K) 30-40 40-50 50
Vitri 9119 (E247K) 0-5 0-10 10
Vi tri 9649 (4423, Cam) 0-5 0-5 10-20
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MOI, nhiét do, ngay 1ay nhi®m sau khi cdy t& bao Vero va ngay thu hoach mau
déu anh hudng dén san luong va chét lugng ctia CHIKV-A5nsP3 khi dugc tao ra ¢ cac té
bao Vero. Tuy nhién, d§ manh cia mdi tham s c6 tAm quan trong khéac nhau. Vi dy, céc
két qua cho thdy su twong quan gitta MOI va mitc d khong ddng nhét; tic 13, dau vao
virut lac 14y nhiém cang thap, murc do khong ddng nhét duoc quan st thdy lac thu hoach
cang cao. Nhiét d§ 0 duong nhu khong anh hudng dén tinh 6n dinh cta trinh ty nucleotit,
ngoai trir Vi trf 9119 (E247K) ma tai d6 mirc do cao hon cua tinh khong déng nhéit duge
quan sat thdy & nhiét do 37°C (Bang 6). Ngoai ra, mé thu mau duge thu 1iy sau do trong
dong hoc virut kich hoat mirc d6 cao hon mdt chut cia tinh khong ddng nhat ddi véi ciing
vi tri AA.

D& hoan thién phén tich thir nhit nay, viéc 14p mo hinh toan hoc dir ligu tho cling
duoc tién hanh (cac Fig.17 va 18). Chi ba vi tri axit nucleic (Vi tri 8882, 9119, 9649) ¢6
thé duoc phan tich vi khong ¢6 md hinh dang ké duge tinh d6i véi vi tri 8543. Nhu duge
chi ra trong Fig.17, nhiét d0 va MOI c6 anh huong khac nhau tuy thudc vao vi tri axit
nucleic dugc xem xét. MOI anh hudng danh ké dén tinh khong dbng nhat dugc quan sat
thiy dbi v6i vi tri axit nucleic 8882 va 9649, nhung khong c6 anh huéng doi véi 9112.
Nhiét d6 anh huéng dén cac vi tri 9112 va 9649, nhung khong c6 anh hudng d6i voi 8882
(Fig.17). MOI dugc cho thiy 1a ¢6 anh huéng nhét quén dén mirc d6 khong dong nhét khi
cac mau thu D2 va D5 sau khi 1ay nhiém tir virut duge tao ra & 28°C duoc so sanh—Ilam
giam thiéu mirc d6 cla tinh khong dong nhit AA dugc quan st thdy khi té bao duogc cdy
truyén véi luong virut cao (MOI 0,1 TCIDso/té bao). Quan sat nay c6 thé goi ¥ su thiét
1ap cua cac cai dat tham s6 quy trinh méi véi MOI cao hon nham dé dat dugc sy tao ra
virut t6i da/tinh én dinh hiéu gié trong khi ddm bao murc do khong dong nhat thap trong
protein E2. Tuy nhién, MOI béng 0,1 din dén su tiéu thu ngan hang gidng virut hoat
dong GMP cao hon dang ké, do d6 1am gi6i han kha nang ing dung trong cong nghiép
thuc té.

Ngay thu hoach sau khi lay nhiém chi anh huéng dén su bién dbi ca vi tri axit
nucleic 9119 (Fig.18).
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CAC TRINH TU

SEQ ID NO: 1

Trinh tu nucleotit cia CHIKV-ASnsP3
GATGGCTGCGTGAGACACACGTAGCCTACCAGTTTCTTACTGCTCTACTCTGCAAAGCAAGAGATTAA
TAACCCATCATGGATCCTGTGTACGTGGACATAGACGCTGACAGCGCCTTTTTGAAGGCCCTGCAACG
TGCGTACCCCATGTTTGAGGTGGAACCAAGGCAGGTCACACCGAATGACCATGCTAATGCTAGAGCGT
TCTCGCATCTAGCTATAAAACTAATAGAGCAGGAAATTGACCCCGACTCAACCATCCTGGATATCGGC
AGTGCGCCAGCAAGGAGGATGATGTCGGACAGGAAGTACCACTGCGTCTGCCCGATGCGCAGTGCGG
AAGATCCCGAGAGACTCGCCAATTATGCGAGAAAGCTAGCATCTGCCGCAGGAAAAGTCCTGGACAG
AAACATCTCTGGAAAGATCGGGGACTTACAAGCAGTAATGGCCGTGCCAGACACGGAGACGCCAACA
TTCTGCTTACACACAGACGTCTCATGTAGACAGAGAGCAGACGTCGCTATATACCAAGACGTCTATGC
TGTACACGCACCCACGTCGCTATACCACCAGGCGATTAAAGGGGTCCGAGTGGCGTACTGGGTTGGGT
TCGACACAACCCCGTTCATGTACAATGCCATGGCGGGTGCCTACCCCTCATACTCGACAAACTGGGCA
GATGAGCAGGTACTGAAGGCTAAGAACATAGGATTATGTTCAACAGACCTGACGGAAGGTAGACGAG
GCAAGTTGTCTATTATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGCTGTTCTCAGTAGGGTCA
ACGCTCTACCCGGAAAGCCGCAAGCTACTTAAGAGCTGGCACCTGCCATCGGTGTTCCATTTAAAGGG
CAAACTCAGCTTCACATGCCGCTGTGATACAGTGGTTTCGTGTGAGGGCTACGTCGTTAAGAGAATAA
CGATGAGCCCAGGCCTTTATGGAAAAACCACAGGGTATGCGGTAACCCACCACGCAGACGGATTCCT
GATGTGCAAGACTACCGACACGGTTGACGGCGAAAGAATGTCATTCTCGGTGTGCACATACGTGCCGG
CGACCATTTGTGATCAAATGACCGGCATCCTTGCTACAGAAGTCACGCCGGAGGATGCACAGAAGCTG
TTGGTGGGGCTGAACCAGAGAATAGTGGTTAACGGCAGAACGCAACGGAATACGAACACCATGAAAA
ATTATCTGCTTCCCGTGGTCGCCCAAGCCTTCAGTAAGTGGGCAAAGGAGTGCCGGAAAGACATGGAA
GATGAAAAACTCCTGGGGGTCAGAGAAAGAACACTGACCTGCTGCTGTCTATGGGCATTCAAGAAGC
AGAAAACACACACGGTCTACAAGAGGCCTGATACCCAGTCAATTCAGAAGGTTCAGGCCGAGTTTGA
CAGCTTTGTGGTACCGAGTCTGTGGTCGTCCGGGTTGTCAATCCCTTTGAGGACTAGAATCAAATGGTT
GTTAAGCAAGGTGCCAAAAACCGACCTGATCCCATACAGCGGAGACGCCCGAGAAGCCCGGGACGCA
GAAAAAGAAGCAGAGGAAGAACGAGAAGCAGAACTGACTCGCGAAGCCCTACCACCTCTACAGGCA
GCACAGGAAGATGTTCAGGTCGAAATCGACGTGGAACAGCTTGAGGACAGAGCGGGCGCAGGAATAA
TAGAGACTCCGAGAGGAGCTATCAAAGTTACTGCCCAACCAACAGACCACGTCGTGGGAGAGTACCT
GGTACTCTCCCCGCAGACCGTACTACGTAGCCAGAAGCTCAGTCTGATTCACGCTTTGGCGGAGCAAG
TGAAGACGTGCACGCACAACGGACGAGCAGGGAGGTATGCGGTCGAAGCGTACGACGGCCGAGTCCT
AGTGCCCTCAGGCTATGCAATCTCGCCTGAAGACTTCCAGAGTCTAAGCGAAAGCGCAACGATGGTGT
ATAACGAAAGAGAGTTCGTAAACAGAAAGCTACACCATATTGCGATGCACGGACCAGCCCTGAACAC
CGACGAAGAGTCGTATGAGCTGGTGAGGGCAGAGAGGACAGAACACGAGTACGTCTACGACGTGGAT
CAGAGAAGATGCTGTAAGAAGGAAGAAGCCGCAGGACTGGTACTGGTGGGCGACTTGACTAATCCGC
CCTACCACGAATTCGCATATGAAGGGCTAAAAATCCGCCCTGCCTGCCCATACAAAATTGCAGTCATA
GGAGTCTTCGGAGTACCGGGATCTGGCAAGTCAGCTATTATCAAGAACCTAGTTACCAGGCAGGACCT
GGTGACTAGCGGAAAGAAAGAAAACTGCCAAGAAATCACCACCGACGTGATGAGACAGAGAGGTCT
AGAGATATCTGCACGTACGGTTGACTCGCTGCTCTTGAATGGATGCAACAGACCAGTCGACGTGTTGT
ACGTAGACGAGGCGTTTGCGTGCCACTCTGGAACGCTACTTGCTTTGATCGCCTTGGTGAGACCAAGG
CAGAAAGTTGTACTTTGTGGTGACCCGAAGCAGTGCGGCTTCTTCAATATGATGCAGATGAAAGTCAA
CTATAATCACAACATCTGCACCCAAGTGTACCACAAAAGTATCTCCAGGCGGTGTACACTGCCTGTGA
CCGCCATTGTGTCATCGTTGCATTACGAAGGCAAAATGCGCACTACGAATGAGTACAACAAGCCGATT
GTAGTGGACACTACAGGCTCAACAAAACCTGACCCTGGAGACCTCGTGTTAACGTGCTTCAGAGGGTG
GGTTAAACAACTGCAAATTGACTATCGTGGATACGAGGTCATGACAGCAGCCGCATCCCAAGGGTTAA
CCAGAAAAGGAGTTTACGCAGTTAGACAAAAAGTTAATGAAAACCCGCTCTATGCATCAACGTCAGA
GCACGTCAACGTACTCCTAACGCGTACGGAAGGTAAACTGGTATGGAAGACACTTTCCGGCGACCCGT
GGATAAAGACGCTGCAGAACCCACCGAAAGGAAACTTCAAAGCAACTATTAAGGAGTGGGAGGTGGA
GCATGCATCAATAATGGCGGGCATCTGCAGTCACCAAATGACCTTCGATACATTCCAAAATAAAGCCA
ACGTTTGTTGGGCTAAGAGCTTGGTCCCTATCCTCGAAACAGCGGGGATAAAACTAAATGATAGGCAG
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TGGTCTCAGATAATTCAAGCCTTCAAAGAAGACAAAGCATACTCACCTGAAGTAGCCCTGAATGAAAT
ATGTACGCGCATGTATGGGGTGGATCTAGACAGCGGGCTATTTTCTAAACCGTTGGTGTCTGTGTATTA
CGCGGATAACCACTGGGATAATAGGCCTGGAGGGAAAATGTTCGGATTTAACCCCGAGGCAGCATCC
ATTCTAGAAAGAAAGTATCCATTCACAAAAGGGAAGTGGAACATCAACAAGCAGATCTGCGTGACTA
CCAGGAGGATAGAAGACTTTAACCCTACCACCAACATCATACCGGCCAACAGGAGACTACCACACTC
ATTAGTGGCCGAACACCGCCCAGTAAAAGGGGAAAGAATGGAATGGCTGGTTAACAAGATAAACGGC
CACCACGTGCTCCTGGTCAGTGGCTATAACCTTGCACTGCCTACTAAGAGAGTCACTTGGGTAGCGCC
GTTAGGTGTCCGCGGAGCGGACTACACATACAACCTAGAGTTGGGTCTGCCAGCAACGCTTGGTAGGT
ATGACCTAGTGGTCATAAACATCCACACACCTTTTCGCATACACCATTACCAACAGTGCGTCGACCAC
GCAATGAAACTGCAAATGCTCGGGGGTGACTCATTGAGACTGCTCAAACCGGGCGGCTCTCTATTGAT
CAGAGCATATGGTTACGCAGATAGAACCAGTGAACGAGTCATCTGCGTATTGGGACGCAAGTTTAGAT
CGTCTAGAGCGTTGAAACCACCATGTGTCACCAGCAACACTGAGATGTTTTTCCTATTCAGCAACTTTG
ACAATGGCAGAAGGAATTTCACAACTCATGTCATGAACAATCAACTGAATGCAGCCTTCGTAGGACAG
GTCACCCGAGCAGGATGTGCACCGTCGTACCGGGTAAAACGCATGGACATCGCGAAGAACGATGAAG
AGTGCGTAGTCAACGCCGCTAACCCTCGCGGGTTACCGGGTGGCGGTGTTTGCAAGGCAGTATACAAA
AAATGGCCGGAGTCCTTTAAGAACAGTGCAACACCAGTGGGAACCGCAAAAACAGTTATGTGCGGTA
CGTATCCAGTAATCCACGCTGTTGGACCAAACTTCTCTAATTATTCGGAGTCTGAAGGGGACCGGGAA
TTGGCAGCTGCCTATCGAGAAGTCGCAAAGGAAGTAACTAGGCTGGGAGTAAATAGTGTAGCTATAC
CTCTCCTCTCCACAGGTGTATACTCAGGAGGGAAAGACAGGCTGACCCAGTCACTGAACCACCTCTTT
ACAGCCATGGACTCGACGGATGCAGACGTGGTCATCTACTGCCGCGACAAAGAATGGGAGAAGAAAA
TATCTGAGGCCATACAGATGCGGACCCAAGTAGAGCTGCTGGATGAGCACATCTCCATAGACTGCGAT
ATTGTTCGCGTGCACCCTGACAGCAGCTTGGCAGGCAGAAAAGGATACAGCACCACGGAAGGCGCAC
TGTACTCATATCTAGAAGGGACCCGTTTTCATCAGACGGCTGTGGATATGGCGGAGATACATACTATG
TGGCCAAAGCAAACAGAGGCCAATGAGCAAGTCTGCCTATATGCCCTGGGGGAAAGTATTGAATCGA
TCAGGCAGAAATGCCCGGTGGATGATGCAGACGCATCATCTCCCCCCAAAACTGTCCCGTGCCTTTGC
CGTTACGCTATGACTCCAGAACGCGTCACCCGGCTTCGCATGAACCACGTCACAAGCATAATTGTGTG
TTCTTCGTTTCCCCTCCCAAAGTACAAAATAGAAGGAGTGCAAAAAGTCAAATGCTCTAAGGTAATGC
TATTTGACCACAACGTGCCATCGCGCGTAAGTCCAAGGGCTTATAGAGGTGCCGCTGCCGGTAACCTT
GCGGCCGTGTCTGATTGGGTAATGAGCACCGTACCTGTCGCGCCGCCCAGAAGAAGGCGAGGGAGAA
ACCTGACTGTGACATGTGACGAGAGAGAAGGGAATATAACACCCATGGCTAGCGTCCGATTCTTTAGG
GCAGAGCTGTGTCCGGTCGTACAAGAAACAGCGGAGACGCGTGACACAGCAATGTCTCTTCAGGCAC
CACCGAGTACCGCCACGGAACCGAATCATCCGCCGATCTCCTTCGGAGCATCAAGCGAGACGTTCCCC
ATTACATTTGGGGACTTCAACGAAGGAGAAATCGAAAGCTTGTCTTCTGAGCTACTAACTTTCGGAGA
CTTCTTACCAGGAGAAGTGGATGACTTGACAGACAGCGACTGGTCCACGTGCTCAGACACGGACGAC
GAGTTAAGACTAGACAGGGCAGGTGGGTATATATTCTCGTCGGACACCGGTCCAGGTCATTTACAACA
GAAGTCAGTACGCCAGTCAGTGCTGCCGGTGAACACCCTGGAGGAAGTCCACGAGGAGAAGTGTTAC
CCACCTAAGCTGGATGAAGCAAAGGAGCAACTATTACTTAAGAAACTCCAGGAGAGTGCATCCATGG
CCAACAGAAGCAGGTATCAGTCGCGCAAAGTAGAAAACATGAAAGCAGCAATCATCCAGAGACTAAA
GAGAGGCTGTAGACTATACTTAATGTCAGAGACCCCAAAAGTCCCTACTTACCGGACTACATATCCGG
CGCCTGTGTACTCGCCTCCGATCAACGTCCGATTGTCCAATCCCGAGTCCGCAGTGGCAGCATGCAAT
GAGTTCTTAGCTAGAAACTATCCAACTGTCTCATCATACCAAATTACCGACGAGTATGATGCATATCTA
GACATGGTGGACGGGTCGGAGAGTTGCCTGGACCGAGCGACATTCAATCCGTCAAAACTCAGGAGCT
ACCCGAAACAGCACGCTTACCACGCGCCCTCCATCAGAAGCGCTGTACCGTCCCCATTCCAGAACACA
CTACAGAATGTACTGGCAGCAGCCACGAAAAGAAACTGCAACGTCACACAGATGAGGGAATTACCCA
CTTTGGACTCAGCAGTATTCAACGTGGAGTGTTTCAAAAAATTCGCATGCAACCAAGAATACTGGGAA
GAATTTGCTGCCAGCCCTATTAGGATAACAACTGAGAATTTAGCAACCTATGTTACTAAACTAAAAGG
GCCAAAAGCAGCAGCGCTATTCGCAAAAACCCATAATCTACTGCCACTACAGGAAGTACCAATGGAT
AGGTTCACAGTAGATATGAAAAGGGACGTAAAGGTGACTCCTGGTACAAAGCATACAGAGGAAAGAC
CTAAGGTGCAGGTTATACAGGCGGCTGAACCCTTGGCGACAGCATACCTATGTGGGATTCACAGAGAG
CTGGTTAGGAGGCTGAACGCCGTCCTCCTACCCAATGTACATACACTATTTGACATGTCTGCCGAGGA
TTTCGATGCCATCATAGCCGCACACTTTAAGCCAGGAGACACTGTTTTGGAAACGGACATAGCCTCCT
TTGATAAGAGCCAAGATGATTCACTTGCGCTTACTGCTTTGATGCTGTTAGAGGATTTAGGGGTGGATC
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ACTCCCTGCTGGACTTGATAGAGGCTGCTTTCGGAGAGATTTCCAGCTGTCACCTACCGACAGGTACG
CGCTTCAAGTTCGGCGCCATGATGAAATCAGGTATGTTCCTAACTCTGTTCGTCAACACATTGTTAAAC
ATCACCATCGCCAGCCGAGTGCTGGAAGATCGTCTGACAAAATCCGCGTGCGCGGCCTTCATCGGCGA
CGACAACATAATACATGGAGTCGTCTCCGATGAATTGATGGCAGCCAGATGTGCCACTTGGATGAACA
TGGAAGTGAAGATCATAGATGCAGTTGTATCCTTGAAAGCCCCTTACTTTTGTGGAGGGTTTATACTGC
ACGATACTGTGACAGGAACAGCTTGCAGAGTGGCAGACCCGCTAAAAAGGCTTTTTAAACTGGGCAA
ACCGCTAGCGGCAGGTGACGAACAAGATGAAGATAGAAGACGAGCGCTGGCTGACGAAGTGATCAG
ATGGCAACGAACAGGGCTAATTGATGAGCTGGAGAAAGCGGTATACTCTAGGTACGAAGTGCAGGGT
ATATCAGTTGTGGTAATGTCCATGGCCACCTTTGCAAGCTCCAGATCCAACTTCGAGAAGCTCAGAGG
ACCCGTCATAACTTTGTACGGCGGTCCTAAATAGGTACGCACTACAGCTACCTATTTTGCAGAAGCCG
ACAGCAAGTATCTAAACACTAATCAGCTACAATGGAGTTCATCCCAACCCAAACTTTTTACAATAGGA
GGTACCAGCCTCGACCCTGGACTCCGCGCCCTACTATCCAAGTCATCAGGCCCAGACCGCGCCCTCAG
AGGCAAGCTGGGCAACTTGCCCAGCTGATCTCAGCAGTTAATAAACTGACAATGCGCGCGGTACCACA
ACAGAAGCCACGCAGGAATCGGAAGAATAAGAAGCAAAAGCAAAAACAACAGGCGCCACAAAACAA
CACAAATCAAAAGAAGCAGCCACCTAAAAAGAAACCGGCTCAAAAGAAAAAGAAGCCGGGCCGCAG
AGAGAGGATGTGCATGAAAATCGAAAATGATTGTATTTTCGAAGTCAAGCACGAAGGTAAGGTAACA
GGTTACGCGTGCCTGGTGGGGGACAAAGTAATGAAACCAGCACACGTAAAGGGGACCATCGATAACG
CGGACCTGGCCAAACTGGCCTTTAAGCGGTCATCTAAGTATGACCTTGAATGCGCGCAGATACCCGTG
CACATGAAGTCCGACGCTTCGAAGTTCACCCATGAGAAACCGGAGGGGTACTACAACTGGCACCACG
GAGCAGTACAGTACTCAGGAGGCCGGTTCACCATCCCTACAGGTGCTGGCAAACCAGGGGACAGCGG
CAGACCGATCTTCGACAACAAGGGACGCGTGGTGGCCATAGTCTTAGGAGGAGCTAATGAAGGAGCC
CGTACAGCCCTCTCGGTGGTGACCTGGAATAAAGACATTGTCACTAAAATCACCCCCGAGGGGGCCGA
AGAGTGGAGTCTTGCCATCCCAGTTATGTGCCTGTTGGCAAACACCACGTTCCCCTGCTCCCAGCCCCC
TTGCACGCCCTGCTGCTACGAAAAGGAACCGGAGGAAACCCTACGCATGCTTGAGGACAACGTCATG
AGACCTGGGTACTATCAGCTGCTACAAGCATCCTTAACATGTTCTCCCCACCGCCAGCGACGCAGCAC
CAAGGACAACTTCAATGTCTATAAAGCCACAAGACCATACTTAGCTCACTGTCCCGACTGTGGAGAAG
GGCACTCGTGCCATAGTCCCGTAGCACTAGAACGCATCAGAAATGAAGCGACAGACGGGACGCTGAA
AATCCAGGTCTCCTTGCAAATCGGAATAAAGACGGATGACAGCCACGATTGGACCAAGCTGCGTTATA
TGGACAACCACATGCCAGCAGACGCAGAGAGGGCGGGGCTATTTGTAAGAACATCAGCACCGTGTAC
GATTACTGGAACAATGGGACACTTCATCCTGGCCCGATGTCCAAAAGGGGAAACTCTGACGGTGGGAT
TCACTGACAGTAGGAAGATTAGTCACTCATGTACGCACCCATTTCACCACGACCCTCCTGTGATAGGT
CGGGAAAAATTCCATTCCCGACCGCAGCACGGTAAAGAGCTACCTTGCAGCACGTACGTGCAGAGCA
CCGCCGCAACTACCGAGGAGATAGAGGTACACATGCCCCCAGACACCCCTGATCGCACATTAATGTCA
CAACAGTCCGGCAACGTAAAGATCACAGTCAATGGCCAGACGGTGCGGTACAAGTGTAATTGCGGTG
GCTCAAATGAAGGACTAACAACTACAGACAAAGTGATTAATAACTGCAAGGTTGATCAATGTCATGCC
GCGGTCACCAATCACAAAAAGTGGCAGTATAACTCCCCTCTGGTCCCGCGTAATGCTGAACTTGGGGA
CCGAAAAGGAAAAATTCACATCCCGTTTCCGCTGGCAAATGTAACATGCAGGGTGCCTAAAGCAAGG
AACCCCACCGTGACGTACGGGAAAAACCAAGTCATCATGCTACTGTATCCTGACCACCCAACACTCCT
GTCCTACCGGAATATGGGAGAAGAACCAAACTATCAAGAAGAGTGGGTGATGCATAAGAAGGAAGTC
GTGCTAACCGTGCCGACTGAAGGGCTCGAGGTCACGTGGGGCAACAACGAGCCGTATAAGTATTGGC
CGCAGTTATCTACAAACGGTACAGCCCATGGCCACCCGCATGAGATAATTCTGTATTATTATGAGCTG
TACCCCACTATGACTGTAGTAGTTGTGTCAGTGGCCACGTTCATACTCCTGTCGATGGTGGGTATGGCA
GCGGGGATGTGCATGTGTGCACGACGCAGATGCATCACACCGTATGAACTGACACCAGGAGCTACCG
TCCCTTTCCTGCTTAGCCTAATATGCTGCATCAGAACAGCTAAAGCGGCCACATACCAAGAGGCTGCG
ATATACCTGTGGAACGAGCAGCAACCTTTGTTTTGGCTACAAGCCCTTATTCCGCTGGCAGCCCTGATT
GTTCTATGCAACTGTCTGAGACTCTTACCATGCTGCTGTAAAACGTTGGCTTTTTTAGCCGTAATGAGC
GTCGGTGCCCACACTGTGAGCGCGTACGAACACGTAACAGTGATCCCGAACACGGTGGGAGTACCGT
ATAAGACTCTAGTCAATAGACCTGGCTACAGCCCCATGGTATTGGAGATGGAACTACTGTCAGTCACT
TTGGAGCCAACACTATCGCTTGATTACATCACGTGCGAGTACAAAACCGTCATCCCGTCTCCGTACGT
GAAGTGCTGCGGTACAGCAGAGTGCAAGGACAAAAACCTACCTGACTACAGCTGTAAGGTCTTCACC
GGCGTCTACCCATTTATGTGGGGCGGCGCCTACTGCTTCTGCGACGCTGAAAACACGCAGTTGAGCGA
AGCACACGTGGAGAAGTCCGAATCATGCAAAACAGAATTTGCATCAGCATACAGGGCTCATACCGCA
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TCTGCATCAGCTAAGCTCCGCGTCCTTTACCAAGGAAATAACATCACTGTAACTGCCTATGCAAACGG
CGACCATGCCGTCACAGTTAAGGACGCCAAATTCATTGTGGGGCCAATGTCTTCAGCCTGGACACCTT
TCGACAACAAAATTGTGGTGTACAAAGGTGACGTCTATAACATGGACTACCCGCCCTTTGGCGCAGGA
AGACCAGGACAATTTGGCGATATCCAAAGTCGCACACCTGAGAGTAAAGACGTCTATGCTAATACAC
AACTGGTACTGCAGAGACCGGCTGTGGGTACGGTACACGTGCCATACTCTCAGGCACCATCTGGCTTT
AAGTATTGGCTAAAAGAACGCGGGGCGTCGCTGCAGCACACAGCACCATTTGGCTGCCAAATAGCAA
CAAACCCGGTAAGAGCGGTGAACTGCGCCGTAGGGAACATGCCCATCTCCATCGACATACCGGAAGC
GGCCTTCACTAGGGTCGTCGACGCGCCCTCTTTAACGGACATGTCGTGCGAGGTACCAGCCTGCACCC
ATTCCTCAGACTTTGGGGGCGTCGCCATTATTAAATATGCAGCCAGCAAGAAAGGCAAGTGTGCGGTG
CATTCGATGACTAACGCCGTCACTATTCGGGAAGCTGAGATAGAAGTTGAAGGGAATTCTCAGCTGCA
AATCTCTTTCTCGACGGCCTTAGCCAGCGCCGAATTCCGCGTACAAGTCTGTTCTACACAAGTACACTG
TGCAGCCGAGTGCCACCCCCCGAAGGACCACATAGTCAACTACCCGGCGTCACATACCACCCTCGGGG
TCCAGGACATCTCCGCTACGGCGATGTCATGGGTGCAGAAGATCACGGGAGGTGTGGGACTGGTTGTT
GCTGTTGCCGCACTGATTCTAATCGTGGTGCTATGCGTGTCGTTCAGCAGGCACTAACTTGACAATTAA
GTATGAAGGTATATGTGTCCCCTAAGAGACACACTGTACATAGCAAATAATCTATAGATCAAAGGGCT
ACGCAACCCCTGAATAGTAACAAAATACAAAATCACTAAAAATTATAAAAACAGAAAAATACATAAA
TAGGTATACGTGTCCCCTAAGAGACACATTGTATGTAGGTGATAAGTATAGATCAAAGGGCCGAATAA
CCCCTGAATAGTAACAAAATATGAAAATCAATAAAAATCATAAAATAGAAAAACCATAAACAGAAGT
AGTTCAAAGGGCTATAAAACCCCTGAATAGTAACAAAACATAAAATTAATAAAAATCAAATGAATAC
CATAATTGGCAAACGGAAGAGATGTAGGTACTTAAGCTTCCTAAAAGCAGCCGAACTCACTTTGAGAA
GTAGGCATAGCATACCGAACTCTTCCACGATTCTCCGAACCCACAGGGACGTAGGAGATGTTATTTTG
TTTTTAATATTTCAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 2

Trinh ty axit amin ctia protein E2 tlr chiing virut Chikungunya LR2006_OPY 1—céc axit amin 339-742 tir
polyprotein cdu tric Ma S6 Truy Cap GenBank: ABD95938.1 (1-1248 aa)
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMD
NHMPADAERAGLFVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHS
RPQHGKELPCSTYVQSTAATTEEIEVHMPPDTPDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLTTT
DKVINNCKVDQCHAAVTNHKKWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQ
VIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEVTWGNNEPYKYWPQLSTNGTAHG
HPHEIILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAK
A

Mt sb bién thé E2 dugc xac dinh trong ban mo ta nay

SEQ ID NO: 3

Bién thé E168K ciia protein E2 tir virut Chikungunya
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMD
NHMPADAERAGLFVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHS
RPQHGKELPCSTYVQSTAATTEEIKVHMPPDTPDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLTTT
DKVINNCKVDQCHAAVTNHKKWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQ
VIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEVTWGNNEPYKYWPQLSTNGTAHG
HPHEIILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAK
A

SEQ ID NO: 4

Bién thé G55R ctia protein E2 tir virut Chikungunya
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIRIKTDDSHDWTKLRYMD
NHMPADAERAGLFVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHS
RPQHGKELPCSTYVQSTAATTEEIEVHMPPDTPDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLTTT
DKVINNCKVDQCHAAVTNHKKWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQ
VIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEVTWGNNEPYKYWPQLSTNGTAHG
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HPHEIILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAK
A

SEQ ID NO: 5

Bién thé E247K ciia protein E2 tir virut Chikungunya
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMD
NHMPADAERAGLFVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHS
RPQHGKELPCSTYVQSTAATTEEIEVHMPPDTPDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLTTT
DKVINNCKVDQCHAAVTNHKKWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQ
VIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEVTWGNNEPYKYWPQLSTNGTAHG
HPHEILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAK
A

SEQ ID NO: 6

BIEN THE G82R cta protein E2 tir virut Chikungunya
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMD
NHMPADAERARLFVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHS
RPQHGKELPCSTYVQSTAATTEEIEVHMPPDTPDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLTTT
DKVINNCKVDQCHAAVTNHKKWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQ
VIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEVTWGNNEPYKY WPQLSTNGTAHG
HPHEIILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAK
A

SEQID NO: 7

BIEN THE H232Y cuia protein E2 tir virut Chikungunya
STKDNFNVYKATRPYLAHCPDCGEGHSCHSPVALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMD
NHMPADAERAGLFVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISHSCTHPFHHDPPVIGREKFHS
RPQHGKELPCSTYVQSTAATTEEIEVHMPPDTPDHTLMSQQSGNVKITVNGQTVRYKCNCGGSNEGLTTT
DKVINNCKVDQCHAAVTNYKKWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQ
VIMLLYPDHPTLLSYRNMGEEPNYQEEWVMHKKEVVLTVPTEGLEVTWGNNEPYKYWPQLSTNGTAHG
HPHEIILYYYELYPTMTVVVVSVATFILLSMVGMAAGMCMCARRRCITPYELTPGATVPFLLSLICCIRTAK
A

SEQ ID NO: 8
Mbi 1F d giai trinh ty CHIKV-ASnsP3
TTAGGATCCGATGGCTGCGTGAGACAC

SEQID NO: 9
MOi 1R dé giai trinh tw CHIKV-A5nsP3
TAACTCGAGCCGTCAGGTCTGTTGAACAT

SEQ ID NO: 10
Mdi 2F dé giai trinh ty CHIKV-A5nsP3
TTAGGATCCTACCACCAGGCGATTAAAG

SEQ ID NO: 11
Mbi 2R dé giai trinh tur CHIK V-AS5nsP3
TAACTCGAGCTTTGCCCACTTACTGAAGG

SEQ ID NO: 12
MObi 3F dé giai trinh tw CHIKV-ASnsP3
TTAGGATCCTGCTACAGAAGTCACGCC
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SEQ ID NO: 13
Mdi 3R dé giai trinh ty CHIKV-A5nsP3
TAACTCGAGGCCAAAGCGTGAATCAG

SEQ ID NO: 14
Mbi 4F dé giai trinh ty CHIKV-A5nsP3
TTAGGATCCAACAGCTTGAGGACAGAGCG

SEQ ID NO: 15
Mbi 4R dé giai trinh ty CHIKV-A5nsP3
TAACTCGAGCTCTGTCTCATCACGTCGG

SEQ ID NO: 16
Mbi 5F d8 giai trinh tw CHIKV-A5nsP3
TTAGGATCCAAATTGCAGTCATAGGAGTCTTC

SEQ ID NO: 17
Mdi 5R dé giai trinh ty CHIKV-A5nsP3
TAACTCGAGAGTACGTTGACGTGCTCTGA

SEQ ID NO: 18
MBbi 6F dé giai trinh tw CHIKV-ASnsP3
TTAGGATCCGTGGGTTAAACAACTGCAAA

SEQ ID NO: 19
Mbdi 6R dé giai trinh tu CHIKV-ASnsP3
TAACTCGAGGGTTAAAGTCTTCTATCCTCCTGG

SEQ ID NO: 20
Mbi 7F dé giai trinh ty CHIKV-ASnsP3
TTAGGATCCGGATAACCACTGGGATAATAGG

SEQ ID NO: 21
Mbi 7R dé giai trinh ty CHIKV-ASnsP3
TAACTCGAGAGTTGTGAAATTCCTTCTGCC

SEQ ID NO: 22
Mbi 8F dé giai trinh ty CHIKV-ASnsP3
TTAGGATCCCGCAGATAGAACCAGTGAAC

SEQ ID NO: 23
Mbi 8R dé giai trinh tw CHIKV-A5nsP3
TAACTCGAGCAGCAGCTCTACTTGGGTC

SEQ ID NO: 24
Mbi 9F dé giai trinh ty CHIKV-ASnsP3
TTAGGATCCAGGAGGGAAAGACAGGCT

SEQ ID NO: 25
Mbi 9R dé giai trinh tr CHIK V-ASnsP3
TAACTCGAGCCCTCGCCTTCTTCTG
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SEQ ID NO: 26
Mbi 10F dé giai trinh tw CHIKV-A5nsP3
TTAGGATCCCAAAATAGAAGGAGTGCAAAAAG

SEQ ID NO: 27
Mbi 10R dé giai trinh tw CHIKV-A5nsP3
TAACTCGAGCCTGGAGTTTCTTAAGTAATAGTTGC

SEQ ID NO: 28
Mbi 11F dé giai trinh ty CHIKV-A5nsP3
TTAGGATCCACCGGTCCAGGTCATTTA

SEQ ID NO: 29
Mdi 11R @8 giai trinh ty CHIKV-A5nsP3
TAACTCGAGGCAGCAAATTCTTCCCAG

SEQ ID NO: 30
Mbi 12F dé giai trinh tw CHIKV-ASnsP3
TTAGGATCCCCATTCCAGAACACACTACAG

SEQ ID NO: 31
Mbi 12R dé giai trinh tw CHIKV-A5nsP3
TAACTCGAGATACCTGATTTCATCATGGC

SEQ ID NO: 32
Mbdi 13F dé giai trinh tw CHIKV-A5nsP3
TTAGGATCCCCTTTGATAAGAGCCAAGATG

SEQ ID NO: 33
Mbi 13R dé giai trinh tu CHIKV-ASnsP3
TAACTCGAGTACAAAGTTATGACGGGTCCT

SEQ ID NO: 34
Mbi 14F dé giai trinh ty CHIKV-ASnsP3
TTAGGATCCCAACGAACAGGGCTAATTG

SEQ ID NO: 35
Mbi 14R dé giai trinh tw CHIKV-ASnsP3
TAACTCGAGGACCGCTTAAAGGCCAG

SEQ ID NO: 36
Mbi 15F dé giai trinh tw CHIKV-A5nsP3
TTAGGATCCGTGCATGAAAATCGAAAATG

SEQ ID NO: 37
Mbi 15R dé giai trinh tw CHIKV-AS5nsP3
TAACTCGAGTGGTCTTGTGGCTTTATAGACA

SEQ ID NO: 38
Mbi 16F dé giai trinh tw CHIKV-A5nsP3
TTAGGATCCAACCGGAGGAAACCCTAC
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SEQ ID NO: 39
Mbi 16R dé giai trinh tr CHIKV-A5nsP3
TAACTCGAGGTACCGCACCGTCTGG

SEQ ID NO: 40
Mbi 17F dé giai trinh ty CHIKV-A5nsP3
TTAGGATCCAGCTACCTTGCAGCACGT

SEQ ID NO: 41
Mdi 17R dé giai trinh tu CHIKV-A5nsP3
TAACTCGAGCCCACCATCGACAGG

SEQ ID NO: 42
Mbi 18F dé giai trinh tu CHIKV-A5nsP3
TTAGGATCCCGAGCCGTATAAGTATTGGC

SEQ ID NO: 43
Mbi 18R @ giai trinh tw CHIKV-AS5nsP3
TAACTCGAGCGCCGGTGAAGACCTTAC

SEQ ID NO: 44
Mdi 19F dé giai trinh ty CHIKV-A5nsP3
TTAGGATCCACTACTGTCAGTCACTTTGGAGC

SEQ ID NO: 45
Mdi 19R dé giai trinh ty CHIKV-AS5nsP3
TAACTCGAGTACCGGGTTTGTTGCTATTT

SEQ ID NO: 46
Mbi 20F dé giai trinh ty CHIKV-ASnsP3
TTAGGATCCCACAACTGGTACTGCAGAGAC

SEQ ID NO: 47
Mbi 20R dé giai trinh tw CHIKV-AS5nsP3
TAACTCGAGGCGTAGCCCTTTGATCTATAG

SEQ ID NO: 48
Mbi 21F dé giai trinh tw CHIKV-A5nsP3
TTAGGATCCGGTGCTATGCGTGTCGT

SEQ ID NO: 49

Mbi 21R d giai trinh ty CHIKV-A5nsP3
TAACTCGAGATCTCCTACGTCCCTGTGGG
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YEU CAU BAO HO

. Dugc pham chira

(i) cac hat CHIKV-A5nsP3 biéu hién protein céu tric E2 nhu dugc xéac dinh boi
trinh tu axit amin néu trong SEQ ID NO: 2;

(i) cac hat CHIKV-A5nsP3 bidu hién protein cdu tric E2 c6 sy dot bién E168K
trong trinh tur axit amin néu trong SEQ ID NO: 2; va

(iii) tuy y, ta duge duoc dung;

trong d6 tir 1 dén 50% hat CHIKV-A5nsP3 trong dugc pham nay biéu hién

protein cAu trac E2 co su dot bién E168K néu trén.

. Dugc phdm chira (i) cac hat CHIKV-A5nsP3; va (ii) tuy ¥, ta dugc dugc dung;
trong d6 it nhét 30% hat CHIKV-A5nsP3 ¢6 mt trong dugc pham nay biéu hién
protein cdu triic E2 nhu duge xac dinh boi trinh tw axit amin néu trong SEQ ID

NO: 2.

. Duoc phm theo diém 1 hogc 2, trong d6 it nhét 50%, it nhat 75% hogc it nhat
90% hat CHIKV-A5nsP3 c6 mat trong duogc pham nay bidu hién protein ciu tric
E2 nhu duogc x4c dinh bai trinh ty axit amin néu trong SEQ ID NO: 2.

. Dugc phdm theo diém bét ky trong s cac diém tir 1 dén 3, trong d6 it hon 40%,
it hon 25% hoic it hon 10% hat CHIKV-A5nsP3 c6 mat trong duoc phém nay

bidu hién protein cAu triic E2 c6 su dot bién E168K néu trén.
. Dugc phdm theo diém bit ky trong sé cac diém tir 1 dén 4, trong d6 tir 5 dén
30% hodc tir 10 dén 20% hat CHIKV-A5nsP3 ¢6 mit trong dugc phim nay biéu

hién protein cAu triic E2 c6 sy dot bién E168K néu trén.

. Dugc phdm theo diém bét k¥ trong s cac diém tir 1 dén 5, thu dugc hogc c6 thé

thu duogc b%mg céach tao ra cac hat CHIKV-A5nsP3 & té bao Vero.
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7. Dugc phim theo diém bt ky trong s céac diém tir 1 dén 6, trong d6 duge pham nay
gdy cam ung khang thé 1am trung hoa chéng lai CHIKV-A5nsP3 & chudt dugc gay mién
dich bing duoc phdm nay lam cho huyét thanh chira khang thé 1am trung hoa va trong
d6 huyét thianh nay lam trung hoa sy nhim virut Chikungunya (CHIKV) ciia céc té bao
Vero it nhit 12‘1 80% trong thtt nghiém lam trung hoa in vitro, v6i hé pha loang huyét

thanh theo ty 1€ 1:80.

8. Dugc pham theo diém bét ky trong sb cac diém tir 1 dén 7, trong d6 cac hat CHIK V-
A5nsP3 trong muc (i) néu trén dugc xac dinh bai trinh ty polynucleotit néu trong SEQ
ID NO: 1.

9. Dugc phim theo diém bét ky trong sb cac diém tir 1 dén 8, trong d6 dugc pham nay
chtra lvong hiru hiéu cia cac hat CHIKV-A5nsP3 biéu hién protein cAu trac E2 nhu
duoc x4c dinh béi trinh ty axit amin néu trong SEQ ID NO: 2, trong d6 lugng hiru hiéu
ndy duge xac dinh 12 it nht 10 hogc it nhat 10* hat CHIKV-A5nsP3 biéu hién protein
chu trac E2 nhu duge xac dinh béi trinh ty axit amin néu trong SEQ ID NO: 2.

10. Dugc phdm theo diém 9, trong d6 lugng hitu hiéu néu trén dugc xac dinh 1a khoing
10* hat CHIKV-A5nsP3 biéu hién protein chu trac E2 nhu dugce x4c dinh béi trinh tu
axit amin néu trong SEQ ID NO: 2.

11. Dugc phdm theo diém bat ky trong sb cac diém tr 1 dén 10, trong d6 dugc phim

nay duoc bao ché & dang dugc phdm mot-liéu.

12. Dugc phdm theo diém bat k¥ trong sb cac diém tir 1 dén 11, trong d6 dugc phdm

nay dugc bao ché & dang vacxin.

13. Dugc phdm theo diém bét ky trong s6 cac diém tir 1 dén 12, trong d6 dugc phdm

nay duoc bao ché & dang dong kho nhanh.

14. Dugc pham theo diém bat ky trong sb cac diém tir 1 dén 13, trong d6 duoc pham
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nay duoc bao ché & dang sir dung duéi da.

15. Quy trinh san xuit duoc phdm chira cac hat CHIKV-A5nsP3 biéu hién protein cdu
trac E2 nhu dugc x4c dinh boi trinh ty axit amin néu trong SEQ ID NO: 2 bao gdm
budc:

- nudi ciy CHIKV-A5nsP3 trén té bao chu theo cach dé lam giam dén mure toi

thiéu su ¢6 mét ctia dot bién lam gidm-kha nang gdy mién dich cua virut.

16. Quy trinh theo diém 15, trong d6 cac hat CHIKV-AS5nsP3 néu trén duge xdc dinh
béi trinh tu polynucleotit néu trong SEQ ID NO: 1 va duogc ciy chuyén trén té bao chu

trong méi trudng nudi cdy it hon 5 14n sau khi tach khéi virut.

17. Quy trinh theo diém 15 hoic 16, trong d6 cac hat CHIKV-A5nsP3 néu trén dugc

cay chuyén trén t€ bao chid trong moi truong nudi cay toi da ba lan.
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<120>

<130>

<150>
<151>
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DANH MUC TRINH TY
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Virut Chikungunya gdy mién dich
PAT028/PCT

EP17192374.1
21-09-2017

<160> 49

<170>

216> 1
<211>
<212>
<213>

ADN

<400> 1
gatggctgeg

gagattaata
tgaaggccct
atgaccatgc
ttgaccccga
acaggaagta
attatgcgag
agatcgggga
tacacacaga
ctgtacacgc
gggttgggtt
actcgacaaa
cagacctgac
cgtgcgaccg
ttaagagctg
gctgtgatac

gcctttatgg

11674

tgagacacac
acccatcatg
gcaacgtgcg
taatgctaga
ctcaaccatc
ccactgcgtc
aaagctagca
cttacaagca
cgtctcatgt
acccacgtcg
cgacacaacc
ctgggcagat
ggaaggtaga
tgtgectgttc
gcacctgcca
agtggtttcg

aaaaaccaca

PatentIn phién ban 3.5

Virut Chikungunya

gtagcctacc
gatcctgtgt
taccccatgt
gegttctcgc
ctggatatcg
tgcccgatgc
tctgccgceag
gtaatggccg
agacagagag
ctataccacc
ccgttcatgt
gagcaggtac
cgaggcaagt
tcagtagggt
tecggtgttcc
tgtgagggct

gggtatgegs

agtttcttac
acgtggacat
ttgaggtgga
atctagctat
gcagtgcgcc
gcagtgcgga
gaaaagtcct
tgccagacac
cagacgtcgc
aggcgattaa
acaatgccat
tgaaggctaa
tgtctattat
caacgctcta
atttaaaggg
acgtcgttaa

taacccacca

tgctctactc
agacgctgac
accaaggcag
aaaactaata
agcaaggagg
agatcccgag
ggacagaaac
ggagacgcca
tatataccaa
aggggtccga
ggcgggtgec
gaacatagga
gagagggaaa
cccggaaagc
caaactcagc

gagaataacg

cgcagacgga

tgcaaagcaa
agcgectttt
gtcacaccga
gagcaggaaa
atgatgtcgg
agactcgcca
atctctggaa
acattctgct
gacgtctatg
gtggcgtact
tacccctcat
ttatgttcaa
aagctaaaac
cgcaagctac
ttcacatgcc
atgagcccag

ttcctgatgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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gcaagactac
cggcgaccat
cacagaagct
atacgaacac
caaaggagtg
tgacctgctg
ctgataccca
tgtggtcgtc
tgccaaaaac
aagaagcaga
cagcacagga
caggaataat
tcgtgggaga
tgattcacgc
atgcggtcga
aagacttcca
acagaaagct
atgagctggt
gatgctgtaa
cctaccacga
cagtcatagg
ttaccaggca
acgtgatgag
atggatgcaa
gaacgctact
acccgaagca

tctgcaccca

cgacacggtt
ttgtgatcaa
gttgegtegss
catgaaaaat
ccggaaagac
ctgtctatgg
gtcaattcag
cgggttgtca
cgacctgatc
ggaagaacga
agatgttcag
agagactccg
gtacctggta
tttggcggag
agcgtacgac
gagtctaagc
acaccatatt
gagggcagag
gaaggaagaa
attcgcatat
agtcttcgga
ggacctggtg
acagagaggt
cagaccagtc
tgctttgatc
gtgeggcttc

agtgtaccac

gacggcgaaa
atgaccggca
ctgaaccaga
tatctgecttc
atggaagatg
gcattcaaga
aaggttcagg
atccctttga
ccatacagcg
gaagcagaac
gtcgaaatcg
agaggagcta
ctctccccgce
caagtgaaga
ggccgagtcc
gaaagcgcaa
gcgatgcacg
aggacagaac
gccgcaggac
gaagggctaa
gtaccgggat
actagcggaa
ctagagatat
gacgtgttgt
gccttggtga
ttcaatatga

aaaagtatct
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gaatgtcatt
tccttgetac
gaatagtggt
ccgtggtcgc
aaaaactcct
agcagaaaac
ccgagtttga
ggactagaat
gagacgcccg
tgactcgcga
acgtggaaca
tcaaagttac
agaccgtact
cgtgcacgca
tagtgccctc
cgatggtgta
gaccagccct
acgagtacgt
tggtactggt
aaatccgccc
ctggcaagtc
agaaagaaaa
ctgcacgtac
acgtagacga
gaccaaggca
tgcagatgaa

ccaggeggts

ctcggtgtgc
agaagtcacg
taacggcaga
ccaagccttc
gggggtcaga
acacacggtc
cagctttgtg
caaatggttg
agaagcccgg
agccctacca
gcttgaggac
tgcccaacca
acgtagccag
caacggacga
aggctatgca
taacgaaaga
gaacaccgac
ctacgacgtg
gggcgacttg
tgcctgccca
agctattatc
ctgccaagaa
ggttgactcg
ggegtttgeg
gaaagttgta
agtcaactat

tacactgcct

acatacgtgc
ccggaggatg
acgcaacgga
agtaagtggg
gaaagaacac
tacaagaggc
gtaccgagtc
ttaagcaagg
gacgcagaaa
cctctacagg
agagecgegscg
acagaccacg
aagctcagtc
gcagggagst
atctcgcctg
gagttcgtaa
gaagagtcgt
gatcagagaa
actaatccgc
tacaaaattg
aagaacctag
atcaccaccg
ctgctcttga
tgccactctg
ctttgtggtg
aatcacaaca

gtgaccgcca

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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ttgtgtcatc
ttgtagtgga
tcagagggtsg
ccgcatccca
acccgctcta
aactggtatg
aaggaaactt
gcatctgcag
ctaagagctt
ctcagataat
aaatatgtac
tgtctgtgta
ttaaccccga
acatcaacaa
acatcatacc
aaggggaaag
gtggctataa
gcggagegsga
acctagtggt
accacgcaat
gctctctatt
tattgggacg
ctgagatgtt
tcatgaacaa
cgtcgtaccg
ccgctaaccc

cggagtcctt

gttgcattac
cactacaggc
ggttaaacaa
agggttaacc
tgcatcaacg
gaagacactt
caaagcaact
tcaccaaatg
ggtccctatc
tcaagccttc
gcgcatgtat
ttacgcggat
ggcagcatcc
gcagatctgc
ggccaacagg
aatggaatgg
ccttgcactg
ctacacatac
cataaacatc
gaaactgcaa
gatcagagca
caagtttaga
tttcctattc
tcaactgaat
ggtaaaacgc
tcgcgggtta

taagaacagt

gaaggcaaaa
tcaacaaaac
ctgcaaattg
agaaaaggag
tcagagcacg
tccggegacc
attaaggagt
accttcgata
ctcgaaacag
aaagaagaca
ggggtggatc
aaccactggg
attctagaaa
gtgactacca
agactaccac
ctggttaaca
cctactaaga
aacctagagt
cacacacctt
atgctcgges
tatggttacg
tcgtctagag
agcaactttg
gcagccttceg
atggacatcg
ccgggtescg

gcaacaccag
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tgcgcactac
ctgaccctgg
actatcgtgg
tttacgcagt
tcaacgtact
cgtggataaa
gggaggtgga
cattccaaaa
cggggataaa
aagcatactc
tagacagcgg
ataataggcc
gaaagtatcc
ggaggataga
actcattagt
agataaacgg
gagtcacttg
tgggtctgcc
ttcgcataca
gtgactcatt
cagatagaac
cgttgaaacc
acaatggcag
taggacaggt
cgaagaacga
gtgtttgcaa

tgggaaccgc

gaatgagtac
agacctcgtg
atacgaggtc
tagacaaaaa
cctaacgcegt
gacgctgcag
gcatgcatca
taaagccaac
actaaatgat
acctgaagta
gctattttct
tggagggaaa
attcacaaaa
agactttaac
ggccgaacac
ccaccacgtg
ggtagcgcecg
agcaacgctt
ccattaccaa
gagactgctc
cagtgaacga
accatgtgtc
aaggaatttc
cacccgagca
tgaagagtgc
ggcagtatac

aaaaacagtt

aacaagccga
ttaacgtgct
atgacagcag
gttaatgaaa
acggaaggta
aacccaccga

ataatggcgg

gtttgttggs
aggcagtggt
gccctgaatg
aaaccgttgg
atgttcggat
gggaagtgga
cctaccacca
cgcccagtaa
ctcctggtca
ttaggtgtcc
ggtaggtatg
cagtgcgtcg
aaaccgggcg
gtcatctgcg
accagcaaca
acaactcatg
ggatgtgcac
gtagtcaacg
aaaaaatggc

atgtgcggta

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260
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cgtatccagt
accgggaatt
atagtgtagc
cccagtcact
actgccgcga
tagagctgct
gcagcttggc
aagggacccg
agcaaacaga
tcaggcagaa
gcectttgeceg
caagcataat
aagtcaaatg
gggcttatag
ccgtacctgt
agagagaagg
cggtcgtaca
gtaccgccac
ccattacatt
ctttcggaga
gctcagacac
acaccggtcc
ccctggagga
aactattact
cgcgcaaagt
tatacttaat

tgtactcgcc

aatccacgct
ggcagctgcc
tatacctctc
gaaccacctc
caaagaatgg
ggatgagcac
aggcagaaaa
ttttcatcag
ggccaatgag
atgcccggtg
ttacgctatg
tgtgtgttct
ctctaaggta
aggtgecegct
cgcgeegecc
gaatataaca
agaaacagcg
ggaaccgaat
tggggacttc
cttcttacca
ggacgacgag
aggtcattta
agtccacgag
taagaaactc
agaaaacatg
gtcagagacc

tccgatcaac

gttggaccaa
tatcgagaag
ctctccacag
tttacagcca
gagaagaaaa
atctccatag
ggatacagca
acggctgtgg
caagtctgcc
gatgatgcag
actccagaac
tcgtttcccc
atgctatttg
gccggtaacc
agaagaaggc
cccatggcta
gagacgcgtg
catccgccga
aacgaaggag
ggagaagigg
ttaagactag
caacagaagt
gagaagtgtt
caggagagtg
aaagcagcaa
Cccaaaagtcc

gtccgattgt
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acttctctaa
tcgcaaagga
gtgtatactc
tggactcgac
tatctgaggc
actgcgatat
ccacggaagg
atatggcgga
tatatgccct
acgcatcatc
gcgtcacccg
tcccaaagta
accacaacgt
ttgeggecegt
gagggagaaa
gcgtccgatt
acacagcaat
tctccttegg
aaatcgaaag
atgacttgac
acagggcagg
cagtacgcca
acccacctaa
catccatggc
tcatccagag
ctacttaccg

ccaatcccga

ttattcggag
agtaactagg
aggagggaaa
ggatgcagac
catacagatg
tgttcgegtg
cgcactgtac
gatacatact
gggggaaagt
tccccccaaa
gcttcgeatg
caaaatagaa
gccatcgcegc
gtctgattgg
cctgactgtg
ctttagggca
gtctcttcag
agcatcaagc
cttgtcttct
agacagcgac
tgggtatata
gtcagtgctg
gctggatgaa
caacagaagc
actaaagaga
gactacatat

gtccgcagtg

tctgaagggg

ctgggagtaa
gacaggctga
gtggtcatct
cggacccaag
caccctgaca
tcatatctag
atgtggccaa
attgaatcga
actgtcccgt
aaccacgtca
ggagtgcaaa
gtaagtccaa
gtaatgagca
acatgtgacg
gagctgtgtc
gcaccaccga
gagacgttcc
gagctactaa
tggtccacgt
ttctcgtegg
ccggtgaaca
gcaaaggagc
aggtatcagt
ggctgtagac
ccggegectg

gcagcatgca

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880
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atgagttctt
atgcatatct
cgtcaaaact
ctgtaccgtc
actgcaacgt
agtgtttcaa
ttaggataac
cagcgctatt
tcacagtaga
gacctaaggt
ttcacagaga
ttgacatgtc
ctgttttgga
ctgctttgat
ctgectttcgg
ccatgatgaa
tcgccagecg
acgacaacat
ggatgaacat
gtggaggstt
taaaaaggct
gaagacgagc
tggagaaagc
tggccacctt
tgtacggegg
agtatctaaa

gaggtaccag

agctagaaac
agacatggtg
caggagctac
cccattccag
cacacagatg
aaaattcgca
aactgagaat
cgcaaaaacc
tatgaaaagg
gcaggttata
gctggttagg
tgccgaggat
aacggacata
gctgttagag
agagatttcc
atcaggtatg
agtgctggaa
aatacatgga
ggaagtgaag
tatactgcac
ttttaaactg
gctggctgac
ggtatactct
tgcaagctcc
tcctaaatag
cactaatcag

cctcgaccct

tatccaactg
gacgggtcgg
ccgaaacagc
aacacactac
agggaattac
tgcaaccaag
ttagcaacct

cataatctac

gacgtaaagg
caggceggctg
aggctgaacg
ttcgatgcca
gcctectttg
gatttagggg
agctgtcacc
ttcctaactc
gatcgtctga
gtcgtctccg
atcatagatg
gatactgtga
ggcaaaccgc
gaagtgatca
aggtacgaag
agatccaact
gtacgcacta
ctacaatgga

ggactccgcg
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tctcatcata
agagttgcct
acgcttacca
agaatgtact
ccactttgga
aatactggga
atgttactaa
tgccactaca
tgactcctgg
aacccttggc
ccgtcctect
tcatagccgce
ataagagcca
tggatcactc
taccgacagg
tgttcgtcaa
caaaatccgc
atgaattgat
cagttgtatc
caggaacagc
Tagcggceagsg
gatggcaacg
tgcagggtat
tcgagaagct
cagctaccta
gttcatccca

ccctactatc

ccaaattacc
ggaccgageg
cgecgecectcece
ggcagcagcc
ctcagcagta
agaatttgct
actaaaaggg
ggaagtacca
tacaaagcat
gacagcatac
acccaatgta
acactttaag
agatgattca
cctgectggac
tacgcgcttc
cacattgtta
gtgcgeggcec
ggcagccaga
cttgaaagcc
ttgcagagtg
tgacgaacaa
aacagggcta
atcagttgtg
cagaggaccc
ttttgcagaa
acccaaactt

caagtcatca

gacgagtatg
acattcaatc
atcagaagcg
acgaaaagaa
ttcaacgtgg
gccagcccta
ccaaaagcag
atggataggt
acagaggaaa
ctatgtggga
catacactat
ccaggagaca
cttgcgctta
ttgatagagg
aagttcggceg
aacatcacca
ttcatcggceg
tgtgccactt
ccttactttt
gcagacccgce
gatgaagata
attgatgagc
gtaatgtcca
gtcataactt
gccgacagca
tttacaatag

ggcccagacc

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500
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gcgecctcag
aatgcgecgceg
aaaacaacag
ggctcaaaag
ttgtattttc
caaagtaatg
ggcctttaag
gtccgacgcet
agcagtacag
cagcggcaga
taatgaagga
aatcaccccc
aaacaccacg
ggaggaaacc
acaagcatcc
tgtctataaa
gtgccatagt
aatccaggtc
gcgttatatg
atcagcaccg
aggggaaact
cccatttcac
cggtaaagag
agaggtacac
cgtaaagatc
tgaaggacta

cgcggtcacc

aggcaagctg
gtaccacaac
gcgecacaaa
aaaaégaagc
gaagteaagc
aaaccéécac
cggtcatcfa
tcgaagttca
tactcaggag
ccgatcttcg
gcccgtacag
gagesgeecce
ttccecctget
ctacgcatgc
ttaacatgtt
gccacaagac
cccgtagcac
tccttgcaaa
gacaaccaca
tgtacgatta
ctgacggtgg
cacgaccctc
ctaccttgca
atgcccccag
acagtcaatg
acaactacag

aatcacaaaa

ggcaacttgc
agaagccacg
acaacacaaa
cgggecgeag
acgaaggtaa
acgtaaaggg
agtatgacct
cccatgagaa
gececggttcac
acaacaaggg
cccteteggt
aagagtggag
cccagccccc
ttgaggacaa
ctccccaccg
catacttagc
tagaacgcat
tcggaataaa
tgccagcaga
ctggaécaat
gattcactga
ctgtgatagg
gcacgtacgt
acacccctga
gccagacggt
acaaagtgat

agtggcagta
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ccagctgatc

caggaatcgg
tcaaaagaag
agagaggatg
ggtaacaggt

gaccatcgat

tcagcagtta
aagaataaga
cagccaccta
tgcatgaaaa
tacgcgtgcc

aacgcggacc

tgaatgcgcg Tagatacccg

accggagggg
catccctaca
acgecgtggtg
ggtgacctgg
tcttgecatc
ttgcacgccc
cgtcatgaga
ccagcgacgc
tcactgtccc
cagaaatgaa
gacggatgac
cgcagagagg
gggacacttc
cagtaggaag
tcgggaaaaa
gcagagcacc
tcgcacatta
gcggtacaag
taataactgc

taactcccct

tactacaact
ggtgctggea
gccatagtct
aataaagaca
ccagttatgt
tgctgctacg
cctgggtact
agcaccaagg
gactgtggag
gcgacagacg
agccacgatt
gcggggctat
atcctggecc
attagtcact
ttccattccc
gccgcaacta
atgtcacaac
tgtaattgcg
aaggttgatc

ctggtcccgc

ataaactgac
agcaaaagca
aaaagaaacc
tcgaaaatga
tggtgggesa
tggccaaact
tgcacatgaa
ggcaccacgg
aaccagggga
taggaggagc
ttgtcactaa
gecectgttggc
aaaaggaacc
atcagctgct
acaacttcaa
aagggcactc
ggacgctgaa
ggaccaagct
ttgtaagaac
gatgtccaaa
catgtacgca
gaccgcagca
ccgaggagat
agtccggcaa
gtggctcaaa
aatgtcatgc

gtaatgctga

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120
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acttggggac
ggtgcctaaa
gtatcctgac
agaagagtgg
ggtcacgteg
agcccatggc
tgtagtagtt
gatgtgcatg
cgtccctttc
agaggctgeg
tccgectggcea
aacgttggct
cgtaacagtg
ctacagcccc
gcttgattac
cggtacagca
cgtctaccca
gagcgaagca
ggctcatacc
tgtaactgcc
ggggccaatg
cgtctataac
ccaaagtcgc
accggcectgtg
gctaaaagaa

aaacccggta

ggaagcggcc

cgaaaaggaa
gcaaggaacc
cacccaacac
gtgatgcata
ggcaacaacg
cacccgcatg
gtgtcagtgg
tgtgcacgac
ctgcttagcc
atatacctgt
gccctgattg
tttttagccg
atcccgaaca
atggtattgg
atcacgtgcg
gagtgcaagg
tttatgtggg
cacgtggaga
gcatctgcat
tatgcaaacg
tctteagect
atggactacc

acacctgaga

ggtacggtac
cgeggggegt
agagcggtga

ttcactaggg

aaattcacat
ccaccgtgac
tcctgtecta
agaaggaagt
agccgtataa
agataattct
ccacgttcat
gcagatgcat
taatatgctg
ggaacgagca
ttctatgcaa
taatgagcgt
cggtgggagt
agatggaact
agtacaaaac
acaaaaacct
gcggegecta
agtccgaatc
cagctaagct
gcgaccatgc
ggacaccttt
cgececctttgg
gtaaagacgt
acgtgccata
cgctgcagca
actgcgccegt

tcgtcgacgce
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ccecgtttccg
gtacgggaaa
ccggaatatg
cgtgctaacc
gtattggccg
gtattattat
actcctgtcg
cacaccgtat
catcagaaca
gcaacctttg
ctgtctgaga
cggtgcccac
accgtataag
actgtcagtc
cgtcatcccg
acctgactac
ctgecttctgc
atgcaaaaca
ccgegtectt
cgtcacagtt
cgacaacaaa
cgcaggaaga
ctatgctaat
ctctcaggca
cacagcacca
agggaacatg

gccctcttta

ctggcaaatg
aaccaagtca
ggagaagaac
gtgccgactg
cagttatcta
gagctgtacc
atggtgggta
gaactgacac
gctaaagcgg
ttttggctac
ctcttaccat
actgtgagcg
actctagtca
actttggagc
tctccgtacg
agctgtaagg
gacgctgaaa
gaatttgcat
taccaaggaa
aaggacgcca
attgtggtgt
ccaggacaat
acacaactgg
ccatctggcet
tttggctgcec
cccatctcca

acggacatgt

taacatgcag
tcétgctact
caaactatca
aagggctcga
caaacggtac
ccactatgac
tggcageggs
caggagctac
ccacatacca
aagcccttat
gctgctgtaa
cgtacgaaca
atagacctgg
caacactatc
tgaagtgctg
tcttcaccgg
acacgcagtt
cagcatacag
ataacatcac
aattcattgt
acaaaggtga
ttggcgatat
tactgcagag
ttaagtattg
aaatagcaac

tcgacatacc

cgtgcgaggt

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740
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accagcctgc
caagaaaggc
gatagaagtt
cgaattccgc
gaaggaccac
cgctacggceg
tgccgcactg
ttaagtatga
gatcaaaggg
aaacagaaaa
ataagtatag
aaaatcataa
atagtaacaa
agatgtaggt
ataccgaact
ttaatatttc
<210> 2

<211> 423
<212> PRT
<213>

400> 2

acccattect
aagtgtgcgg
gaagggaatt
gtacaagtct
atagtcaact
atgtcatggsg
attctaatcg
aggtatatgt
ctacgcaacc
atacataaat
atcaaagggc
aatagaaaaa
aacataaaat
acttaagctt
cttccacgat

aaaaaaaaaa

cagactttgg
tgcattcgat
ctcagctgca
gttctacaca
acccggegtc
tgcagaagat
tggtgctatg
gtcccctaag
cctgaatagt
aggtatacgt
cgaataaccc
ccataaacag
taataaaaat
cctaaaagca
tctccgaacc

daaaaaaaaa

Virut Chikungunya

42552

gggegtegcec
gactaacgcc
aatctctttc
agtacactgt
acataccacc
cacgggaggt
cgtgtcgttc
agacacactg
aacaaaatac
gtcccctaag
ctgaatagta
aagtagttca
caaatgaata
gccgaactca

cacagggacg

daaaa

Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala

1

5

10

Ala His Cys Pro Asp Cys Gly Glu Gly His Ser

Ala Leu Glu Arg Ile Arg Asn

35

Gln val Ser Leu Gln Ile Gly

50

20

40

55

25

Glu Ala Thr Asp

Ile Lys Thr Asp

attattaaat
gtcactattc
tcgacggect
gcagccgagt
ctcggggtcc
gtgggactgg
agcaggcact
tacatagcaa
aaaatcacta
agacacattg
acaaaatatg
aagggctata
ccataattgg
ctttgagaag

taggagatgt

atgcagccag
gggaagctga
tagccagcgc
gccacccccc
aggacatctc
ttgttgetgt
aacttgacaa
ataatctata
aaaattataa
tatgtaggtg
aaaatcaata
aaacccctga
caaacggaag
taggcatagc

tattttgttt

Thr Arg Pro Tyr Leu

15

Cys His Ser Pro Val

30

Gly Thr Leu Lys Ile

45

Asp Ser His Asp Trp

60

10800

10860

10920

10980

11040

11100

11160

11220

112860

11340

11400

11460

11520

11580

11640

11674
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Thr

65

Ala

Met

Val

Phe

Pro

145

Ala

Asp

Asn

Gly

Cys

225

Leu

Ile

Lys

Gly

Gly

Gly

His

130

Gln

Ala

His

Gly

Leu

210

His

Val

Pro

Leu

Leu

His

Phe

115

His

His

Thr

Thr

Gln

195

Thr

Ala

Pro

Phe

Arg

Phe

Phe

100

Thr

Asp

Gly

Thr

Leu

180

Thr

Thr

Ala

Arg

Pro
260

Tyr

Val

85

Ile

Asp

Pro

Lys

Glu

165

Met

Val

Thr

Val

Asn

245

Leu

Met

70

Arg

Leu

Ser

Pro

Glu

150

Glu

Ser

Arg

Asp

Thr

230

Ala

Ala

Asp

Thr

Ala

Arg

Val

135

Leu

Ile

Gln

Tyr

Lys

215

Asn

Glu

Asn

Asn

Ser

Arg

Lys

120

Ile

Pro

Glu

Gln

Lys

200

Val

His

Leu

Val

His

Ala

Cys

105

Ile

Gly

Cys

Val

Ser

185

Cys

Ile

Lys

Gly

Thr
265

42552

Met Pro
75

Pro Cys
90

Pro Lys

Ser His

Arg Glu

Ser Thr
155

His Met
170

Gly Asn

Asn Cys

Asn Asn

Lys Trp
235

Asp Arg
250

Cys Arg

Ala

Thr

Gly

Ser

Lys

140

Tyr

Pro

Val

Gly

Cys

220

Gln

Lys

Val

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Lys

Gly

205

Lys

Tyr

Gly

Pro

Ala

Thr

Thr

110

Thr

His

Gln

Asp

Ile

190

Ser

Val

Asn

Lys

Lys
270

Glu

Gly

95

Leu

His

Ser

Ser

Thr

175

Thr

Asn

Asp

Ser

Ile

255

Ala

Arg

80

Thr

Thr

Pro

Arg

Thr

160

Pro

Val

Glu

Gln

Pro

240

His

Arg

81/102



Asn

Pro

Asn

305

Val

Lys

His

Val

Ala

385

Glu

Cys

Pro

Asp

290

Tyr

Pro

Tyr

Glu

Val

370

Ala

Leu

Ile

<210>
<211>
212>
<213>

<220>
223>

<400>

3

Thr

275

His

Gln

Thr

Trp

Ile

355

Val

Gly

Thr

Arg

423

p

RT

Val

Pro

Glu

Glu

Pro

340

Ile

Ser

Met

Pro

Thr
420

Trinh ty

dot bién

3

Ser Thr Lys Asp

1

Thr

Thr

Glu

Gly

325

Gln

Leu

Val

Cys

Gly

405

Ala

Tyr

Leu

Trp

310

Leu

Leu

Tyr

Ala

Met

390

Ala

Lys

Gly

Leu

295

Val

Glu

Ser

Tyr

Thr

375

Cys

Thr

Ala

nhan tao

Lys

280

Ser

Met

Val

Thr

Tyr

360

Phe

Ala

Val

Asn

Tyr

His

Thr

Asn

345

Glu

Ile

Arg

Pro

42552

Gln

Arg

Lys

Trp

330

Gly

Leu

Leu

Arg

Phe
410

Val

Asn

Lys

315

Gly

Thr

Tyr

Leu

Arg

395

Leu

Ile

Met

300

Glu

Asn

Ala

Pro

Ser

380

Cys

Leu

Met

285

Gly

Val

Asn

His

Thr

365

Met

Ile

Ser

phat sinh tir viéc cdy chuyén Vero

Leu

Glu

Val

Glu

Gly

350

Met

Val

Thr

Leu

Leu

Glu

Leu

Pro

335

His

Thr

Gly

Pro

Ile
415

Tyr

Pro

Thr

320

Pro

Val

Met

Tyr

400

Cys

Asn Phe Asn Val Tyr Lys Ala Thr Arg Pro Tyr Leu

5

10

10

15

82/102



42552 83/102

Ala His Cys Pro Asp Cys Gly Glu Gly His Ser Cys His Ser Pro Val
20 25 30

Ala Leu Glu Arg Ile Arg Asn Glu Ala Thr Asp Gly Thr Leu Lys Ile
35 40 45

Gln Val Ser Leu Gln Ile Gly Ile Lys Thr Asp Asp Ser His Asp Trp
50 55 60

Thr Lys Leu Arg Tyr Met Asp Asn His Met Pro Ala Asp Ala Glu Arg
65 70 75 80

Ala Gly Leu Phe Val Arg Thr Ser Ala Pro Cys Thr Ile Thr Gly Thr
85 90 95

Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys Gly Glu Thr Leu Thr
100 105 110

Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His Ser Cys Thr His Pro
115 120 125

Phe His His Asp Pro Pro Val Ile Gly Arg Glu Lys Phe His Ser Arg
130 135 140

Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr Tyr Val Gln Ser Thr
145 150 155 160

Ala Ala Thr Thr Glu Glu Ile Lys Val His Met Pro Pro Asp Thr Pro
165 170 175

Asp His Thr Leu Met Ser Gln Gln Ser Gly Asn Val Lys Ile Thr Val
180 185 190

Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu
195 200 205

Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val Asp Gln
210 215 220

Cys His Ala Ala Val Thr Asn His Lys Lys Trp Gln Tyr Asn Ser Pro
225 230 235 240

11



42552 84/102

Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys Ile His
245 250 255

Ile Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg
260 265 270

Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Ile Met Leu Leu Tyr
275 280 285

Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Glu Glu Pro
290 295 300

Asn Tyr Gln Glu Glu Trp Val Met His Lys Lys Glu Val Val Leu Thr
305 310 315 320

val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr
325 330 : 335

Lys Tyr Trp Pro Gln Leu Ser Thr Asn Gly Thr Ala His Gly His Pro
340 345 350

His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val
355 360 365

val Val val Ser Val Ala Thr Phe Ile Leu Leu Ser Met Val Gly Met
370 375 380

Ala Ala Gly Met Cys Met Cys Ala Arg Arg Arg Cys Ile Thr Pro Tyr
385 390 395 400

Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Ile Cys
405 410 415

Cys Ile Arg Thr Ala Lys Ala
420

<210> 4

<211> 423

<212> PRT

<213> Trinh ty nhadn tao

12



<220>
<223>

<400>

4

Ser Thr Lys

1

Ala

Ala

Gln

Thr

65

Ala

Met

Val

Phe

Pro

145

Ala

Asp

His

Leu

Val

50

Lys

Gly

Gly

Gly

His

130

Gln

Ala

His

Cys

Glu

35

Ser

Leu

Leu

His

Phe

115

His

His

Thr

Thr

dot bién

Asp

Pro

20

Arg

Leu

Arg

Phe

Phe

100

Thr

Asp

Gly

Thr

Leu
180

42552

phdt sinh tir viéc cdy chuyén Vero

Asn

Asp

Ile

Gln

Tyr

Val

85

Ile

Asp

Pro

Lys

Glu

165

Met

Phe

Cys

Arg

Ile

Met

70

Arg

Leu

Ser

Pro

Glu

150

Glu

Ser

Asn

Gly

Asn

Arg

55

Asp

Thr

Ala

Arg

Val

135

Leu

Ile

Gln

Val

Glu

Glu

40

Ile

Asn

Ser

Arg

Lys

120

Ile

Pro

Glu

Gln

Tyr

Gly

25

Ala

Lys

His

Ala

Cys

105

Ile

Gly

Cys

Val

Ser
185

Lys

10

His

Thr

Thr

Met

Pro

90

Pro

Ser

Arg

Ser

His

170

Gly

Ala

Ser

Asp

Asp

Pro

75

Cys

Lys

His

Glu

Thr

155

Met

Asn

13

Thr

Cys

Gly

Asp

60

Ala

Thr

Gly

Ser

Lys

140

Tyr

Pro

Val

Arg

His

Thr

45

Ser

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Lys

Pro

Ser

30

Leu

His

Ala

Thr

Thr

110

Thr

His

Gln

Asp

Ile
190

Tyr

15

Pro

Lys

Asp

Glu

Gly

95

Leu

His

Ser

Ser

Thr

175

Thr

Leu

Val

Ile

Trp

Arg

80

Thr

Thr

Pro

Arg

Thr

160

Pro

Val
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42552 86/102

Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu
195 200 205

Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val Asp Gln
210 215 220

Cys His Ala Ala val Thr Asn His Lys Lys Trp Gln Tyr Asn Ser Pro
225 230 235 240

Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys Ile His
245 250 255

Ile Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg
260 265 270

Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Ile Met Leu Leu Tyr
275 280 285

Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Glu Glu Pro
290 295 300

Asn Tyr Gln Glu Glu Trp Val Met His Lys Lys Glu Val Val Leu Thr
305 310 315 320

Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr
325 330 335

Lys Tyr Trp Pro Gln Leu Ser Thr Asn Gly Thr Ala His Gly His Pro
340 345 350

His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val
355 360 365

val Val Vval Ser Val Ala Thr Phe Ile Leu Leu Ser Met Val Gly Met
370 375 380

Ala Ala Gly Met Cys Met Cys Ala Arg Arg Arg Cys Ile Thr Pro Tyr
385 390 395 400

Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Ile Cys
405 410 415

14



Cys Ile Arg Thr

<210>
<211>
212>
<213>

<220>
<223>

<400>

5

423

p

Trinh tu

RT

420

dot bién

5

Ser Thr Lys

1

Ala

Ala

Gln

Thr

65

Ala

Met

Val

Phe

Pro
145

His

Leu

Val

50

Lys

Gly

Gly

Gly

His

130

Gln

Cys

Glu

35

Ser

Leu

Leu

His

Phe

115

His

His

Asp

Pro

20

Arg

Leu

Arg

Phe

Phe

100

Thr

Asp

Gly

Ala Lys Ala

nhan tao

42552

phdt sinh tir viéc cdy chuyén Vero

Asn

Asp

Ile

Gln

Tyr

Val

85

Ile

Asp

Pro

Lys

Phe

Cys

Arg

Ile

Met

70

Arg

Leu

Ser

Pro

Glu
150

Asn

Gly

Asn

Gly

55

Asp

Thr

Ala

Arg

Val

135

Leu

Val

Glu

Glu

40

Ile

Asn

Ser

Arg

Lys

120

Ile

Pro

Tyr

Gly

25

Ala

Lys

His

Ala

Cys

105

Ile

Gly

Cys

Lys Ala
10

His Ser

Thr Asp

Thr Asp

Met Pro

75

Pro Cys
90

Pro Lys

Ser His

Arg Glu

Ser Thr
155

15

Thr

Cys

Gly

Asp

60

Ala

Thr

Gly

Ser

Lys

140

Tyr

Arg

His

Thr

45

Ser

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Ser

30

Leu

His

Ala

Thr

Thr

110

Thr

His

Gln

Tyr

15

Pro

Lys

Asp

Glu

Gly

95

Leu

His

Ser

Ser

Leu

Val

Ile

Trp

Arg

80

Thr

Thr

Pro

Arg

Thr
160
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42552 88/102

Ala Ala Thr Thr Glu Glu Ile Glu Val His Met Pro Pro Asp Thr Pro
165 170 175

Asp His Thr Leu Met Ser Gln Gln Ser Gly Asn Val Lys Ile Thr Val
180 185 190

Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu
195 200 205

Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val Asp Gln
210 215 220

Cys His Ala Ala Val Thr Asn His Lys Lys Trp Gln Tyr Asn Ser Pro
225 230 235 240

Leu Val Pro Arg Asn Ala Lys Leu Gly Asp Arg Lys Gly Lys Ile His
245 250 255

Ile Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg
260 265 270

Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Ile Met Leu Leu Tyr
275 280 285

Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Glu Glu Pro
290 295 300

Asn Tyr Gln Glu Glu Trp Val Met His Lys Lys Glu Val Val Leu Thr
305 310 315 320

Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr
325 330 335

Lys Tyr Trp Pro Gln Leu Ser Thr Asn Gly Thr Ala His Gly His Pro
340 345 350

His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val
355 360 365

16



Val Vval
370

Ala Ala
385

Glu Leu

Cys Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Ser Thr

1

Ala His

Ala Leu

Gln Vval
50

Thr Lys
65

Ala Arg

Met Gly

Val Ser

Gly Met

Thr Pro

Arg Thr
420

6

423

PRT
Trinh tu

dot bién
6

Lys Asp

Cys Pro
20

Glu Arg

35

Ser Leu

Leu Arg

Leu Phe

His Phe
100

42552

Val Ala Thr Phe Ile Leu Leu Ser Met Val Gly

375 380

Cys Met Cys Ala Arg Arg Arg Cys Ile Thr Pro

390 395

415

Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Ile
405 410

Ala Lys Ala

nhan tao

phat sinh tir viéc c8y chuyén Vero

Asn Phe Asn Val Tyr Lys Ala Thr Arg
5 10

Asp Cys Gly Glu Gly His Ser Cys His
25

Ile Arg Asn Glu Ala Thr Asp Gly Thr
40 45

Gln Ile Gly Ile Lys Thr Asp Asp Ser
55 60

Tyr Met Asp Asn His Met Pro Ala Asp
70 75

Val Arg Thr Ser Ala Pro Cys Thr Ile
85 90

Ile Leu Ala Arg Cys Pro Lys Gly Glu
105

17

Pro

Ser

30

Leu

His

Ala

Thr

Thr
110

Tyr
15

Pro

Lys

Asp

Glu

Gly

95

Leu

Met

Tyr

400

Cys

Leu

Val

Ile

Trp

Arg

80

Thr

Thr

89/102
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Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His Ser Cys Thr His Pro
115 120 125

Phe His His Asp Pro Pro Val Ile Gly Arg Glu Lys Phe His Ser Arg
130 135 140

Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr Tyr Val Gln Ser Thr
145 150 155 160

Ala Ala Thr Thr Glu Glu Ile Glu Val His Met Pro Pro Asp Thr Pro
165 170 175

Asp His Thr Leu Met Ser Gln Gln Ser Gly Asn Val Lys Ile Thr Val
180 185 190

Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu
195 200 205

Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val Asp Gln
210 215 220

Cys His Ala Ala Val Thr Asn His Lys Lys Trp Gln Tyr Asn Ser Pro
225 230 235 240

Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys Ile His
245 250 255

Ile Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg
260 265 270

Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Ile Met Leu Leu Tyr
275 280 285

Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Glu Glu Pro
290 295 300

Asn Tyr Gln Glu Glu Trp Val Met His Lys Lys Glu Val Val Leu Thr
305 310 315 320

val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr
325 330 335

18



Lys

His

Val

Ala

385

Glu

Cys

Tyr

Glu

Val

370

Ala

Leu

Ile

<210>
<211>
212>
<213>

220>
223>

<400>

Trp

Ile

355

Val

Gly

Thr

Arg

7
423
PRT

Trinh ty

Pro

340

Ile

Ser

Met

Pro

Thr
420

dot bién

7

Ser Thr Lys

1

Ala

Ala

Gln

Thr
65

His

Leu

Val

50

Lys

Cys

Glu

35

Ser

Leu

Asp

Pro

20

Arg

Leu

Arg

Gln

Leu

Val

Cys

Gly

405

Ala

Leu

Tyr

Ala

Met

390

Ala

Lys

Ser Thr

Tyr Tyr
360

Thr Phe

375

Cys Ala

Thr Val

Ala

nhan tao

Asn

345

Glu

Ile

Arg

Pro

42552

Gly Thr

Leu Tyr

Leu Leu

Arg Arg

395

Phe Leu
410

Ala

Pro

Ser

380

Cys

Leu

His

Thr

365

Met

Ile

Ser

phdt sinh tir viéc cdy chuyén Vero

Asn

Asp

Ile

Gln

Tyr

Phe

Cys

Arg

Ile

Met
70

Asn Val

Gly Glu

Asn Glu
40

Gly Ile
55

Asp Asn

Tyr

Gly

25

Ala

Lys

His

Lys Ala
10

His Ser

Thr Asp

Thr Asp

Met Pro
75

19

Thr

Cys

Gly

Asp

60

Ala

Arg

His

Thr

45

Ser

Asp

Gly

350

Met

Val

Thr

Leu

Pro

Ser

30

Leu

His

Ala

His

Thr

Gly

Pro

Ile
415

Tyr

15

Pro

Lys

Asp

Glu

Pro

Val

Met

Tyr
400

Leu

Val

Ile

Trp

Arg
80

91/102



42552 92/102

Ala Gly Leu Phe Val Arg Thr Ser Ala Pro Cys Thr Ile Thr Gly Thr
85 90 95

Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys Gly Glu Thr Leu Thr
100 105 110

Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His Ser Cys Thr His Pro
115 120 125

Phe His His Asp Pro Pro Val Ile Gly Arg Glu Lys Phe His Ser Arg
130 135 140

Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr Tyr Val Gln Ser Thr
145 150 155 160

Ala Ala Thr Thr Glu Glu Ile Glu Val His Met Pro Pro Asp Thr Pro
165 170 175

Asp His Thr Leu Met Ser Gln Gln Ser Gly Asn Val Lys Ile Thr Val
180 185 190

Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu
195 200 205

Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Val Asp Gln
210 215 220

Cys His Ala Ala Val Thr Asn Tyr Lys Lys Trp Gln Tyr Asn Ser Pro
225 230 235 240

Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys Ile His
245 250 255

Ile Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg
260 265 270

Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Ile Met Leu Leu Tyr
275 280 285

20



42552 93/102

Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Glu Glu Pro
290 295 300

Asn Tyr Gln Glu Glu Trp Val Met His Lys Lys Glu Val val Leu Thr
305 310 315 320

val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr
325 330 335

Lys Tyr Trp Pro Gln Leu Ser Thr Asn Gly Thr Ala His Gly His Pro
340 345 350

His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val
355 360 365

val val val Ser Val Ala Thr Phe Ile Leu Leu Ser Met Val Gly Met
370 375 380

Ala Ala Gly Met Cys Met Cys Ala Arg Arg Arg Cys Ile Thr Pro Tyr
385 390 395 400

Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Ile Cys
405 410 415

Cys Ile Arg Thr Ala Lys Ala
420

<210> 8

<211> 27

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> moi

<400> 8
ttaggatccg atggctgegt gagacac 27

<210> 9

<211> 29

<212> ADN

<213> Trinh ty nhan tao

220>

21
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<223> moi

<400> 9
taactcgagc cgtcaggtct gttgaacat

<210> 10
<211> 28
<212> ADN
<213> Trinh ty nhan tao

220>
<223> moi

<400> 10
ttaggatcct accaccaggc gattaaag

<216> 11
<211> 29
<212> ADN
<213> Trinh ty nhan tao

220>
<223> moi

<400> 11
taactcgagc tttgcccact tactgaagg

<210> 12
211> 27
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> mbi

<400> 12
ttaggatcct gctacagaag tcacgcc

<210> 13
<211> 26
<212> ADN
<213> Trinh ty nhan tao

220>
<223> moi

<400> 13
taactcgagg ccaaagcgtg aatcag

22

94/102

29

28

29

27

26
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210> 14
<211> 29
<212> ADN
<213> Trinh tu nhan tao

<220>
<223> moi

<400> 14
ttaggatcca acagcttgag gacagagcg

<210> 15
<211> 28
<212> ADN
<213> Trinh ty nhadn tao

<220>
<223> moi

<400> 15
taactcgagc tctgtctcat cacgtcgg

<210> 16
<211> 32
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 16
ttaggatcca aattgcagtc ataggagtct tc

210> 17
<211> 29
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 17
taactcgaga gtacgttgac gtgctctga

<210> 18
<211> 29
<212> ADN
<213> Trinh ty nhan tao

<220>

23

95/102

29

28

32

29
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<223> méi

<400> 18
ttaggatccg tgggttaaac aactgcaaa

<210> 19
<211> 33
<212> ADN
<213> Trinh tu nhan tao

<220>
<223> moi

<400> 19
taactcgagg gttaaagtct tctatcctcc tgg

<210> 20
211> 31
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> mbi

<400> 20
ttaggatccg gataaccact gggataatag g

<216> 21
<211> 30
<212> ADN
<213> Trinh ty nhan tao

220>
<223> mdi

<400> 21
taactcgaga gttgtgaaat tccttctgec

<210> 22
<211> 29
<212> ADN
<213> Trinh tu nhan tao

220>
<223> moi

<400> 22
ttaggatccc gcagatagaa ccagtgaac

24

96/102

29

33

31

30

29
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<210> 23
<211> 28
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 23
taactcgagc agcagctcta cttgggtc

<210> 24
<211> 27
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 24
ttaggatcca ggagggaaag acaggct

<210> 25
<211> 25
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 25
taactcgagc cctcgectte ttctg

<210> 26
<211> 32
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 26
ttaggatccc aaaatagaag gagtgcaaaa ag

216> 27
<211> 35
<212> ADN
<213> Trinh ty nhan tao

<220>

25

97/102

28

27

25

32
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<223> mobi

<400> 27
taactcgagc ctggagtttc ttaagtaata gttgc

<210> 28
211> 27
<212> ADN
<213> Trinh tuv nhan tao

<220>
223> moi

<400> 28
ttaggatcca ccggtccagg tcattta

<210> 29
211> 27
<212> ADN
<213> Trinh ty nhadn tao

<220>
<223> modi

<400> 29
taactcgagg cagcaaattc ttcccag

<210> 30
<211> 30
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 30
ttaggatccc cattccagaa cacactacag

<210> 31
<211> 29
<212> ADN
<213> Trinh tu nhan tao

<220>
<223> moi

<400> 31
taactcgaga tacctgattt catcatggc

26

98/102

35

27

27

30

29
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<210> 32
<211> 30
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 32
ttaggatccc ctttgataag agccaagatg

216> 33
<211> 30
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> mobi

<400> 33
taactcgagt acaaagttat gacgggtcct

<210> 34
<211> 28
<212> ADN
<213> Trinh tuy nhan tao

220>
<223> mdi

<400> 34
ttaggatccc aacgaacagg gctaattg

<210> 35
<211> 26
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 35
taactcgagg accgcttaaa ggccag

<210> 36
<211> 29
<212> ADN
<213> Trinh tu nhan tao

220>

27

99/102

30

30

28

26
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<223> moi

<400> 36
ttaggatccg tgcatgaaaa tcgaaaatg

<210> 37
<211> 31
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 37
taactcgagt ggtcttgtgg ctttatagac a

<210> 38
211> 27
<212> ADN
<213> Trinh tu nhan tao

<220>
<223> mbi

<400> 38
ttaggatcca accggaggaa accctac

<210> 39
<211> 25
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 39
taactcgagg taccgcaccg tctgg

<210> 40
211> 27
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 40
ttaggatcca gctaccttge agcacgt

28

100/102

29

31

27

25

27
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<216> 41
<211> 24
<212> ADN
<213> Trinh tu nhan tao

<220>
<223> mobi

<400> 41
taactcgagc ccaccatcga cagg

<210> 42
<211> 29
<212> ADN
<213> Trinh tu nhan tao

220>
<223> moi

<400> 42
ttaggatccc gagccgtata agtattggc

<210> 43
211> 27
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> mobi

<400> 43
taactcgagc gccggtgaag accttac

<210> 44
<211> 32
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> mobi

<400> 44
ttaggatcca ctactgtcag tcactttgga gc

<210> 45
<211> 29
<212> ADN
<213> Trinh ty nhan tao

<220>

29

101/102

24

29

27

32
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<223> moéi

<400> 45
taactcgagt accgggtttg ttgctattt

<210> 46
<211> 30
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> mboi

<400> 46
ttaggatccc acaactggta ctgcagagac

210> 47
<211> 30
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 47
taactcgagg cgtagccctt tgatctatag

<210> 48
<211> 26
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 48
ttaggatccg gtgctatgecg tgtcgt

<210> 49
<211> 29
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> moi

<400> 49
taactcgaga tctcctacgt ccctgtggsg

30

102/102

29

30

30

26

29





